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ABOUT THE CONFERENCE 

We live in an inter-connected world. In the era of Industry 4.0, technology is getting embedded more and 

more in the way ‘we learn, live, work and play’.  

This progression is accelerating at a pace never seen before. Inter disciplinary and collaborative research 

across disciplines within the Technology domain and Management domain, and across the Technology — 

Management interface is opening up exciting new possibilities for solving problems whose solutions are 

beyond the scope of a single discipline, domain or practice, and helping to create a brave, new world. We 

are living in an incredible time of change. 

Our effort to hold such an interdisciplinary conference, in the virtual mode, apparently resonated across 

the academic community, as was evident from the huge response that the first ever conference on 

“Interdisciplinary Research in Technology and Management”, (IRTM) held in February 2021 had 

received from participants across many countries. This has encouraged the organizers to hold the next 

edition of the conference physically in Kolkata on a larger scale in the online mode. 

The pandemic unleashed by Covid-19 in the last two years has shaken the socio-economic foundations of 

countries and societies to a point where the world cannot be the same as before the pandemic. It has re-

focused the world’s attention on the priority of healthcare, and healthcare infrastructure and its innovative 

management.  

The second edition of the conference on “Interdisciplinary Research in Technology and Management” 

attempts to spotlight the above concerns. The number of tracks on which papers are invited from scholars, 

researchers, consultants and practitioners to share their interdisciplinary research and consultative work 

has been enlarged. As before, the papers will be peer reviewed and authors of the selected papers will be 

invited to present their papers in the IRTM conference. 
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Sponsored by 

Institute of Engineering & Management, Kolkata 

University of Engineering & Management 

IEEE Kolkata Section 

Vivekananda Vijnan Mission, West Bengal Chapter of Vijnana Bharati 

SMART Society, USA 

 

Advisory Committee: 

 Prof. Sudipta Chatterjee, Jadavpur University 

 Prof. Sayan Chatterjee, Jadavpur University 

 Prof. Pradipta Kumar Banerji, Institute of Engineering and Management, Kolkata 

 Prof. Ian Fenwick, Director, Sasin School of Management, Thailand 

 Prof. G. Raghuram, ex-Director, IIM, Bangalore 
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 Dr. Ankita Singh, Senior Vice President & Global Head- HR, Admin, Travel & Systems at 

CIGNEX Datamatics Technologies Pvt. Ltd 

 Dr. Reeta Bhattacharya, National Secretary at Kolkata Nivedita Shakti 

 Prof. Sharmistha Banerjee , Professor of Business Management,University of Calcutta 
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Technical Committee: 
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 Prof. Aranyak Chakravarty, Assistant Professor, Jadavpur University 
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Conference Chairs: 
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 Prof.  Satyajit Chakrabarti, Director IEM-UEM Group, India 

 Padmashree Prof. Bimal Kumar Roy, Chairman, National Statistical Commission, India 
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General Chair: 

 

Dr. Omkar Rai 

Director General of STPI, Ministry of Electronics and Information Technology, Govt. of India. Under his 

leadership, STPI has been providing services to IT/ITES/ESDM industry for promotion of software 

exports and entrepreneurship from the country. He is actively involved in various policy formulations 

required for the growth of industry from time to time. Before STPI, he served in National Informatics 

Centre in various capacities. He holds a PhD in Statistics from Banaras Hindu University. 

 

Chief Guest: 

 

Dr. Shekhar C Mande 

Dr. Mande is current Director General of Council of Scientific and Industrial Research (CSIR), India, and 

the Secretary of Department of Scientific and Industrial Research (DSIR) [Ministry of Science and 

Technology (India)]. 
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Technical Co-Chair: 
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Professor and Chairperson – Human Resource Area 
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Core member of the Robert Bosch Center for Data Science and Artificial Intelligence (RBCDSAI), and 

the co-Head of the American Express Lab for Data Analytics, Risk and Technology (DART) at IIT 

Madras. Faculty member of Department of Management Studies, IIT, Madras 
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Convener: 

 Prof. Sanghamitra Poddar, Institute of Engineering & Management, Kolkata, India 

 Prof. Anupam Bhattacharya, Institute of Engineering & Management, Kolkata, India 

  

Publicity Chair: 

 Prof.  Arun Kumar Bar, Institute of Engineering & Management, Kolkata, India 

 Prof.  Sutapa Chatterjee, Institute of Engineering & Management, Kolkata, India 

 Prof.  Koyel Ganguly, Institute of Engineering & Management, Kolkata, India 
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Tracks: 

1. Technology  

Track #1: Internet of Things (IoT) & Data Science 

 IoT  and Big Data 

 Block chain 

 Next-generation infrastructure for IoT 

 Cloud computing and IoT 

 Edge computing and IoT 

 IoT platforms, tools, and applications 

 IoT systems development methodologies 

 IoT applications 

 

Track #2: Mechatronics 

 Sensing and Control Systems 

 Mechatronics Systems 

 Mechanical Systems 

 Artificial Intelligence 

 Robotics & Automation 

 Machine Learning 

 Deep learning 

 Recommendation system 

 

Track #3:  Communication 

 Ad hoc networks 

 5G communications 

 Cloud and virtual networks 

 Cognitive radio networks 

 Cooperative communications 

 Self-organising networks 

 Vehicular networks 

 Wireless multicasting, Wireless sensor networks 
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Track #4: Cyber security 

 Network Security 

 Information Security  

 Encoding Technology 

 Cryptography 

 

Track #5: Information Technology 

 Neural Network  

 Intelligent System and Artificial Intelligence 

 Data Mining and Analytics 

 System Simulation 

 Network Design and Analysis 

 Quantum Information Science 

 Computation in Medical Science 

 Cloud Computing in E-Commerce Scenarios 

 Electronic Business Model and Method 

 

Track #6: Material Science 

 Materials for Energy applications 

 Materials for Medical applications 

 Carbon based materials 

 Biomaterials 

 

2. Management 

Track #1: Corporate Management 

 Digital Marketing  

 Data Analytics 

 Marketing Management 

 Service Marketing Management 

 Investment & Portfolio Management/Corporate Finance 

 Human Resource Management 

 E – Commerce 

 Manufacturing Management 

 Enterprise Resource Planning 

 Supply Chain Management and Logistics 
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 Project Management 

 Construction Management 

 Health & Safety in the workplace 

 

Track #2: Management of Institutions 

 Banking & Insurance 

 Hospitality & Tourism 

 Education 

 Management of Urban Centres ( metropolis/cities/towns) 

 Management of non-profit organizations 

 

Track #3: Public/System Management 

 Risk Management 

 Security Management  

 Management of Public Utilities 

 Management of Public Administration (including welfare) 

 Disaster Management 

 

Track #4: Lifestyle Management 

 Leisure management 

 Digital entertainment 

 

Track #5: Health 

 Individual and Public health 

 Medical diagnostics 

 Information ,communication  technologies(ICT) , robotics in healthcare 

 Hospital management 

 Healthcare infrastructure 

 Health/medical education 

 

 

 



International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022) 

x 
 

Track #6: Infrastructure Management 

 Energy management including Renewable energy 

 Transportation management 

 Communication management 

 

Track #7: Environment and Sustainability 

 Climate change and  carbon footprint reduction 

 Ecology management 

 Green vehicles (EV) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022) 

xi 
 

Keynote Speakers: 

 

 

Prof. Sudipto Banerjee 

Professor and Chair, Department of Biostatistics, University of California, Los Angeles, USA 

Dr. Sudipto Banerjee joined UCLA as Professor and Chair of the Department of Biostatistics in 2014. Prior to that, 

he spent 14 years in the University of Minnesota, Twin Cities. He has done his B.S. (Honours) from Presidency 

College, Calcutta, India in 1994, followed by M.STAT. from Indian Statistical Institute, Calcutta, India in 1996. 

Then he completed his Ph.D. degree in Statistics from University of Connecticut, Storrs, Connecticut, USA in 2000. 

His research centers around spatial statistics, developing theory and methods related to Bayesian modeling and 

inference for geographic data with wide-ranging applications in public and environmental health sciences, ecology, 

forestry, real estate economics and agronomy. In 2015, he was awarded with the Distinguished Achievement Medal 

from ASA Section on Statistics and the Environment. In 2017, he got the ASA Outstanding Application Award, 

followed by George W. Snedecor Award from the Committee of Presidents of Statistical Societies (COPSS) in 

2019. Some of the books written by him are Hierarchical Modeling and Analysis for Spatial Data, Linear Algebra 

and Matrix Analysis for Statistics and Handbook of Spatial Epidemiology published by Chapman and Hall/CRC. 

 

 

Vipin Kumar 

Vipin Kumar is a Regents Professor at the University of Minnesota, where he holds the William Norris 

Endowed Chair in the Department of Computer Science and Engineering. 

He has authored over 300 research articles, and has coedited or coauthored 10 books including two text books 

“Introduction to Parallel Computing” and “Introduction to Data Mining”, that are used world-wide and have been 

translated into many languages. Kumar’s current major research focus is on bringing the power of big data and 
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machine learning to understand the impact of human induced changes on the Earth and its environment. Kumar 

served as the Lead PI of a 5-year, $10 Million project, “Understanding Climate Change – A Data Driven Approach”, 

funded by the NSF’s Expeditions in Computing program that is aimed at pushing the boundaries of computer 

science research. Kumar has served as chair/co-chair for many international conferences in the area of data mining, 

big data, and high performance computing, including 25th SIGKDD Conference on Knowledge Discovery and Data 

Mining (KDD 2019). 

Kumar has been elected a Fellow of the American Association for Advancement for Science (AAAS), Association 

for Computing Machinery (ACM), Institute of Electrical and Electronics Engineers (IEEE), and Society for 

Industrial and Applied Mathematics (SIAM). Kumar’s foundational research in data mining and high performance 

computing has been honored by the ACM SIGKDD 2012 Innovation Award, which is the highest award for 

technical excellence in the field of Knowledge Discovery and Data Mining (KDD), and the 2016 IEEE Computer 

Society Sidney Fernbach Award, one of IEEE Computer Society’s highest awards in high-performance computing. 

 

 

 

 

Deepak Agarwal 

Deepak Agarwal is currently a senior engineering leader at Pinterest where he leads the engineering teams 

responsible for developing all organic user experiences on the platform including recommendations, search and 

shopping. Prior to Pinterest, Deepak was VP engineering and Head of Artificial Intelligence at LinkedIn from 2012-

2020. He began his industrial research career with AT&T Labs from 2001-2006 and subsequently was a senior 

researcher at Yahoo! Research from 2006-2012. He has published extensively in top-tier conferences/journals in CS, 

ML and Statistics and has written a textbook on Recommender Systems. He is Fellow of the American Statistical 

Association, serves as member of Executive Committee for SIGKDD and regularly serves on program committees 

of major CS and ML conferences. 
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Prof. Prasun Kumar Roy 

Neuro-Imaging Laboratory, School of Bio-Medical Engineering,  Indian Institute of Technology (I.I.T.) 

Dr Roy is Professor and Coordinator, School of Bio-Medical Engineering, Indian Institute of  Technology, B.H.U., 

Varanasi. He had earlier been Director / Incharge, National Brain Research Centre,  Gurgaon (under Ministry of 

Science & Technology). At IIT (BHU) he is Coordinator of the Healthcare  domain, ICPS National Mission on Data 

Analytics & Predictive Technology, sponsored by DST,  Govt. of India. Dr Roy was trained in Radiology at the 

Institute of Postgraduate Medical Education  & Research, Calcutta University, and had been Research Scientist at 

The University of Connecticut,  and Clinical Visiting Associate Professor, at the Medical College of Wisconsin, in 

the US.   

Dr Roy has received the prestigious Tata Innovation Fellowship Award, Dept. of Bio-Technology, Govt. of India. 

His research areas are Neuroscience & Neurotechnology, Medical Computing, Bioimaging and  Lifestyle-related 

Brain disorders. He is a Fellow of three National Academies: the National Academy of  Medical Sciences, the 

Indian National Academy of Engineering, and the National Academy of Sciences  – India. 

 

 

 

Prof. Pankaj Setia 

I.I.M Ahmedabad, India 

Pankaj Setia (Ph.D., Michigan State University, 2008) is a Professor of Information Systems and Founding Chair of 

the Center for Digital Transformation at the Indian Institute of Management (IIM) Ahmedabad, India. He has 

previously taught at the Michigan State University and the University of Arkansas. He was also the executive 

director of the Ph.D. program and an associate professor at the University of Arkansas, USA. His broader research 

interests include business analytics and artificial intelligence, IT strategy, digital innovations, neuroscientific 

theories, computational models of sentiment analysis and IT Governance, and open-source innovations. He has 



International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022) 

xiv 
 

published in the top information systems and business journals in two domains: 1) IT strategy and governance, and 

2) Open source software. He has featured among the top 100 researchers in the field of Information Systems 

worldwide, based on his publications in the top business journals (e.g., the Financial Times top 50 Journals). Also, 

he has been invited to give research talks or keynote speeches by universities from different countries, such as India, 

the US, Chile, and Singapore. He teaches graduate-level courses on strategic management of digital innovations at 

the Indian Institute of Management, Ahmedabad (IIMA). 

 

 

 

 

Ms Indrani Saha 

AVP, Cognizant Technology Solutions, India 

Indrani Saha has 26+ years of experience in Architecture Definition & Assessment, System Design, and 

Realizatdion of large and complex IT systems in Banking & Financial Services Domain across the globe. She 

completed her master’s degree in Electronics Engineering with specialisation in Computer Science from Jadavpur 

University, after graduating from Bengal Engineering college. 

She has spent initial 9 exciting years of her career with Tata Consultancy Services , as part of firms’s universal 

financial product suite development team, known as TCS BaNCS. She joined Cognizant back in 2004 as part of BFS 

Business Unit. 

She started her journey in exploring the world of Blockchain 6 years back. Her charter includes exploration of new 

frameworks emerging in Blockchain/Distributed Ledger space ,solving business problem with this collaborative and 

connected network technology and leading enterprise grade solution adoption for customers. 

As a practitioner, Indrani carries deep expertise in wide array of digital technologies, demonstrating leadership in 

emerging and disruptive technology space. 
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Plenary speakers: 

 

 

Elena Popkova 

Doctor of Economics, Professor 

Prof. Elena G. Popkova – Doctor of Science (Economics), the founder and president of the Institute of Scientific 

Communications (Russia) and Leading researcher of the Center for applied research of the chair “Economic policy 

and public-private partnership” of Moscow State Institute of International Relations (MGIMO) (Moscow, Russia). 

Her scientific interests include the theory of economic growth, sustainable development, globalization, humanization 

of economic growth, emerging markets, social entrepreneurship, and the digital economy and Industry 4.0. Elena G. 

Popkova organizes Russian and international scientific and practical conferences and is the editor and author of 

collective monographs, and serves as a guest editor of international scientific journals. She has published more than 

300 works in Russian and foreign peer-reviewed scientific journals and books. 

 

 

Manas Chatterji 

Professor, School of Management, Binghamton University 

Manas Chatterji is Professor of Management and Adjunct Professor in Economics and the Asian and Asian-

American Studies Program at Binghamton University, State University of New York and Guest Professor, Peking 

University, Visiting Professor, Central University of Finance and Economics, Distinguished Professor in Poznan 

University, Poland. He also served as a Richard P. Nathan Fellow in Public Policy at Rockefeller Institute of 

Government, SUNY. He is a Distinguished Fellow in the Program in Political Psychology and Decision Making 

(POP-DM) at Lauder School of Government, Diplomacy and Strategy, Israel. He was also an Honorary 
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Distinguished Professor at Indian Institute of Management-Calcutta, India and George Mason University, U.S. He is 

an elected member of Polish Academy of Science – Committee on Regional Planning. Professor Chatterji is 

currently a fellow of the international organization Economists for Peace and Security. He previously taught at the 

Wharton School at the University of Pennsylvania and has held visiting appointments at Cornell University, 

Erasmus University, University of Karlsruhe, University of Munster and many other universities in the United 

States, Europe, Asia and South Africa. He established the Mahatma Gandhi International Research Center on 

Conflict Prevention and Management in Bangalore, India. Organized the several events in the past. 

He has organized international meetings on Peace Science, Disaster Management, Health Care, Technology 

Management, Disaster Management, etc. in many countries including Japan, China and Russia. During his career, he 

has edited three journals and serves on editorial boards of many others. Presently, he is the coeditor of International 

Studies of Peace Economics and Peace Science published by Cambridge Scholars, UK. He is also the General Editor 

of a book series on Contributions to Conflict Management, Peace Economics and Development published by 

Emerald Publishing Company, UK. Twenty-seven volumes in this series have been published and two more are 

forthcoming. He has authored/edited more than thirty books and published about 80 scholarly articles in the areas of 

Peace Science, Military Spending, Disarmament, Economic Conversion, Conflict Management, Regional Science, 

Technology Management, Health Care Management, Energy, Environmental and Urban Management.   
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Content 

SL Title Authors with affiliation Page No. 

1 Voice Recognition Enabled Farmer 

Assistance Module with LoRaWAN 

Connectivity 

Hema R, Gayathri Subramanian, 

Ajitkumar M, Bhagavath Kumar M, Jabilo 

Jose J, Hariharasudhan S and Ashish 

Hameed C (Easwari Engineering College, 

India) 

1 

2 Smart Lock Using IoT Sourav Bhattacharya, Upalabdhi Dey, 

Swarnajoy Basak, Ritwik Chakraborty and 

Niladri Chowdhury (University of 

Engineering and Management, Kolkata, 

India); Roopa Hegde (UEM KOLKATA, 

India) 

6 

3 MOOCs – One Size Does Not Fit All Archana Shrivastava (Balaji Institute of 

Modern Management, Sri Balaji 

University, Pune, India); Ashish 

Shrivastava (Speedmart Pvt Ltd, India); 

Vimal Kamleshkumar Bhatt (Symbiosis 

Institute of Business Management, Pune & 

Symbiosis International Deemed 

University, Pune, India); Binod Sinha 

(Balaji Institute of Modern Management, 

Sri Balaji University, Pune, India) 

10 

4 Autonomous Water Flow Control and 

Monitoring System 

Shatabdi Basu (University of Engineering 

and Management Jaipur, India); Afaq 

Ahmed and Hitarth Pareek (University of 

Engineering and Management, Jaipur, 

India); Pradeep Sharma (University of 

Engineering & Management Jaipur, India) 

15 

5 A Comparative Study on the 

Codependency of Supply and Demand 

Graphs in Economics 

Soham Kanti Bishnu and Soumendra 

Banerjee (Institute of Engineering and 

Management, India); Sourendra Banerjee 

(Amity University, Kolkata, India) 

19 

6 A Study on Behavioural Voting 

Intentions of 1st Time Voters in 

Kolkata 

Sucharita Debnath (Assistant Professor, 

Swami Vivekananda University); Shivani 

Hazra (Swami Vivekananda University, 

India) 

24 
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SL Title Authors with affiliation Page No. 

7 Approach for Preprocessing in Offline 

Optical Character Recognition (OCR) 

Raghunath Dey and Rakesh Chandra 

Balabantaray (IIIT Bhubaneswar, India); 

Surajit Mohanty (Dhaneswar Rath Institute 

of Engineering and Management Studies, 

India); Debabrata Singh (ITER, SOA 

University, Bhubaneswar, India); 

Marimuthu K (Srm Institute of Science 

and Technology, Delhi Ncr Campus, 

India); Debabrata Samanta (Christ 

University, Bangalore, India & CHRIST 

University, India) 

30 

8 Infrared-Imaging Enabled Drone for 

the Detection of Infiltrators and 

Concealed Weapons 

Hema R and Gayathri Subramanian 

(Easwari Engineering College, India) 
36 

9 ICT Enabled Pedagogy in the Higher 

Education Institutions of Tamil Nadu -

Faculty Perspective 

Selvabaskar S and Surulivel ST (SASTRA 

Deemed University, India); Alamelu R 

(SASTRA Deemed University & Deemed 

University, India) 

40 

10 Consequences of Consumer Attitude 

Toward Cause Related Marketing 

Daniel Inbaraj Jublee (Xavier Institute of 

Management and Entrepreneurship, 

Bangalore, India); Gladys S (Indian 

Institute of Management, Kozhikode, 

India) 

46 

11 Satisfaction Perception of Clients on 

Responsiveness by Health Care 

Providers in Selected Hospitals of Goa 

Shashi Lata Yadav (Institute of Nursing 

Education, Goa, India); Debasis Patnaik 

(BITS Pilani K K Birla Goa Campus, 

India); Vedant Bhardwaj (BITS Pillani K 

K Birla Goa Campus, India) 

51 

12 Health Care Service Quality: A 

Comparison of Satisfaction Perception 

Among Public and Private Hospital 

Clients in Selected Districts of Goa 

Shashi Lata Yadav (Institute of Nursing 

Education, Goa, India); Debasis Patnaik 

(BITS Pilani K K Birla Goa Campus, 

India); Somrat Dutta (BITS Pillani K K 

Birla Goa Campus, India) 

56 

13 Forecasting India's Bank Nifty Index - 

A Time Series Approach 

Rajveer S Rawlin and Priyanjali Das (MS 

Ramaiah Institute of Management, India) 
61 

14 The Impact of Social Networking Sites 

Among Modern Youth 

Kamaladevi Baskaran and Priyanka C 

(Amity University, United Arab Emirates) 
67 

15 Behavioural Intention of Unified 

Payments Interface (UPI) Usage in the 

Pandemic: Evidence from Tamil Nadu 

R. Guhan and K Nigama (SASTRA 

Deemed University, India) 
73 
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16 A Novel Strategic Way to Enhance the 

Connectivity of Users Beyond 

Coverage Area Using Cognitive Radio 

Relaying 

Sourav Chakraborty (Imperial College 

London, United Kingdom (Great Britain)); 

Sohang Sengupta and Harshit Anand 

(Institute of Engineering and Management, 

Kolkata, India) 

81 

17 Valorization Potential of the Levels of 

the Waste Management Hierarchy: 

Industrial Wastewater Management in 

the Indian Chemical Industry 

Sandra Maria D' Sa (Birla Institute of 

Technology and Science, Pilani, KK Birla, 

Goa Campus & India, India); Debasis 

Patnaik (BITS Pilani K K Birla Goa 

Campus, India) 

86 

18 Knowledge and Beliefs: A Relational 

Study on Compliance to Medication 

and Physical Exercise in Parkinson's 

Mavis Lilian Henriques (Birla Institute of 

Technology and Science, K. K. Birla Goa 

Campus, India); Debasis Patnaik (BITS 

Pilani K K Birla Goa Campus, India); 

Ashin Laurel (Birla Institute of 

Technology and Science, K. K. Birla Goa 

Campus, India) 

91 

19 Performance of Initial Public Offers in 

India - Long and Short Term Returns 

Debasis Patnaik (BITS Pilani K K Birla 

Goa Campus, India); Babitha Vishwanath 

(Sarojini Naidu Vanita Maha Vidyalaya, 

India); Sameer M Shaikh (BITS Pilani, K 

K Birla Goa Campus, India) 

95 

20 A Study on the Various Technologies 

Used to Combat Covid-19 

Karmuru Rohit Reddy (Institute of 

Engineering and Management, India); 

Sayantan Dasgupta, Rohini Dasgupta and 

Joyatee Datta (Institute of Engineering & 

Management, India) 

101 

21 Does Proximity Matter in M&As? 

Evidence of Wealth Effect for Indian 

Listed Public Acquirers 

Sameer M Shaikh (BITS Pilani, K K Birla 

Goa Campus, India); Debasis Patnaik 

(BITS Pilani K K Birla Goa Campus, 

India) 

110 

22 Artificial Intelligence in Strengthening 

the Operations of Ecommerce Based 

Business 

Pranav Dhimant Desai (Charotar 

University of Science and Technology 

(CHARUSAT), India); Krutrth Ganatra 

(Aakar Containers Private Limited, India) 

116 

23 A Study on Marketing Trends, 

Consumer Behavior and Competitive 

Analysis on Color Cosmetic Industry 

Pranav Dhimant Desai (Charotar 

University of Science and Technology 

(CHARUSAT), India); Narmin Galyara 

(Charotar University of Science & 

Technology, India) 

123 
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24 Dynamic Attack Trees Methodology Aliyu Tanko Ali and Damas Gruska 

(Comenius University in Bratislava, 

Slovakia) 

133 

25 A Cross Country Analysis of 

Environment and Health with special 

reference to Air Pollution and Deaths 
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Abstract—Agriculture, together with its linked sectors, is 

now one of the major sources of income in India, especially in 

the extensive rural places. But the agriculturists face enormous 

struggles including, the need to cope with adopting new 

technologies to increase their produce and profits. There is an 

inevitable need for an innovation intended to ensure the benefit 

of government schemes, high-technology agro-machinery, and 

agro-services for the farmers in the rural areas, where 

connectivity is not adequate for effective communication. The 

data generated by ‘IoT devices for agro-applications’ in turn 

provides an insight on the ways to help farmers in making 

conscious decisions to boost farm productivity, thus saving 

time and money.  

The system entails the installation of LoRaWAN 

communication nodes (equipped with microphones for speech-

to-text interpretation) across various farmlands, via which 

farmers may transmit service requests. The acquired sensitive 

information is transmitted through the nodes until the terminal 

node (set up at the Administration Office) thereby reaches the 

server. The in-need requirements of the farmer are fulfilled 

thereforth. The said system fulfills the objective of providing 

better connectivity and exposure to technologies. 

Keywords—Internet of Things (IoT), LoRa, Gateway, Low 

Power Wide Area Network (LPWAN), Long-range Wide Area 

Network (LoRaWAN), Speech-to-text, Voice recognition, 

Arduino, Agriculture, Connectivity, Supply-chain 

I. INTRODUCTION 

Agriculture, along with its related industries, is today 
without a doubt one of India's most important sources of 
revenue, particularly in rural areas. It also contributes 
significantly to the Gross Domestic Product (GDP) of the 
nation. [1] Sustainable agriculture is crucial for holistic rural 
development since it ensures food security, rural 
employment, and environmentally sustainable technologies 

such as soil and water conservation, natural resource 
conservation, and biodiversity protection. 

According to the Food and Agriculture Organization 
(FAO) of the United Nations and other private surveys, 
agriculture will continue to be a key source of income for 
people in the future, since the world's population will require 
70% additional sustenance by 2050. [2,3] But many 
agriculturists still face enormous struggles (including but not 
limited to) environmental, the need to cope with adopting 
new technologies to increase their produce and profits, etc.. 

There is an inevitable need for a solution thereforth 
intended to ensure the benefit of government schemes, high-
technology agro-machinery, and agro-services for the 
farmers in the rural areas, where connectivity is not adequate 
for effective communication. The profits and produce are 
magnified through the use of high-end technology-equipped 
machinery, hence making it essential to employ the same. 
Owing to the high cost and the inability of farmers to afford 
such machinery, appropriate technology is imperative to 
provide custom hiring services as well as other agro-related 
services such as seed suppliers, pesticide/fertilizer 
manufacturers, storage/transport suppliers to ensure the 
farming community's well-deserved profits. Furthermore, 
while considering the development of smart agriculture [4]-
[5], the necessity to transfer low data rates over long 
distances while consuming little power is critical. The 
Internet of Things (IoT) is a massive network of 
interconnected gadgets. These gadgets collect and 
communicate information about themselves and the 
environment in which they function[6]. 'IoT devices for 
agro-applications', on the other hand, sheds light on how to 
assist farmers in making informed decisions that increase 
agricultural output while saving time and money. 

The emergence of advanced communication technologies 
such as ZigBee and Bluetooth have been significant in 
offering low-power wireless communication that can be used 
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to overhaul the backbone occupation - Agriculture. 
Significant low data-rate, low power, and delay tolerance can 
be serviced with Zigbee and Bluetooth [7] [8]. But the main 
discrepancy of these technologies is their short-range (around 
100meters). The lack of a cellular network in rural areas is a 
significant barrier. Another approach for dealing with this is 
data transmission through satellite. However, in this 
situation, the cost of this mode of communication is too high. 
As a result, small and medium-sized farms cannot utilize the 
facility. [9] To mitigate the above difficulty by providing 
secure, bidirectional, low-power, long-range communication 
[10] through both free & paid network services LoRaWAN 
can deliver tiny packets of data to and from multiple low-
power node devices. LoRaWAN data transfer from sensor 
nodes to cloud services is distinguished for its extended 
range and low battery consumption. [11]  Long-range 
communications with low power consumption are now 
achievable because of LPWAN (Low Power Wide Area 
Network) technology. [12,13]. LoRa is one of the main 
LPWAN (Low Power Wide Area Network) technologies 
competing for large-scale IoT deployment using suggested 
high-frequency channels (865-867 MHz). It has a low 
environmental impact due to its low-carbon footprint model. 

The most popular LPWAN technologies are SigFox, 
LoRa, and NB-IoT. NB-IoT (NarrowBand) has significantly 
higher data transmission capacity than LoRa as the former is 
a cellular-based communication protocol. [14] For the 
development of large-scale connection devices for the IoT 
network, NB-IoT makes use of existing cellular 
infrastructure, combining low energy use with long range 
communication. [15]  But only one-third of the rural 
population can achieve coverage of the internet over cellular 
communication (employing 3G/4G). Therefore, LoRaWAN 
proves to be advantageous over other communication 
methodologies concerning battery lifetime, capacity, cost-
effectiveness, scalable network capacity, open business 
model, and speedy deployment time. Having several proven 
use cases and more than 167 million devices deployed on 
every inhabited continent, LoRa Technology is fathoming 
the potential of the Internet of Things (IoT). The LoRaWAN 
Gateway guarantees a high level of performance and a 
maximum communication distance of 2.5 km in rural regions 
and 1.3 km in urban areas, with a PER of less than 20%, 
based on the measurements taken. [16] 

II. PROPOSED SYSTEM ARCHITECTURE 

 
 

Figure 1. Proposed system architecture 

 
The overall system entails the installation of  

LoRaWAN communication nodes (equipped with 
microphones) across various farmlands, via which farmers 

may transmit service requests. Speech-to-text interpretation 
software converts the voice message from the farmers to 
text for the service requested. 
 

The acquired sensitive information (in 
corresponding data packets), are subsequently transmitted 
through the nodes via LoRaWAN communication until they 
reach the terminal node (set up at the Administration/Nodal 
Office). The Information reaches the server through an 
Internet-enabled multi-channel gateway. A validation signal 
is sent to the end-node on receipt of the request. A 
website/application provides server access to the required 
stakeholders. The requests are published on the website 
subsequent to authentication by the nodal office established 
at the Village Administrative Office. Further, through local 
service-agents it ensures the smooth execution of the overall 
process. 

 
Based on the availability of the agro-machineries in 

the Custom Hiring Center, they are rented out to the farmer 
on their desired date and time. A similar procedure will be 
followed for storage and transportation logistics. Seed-bank 
logistical requests will be directed to the state's horticultural 
department. 
 

Online bidding-like sale facilitated on the 
consumer website enables value-addition providers to buy 
their produce at their intended price. For value-addition 
services, the consumer who offers the highest price is then 
facilitated to interact directly with the farmer and purchase 
the produce for direct-sale/value-addition. 

III. EXPERIMENTAL SET-UP 

 

 
Figure 2: Overall Experimental Setup 

The system proposed for this problem uses the 
LoRaWAN networking protocol. The information received 
at the first node is transmitted through intermediary nodes 
(IoT enabled nodes) to any one of the nearby gateways using 
radio waves which are finally sent to the cloud (IoT 
gateway). Here, before transmission, Machine Learning 
enabled Speech-to-text interpretation software, trained with 
Custom dataset, converts the voice message from the 
farmers, to text for the service requested. 

The LoRaWAN network server manages the Data Rate 
setting and RF output power for each end-device for 
maximizing battery life by means of an Adaptive Data Rate 
(ADR) scheme.  The system aims to achieve the highest 
possible Data Rate of 50 kbps. The in-ground module 
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consists of three major subsystems, the Transmitting, Final 
Receiving Module (Gateway module) and software set-up. 
(Refer Figure 2) 

A. Transmitting Module 

 
Figure 3: Transmitter Module 

The Initial LoRaWAN communication nodes are set up 
across various farmlands, through which the farmer can send 
their requests for service. It is equipped with a Voice 
Recognition module that selects the voice instruction given 
through a microphone from the farmer which is then 
converted to a convenient form. 

The Voice Recognition Module is a small, simple-to-use 
speech recognition board. It can handle upto 80 different 
commands. A designated pattern of vocal sounds (of user’s 
choice) can be programmed to function as a command. The 
device operates at a dc power range of 4.5 to 5 volts drawing 
less than 40 mA of current. There are two ways to control 
this board: Serial Port and General Input Pins . The board's 
General Output Pins can emit a variety of waves when a 
voice command has been  recognized.  

The voice recognition module, along with the LoRa Node 
is connected to the Arduino controller using data cables. The 
Arduino controller in turn converts the data from speech to 
text in a form suitable for transmission. The service 
requested is displayed to the user through a 16x2 LCD 
display. The module is equipped with a LED to indicate the 
successful transmission of the request to the Receiver Node. 

B. Final Receiving Module (Gateway module) 

 
 

Figure 4: Receiver Module 
 

The Final Receiving Module (Internet enabled Gateway) 
consists of an ESP8266 NodeMCU WiFi Devkit, LoRa 
module and LED lights. The ESP8266 is a self-contained 
WiFi networking device that is used as a bridge between 

current microcontrollers and WiFi. The ESP8266 
NodeMCU Kit is connected to a Computer using a micro 
USB cable from where the Data is received and uploaded 
into the database in the system. The LED is used to indicate 
the arrival of the data.  The LoRaWAN Alliance has 
validated the gateway, and it allows multichannel 
communication. A 2.2 dBi omnidirectional antenna is also 
included in the system. [16]. 

 

C. Software-setup 

 
Figure 5: Portal for Updation of Details in consumer Interface website 

The software module consists of the servers, websites 
facilitating the said process. The output from the gateway is 
fed into the network server directly. The Gateway makes an 
API call to the backend server, which will send the data from 
the Gateway to the backend. The information is supplied in 
JSON format. The received data will be delivered to the 
database when the API has accessed the data. Another API 
call is performed from the frontend to the backend to retrieve 
the data contained in the database for presentation on the 
user interface (UI). The input data stream consists of the 
node id, data, date, and time of the data transmitted. 

IV. WORKING MODEL OF THE SYSTEM 

The architecture of the proposed system consists of the 
following components : 

A. Transmitting module  

The transmitting module consists of the following 
components: (Refer Figure 6) 
 

1) Elechouse VR (voice recognition) Module with 

microphone 

2) Arduino atmega328 

3) 16x 2 LCD  

4) Validation LED 

5) Lora class A end node 

 
Working of Transmitting module: 

 
Figure 6: Functional Overview of the Transmitter Module 
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The initial input is provided to the transmitter node via 
the microphone present in the Elechouse VR module. The 
input is in the form of analog data (voice request). This 
analog data is compared with the priorly stored buffer data 
which consists of the value of the trained datasets. If the 
received voice request matches with the stored dataset, the 
VR module triggers the Arduino to display the respective 
value assigned for that particular request in the LCD and 
transmit the same value to the LoRa module with the help of 
UART communication at the baud rate of 9600. 

The LoRa node transmits this sampled data to the nearest 
node and that node transmits it to the next node; this process 
repeats until the data is transmitted to the final gateway. The 
LoRaWAN network is incorporated with a star-of-stars 
topology. It utilizes the MAC protocol and operates at 
865MHz to 867MHz for handling communication for linking 
Gateway with end nodes. 

Once the data is received by the gateway & Uploaded to 
the server, a receipt of validation is given to the user/farmer 
in the form of downlink communication (indicated by the 
LED). The LED illuminates to signify that the request was 
successfully transmitted to the Receiver Node. 

B. Final Receiving module 

The receiver module consists of the following components: 
(Refer Figure 7) 

 
1) Node MCU (ESP 8266) 
2) LoRa module 
3) LED 
4) RS232 port 

 
Working of Final Receiving module: 
 

 
Figure 7: Functional Overview of the Receiver Module 

 
After traversing through a number of LoRa Class B 

nodes, the data packets reach the final internet-enabled 
gateway. This gateway comprises a Node MCU, a Lora 
module, an RS232 connector, and LEDs. 
 

Within the gateway, the data packets are primarily 
received by the LoRa module which is then forwarded to the 
Node MCU kit. The node MCU kit is equipped with a serial 
Wi-Fi transceiver module and respective SDKs for 
transferring the data to the server and the entire transception 
process is confirmed by the LED flashing continuously. The 
MQTT protocol is utilized by the Gateway to upload data 
packets into the network server (cloud), and a SQL approach 
is used to post the data into the server. 

The nodal officer can access the server data by 
inputting appropriate credentials into the 
website/application. The nodal officer then verifies and 
authenticates the data from the server. 
 

Following authentication, the nodal officer 
manually enters the information into the second website, 
which is accessible to the public. The second webpage 
contains product information such as name, quantity, and 
price. 

V. RESULTS 

The farmer provides the initial input in the form of 
analogue data (voice requests), which is sampled into digital 
data packets and transmitted through several nodes. These 
data packets are uploaded to the server using an internet 
enabled multi-channel gateway. The nodal officer 
authenticates the data received in the server. After 
authentication, the nodal officer uploads the information on 
the consumer website. 
 
The following are the observed results for the overall 
process that occurs in the above-mentioned manner: 
 
The nodal officer can access the data samples that were 
uploaded to the server via the website by entering the valid 
credentials in the server login platform. The received data 
samples will be sorted according to the date and time of 
receipt. Out of the total entries, 'n' entries can be examined 
at once. The nodal officer can also view the analogue 
datalog, digital input, and digital output through the said 
server website. (Refer Figure 8) 
 

 
 

Figure 8: Received Data Samples stored in the server website 

 
The nodal officer authenticates the collected 

information and once authenticated, uploads the same onto 
another website where consumers may check product 
availability to facilitate the procurement of commodities 
directly from the farmer. (Refer Figure  9) 

 
 

Figure 9: Data uploading after authentication 
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The consumer's view of the website will resemble 
the image below, which displays important credentials such 
as product availability, quantity, and cost. (Refer Figure 10) 
 

 
 

Figure 10: Consumer’s View of the website of listed products 

 
For valid sale requests, once valid buyer(s) are 

identified, the nodal office facilitates direct communication 
with the farmer. 
 

For other service requests, the nodal officer directs 
the same to respective stakeholders/service-providers and 
ensures the fulfillment of the request at the farmer’s 
doorstep (through appropriate utilization of the common 
resources and service-agents). 

VI. INFERENCES AND CONCLUSION 

From the results obtained, it is well substantiated 
that the said LoRa integrated agriculture system has major 
economic and technological impact across platforms and 
stature. 
 

The system proposed will act as a bridge between 
the farmer and the agro-service providers without any 
external interventions. For farmers, by providing an error-
free and simple-to-use user interface communication 
system, it caters to about 64 percent of the overall 
agricultural community who are experiencing 
communication difficulties due to the non-availability of 
sufficient cellular communication/bandwidth. By connecting 
directly with customers, farmers may have a better 
utilization of existing resources thereby raising their income 
through adjacent variables and profits due to the elimination 
of middlemen. 
 

This will inspire not just the current agricultural 
community, but also the Rural Youth, to choose agriculture 
as a career, assuring their rehabilitation. The system caters 
to farmers across terrains owing to its independence from 
large physical structures and physical disturbances. This 
increases the adaptability and efficiency of the model. 
Through fast validation of receipt-of-service requests with 
the use of LEDs & being intervention-free, the 
accountability and beneficiality of the solution are ensured. 
For service providers, there is an increased market reach 
through direct engagement with customers. 
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Abstract— Nowadays in large apartment complexes, houses, 

offices, shops and also in cars, bikes, bicycles we need security 

to deal with problems such as theft and robbery. Therefore this 

paper proposes a system with a smart lock integrated with the 

Internet of Things (IoT) device. The security system is now 

steadily shifting into the smart system from the traditional lock. 

It works on the IoT system which makes it more robust. This 

system alerts the user when there are invalid attempts to open 

the lock and also when the lock is physically damaged. This 

system can be integrated with a traditional locking system where 

it sends the notification to the user’s mobile phone along with 

the buzzer alert. 

Keywords— Internet of Things, Smart Lock, Cloud. 

I. INTRODUCTION  

 
The technology of keys and locks has remained more or 

less the same for many centuries while everything around the 
world is exponentially evolving. We are now technically more 
advance and capable of applying technology to many things. 
We can apply technology to old ones and modify the 
traditional concept of locks and keys. 

In this world, every individual wants to be safe and secure. 
They also want their belongings and other precious things to 
be safe. Thus safety plays a crucial role in our life. Every day, 
we take many precautions to secure ourselves and our 
belongings. This paper proposes to design a smart lock that 
uses IoT to prevent unauthorized access to our belongings. A 
circuit is designed along with the traditional lock and this 
system is connected with the internet to make it more secure 
and dynamic. 

Our model will help the person using this smart lock to 
prevent someone from stealing his belongings. Once it is fitted 
to a traditional lock, it can detect unauthorized access and can 
inform the owner about it and enable him to take required 
actions. 

 

 

II. LITERATURE REVIEW 

 
The model of the smart lock is made in such a way that if 

someone loses keys can access their gates by remembering the 
pin of this smart lock which uses Wi-Fi. This lock uses LAN 
(Local Area Network) which embeds the house so this adds 
extra security as it can be accessed only through the network. 
[1] As we know that digital locks are easily broken and 
accessed by thieves, so to solve such problems this lock is 
made, this can take pictures if it can detect any unauthorized 
access and if it is broken it sets an alarm. This lock uses IoT 
which makes it smarter and more accessible to anyone. [2] In 
the modern era, all are shifting in sensors modules to make 
smart locks such as Kevo locks, Auglocks etc. It uses many 
wireless communication methods such as Wi-Fi, Bluetooth 
etc. But the locks are fully dependable on the sensors. [3] 
Smart locks can be built by using fingerprint sensors as every 
person has a unique fingerprint, which makes the lock more 
secure. [4] IoT makes our locks more secure and smart. Where 
it’s connected to the Internet through all devices. Objects 
within an IoT network can also communicate with Wi-Fi. [5] 

In IoT, the MQTT protocol is applied. MQTT is a standard 
messaging protocol for the IoT, where it is used for data 
exchange between constrained devices and server 
applications. [6] In the modern era, the smart lock is coming 
with inbuilt spy camera software so that the device can capture 
the picture of the intruder along with triggering the buzzer to 
provide an extra layer of security. It also has technologies like 
OpenCV2, LBPH algorithm, SMTP, raspberry as it can 
recognise faces and match with its database and provides 
another layer of security as every individual has a different 
face and it can be beneficial. [7] Smart locks can also be 
connected with IoT databases and it is very beneficial for their 
implementation indoors of corporate offices and campuses of 
schools and colleges and it is useful in the case of an essential 
security breach problem. Using its database (Azure multi-
database) it can recognise the intrusion and it can notify all the 

Page 6

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



candidates inside the campus by messaging in their IoT cloud-
connected devices. [8] The model is designed in such a way 
with IC STM32L100 at its core and uses IoT based technology 
to not only communicate with the user but also detect the 
user’s GPS coordinate and accordingly unlocks the house. [9] 
A  pair of systems are designed, one of which not only controls 
the electrical components but also makes the system energy 
efficient, and the other system proposes, a secure way to 
remotely unlock the door using a password. [10] 

A lock safety management and control system based on 
the actual situation of the power distribution network replaces 
the mechanical lock. This lock implements real-time effective 
management and control of the production operation process 
[11]. The various door locking systems have been used at 
offices, homes, shops etc. with different types of technology 
used in them [12]. This system [13] aims to upgrade the 
conventional door security system, by integrating a Bluetooth 
system for unlocking the door. A conceptual model is 
proposed to enhance the security and efficiency of the door 
locking system by the implementation of both carried and 
non-carried key interfaces [14]. The lock in this system [15] 
uses two-step authentication via OTP and face- recognition. 
The whole module is connected via Bluetooth and a web 
server. It always maintains a log of locking and unlocking 
operations. In this proposed system [16], whenever a person 
comes in front of the door, a photo of that person is sent via a 
web server to the owner. If the owner allows him or her, then 
via a web server and an android app, the owner opens the lock 
with just a click. 

Security threat in today's world is a humanitarian issue 
where each one of us might have faced such problems in our 
lifetime. Our aim is to provide a solution in terms of threat 
avoidance by bolt IoT platform based device which 
meticulously alerts the user as soon as it detects any successful 
intrusion by not only sending message notifications to the user 
but also turning on the buzzer. Conventionally sensors are 
used for such purposes which it may increase the complexity 
and the cost. 

III.  THE CONCEPT OF SMART-LOCK-SYSTEM 

 
Potential vulnerabilities in traditional locking systems 

used in homes, offices, vehicles, banks create security 
concerns. A smart lock is an extension of a traditional locking 
system that warns the owner about the unauthorized intrusion. 
This system alerts the owner wirelessly about any illegal 
attempts to unlock as well as mechanical damage to the 
locking system. 

The smart lock system based on the IoT ecosystem is very 
user friendly and hassle-free which provides advanced 
security warnings. It sends its information through a cloud 
system where the user can also connect to their other devices. 
This lock sends text messages to the users’ devices through 
the cloud system whenever the lock has been illegally 
compromised. This not only works as a traditional lock system 
but also notifies the user at the instance when the lock is 
illegally accessed. This anti-theft smart lock system is the 
need of the hour for modern theft problems. 

IV. WORKING MECHANISM 

 
We all know, the current tends to flow through a less 

resistive path. If two branches are having different resistivity 

connected within the same node, then the initial current is 
divided into two parts, and the majority of it passes through 
the lower resistive path. This is exactly the principle on which 
our system works. We used the locking mechanism in the 
short-circuited path and connected an alarm, resistor, led and 
our controller in series, parallel to the locking system. And the 
whole system is connected through a battery as shown in 
Fig.1. So in normal conditions, the current will flow the short 
circuit path, but if someone tries to break the lock, the short-
circuited portion will break and the whole current will pass 
through another branch (i.e., the path where led, buzzer and 
the controller are connected) which will detect the current and 
will send the feedback, depending on which it will execute the 
program, which will then eventually sends a text message to 
the user that the locking mechanism has been compromised. 

V. HARDWARE REQUIREMENTS 

A. BOLT IOT PLATFORM: 

 It’s an IoT platform that lets us control or monitor 
things over the internet. The Bolt IoT Platform consists 
of three major components: 

a. Wi-Fi enabled microcontroller: On this module, we 
have the ESP8266 module and this is the heart of the 
bolt. It offers Wi-Fi connectivity to bolt and it has an 
antenna for Wi-Fi connection. It can connect to most 
Wi-Fi connections which work at 2.4 GHz. It also has 
an on-board processor that processes all the 
commands sent over the web and executes them as 
needed. 

b.  Cloud: the Bolt Cloud is one of the major 
components in providing the IoT capabilities to the 
Bolt device. All the Bolt devices connect to the Bolt 
Cloud. We can use the Bolt Cloud to control and 
monitor our Bolt devices as shown in Fig.2 or use the 
Bolt Cloud APIs in case we want to bypass the 
dashboard and access our Bolt devices via programs 
that we have written. 

  

  

Fig.1. Circuit Diagram of Smart lock 
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c.  Mobile App: It connects the microcontroller to the 
Wi-Fi network. It also links the hardware module to 
the bolt cloud account. 

B. LED: 

   When the lock is physically damaged or there are 
invalid attempts, LED will glow. 

C. Resistor: 

   Here it helps control the flow of current in a circuit. 

D. Alarm: 

   When there are invalid attempts or the door lock is 
physically damaged then the alarm rings, signalling that 
the lock is compromised. 

VI.   APPLICATIONS 

This model has a wide range of applications and it can be 
implemented in areas where there is a requirement for theft 
prevention like smart locks at home doors, vehicles, gates, 
resorts or hotels etc. This system detects unknown intrusion 
and sends a message to the owner about it and the buzzer 
buzzes out and thus notifies the owner that there is some 
anonymous intervention. 

VII. ADVANTAGES: 

A. Security: The conventional lock system comes with 
lots of vulnerabilities, significant among them is 
breaking them and unknown intrusion and stealing 
precious belongings. While with the help of this 
project one get notified about the unknown intrusion. 

B. Affordability: This smart lock is very economical, 
the components used are not much sophisticated 
rather easily available in the market which makes it 
more affordable. 

C. Convenient to use: In this smart lock, all we need to 
do is to integrate the circuit along with the 
conventional lock and no extra tool is required to 
operate this. 

D. Universal to any locking system: This model can be 
installed in gates of hotels or resorts, home doors, 
vehicles etc. Thus it provides a wide range of 
applications. 

E. Partially usable without internet: Through the smart 
lock is IoT based product still without internet it 
doesn’t become useless, it can partially work. 
Without internet, the buzzer buzzes and thus it 
remains usable even without internet. 

VIII. RESULTS 

When our system detects vulnerability that is someone 
breaks the lock, the led will glow and the buzzer will buzz 
out as shown in Fig.3 and the user will get notified via text 
message as shown in Fig.4 

 

 

        FIG.2. Bolt Cloud Connectivity 

       

 
 

 

 Fig.4.User receives the notifications 

 

 
Fig.3.The LED is glowing 
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IX. CONCLUSION 

This smart lock will alert the owner with extra security 
features when installed along with the conventional lock 
system. This system has a wide range of application areas, 
making it better than other locks available in the market. With 
the ease of installation and handling, minimum complexity, 
strong feasibility, this smart lock promises to make a better 
future for locking systems. Therefore, by examining all the 
features and detailed evaluation, this smart lock tackles all the 
security concerns and helps one to have a better secure life. 

X. FUTURE SCOPE 

In future, we can integrate a camera with our system which 
can take a picture of the intruder and send the picture using the 
IoT module. Also, we can use a GPS tracker which can send 
the location of the system. 
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Abstract— MOOCs courses offer many significant 

advantages over brick-and-mortar classrooms. A 

geographically and demographically diverse growing global 

community of learners taking to MOOCs signals that 'one size 

fits all' will not hold water in the MOOCs realm. Plurality of 

learners makes it imperative to understand the customer 

segments and their specific needs. Understanding customer 

segmentation can enable companies in the MOOCs sector to 

design MOOCs to cater to the needs of diverse customer 

segments. This will help companies to achieve their objective of 

achieving high order of scalability in this sector.  This study 

endeavors to identify the customer segments for MOOCs using 

the technique of cluster analysis.  One major criticism of 

MOOCs is the high attrition rate of learners. Given the 

plethora of MOOCs available and their emerging popularity, 

the time is ripe to understand customer profiles and their 

preferences to make the M (massive) in the acronym 

achievable. 

Keywords— MOOCs, Marketing Segmentation, Marketing 

Strategy 

I. INTRODUCTION 

Massive Open Online Courses (MOOCs) have 
transformed higher education by democratizing it or making 
it available to anybody with internet connectivity and a 
meager investment capacity. Global content from the highest 
seats of education in the world is being made available to 
learners from the comfort of their homes, at a pace suited to 
them, and at affordable monetary investment [1], [2]. For 
many, it is the only way to fulfill their aspirations for a 
global education that was otherwise constrained by physical 
distance or cost implications [3], [4]. MOOCs are 
characterized by the diversity within their learning 
community. The demographic diversity makes it challenging 
for MOOCs providers to come up with product offerings to 
fulfill the needs of their learners [5]. In this context, it is 
essential to know the customer profiles and their preferences 
when buying MOOCs. This study uses Cluster analysis, a 
group of multivariate techniques whose primary purpose is to 
group objects based on their characteristics. This technique 
of identifying groups of individuals or objects that are similar 
to each other but different from individuals in other groups 
enables to form clusters of customers who have similar 
buying habits or demographics. This clustering can be 
leveraged to target offers to subgroups that are most likely to 
be receptive to them. 

II. LITERATURE REVIEW 

Higher education globally is witnessing growing 
popularity of e-learning [6], and today some leading 

Universities have started offering Graduation and Masters 
degrees online [7], [8].  There is a wide array of concepts in 
the existing literature on online teaching and learning [9]. 
These terms like distance education, online teaching, 
emergency online education, remote teaching conceptualize 
different forms of learning but often are used 
interchangeably [10], [11]. [12] opined that the e-learning 
concept was not the first term to be used in conceptualizing 
the use of computerized systems to impart or facilitate the 
learning process. They identified 23 concepts that imply the 
use of computer technology for the learning process. e.g., 
online learning, virtual learning, distance education, m-
learning, MOOC, and learning management systems.  

[13] defined e-learning as a learning method using digital 
technology and facilitated by the World Wide Web network. 
Such online education aims to provide students with a 
personalized, learner-focused, open, conducive, flexible, and 
interactive learning environment, supporting and enhancing 
the learning processes [14].  [15] claims that e-learning is a 
disruptive technology that is currently the game-changer in 
transforming how learning is approached in an educational 
context. [16] suggested four generations of e-learning 
pedagogies: the behaviorist/cognitivist, the social 
constructivist, the connectivist, and the holistic generation 
[12]. [17], mentioned distance education as a pedagogy 
distinguished by 'distance in time and/or space' and remote 
education as a context of 'spatial distance.'  

[18] opined that the most prominent characteristic of 
Online learning is the absence of the physical classroom, 
which is replaced by the use of web-based technologies 
offering opportunities for out-of-class learning which are not 
bound by time, place, and pace [19]–[22]. [18] point out that 
"in the context of higher education, the phrase online 
learning is often interpreted as referencing courses that are 
offered completely online." Typically, the online learning 
setting is launched through so-called learning management 
systems (LMS) or virtual learning environments (VLE) such 
as Moodle and Blackboard [23]. 

MOOCs are emerging as a sweeping change in the field 
of online education. According to The New York Times, 
2012 became "the year of the MOOC" [24] as several well-
financed providers associated with top universities emerged, 
including Coursera, Udacity, and edX. MOOC is an 
evolution of previous endeavors in e-learning, open 
education or distance education. Its genesis includes the 
movement for open educational resources (OER) and the 
groundbreaking initiatives in distance education using digital 
technology. In fact, the psycho-pedagogical bases of MOOC 
include Distributed cognition, social constructivism, 
connectivism, collaborative learning, and OER. MOOCs is 
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delivered through the web online with the salient features of 
unlimited participation and open access. It adds an 
interactive dimension to traditional online courses by way of 
online discussion forums, peer interaction via social media 
forums, and instant feedback on assessments. 

III. RESEARCH METHODOLOGY 

A sample of 451 respondents was selected randomly. 
Data with respect to demographics, namely gender, Income 
level, the customer category (Academician, Working 
Professional & Student), and the category of MOOC bought 
(Engineering, Business Management, Languages, and Arts), 
was collected. 

The next step was to determine the attributes of MOOCs 
that customers considered when buying these courses. A 
questionnaire was circulated with 41 items, and exploratory 
factor analysis yielded five factors influencing the purchase 
intention of MOOCs. The factors were identified as 
Financial Investment, availability of Scholarships, type of 
Certification (International or National), endorsement by the 
regulator (education regulatory bodies), and the pedagogy of 
course delivery (synchronous, asynchronous, or blended). 
The data were subjected to Exploratory Factor Analysis 
(EFA) using the Principal Component method. The Kaiser- 
Meyer- Olkin (KMO) measure of sampling Adequacy was 
found to be .890, and Bartlett's test of sphericity was found to 
be significant (p=.000), indicating we can proceed with EFA 
to group the closely correlated factors. Communalities using 
Principal Component Analysis for all items were found to be 
above 0.5, explaining more than 50 percent of the variance, 
and most were above .6. Varimax rotation was used, and a 
total of five factors were extracted, which explained 68.25% 
of the total variance.   

Confirmatory Factor Analysis (CFA) was conducted on 
the five latent constructs (attributes) and their items. The 
results of CFA established Convergent validity by yielding 
composite reliability greater than 0.8 for all the attributes of 
MOOCs and Average Variance Extracted (AVE) greater 
than 0.5. [25] criterion was used to test for discriminant 
validity (Table 1). The Square root of Average Variance 
Extracted was found to be more than the correlation between 
the constructs and greater than shared variance.  For the 
attributes, i.e., Pedagogy, Investment, Scholarship, 
Certification, Endorsement, the values of CR were found to 
be 0.92, 0.91, 0.84, 0.81, and 0.74 and the values of AVE 
were found to be 0.63, 0.57, 0.64, 0.58, and 0.58. The 
Validity results are shown below in Table 1. 

TABLE I.  CONVERGENT AND DISCRIMINANT VALIDITY 

 
Pedagogy 

Invest-
ment 

Scholar-
ship 

Certifi-
cation 

Endorse-
ment 

Pedagogy 0.79 
    

Investment 0.39 0.75 
   

Scholarship 0.25 0.19 0.80 
  

Certification 0.40 0.26 0.63 0.76 
 

Endorsement 0.62 0.27 0.19 0.31 0.66 

A good model fit was achieved [26], and the model fit 
indices were found to be as exhibited in Table 2: 

TABLE II.  MODEL FIT INDICES 

CMIN/DF GFI AGFI RMSEA 

3.42 .858 .824 .077 

 

Cluster analysis was used to identify useful clusters with 
respect to demographic characteristics, namely gender, 
Income level, customer category, course category opted for, 
and the attribute preference, influencing their purchase 
intention of MOOCs.  Based on the benefits that consumers 
look to achieve from purchasing the product, they are 
segregated into clusters. It can be used to identify 
homogeneous groups of buyers. There is no prior 
information about the group or cluster membership for any 
of the objects in cluster analysis. Cluster analysis involves 
stating the research problem, selecting a distance measure to 
find the similarity between objects, choosing a clustering 
procedure, deciding the number of clusters, interpreting the 
profile of the clusters so identified, and finally, assessing the 
validity of clustering. 

IV. DATA ANALYSIS RESULTS 

The primary data was subjected to Cluster analysis to 
identify groups that were homogenous within and distinct 
from other groups. Agglomerate Hierarchical clustering 
technique produces a hierarchical clustering by starting with 
each point as a singleton cluster and then continually 
merging the two closest clusters until a single all-
encompassing cluster remains. The agglomerate Hierarchical 
clustering method was used to estimate the number of 
cluster, and the agglomeration schedule yielded the 
following clusters as shown in Table 3.  

TABLE III.  AGGLOMERATION SCHEDULE 

Stage 
Cluster 

Combined 
Coefficients 

Stage Cluster 
First Appears 

Next 
Stage 

 
Cluster 

1 
Cluster 

2  
Cluster 

1 
Cluster 

2  

1 401 451 0 0 0 51 

2 400 450 0 0 0 52 

3 399 449 0 0 0 53 

4 398 448 0 0 0 54 

5 397 447 0 0 0 55 

6 445 446 0 0 0 7 

446 1 2 27.427 437 432 448 

447 35 37 34.089 439 445 449 

448 1 20 34.511 446 444 450 

449 35 47 46.772 447 443 450 

450 1 35 61.136 448 449 0 

 

The dendrogram, which depicts the hierarchical 
clustering in a tree-like visual representation showing 
clusters and sub-clusters relationship and the order in which 
the clusters were merged, shows three distance clusters 
Figure 1. 
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Fig. 1. Dendogram 

The agglomerative hierarchical clustering estimated three 
clusters in the data set, which was further confirmed by using 
the Κ-means clustering algorithm. The algorithm inputs are 
the number of clusters Κ and the data set and it starts with 
initial estimates for the Κ centroids, which can either be 
randomly generated or randomly selected from the data set, 
using iterative refinement to produce a final result. The 
algorithm iteratively estimates the cluster means and assigns 
each case to the cluster for which its distance to the cluster 
mean is the smallest. The K-means clustering algorithm was 
run for a range of values to find the number of clusters in the 
data, and three clusters emerged as the best result. The 
ANOVA table (Table 4) of the attributes of MOOCs showed 
that all attributes were significant and played a distinct part 
in the customers' purchase intention. The Table 5 gives the 
final cluster position of the variables. 

TABLE IV.  ANOVA 

 
Cluster 

 
Error 

 
F Sig. 

 
Mean 

Square 
df 

Mean 
Square 

df 
  

Certification 187.1 2 2.83 448 66.1 0 

Fee 682.5 2 0.95 448 717.6 0 

Pedagogy 126.6 2 2.72 448 46.4 0 

Regulator 
Endorsement 

606.3 2 1.35 448 448.6 0 

Scholarship 810.8 2 1.15 448 703.9 0 

 

TABLE V.  CLUSTERS 

 

Clusters 

1 2 3 

Certification 3.78 6.11 4.41 

Fee 1.35 6.11 3.29 

Pedagogy 2.38 4.13 4.31 

Regulator Endorsement 2.08 5.82 6.33 

Scholarship 1.48 6.34 2.8 

 

The middle of a cluster is indicated by a centroid, a 
vector containing one number for each variable, where each 
number is the mean of a variable for the observations in that 
cluster. The centroid can be thought of as the multi-
dimensional average of the cluster. The cluster centres 
indicate how separated the individual pairs of clusters are. 
The cluster centres that are widely separated are distinct and, 
therefore, desirable. The size of the three clusters so 
identified was 33.7%, 28.4%, and 37.9%. (Figure 2: Cluster 
Size) 

 

Fig. 2. Cluster Size 

The analysis of relative importance (Figure 3) of 
attributes in the purchase intention of MOOCs emerged as 
availability of scholarship facility followed by the financial 
investment required for taking the MOOC course. 
Companies following the freemium model offer the course 
access free of cost, whereas other companies charge partial 
to full charges for accessing the content. All companies, 
however, are charging a fee for certifying the learner. The 
learner can appear for a proctored exam by paying an exam 
fee to the course provider and earning a course passing 
certificate, or students can seek credit transfer to a course 
being pursued at their University.  The endorsement by the 
education regulator authority was identified as the third most 
crucial attribute being considered for the purchase. MOOCs, 
endorsed by the education regulatory authorities as valid 
qualification for recruitment, promotion, or passing specific 
courses, was an important consideration. The kind of 
certification earned, i.e., international or national, was 
closely followed by the pedagogy that was used to deliver 
the MOOCs as the other attributes influencing the purchase 
intention. MOOCs have helped many learners to earn the 
international credential for courses that otherwise would not 
have been achievable for a variety of reasons. The nature of 
certification, i.e., from international Universities or National 
institutions, is also a decisive factor in the purchase intention 
of MOOCs. Different MOOCs providers or platforms use 
different pedagogy for the delivery of the programs. Some 
are delivered in asynchronous mode with prerecorded 
content, while others are delivered in synchronous mode 
with live content delivery. Most platforms, however, have 
been observed to use blended mode with asynchronous 
pedagogy punctuated with synchronous interactive sessions. 

 

Fig. 3. Predictor Importance 
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Fig. 4. Cluster Details 

Based on the model summary (Figure 5), customer data 
segmentation is discussed below, along with the preferences 
the cluster members have when deciding to buy MOOCs. 

 

 

Fig. 5. Cluster Comparison 

Cluster 1: This cluster is characterized by females who 
belong to the middle-income level, are academicians by 
profession, and are interested in pursuing engineering-related 
courses followed by languages, Business Management, and 
Arts in that order. The most important attribute influencing 
the purchase intention of MOOCs by customers belonging to 
this cluster is the regulator endorsement. If the education 
regulator recognizes the MOOCs as a valid qualification for 

getting jobs or as an acceptable criterion for promotion or if 
the course has the equivalent status of a Faculty development 
program, it will certainly entice the academicians to buy such 
MOOCs. Out of the five attributes of MOOCs considered, 
Scholarship offering, the investment required, and pedagogy 
followed for the delivery of MOOCs also influence the 
purchase intention of members of this cluster. As the 
members of this cluster belong to the academic fraternity, 
they already have University degrees. Therefore the main 
objective of taking up MOOCs is not to earn certification, 
and as such, certification earned is the least important 
attribute considered for the purchase decision of the courses. 
Since MOOCs have a global reach, MOOCs developed in 
languages other than English, the language in which most 
courses currently are being offered, will boost the participant 
numbers in a big way. The same goes for the content, which 
at present is westernized with references and illustrations 
which are US-centric. Academics and the student they teach 
locally may find such content difficult to relate with as 
against localized learning material. 

Cluster 2: This cluster is characterized by mostly males 
belonging to the higher income levels who are professionals 
working in corporates and prefer business management 
courses followed by Engineering MOOCs and few for Arts 
courses. The most influential attribute in the purchase 
intention of MOOCs in this cluster is the kind of certification 
earned. The cluster is identified as professionals working in 
the corporate sector with decent earning and who are looking 
for international exposure through the courses. Having the 
paying capacity, the financial investment required, and the 
availability of scholarships are not prime attributes 
influencing their purchase intention. These working 
professionals have often been observed to showcase the 
certifications earned on Social Media sites. When recruiting 
people, many Organizations are referring to MOOCs courses 
taken by the candidate as a gauge for self-motivation and 
self-learning abilities. 

Cluster 3: This cluster is identified as most males from 
lower-income groups, belong to the student community who 
are predominantly interested in Engineering MOOCs, with 
some of them showing interest in Business Management 
MOOCs. The members of this cluster, who are mainly 
students, give the most importance to attributes like financial 
investment required and availability of scholarship schemes 
when purchasing MOOCs. The cost of on-campus higher 
education can be immense, but MOOCs provide a cost-
effective medium to gain world-class knowledge from any 
location. This is particularly useful for students aspiring for 
higher education from third-world countries. Many education 
regulators are allowing for credit transfer if the student 
successfully passes the MOOCs. These credits are 
considered when awarding the regular degree or diploma 
course the student is otherwise pursuing. Such benefits of the 
MOOCs are important in influencing the purchase intention 
of the student community. 

V. CONCLUSION 

The popularity of MOOCs is growing exponentially. The 
competition is also increasing as many companies have 
entered this high potential sector. Market analysts (Statista) 
have projected that the e-learning market will cross 243 
billion dollars by the year 2022. In this scenario, customized 
product offerings will become essential to lead the 
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competition. For this purpose, it is important to identify 
insights about the customer segments and their specific 
preferences concerning MOOCs. These insights can then be 
used in the product offering can then be designed to fulfill 
the needs of different segments, which will further help in 
targeting different customer segments. One size fit all 
philosophy will not work in the MOOCs sector, and 
companies will have to come up with tailor-made products to 
attract customers in the stiffening competition in the 
industry. 
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Abstract—Water conservation and management has become 
an important topic in recent times due to rapid decline of water 
resources across the globe. Water scarcity is a looming crisis 
brought on by climate changes, population explosion and wasteful 
water usage practices. There is need to design and implement 
cost-effective and user friendly systems for water management 
which require little or no  manual  intervention.  In  this  paper 
an autonomous system is presented that can mitigate water 
wastage using real time water flow control and monitoring. The 
designed prototype uses IR sensors to automatically cease water 
discharge from overflowing faucets and taps. The system uses 
water flow sensor for water usage monitoring. This real time 
water consumption data in an area can be stored in cloud server 
for analytics purposes. 

Index Terms—Water management, Water scarcity, 
Autonomous system, Micro-controller, Sensors 

 
I. INTRODUCTION 

Water is a highly valuable resource and the very basis of  

life on earth. Nearly 97% of earth’s water is present in oceans 

and only 3% is freshwater. Out of that almost almost 2.5%    

of fresh water is unavailable for  human  consumption  since it 

is confined in glaciers, polar ice fields and atmosphere of 

earth. Only 0.5% of freshwater is available for human use and 

consists of groundwater, freshwater lakes and rivers [1]. 

Due to the exponential population explosion around the 

globe and rapid urbanization, there has been rise in water 

consumption across all aspects of human life. According to 

water facts from United Nations, 72% water is used for 

agriculture purposes,16% water utilization is by municipalities 

for household and other services and 12% water is used by 

industries [2]. Severe water scarcity affects almost 4.0 billion 

people for at least a month of the year and nearly 50% of 

those people are from India and China [3]. India has 16% of 

world population but access to only 4% of freshwater resources 

due to which 76 million people are without access to safe 

drinking water [4]. India has water resource of 1123 bcm and 

80% of water for domestic use comes from ground water 

reserve. Rapid industrialization in states of Delhi, Punjab, 

Haryana and Uttar Pradesh has led to water crisis while the 

arid climate of states such as Rajasthan and Gujarat leads to 

water stressed conditions [5]. Freshwater scarcity is further  

exacerbated due to rampant water pollution [7]. In addition to 

this, the agricultural sector is also facing crisis due to hydro- 

logic constraints brought on by water scarcity [8]. 

In-spite of such dire situation, an average Indian wastes 0-45 

litres of water everyday which leads to daily wastage of 125 

million litres of water in India [6]. Most of this wastage is due 

to negligent behavior such as keeping the tap open while doing 

household chores, leaky water discharging outlets etc. There  

is an urgent requirement to devise adequate water resource 

management and monitoring systems to avoid the colossal 

wastage of water resources. Smart water management systems 

can use Internet of Things, Artificial Intelligence and Big Data 

technologies for effective monitoring, control of water sources 

and pipelines as well as quality testing and analysis of water 

used for domestic consumption. 

This paper proposes a working model of an autonomous 

system that aims to reduce water wastage by managing water 

flow from faucets, taps and other water discharging sources 

and also provide real time data about water usage in a 

residential or commercial building. 

II. LITERATURE SURVEY 

Current water management systems use variety of technol- 

ogy to monitor water flow, quality of water, leakage detec-  

tion, water metering. Anjana et.al proposed a system using 

6LoWPAN enabled WSN where flow sensor was used for 

measuring water usage [9]. Nanda et.al implemented a smart 

water management system where NI myRIO processes the data 

from pH, turbidity, electrical conductivity sensors to access 

the quality of water, soil moisture sensor to reduce water 

wastage during irrigation and water flow sensor to analyze 

water consumption [10]. 
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Anisha et.al developed a water restrictor system using 

Arduino micro controller which processes water usage data 

from water flow sensor and restricts the water flow by sending 

signal to solenoid electro-valve if water usage exceeds a limit 

[11]. Gunde et.al. proposed an IOT based water flow control 

system which switches on/off the submersible pump based on 

water level data fetched using an ultrasonic sensor placed on 

top of a water tank [12]. Aron et.al. developed a WUSN based 

architecture that uses water flow sensor to monitor water flow 

rates through pipes and turbidity sensor to detect water quality 

parameters and processes this data through Raspberry Pi and 

Arduino microcontrollers in order to send SMS notifications 

to appropriate authority about any damage in water pipelines 

[13]. Srihari proposed a smart water distribution system using 

the data collected by water flow sensor and processing it 

through Arduino Uno microcontroller. The system also uses    

a pressure sensor to detect water leakage and pH sensor to 

measure water quality [14]. 

III. IMPLEMENTATION 

A. Architecture of the system : 

The proposed autonomous water flow control system com- 

prises of Node MCU microcontroller which processes the 

signal sent by IR sensor to detect any object placed under 

faucet or taps. In case of absence of the object, the controller 

uses relay module to actuate solenoid valve which stops the 

water flow from faucet without any delay. The system also 

uses a water flow sensor to collect information about water 

consumption in any establishment and an LCD display to 

indicate real time water usage and flow rate of water in a    

pipe. This water utilization data can be stored in cloud server 

for analytics purpose and would be helpful in implementing 

effective water management strategies. 

Figure 1 displays the block diagram of the proposed model. 

The microcontroller is used to process signals from IR and 

water flow sensor and actuate the relay unit which controls  

the water pump. The rate of water flow and amount of water 

expended would be displayed in the LCD module display unit. 

This IOT enabled system can send water usage data into cloud 

based server and also has a built-in battery to provide back-up 

power enabling operation during night time. 

Figure 2 displays the schematic diagram of the system with 

pin connections between Node MCU and the sensors, display 

and relay components of the system. 

 

 
Fig.  1.   Block Diagram 

 

 
 
 

Fig. 2.  Schematic Diagram 

 

 
B. Hardware Used : 

1) Microcontroller: Node MCU is an open-source firmware 

unit built around ESP8266 which has in-built CPU, RAM, Wi- 

Fi module and SDK. The Node MCU has 30 pins with a clock 

speed of 80MHz, input voltage of 4.5V-10V and can receive 

input from sensors (e.g - data related to moisture content, light) 

or computer and send electronic signal that can control devices 

such as motors, valves, LED’s, LCD’s. The Node MCU board 

can be programmed using Arduino IDE where a program can 

be compiled and uploaded using USB serial cable. 

2) Water Flow Sensor: The Fig 3 depicts YF-S201 water 

flow sensor which measures the rate of water flowing through a 

pipe or any water source. The sensor has a plastic valve, water 

rotor and hall effect sensor. When water passes through the 

valve it moves the rotor and changes its speed which is sensed 

as a pulse signal output by the hall effect sensor. The sensor 

measures the voltage difference induced in the conductor due 

to the rotor’s rotation and this provides a measure of the rate 

of flow of water. 
 

Fig. 3. YF-S201 Water Flow Sensor 

 
3) IR Sensor: The Fig 4 depicts LM393 IR sensor com-  

monly used for object or obstacle detection. The IR sensor has 

an IR LED which acts as the transmitter and an IR photodiode 

which acts like the receiver. The transmitter emits radiation 

which hits the object placed in front of sensor and some of the 

radiation is reflected back to the IR receiver. The resistance 
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and hence output voltage of IR receiver changes due to the 

received IR light and this detects the presence of an object or 

obstacle. 

In the prototype, the IR sensor detects the presence of any 

object (can be hand or container) placed under the faucet, tap 

or showerhead and helps to cease water supply upon removal 

of the object. The sensor is immune to corrosion and hence  

can be easily used in water fixtures for prolonged period of 

time. 

 

 

 

Fig. 4. LM393 IR Sensor 

under the faucet, water will be discharged. Upon removal of 

the object, the microcontroller processes the signal sent by   

IR sensor and activates the relay unit to cease water flow by 

closing the faucet and the amount of water discharged till that 

point of time is displayed in LCD module. 

 

4) Relay Module: Relay module is an electromechanical 

device that can open or close a circuit. The prototype in this 

paper uses a 5V Single-Channel relay module as shown in   

Fig 5 to activate solenoid valve which can regulate the flow   

of water from faucet or taps. The module can also avoid a 

power surge and protect the microcontroller. 

 
 
 
 
 

A. Prototype : 

 

Fig. 7. Algorithm for the system 

 
 
 

IV. RESULTS & DISCUSSIONS 

 

 
 

Fig.  5.   Relay Module 

 

5) Liquid Crystal Display:  LCD as shown in  Fig  6  is  an 

electronic display device which shows the real time data 

related to water flow rate as sensed by water flow sensor. This 

data provides an estimate of the water consumed in residential 

or commercial establishment. 
 

Fig.  6.  LCD 

 

 

C. Algorithm : 

The algorithm implemented in the system is shown in Fig 7 

below. After the system starts, it waits for sensor data from IR 

and water flow sensor. As long as there is an object positioned 

Fig 8 shows the hardware prototype of the proposed sys- 

tem. An LM393 IR sensor is used for its effectiveness in 

sensing the object placed under a flowing tap or faucet and 

sending the output signal to Node MCU microcontroller for 

processing. This signal can actuate the tap with the aid of  

relay module. The microcontroller is further interfaced with 

YF-S201 water flow sensor to monitor rate of water flow and 

display the result in LCD module. 

 

Fig. 8. Hardware setup 
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B. Testing of Prototype : 

The prototype was tested by placing and removing hand 

under the water discharging outlet. The IR sensor unit detected 

the removal of hand and water discharge from faucet was 

ceased immediately. Figure 9 displays the rate of water flow as 

detected by water flow sensor and read via serial connection of 

Arduino board. The second column shows the timestamp and 

the third column shows the water flow rate at that particular 

point of time. 

 

Fig. 9. Output at Arduino IDE 

 
 

V. CONCLUSIONS 

An autonomous water flow control and monitoring system 

is designed and implemented in this paper.  The system is a 

cost effective, energy efficient and automated solution to 

minimize water wastage incurred due to faulty taps and faucets 

and provides a mechanism to automatically shut off water 

supplied to a faucet upon detection of removal of object placed 

under the faucet. The system displays water usage in real time 

which can be helpful in analytics required for smart water 

management. 

VI. FUTURE WORK 

This project can be further enhanced by implementing a  

web and android application to access the data collected by  

the system. The water usage data collected with help of 

sensors can be displayed in an android and web application 

thus providing users with a low cost, open-source interface    

to monitor and analyse water utilization statistics of an area. 

Machine learning algorithms can be applied on the data saved 

in cloud server in order to predict and analyze water usage 

behavior such as time of the day when maximum water 

consumption takes place. 
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Abstract– In this paper we have assumed a rational economic 

human to be a highly disagreeable person but still capable of 

making rational decisions to maximize his/her savings or 

maximize his/her profits. Using this assumption, we draw 

relevant graphs and study the shift of those supply and demand 

graphs. 

We introduce some new parameters – the mean quantity 

supplied, the mean quantity demanded, the variance of quantity 

supplied, the variance of quantity demanded, the standard 

deviation of quantity supplied, the standard deviation of quantity 

demanded, the coefficient of variation of quantity supplied, and 

the coefficient of variation of quantity demanded. 

Using these parameters, we predict the behavior of the shift of 

supply and demand curves. We find out that shifts of supply and 

demand curves can behave paradoxically in certain cases. 

 
 

Index Terms – economic, rational, supply, demand, paradox, curve, 

shift 

 

I.  INTRODUCTION 

Adam Smith in his book The Wealth of Nations (1776) 

introduced the idea of supply and demand to explain the price 

equilibrium and price variation in the market. Since then, the 

concept of supply and demand has played a major role in the 

development of economics. Adam Smith assumes all 

individuals are rational economic humans. In this research 

paper we focus further on the definition of the rational 

economic human and use the Big Five Model of Personality 

extensively used in the field of psychology to classify the 

rational economic humans based on their agreeableness trait. 

In this research paper we assume that agreeableness leads to 

less competitive bidding in a rational economic human. Using 

this assumption, we find out that in certain cases the supply 

demand curve can exhibit paradoxical behavior in certain 

cases as we will elaborate further. 

II. THEORY 

Agreeableness is an abstract, higher level summary term for a 

set of relations among connected lower-level characteristics. It 

describes individual differences in being likeable, pleasant, 

and harmonious in relations with others. Research shows that 

persons who are described by others as "kind" are also 

described as "considerate" and "warm," implicating a super 

ordinate dimension that is relatively stable over time and 

related to a wide range of thoughts, feelings, and social 

behaviors. Agreeableness is one of the five major dimensions 

of personality in the Big Five, the one most concerned with 

how individuals differ in their orientations toward 

interpersonal relationships. One way to conceptualize 

agreeableness is as a moderator of various kinds of 

interpersonal behaviors. If persons differ in their motivation to 

maintain positive relationships with others, then we can expect 

persons who show higher levels of such motivation to perform 

more positive, constructive behaviors in various behavioral 

domains than their peers. This approach was a reasonable 

starting place to begin a program of scientific work, and it 

helped uncover several important findings on conflict, 

cooperation, helping, and prejudice. From ancient times, 

writers have commented on the value of agreeableness in 

social relationships. In modern scientific research, 

agreeableness has a curious history relative to many other 

recognized dimensions of personality. Unlike the super traits 

of extraversion and neuroticism, agreeableness did not initially 

receive systematic empirical research because of deductive 

top-down theorizing about its link to biology or to especially 

conspicuous social behaviors [1]. 

Recent research suggests that agreeable individuals experience 

greater financial hardship than their less agreeable peers [2]. 

Extraversion positively predicted self-reported 

competitiveness whereas agreeableness was a negative 

predictor, and also predicted less competitive auction bidding. 

At the aspect-level, assertiveness (but not enthusiasm) 

positively predicted self-reported competitiveness as well as 

escalation in bidding within both auctions. Compassion (but 

not politeness) predicted less competitive auction bidding 

whereas politeness (but not compassion) predicted lower self-

reported competitiveness. Future research is needed to 

determine whether these findings generalize beyond the lab to 

competitive behavior as it occurs in the wild [3].  

We in this paper assume a rational economic human to be a 

highly disagreeable person but still capable of making rational 

decisions to maximize his/her savings or maximize his/her 

profits. Using this assumption, we draw relevant graphs and 

study the shift of those supply and demand graphs. 

We introduce some new parameters – the mean quantity 

supplied, the mean quantity demanded, the variance of 

quantity supplied, the variance of quantity demanded, the 
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standard deviation of quantity supplied, the standard deviation 

of quantity demanded, the coefficient of variation of quantity 

supplied, and the coefficient of variation of quantity 

demanded. 

Using these parameters, we predict the behavior of the shift of 

supply and demand curves. We find out that shifts of supply 

and demand curves can behave paradoxically in certain cases. 

Terminology of parameters used- 

1. The Mean Quantity supplied w.r.t time is the mean 

value of the quantity supplied over a given period of 

time. It is denoted by MQS. It is given by the formula 

below— 

                                        ��� =
∑ ���

�	

�	�

�
         …..(i) 

 

2. The Mean Quantity demanded w.r.t time is the mean 

value of the quantity demanded over a given period 

of time. It is denoted by MQD. It is given by the 

formula below— 

                                        �� =
∑ ���

�	

�	�

�
        …..(ii) 

3. The Variance of Quantity supplied w.r.t time is the 

mean of the squares of deviation from MQS. It is 

given by the formula below— 

 

                                     ��� =
∑ (�������)��	


�	�
�

        …..(iii) 

 

4. The Variance of Quantity demanded w.r.t time is the 

mean of the squares of deviation from MQD. It is 

given by the formula below— 

                                   �� =
∑ (�������)��	


�	�
�

        …..(iv) 

 

5. The Standard deviation of quantity supplied w.r.t 

time is given by the square root of VQS (Variance of 

Quantity supplied). It is given by the following 

formula— 

                                              �� = ����         …..(v) 

 

6. The Standard deviation of quantity demanded w.r.t 

time is given by the square root of VQD (Variance of 

Quantity demanded). It is given by the following 

formula— 

                                               �� = ���       …..(vi) 

 

7. The coefficient of variation of quantity supplied w.r.t 

time is given by the following formula— 

                                       ��� = ��

���
× 100        …..(vii) 

 

8. The coefficient of variation of quantity demanded 

w.r.t time is given by the following formula— 

                                      ��� = ��

���
× 100        …..(viii)  

 

III. GRAPHS OF DEMAND AND SUPPLY PLOTTED 

AGAINST PRICE 

We will give a short note on the supply vs. price and demand 

vs. price graphs in economics. 

PART 1) SUPPLY GRAPHS 

The general idea is that as price increases, quantity supply also 

increases because quantity supplied, and price has a positive 

relation.  

The general graph is presented below— 

 

Fig. 1 General Price vs. Quantity Supplied Graph 

PART 2) DEMAND GRAPHS 

The general idea is that as price increases, quantity demanded 

decreases because quantity demanded, and price has a 

negative relation. The general graph is presented below— 

 

Fig. 2 General Price vs. Quantity Demanded Graph 

In this paper we discuss how the behavior of the demand curve 

and behavior of the supply curve in certain special cases. 
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IV. BEHAVIOUR OF THE MQD AND CVD CAUSING 

THE DEMAND CURVE TO SHIFT 

Parameter 

considered 

Reasoning or explanation Result 

Consider 

with time 

the MQD 

value 

increases 

from low 

to high. 

The seller takes advantage of this 

behavior of the MQD and 

increases the price. 

 

Footnote: This reasoning is valid 

only if the seller is a disagreeable 

individual. The seller increases 

the price in this case because the 

seller knows that the mean 

demand over a certain period of 

time is high. So even if he 

increases the price of his goods, 

the sales of his goods will not 

vary by a huge amount. So it is a 

safe bet to demand more price. 

Thus, as 

the MQD 

increases 

from low 

to high, 

the price 

increases 

and the 

demand 

curve 

shifts 

upwards. 

 

Table 1. The above table explains the variation of price with 

MQD 

 

Fig. 3 Price vs. Quantity Demanded Graph (The graph shifts 

upwards due to increase in MQD) 

There is another factor involved in this mechanism of shifting 

demand curve. The second factor which plays a major role in 

this mechanism is CVD.  

Parameter 

considered 

Reasoning or explanation Result 

Consider 

with time 

the CVD 

value 

decreases 

from high to 

low. 

This increases the price.  

 

Footnote: This reasoning is 

valid only if the seller is a 

disagreeable individual. The 

seller increases the price in 

this case because the seller 

knows that the CVD over 

certain period of time is low. 

So even if he increases the 

price of goods, the sales of 

his goods will not vary by a 

huge amount. 

Thus, as the 

CVD decreases 

from high to 

low, the price 

increases 

causing the 

demand curve 

to shift 

upward. 

 

Table 2. The above table explains the variation of price with 

CVD. 

 

 

Fig. 4 Price vs Quantity Demanded Graph (The graph shifts 

upwards due to decrease in CVD) 

According to the above observations in the cases of 

monopolies where the MQD high and the CVD is low the 

Demand curve tends to move upwards. 

 

V. BEHAVIOUR OF MQS AND CVS CAUSING THE 

SUPPLY CURVE TO SHIFT 

 

Parameter 

considered 

Reasoning or explanation Result 

Consider 

with time 

the MQS 

value 

increases 

from low to 

high. 

The buyer takes advantage of 

this behavior of the MQS and 

decreases the price.  

 

Footnote: This reasoning is 

valid only if the buyer is a 

disagreeable individual. The 

buyer decreases the price in this 

case because the buyer knows 

that the mean supply over a 

certain period of time is high. 

So even if he demands a 

decrease in the price of the 

goods, he can still manage to 

buy the same quantity because 

the seller will try to avoid 

having unsold stock. This effect 

is even more prominent in case 

of perishable goods. 

Thus, as the 

MQS 

increases 

from low to 

high, the 

price 

decreases 

and the 

supply 

curve shifts 

downwards. 

 

Table 3. The above table explains the variation of price with 

MQS. 
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Fig. 5 Price vs. Quantity Supplied Graph (The graph shifts 

downwards due to increase in MQS) 

There is another factor involved in this mechanism of shifting 

demand curve. The second factor which plays a major role in 

this mechanism is CVS.  

 

Parameter 

considered 

Reasoning or explanation Result 

Consider 

with time 

the CVS 

value 

decreases 

from high to 

low. 

The buyer takes advantage 

of this behavior of the CVS 

and decreases the price at 

which he is willing to buy 

the product.  

 

Footnote: This reasoning is 

valid only if the buyer is a 

disagreeable individual. The 

buyer decreases the price in 

this case because the buyer 

knows that the CVS over 

certain period of time is low. 

So even if the buyer 

decreases the price of goods, 

the buyer will manage to 

buy same quantity at a lower 

price. This is because as the 

CVS is low then the buyer 

will be able to buy the same 

product anytime later also. 

But if the CVS was high 

then the buyer will tend to 

buy it as later the same price 

may not be available. 

Thus, as 

the CVS 

decreases 

from high 

to low, the 

price 

decreases 

causing the 

supply 

curve shift 

downward. 

 

Table 4. The above table explains the variation of price with 

MQS. 

 

 

Fig. 6 Price vs. Quantity Supplied Graph (The graph shifts 

downwards due to decrease in CVS) 

According to the above observations in the cases where the 

MQS is high, and the CVD is low the Supply curve tends to 

move downwards. Note – For this effect to take effect the 

buyer must have the knowledge of the fact that the MQS is 

high. Hence by having this knowledge he gains an upper hand 

in negotiation. Generally, the buyer has minimal to no 

knowledge of the MQS. Hence this effect is less pronounced 

than the increase in price due to increase in MQD. 

VI. MATHEMATICAL REPRESENTATION OF THE 

ABOVE SHIFTS OF DEMAND AND SUPPLY CURVE 

The observations in the previous section indicate the following 

results— 

1. As MQD increases and CVD decreases, the price 

increases, and the demand curve shift upward. 

2. As MQS increases and CVS decreases, the price 

decreases, and the supply curve shift downward. 

Mathematically this can be shown as below— 

Let the demand curve shift due to MQD and CVD be ΔPD 

(ΔPD value is positive) upwards. And let the supply curve 

shift due to MQS and CVD be ΔPS (ΔPS value is positive) 

downwards. 

Hence using proportionality, we get— 

�PD " ���
#$�

         …..(ix) 

Also, 

�PS " ���
#$�

            …..(x) 

Removing the proportionality we get— 

�PD = K ���
#$�

         …..(xi) 

Where K is a constant. 

 �PS = K ���
#$�

          …..(xii)       

Where K is a constant. 

 

The above formulae can be used to compare the variation in 

prices of two different goods or services. 
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VII. CONCLUSIONS 

DEMAND CURVE SHIFTING— 

According to the above observations in the cases of 

monopolies where the MQD high and the CVD is low the 

Demand curve tends to move upwards. Thus, tending to 

increase the price which seems paradoxical as we know price 

should decrease if demand increases. If the MQD is high over 

a large period of time, then the seller takes advantage of this 

and places a safe bet to increase the price without affecting the 

MQD. 

The demand curve shift is given by— 

�PD = K ���
#$�

      …..(xiii) 

Where K is a constant. 

SUPPLY CURVE SHIFTING— 

According to the above observations in the cases where the 

MQS is high, and the CVD is low the Supply curve tends to 

move downwards. Thus, tending to decrease the price which 

seems paradoxical as we know price should increase if supply 

increases. If the MQS is high over a large period of time, then 

the buyer takes advantage of this and places a safe bet to 

decrease the price without affecting the MQS. This effect is 

less prominent than the Demand curve shifting discussed 

above as the buyer generally lacks knowledge of the MQS. 

The supply curve shift is given by— 

    �PS = K ���
#$�

      …...(xiv) 

Where K is a constant. 

 

In this paper we show how the demand or supply over a time 

frame can influence the decisions of the seller or buyer 

respectively and hence cause demand or supply curve shifts. 

Hence we see that the buyer and seller both can influence the 

changes in the demand curve and supply curve.  

This timeframe-based analysis of supply and demand graphs 

will help us differentiate and provide explanation for various 

economic price variations. 

 

VII. FUTURE WORK 

This paper can be used to provide theoretical explanations for 

real-world economic price shifts within specific time frames. 

The statistical formulae used in the paper can help us 

understand economic changes in a better way. 

 

 

 

VIII. REFERENCES 

 

[1] Graziano, W. G., & Tobin, R. M. (2009). Agreeableness. In M. R. Leary 

& R. H. Hoyle (Eds.), Handbook of individual differences in social 
behavior (p. 46–61). The Guilford Press. 

[2] Matz, S. C., & Gladstone, J. J. (2020). Nice guys finish last: When and 
why agreeableness is associated with economic hardship. Journal of 

Personality and Social Psychology, 118(3), 545–561. 

[3] Matthew Fong, Kun Zhao, Luke D. Smillie, Personality and 

competitiveness: Extraversion, agreeableness, and their aspects, predict 

self-reported competitiveness and competitive bidding in experimental 
auctions, Personality and Individual Differences, Volume 169, 2021, 

109907, ISSN 0191-8869 

[4] Newbold P, Carlson WL, Thorne B. Statistics for business and 

economics. Boston, MA: Pearson; 2013. 

[5] Doane DP, Seward LW. Applied statistics in business and economics. 

New York, NY: McGraw-Hill/Irwin,; 2011. 

[6] Lind DA, Marchal WG, Wathen SA. Basic statistics for business & 

economics. Boston: McGraw-Hill/Irwin,; 2006. 

[7] Mittelhammer R, Mittelhammer RC. Mathematical statistics for 

economics and business. New York: Springer; 1996 Feb. 

[8] Keller G. Statistics for Management and Economics, Abbreviated. 

Cengage Learning; 2015. 

[9] Lee CF, Lee JC, Lee AC. Statistics for business and financial 

economics. Singapore: World Scientific; 2000. 

[10] Anderson DR, Sweeney DJ, Williams TA, Camm JD, Cochran JJ. 

Statistics for business & economics. Nelson Education; 2016 Jan 29. 

Page 23

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



978-1-6654-7886-1/22/$31.00 ©2022 IEEE 

A Study on Behavioural Voting Intentions of 1st 

Time Voters in Kolkata 

Sucharita Debnath 

School of Management 

Swami Vivekananda University 

sucharitad14@gmail.com 

 

Shivani Hazra 

School of Management 

Swami Vivekananda University 

shivani1416@gmail.com 

 

Abstract-This study measures the extent to which different 
factors influenced voting behavior intentions of 1st-time 
voters in the just-concluded parliamentary elections, by 
taking into consideration of moderating role of the media 
and effects of family and friends and their part in 
influencing the presence of the political name. The purpose 
of this paper is to discuss these difficulties. 
 

An exploratory study was administered primarily to 
improvise the Newman and Sheth model to apt with the 
Indian philosophy. This study includes 130 students who 
voted in the last parliamentary elections was then 
implemented utilizing a structured questionnaire and face-
to-face interviews. This study covers a particular student 
segment of a few colleges in the Kolkata area only. 
 

Given the crucial importance of candidates’ religious 
beliefs, this article gives insight into a highly modern aspect 
of political marketing, namely political campaigns and 
factors influencing voter intentions. However, the 
emergence of extremist political groups in West Bengal is 
becoming a significant element of the political atmosphere. 
 

Keywords-promotions, political branding, voters, 

behavioral intentions 

 

I. INTRODUCTION 

India is witnessing country's democratic revolutions 
unlike anything we've seen over the last few 
millennia. Indians are now more politically involved 
and engaged in democratic structures such as polling 
and campaigns. We're finding statistics that suggest 
more than 50% election engagement in many states 
where voter turnout has rarely exceeded 20%. 
 

This trend drove us to explore the underlying roots of 
the shift and gain a better understanding of why 
people vote the way they do. 
 

There has been a substantial increase in the number of 
politicians that use religious as one of their key 
propositions. An involvement originated to help 
explain factors that determine voting preferences for 
voting public in the recently ended parliament 
election 2019 and the media at large during the 
elections. 
 

This study focuses on the subsequent research aims: 

 

1. To investigate the variables that impact 
people's voting decisions. 

2. To determine the degree to which religious 
convictions impact people's voting decisions. 

3. To comprehend the function of the media in 
influencing people's political choices. 

4. To understand the influence of family and 
friends on people's voting decisions. 

 

II. LITERATURE REVIEW 
 

A rise in the use of marketing in modern politics, and 
political marketing is now a mainstay of marketing 
research [6].  
 

The literature on voter behavior spans a wide range of 
topics and aspects. While researchers have studied the 
factors that influence voter behavior, they have 
frequently disagreed on the factors that influence 
voter behavior intentions. The literature on voters' 
behavioral intentions is examined in the section 
below, with a focus on the various elements 
influencing voters' intentions and the role of the 
media in political marketing. 
 

One of the most common hypotheses used to explain 
behavioral intentions in early studies was the theory 
of reasoned action. The notion of reasoned action, 
according to researchers studying voter behavioral 
intentions, is a useful beginning point for 
understanding voting behavioral intentions. The 
usefulness of the idea of reasoned action in 
anticipating behavioral intentions is credited to it. 
According to the idea of reasoned action, the 
cognitive and normative components lead to attitudes, 
which lead to behavioral intents, and lastly to actual 
behavior [1]. 
 

Later on, many models based on the notion of 
planned behavior were presented. Researchers were 
looking for more precise models that might predict 
voters' behavioral intentions as well as their actual 
behavioral votes. The goal of the study was to 
determine the elements that influence voter behavior. 
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One of the study's key findings was that the basis of 
voter behavior was judged to be more intellectual 
than emotional. In terms of the media's role, [3] found 
that political advertising influences voter behavior in 
four different ways: (1) Advertisements can bolster 
already-held voting inclinations. (2) Advertisements 
have the potential to stifle pre-existing voting 
tendencies. (3) Advertisements can neither improve 
nor weaken political voting behavior, but they can 
cause voters to reconsider the candidate's image. (4) 
Advertisements have no bearing on voter behavior. 
The impact of negative campaign tactics and negative 
political advertising on voting intentions has been the 
subject of certain study articles [7]. According to 
several studies, the influence of negative ads on voter 
behavior is mediated by source credibility. 

 
Source: Adopted from Newman and Sheth (1985) 

  
Fig 1: Conceptual Framework 

 

 

III. RESEARCH GAP 

 

Certain studies on the political behavior of Indian 
people, particularly first-time voters, have been done. 
Huge political insurgence had an impact on residents' 
participation in politics. In many Indian states, the 
citizen participation rate has topped 50%. Earlier 
studies used mostly print media and commercials as 
their source of information. As a result, we were 
eager to investigate the elements influencing citizens' 
voting intentions in this rapidly changing world. This 
research was conducted under the guise of the May 
2019 legislative elections. The facet shaping the 
intentions of first-time voters of the Kolkata region 
are investigated in this study. Considering the existing 
information, no substantial study has been identified 
that looked into the elements that influence voters in 
the Kolkata, notably religious views, friends, and 
family as affecting factors. As a result, this research 
in Kolkata will focus on the concerned areas.  

 
IV. METHODOLOGY 

This study will look at the relationship between seven 
different factors that affect voter’s decisions and as 
well as to see if the media, family, and friends play a 
role in that relationship. There were two primary parts 
to this study's research strategy. The first step 
included sampling, questionnaire preparation, and 
data collecting; the second part included data 
analysis, conclusions, and suggestions. 

 

V. RESEARCH HYPOTHESES 

The following hypotheses have been developed: 
 

H1: Voting intentions and the candidate's opinions on 
topics and policies have a favorable association. 

 
H2: The candidate's image and voting intentions have 
a positive link. 
 
H3: There is a favorable association between current 
events and voting intentions during the election 
process. 
 
H4: There is a favorable correlation between personal 
information about a candidate and voting intentions. 
 
H5: There is a favorable relationship between the 
candidate's associations and voting intentions across 
society's sectors. 
 
H6: The candidate's religious views and voting 
intentions have a favorable association. 
 
H7: The effect of family and friends increases the link 
between the elements that influence voters and their 
voting intentions. 
 
H8: The media enhances the link between the 
elements that influence voters' voting intentions and 
the factors that influence voters' voting intentions. 

 

  

 

 

 

VI. SAMPLING PROCEDURE 
 

A total of 130 questionnaires were distributed to 
students from a few colleges in Kolkata via face-to-
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face interviews. A total of 104 interviews were 
conducted to assess the relevance and 
understandability of the variables under investigation, 
as well as the scales' reliability. 
 

A systematic close-ended questionnaire was used to 
measure the above factors. On a 5-point Likert scale, 
relevant sentences were phrased to measure each 
variable. The poll began with a screening question to 
guarantee that respondents would vote in the recently 
ended 2019 parliament election. 
 

For the quantitative phase, a sample size of 130 
respondents was used, after which all redundant and 
irrelevant samples were deleted, leaving 104 samples, 
70 men and 34 females. In this research, convenience 
sampling was used. 
 

VII. FINDINGS AND ANALYSIS 

A. RELIABILITY TEST 
 

Reliability tests, Pearson correlations, and additional 
analysis were used to investigate the nature of the 
relationships between the factors under study. 

 
The majority had significant relationships. A 
significant role of the media is seen here. The family 
and friends influence is also seen to have a major 
impact on the voting intentions of the youth. 
 

Then stepwise regression was done to test the model's 
fitness. After doing this several components were 
eliminated which showed very less regression. 
Regression was done with and without the influence 
of media simultaneously and with and without the 
influence of family members simultaneously for 
males and females. 
 

 

 

TABLE 2: CORRELATIONS

TABLE 1: RELIABILITY STATISTICS 

 
Source: Reliability Statistics 

From above table it is evident that the Cronbach's 
alpha value is 0.917 signifies highly reliable.  

 
B. PEARSON CORRELATION TEST 

 

The Pearson Correlation Test measures the strength 
of the linear relationship between two variables. It has 
a value between -1 to 1, with a value of -1 meaning 
total negative linear correlation , 0 being no 
correlation and +1 means total positive correlation. 
Here the Pearson correlation was used to determine 
the link between the independent and dependent 
variables as well as the extent to which they are 
interdependent. Here the independent variables are 
issues and policies of the political party of the 
candidate, candidate’s image, current events of the 
political party of the candidate, personal events in life 
of the candidate, candidate’s social image, religious 
belief of the candidate, family and friends influence, 
influence of media. The dependent variable is voting 
intention of the young voters. The Pearson 
correlations analysis was used to examine hypotheses 
from 1 to 8 in the given table. 

 

 

 

 

TABLE 2: CORRELATIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cronbach's Alpha 

Cronbach's Alpha 

Based on 

Standardized Items 

Number of 

Items 

0.917 0.918 9 

  voting_intention 

issues_policies Pearson Correlation 0.617** 

Sig. (2-tailed) 0.000 

N 104 

cand_image Pearson Correlation 0.479** 

Sig. (2-tailed) 0.000 

N 104 

curr_events Pearson Correlation 0.596** 

Sig. (2-tailed) 0.000 

N 104 

pers_events Pearson Correlation 0.556** 

Sig. (2-tailed) 0.000 

N 104 

social_image Pearson Correlation 0.632** 

Sig. (2-tailed) 0.000 

N 104 

religious_belief Pearson Correlation 0.489** 

Sig. (2-tailed) 0.000 

N 104 

frienfamily_influ Pearson Correlation 0.621** 

Sig. (2-tailed) 0.000 

N 104 

media Pearson Correlation 0.478** 

Sig. (2-tailed) 0.000 

N 104 

voting_intention Pearson Correlation 1 

Sig. (2-tailed)   

N 104 
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Pearson Correlation Matrix 

All hypotheses examining the factors impacting 
voting behavior are substantially supported, as each 
of the components is extremely significant, as shown 
in Table. The analysis is as follows:- 
 

• There is a relatively substantial positive link 
(61.7 percent) between the voter's voting 
intentions and the government's concerns 
and policies (as seen by the voter). This 
shows that our youth is becoming more and 
more aware of the issues and policies needed 
for good administration. 

 

• Candidate’s image on the other hand shows a 
lower but positive correlation (48 percent) 
with the voting intention of voters. 
 

• Current events that include all rules, policies, 
events, campaigns that arise during elections 
demonstrated strong positive relationship 
(around 60 percent) with the voting 
intentions of the voters.  

 

• The personal event which includes events in 
the personal lives of the candidates and their 
significance in administration also shows a 
moderate positive relationship (55.6 percent) 
with the voting intentions. 
 

• The social imagery has the strongest positive 
relationship (63.2 percent) with the voter’s 
voting intentions which shows that the 
appeal made by the candidate during 
elections and the social image created by the 
candidate during elections has more impact 
on the youth (1st time voters) than the actual 
candidate’s image. This suggests that the 
work done by the candidate and making 
strong connections with youth plays more 
important role than the personality of the 
candidate in shaping the voter’s intentions. 
 

• Religious belief on the other hand has 
moderate relationship (48.9 percent) on the 
voting intentions of the voters. This shows 
that our youth is not religiously inclined. 
 

• Friends and family influence is another 
important factor which shows a strong 
positive relationship (62.1 percent) with the 
voting intentions. So this variable has a 
strong moderating effect. This is due to the 
fact that first-time voters have little 
awareness of the political landscape and no 
prior voting experience. As a result, peer 
influence is extremely important. 

 

• Finally media is showing to have a moderate 
relationship (around 48 percent) with the  

 

voting intentions which shows that youth today are 
smart, wise and more knowledge seeking not 
completely influenced by Media. They tend to seek 
the truth and not just blindly follow the media. 
 
 

Hence we see that all our hypotheses are supported 
and holds true for each of the variables except that for 
the media. Although the media has a beneficial 
impact on voter intentions, it does not increase the 
link between factors influencing voter intentions and 
voting decisions. 
 

VIII. REGRESSION 

In order to better test our hypotheses, we ran linear 
multiple regression analyses. The most essential 
aspect that can truly impact voter behavior is social 
imaging, which is followed by topics and policies, 
family and friend influence, current events, and 
personal experiences. 
TABLE 3: REGRESSION MODEL WITHOUT INFLUENCE OF 

MEDIA 
 

Model R R Square 

Adjusted R 

Square 

Std. Error of 

the Estimate 

1 0.747a 0.558 0.526 0.58483 
a. Predictors: (Constant), frienfamily_influ, cand_image, pers_events, issues_policies, 

religious_belief, curr_events, social_image 

b. Dependent Variable: voting_intention 
 

TABLE 4: REGRESSION MODEL WITH INFLUENCE OF 
MEDIA  

Model R 

R 

Square 

Adjusted R 

Square 

Std. Error of the 

Estimate 

1 0.747a 0.558 0.521 0.58784 
a. Predictors: (Constant), media, cand_image, issues_policies, pers_events, 

frienfamily_influ, religious_belief, curr_events, social_image 

b. Dependent Variable: voting_intention 
 

TABLE 5: REGRESSION MODEL WITHOUT INFLUENCE OF 
FAMILY & FRIENDS 

Model R R Square 

Adjusted R 

Square 

Std. Error of 

the Estimate 

1 0.727a 0.528 0.509 0.59534 
a. Predictors: (Constant), social_image, issues_policies, pers_events, curr_events 

Tables 3 and 4 show that the media (which includes 
print, electronic, and social media) had little impact 
on the relationship between factors influencing voter 
decision and voter behavioral intentions during the 
2019 parliament elections for first-time voters, as the 
model's fitness remained about 56 percent after 
including media influence in the model. As a result, 
H8 is not supported. 

TABLE 6: REGRESSION MODEL WITH INFLUENCE OF 
FAMILY & FRIENDS 

Model R R Square 

Adjusted R 

Square 

Std. Error of 

the Estimate 

1 0.746a 0.556 0.533 0.58019 
a. Predictors: (Constant), frienfamily_influ, pers_events, issues_policies, curr_events, 

social_image 
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Tables 5 and 6 show that family and friends played a 
significant role in influencing the relationship 
between factors influencing voter's decision and 
voter's behavioral intentions during the recently 
concluded parliament elections for first-time voters, 
as the model's fitness increased from around 53% to 
around 56% after including family and friends 
influence. Therefore H7 has been supported. 
 
Furthermore, in order to understand the impact of our 
moderating variables on males and females 
separately, we conducted a linear multiple regression 
analysis for significantly correlated variables with and 
without the influence of media and the influence of 
family and friends variables, as shown in tables 7, 8 
and 9 for males and tables 10, 11 and 12 for females. 

TABLE 7: REGRESSION MODEL WITH INFLUENCE OF 
FAMILY & FRIENDS WITHOUT MEDIA FOR MALES 

Model R R Square 

Adjusted R 

Square 

Std. Error of 

the Estimate 

1 0.725a 0.526 0.489 0.61357 
a. Predictors: (Constant), frienfamily_influ, pers_events, curr_events, issues_policies, 

social_image 
 

TABLE 8: REGRESSION MODEL WITH INFLUENCE OF 
FAMILY & FRIENDS WITH MEDIA FOR MALES  

 

Model R R Square 

Adjusted R 

Square 

Std. Error of 

the Estimate 

1 0.729a 0.532 0.487 0.61469 
a. Predictors: (Constant), media, frienfamily_influ, issues_policies, pers_events, 

curr_events, social_image 

TABLE 9: REGRESSION MODEL WITH MEDIA WITHOUT 
INFLUENCE OF FAMILY & FRIENDS FOR MALES 

Model R R Square 

Adjusted R 

Square 

Std. Error of 

the Estimate 

1 0.723a 0.522 0.485 0.61606 
a. Predictors: (Constant), media, issues_policies, social_image, pers_events, 

curr_events 

Tables 7, 8 and 9 indicates that the media is less 
influential for male students as the fitness of model 
changes from 52.6 to 53 percent with the influence of 
media. Friends and family have more impact on 
voting intentions of the male 1st time voters as the 
fitness model changes from 52.2 percent to 53.2 
percent with influence of family and friends. We 
could say that though family and friends influence 
matters to gain knowledge of the political scenario 
which otherwise they have less because of their 1st 
time voting, media is not playing a major role in 
shaping their views. This can be because of the 
biasness and ingenuity of current media which our 
youth is able to recognize and understand. 

TABLE 10: REGRESSION MODEL WITH INFLUENCE OF 
FAMILY & FRIENDS WITHOUT MEDIA FOR FEMALES  

Model R R Square 

Adjusted R 

Square 

Std. Error of 

the Estimate 

1 0.814a 0.662 0.602 0.53143 
a. Predictors: (Constant), frienfamily_influ, pers_events, issues_policies, social_image, 

curr_events 
 

TABLE 11: REGRESSION MODEL WITH INFLUENCE OF 
FAMILY & FRIENDS WITH MEDIA FOR FEMALES  

Model R R Square 

Adjusted R 

Square 

Std. Error of 

the Estimate 

1 0.824a 0.679 0.608 0.52736 
a. Predictors: (Constant), media, issues_policies, pers_events, frienfamily_influ, 

social_image, curr_events 

TABLE 12: REGRESSION MODEL WITHOUT INFLUENCE 
OF FAMILY & FRIENDS WITH MEDIA FOR FEMALES  

Model R R Square 

Adjusted R 

Square 

Std. Error of 

the Estimate 

1 0.779a 0.608 0.537 0.57287 
a. Predictors: (Constant), media, issues_policies, pers_events, social_image, 

curr_events 

Tables 10, 11 and 12 shows that the media is less 
influential for female students as the fitness of model 
changes from 66.2 to 68 percent approximately with 
influence of media. But friends and families have 
huge impact on voting intentions of the female 1st 
time voters as the fitness model changes from 61 
percent to 68 percent with influence of family and 
friends. 
 

The reason for this could be that since the last decade, 
females are going through a phase of huge democratic 
transformation in the society. More and more females 
are seen taking interest in political matters now and 
their views are given many priorities too. As such 
they might give more importance to views and beliefs 
of their family and friends to gain an insight into the 
political matters and also media is playing a role in 
shaping their views towards voting. 
 

IX. CONCLUSION 

From our analysis we can conclude that overall the 
factors affecting the preferences of first time voters in 
Kolkata are: 
 

• Issues & Policies 

• Recent events 

• Communal imagery 

• Family & Friends influence 
 

Though media is having slight impact on males and 
females but overall the impact of family and friends is 
far greater than the influence of media. 

 
X. DISCUSSION 

All of the hypotheses explored and evaluated in this 
study were shown to be true, with the exception of 
one: media, which was originally included in the 
methodological approach as a key element 
influencing voter decisions. This conclusion is 
supported by the fact that today's youth are well-
educated and increasingly aware of the political 
landscape without prejudice. They are more interested 
to see the political parties work for progress in their 
areas rather than just relying on the media which too 
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much extent have become biased. Furthermore, 
family connections and values have changed 
dramatically in recent years, becoming more 
modernized and less tied to traditions; a development 
that has had a significant impact on the voting 
situation among adolescents, particularly females. 
Sociological image was also found to have a strong 
link to voting behavior. 
 

Hence the political parties are recommended to work 
more on solving the issues our country is facing 
rather than spending huge in campaigns and media. In 
this study, the inclusion of a candidate's or party's 
religious beliefs as a component that influences 
voting behavior made a substantial contribution to 
Newman and Sheth's model. But our findings 
demonstrate that our youth is becoming wise. They 
are out of all religious proximities and focus on work 
and development. So the government must leave 
aside any religious extremity and work for 
development unanimously. 
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Abstract—Offline optical character recognition (Offline OCR)
is one of the important applications of pattern recognition. To
achieve a better recognition result, the input character images
must have good quality. That is why the preprocessing step be-
comes essential for any image identification task. Lots of research
has been performed in numerous jobs towards this preprocessing
in the literature. Here, an attempt has been made to summarize
different procedures and aspects of preprocessing adopted in
implementing these preprocessing techniques. This is done in
the hope that this may help the research community towards the
gaining of knowledge of different preprocessing techniques used
in offline OCR. Offline OCR has several applications, such as old
manuscript digitization, signature authentication, bank cheque
automatic clearance and postal letter sorting, etc. Finally, an
overall summary in a concise way has been presented based on
different preprocessing techniques used in offline OCR.

Index Terms—Preprocessing, Binarization, Thinning, Image
enhancement, Segmentation, Image correction.

I. INTRODUCTION

To make the raw picture data useable in the descriptive
phrases of offline optical character recognition, a variety
of preparatory processes are taken. Data is preprocessed to
make it simpler for OCR systems to recognize characters and
words. In the initial stage, when a document gets scanned
or taken snapshot through a camera, it suffers from various
irregularities. The images may be skewed, blurred as well as
having huge noises due to the degraded quality of the papers.
Several preprocessing techniques, including feature extractions
for text images, are present in the literature [20]. Some of the
specific feature extraction strategies for computer-generated
fonts can be observed in [3], [5]. Sometimes, it is quite
difficult to extract features from natural scene characters. In
that case, a deep neural network-based approach is the best
approach [9]. It can extract features from character images
implicitly. The block diagram of a common character image
recognition system is shown in Fig. 1. Image preprocessing is

an application dependant technique that will help to enhance
the quality of the images and eliminate unnecessary facts from
the image. So, the superior quality of features can be extracted
from the text images. It will lead to the building of a better
character recognition system.

Offline character recognition is a challenging problem in
pattern recognition. In the literature, there is a lot of research
documentation on the recognition of characters from numerous
languages. Offline handwritten character recognition is one
component of this offline OCR. The similarity in contour
between characters is a critical issue in character recognition.
Except this, the noisy and hazy characters are also crucial
challenges that are faced by any character recognition system.
The researchers are still working on creating intelligent sys-
tems that can recognize text out of the visual scripts. Character
samples are isolated by a suitable segmentation technique from
document images for offline character recognition. These char-
acter images are preprocessed before being extracted using a
suitable feature extraction method. The technique of obtaining
the unique qualities of a given character sample is known as
feature extraction. Statistical and structural properties [13] are
used in these feature extraction algorithms.

On text images for offline optical character recognition,
there are a variety of preprocessing tasks can be performed.
However, they are amazingly different. They are conducted
on text images in accordance with the requirements of the
character recognition system. This can be done by enhancing
a picture’s quality or by performing numerous segmentation
approaches depending on the needs. It may be observed that
the input images are having several flaws, and those need to
be corrected.

II. PREPROCESSING TO IMAGE ENHANCEMENT

The practice of boosting the quality and richness of scanned
documents before processing is known as enhancement of the
text images. Contrast enhancements, spacial filtration, density978-1-6654-7886-1/22/$31.00 ©2022 IEEE

Page 30

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



Fig. 1. Steps followed during the Offline character recognition

slicing, are all common methods used in enhancing the quality
of the character image [23]. A linear approach that widens
the initial grey level range improves or amplifies the contrast.
Natural linear features such as shear zones, can be obtained
from spatial filtering. Density slicing lowers the range of grey
colors to a series of density intervals, each with its color
representing a particular characteristic.

A. Slant correction

In handwritten text recognition systems, slant reduction
is a key part of the text standardization process that can
be utilized to improve recognition efficiency [16]. There are
three types of approaches that are available: (1) Averaging
the slant as a method of measuring the angles of near-vertical
strokes. (2) Several criteria are used for the discovery of slants
based on histograms for projections, such as maximization or
minimization. (3) Techniques based on chain-coded contour
statistics. Some of the word images in their original scanned
forms with their slant corrected forms are shown in Fig. 2.

Fig. 2. Samples of slanted word images with their corresponding word images
after slant corrections

B. Skew Detection and Correction

A scanned book page is likely to have a variety of scanning
irregularities. The skew fault is one of these well-known
artefacts. The scanned images are of poorer quality as a
result of this issue, and they pose a variety of challenges to

document image analysis [15]. In such cases, the OCR faces
difficulties in understanding text. Fig. 3, shows two versions
of text images. The text having skew while scanning and its
corresponding skew corrected form also shown.

Fig. 3. A skewed document with its corresponding skew corrected version

C. Image noise removal

Noise ruins the document images. During the collection,
transmission, and any other processes, noise might occur. The
quality of image processing approaches is influenced by the
outcomes of noise removal. The nature of the noise removal
task determines the type of noise that contaminates the image.
Several linear and nonlinear filtering algorithms for visual
noise reduction have been presented in [24].

D. Filtering or Smoothing

Image smoothing is a highly effective image-enhancing
technique for reducing image noise. A decent smoothing
algorithm can remove different types of noise. The primary
purpose of image smoothing is to eliminate noise from digital
images. It is widely employed in a variety of fields, including
offline optical character recognition. Image smoothing is a
method that also enhances image quality [12]. During produc-
tion, transmission, and processing, a variety of factors degrade
image quality. Image smoothing is a technique for recovering
images throughout the image processing system.

1) Linear Smoothing: The average of pixels in the filter
mask’s proximity is used to smooth in linear spatial filters.
It’s also referred to as average filters. The goal is to replace
each pixel value in an image with the average grey levels in the
surrounding area as defined by the filter mask. One example is
shown by the Fig. 4. Linear filters are applied uniformly to all
pixels. The smoothing of noise softens the edges as well. The
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supplied image is subjected to a linear function. The image
can be denoised, sharpened, and sub-sampled with it [1].

• Wiener Filter: For images with additive noise, the Wiener
filters acts as the MSE-optimal stationary linear fil-
ter [18]. The Wiener filter calculation for second-order
signal and noise processes must be assumed to be sta-
tionary. In frequency domains, Wiener filters are often
used. To recover X(u,v) from a degraded image x(n,m),
the Discrete Fourier Transform (DFT) is utilised on the
position (u,v). Combining X(u,v) with the Wiener filter
G(u,v) yields the initial spectrum of images.

2) Nonlinear Smoothing: A non-linear filter has a non-
linear operator as its operation. It is more useful than linear
smoothness in coping with challenges. Non-linear spatial fil-
ters are order statistics filters that respond by placing the pixels
enclosed by the filter in the picture area and then replacing
the center pixel value with the value decided by the produced
result, as shown in Fig. 5. Following are the filters used to
find the corner and edge present in an image.

• Min filter: The neighborhood of the kernel replaces the
target pixel with the lowest value.

• Max filter: It uses the kernel neighborhood to replace the
target pixel with the highest value.

• Median filter: The target pixel is replaced with the center
value of the sorted neighborhood kernel pixels.

3) Adaptive Filter: Adaptive filters’ behavior varies de-
pending on the statistical feature inside the filter zone. An
adaptive median filter that maintains information and lowers
distortion while smoothing out undesirable noise like salt and
pepper noise [14].

• Adaptive local noise reduction filter: The local region Exy

is used by the filter.
• Four variables determine the filter response at any given

position (x,y).
• g(x,y) is the noisy value at (x,y).
• N2, noise variation that corrupts f(x,y) to g(x,y).
• The Sxy pixel’s local mean is Lm.
• L2 is the Sxy pixel’s local variance.

E. Gaussian Filter

Gaussian filters are beneficial for dealing with images hav-
ing convex optimization problems that may have a closed best
solution. Derivative filters, on the other hand, are sparse and
non-gaussian in the distribution of natural images. Unlike the
Gaussian, which seeks an even distribution of derivatives over
the image, a small number of pixels are used to concentrate
derivatives while the bulk of pixels remain constant. As a
result, sharper margins, reduced noise, and the removal of
undesired visual distortions are possible [17]. One example
is shown in Fig. 6. A sparse precedent has the disadvantage
that the optimization issue is no longer convex and cannot be
reduced to a lower dimension. We use an iterative low-square
weighted technique to achieve this.

F. Non Negative and Support Constraints Recursive Inverse
Filtering (NAS-RIF)

The (NAS-RIF) filtering technique assume that the picture
is not negative. To put it another way, the approach works with
real pixel intensity data [19]. It also takes data that are from
recognized support. The input is a blurred image g, and the
RIF filter u(x, y) is variable on the position(x, y) of the image.
The output of the filter is a best-guess assessment of the real
image (x, y). This estimate is sent via a non-linear filter that
uses an expansionary map to project the estimated image into
space, revealing the real image’s known properties.

III. PREPROCESSING TO IMAGE RESTORATION

The elimination or reduction of degradation during the
gathering of text images are methods involved in image
restoration. Noise, unwanted pixels, blurriness, or unfocused
camera effects must be removed from the document images. It
means that the degradation process is replicated and inversely
reconstructs the image.

A. IBD(Iterative Blind De-convolution) method

In image processing, blind deconvolution is an image
restoration method that uses a single or a series of ”blurred”
photos to extract the target scene with a point spread function
(PSF) [11]. A known PSF is used in both linear and non-linear
decommissioning procedures. To do blind deconvolution, the
PSF is approximated from the image set. Blind deconvolution
research began in the early 1970s. In deblurring and RGB
photos, blind deconvolution is employed to detect sharp edges.
Blind deconvolution can be done repeatedly, with each itera-
tion increasing the PSF and scene estimation, with the PSF
retrieved from an algorithm. Interactive approaches include
post-estimation maximums and procedures for the maximum
expectation. Although a good PSF assessment is beneficial, it
is not necessary for faster convergence. One example on the
reconstruction of the image from its blurred image is shown
in Fig. 7.

IV. PREPROCESSING TO SEGMENTATION

The splitting of a document image into sub-parts for further
processing is known as segmentation. The following is the
order in which the document segmentation is carried out.

A. Line segmentation

We are provided a skewed-corrected image with text written
in lines at this level of segmentation. The text lines are
extracted using line level segmentation.

1) Histogram Projection Method: Here, the idea behind
the Histogram projection process for line segmentation is
described. Black and white pixels are the only colors that
persist after converting an RGB or grayscale image to a
binary image. The foreground pixels in a binary image indicate
valuable text, whereas the background pixels are the undesired
data for us. Whether we use a white or black intensity in
the foreground of an image is entirely up to us. The number
of foreground pixels is counted along the horizontal lines in
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Fig. 4. Use of linear average filter to compute the average grey level value

Fig. 5. Applying median filter on a 3× 3 matrix

Fig. 6. Applying Gaussian filtering on an image to reduce noise

Fig. 7. Reconstruction of the image from its blurred image

Horizontal Histogram Projection methods, and the resulting
array is of the same size as the image height [10]. The number
of foreground pixels computed row-wise in a histogram for
a document image may be large, implying higher histogram
peaks. Similarly, the backdrop pixels in the rows representing
the intervals between the lines are high, which forms the lower
peaks in the histogram. By this approach, the scanned text
pages are segmented into lines as shown in Fig 8.

B. Word Segmentation

A line is made up of a group of words. The ultimate purpose
of word-level segmentation is to break down a line into words.
From the Fig. 9, it can be observed that the high background
pixels in columns of vertical histograms is the gap between
words [10].

C. Character segmentation

A word image segmented from the word segmentation step
is made up of a series of characters. During this segmentation
stage, these characters are delivered. The goal of character
level segmentation is to separate the image to a group of char-
acters, as shown in Fig. 10. If the characters in a single word
are distinct and isolated, a segmentation of characters is not
so essential for the OCR system. The character segmentation
can be achieved, maintaining a uniform space between letters
by introducing a small threshold. Character level segmentation
becomes critical if the OCR System is employed on a text with
characters are cursive and connected [4].

V. SOME COMMON PREPROCESSING IN OFFLINE OCR

A. Binarization

Binarization turns an image from 0 to 256 grey levels to
black and white (0 or 1). When it comes to offline OCR,
binarization becomes very much essential. High-quality binary
images allow for more exact character recognition than low-
quality binary images because of the presence of noises. In
such a scenario, only a binary version of that same image is
sufficient to deal [7]. One is for the text line, and the other is
for the background. It means that the method must work with
two values: 0 and 1. This binarization can be achieved using
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Fig. 8. line segmentation from the scanned document image using horizontal histogram

Fig. 9. Word segmentation from the line image using histogram projection

Fig. 10. Word to character segmentation

thresholding approach and it is of two types.
For conversion of greyscale images to binary, a global thresh-
olding method is preferred. When employed on colored images
or in low-light circumstances, often it fails to deliver good
results. In this case, local thresholding approaches may be
employed. Other techniques for defining local borders exist,
such as the Sauvola method, the Niblack method, etc. [21].

B. Morphological approaches

Set theory underpins several morphological approaches,
while others are basic logical procedures. Dilation and erosion
are the two most essential morphological processes.

• Dilation: The dilation operation makes an object to grow
by size.

Fig. 11. Implementation of binarization, thinning and edge detection on
character images

• Erosion: The dilation and erosion operations are comple-
mentary in terms of operational impacts. The process of
erosion reduces the size of the thing.

• Thinning and Skeletonization: Thinning is a sort of
morphology that reduces the thickness of binary images
by removing a certain number of foreground pixels.
Thinning removes the contour of the text until it is
only one pixel wide in the middle, resulting in skele-
tonization [8]. Fig. 11 depicts the thinning process. The
success of the thinning technique is judged by how well
the extracted skeleton maintains shape topology without
diverging from it.

• Edge detection: A method for detecting abrupt visual dis-
continuities is known as edge detection. The Canny edge
algorithm is one of the best approaches to find edges. Fig.
11 shows the outcome of the Edge detection algorithm on
the character image. The Canny edge detection approach
increases the likelihood of detecting genuine lines while
reducing the risk of discovering non-edge outlines [7].

VI. RESULTS REPRESENTATION

A few results in terms of accuracy based on different
preprocessing on different datasets present in the literature are
presented in Table I. All the results are quite satisfactory and
acceptable.
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TABLE I
ACCURACY OBTAINED FROM VARIOUS LITERATURE BASED ON DATASETS AND PREPROCESSING PERFORMED

Dataset with paper #Class Preprocessing Method Accuracy

IAM Handwriting [4] 26 (Latin) (Lowercase) Segmentation, Binarization and skeletonization Longest common
sub-sequence (LCS)

78.84(%)

Chars74kHnd [8] 10 (Latin) (Digits) Binarization and skeletonization String Edit distance 96.09(%)
Chars74kFont [8] 10 (Latin) (Digits) Binarization and skeletonization String Edit distance 97.91(%)
Chars74kFont [5] 62 (Latin)

(Digit+uppercase+lowercase)
Binarization, skeletonization, Edge detection CNN 90.93(%)

Chars74khnd [6] 62 (Latin)
(Digit+uppercase+lowercase)

Binarization, skeletonization, Edge detection Random Forest 68.05(%)

OHCSv1.0 (NIT
Rourkela) [22]

47 (Odia Basic characters) Noise reduction, skew correction and normalization Radial Basis Function
Neural Network

98.8(%)

IIT Bhubaneswar [2] 10 (Odia) (Digits) Binarization, pruning, and dilation, size normalize Convolution with
Random Forest

98.25(%)

VII. CONCLUSION

Preparations of text images to give as input an offline
Optical character recognition system are described in detail.
Traditional grayscale image processing techniques, such as
filtering and morphological processes, are also investigated.
Several modern techniques are addressed, including line seg-
mentation, word segmentation, and character segmentation.
A few of these methods are also demonstrated with some
pictorial examples. According to this study, it is found that
offline optical character recognition appears to be significantly
dependent on both preprocessing processes and also on operat-
ing conditions. Each approach of preprocessing is demanding
in its virtue. The most essential step during the development
of a recognition system is the selection of an appropriate
preprocessing method.
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Abstract— Drone surveillance using high-definition RGB 

cameras or night vision cameras has been a game changer in 

the field of Defense surveillance. Yet, several shortcomings are 

encountered in most of the existing surveillance systems due to 

natural changes in the ambient light which makes the analysis 

of digital-color images complicated and inefficient. None of the 

approaches to allay the said problem (viz. equipping the system 

with sufficient training datasets to compensate for diminution 

in the illumination) can ensure the detection of trespasser in 

dark. An autonomous drone surveillance system enabled with a 

high-definition thermal imaging camera and appropriate 

image-processing software for simulation and information 

retrieval has catered to the said requirement, thereby paving 

way for high efficiency in trespasser and concealed weapon 

detection. 
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I. INTRODUCTION 

In the recent times various terror groups have infiltrated 
into the nation with deadly weapons across the International 
border. These infiltrations pose a deadly threat to the security 
and peace of the nation. Though the International border is 
heavily guarded by the Army, difficulty is faced in guarding 
areas whose landscape and terrain conditions do not favour 
the same. Human surveillance is carried out by experienced 
workers in close proximity to sensitive sites to keep an eye 
on any changes. Whereas there is always the possibility of 
losing work-force if the adversary is discovered.  

With advances in technology in recent years, it is now 
possible to monitor critical locations remotely using robots 
and autonomous equipment rather than humans. [1]. Due to 
their simplicity of deployment and low acquisition and 
maintenance costs, small multicopters are of special interest 
in practise [2]. Unmanned aerial vehicles (UAVs) are 
becoming increasingly essential in military and security 
applications. UAVs can be used for a variety of activities, 
including observation in uncharted locations, forestry 
conservation, and spying on enemy territory. Drones, also 
known as autonomous unmanned aerial vehicles (UAVs), are 
becoming increasingly popular for natural and environmental 
disaster monitoring, military surveillance, emergency help, 
search and rescue operations, and relay communications. [3-
4].  

A major problem encountered in most of the surveillance 
systems presently is due to the natural changes in the 
ambient light, making the analysis of digital-colour images 
(obtained from camera in use) complicated and inefficient. 
None of the approaches to allay the said problem (viz. 
equipping the system with sufficient training datasets to 
compensate for diminution in the illumination) can ensure 

(almost) 100% efficient the detection of trespasser in dark. 
Infiltrations like these, the inflow and outflow of weapons 
used for anti-Nationalist activities pose a threat to the 
security of the nation. Hence, there arises a requirement for a 
surveillance system which can be used around the clock 
irrespective of the terrain conditions which would ensure 
high efficiency. 

Because infrared (IR) radiation is produced in proportion 
to the amount of heat generated/ reflected by an object, IR 
imaging is also known as thermal imaging [5]. Humans 
cannot see infrared light because its wavelengths are longer 
than visible light wavelengths, ranging from 400 nm to 1400 
nm (Fig. 1) [6]. 

 

Figure 1. Spectrum indicating wavelengths of light (in nm)  

The black body radiation rule states that all things with a 
temperature above absolute zero produce infrared radiation, 
making thermography feasible to observe one's surroundings 
with or without visual illumination [3]. Thermal sensors, 
unlike visual sensors, are invariant to illumination 
circumstances and resilient to a broad range of light 
fluctuations and weather conditions because they build a 
picture of the environment or item merely by detecting the 
quantity of thermal energy output of the recorded object [7-
8]. The quantity of radiation released by an item rises with 
temperature, enabling thermography to detect temperature 
changes. Warm objects stand out against colder backgrounds 
when seen via a thermal imaging camera. Using this premise, 
it's easy to see how humans and other warm-blooded species 
stand out against the surroundings at any time of day or 
night. It's also worth noting that weaponry include a 
high quantity of ferrous metals, which have a high 
emissivity, which implies they release a lot of infrared 
radiation. 

 

Figure 2.  A comparison of night vision and thermal imaging shows that 
a human cannot be hidden from a thermal camera by a thicket. 

Since coloration acquired in the visible spectrum gives 
significantly more information and is easier to comprehend, 
IR cameras are particularly sensitive to fluctuations in 
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surrounding temperature and provide less insights than 
visible light cameras [5]. 

Infrared thermal imaging temperature measurement 
technology has become a hotspot in the area of temperature 
measurement at home and internationally due to its non-
contact temperature measurement and rapid reaction. In 
weather circumstances when normal RGB cameras yield 
poor results, such as rain and fog, or are completely useless, 
such as utter darkness [9], a thermal camera can be employed 
in security applications. Hence, using the thermal camera 
inbuilt on an autonomous drone, infrared thermal images can 
be obtained from which any physical intrusions or any 
inflow of weapons can be easily detected. 

II. MODULE SETUP AND ANALYSIS 

The surveillance system provided is an autonomous 
drone with inbuilt (1280 x 960) thermal-imaging camera 
which continuously scans the landscape under coverage and 
simultaneously provides the nearest Army-base/control-
room of the organization with thermal images. Using 
appropriate image-processing software/algorithms any 
infiltrations or illegal transit of weapons can be identified.  

 
Customizations (viz. path-planning of the UAV, 

payload, etc.) shall be provided in accordance with the user-
requirements ensuring impeccable accuracy in the system.  
Deep-learning based image-processing algorithm shall be 
incorporated eliminating false alarms. Since there is no 
requirement of any external illumination (Thermal radiation, 
not light reflected from the item, causes IR radiation from 
an object.), the said innovation has almost 100% efficiency 
24/7 irrespective of external terrain/landscape conditions. 

 
Thus the setup comprises mainly of 3 modules, namely: 

drone functionality module, thermal-imaging camera 
functionality module, and image-processing functionality 
module. 

A. Drone functionality module 

 

Figure 3. Algorithm of drone functionality module 

The generalised setup of an autonomous drone is carried 
out following which the path covered by that particular drone 
is determined and the exact location coordinates is 
ascertained. The thermal images captured by the thermal- 
imaging camera is stored and sent to the nearest army base 
(by Radio-Frequency communication). 

B. Thermal-imaging camera functionality module 

Thermo-graphic cameras (also known as thermal imaging 
cameras) detect radiation in the long-infrared area of the 
electromagnetic spectrum (approximately 9,000–14,000 

nanometres or 9–14 µm) and create thermo-grams, which are 
depictions of that radiation (alias thermal images).  

 

Figure 4. Analysis of a thermogram of a human 

 

Figure 5. Analysis of a thermogram  with concealed weapon 

According to the 'black body radiation law,' all objects 
with a temperature above absolute zero (0K) emit infrared 
radiation; thermography allows you to examine and analyse a 
landscape with or without visual illumination. Because the 
quantity of infrared radiation emitted by an item rises with 
temperature, it is possible to observe temperature 
fluctuations across the surveillance region. Warm objects 
(such as humans as well as other warm-blooded animals 
Refer figure 4) and objects made of high-emissivity metals 
(such as ferrous metals Refer figure 5) stand out well against 
cooler backgrounds when viewed through a thermal imaging 
camera, making them easily recognisable against the 
environment, day or night. 

C. Image-processing functionality module 

 
 

Figure 6. Algorithm of image processing functionality module 

 
The thermal image obtained from the thermal imaging 

camera shall be fused with image obtained from normal 
imaging cameras. The image region properties (shades of 
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colours across the fused image) are analysed following 
which region-of-interest (if any) is selected. This is matched 
with the pre-existing templates and thus the object-of-
interest is identified. Information thus extracted is conveyed 
to the Border Security Force guarding the International 
border through secure links. 

 

III. MODULE TESTING IN SPECIMEN 

ENVIRONMENT 

A. Drone functionality module 

 

 
 

Figure 7. An autonomous drone functionality module 

 

B. Thermal-imaging camera functionality module 

 
 

 
 

Figure 8. Thermal-imaging camera functionality module 
Using FLIR Thermal imaging camera 

 

    
 

Figure 8, 9. Thermograms of humans and weapons 

 

C. Image-processing functionality module 

 

 
 

Figure 10. RGB Images 

 
 

 
 

 
 

Figure 11, 12, 13. Image processing and data extraction 
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IV. RESULTS AND INFERENCES 

Thus the autonomous drone surveillance system enabled 
with a high-definition thermal imaging camera, followed 
with the appropriate image interpretation and information 
extraction rightly caters to said requirement of accurate 
surveillance. By ensuring high efficiency in trespasser and 
concealed weapon detection, the said system would help in 
curbing illegal physical intrusions or transit of weapons 
across the international border. Hence, this would be a 
feather-on-the-cap for the Army’s surveillance system.  

The proposed innovation can be extended to include a 
fleet of drones to expand the area under surveillance. This 
would greatly reduce the need of existing high-cost 
surveillance systems. Further, satellite images can be taken 
along with these thermal images for further precision and 
enhanced analysis.  

The innovation proposed would greatly reduce the need 
of existing high-cost surveillance systems due to its precision 
and reliability. It is scientifically-proven that drones do not 
cause any harmful effect on the environment owing mainly 
to its ‘Zero Carbon-Footprint’ quality. This substantiates the 
fact that the proposed innovation is eco-friendly and its 
substantial to be the primary eyes of the defence system in 
the long run. 

Law enforcement and border control surveillance teams 
are already making extensive use of drones. Drones, despite 
their many conveniences, have security flaws that render 
them vulnerable to hijacking [10]. 

The usage of drones on a broad scale over an extended 
period of time carries a significant danger component. The 
greatest risk is a drone falling from a large height owing to a 
battery exhaustion or damage caused by meteorological 
conditions (low air temperature, precipitation), or hitting an 
obstruction (tree, building, high-voltage line). Because these 
dangers may be foreseen, steps should be made to prevent 
them from manifesting. The system can monitor and 
manage the battery level and other telemetry data, such as 
temperature, from afar. 

Additionally, if the said system is extended to automatic 
processing of videos certain shortcomings would need to be 
addressed. Automatic video processing from miniature 
UAVs has a lot of potential for advanced surveillance 
applications, but it's also exceptionally challenging. Camera 
motion, a large object distance, a changing object silhouette, 
several objects close together, a low signal-to-noise-ratio 
(SNR), or compression artefacts are all issues. Fusion of the 
regions and the local features is used to manage split or 
merged object regions [12]. 

In this scenario, person detection on a bespoke dataset of 
thermal movies will be performed using the out-of-the-box 
YOLO neural network and indeed the YOLO network 
trained on a portion of the dataset. [5].  
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Abstract—The educational system has been revamped to 

match with the modern-day requirements and currently India 

has institutions of repute across several disciplines. The state of 

Tamil Nadu has reserved a dominant place in the higher 

education landscape of our country with over 1000 higher 

education institutions offering programmes across various 

professional courses. This study is to find out the status and the 

factors contribute to the satisfaction by enabling ICT in higher 

education pedagogy, and is conducted among the faculty 

members. There were 533 Engineering institutions in 2017 

according to AICTE. 10% of the population units were 

considered that brought to 50 Engineering, Management & 

Technology across Tamil Nadu (total of 81 institutions) with 552 

samples were considered for the study through proportionate 

sampling. SPSS software was used for data analysis and 

methods like percentage analysis and linear regression methods. 

The findings of the study revealed that ICT integration is the 

most significant factor in contributing to the overall satisfaction.  

Keywords—ICT, digital learning, higher educational 

institutions, faculty members 

I. INTRODUCTION 

Indian education sector remains to be a high priority 
strategic plan of the government [1]. The way of 
dissemination of knowledge has changed with the application 
of Information Technology. It has changed the way of 
communication between teachers and the students. 
Implementation of ICT will help to achieve democratization 
in education [2]. The role of ICT in education is eventually 
becoming significant in the 21st century. It allows the 
educational institutions to connect with the deprived people 
and open avenues for new markets globally. It is essential to 
encourage and develop open and distance learning [3]. 

ICT helps in increasing the quality of education but, one 
of the common problems in using ICT is looking for 
technological options rather than the requirements of 
education. ICT development is not just the development of 
educational system, rather it can be considered as the socio-
economic development of a country as a whole. ICT will 
become a strong change agent. ICT facilitates the learning to 
be more student centered. Transfer of knowledge is one of the 
basic achievements of human beings. E-learning is now 
becoming a vital form of learning. In the last few years, online 
mode of education has become more popular, which is clear 
from the upswing of online universities and universities 
offering various online courses. The future of the ICT will be 
into the development of virtual reality. United Kingdom is 
noted with the usage of TLTP (Teaching and Learning  

 

Technology Programme) over the last decade in the higher 
education system [4]. 

The third draft National Education Policy was submitted 
on 31st May 2019 and it proposes “to address the challenges 
of access, equity, quality, affordability and accountability”. It 
recommends for the establishment of National Education 
Commission to promote public investment in education, 
strengthen the use of technology etc., [5].  

II. LITERATURE REVIEW 

By adopting ICT in the pedagogy, teachers can deliver quality 
education by acting as learner, technology adopter, co-learner, 
re-affirmer or rejector and as a leader [6]. By adding ease to 
the teaching methodologies of the teachers, improved quality 
of instruction, collaborative learning and inculcating inquiry-
based classroom, ICT can definitely improve the quality of 
education. Moreover, as the student uses ICT in everyday life, 
it has resulted in improved learning of the student [7]. 

A study conducted among the teachers of schools in Turkey, 
reveals that they had positive perception towards the 
implementation of ICT. They agree that ICTs are vital and 
essential for the curriculum. They were also in line with the 
opinion that ICTs bring personal and professional 
development among teachers. Further, they say that it eases 
their pedagogical and managerial tasks. It also enhances 
efficient learning, motivating students and eases evaluation 
systems [8]. A study conducted in the Australian university 
reports that the differences between the perception of the 
students and teachers on the utility of ICT is dependent on 
their respective roles rather than their age related differences 
[9]. 

Different studies have investigated and identified the reasons 
for exhibiting the school teachers’ interest towards ICT 
programs, and revealed the adoption of new technologies in 
training. A study was conducted with primary school teachers 
in Northern Greece was pinpointed the usage of ICT is not 
only reflecting in teaching but also assisting in their personal 
lives. They also exhibit continuous education through ICT is 
necessary to remove the barriers of educational inequalities 
and it should be practised within socio cultural environment. 
[10]. Research in 2013 intended to scrutinize the teachers’ 
perspective of ICTs in development of education using the 
analysis of Critical discourse. The researcher confronted a 
massive amity and ideological oratory to ICT discourse but 
observes a camouflaged integration process of ICTs in 
development of education. Primary findings shows that 
implication of policy should have the need to greatly provide 
circumstances for train the teachers by utilization of ICTs for 
education for encourage and initiative the usage and also helps 
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for an development of infrastructure for mobile technology. 
[11]. 

The issue of improving quality can actually be solved by 
making the stakeholders realize the moralistic capacity of the 
ICT as a new way of learning [12]. ICT has become a critical 
part of the education system and forces the institutional 
managements, administrators and teachers to amend their 
roles in teaching and conception about the future [13]. 

A study conducted in Sweden portrays a finding that the 
implementation of ICT in pedagogy seems to be like a relay 
system to renew traditional method of teaching. In reality, the 
institutions are cornered to face the technological push, which 
is compelling the teachers and management to adopt ICT 
without having regard to the feedback from the teaching and 
administrative community [14]. Another study conducted at 
Pakistan reveals that availability and usage of ICT 
technologies is very much required to improve the efficiency 
of the students in education. Students were also in agreement 
that the availability of internet and digital libraries help them 
to gain vast knowledge and improve at local, regional and 
national level [15]. Another study conducted at the colleges of 
education in Nigeria recommends that the integration of ICT 
in colleges will make the learning process real and avoid it 
being abstract. It will also help to regain the lost standards of 
quality. In addition, it will motivate the students who deserve 
a different approach for their continuous educational growth 
[16]. 

A study conducted in Mumbai reveals that when the 
expectations of the stakeholders are met, they become more 
interested and enthusiastic in the utilization of technology. 
The ICT usage greatly depends on the satisfaction. Also, the 
expectations of stakeholders are different, hence the 
management should be cautious in satisfying the needs of 
stakeholders, understanding their preferences [17]. 

III. OBJECTIVES 

• To understand the demographic and digital readiness 
profile of the faculty members 

• To find out the factors influencing the overall 
satisfaction of adoption of ICT in pedagogy among the 
faculty members 

IV. RESEARCH FRAMEWORK AND METHODOLOGY 

There were 533 Engineering institutions in 2017 according 
to AICTE. Approximately 10% of the population units were 
considered that brought to 50 Engineering & Technology 
across Tamil Nadu (total of 81 institutions) were considered 
for the study through proportionate sampling. Next in the 
multistage sampling, Convenience sampling was adopted in 
each institution and data from 552 samples were collected by 
administering questionnaire. SPSS software was used for data 
analysis and methods like percentage analysis and Structural 
Equation Modelling. 

 

 

 

V. DATA ANALYSIS AND INTERPRETATION 

A. Demographic and Digital Readiness profile 

TABLE I.  DEMOGGRAPHIC AND DIGITAL READINESS PROFILE  

Variable Response  Frequency Percentage  

Gender 
Male 246 44.6 

Female 306 55.4 

Age 

Below 30 years 153 27.7 

30 – 39 years 275 49.8 

40 – 49 years 105 19.0 

50 & Above 19 3.4 

Educational 
Qualifications 

  

ME/M.Tech/MBA 384 69.6 

M.Phil 28 5.1 

PhD 129 23.4 

Others 11 2.0 

Experience 

Below 1 year 45 8.2 

1 – 5 years 129 23.4 

6 – 10 years 173 31.3 

11 – 20 years 164 29.7 

21 – 30 years 41 7.4 

Current 
Position  

Assistant Professor 430 77.9 

Associate Professor 83 15.0 

Professor 30 5.4 

HOD 7 1.3 

Others 2 0.4 

Specialization 

CSE 200 36.2 

IT 63 11.4 

Mechanical 30 5.4 

Mathematics 5 0.9 

Civil 28 5.1 

Marketing 51 9.2 

Finance 14 2.5 

HR 4 0.7 

Others 157 28.4 

Nature of 
Employment  

  

Full time 540 97.8 

Part time 3 0.5 

Visiting Faculty  9 1.6 

Preferred 
teaching 
method 

Chalk and Talk 53 9.6 

ICT 31 5.6 

Mix of Both 468 84.8 

Number of 
years of 

computer 
usage 

1 year 43 7.8 

2 – 4 years 137 24.8 

5 – 7 years 164 29.7 

8 – 10 years 88 15.9 

Above 10 years 120 21.7 

Virtual 
Learning 
Platform 

Yes 414 75.0 

No 138 25.0 

Source: Primary Data 

Table I shows that there is almost equal distribution of male 
and female faculty with post-graduation. The data clearly 
shows that the faculty are young people in their entry level or 
mid-level career stages. Regarding the readiness to adopt 
technology, fairly almost all are open to implement ICT in 
their pedagogy. 

B. Structural Model for Overall Satisfaction of Faculty 

The objective of SEM modelling in this study is to find out the 
significance of factors that impact the overall satisfaction of 
ICT integration in academics amongst faculty members of 
Engineering and management institutions. Therefore, four 
independent variables were identified for this study - 
Acceptability, Employability and learning effectiveness, ICT 
integration and challenges in ICT adoption. Overall 
satisfaction is construed as the dependent variable. 
Diagrammatic representation of the conceptual model is 
presented. 
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Fig. 1. Conceptual model for overall satisfaction among Faculty 

This study has employed AMOS, the statistical software used 
in structural equation modelling (SEM). Typically, SEM 
approach is used to develop a causal model with an objective 
of model validation. Before testing the comprehensive 
conceptual model, as a first step, the measurement models 
should be tested for convergence.  

The measurement models for each of these five constructs had 
the following items, coded as Acceptability 1- I am willing to 
adopt ICT in teaching, Acceptability 2- I find it easier and 
effective to educate through ICT, Acceptability 3 – ICT makes 
learning engineering concepts more effectively, Acceptability 
4 – ICT helps to update current information, Acceptability 5 - 
Use of ICT improves the quality of input, Acceptability 6 - 
ICT enables the students to be more active and engaged and 
Acceptability 7 - ICT helps in career advancement. The above 
items measured the agreement levels with respect to 
acceptability of ICT integration in academics.  The next 
variable, ICT integration comprises of the following items 
which measured the agreement levels of faculty members with 
respect to ICT integration and influence in academics. ICT 
integration 1- ICT encourages communicating and performing 
effectively, ICT integration 2- ICT enables innovation, ICT 
integration 3 -ICT influences to enhance the student’s 
employability skills, ICT integration 4 - ICT reduces 
workload, ICT integration 5 - ICT enables to express my best 
ideas and thoughts, ICT integration 6 - ICT helps to improve 
the performance of the students ICT integration 7 - I synergize 
the skills from my peers for career enhancement.  

The third variable is employability is a measure of academic 
perception about employability and learning effectiveness of 
students. The agreement levels of faculty members regarding 
the same was measured by the following items: Employability 
1- ICT adoption helps in problem solving, Employability 2 -
Better employability with the use of ICT tools for skill 
development Employability 3 - Students prefer adopting 
technological advancements in learning, Employability 4 - 
Academic results are improving with the use of ICT , 
Employability 5 - Students response is high when ICT is 
adopted in lecturing, Employability 6-ICT enhances students 
engineering capability and ideas, Employability 7 - Mock test 
is highly effective with the use of ICT. The fourth variable, 
challenges in ICT adoption were coded as Influencing factors 
with the following items. These items measured the level of 
agreement amongst faculty members with respect to the 
challenges they encounter in adopting ICT in academics.  
Influencing Factors 1 – Updates and technologies in ICT 
technologies, influencing factors 2 – ICT consumes more 
time, influencing factors 3 – Network connectivity problem, 
influencing factors 4 - Absence of evaluation on integration of 
ICT tools in teaching, influencing factor 5 - Reliability of ICT 
tools, influencing factors 6 - Problem in getting ICT training 
program, influencing factors 7 - Absence of long-term staff 

development to support the integration of ICT, influencing 
factors 8 - Lack of hardware to accommodate ICT supported 
teaching, influencing factors 9 - Certain software is difficulty 
in learning, influencing factors 10 - Need for encouragement 
for ICT supported teaching, influencing factors 11- Need for 
vision on integration of ICT tools, influencing factors 12 - 
Peers negative comments about using ICT tools and 
influencing factors 13 – Difficulties in changing from current 
teaching practices to ICT enabled teaching. The dependent 
variable, overall satisfaction was a single item measure. The 
following table (Table II) presents the factor loadings of 
constructs. 

TABLE II.  STANDARDIZED FACTOR LOADINGS 

Variables Standardised factor 

Loadings 

Acceptability 1 0.92 

Acceptability 2 0.92 

Acceptability 3 0.93 

Acceptability 4 0.94 

Acceptability 5 0.92 

Acceptability 6 0.89 

Acceptability 7 0.92 

ICT integration 1 0.93 

ICT integration 2 0.90 

ICT integration 3 0.89 

ICT integration 4 0.77 

ICT integration 5 0.85 

ICT integration 6 0.89 

ICT integration 7 0.90 

Employability 1 0.84 

Employability 2 0.81 

Employability 3 0.88 

Employability 4 0.81 

Employability 5 0.87 

Employability 6 0.80 

Influencing factors 2 0.65 

Influencing factors 4 0.64 

Influencing factors 5 0.72 

Influencing factors 6 0.80 

Influencing factors 7 0.81 

Influencing factors 8 0.70 

Influencing factors 11 0.68 

Influencing factors 12 0.45 
Source: AMOS Output 

Convergent Validity is shown as each measurement item 
correlates strongly with its assumed theoretical constructs. 
Convergent validity was verified through the t-statistic for 
each factor loading. All factor loadings are greater than 0.40 
and range from 0.45 to 0.94. The average variance extracted 
from the analysis is 0.82 which is greater than the value 0.60.  
Having checked the convergence of measurement models, the 
structural model is framed. Associated with each observed 
variable is an error term (e1 – e36). Certain symbols are used 
in path diagrams to denote the process in the entire system of 
variables. One-way arrows represent structural regression 
coefficients and thus indicate the impact of one variable on 
another. Example: the unidirectional arrow pointing toward 
the endogenous factor overall satisfaction of ICT integration 
in academics, implies that exogenous factor Acceptability = 
F1, ICT integration in academics = F2, Challenges or 
Influencing factors = F3 and Employability = F4. The values 
closer to the one indicates that factor contribution is more. The 
seven unidirectional arrows leading from Factor 1 to each of 
the seven observed variables (Acceptability 1,2,3,4,5,6 and 7).  
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Likewise, there are seven observed variables in ICT 
integration in academics in factor 2 (ICT integration 
1,2,3,4,5,6 and 7). There are eight observed variables for 
challenges or influencing factors for ICT adoption, i.e., F3. 
Due to the poor fit of the model influencing factors 1,3,9,10 
and 13 were removed from F3. Similarly, there were seven 
items in Employability and learning effectiveness 
(Employability 1,2,3,4,5,6 and 7) and Employability 4 were 
removed from the model. The one-way arrows pointing from 
the enclosed error terms (e1 – e36) indicate the impact of 
measurement error on the observed variable. The values closer 
to one indicates that factor’s contribution is more. The model 
has also considered the possibility of existence of co-variance 
among the constructs. The structural model, thus resulted, has 
been presented. 

Fig. 2. Structural model for overall satisfaction of the faculty 

The model fit indices for the above structural model are 
presented in Table III. Overall model fit can be identified 
with various indices.  

TABLE III.  MODEL FIT INDICES 

Model Fit Parameters Values 

CFI 0.941 

GFI 0.829 

AGFI 0.794 

NFI 0.912 

TLI 0.934 

RMSEA 0.053 

X2/df ratio 2.819 
Source: AMOS Output 

Model fit parameters like Goodness of fit index (GFI = 
0.829), Adjusted Goodness of fit index (AGFI = 0.794) and 
Chi square/df ratio (2.819) shows good fit of the model. 
Generally, GFI>0.829 is construed as absolute fit for the 
model. This model has GFI (0.829), a value analogous to R2, 
is very close to the suggested value. This indicates the 
proportion of variance accounted for by the estimated 
population covariance of the study. In other words, it 
indicates how well the specified model has reproduced the 
observed covariance matrix among the indicator items (i.e. 
the similarity of the observed and estimated covariance 
matrices).  
The Chi square goodness of fit metric of this study, has also 
assessed the correspondence between theoretical 

specification and empirical data in the Confirmatory Factor 
Analysis. For the current model, as shown in Table 4.6.3, 
X2/df was 2.819. The recommended X2/df value is less than 3, 
showing the model’s good fit.  Adjusted Goodness of Fit 
index (AGFI) of the structural model, has corrected the 
downward value of GFI, thus reducing the model complexity 
by adjusting the degrees of freedom in the model. Thus, 
model good fit is well-addressed. 
Other parameters like Comparative Fit index (CFI = 0.941), 
Normative Fit index (NFI = 0.912) and Tucker Lewis index 
(TLI = 0.934) are also above the recommended value of 0.80. 
Thus, it is inferred that CFI has considered the desirable 
features, relativity and insensitive to model complexity to 
give the value closer to 1, confirming the incremental fit. 
Normative Fit Index for this study (0.912) is also close to the 
highest value of 1. An NFI of 0.912, indicates that the model 
of interest improves the fit by 91.2% relative to the null 
model.  
Root Mean Square Error Approximation (RMSEA) for the 
structural model is 0.053 and is well below the acceptable 
limit of 0.080. Hu and Bentler (1999) have suggested value 
of <0.08 to be indicative of good fit. RMSEA tries to 
generalize the hypothesized model with respect to the 
population, not just the sample data. Hence in this study also, 
it overcomes the issue of sample size while using chi square 
goodness of fit. The RMSEA value represents how well this 
model fits the population and not just the sample used for 
estimation. Hence, by the standards of RMSEA also, the 
model fit is good. 
The three paths to the dependent variable (Overall 
satisfaction of ICT adoption) from the independent variables 
Acceptability (F1), ICT integration (F2), Challenges or 
influencing factors in ICT adoption (F3) and Employability 
(F4) are identified from the structural model. The 
standardized beta co-efficients for the paths shown in the 
structural model are tabulated in the following table (Table 
IV). 

TABLE IV.  STRUCTURAL MODEL OF CO-EFFICIENTS FOR PATH 

ANALYSIS 

Relationship 

paths 

Standardised 

Beta Co-

efficient 

T-

value 
P Results* 

Acceptability – 
Overall 
satisfaction 

0.219 2.020 0.000 Significant 

ICT integration – 
Overall 
satisfaction  

0.290 1.946 0.000 Significant 

Challenges 
(Influencing 
factors) – Overall 
satisfaction 

-0.044 -1.298 0.000 Significant 

Employability – 
Overall 
satisfaction 

0.336 2.344 0.019 Significant 

Source: AMOS output (*significance at 5% level) 

On analysing the structural model, it is learnt that all the paths 
to the dependent variable are significant. For example, the 
path from employability to overall satisfaction has a 
standardised beta co-efficient of 0.336. This compares the 
strength of the effect of employability (independent variable) 
on overall satisfaction of ICT integration in academics 
(dependent variable). 
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On examining the path significance of acceptability to overall 
satisfaction, it is inferred that the level of agreement of 
faculty members to acceptance of ICT integration in 
academics impacts their overall satisfaction. This implies that 
when there is acceptance among faculty to integrate ICT in 
academics, they will be more than willing to incorporate the 
same in teaching. Their belief and acceptance that ICT can 
make student engagement more purposeful and useful by 
keeping them up-to-date on everyday global happenings will 
further the career advancement of students, as the faculty’s 
initiatives will be steered in the same direction because of 
their acceptance level. Thus, engineering or business 
concepts can be learnt more effectively by the students, which 
will increase the overall satisfaction. Thus, higher the 
acceptance, higher the overall satisfaction.  
 
ICT integration and influence in academics on overall 
satisfaction is significant. This implies that ICT integration 
enables communication, innovation, and enhancement of 
skills. Overall satisfaction is enhanced because ICT acts as a 
channel to express thoughts and ideas, synergizing all efforts 
towards excellence. Thus, higher the ICT integration and 
influence, higher the satisfaction amongst faculty members. 
 
Challenges encountered in adopting ICT in academics also 
has a significant impact on the overall satisfaction of the 
faculty members. The inverse relationship between the 
variables confirms that lesser the challenges, greater is the 
satisfaction. When there is influence of such factors which 
causes difficulties, overall satisfaction will not be achieved. 
Some of these challenges or in other words, the factors that 
influence the overall satisfaction adversely include, 
consumption of more resources including labour and time, 
connectivity issues, lack of appropriate and adequate training, 
absence of proper evaluation methods and necessary 
hardware to support ICT integration in academics. Thus, 
when such difficulties or challenges are absent, satisfaction 
will be at its highest.  
 
Yet another path suggests the significant impact of faculty’s 
perception of employability and learning effectiveness of 
students. The inference is, overall satisfaction improves with 
ICT tools enabling the employability of students. The reasons 
could be because of positive results obtained when students 
participation is high with ICT engagement in learning, 
teaching, examination, administering tests and assignments. 
Obvious outcome could be envisaged in the form of improved 
abilities of students to ideate, analyse and innovate. Thus, 
positive perception of employability and learning 
effectiveness will render more satisfaction for faculty in 
adopting ICT in academics. 
 
To summarise, all the factors that contribute significantly to 
overall satisfaction of faculty, needs to be focused. The 
initiatives for ICT integrated academics should be such that 
there is complete acceptability for the same among faculty 
members about the positive impact of ICT on academics. The 
indisputable agreement about the ICT integration and 
influence on academics plays an important role in 
determination of their overall satisfaction. Similarly, there 
should be efforts to strengthen student employability and 

learning effectiveness through ICT which will contribute 
substantially to overall satisfaction of faculty. On the other 
hand, extant care should be taken to minimize the challenges 
encountered in adopting ICT in academics in order to 
improve the satisfaction level of faculty members.   

VI. DISCUSSION 

The initiatives for ICT integrated academics should be such 
that there is complete acceptability for the same among 
faculty members about the positive impact of ICT on 
academics. The indisputable agreement about the ICT 
integration and influence on academics plays an important 
role in determination of their overall satisfaction. Similarly, 
student employability and learning effectiveness through ICT 
also contributes substantially to overall satisfaction of 
faculty. However, the challenges encountered in adopting 
ICT in academics needs to be minimized since it also 
significantly impacting the satisfaction level of faculty 
members.  Faculty members are having a favourable opinion 
regarding ICT integration and its usage in education. Hence, 
HEIs can capitalise on this favourable attitude of their faculty 
and motivate them to use ICT based digital learning tools into 
their teaching pedagogy. This will improve the quality of 
teaching and make it more engaging for the learners too. 
There is also a higher level of agreement among the faculty 
for conducting mock tests with the help of ICT tools which 
they think will result in effective learning. It is highly desired 
that HEIs can introduce evaluation of learner performance 
using such ICT tools so that the application of ICT tools is 
not just restricted to learning but also till evaluation. The 
implementation of ICT based digital learning tools will be apt 
at this juncture as the study itself has indicated that 
irrespective of gender and work experience of the faculty 
their perception about availability, accessibility and 
acceptability regarding ICT based digital learning tools 
remains one and the same. Thus, being a faculty in a HEI, 
they invariably accept that ICT based digital learning tools 
are effective in improving their teaching and learning 
effectiveness of students. 
HEIs are suggested to create mobile learning platforms and 
encourage the students and faculty to integrate it as a 
component in their teaching-learning process. However, this 
needs to be executed carefully without resulting in any 
misuse even though the younger generation is fully aware of 
both use and misuse of technology. 
The HEIs can source several funding options available from 
both government agencies and corporate houses to create 
such facilities within their campus. The HEIs with the 
participation of their faculty can introduce virtual learning 
devices using technologies such as Virtual Reality, 
Augmented Reality or even Extended Reality which will 
make learning more experiential and engaging. Further, these 
technologies can create ample interest among students which 
will result in better understanding of concepts and acquiring 
of knowledge as well. Especially this will benefit HEIs in 
sub-urban and rural areas which may have students from 
socially backward classes. Based on the study, the above said 
recommendations are proposed for the Higher Education 
Institutions. 
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VII. CONCLUSION 

The educational environment in India is dynamic and 
regarded for its historical reference. No doubt, education is 
evolving due to the impact of advancements in ICT. There is 
a need to embrace technology to create an engaging 
environment for making learning more effective. But 
education itself is not defined by any new technology. What 
we are aiming is a fundamental shift in the teaching towards 
learner-centric education. In this connection, ICT can be well 
integrated into higher education system since the progress 
made by the stakeholders of the education sector towards the 
use of such tools is considerable. However, decisions on 
choice of digital tools are mostly based on technological 
feasibility and not on educational requirements. The specific 
areas of this integration are content creation, delivery, 
learning and assessment. With increasing acceptance and use 
of digital media and information, the influence of ICT in 
higher education is becoming apparent which will further fuel 
its need and developments in the days to come. 
Technology can be a game-changer a lens through which we 
experience our world. Hence, we should integrate ICT 
seamlessly into our curriculum rather than simply looking at 
it as an add-on or a supplement. Key responsibilities of the 
stakeholders including the government and competent 
authorities to groom creative thinkers include knowledge 
creation, successful dissemination, building learning-
communities and instilling a professional culture using ICT. 
Management of HEIs and faculty members should ensure 
their agility in using technology for creating innovative 
learning environment. However, the success of these efforts 
ultimately lies in the hands of the students who should equip 
themselves with personal and professional competencies for 
a life-long learning.  
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Abstract— Cause related marketing is one of the important 

strategic marketing tools that organizations are adopting to 

support for a cause and thereby winning the minds of 

consumers. The purpose of the study is to identify the 

consequences of consumers’ attitude toward CRM. The study 

used CRM campaign that were real-time stimuli and 

respondents were exposed to the printed form of CRM 

campaigns that was followed by filling their responses through 

an online questionnaire. A theoretical model was developed 

and tested using Structural Equation Modelling. Results of the 

study suggested that consumers’ attitude toward CRM has a 

positive influence on purchase intention, brand loyalty, brand 

credibility and perceived quality. Thus, the study suggests that 

marketers can design effective CRM campaigns that supports 

social cause in relevance to the motive of the organization that 

would result in creating a favourable consumers’ attitude 

toward CRM and eventually result in attracting consumers to 

value the brand and also support for a good cause.  

Keywords— Attitude toward CRM; Purchase Intention; 

Brand Loyalty; Brand Credibility; Perceived Quality; CRM 

Campaign; Emerging Markets  

INTRODUCTION 

P Rajan Varadarajan and Anil Menon (1988) defines 
Cause related marketing (CRM)- as “the process of 
formulating and implementing marketing activities that are 
characterized by the offer from the firm to contribute to a 
specified amount to a designated cause when consumer 
engage in revenue-providing exchanges”. CRM holds a 
tripartite relationship between consumers, brands and 
organizations (profit-motive or non-profit). In this scenario, 
organizations are more likely to create an association with 
sponsorship, citizenship or altruism in order to connect with 
the consumers’ minds (Sen & Bhattacharya, 2001).  Leading 
to which the consumers purchase the product and engage in 
the necessary action to stimulate the donation; the business 
mounts the marketing campaign and provides the marketed 
product or service (Farache, Perks, Wanderley, & Filho, 
2008).  

Cause related marketing has attracted the global 
consumers and have increasingly witnessed their support 
(Rego, Hamilton, & Rogers, 2020). It is reported that 
consumers around the globe are (4 times) more likely to 
purchase, (6 times) to protect, (4.5 times) to champion the 
brand and recommend it to their family and friends and (4.1 
times) to trust the brand with a purpose (Zeno, 2020). In 
addition, a consumer study conducted by Unilever reveals 33 
percent of consumers are conscious about buying products 
that concerns to protect the environment and society (Study, 
2019). Likewise, 90 percent of Generation Z expect 
companies to be socially responsible towards the social and 

environmental issues and 75 percent of consumers make a 
conscious effort to research about their credibility and 
contribution towards the society(Cone, 2019). Based on 
these recent statistics, it can be inferred that consumers are 
more likely to raise their concern and support to protect the 
environment and the social issues. Thus, organizations work 
in favour of the consumers to protect the environment and be 
socially responsible through their CRM campaign and thus 
making it a win-win situation for the consumers and the 
organization as well.  

Research on CRM is gaining prominence over the last 
three decades and is progressively being researched in the 
emerging markets where CRM is adopted as one of the 
strategic marketing tool (Amawate & Deb, 2021; Septianto 
& Garg, 2021; Thomas & Kureshi, 2020) for the 
organizations like HUL, P & G, ITC, etc. As CRM and its 
related activities are increasing in the emerging markets like 
India (Natarajan, Balasubramaniam, & Jublee, 2016; Thomas 
& Kureshi, 2020), thereby creating the need of identifying 
the factors that would influence the consumers’ attitude 
toward CRM and utilize CRM as one of the effective 
marketing tools. Based on the existing literature (Edmondson 
& Lafferty, 2014; Lafferty & Edmondson, 2014; Natarajan et 
al., 2016), researchers have identified various factors that 
influence the consumers’ attitude toward CRM. However, it 
is essential for the marketers to identify the consequences of 
their initiative through consumers’ behaviour. Considering 
the importance of the consumers’ behaviour based on their 
attitude towards CRM, theory of reasoned action serves as 
the basic model for the prediction of behavioural intention 
that suggests behaviours are influenced by attitude by 
affecting intentions (Fishbein & Ajzen, 1975). In order to 
identify one’s behaviour with respect to their attitude 
towards CRM, this research focuses on proposing four 
dependent variables as consequences– purchase intention, 
brand loyalty, brand credibility and perceived quality. Thus, 
this study focuses on the research question of examining the 
key outcome variables that justifies the prime motive of ‘for-
profit organization’.  

RQ 1: What are the consequences of consumers’ attitude 
towards cause related marketing? 

In summary, the research focuses on identifying the 
outcome variables that are perceived to differentiate 
companies on the grounds of CRM amongst the consumer 
segments. Thus, CRM has been found to be successful in 
enhancing the brand image of brands that involves in 
supporting social causes (P Rajan Varadarajan & Anil 
Menon, 1988) and improve the favourable attitude towards 
the brand. Not surprisingly, consumers with more favourable 
views on CRM in general are more likely to demonstrate 
positive outcomes (Emma & Tony, 2005; Gupta, 2006; Rego  
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et al., 2020). Thereby, consumers who tend to be more 
favourable towards CRM and its practice will have a higher 
chance of exhibiting positive behaviour through brand 
loyalty, perceived quality, purchase intention and brand 
credibility. 

I. REVIEW OF LITERATURE  

Purchase Intention 

Cause-related Marketing enables the company’s 
commitment to dedicate a portion of its income or profit 
towards the charity affairs of non-profit organizations (Patel, 
Gadhavi, & Shukla, 2016). It is examined that most of the 
academic literature, had focused on the implications of 
CRM from the ‘for-profit’ perspective (Polonsky & 
Macdonald, 2000). For example, CRM is specifically 
designed to increase sales for the firm and in turn, raise 
donations for the cause. It usually forms a linkage between a 
not-for-profit organization and a for-profit organization that 
results in increasing the cause awareness and in raising 
funds while promoting the sales and awareness of the for-
profit partner (Anuar & Mohamad, 2012; Chun-Tuan & Liu, 
2012). These for-profit organizations focus on achieving 
several objectives through CRM programs. Out of which, 
they also tend to focus on generating incremental sales and 
to activate the consumers’ senses towards purchase 
intention. As reported by P. Rajan Varadarajan and Anil 
Menon (1988) that cause-related marketing can be helpful to 
promote the company sales and thereby improve the 
purchase potential of the consumers. Similarly, Barone, 
Norman, and Miyazaki (2007) and Oppewal, Alexander, and 
Sullivan (2006) reported that CRM programs are related to 
an increased purchase intention of consumers. From the 
above empirical work carried out, it can be asserted that 
attitude toward CRM would be a primary determinant of 
purchase intention. Therefore, it can be predicted that 
consumers with favorable attitude toward CRM will be 
more willing to purchase the brand. 
H1: Attitude towards CRM will positively influence 
Purchase Intention. 

Brand Credibility 

Erdem, Swait, and Louviere (2002) defined brand credibility 
as the believability of the product position information 
contained in a brand, which entails “consistently delivering 
what is promised”. In the context of CRM campaign, brand 
credibility is defined as the extent to which a consumer 
perceives that the brand expresses sincerity and goodwill 
(trustworthiness) and has the skill and experience necessary 

(expertise) to associate to the specified cause (Bigne‐

Alcaniz, Curras ‐ Perez, & Sanchez ‐ Garcia, 2009). 

Credibility is defined as the believability of an entity’s 
intention at a particular time (Herbig & Milewicz, 1993). As 
the consumers’ perception towards CRM augment, they are 
more likely to perceive the brand as having more expertise 
when associating it with the cause (Becker-Olsen & Hill, 
2005). Thereby, it is predicted that consumers with a 
positive attitude towards CRM would influence brand 
credibility in CRM (Broderick, Jogi, & Garry, 2003) Thus, 
we hypothesise: 
 

H2: Attitude towards CRM will positively influence Brand 
Credibility. 

Brand Loyalty 

Aaker (1991, p. 40) defines brand loyalty as “a situation 
which reflects how likely a customer will be to switch to 
another brand, especially when that brand makes a change, 
either in price or in product features”. From previous 
research, it was suggested that brand loyalty might be 
viewed as a special case of relationship marketing that 
indicates a significant psychological attachment to the brand 
being consumer (Irwin, Lachowetz, & Clark, 2010; van den 

Brink, Odekerken ‐ Schröder, & Pauwels, 2006). 

Researchers have started to investigate the factors that stay 
at the heart of a consumer-brand relationship that leads to 
brand loyalty (Keller & Aaker, 1992). A number of 
situational factors could be examined as the consequences of 
evaluative constructs in studies that focus on brand loyalty 
(Punniyamoorthy & Prasanna Mohan Raj, 2007). Gremler 
and Brown (1996) reported that nearly 75 percent of 
customers’ purchasing decision is based on their attitude and 
emotion. It implies that brand loyalty measurement should 
include consumer’s attitude than their repeated purchase 
pattern (N. H. Anderson, 1981). As suggested by Rashid, 
Hamidizade, Esfidani, and Matin (2016) that consumers’ 
attitude towards a particular phenomenon affects their future 
behaviours and actions that when results in positive 
evaluations will certainly lead to loyalty. In addition, the 
most significant attribute of CRM campaign is the ability to 
enhance the customer loyalty (Nan & Heo, 2007; Wu & 
Hung, 2007) and bring in brand switching behaviour 
(Strahilevitz, 1999). Thus, it is predicted that consumer’s 
favourable attitude towards cause related marketing will 
increase the consumers’ trust on the brand and eventually 
being loyal to the brand. Hence, 
H3: Attitude towards CRM will positively influence brand 
loyalty. 

Perceived Quality 

Perceived quality can be defined as the consumer’s 
judgement about a product’s overall excellence or 
superiority(Kirmani & Zeithaml, 1993). These quality 
perceptions can be influenced by the advertising campaigns 
that are targeted at perceived quality itself. Perceived quality 
provides value to consumers by providing them with a valid 
reason to differentiate the brand from their competitors and 
purchase the brand (Abbasali Hajikarimi, 2014). It is found 
that consumers’ evaluate the brand’s overall excellence 
based on intrinsic (performance and durability) and extrinsic 
(brand name) cues. These cues are judged by the consumers 
at the time of their purchase or while consuming the 
product(Grau & Folse, 2007). Similarly, advertising 
campaigns can affect perceived quality directly or indirectly 
through inferences drawn from intrinsic and extrinsic 
cues(Kirmani & Zeithaml, 1993). Advertisers use those 
elements to maximize the impact on customers’ attention, 
beliefs and attitudes. Thus, in this study, it is predicted that 
consumers who develop favourable attitudes towards CRM 
based on the cues will have a direct influence on the 
perceived quality of the brand.  
H4: Attitude towards CRM will positively influence 
Perceived Quality. 
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Figure 1 Theoretical model 

METHODOLOGY 

Procedure 

In order to test the hypotheses, a survey was administered 
with an online questionnaire involving stimulus of a printed 
advertisement with CRM campaigns of a real brand. The 
CRM stimuli used in the study depicted the advertisement of 
the P&G brand for the P&G Shiksha campaign. Shiksha 
meaning "Education" is the CRM campaign which is in 8th 
year. In this program, for every purchase of any P&G 
products part of the sales revenue is been donated towards 
the Shiksha program. The non-profit organizations working 
towards this vision are Save the Children India, Army 
Wives Welfare Association (AWWA), Navy Wives Welfare 
Association (NWWA) and Round Table India (RTI), 
amongst others. Existing brands was used in the study in 
order to enhance realism and to better understand the CRM 
campaign.   
The questionnaire was designed in a sequential order with 
instructions. Respondents were instructed to fill the 
questionnaire in order and once completion of all questions 
they will be directed to proceeding pages. The first page 
portrayed the image of the brand and cause in general and 
questions regarding the brand familiarity, brand importance, 
cause familiarity and cause importance. Then the 
respondents are exposed to the real CRM advertisement 
portraying about P&G Shiksha campaign, followed by the 
questions measuring dependent and independent variables. 

 

 Measures  

The measurement scales were adapted from various studies 
in order to operationalise the variables and are as follows.  

• The respondents indicated their level of agreement 
with statements on a 5-point Likert scale ranging 
from “Strongly Disagree” =1 to “Strongly Agree” 
=5.  

• Purchase intention was measured using 5 items 
adapted from [1] 

• Brand credibility was measured using 5 items 
adapted from [1] 

• Attitude towards cause related marketing was 
measured using 5 items adapted from [1, 2] 

• Perceived quality was measured using 3 items 
adapted from [3] 

• Brand loyalty was measured using 4 items adapted 
from [4, 5] 

 Sample 

About 695 responses were received in total, (14) responses 
were having missing data and (30) with incomplete forms 
were discarded. Thus, 651 valid responses were finalized. 
The sample collected consisted of 56% men and 44% of 
women.22.0% of respondents was of the age group 18-24, 
37% in the age group of 25-34, 19% in the age group of 35-
44, 14%, in the age group of 45-54 and 8.0% in the age 
group of 55-64. Most of the respondents were with 
educational qualification of undergraduates (45%), 37% of 
respondents were post graduate and 12% were Ph.D. and 
6% of other courses. 57% were married and 43% were 
single. 

Assessment of psychometric properties of the 

measurement instrument 

The study used the two step structural equation modelling 
approach proposed by Anderson and Gerbing [6] to evaluate 
the measurement and structural models. The evaluation of 
measurement model was constructed to assess the measures 
used for the study. The structural model was evaluated to 
explore the relationship among the constructs. The 
application used for the study was AMOS 20. 
 

ANALYSIS AND RESULTS 

Hypotheses Testing  

Attitude towards cause related marketing had a positive 
influence towards purchase intention of the consumers 
(0.189, p<0.001), implying that consumers’ positive attitude 
towards cause related marketing significantly influences 
their decision to purchase the brand. The results for 
Hypothesis 2, indicated that attitude toward cause related 
marketing had a positive influence towards brand credibility 
(0.561, p<0.001), indicating that consumers’ positive 
attitude towards CRM influences the consumers’ perception 
on credibility of the brand. The structural path for 
Hypothesis 3, indicated that attitude towards cause related 
marketing positively influence brand loyalty (0.683, 
p<0.01), indicating the consumers’ loyalty towards the 
brand would be enhanced when consumer hold positive 
attitude toward cause related marketing. The structural path 
for Hypothesis 4, specified that attitude towards CRM 
significantly influences perceived quality (0.9, p<0.001), 
implying that attitudes of consumers toward CRM has an 
effect on the perceived quality of the brand. Thus, 
hypothesis 4 was accepted.  

DISCUSSION AND MANAGERIAL IMPLICATIONS 

In this paper we provide the research insights towards the 
consequences of consumers’ attitude towards CRM. The 
consumers’ attitude towards CRM is an important precedent 
in consumers’ behavioural response to a brand-cause 
message. It investigates the attitudes of consumers through 
CRM campaigns and further examines their influence on 
behavioural responses. It is evident from previous academic 
literatures that attitudes towards CRM has a positive 
influence towards purchase intention, thereby achieving the 
primary focus of CRM campaigns of ‘for-profit’ motive 
organizations by obtaining an increase in sales of the 
product [7-10]. In our study, we examined that consumer’s 
favorable attitude generated towards CRM has a positive 
and a direct influence on purchase intention. This may be 
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the result of the benefit experienced by individuals, who are 
persuaded by charity and causes. As a result, this charitable 
support generated by consumers through CRM campaign 
offers them with other intrinsic product benefits like 
supporting a worthy cause in concordance with pro-social 
values and working in harmony with others [11-15]. Thus, 
our finding is found to be consistent with the Barone, 
Norman and Miyazaki [16]’s finding that CRM programs 
positively relates to purchase intention.  
 
The CRM strategy provides more opportunity for the 
consumers to connect with the brands which are involved in 
the pursuit of creating a better community and investing in 
structured efforts for helping the social causes [17, 18]. The 
brand attitude of consumers is influenced through CRM to 
greater extent [19, 20]. CRM has been more effective in 
influencing the brand attitude than sponsorship [21]. Our 
findings are consistent with the earlier research that CRM 
has a direct impact on consumers attitude towards brand [19, 
21-23] and this implies that the once when a favorable 
attitude is gained through CRM campaigns it would trigger 
the consumer’s behavioral pattern resulting in a stronger 
preference for, involvement in, or commitment to 
repurchase the product and develop brand loyalty.  
 
According to Tulin Erdem and Joffre Swait [24] brand 
credibility increases the likelihood of inclusion of a brand in 
the consideration set and brand choice of the consumers. 
The brand credibility has a significant role in influencing the 
attitude of consumers towards the brand [25-28]. Earlier 
studies reveal brand credibility composed of 
trustworthiness, attractiveness and expertise has been very 
successful in creating an impact of the purchase intention of 
the consumers in the emerging economies [28]. Many 
research articles used brand credibility as an antecedent to 
purchase intention of brands involved in CRM. This study 
used brand credibility as a consequence to CRM and results 
indicate that attitude towards CRM has a positive influence 
over the brand credibility. Overall, our result suggests the 
creating more favourable attitude towards CRM will in turn 
have a significant impact on brand credibility influencing 
the consumer preferences towards a brand supporting social 
causes.  
 
Consumers in general always prefer to evaluate the intrinsic 
cues and extrinsic cues of the product that involves the 
physical product differences and external product 
differences respectively [29]. The perceived quality can be 
enhanced in the consumer mind through the price signals 
and providing brand information such as brand name, brand 
personality and guarantees [30]. The person factor, 
individual consumer judgement plays a major role in the 
perceived quality. The perceived quality differs according to 
the personal preferences, perpetual ability of the consumer 
[31-33]. Our result of the study implies that there exists a 
positive relationship between the attitudes generated 
towards CRM and what consumers perceive on product’s 
quality.  
 
The study offers valuable insights for the managerial 
practice.  Brand managers can focus onto the attributes of 
CRM campaign that generates positive attitude and in turn 
helps to increase the loyalty of the brand. The organizations 
should invest in the time and money in order to come out 

with emotionally appealing CRM campaigns in order to 
develop more positive attitude towards the CRM campaign. 
Brand credibility and brand loyalty can be achieved through 
proper CRM practices. The customers are more inclined 
towards a making a cautious decision while making a 
purchase so that it would be benefit the society. The brand 
managers must focus on creating a good citizenship image 
for CRM strategy to position the brand in the consumers 
mind as the one that invests in the betterment of the society. 
The United Nation Sustainable Goals can be very much 
incorporated in the CRM campaigns which will act as a win-
win strategy for the organizations to have a compliance with 
the global requirements and developing the loyalty of the 
brand. According to Index [34], 66 percent of consumers 
want brands to take a stand in the important social issues. 
Brands like Burger King is involved in an initiative like 
offering complementary meals for kids for every adult meal 
purchased through the Burger King App. One example of 
reviving the CRM campaigns in difficult times would be - 
COVID-19. The pandemic around the globe has given 
marketers ample opportunity in order to stand along with the 
consumers in the testing times. Many organizations have 
responded immediately to the situation through innovative 
CRM campaigns. The CRM is a strategy which can help 
brand managers to create more loyal customers towards the 
brand and respond to the expectation of the consumers.  
 
This research suggest brand managers must focus on 
bringing in a behavioural change in the consumers towards 
the brands and that the non-profit organization and social 
causes supported are selected in a way that are more 
appealing to the consumers and that should not create any 
scepticism in the minds of the consumers. The social causes 
and non-profit organization involved in the CRM campaign 
must be handpicked in order to win the goodwill of the 
consumers. The expected outcome of the CRM campaign 
should be creating more positive attitude towards the 
campaign which in return will reap the better outcomes for 
the brands.  
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Abstract— Clients are vulnerable to rudeness/disrespect 
while being treated by their Health Care Providers (HCPs) 
(Thiedke, 2007). Respect to their human dignity is crucial. 
Approach of hospital clients to HCPs requires readiness during 
their interaction while being treated (Tucker et al; 2015) in the 
hospital and if the HCPs paid no attention to their grievances; 
this would result in client disappointment. A cross-sectional, 
descriptive study was conducted between May 2016 
to December 2018. Primary data was collected from Health 
Care Receivers (HCRs) selected from (North and South District) 
Goa through a five - point Likert Scale. A total of 195 clients 
participated in the study. This paper used logit model to 
establish the relationship between socio-demographic variables 
and the perception of clients on the three considered parameters 
(Nurses’ responsiveness, Doctors’ Responsiveness and Clarity 
on instructions by HCPs). Clients >48-58 yrs of age has 
significantly positive (23.1%) association with satisfaction 
related to health care providers’ (HCPs) response on ward 
procedures or any query other related to client’s treatment. 
Government employed clients revealed significant positive 
association with satisfaction related to nurses’ responsiveness 
and doctors’ responsiveness (21.1% each) while being admitted 
in their respective wards. Clients of Primary Health Centres, 
Community Health Centres and Sub -district Hospitals showed 
significant negative association (24.1%, 42.5% and 50.9%) 
related to satisfaction towards nurses’ responsiveness. Similarly 
Primary Health Centres, Community Health Centres and Sub - 
district Hospital clients also showed significant negative 
association (24.1%, 42.5% and 50.9%) related to satisfaction 
towards doctors’ responsiveness during their interaction. While 
yet some more clients of Community Health Centres and Sub -
district Hospitals of Goa revealed negative association (42.2% 
and 45.7%) respectively on satisfaction related to clear response 
to ward procedure or any other query with regards to treatment 
of clients by the HCPs.

Keywords— Responsiveness, Perception, Nursing Care, 
doctors’ Attitude, Communication

INTRODUCTION

A doctor as stated by Hippocrates is likely to influence 
client’s health (Kaplan, Greenfield and Ware, 1989). The 
doctors’ ability to gather information will help in facilitating 
correct diagnosis, & provide therapeutic counselling to build 
up doctor- client relationships (Bredart, Bouleuc and 
Dolbeault, 2005). The patient will never care how much you 
know, until they know how much you care. (TONGUE, EPPS 
and FORESE, 2005). Study revealed that doctors have 
difficulty in responding (reacting and answering immediately 
or being considerate) well to patients’ concerns. Training in 
communication skills has proven to be effective in addressing 

such issues (Dulmen, Nübling and Langewitz, 2003). 
Measuring responsiveness is to inform clients to report on 
their experience within the healthcare system as regards 
concern & client centeredness depicting care provided as the 
prime source of information (Darby et al., n.d.). Approach of 
clients to HCPs require readiness during their interaction, 
while being treated (Tucker Edmonds et al., 2015) in the 
hospital. If the HCPs paid no attention to their grievances, 
this would result in client disappointment. For ex: 
neonatologists (85%) and  obstetricians (67%) passing over 
the questions asked by the admitted clients informing  that the
 relevant  questions has been acknowledged and stated  
further that if any  query did exist, the same  could be talked 
over with their family or  trusted friends. Clients are
 vulnerable to rudeness/disrespect while being treated by 
their HCPs (Thiedke, 2007). Respect to their human dignity 
(acknowledgement, praise, & approval) is crucial. 
Strengthening timely protection & advocacy by HCPs  in 
healthcare institutions will improve their self-worth, 
Responsiveness is the lowest perception among the other 
dimensions such as empathy, tangibility assurances and 
reliability. An average score of perception varied from 3.92 
(neat employees and well-dressed personnel) to 3.02 
(cleanliness of hospital environment). While majority were 
unemployed (58.4%) and the education level (55.1%) 
remained below high school (Aghamolaei et al;  2014). A 
study on client perception showed satisfaction with the 
responsiveness of the HCPs towards admitted clients.  
However,  clients of general ward seemed dissatisfied with 
the sanitation and cleanliness (washrooms) in the hospitals 
(Maxcila, Prof.A.Ravi and Dr.V.Balachandran, 2011). 
Provision of timely care could protect clients’ rights and 
cannot be allied to clinical outcomes However, on the whole 
it does assess and contribute to achievements of health system 
(WHO, 2000). Above 90% of clients revealed that HCPs 
could be trusted, they are respectful, confident and are able to 
maintain personal rapport ( Bebko, 1995).

OBJECTIVE

To find the relationship between socio-demographic 
variables and the perception of clients on the three considered 
parameters i.e., nurses’ responsiveness, doctors’ 
responsiveness and clear response to procedure or any query 
related to treatment.
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METHODOLOGY

To have access to factual (quantitative) information, an 
exploratory, quantitative and descriptive design was used to 
identify whether the clients admitted in hospital were 
receiving quality healthcare services by the Health Care 
Providers A cross-sectional, descriptive study was conducted 
between May 2016 to December 2018. Primary data was 
collected from HCRs selected from North and South District 
of Goa to assess the HCRs’ perception towards the quality of 
health care services provided by the HCPs.

SAMPLE

Only clients willing to participate in the study and who 
were available at the time of data collection with at least a 
three day stay in the ward so that they could have adequate 
experience with all the nurses/doctors working in the wards 
were selected. Initially, a sampling frame of HCRs available 
in each ward was prepared. The first bed of the sampling was 
selected based on simple random sampling technique and 
then every fourth bed was selected. If a client who was 
included in the study was discharged/shifted or discharged 
against medical advice, then the next client was recruited 
until the calculated sample size was reached. A simple 
random technique was used to obtain a sample of 350 clients. 
However, a total of 195 clients participated in the study.

DATA COLLECTION PROCEDURE

Government hospitals were selected since they were 
looked upon as role models in providing low-cost health care 
along with selected private hospitals of Goa. Ethical 
clearance was obtained from Director, Directorate of Health 
Services, Goa and Medical Superintendent of a private 
hospital. Further permission was obtained from respective 
Head of Department of the hospitals under study. Initially, a 
sampling frame of HCRs available in each ward was 
prepared. Selected wards included Department of Obstetrics/ 
Gynaecology, Medicine, Surgery, Orthopaedic and General 
ward. On an average 25-30 clients were admitted in the wards 
of the hospital. These clients interacted with 2-3 nurses and 
1-2 doctors per day. Reliability test can be used to test the 
internal consistency of measurement using Cronbach’s alpha 
(Linn and Gronlund, 2000).

A five-point Likert scale included: Strongly Agree (1), 
Agree (2), Neutral (3), Disagree (4), and Strongly Disagree 
(5). A structured questionnaire was designed in English and 
Konkani. Content of the questionnaire was divided into two 
sections. Section - I consisted of socio-demographic variables 
and Section - II consisted of questions on the perception of 
clients towards responsiveness of the HCPs pertaining to 
nurses’ responsiveness, doctors’ responsiveness and clear 
response to procedure or any query related to treatment. The 
participants were provided with instructions in a letter 
addressed to them along with the questionnaire. Respondents 
were aware about the nature and scope of the research under 
study. Participants were under no obligation to complete the 
questionnaires. They were free to refuse their participation at 
any given time of research study. No remuneration was paid. 

In order to maintain anonymity and confidentiality, no signed 
consent form was included. Completing and returning the 
questionnaire was accepted as implied consent. Each 
participant was handed over a questionnaire during a specific 
time. A feasible slot during the non-busy shift time was 
provided by the authorities to the investigator. Handed over 
questionnaires were completed in client’s room itself. Clients 
who could read and write completed the questionnaires, 
however those who did not read and write, the researcher read 
all the questionnaire items one by one and the client 
responded to their preferred option, while yet few of the 
client’s requested the filling of the same by their relative who 
were at their bed-side .at the time of data collection. 10 to 15 
minutes were required for filling up the questionnaire. All the 
distributed questionnaires were completed and returned 
immediately.

Data analysis: The Excel (Microsoft Office version 
2003)/SPSS/STATA computer program was used to analyse 
the data.

NORMALITY TEST

TABLE 1.    TESTS OF NORMALITY

Smallwood, 1996 & Nair, A. S. & Diwan, S. (2020)
Kolmogorov-Smirnova Shapiro-Wilk
Statistic Df Sig. Statistic Df Sig.

Responsiveness .306 195 .000 .850 195 .000

Performing the Shapiro-Wilk Test of Normality; from 
TABLE 1, it is evident that significance value is less than 0.05 
(95% levels) hence responsiveness variables have non-
normal distribution.

From TABLE 1 it is evident that significant value is less 
than 0.05 (95% levels) hence responsiveness variable has 
non- normal distribution.

Figure 1.   Q-Q Plot of Responsiveness

This paper  uses logit models to establish the relationship 
between socio-demographic variables and the perception of 
clients on the three considered parameters as mentioned 
above. Reliability statistics revealed that Cronbach’s alpha is 
.774.  indicating that the instrument being utilized is reliable.
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Analysis was undertaken by estimating models denoted 
by equations 1-3. The dependent variables𝑦1 𝑦2 𝑦3   𝑟
rrepresents whether the HCRs is satisfied with the considered 
parameters on :  nurses’ responsiveness, doctors’ 
responsiveness and clear response to procedure  or any query 
related to treatment If the HCR is satisfied the score is equal 
to “1 “ and if not satisfied the score is “0” .

𝐸𝑥 : 𝑌1
∗
𝑖 = 𝑋′𝑖𝛽 + 𝜀1

𝑌1𝑖 = 1,    𝑖𝑓    𝑌1
∗
𝑖 > 0 (1)

𝑌1𝑖 = 0,    𝑖𝑓    𝑌1
∗
𝑖 = 0

In the above equations, 𝑋𝑖 is a vector of individual-level 
characteristics, 𝛽 is a vector of parameters, and  𝜀1 is the error 
term that is normally distributed. The above logit equations 
are estimated by the maximum likelihood method.

RESULTS

The summary statistics for all the independent and 
dependent variables considered in the below mentioned 
analysis.
Dependent Variables (Responsiveness satisfaction 
perception on Likert scale)

TABLE 2. SUMMARY STATISTICS

Independent variable (%)
Gender  
Male 50.26
Female 49.74

Education Level
Below High School 42.05
High School and PUC (11th & 12th std) 35.38
Above High School /PUC (11th & 12th std) 22.56
Age
18 – 28 28.21
>28 – 38 20.51
>38 – 48 15.38
>48 – 58 13.85
>58 and above 22.05
Family Income
<20,000 49.74
20,000-40,000 33.33
>40,000 16.92
Response given by
Self 58.46
Others 41.54
Occupation Sector
Not Employed 12.31
Government 24.10
Private 11.28
Self-Employed 52.31
Religion
Hinduism 64.10
Islam 18.97
Christianity and others 16.92
Insurance Status

Insured 51.28
Not Insured 48.72
Hospital Type
Primary Health Centre (PHC) 17.44
Community Health Centre (CHC) 10.26
Sub District Hospital (SDH) 14.36
District Hospital (DH) 32.31
Private Hospital 25.64
Language Known
Konkani 72.82
Non-Konkani 27.18

TABLE 2 gives the summary statistics for all the 
independent and dependent variables considered in analysis 
(Primary data collected by shashi Lata Yadav from 2016 to 
2018 from state of Goa).

The majority 74.37% of the selected HCRs were from 
public run hospitals. While 50.26% were male, female 
remained at 49.74%. Highest 42.05% had studied below high 
school and 22.56% had studied above 12th std. While 28.21% 
of clients were between 18yrs to 28yrs, 22.05% were found 
to be above 58yrs of age. 49.74% had income below 
Rs.20,000 per month and only 16.92% had their income 
above Rs,40.000 per month. 58.46% of the respondent 
preferred to answer on their own. Majority 52.31% were self-
employed, 24.10% were government employee. While 
11.28% were employed in private sector, 12.31% were not 
employed. While 64.10% were Hindus, Islam and 
Christianity remained at 18.97% and 16.92% respectively. 
Majority (51.28%) of clients were insured. Most 72.82% 
knew Konkani language.

TABLE 3.  SATISFACTION OF HEALTH CARE RECEIVERS BASED 
ON THEIR SOCIODEMOGRAPHIC VARIABLES

Responsiveness

Variable
Nurses Doctors

Clear 
procedure

instructions

Gender

Male (Reference)

Female -0.0729
(0.0676)

-0.0729
(0.0676)

-0.0598
(0.0612)

Education Level

Below High School (Reference)

High School and PUC 
(11th & 12th std)

-0.116
(0.0763)

-0.116
(0.0763)

0.0515
(0.0746)

Above High School 
/PUC (11th & 12th std)

-0.106
(0.120)

-0.106
(0.120)

0.0101
(0.112)

Age

18 – 28 (Reference)

>28 – 38 0.0237
(0.0983)

0.0237
(0.0983)

-0.0124
(0.0958)

>38 – 48 0.00091
(0.107)

0.00091
(0.107)

0.0963
(0.0975)

>48 – 58 0.122
(0.104)

0.122
(0.104)

0.231**
(0.0953)

>58 and above -0.0661
(0.102)

-0.0661
(0.102) 0.0388

(0.0988)
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Family Income

<20,000 (Reference)

20,000-40,000 0.0185
(0.0846)

0.0185
(0.0846)

-0.158**
(0.0791)

>40,000 0.147
(0.104)

0.147
(0.104)

0.0577
(0.101)

Response given by

Self

Others -0.0815
(0.0705)

-0.0815
(0.0705)

0.0166
(0.0666)

Occupation Sector

Not Employed (Reference)

Government 0.211**
(0.0951)

0.211**
(0.0951)

0.139
(0.0855)

Private -0.00604
(0.0884)

-0.00604
(0.0884)

-0.142*
(0.0824)

Self-Employed 0.0679
(0.120)

0.0679
(0.120)

-0.186*
(0.109)

Religion

Hinduism (Reference)

Islam -0.00438
(0.0842)

-0.00438
(0.0842)

0.0652
(0.0762)

Christianity and others -0.161*
(0.0904)

-0.161*
(0.0904)

-0.0745
(0.0910)

Insurance Status

Insured (Reference)

Not Insured -0.0196
(0.0806)

-0.0196
(0.0806)

-0.0240
(0.0743)

Hospital Type

Private Hospital (Reference)

Primary Health Centre 
(PHC)

-0.241**
(0.111)

-0.241**
(0.111)

-0.222*
(0.128)

Community Health 
Centre (CHC)

-0.425***
(0.141)

-0.425***
(0.141)

-0.422***
(0.151)

Sub District Hospital 
(SDH)

-0.509***
(0.109)

-0.509***
(0.109)

-0.457***
(0.122)

District Hospital (DH) -0.111
(0.105)

-0.111
(0.105)

0.0642
(0.103)

Language Known

Konkani (Reference)

Non-Konkani -0.131
(0.0861)

-0.131
(0.0861)

-0.0658
(0.0774)

Observations 195 195 195

Standard errors in parentheses; * p < 0.10, ** p < 0.05, *** p < 0.01.
Source: Primary data collected by Shashi Lata Yadav from 2016 t0 2018 
from state of Goa

TABLE 3 gives the marginal effect estimates for the logit 
analysis done to study the impact of individual-level 
variables on their satisfaction level on the considered 
parameters such as nurses’ responsiveness, doctors’ 
responsiveness and clear response to procedure or any query 
related to treatment.
Clients >48-58yrs has significantly positive association with 
satisfaction related to health care providers’ (HCPs) response 
on ward procedures or any query other related to client’s 
treatment. Clients with family income Rs 20.000-Rs 40,000 
showed significantly negative association with satisfaction 

(15.8%) towards HCPs answers to ward procedures or any 
other query related to clients’ treatment.
Government employed clients revealed significant positive 
association with satisfaction related to nurses’ responsiveness 
and doctors’ responsiveness (21.1% each) while being 
admitted in their respective wards. Clients of Primary Health 
Centres, Community Health Centres and Sub -district 
Hospitals showed significant negative association (24.1%, 
42.5% and 50.9%) related to satisfaction towards nurses’ 
responsiveness. Similarly Primary Health Centres, 
Community Health Centres and Sub - district hospitals clients 
showed significant negative association (24.1%, 42.5% and 
50.9%) related to satisfaction towards doctors’ 
responsiveness during their interaction. While yet some more 
clients of Community Health Centres and Sub -district 
Hospitals of Goa reveal negative association (42.2% and 
45.7%) respectively on satisfaction related to clear response 
to ward procedure or any other query with regards to 
treatment of clients by the HCPs.

No association is observed as regards to gender, 
education, religion, insurance and language components.
During analysis while considering the true effect of other 
variables, it is confirmed that most of the variables do not 
play a significant role in explaining HCRs satisfaction 
perception on responsiveness of hospital health care 
providers.

CONCLUSION

Responsiveness influence factors such as concern & 
client centeredness. Approach of clients’ to HCPs requires 
readiness during their interaction, while being treated in the 
hospital. Non- attention to their grievances would result in 
client disappointment; Clients are vulnerable to 
rudeness/disrespect while being treated by their HCPs hence 
respect to their human dignity (acknowledgement, praise, & 
approval) is crucial.
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 Abstract— Provisioning of quality health care services is the 
basic foundation of a country’s human capital.  Hospital clients 
prefer non-medical aspects in terms of empathy, assurance and 
timely attention from their Health Care Providers (HCPs) 
resulting in improved clinical outcomes. This study is designed 
to measure the quality of health care services from the clients’ 
perspective and to compare the service quality of public and 
private hospitals in Goa. The study has a quantitative cross-
sectional design, related to questionnaire based on a 5-point 
Likert Scale with a random sample of 195 clients. Satisfaction 
perception on empathy, tangibility, responsiveness, assurance 
and timeliness were not statistically different among public and 
private treated clients except dimension related to cost 
effectiveness.

Keywords— Empathy, perception, Mann Whitney test, 
Tangibility and cost effectiveness

OBJECTIVES

To state the difference between the clients’ overall 
satisfaction perception on quality health care services among 
public vs private hospitals in selected districts of Goa. 

INTRODUCTION

In India health is primarily the responsibility of state 
governments with multitude of state schemes that have been 
introduced to overcome the inequitable access to healthcare 
(MacQuilkan et al., 2018). While care provision by hospital 
staff is easily understood   by clients, technical process 
measures have limited scope which is less understood by 
them (Wilson et al., 2007)). Components such as privacy, 
respect confidentiality (Ebrahimi et al., 2012) & maintenance 
of Human dignity has been recognized as the basis for Human 
Rights (Chochinov et al., 2008). Above 90% of clients 
revealed that HCPs could be trusted, they are respectful, 
confident and are able to maintain personal rapport (Bebko, 
1995). Clients prefer empathetic attitude from their 
stakeholders (Langewitz, 2002). Prediction of client 
satisfaction is linked with other factors essentially; Empathy, 
Reliability, Responsiveness and Caring (Tucker and Adams, 
2001). Non-medical aspects of care are usually associated 
with better compliance with care & treatment (Murphy-
Cullen and Larsen, 1984) supporting the trust that social 
skills are a major contributing factors of client satisfaction. 

Although, respondents maintained that general facilities were 
good, yet they admitted that clients’ treatment in non- Central 
Government Health Scheme (CGHS) hospitals had lacunae 
such as lack of drug supply and long queue (waiting period 
in hospitals), respectively (Haldar et al., 2008). Health 
authorities must provide community healthcare services that 
is of acceptable quality and at low cost (Shepard, Hodgkin 
and Anthony, 1998). Timely & regular clients follow-up will 
help in cost cutting as it is associated with lower readmission 
rates in hospitals (Hernandez, 2010). Study divulged those 
private hospitals though, are believed to offer improved 
quality service, it was the public health care units that 
excelled its clients’ expectations (Camilleri & O’Callaghan, 
1998). However eastern region of Saudi Arabian clients at 
private hospitals perceived a higher level of quality of the 
health care services [t = 3.390, p < 0.01] (Alumran et al., 
2020). Admitted clients (private hospitals) were more 
satisfied with HCPs and supportive services than their 
equivalents in the public hospitals and disclosed that 
satisfaction with doctors including cost factor is the biggest 
determinants of service quality in the public hospitals (Taner 
& Antony, 2006).

METHODOLOGY

Primary data was collected from May 2016 to December 
2018 from Health Care Receivers (HCRs) of North and South 
District of Goa. A sampling frame of HCRs availability in 
each ward was prepared. Only clients willing to participate in 
the study and who were available at the time of data 
collection (at least three days stay) in the ward were selected. 
If a client was discharged/shifted or discharged against 
medical advice (DAMA), then the next client was recruited 
until the calculated sample size was reached. A simple 
random technique was used to obtain a sample of 350 clients. 
However, a total of 195 clients participated in the study.

Ethical clearance was obtained from Director, Directorate of 
Health Services, Goa and Medical Superintendent of a private 
hospital. Selected wards included Department of Obstetrics/ 
Gynecology, Medicine, Surgery, Orthopaedic and General 
ward (25-30 clients/ward). A five-point Likert scale included: 
Strongly Agree (1), Agree (2), Neutral (3), Disagree (4), and 
Strongly Disagree (5). A structured questionnaire (English 
and Konkani) was divided into two sections. Section - I 
(socio-demographic variables) and Section - II (six 
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dimensions i.e., Empathy, Tangibility, Responsiveness, 
Assurance, Cost effectiveness and Timeliness). The 
participants were given instructions and were informed that 
they were free to refuse their participation at any given time 
of research study. No remuneration was paid. To maintain 
anonymity and confidentiality, no signed consent form was 
included. Each participant was handed over a questionnaire 
during a feasible slot, provided by the authorities to the 
investigator. Handed over questionnaires were completed 
(10-15 minutes) by the clients in their room itself. However, 
others with difficulty, were helped by the researcher. A few 
of the clients requested the filling of the same by their relative 
who were at their bed-side at the time of data collection.

DATA ANALYSIS

TABLE 1.  TESTS OF NORMALITY

Kolmogorov-Smirnova Shapiro-WilkVariable

Statistic df Sig. Statisti
c df Sig.

Empathy 0.388 195 0.00 0.747 195 0.00
Tangibility 0.369 195 0.00 0.774 195 0.00
Responsiveness 0.306 195 0.00 0.85 195 0.00
Assurance 0.353 195 0.00 0.788 195 0.00
Cost 
Effectiveness 0.308 195 0.00 0.831 195 0.00

Timeliness 0.347 195 0.00 0.806 195 0.00

Source: Shashi Lata Yadav, May 2016, December 2018, Goa State

From TABLE 1, all the above variables are non-normal.

TABLE 2.  TOTAL STATISTICS

Variable Scale Mean if Item 
Deleted

Scale Variance if Item 
Deleted

Corrected Item-Total 
Correlation

Squared Multiple 
Correlation

Cronbach's Alpha if 
Item Deleted

Empathy 13.9313 10.316 0.675 0.586 0.774
Tangibility 13.8697 10.355 0.813 0.753 0.754
Responsiveness 13.7774 11.289 0.442 0.357 0.818
Assurance 13.7723 10.635 0.643 0.542 0.781
Cost Effectiveness 13.4749 9.847 0.666 0.551 0.776
Timeliness 13.7774 10.153 0.76 0.673 0.759

Evidence of reliability of each dimension is acceptable as per 
the TABLE 2.

TABLE 3.  DESCRIPTIVE STATISTICS

Public 
(n=145)

Private 
(n=50)

Variable Group
Frequency 

(%)
Frequency 

(%)
1. 18-28 51 (35.17) 4 (8)
2. >28-38 32 (22) 8 (16)
3. >38-48 19 (13) 11 (22)
4. >48-58 19 (13) 8 (16)

Age (Yrs.)

5. >58 & above 21 (14.48) 22 (44)
1. Male 65 (45.5) 33 (63.5)

Gender
2. Female 78 (54.5) 19 (36.5)
1. <10th 74 (51) 8 (16)
2. >10th & 12th 48 (33) 21 (42)Education Level
3. >12th and 
Graduate 20 (14) 24 (48)

1. Hinduism 97 (67) 26 (52)
2. Islam 32 (22) 7 (14)Religion
3. Christianity and 
others 16 (11) 17 (34)

1. Not employed 20 (14) 4 (8)
2. Government 19(13) 28 (56)
3. Private 15 (10) 7 (14)

Service

4. Self employed 83 (57) 19 (38)
1. Konkani 93 (64) 49 (98)Language 

Known 2. Non-Konkani 36 (24) 17 (34)
1. <20,000 90 (62) 7 (14)
2. 20,000 – 40,000 44 (30) 21 (42)Family Income 

(Rs.)
3. >40,000 10 (7) 23 (46)

1. Self 85 (59) 29 (58)Response Given 
By 2. Others 54 (37) 27 (54)

1. PHC 34 (23) 0 (0)
2. CHC 20 (14) 0 (0)
3. SDH 28 (19) 0 (0)
4. DH 63 (43) 0 (0)

Hospital

5. PVT 0 (0) 50 (100.0)
1. Insured 89 (61) 11(22)

Insured
2. Not Insured 52 (35) 43 (86)

Source: Shashi Lata Yadav, May 2016, December 2018, Goa State

TABLE 3 displays Descriptive Statistics. Of the 145 clients 
from the public hospital, 35.17% belonged to age group 1. A 
majority 44% belong to age group 5. Further, from the public 
hospital, 45.5% belonged to Gender-1 and 54.4% to Gender-
2. Private clients from gender group 1 & 2 were 63.5% and 
36.5% respectively. A majority 51% belonged to Education 
Level-1, 33% in Level-2, 14% in Level-3 for public hospitals 
clients. Private clients shows 16% in Education Level-1, 42% 
in Level-2 and 48% in Level-3. A majority (67%) of the 
clients were Hindus who were admitted in public run 
hospitals. A majority 14% clients of public run hospitals were 
found to be unemployed. 64% in public run hospitals spoke 
Konkani compared to private hospital clients at 98%. 
Majority 62% in public run hospital had family income less 
than Rs20,000 compared to 14% in private hospital.  A 
majority of clients are from DHs (43%). 23% are from PHC 
while 19% are from SDHs. The lowest load is found in CHC 
at 14%. A majority (61%) of clients visiting public run 
institutions are insured compared to 22% visiting private 
hospitals.
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TABLE 4.  INDEPENDENT SAMPLE T-TEST RESULTS

Variable Mean (SD) 
Public

Mean (SD) 
Private

Mean 
Difference

Empathy 2.41 (.858) 1.67 (.513) 0.74

Tangibility 2.44 (.728) 1.81 (.487) 0.63

Responsiveness 2.52 (.895) 1.94 (.698) 0.58

Assurance 2.51 (.846) 1.98 (.542) 0.53

Cost Effectiveness 2.69 (.929) 2.60 (.995) 0.09

Timeliness 2.55 (.794) 1.87 (.595) 0.68

TABLE 4 reveals evidence of a significant difference (at the 
0.01 level) between public and private hospitals in all the 
dimensions.

TABLE 5.  INDEPENDENT SAMPLES TEST

Levene's Test for 
Equality of 
Variances

t-test for Equality of Means

95% Confidence Interval 
of the Difference

Variable Assumption

F Sig. t df Sig. (2-
tailed)

Mean 
Difference

Std. Error 
Difference Lower Upper

Equal variances 
assumed 5.787 193 0.000 0.733 0.127 0.483 0.982

Empathy Equal variances 
not assumed

8.584 0.004
7.248 151.15 0.000 0.733 0.101 0.533 0.932

Equal variances 
assumed 5.81 193 0.000 0.633 0.109 0.418 0.848

Tangibility Equal variances 
not assumed

17.02 0.000
6.964 135.536 0.000 0.633 0.091 0.453 0.813

Equal variances 
assumed 4.192 193 0.000 0.575 0.137 0.305 0.846

Responsiveness Equal variances 
not assumed

12.417 0.001
4.702 115.426 0.000 0.575 0.122 0.333 0.817

Equal variances 
assumed 4.206 193 0.000 0.53 0.126 0.281 0.778

Assurance Equal variances 
not assumed

29.274 0.000
5.131 141.583 0.000 0.53 0.103 0.326 0.734

Equal variances 
assumed 0.627 193 0.531 0.096 0.153 -0.206 0.399Cost 

Effectiveness Equal variances 
not assumed

0.205 0.651
0.607 85.332 0.545 0.096 0.158 -0.219 0.411

Equal variances 
assumed 5.627 193 0.000 0.68 0.121 0.442 0.918

Timeliness Equal variances 
not assumed

19.733 0.000
6.422 120.26 0.000 0.68 0.106 0.47 0.89

TABLE 5 depicts the results of Levenes’s test for equality of 
variance.

Hypotheses:
H0 :   Xi is statistically significantly in-different (means) 
across the two groups 
Ha :  Xi is statistically significantly different (means) 
across the two groups

A summary of the independent t-test is given as follows:

i. Clients’ satisfaction perception on Empathy is not 
statistically different among public and private treated 
clients.

ii. Satisfaction perception on Tangibility is not statistically 
different among public and private treated clients.

iii. Satisfaction perception on Responsiveness is not 
statistically different among public and private treated 
clients.

iv. Satisfaction perception on Assurance is not statistically 
different among public and private treated clients.

v. Satisfaction perception on Cost Effectiveness is 
statistically different among public and private treated 
clients.

vi. Satisfaction perception on Timeliness is not statistically 
different among public and private treated clients.

TABLE 6. KRUSKAL WALLIS TEST RANK

Variable Type N Mean Rank Sum of 
Ranks

0 143 110.08 15742
Empathy

1 52 64.77 3368
0 143 109.67 15683

Tangibility
1 52 65.9 3427
0 143 106.63 15248

Responsiveness
1 52 74.27 3862
0 143 106.64 15249

Assurance
1 52 74.25 3861
0 143 98.59 14098Cost 

Effectiveness 1 52 96.38 5012
Timeliness 0 143 109.81 15702.5
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1 52 65.53 3407.5
Inference:

i. Clients’ satisfaction perception on Empathy shows 
significantly higher means rank between Public and 
Private hospitals in favour of public hospitals.

ii. Clients’ satisfaction perception on Tangibility shows 
significantly higher means rank between Public and 
Private hospitals in favour of public hospitals.

iii. Clients’ satisfaction perception on Responsiveness 
shows significantly higher means rank between Public 
and Private hospitals in favour of public hospitals.

iv. Clients’ satisfaction perception on Assurance shows 
significantly higher means rank between Public and 
Private hospitals in favour of public hospitals.

v. Clients’ satisfaction perception on Cost Effectiveness 
does not show any significant means rank difference 
between Public and Private.

vi. Clients’ satisfaction perception on Timeliness shows 
significantly higher means rank between Public and 
Private hospitals in favour of public hospitals.

TABLE 7.  TEST STATISTICS

Variable Empathy Tangibility Responsiveness Assurance Cost 
Effectiveness Timeliness

Mann-Whitney U 1990.00 2049.00 2484.00 2483.00 3634.00 2029.50

Wilcoxon W 3368.00 3427.00 3862.00 3861.00 5012.00 3407.50

Z -5.899 -5.616 -3.849.00 -4.049 -0.261 -5.4750

Asymp. Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.794 0.000

Inference:

i. Clients’ satisfaction perception on Empathy: We reject 
H0 in favour for H1 as p-value is less than 0.05.

ii. Clients’ satisfaction perception on Tangibility: We 
reject H0 in favour for H1 as p-value is less than 0.05.

iii. Clients’ satisfaction perception on Responsiveness: We 
reject H0 in favour for H1 as p-value is less than 0.05.

iv. Clients’ satisfaction perception on Assurance: We reject 
H0 in favour for H1 as p-value is less than 0.05.

v. Clients’ satisfaction perception on Cost Effectiveness: 
We cannot reject H0 in favour for H1 as p-value is more 
than 0.05.

vi. Clients’ satisfaction perception on Timeliness: We 
reject H0 in favour for H1 as p-value is less than 0.05.

CONCLUSION

The clients’ perceptions, in particular, can help stakeholders 
identify various dimensions of health care services that most 
require attention. This study cannot be generalized but the 
results indicate that public hospitals do provide higher quality 
services than private hospitals, especially in terms of cost 
effectiveness. This study has implications for a potential 
positive impact on the improvement of the overall quality of 
health care services, thus taking them one step closer to 
achieving part of the objectives of the National Health Policy 
programme of India. Differences in governance quality 
education, provision of health care services across countries, 
in human capital, or in the level of technology can induce 
correlated movements in health and income. Healthcare 
expenditure can improve and strengthen human capital 
thereby improve the productivity and contribute to economic 
performance However, the paucity of cost information 
remains a significant fact within the Indian health system.

The results of present study need to be informed to policy-
makers in the public and private sector to develop plans so 
that they can improve the services and thus increase their 
quality from the client’s perspective. 
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Abstract — Forecasting stock market indices and individual 

stocks has been an emerging area in the investing landscape. 

Fundamental and technical analysis are widely used by 

investors in analysing and predicting future stock returns. 

Researchers have used various methods to forecast stock prices 

such as Hidden Markov models, genetic algorithms, and neural 

networks. Time series analysis is also popular in forecasting 

asset prices. Indian banks are among the best-performing 

stocks on the Indian stock exchanges over the last decade. The 

bank nifty index contains India’s largest banks and has 

outperformed most other sector indices over the past decade. 

ARIMA is a univariate time series approach that can be used 

to forecast stock and stock index prices. This study aimed to 

evaluate the effectiveness of the ARIMA model in forecasting 

the bank nifty index. Forecasted values differed from actual 

prices, suggesting markets may be efficient. Additionally other 

variables not considered in the study may also prove to be 

influential in forecasting the bank nifty index. 

Keywords — ARIMA, Time series analysis, Banking, 

Stationarity, Forecasting, Stock market, Bank nifty 

I. INTRODUCTION  

Indian banking stocks have rebounded sharply hitting 
new highs, following a major sell-off during the COVID 19 
crisis. This is on the heels of a rebound in asset quality 
severely which had severely deteriorated over the past 
decade. Despite this India’s bank nifty index that consists of 
India’s largest banks has outperformed most other sector 
indices over the past decade.  

The Indian banking system comprises of public sector 
banks, private sector banks, foreign banks, small finance 
banks, payment banks, and regional rural banks. While 
public sector banks are majority-owned by the government 
and cater to vast segments of the society that includes 
marginalized and priority segments, private sector banks tend 
to be more focused on targeting fewer segments, focusing 

more on asset quality and profitability. 

Given that large banks in India play an influential role in 
the economy and tend to be owned by large investment 
funds, it would be useful to obtain forecasts of the bank 
index, which is a key index representing India’s largest 
banks. This in turn can provide fund managers and investors 
with useful estimates, which can be used to benchmark 
performance.  

Bank stock prices globally are influenced by many 
factors. These comprise micro determinants such as 
profitability (Kazi, [1]), asset quality (D'Apolito and Pacelli, 
[2]), technical efficiencies (Pasiouras, Liadaki, & 

Zopounidis, [3]), management quality (Rjoub, Civcir, & 
Resatoglu [4]), and macro variables such as interest rates 
(English, Van den Heuvel, & Zakrajšek, [5]) and exchange 

rates (Eita, [6]).  

In this study, we forecast the bank nifty index in India. 
The Autoregressive Integrated Moving Average (ARIMA) 
technique is used to generate forecasts using time series 
methodology. The paper is organized as follows following 
the introduction a literature review is presented that covers 
key aspects of forecasting, this is followed by a discussion of 
the research methodology employed, next the results are 
presented and discussed from which relevant conclusions are 

drawn. 

II. LITERATURE REVIEW  

Globally, bank stock prices have been impacted by 
several factors. These include technical efficiencies as was 
observed in the case of Greek banks (Pasiouras, Liadaki, & 
Zopounidis, [3]), micro variables and macroeconomic 
variables such as money supply and interest rates, asset 
quality, management quality, earnings, and size as seen in 

the case of Turkish banks (Rjoub, Civcir, & Resatoglu, [4]).  

According to the Fisher effect stock prices and inflation 
track each other. Thus, when inflation rises, stock prices will 
also rise and hence prove as a hedge against inflation 
(Fisher, [7]). The proxy hypothesis on the other hand 
indicates that there may be an inverse relationship between 
stock prices and inflation that is driven by changes in real 
economic activity. If economic activity rose but the money 
supply didn’t, then inflation would remain subdued and 

would not accompany rising stock prices (Fama, [8]).  

The goods and market theory (Dornbusch & Fischer, [9]) 
suggests that the effect of exchange rates on stock prices 
would depend on whether the economy is export or import-
dependent. For an export-based economy, an appreciating 
currency would make its exports less competitive and 
thereby make companies less profitable. An import-based 
economy on the other hand would benefit from a strong 
local currency as raw material costs and other production 
costs would reduce. Thus, in an export-based economy an 
inverse relationship is likely between exchange rates and 
stock prices while the reverse is true in an import driven 
economy. However, a depreciating local currency would 
make foreign assets more attractive relative to local assets 
resulting in sell-offs in domestic share prices suggesting a 
direct relationship between exchange rates and stock prices 
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is driven by capital and money flows as suggested in the 

portfolio balance approach (Tobin, [10]). 

English, Van den Heuvel, & Zakrajšek, [5] have 
indicated that a rapidly steepening yield curve negatively 
impacted bank stock prices in the US. Kazi, [1] found that 
micro factors such as corporate profitability, and dividend 
yield and macro factors such as the level of interest rates, 
industrial activity, and performance of other global markets 

impacted stock market returns in Australia. 

Eita, [6] looked at the impact of macroeconomic factors 
on stock market prices in Namibia, using the Vector Error 
Correction (VECM) approach.  It was observed that stock 
prices in Namibia were impacted by interest rates, economic 
activity, inflation, the money supply, and exchange rates. 
Economic growth and money supply positively impacted 
stock price performance. Inflation and higher interest rates 

resulted in poor stock price performance.  

Kazi, [1] found that macro factors such as interest rates, 
industrial activity, and performance of other global markets 
impacted Australian stock market returns. Rjoub, Civcir, & 
Resatoglu, [4] looked at the impact of key macro variables 
on the share prices of a sample of Turkish banks. The 
macroeconomic indicators money supply and interest rates 
significantly impacted bank stock prices in Turkey. A 
similar result was observed by Lucky, Akani & 
Chukwuemeka, [11] in their study covering 15 listed 
commercial banks in Nigeria. 

D'Apolito and Pacelli, [2] studied the impact of key 
micro and macroeconomic factors on the stock prices of 
European banks. It was found that European banks stock 
prices were influenced positively by asset quality, liquidity, 
and capital ratios of banks. Inflation rates and public 

borrowing impacted bank stock prices negatively.  

Studies looking at the effect of Earnings and earnings 
releases on the stock price performance of banks has been 
carried out on leasing and insurance companies in 
Bangladesh (Uddin, [12]), 14 Jordanian Banks (Al-Shubiri, 
F N [13], Listed banks in Nigeria (Lucky, Akani & 
Chukwuemeka, [11]) and a sample of Turkish banks (Rjoub, 
Civcir, & Resatoglu [4]). These found that earnings, 
dividend yield, Return on Assets (ROA), Earnings per share 
(EPS) and Price-Earnings (P/E) ratio had a strong impact on 

the stock prices.  

Naveed & Ramzan, [14] found micro variables such as 
dividend yield, ROA, and asset growth of fifteen banks 
listed on the Karachi Stock Exchange had an insignificant 
relationship with share prices. Ghauri, [15] whose study 
focused on 15 listed banks on the Karachi stock exchange 
similarly found that dividend yield and ROA did not have a 
significant relationship with bank share prices. 

Ibrahim, [16] looked at the influence of exchange rates 
on the Malaysian Stock Index. They found no long-run 
relationship between the Malaysian stock index benchmark 
and exchange rates. However, when money supply and 
reserves were added as variables in multivariate models 

some long-run relationships were observed between stock 

index performance and movement in exchange rates.  

Narayan, Narayan, & Singh, [17] examined the influence 
of macroeconomic determinants on Indian bank stock 
performance through a Panel data model. They found 
economic activity and currency depreciation resulted in rises 
in share prices, while interest rate increases negatively 
impacted bank share prices. Ali et al., [18] used panel data 
to study the macro-economic determinants of bank stock 
prices in Pakistan in the period between January 2005 and 
December 2013. It was found that share prices rose during 
booms in economic activity and declined during periods of 

currency depreciation and interest rate increases. 

Arfaoui & Rejeb, [19] studied the inter-relationships 
between oil, gold, US dollar and stock prices using global 
data for the period 1995-2015 and found that there were 
significant relationships between the four markets. The US 
Dollar (USD) and Oil negatively impacted stock returns 
while oil positively influenced gold and the USD. Coronado, 
Jimenez-Rodriguez, & Rojas, [20] used the Non-linear 
Granger Causality and examined the interrelationship 
between Oil, Gold and US stock market returns. The study 
found that all three markets were interrelated with a change 

in one market affecting the other two.  

Shabbir et al., [21] investigated the impact of gold and 
oil prices on stock markets in Pakistan for the period 1991 
to 2016. They found gold and oil prices have a significant 
impact on stock markets and conclude Gold may serve as a 
hedge against inflation. Sheikh et al, [22] looked at the 
asymmetrical relationship between oil prices, gold prices, 
exchange rate and stock prices in Pakistan. The study 
covered the pre (2004-2007) and post-periods (2008-2018) 
of the global economic crisis in 2008. It suggests that after 
the global financial crisis, investors reacted mainly to 
positive shocks in gold prices, interest rates and exchange 
rates, in the long run, indicating an asymmetric relationship 

between the variables.  

Long et al, [23] explored the impact of exchange rates, 
and global commodity prices on China’s stock prices during 
the period 2005 to 2020 to identify whether the effect is 
symmetric or asymmetric. They found that a co-integration 
relationship exists amongst the variables and global 
commodity prices have an asymmetric effect on China’s 
stock prices in the long run with stock prices being more 
sensitive to increases in commodity prices rather than 
decreases in commodity prices. 

Chisti, Shakeel & Ganai, [24] found a significant 
relationship between the Indian stock market Nifty Index 
and exchange rates using the co-integration and causality 
approaches. Kafila & Srinivas, [25] have found long term 
co-integration between the BSE Sensex and exchange rates. 
Misra, [26] have demonstrated a long-run causality between 

the BSE Sensex index in India and interest rates. 

Natarajan, Ul Laq, Akram, & Sankar, [27] have 
established a short-run causal relationship between gold and 
the Indian stock market Nifty index between 2014 and 2016. 
Kumar, Biswal & Swain, [28] similarly find a short-run 
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causal relationship between gold and the Indian stock 
market Sensex index. Coronado, Jimenez-Rodriguez, & 
Rojas, [20] used non-linear Granger Causality to establish 
interrelationships between Gold and US stock market 

returns. 

III. RESEARCH OBJECTIVES 

While existing literature is focused on the Nifty Index, 
very few studies have focused on the Bank Nifty which has 
significantly outperformed the Nifty over the last decade. 
Following a review of existing literature, this study sought 
to forecast the bank nifty index in India using time series 

methodology. The study has the following objectives: 

1) To understand the underlying trend of the bank 

nifty index in India 

2) To forecast future values of the bank nifty index 

3) To understand the implications for market 
efficiency by comparing forecasted and actual 

values 

IV. RESEARCH METHODOLOGY 

For this study, weekly data of the bank nifty index for 
the ten years from January 2011 to December 2020 is 
considered. This covers 520 different observations for the 
index. The data is checked for stationarity using the 
Augmented Dickey-Fuller test (Dickey & Fuller, [29]). 
Autoregressive Integrated Moving Average (ARIMA) 
models (Box & Jenkins, [30]) were used to forecast stock 
prices. ARIMA models have 3 components p, d and q, 

where: 

p = the no of autoregressive terms 

d = the level of differencing required to make the series 

stationary and  

q = the no of lagged forecast errors 

The ARIMA model is given by equation (1): 

ŷt   = μ + ϕ1 yt-1 +…+ ϕp yt-p - θ1et-1 -…- θqet-q  (1) 

where μ is a constant, ϕ and θ are coefficients of the 

autoregressive and lagged forecast error components.  

The initial values of p and q are obtained by looking at 
Auto Correlation Function (ACF) and Partial Auto 
Correlation Function (PACF) plots. The value of d is 
obtained from the Augmented Dickey-Fuller test (ADF). 
Models developed were used to forecast bank nifty prices 
for 2021. Forecasted values were compared to actual values. 

V. RESULTS 

This study looked at forecasting India’s bank nifty index. 

Some key metrics of the index is shown below (Table 1). 

 

 

 

Table 1: Bank Nifty Index 

Index Price 

52 Week 

High 

52 Week 

Low 

Market 

Capitalization 

Bank Nifty  35064 41830 29688 845,522* 

*Source: Moneyontrol.com, As on: 30.12.2021  

   The time series plots of the bank nifty are shown below 
Fig.1). The bank nifty shows a rising trend over the last 10 
years. 
 
 

 

Fig. 1. Time Series Plot of Bank Nifty 

 
 
The Augmented Dickey-Fuller (ADF) test indicated that  

Bank nifty index prices were not stationary however their 
first differences were stationary (Table 2). Thus at least an 
order of differencing is required and the starting value of d 
in the ARIMA models can be taken as 1. 

*Δ = first difference of bank nifty index 

 

ACF and PACF plots show a dissipating trend from the 
first lag observation itself (Fig. 2). This suggests that the 
initial values of p and q may be taken as 1 to commence the 
ARIMA modelling. 

Table 2: Results of the Augmented Dickey-Fuller Test 

for Stationarity 

Index Test 

Statistic 

Chi2 

P Value Inference 

Bank Nifty -0.9481 0.7733 Non-Stationary 

Δ* Bank 
Nifty 

-9.0247 0.0000 Stationary 
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Fig. 2. ACF and PACF Plots 

 
An ARIMA models was fit for the bank nifty as shown 

in Table 3. AIC values were used to arrive at the appropriate 
model. The R2 values indicate that the model was a good fit. 
 

Table 3: Results from ARIMA Modelling 

Index ARIMA 

Model  

(p, d, q) 

R2 AIC 

Bank Nifty 1, 1, 1 0.99 8210 

 

   The ARIMA model described in equation (1) is used to 
generate the appropriate model and is given by equation (2): 

 

Bank Niftyt = 39.0054 + 0.692528Bank Niftyt-1  

                              − 0.612147et-1 + et                                       (2) 

 

The ARIMA model in equation (2) was used to forecast 
bank nifty values. Forecasted values were compared to 
actual values (Table 4). The forecast errors namely the root 
mean square error (RMSE) and the mean absolute 
percentage error (MAPE) were used to validate forecasts. 

 

VI. DISCUSSION 

In this paper, time series analysis was used to forecast 
the India’s bank nifty index (Table 1). The bank nifty 
index has been trending up over the last 10 years, despite 
a brief dip during the onset of the COVID pandemic (Fig.  
1). Time series models require the data analysed to be 
stationary. This implies that their statistical properties 
such as the mean and standard deviation must be constant 
over time.  However, bank nifty index prices as checked 
by the ADF test were not stationary (Table 2).  Thus, 
bank nifty prices had to be differenced to make it 

stationary.  

Uni-variate ARIMA models were used to forecast 
stock prices. These models assume that future prices can 
be forecast from past data. The appropriate starting values 
for p and q in the ARIMA models were arrived at by 
looking at ACF and PACF plots (Fig. 2). While ACF 
plots indicate how well the present values of the series are 
related to past values, PACF plots focus on the residuals 
and can help in avoiding multicollinearity issues. The 
models were further refined by observing AIC values 
(Table 3). 

The model was an ARIMA (1,1,1) (Table 3). The fit 
model was used to forecast the bank nifty. Forecasts were 
compared to actual values (Table 4). The forecasts 
generated varied from actual values. The forecast errors 
RMSE and MAPE confirmed the deviation. Given 
ARIMA models usually generate trend forecasts any 
large deviations from the trend as seen in the month of 
February 2021 (Table 4) may not be accurately captured 

in these models. 

Table 4: Forecasted vs Actual Values 

 

Index 
Date Forecast Actual 

Forecast Errors     

RMSE / MAPE 

Bank 
Nifty 

3-01-21 31341.1 32084.20 634.30 / 2.51 

 10-01-21 31433.0 32246.80  

 17-01-21 31508.6 31167.25  

 24-01-21 31572.9 30565.50  

 31-01-21 31629.4 35654.50  

 7-02-21 31680.6 36108.90  

 14-02-21 31728.0 35841.60  

 21-02-21 31772.9 34803.60  

 28-02-21 31815.9 35228.15  

 7-03-21 31857.7 35496.65  

 14-03-21 31898.6 34161.60  

 21-03-21 31939.0 33318.20  

 28-03-21 31978.9 33858.00  

 4-04-21 32018.6 32448.05  

 11-04-21 32058.0 31977.45  

 18-04-21 32097.3 31722.30  

 25-04-21 32136.5 32781.80  

 2-05-21 32175.7 32904.50  

 9-05-21 32214.8 32169.55  

 16-05-21 32253.9 34606.90  
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Interestingly the failure of ARIMA models to 
accurately forecast future prices could be attributable to 
market efficiency (Fama, [31]). Forecasting stock prices 
in efficient markets could rather prove difficult. 
Additionally, factors other than past prices have been 
shown to influence stock prices. These include micro 
factors such as balance sheet ratios (D'Apolito and 
Pacelli, [2], and macro-economic variables such as 
commodity prices (Arfaoui & Rejeb, [19], interest rates 
(English, Van den Heuvel, & Zakrajšek, [5]; Narayan, 
Narayan, & Singh, [17]), and exchange rates (Chisti, 

Shakeel & Ganai, [24]).  

Future studies can be directed in developing 
multivariate models to improve forecast accuracy. A 
broad choice of both micro and macro variables that 
impact stock prices must be considered in these models. 
This along with past prices, investor behaviour, and 
sentiment could make forecasting models more robust.  

Stock index forecasts can prove beneficial to several 
key stakeholders of banks. Bank managers can use stock 
index forecasts as benchmarks against their respective 
stock prices. Lenders to banks can use stock index 
forecasts to gauge the financial health of the banking 
sector at large. Investors and fund managers can use bank 
stock index forecasts to aid their investing decisions.   

VII. CONCLUSION 

This study used time series analysis to forecast the bank 
nifty index in India. Uni-variate ARIMA models were fit to 
forecast bank nifty prices. Forecasts deviated from actual 
prices suggesting that factors other than past prices may also 
influence bank stock prices in relatively efficient markets. 
Given stock indices act as sector benchmarks, stock index 
forecasts can benefit several key stakeholders of banks. 
Hence it would prove useful to develop models that provide 
reasonably accurate forecasts. Future studies will be directed 
at developing multivariate models that include other 
variables such as bank-specific micro variables and macro 
variables. This could help investors effectively benchmark 
and take informed decisions. 
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Abstract—Social networking sites is playing an significant 

part in each domain of lifespan these days. Today's situation 

of quick progress, speediness and connectedness through 

technology have created the extreme formation of social 

channels or social sites. Youngsters has modified particulars 

requirements of identification, information allocation, 

relationships, multi-function compressed pack of this social 

media websites. Social Networking Sites (SNS) have developed 

single share of youth's lifespan within variation of methods, 

by means of examining that time being ethos remains aligned 

through technology. The dependence of youngsters on the 

social networking sites has grasped at such measure that, 

deprived of social networking sites, each youthful individual 

can’t imagine around the path of their evolution. Addiction of 

youngsters on social networking sites is presently driving to 

obsession. The study focuses to generate an enormous 

measure of consciousness amid the youngsters visible to such 

social media and results will not solely accept outcomes. The 

youngster influences through the utilization of these websites 

unfavorably & positively but will support the youngsters to 

recognise the practice of these web sites effectively. Skype, 

Facebook, WhatsApp, Twitter and Instagram are the websites 

that fascinate almost of the youngsters to tune in to them & 

thus symbolises their pros & cons that badly essential to 

generate an actual representation amid the youngsters.  

This research examines the determinations pertaining to 

exploiting social sites through means of the youngsters and 

teenagers. It has remained completed on the way to execute 

the period consumed on surfing social sites by youngsters. It 

emphases on optimistic & pessimistic impacts of utilising 

social media at the existence expectancy of youngsters. The 

outcome of research appears that higher the level of 

consumption of social websites guides youngsters on the way 

to dependence. 

Keywords: Social Networking Sites, Youngsters, Skype, 

Facebook, WhatsApp, Twitter, Instagram 

I. INTRODUCTION 

Social media channels are enduring on the way to raise 
fame. The standard of world wide web is emerging with the 
elevated utilization & information of just how to utilize e-
mail, net surfing, seek the net for methods or the forgotten 
training guide for a fragment of gears. Nowadays, net is 
further around web log, playlists, WhatsApp, Facebook, 
LinkedIn, Twitter,  Instagram & various further [4]. Here 
exist a few of devices & innovation related with current 
circumstance termed social sites and its existence far & 
wide. Social sites has develop fragment of day-to-day 
lifespan practices for the expanding sum of individuals. 
Due to a lot on the way to the development of social mass 
media websites, youthful males & females nowadays, 
change thoughts, emotional state, private data, snap shots 
& video recordings at a virtually outside notion proportion. 
Extreme of the period SNS remain utilized to connect 
through individuals who stay as of now their eminent or 
buddies or families or networks within the social websites 

allocation identical attitude or interests, opinions, thoughts, 
assumed procedure, reviews on controversial subjects, 
broadcast write-ups, most recent upgrades on style or 
devices are the foremost communal subjects on those social 
media networks. Social networking websites are not one 
and only famous for presenting a stage for conversation, 
distribution scrapes, recordings, media clips, voice 
messages, videos, images, emojis and so forth and discuss 
hot and current matters. Prior individuals are supposed to 
retain their data & feelings in non-public but in these days’ 
entire facts going public, maintain blogging & tweets on 
social networks [23]. Individuals are maintaining active in 
observing wall posts, reputation upgrades, update 
allocation, media exchanging, posturing for display 
pictures etc. 
On the other hand, it has negative viewpoints moreover. 
Web isn't directed by means of any regulation. Not any 
limitations of principled tolerate through. Youngsters could 
look whatsoever on social mass media deprived of 
somewhat anxiety. They could look indeed illegal pictures 
& recordings, which could empower young people towards 
endeavour the unlawful actions. Adverse utilize of social 
sites could increment the corruption. Additional utilize of 
social sites could create adversative impact on youngster 
psychological well-being & problematic obsession. It has 
been understood that individuals sitting continuously active 
on their portable receivers rather chatting to one another. 
Similarly, the youth continuously stay engaged in 
conversation through their online networks rather than in-
person society. Youth remain overlooking the actual world 
and remain engaged in fake world. Social sites too 
decreases the attentiveness of individuals as of their real 
works. This examine will disclose the optimistic & 
pessimistic influence of social sites on youth. There’re 
optimistic characteristics of social mass channels through 
means of that individuals could accomplish a lot. But then 
a few of pessimistic viewpoints of social mass media could 
terminate our lifespan such as psychological sickness & 
ethics. 
Nowadays, youngsters are the vital operators of social 
media. Social media built accessible phase for young 
people to construct social links or societal relationships 
amongst people. These days, profitable digital devices be 
appealing the attraction of youthful era; they’re biggest 
client of digital devices & facilities, which creates them 
habituated in a brief range of period. The results of use of 
social media have been observed to be far achieving & 
theoretically risky in influencing the fitness and intellectual 
associated behavior of youngsters, those are not matured 
enough to distinguish amid imaginary & realism. Aside, 
more usage of social media, declines sum of period 
accessible used for seeking additional happenings might be 
valuable used for their bodily well-being, psychological 
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strength & investment of time with family associates [13]. 
The existing automated era has added numerous pros and 
cons. The digital era had given way better, quicker & 
enhanced working capability of youthful individuals, as 
well as an emergence & new method of syndrome in Indian 
formative years [9]. 
The more exploitation of social media websites remains an 
enduring movement that is expanding at a disturbing value 
& driving to dependence system amongst Indian youthful 
that is a thoughtful worry [11]. Issues received from more 
consumption of societal network have remained reported 
around the world counting in India, in which using the 
social media has accelerated tremendously. It’s far 
discovered over the research, that the societal mass media 
is further compulsion amongst the youngsters, more 
consumption of it is remained called as per behavioural 
dependency & one’s incapability to keep away themselves 
from being on-line to the factor that it impacts the operators 
lifespan, relations, reactions handlers’ societal lifecycle & 
so forth. 
Here are numerous methods of social media dependence, 
together with creating on-line relationship, access to 
pornography, gaming, on-line clothes shopping & many 
others. It is noticed that, over exploitation of social media, 
withhold as of taking part in actual existence happenings, 
youth lives on the whole within the computer-generated 
than in actual life. The purpose of this research paper is to 
investigate the consequence of SNS on youth improvement. 
[25]  
 

1.2 Purpose of the study  

• To examine the effect of social media among 
youngsters. 

• To explore the optimistic and pessimistic impact 
of social media on youth.  

• To recognise the actual influence of SNS on 
youth. 

 

1.3 Research Objectives of the study  

• To discover age group category pertaining to 
youngsters concerned within overutilization of 
social channels. 

• To realize primary reason of utilization of social 
channels amongst Indian youngsters. 

• To analyse the time invested by youngsters in 
SNS. 

• To recognize the optimistic evaluations of chosen 
young people about the utilization of societal 
networking websites. 

• To recognize the pessimistic consequences of over 
consumption of social media on the bodily & 
intellectual well-being of chosen young people. 

 

1.4 Significance of the study  

The perception is that social media websites have the type 
of impact, which is subsequently faraway not exceptionally 

clear. 

• This research will examine to recognise whether 
or not social media has an impact among the 
youngsters in an optimistic or pessimistic manner.  

• If the impact is pessimistic, at that factor how the 
youngsters is inspired via means of it.  

• It will deliver meaningful explanations on 
pessimistic consequence of SNS on sort of 
youngsters.  

 

II. SCOPE OF THE STUDY 

2.1 Problem Statement 

The purpose is to explore the influence of SNS on 
youngsters, as well as how social media influences young 
in many elements of societal lifespan, such as political 
awareness, social alertness, spiritual performs, informative 
knowledge, trend adoption and athletic participation. The 
introduction of the internet transformed the entire universe 
into a worldwide platform. The internet has evolved into 
one of the most essential sources of knowledge today. 
People have become reliant on the internet for information. 
Various social media networking sites become an user 
friendly. Teenagers have been seen to be more involved in 
social media networking than in actual social events. 
Teenagers have found it easier to devote additional period 
on SNS as development of smart phones and internet 
package deals offered by various telecommunications 
operators. The emphasis of youth has turned to the unseen 
society. Without a question, social media has aided in the 
evolution of community; nonetheless, the negative sides of 
social media are a source of concern across the world. 

2.2 Research Aim 

The research is primarily concerned with the effects of SNS 
on teens' societal lives. Youngsters in Rajasthan, India were 
the subjects of the study. Therefore, all the amenities such 
as cell phones, internet access, higher education 
foundations & additional public agencies, are effortlessly 
available within this state of India. Rajasthan also has a 
higher rate of technological progress. Youngsters are most 
active operators of social channel platforms. 

2.3 Research Gap 

In the subject of social media, several research have been 
undertaken. The research has also been carried out in the 
domain of students. Students are also classified as teens. 
These studies, however, has been undertaken within the 
domain pertaining to student academic achievement within 
various informative institutes. There has been not at all 
research pertaining to the influence of social sites on teens' 
societal lives. In Rajasthan, there has not been any 
published sources of research identified in the subject of 
impact of social media among youth. The researcher 
identified the research gap to explore further in the area of 

investigation. 

2.4 Research Limitations 

• The exploratory work is executed in a short span of 
time. 

• Only 152 respondents are responded for this research. 

• Respondents are youths in the age group of 15-30  

• Only youth have been focused here.  

• Due to limitations of time, few subjects have not been 
touched upon in any respect at all throughout the 
course of the investigation. 
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III. LITERATURE REVIEW 

Shabnoor Siddiqui & Tajinder Singh (2016) observed the 
effect of SNS on numerous arenas like instruction, 
commercial enterprise, humanity, youths and so forth [22]. 
Within the end part, the research had additional few 
declarations because innovation is expanding the SNS has 
increase the recurring for everyone. Commercial makes use 
of SNS to boost a company’s overall performance in 
numerous methods inclusive of to attain enterprise aims, 
Youth is visible in interaction with those media every day 
[14].  
Akram and Kumar states that the experts affect that online 
networking destinations has set up the plan to everyone, 
and are dependent on innovation [27]. Annapoorna Shetty, 
Reshma Rosario, Sawad Hyder (2015), ought to inquired 
about the effect of SNS at youngsters. Their purposes have 
been to know the alertness range of utilization of diverse 
SNS, to explore degree of belief with facts obtained from 
social media, to recognise numerous issues of it & to test 
conduct of youngsters on the way to social media [2]. 
About a hundred individuals were requested to fill up the 
questionnaire. By posing different inquiries like need, 
energy, steady in training, accommodating to get 
information etc and so forth they begin to end that if online 
networking use in optimistic way by then it may make 
teen’s vocation, expertise, way of life, etc. [21, 26]. Pooja 
Deshmukh, Sayali Deshmukh & Chandrashekhar Tathe 
conclusions remained to see readiness range of use of 
distinctive SNS, to look into the kind of societal problems 
talked about at SNS, to discover the criticalness of data 
gotten as of web-based SNS, to see the effect of person to 
person communication on SNS on teens [18, 28]. 
Gurusamy have explored impact of SNS on personal 
relations of university undergraduates [15].  
Valenzuela et, al., (2009) suggested many of the youngster 
specifically the university academy learners the Facebook 
has developed considerable conquered. Wanajak have 
prominent amid usual day-by-day social media/ Net utilize 
conducts & habituated conducts [10]. The researcher has 
furthermore recognized distinguished predominance of net 
dependency amongst secondary college undergraduates 
among age group of 11 to 19 years old & distinguished 
imperative aspects which will impact net utilize amongst 
secondary university undergraduates.  
Nia Crawford & Loebig (2015) suggested that social 
channels alike a coinage have valued & destructive effect 
on teens. It supports young people on the way to curl & 
grasp down, as a consequence youth should be alert. Youth 
interface with numerous individuals and boost themselves 
within their profession. Social channels supports youths to 
convey their thoughts through others [6]. A person could 
sustain or else make communiqué together through him/her 

companions via such functions of social channels [8]. 

Several of seekers have remain performed at effect of 
societal websites within equally components of history & 
mass media. Intense of those explores are constantly 
concentrating the youngsters, due to their fluctuating 
conduct through reference to their privateness and 
directness through different grown person [1]. Numerous 
aspects emphasis at teen-ager as the social channel 
operators. The one-off key component of target is on 
youngsters. Social channels are implementing these 
websites users at the initial stage and therefore they are 

considered as a primary cluster. As a result of non-
existence of knowledge of social channels innovation, the 
utilize of social sites got to be a danger related to protection 
issue since of it’s utilizing far and wide [20]. A sensational 
growth has remain originated since the past five-years 
within utilize of social channels which remain web base 
amenities on the way to permit youngsters to form a 
constrained scheme communal side view [19]. To articulate 
a catalog of different operator to whom they get suggestion, 
opinion in addition to discover their catalog of hyperlinks 
& individuals arranged through means of others in 

organisation [5].  

IV. RESEARCH METHODOLOGY 

4.1 Purpose of the study 

The key motive of this study remains on the way to perceive 
social sites usage pattern among youths in India about age 
group of youngsters, major determination of usage of SNS, 
their optimistic & pessimistic view around SNS & the 
effects of social websites at the physical and psychological 
well-being of the carefully chosen youngsters. This 
exploratory study carried out to attain this purpose. The 
study is quantitative in nature. Primary together with 
secondary data have been collected. For primary bases of 
data, survey has been conducted. The secondary data has 
been obtained through internet, books, and journals. The 
data collected has been analysed statistically using 
correlation analysis and interpretation of findings and 
results given. 
 

4.2 Research Design 

This research is based of surveys & detail discovery 
explorations. It includes analysing & decoding effect of 
social media at youngsters utilizing survey approach 
henceforth it likewise comes below systematic sort of 
examine. Exploratory research design is applied here. It 
primarily emphases on analysing whether social media are 
manipulating the youngsters in an optimistic or pessimistic 
way. 
 

4.3 Participants  

This research emphases mainly on youths. Consequently 
people coming underneath the age group of 15 to 30 ages 
had been chosen as the study sample. Around 152 
individuals were considered for survey comprised both 
male and female people. 
 

4.4 Tests Used For Data Analysis  

In this study, qualitative & quantifiable information 
considered for evaluation. Correlation analysis has been 
used to analyse and examine the relationship between 
variables [17]. Survey method of sampling chosen for this 
study. The survey contains diverse questions that help out 
to discover individual’s perspective & opinions about 
social media utilization, to recognise optimistic or 
pessimistic effects on their existence and to see the 
forthcoming innovation of social media. 
 

4.5 Research Hypothesis 

Null Hypothesis (H0) – There is no impact of social 

networking sites on daily lives of youth. 
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Alternative Hypothesis (H1) – There is impact of social 

networking sites on daily lives of youth. 

Null Hypothesis (H0) – There are no effect of 
overutilization of using social networking sites on physical 

and mental health of youth. 

Alternative Hypothesis (H1) – There are effect of 
overutilization of using social networking sites on physical 
& mental health of youth. 

V. DATA ANALYSIS AND INTERPRETATION 

5.1 Descriptive Analysis  

The descriptive analysis of the study are given below based 
on the sample size of 152 from a total population of 385. 
According to the survey, it is clear that 55% of respondents 
are male and the remaining 45% are female. 18% of the 
participants are between the age group of 15 and 18, 36% 
are among the ages of 19 & 22, 31% are among the ages 
pertaining to 23 & 26, & 15% are among the ages pertaining 
to 27 and 30. A high proportion of teenagers engage in 
extreme utilise of social sites. 
 

i. Average time consumed on social sites on a daily 

basis by users 

10% of the carefully chosen young devote less than an hour 
on social sites, 25% of adolescents spend 1 hour to 3 hours 
on social media, 39% of adolescents spend 3 hours to 5 
hours on social sites, & 26% of adolescents devote 
additional than 5 hours on social sites within a day time. 
Due to several enticing offers accessible through Net 
facility provider businesses, such as free data for three 
months, accessibility pertaining to 3G, 4G facilities at 
extremely low charges, and so on, the majority of teenagers 
are visible to social sites for longer span of time [7].  
 

ii. Purposes for utilising social networking sites 
55% of youngsters use social media sites for leisure and 
personal sociability, 38% use social media for online 
learning, 48% use it for professional purposes. In addition, 
59% of teenagers utilize these sites to communicate and 
make online buddies. As a result, social media sites are 
mostly employed in education and entertainment. Although 
modern media make it easier to find information, older 
methods such as newspapers and periodicals are becoming 
obsolete. 
 

iii. Effect of social Media in daily life 

After getting out of bed, 30% of teenagers check their social 
media accounts. 79% of them couldn't live without social 
media. 32% developed more meaningful connections in 
person than they have online. When sad, 21% of people 
find it relaxing to spend time on social media sites. As a 
result, it can be seen that youngsters are moving away from 
conventional lifestyles, resulting in a decrease in the 
average lifetime of humans, particularly among their age 
groups. 
 

iv. Benefits of using social networking sites 

Aside from few minor drawbacks, the majority of people 
think that the advantages outweigh the drawbacks. For 
example, 43% believe that social media is utilized for 
research and learning, 32% strongly agree with the 
statement, whereas 27% say that social media does not aid 
in the building of interpersonal ties, 35% strongly agree that 
social sites promote read and write online skills and 30% 
feel that social networks aid collaborative and peer-to-peer 
learning. 

5.2 Correlation 

The correlation coefficient highlights a measure of strength 
and direction of a linear relationship between two variables. 
The range of the correlation coefficient is -1 to +1. If x and 
y have a strong positive linear correlation, r is close to 1. If 
x and y have a strong negative linear correlation, r is close 
to -1. If there is no linear correlation or a weak linear 
correlation, r is close to 0. 

TABLE I: MEAN AND STANDARD DEVIATION - IMPACT OF SOCIAL 

NETWORKING SITES ON DAILY LIVES OF YOUTH 

 Mean 
Std. 

Deviation N 

Time spent on social 
media on daily basis 

2.8158 .93795 152 

Impact of usage of 
social media sites on 
youth in daily lives 

3.7763 .90031 152 

 
Table 1 highlights the mean value of 2.81and S.D of 0.93 
of the respondents for the time spent on social media and 
the mean value of 3.77 and S.D of 0.90 for the impact of 
usage of social media sites on youth in daily lives. 

 

TABLE II: CORRELATION BETWEEN TIME SPEND ON SOCIAL MEDIA AND ITS IMPACT ON YOUTH IN DAILY LIVES 

 
Time spent of respondents on 

social media on daily basis 
Impact of usage of social media sites 

on youth in daily lives 

Time spent on social media on 
daily basis 

Pearson Correlation 1 .931** 

Sig. (2-tailed)  .000 

N 152 152 

Impact of usage of social media 
sites on youth in daily lives 

Pearson Correlation .931** 1 

Sig. (2-tailed) .000  

N 152 152 

**. Correlation is significant at the 0.01 level (2-tailed). 

As per outcomes of table 2, it depicts the valuation of 
correlation is 0.931 that indicates utilisation of social 

channels and it’s effect on youngsters are positively 
correlated. Moreover, the value of the correlation is 
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positive and closer to +1. Hence there is a strong 
relationship between the two variables.  
As per the above information, there is enough evidence to 
reject the null hypothesis and accept the alternate 
hypothesis ie., There is impact of social networking sites on 
daily lives of youths. 
The following Table 3 describes the mean and standard 
deviation of various effects of overutilization of using 
social networking sites on physical and mental health of 
youth. 
 

TABLE III: MEAN AND STANDARD DEVIATION - EFFECT OF 

OVERUTILIZATION OF USING SOCIAL NETWORKING SITES ON PHYSICAL 

AND MENTAL HEALTH OF YOUTH. 

 

 Mean 
Std. 

Deviation N 

Problem of high blood 
pressure 

2.0855 .96936 152 

Constant headache 
/Back pain/Eye 
strain/Hand corns 

3.5526 1.24905 152 

Problem related to 
digestion/stomach 

2.2303 1.03239 152 

Mental tiredness 3.9145 .96250 152 

Strain on Mind 3.6447 1.17596 152 

Anxiety 3.0987 1.27513 152 

Panic-stricken 2.1118 .93177 152 

 

 

TABLE IV: CORRELATION ANALYSIS TO UNDERSTAND THE  EFFECT OF OVERUTILIZATION OF USING SOCIAL NETWORKING SITES ON PHYSICAL AND MENTAL 

HEALTH OF YOUTH

 

 

Problem of 
high blood 
pressure 

Constant 
headache 

/Back pain/Eye 
strain/Hand 

corns 

Problem 
related to 

digestion/sto
mach 

Mental 
tiredness 

Strain on 
Mind Anxiety 

Panic-
stricken 

Problem of high 
blood pressure 

Pearson 
Correlation 

1 .781** .940** .753** .759** .845** .935** 

Sig. (2-tailed)  .000 .000 .000 .000 .000 .000 

N 152 152 152 152 152 152 152 

Constant headache 
/Back pain/Eye 
strain/Hand corns 

Pearson 
Correlation 

.781** 1 .830** .921** .969** .922** .840** 

Sig. (2-tailed) .000  .000 .000 .000 .000 .000 

N 152 152 152 152 152 152 152 

Problem related to 
digestion/stomach 

Pearson 
Correlation 

.940** .830** 1 .833** .826** .893** .951** 

Sig. (2-tailed) .000 .000  .000 .000 .000 .000 

N 152 152 152 152 152 152 152 

Mental tiredness Pearson 
Correlation 

.753** .921** .833** 1 .933** .913** .830** 

Sig. (2-tailed) .000 .000 .000  .000 .000 .000 

N 152 152 152 152 152 152 152 

Strain on Mind Pearson 
Correlation 

.759** .969** .826** .933** 1 .920** .834** 

Sig. (2-tailed) .000 .000 .000 .000  .000 .000 

N 152 152 152 152 152 152 152 

Anxiety Pearson 
Correlation 

.845** .922** .893** .913** .920** 1 .877** 

Sig. (2-tailed) .000 .000 .000 .000 .000  .000 

N 152 152 152 152 152 152 152 

Panic-stricken Pearson 
Correlation 

.935** .840** .951** .830** .834** .877** 1 

Sig. (2-tailed) .000 .000 .000 .000 .000 .000  

N 152 152 152 152 152 152 152 

**. Correlation is significant at the 0.01 level (2-tailed). 

As per outcomes pertaining to table 4, it depicts that the 
valuation of correlation is closer to 1 which indicates there 
are effects of over utilisation of using social networking 
sites on physical and mental health of youth. Moreover, 
positive correlation highlights that there is strong 
relationship between these variables.  
The above table states that there is enough evidence to 
reject the null hypothesis and conclude that there are effects 

of overutilization of using social networking sites on 
physical and mental health of youth. 

VI. CONCLUSION AND RECOMMENDATIONS 

6.1 Conclusion 

The major goal pertaining to examine remained on the way 
towards determine by what means social sites have 
influenced teenagers by examining both positive and 
negative features. With the help of the survey, it was clearly 
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determined how knowledgeable, creative and aware the 
youngsters of today are. Several findings derived with the 
help of data collected, evaluated, discussed and developed 
in this research. Today's young people are apart from being 
alert of what works greatest for them, nevertheless they are 
eager and passionate towards their private significances and 
determine their essentials in life. Social media channels 
provide podium to meet new individuals, discuss their skills 
and earn visibility. The youngsters has come towards grips 
through obtaining timely up-to-date data about their loved 
ones' life over use of social media. As a result, the 
youngster can distinguish between the actual and virtual 
world, admitting that social media websites do not give the 
possibility on the way to form better relationships through 
individuals than in person [12].  
 

6.2 Recommendations 

After reviewing all the findings and discussing the 
conclusions, the researcher suggests some steps for using 
social media in the proper direction and in a way that is 
beneficial and suitable for its operators. Youngsters ought 
to remain educated on the way to interpret data and to 
assess info that compromises their beliefs, which will 
undoubtedly help the country and provide businesses with 
an intellect of excellence in lifespan. Youngsters must not 
share private info on social sites since the situation may be 
exploited through others. While conversing, diminish the 
harmful consequences of social media. Parents and teachers 
must monitor what their children does on social media to 
protect the next era. A healthy mind leads to a healthier 
body. Excessive use of social media by teenagers should be 
avoided. They should maintain a healthy balance in their 
lives and devote adequate time to extracurricular activities 
in their daily routine. 
 

6.3 Implications for Future Research 

Since this research focuses on broad area of social media 
sites, a study on a single social podium, for instance 
Facebook or Twitter, might be conducted. Although this 
research acknowledged that social sites has an impact on 
people of all ages, it focused solely on Rajasthan's youth. 
So it is possible to expand it to other Indian states or other 
countries as well. In the future, the research could be 
conducted on different age group other than youngsters.  
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Abstract—India's banking industry makes a continuous effort 

to familiarise the digital payment among the people and gained 

traction after the 'Digital India' initiative. To make digital 

payments easier, the Unified Payment Interface also known as 

UPI was unveiled through the  NPCI also known as National 

Payment Corporation of India. ThisUPI is a payment method  

working on real time basis that has proven to be the best 

financial revolution in India since independence and has begun 

replacing the existing traditional cash economy. Across the 

country, retailers, service providers, small businesses, and 

dealers have already incorporated UPI into their everyday 

operations. In addition, the introduction of payment 

aggregators such as Google Pay and Phonepe increased the 

number of transactions by offering attractive transaction 

rewards. The number of transactions skyrocketed during the 

COVID-19 pandemic outbreak in 2020. Many people avoid 

conventional money transactions due to hygiene concerns.Even 

though many research deals with mobile payments, this study 

is one of the first attempts to inquire into the UPI-based 

payments adoption only through the extended UTAUT 

(Unified Theory of Acceptance and Use of Technology) model 

in the Indian state of Tamil Nadu. This research will examine 

the users' adoption intention onUPI payment system. The PLS-

SEM also known as partial least squares-structural equation 

modelling method and percentage analysis are employed to 

validate the proposed model. Furthermore, this study found 

that perceived benefits, social influence, effort expectancy and 

performance expectancy plays a significant role in UPI based 

payment adoption in Tamil Nadu. The study will ensure a 

deeper comprehension of the variables that affect UPI based 

payment adoption in India. 

 

Keywords—COVID-19, Digital Payments, NPCL, PLS-SEM, 

UPI 

I. INTRODUCTION  

The Indian financial sector is undergoing substantial 
structural changes because of increased technological 
advancements. Information & communication sectors 
collectively known as ICT. The banking methods were 
modified from paper-based to virtual, allowing quick and 
safe fund transfers using these technologies. ICT facilitates 
a range of electronic payment systems, usually referred to as 
digital payment services, of which Unified Payments 
Interface (UPI) is now widespread. It is an electronic 
payment system built on Immediate Payment Service 
(IMPS) that lets users conducts various banking transactions 
through their tablets/smartphones. Anyone may send and 

receive money on the UPI platform by not providing their 
banking details employing a VPA also known as virtual 
payment address. Bank accounts users have to enroll for the 
UPI application to perform UPI transactions. The UPI 
Applications consist of Union Bank UPI App, Axispay, SBI 
Pay, BHIM, Amazon pay, Phonepe, G-Pay, and WhatsApp 
Pay, to mention a few. Nowadays, every FinTech companies 
and banks provide the UPI service via their mobile apps. 
This payment method has a greater effect on lifestyle of the 
people around the globe than any other modern innovation, 
and they have become an indispensable part of civilisation 
in the twenty-first century. Daily challenging tasks in the 
external environment have increasingly migrated to mobile 
virtual world build on environments due to these 
developments [1]. According to the RBI's Yearly Report of 
2020-2021, payment services experienced solid growth of 
26.2 percent in respect of volume. It demonstrates that 
consumers' trust in digital payments is developing not just in 
Tier I and II cities, but also in small towns and villages. In 
July 2021, UPI executed a total of 3.24 billion operations, 
comparing to 15.7% total of 2.8 billion operations of June 
2021. In terms of value, the system handled Rs 6.06 trillion 
transactions in month of July 2021, up 10.76 percentages 
from month of June 2021[2].As per the latest report on 
world payments, worldwide non-cash transaction volumes 
increased in the last two decades, reaching $539 billion in 
2016–2017[3].Payment methods like ‘M-Pesa’ are widely 
adopted in emerging nations like Kenya, where penetration 
of formal banking is limited, proposing a practical 
alternative to former customers those were unbanked [4].By 
the provisions of 'The Payments and Settlements System 
Act 2007', the Reserve Bank of India associated with the 
Indian Banks Association founded the umbrella corporation 
– NPCI to execute settlements systems and retail payments 
in payment ecosystem of India. The National Payments 
Corporation of India (NPCI) has created an innovative 
payment instrument known as ‘UPI’ to facilitate digital 
payments. A digital payment infrastructure allows member 
institutions’ mobile applications to conduct banking services 
and retail business payments.UPI was first implemented as a 
pilot programme with 21 member institutions. On 11thApril, 
2016, it was inaugurated in Mumbai by the former RBI 
Governor Dr Raghuram G Rajan [5]. As of June 2021, there 
are 227 banks on UPI, with a amount of 2,807.51 million 
transactions per month worth Rs. 5,47,373.17 crores[6].  In 
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2018, UPI 2.0, the updated version of UPI platform raised 
the maximum limit single transaction from Rs. 1 lakh to Rs. 
2 lakhs. The UPI is a technologically updated payment 
system that allows money transactions between the different 
bank accounts in a matter of seconds. Whatever the UPI 
client applications may be used, and this one application can 
be linked to numerous banking accounts. Several methods 
of payment such as Mobile Number, IFSC& Account 
Number, AADHAR, Virtual Payment Address, and Quick 
Response (QR) Code can be utilised to send or request 
money. Simplicity, Innovation, Adoption, Security, and 
Cost (SIASC)were the primary drivers of UPI [7].Although 
there are numerous studies on mobile and electronic 
payment adoption[8][9][10][11][12][13], there has been 
relatively little study on UPI payment adoption [14][15][16] 
especially among the Tamil Nadu state of India. Our 
research will aid banks and third party payment providers 
and Fintech companies in developing a capable and optimal 
mobile wallet, targeting users. 

 

II. THEORETICAL BACKGROUND AND RESEARCH 

HYPOTHESES 

In this research, the extended UTAUT framework is used, a 
model which combines perceived benefits, perceived risk, 
social influence, effort expectancy and performance 
expectancy.  This research finds the model apt for the 
context of research which connects technology and 
behaviour. The study is also relevant in the current 
pandemic scenario where UPI has made inroads into every 
common man’s life. 
 

A. Performance expectancy 

The extent to which an information system or technology, 
helps customers in performing specific activities is referred 
to as performance expectancy [17][18][19][20]. When it 
comes to UPI-based payments, performance expectancy 
relates to how consumers can benefit from UPI over other 
payment methods. Previous studies [19][21][22][23][24]  
suggest that behavioural intention to adopt mobile payments 
were positively influenced by the performance expectancy. 
Accordingly, the present study suggests the following 
hypothesis: 

H1: Performance Expectancy has significant impact on the 

users’ behavioural intention of UPI payment services during 

pandemic. 

 

B. Effort Expectancy 

The effort expectancy explains the extent of users 
understanding and eases in using technology [25]. When 
users feel, that the technology is accessible, their level of 
expectation on its performance increases [26][27]. In case of 
effort expectancy in mobile payment, it significantly 
influences the behavioural intention 
[28][29][30][19][17][31][32][17][33][34].  Accordingly, the 
present study suggests the following hypothesis: 

H2: Effort Expectancy has significantly impacted the users’ 

behavioural intention of UPI payment services during 

pandemic. 

C.  Social influence 

The Social influence indicate show users feel about the 
people around them and their beliefs in using a specific 
technology [19]. A individual’s perception about 
technological aspects is affected by the views of his/her 
closest persons, such as friends, family, classmates, and 
social groups. Social influence is defined as an every single 
persons’ perceptive of the views of others when performing 
specific actions [35]. In previous studies 
[28][29][35][30][36][37][38][39],  social influence was 
proven to influence behavioural intention. In mobile/UPI 
payments, social influence significantly impacts behavioural 
intention; accordingly, this study suggests the following 
hypothesis: 

H3: Social influence has significantly impacted the users’ 

behavioural intention of UPI payment services during 

pandemic. 

 

D.  Perceived Benefit 

Perceived benefit elaborates the reason why individuals 
have the desire to use mobile payments [40]. And another 
study [41] shows that perceived benefit is critical for the 
satisfaction of the customers, and the attitudes of the 
customers towards products or services will positively 
affected the satisfaction. The intention of the customers to 
adopt UPI-based mobile payment is strongly influenced by 
perceived benefits, according to the previous researches 
[42][43][44][45]. As a result, the current research presents 
the following hypothesis: 
H4: Perceived Benefits has significantly impacted the users’ 

behavioural intention of UPI payment services during 

pandemic. 

 

E.  Perceived Risk 

Perceived risk indicates the possibility to incur loss in the 
efforts of obtaining an anticipated outcome, in the study 
context it is the risk perceived while using digital services. 
Specifically, mobile payment is full of risk and uncertainty 
because of its susceptibility to hacking and information 
abuse [46]. A consumer's understanding of risk is attributed 
to feelings of uncertainty regarding the potential outcomes 
of specific behaviour [47]. Some previous studies 
[48][49][50][51][52][53]have proposed that perceived risk 
had a negative influence on the behaviour intention to use. 
The current study suggests the following hypothesis: 

H5: Perceived Risk has significantly impacted the users’ 

behavioural intention of UPI payment services during 

pandemic. 

 

III. METHODOLOGY 

This research examines the use of UPI payment apps among 
the respondents in Tamil Nadu. The primary data obtained is 
the result of respondents completing our surveys. The 
questionnaire is classified into 5 parts: perceived benefits, 
perceived risk, social influence, effort expectancy and 
performance expectancy. The research questionnaire, which 
is the survey instrument in this study, employs a five point 
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Likert scale. Each question has five possible answers, and 
each aspect of the questionnaire has a different value, as 
shown: 1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 
= Agree, 5 = Strongly Agree. The respondents in this 
research were UPI payment users in Tamil Nadu. This study 
employs convenience sampling method. The sample for this 
study comprised of 193 users of UPI payment apps.  
 
 

 
 
 

 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 
 Fig.1. Research Model 

 
 

IV. ANALYSISOF DATA AND ASSUMPTIONS 

The PLS-SEM, also known as Partial Least Squares-
Structural Equation Modeling method used in SmartPLS 
3.2.7 is employed to analyse the conceptual model [54]. A 
two-step analytical method is used, with the first stage 
comprising the evaluation of a valid and reliable 
measurement model and the second stage consisting of the 
evaluation of a structural model used to evaluate the 
measurement model [55]. The model of measurement 
specifies how each variable is measured in the model of 
structure, whereas the structural model defines how the 
constructs are interrelated [56]; the option of PLS-SEM in 
this research is because it allows for simultaneous analysis 
of both measurements and structural model, resulting in 
more precise estimations. 
 

TABLE 1 PARTICIPANTS DETAILS AND UPI APPS USAGE 

Factors Details Frequency 

(f) 

Percentage 

(%) 

Gender Male 107 55.4  

Female 86 44.6  

Age Below 20 26 13.5  

21-30 111 57.5  

31-40 39 20.2  

41-50 16 8.3  

Above 50 1 0.5  

Residence Rural 54 28  

Semi-urban 57 29.5  

Urban 82 42.5  

Education Up to School 

education 

21 10.9  

Graduate 80 41.5  

Post Graduate 

& Above 

92 47.7  

Types of UPI 

App using 

Bank-based 

App 

56 29  

Third-Party 

Payment 

Aggregator  

121 71  

Usage of Third-

party Mobile 

payment 

Application 

Google Pay 72 37  

Phone Pe 98 51  

Amazon Pay 21 11  

Others 2 1  

Source: Primary Data computed by using SPSS 16.0 

 

 
TABLE 2 MEASUREMENT MODEL RESULTS 

 Elements Loadings 

values 

Cronbach’s 

Alpha Value 

CR 

Value 

AVE 

Value 

BI BI1 .725 0.850 0.900 0.693 

BI2 .877 

BI3 .874 

BI4 .844 

EE 

 

EE1 .678 0.790 0.854 0.541 

 EE 2 .787 

 EE 3 .687 

 EE 4 .727 

EE5 .791 

PB PB1 .819 0.842 0.894 0.679 

PB2 .799 

PB3 .792 

PB4 .883 

 

PR 

PR1 .806 0.884 0.915 0.682 

PR2 .812 

PR3 .819 

PR4 .826 

 

PE 

PE1 .806 0.833 0.889 0.666 

PE 2 .812 

PE 3 .819 

PE 4 .826 

 

SI 

SO1 .849 0.901 0.931 0.772 

SO2 .922 

SO3 .875 

SO4 .866 

Source: Primary Data computed by using SmartPLS 3 

* PR- Perceived Risk, PB- Perceived Benefits, SI- Social Influence, EE- 

Effort Expectancy, PE- Performance Expectancy and BI- Behavioural 

Intention 

 

Effort 
Expectancy 

Social 
Influence 

Perceived 
Benefits 

Perceived 
Risk 

Behavioural 
intention (to use 

UPI payment) 

Performance 
Expectancy 
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A. Assessment of the measurement model 

Prior to hypotheses testing in the structural model, analysis 
for the measurement model (outer model) is confirmed 
(inner model). The purpose of evaluating the model of 
measurement is to assure that the measurements utilised are 
genuine and adequately represent the recognised theoretical 
elements. The model of measurement validity (Convergent 
& Discriminant validity) and reliability (Cronbach's Alpha 
and Composite reliability) are investigated. The values of 
Cronbach's alpha extended from 0.901 to 0.790, suggesting 
that they were better than the 0.7 criteria. The findings also 
exposed that the values of composite reliability (CR) values 
extended from 0.931 to 0.854, which were greater than the 
required threshold of 0.7. Cronbach's Alpha and CR are thus 
proven in terms of internal consistency dependability. 
Convergent validity implies to the measurement of how 
different similar objects are in concept [57]. The convergent 
validity of the average variance extracted (AVE) and factor 
loadings was investigated in this study. The values of factor 
loading fulfilled the criterion, with most of them exceeding 
the required threshold of 0.7, as featured in Table 2. The 
AVE scores in Table 2 extended from 0.541 to 0.772, 
showing that they were all above the threshold of 0.5 [58]. 
As a result of these observations, convergent validity is 
obtained. The "Heterotrait-Monotrait ratio (HTMT)" was 
proposed by Henseler's research team as a novel metric for 
determining discriminant validity [59]. When compared to 
the last criteria, the HTMT ratio has been shown to perform 
better in this case. The HTMT criteria for evaluating 
discriminant validity were explored in this study, as 
indicated by [57] and based on prior assumptions. Because 
most of the values were lesser than the suggested value of 
0.9, the HTMT criteria were met, as shown in Table 3. 
 

TABLE 3 HETEROTRAIT-MONOTRAIT (HTMT) RATIO 

 BI EE PB PR 

 

PE 

 

SI 

BI       

EE 0.440      

PB 1.165 0.408     

PR 0.643 0.653 0.619    

PE 1.174 0.413 1.172 0.616   

SI 0.366 0.819 0.363 0.700 0.364  

Source: Primary Data computed by using SmartPLS 3 

* PR- Perceived Risk, PB- Perceived Benefits, SI- Social Influence, EE- 

Effort Expectancy, PE- Performance Expectancy, BI- Behavioural 

Intention, 

 

B. Assessment of structural model  

The next phase after stating the measurement model is 
structural model. The path coefficients and coefficient of 
determination (R2) in this model is determined using a 
bootstrapping process with 5000 re-samples [55]. The 
structural model evaluation allows for testing hypotheses, as 

illustrated in Table 4 and Fig. 2. According to the research, 
performance expectancy significantly affects registered 
users' behavioural intention to use UPI payment. As a result, 
H4 (t =5.393, p=0.000) is supported. The data revealed that 
perceived benefit significantly impacted the behavioural 
intention of registered users to utilise UPI payment. As a 
result, H2 (t=4.265, p=0.000) is supported. Moreover, the 
study found that effort expectancy significantly impacted 
registered users' behavioural intention to utilise UPI 
payment. The value of H1 is therefore validated (t =2.381, 
p=0.018), and social influence also significantly impacted 
registered users' behavioural intention to utilise UPI 
payment. H1 is therefore validated (t =2.006, p=0.045). The 
findings revealed that perceived risk has a least significant 
effect on behavioural intention to use UPI payment. Hence, 
H3 (t=0.839, p=0.402) is not supported.  
 

TABLE 4 HYPOTHESES TESTING FUNCTION 

Hypotheses Relationship SD T-

value 

P-

value 

Decision 

statement 

H1 EE  BI  0.019 2.381 0.018 Supported 

H2 PB  BI 0.103 4.265 0.000 Supported 

H3 PR  BI 0.020 0.839 0.402 Not Supported 

H4 PE BI 0.101 5.393 0.000 Supported 

H5 SI  BI 0.019 2.006 0.045 Supported 

Source: Primary Data computed by using SmartPLS 3 

*PB- Perceived Benefits, PR- Perceived Risk, SI- Social Influence, EE- 

Effort Expectancy, PE- Performance Expectancy, BI- Behavioural 

Intention,  SD- Standard Deviation. 

 

 
Fig 2 PLS algorithm results 
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C. Common method bias  

To confirm that the data collected did not comprise 

Common Method Bias, the Harman single-factor with six 

variables (perceived benefits, perceived risk, social 

influence, effort expectancy, performance expectancy and 

Behaviour intention) was employed (CMB). The six factors 

were then integrated into a single factor. The findings show 

that a single component accounted for 33.737 per cent of the 

variation, which was less than the needed 50% [60]. As a 

result, the data collected shows no cause for concern in 

terms of CMB. 

V. DISCUSSION 

This research enhances the outlook of the role played by 
perceived benefits, perceived risk, social influence, effort 
expectancy and performance expectancy. According to the 
UTAUT extended model, users in Tamil Nadu have 
expressed an interest in using UPI payment. According to 
the research, perceived benefits, social influence, effort 
expectancy and performance expectancy significantly 
influences the intention to use the UPI based payments 
system. Moreover, it could be highlighted that the more 
efficient UPI payment methods are, the higher the 
behavioural intention to adopt such payment systems. As a 
result, the developers of UPI payment should concentrate on 
making changeovers in payment applications, potentially 
improving the transactions performance as suggested by 
users of UPI payment in Tamil Nadu. It is also ascertained 
that convenience of transacting through UPI will result in 
higher a behavioural intention to utilise such payment 
systems. To maintain the positive intention of UPI payment 
customers in Tamil Nadu, UPI payment providers should 
strive to develop a payment technology - simple and 
friendly to use. Social pressure, peer influence from friends 
and family also positively impact the behavioural intention 
to adopt UPI payments. Adding to that there are many 
benefits like ease of  transaction, immediate payment 
service which is available 24x7, a transaction using UPI ID 
linked mobile number, daily Rs.1 lakh transaction limit, 
which induce the people to use UPI payment for their daily 
transactions. Research finds that perceived risk does not 
have a significant influence on behavioural intention for 
using UPI payment methods. It could be due to the 
pandemic outbreak appears to have shifted people's attention 
to cashless payments in our everyday life. Because of this 
Covid-19 pandemic, people prefer the UPI payment system 
in spite of some risk factors. The result could also be 
supportive of the fact that users have accepted the mode of 
non cash transactions as part and parcel of their life in the 
wake of pandemic – so other factors like benefits perceived, 
ease and convenience of use, social influence and excellent 
performance par expectations take priority for the users’ 
behaviour intention.  

VI. IMPLICATIONS OF THE STUDY 

This study presents empirical evidence for significant 
contributions to theory &practice. In case of conceptual 
implications, the extended UTAUT model has been used in 
a new geography, environment and context. The study has 

also developed a questionnaire which can be used in other 
geographical areas as well. The UTAUT model, which 
produced significant findings in the existing mobile 
payment research, expands the factors (i.e., perceived 
benefits, social influence, effort expectancy and 
performance expectancy) to add literature, instrument and 
evidence to the existing research repository. Digital literacy 
of people is drastically increasing nowadays, especially on 
the usage of a Smartphone. In financial transactions, people 
prefer digital payment options like mobile payment for 
multiple reasons like convenience, time-saving, robust 
performance, and added benefits. The reach of UPI is 
extended from urban to semi-urban and, to some extent, to 
the rural population. To cover the rural population with 
partial digital literacy, NPCI also launches the payment 
instruments like e-RUPI, an entirely cashless and contactless 
digital instrument for payment by SMS string-based e-
voucher and QR code. The study is important to the policy 
makers to focus on the efficiency and effectiveness of the 
proposed payments app and interface so that the agenda of 
‘Cashless India’ under the flagship programme of Digital 
India will reap its benefits in full. The study results are 
relevant particularly in the current pandemic scenario, where 
people are steered to transact even for bill payments or 
shopping through mobile payment. In such circumstances, 
banks and third-party payment aggregators can provide 
more awareness about UPI payment, especially among rural 
users. However, banks should focus on improving the 
aspects of transaction security and privacy. They could also 
avail the services of third party payment aggregators like 
Phonepe and G-pay to gain the confidence of users and 
attract more customers to use UPI payment for their 
transactions. 

VII. CONCLUSION AND DIRECTIONS FOR THE FUTURE 

The objectives of the current research were: 1) To map the 
demographic profile of the people in Tamil Nadu who are 
using UPI payment, 2) To understand the variables that 
impacts the behavioural intention of UPI payment users 3) 
To explore the significant forecasters of the behavioural 
intention of UPI payment in pandemic period. This research 
study, with extended UTAUT model critically examined the 
UPI payment adoption in the pandemic times. Out of five, 
four characteristics (perceived benefits, social influence, 
effort expectancy and performance expectancy) were shown 
to have a substantial relationship with behavioural intention 
to use. According to the results, performance expectancy is 
the powerful predictor of UPI payment users' intention to 
use, followed by perceived benefits, effort expectancy and 
social influence. According to the results, this research 
could assist service providers such as banks and third-party 
payment aggregators in developing appropriate UPI 
payment interface and infrastructure for robust, secure, 
efficient, safe and hygienic transactions not only during 
pandemic but for many years to come. Convenience and 
comfort will make the UPI payment system vibrant among 
the people. In order to optimise digital banking through UPI 
in the future, banks and other service providers should 
understand the user expectation and offer new and better 
services. 
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Abstract—The main objective of our research is to establish
a connection of a user outside the coverage area of its network
service provider with the best efficiency and least network latency,
thereby accessing the available virtual network of the nearest/
closest user or the best available spectrum of the radio frequency
to connect with the base station, which is basically indirect
connectivity to the Base Station. Cognitive radio algorithms
would help to access the free spectrum of different nearby users
and devices within the coverage area in the neighborhood and
thus connect to their respective base stations in order to transmit
information. Our project is to measure the success probability
of transmitting information and comparing different situations
in the simulation.

Index Terms—Cognitive radio, Relaying, Spectrum Sensing,
Spectrum Assignment

I. INTRODUCTION AND MOTIVATION

Cognitive radio is a radio-technology in which communica-
tion systems are aware of their internal state and environment,
such as location and utilization of RF frequency spectrum
at that location. They can make decisions about their radio
operating behavior by mapping that. Cognitive radio systems
allow unlicensed secondary users to transmit on the licensed
frequency bands without degrading the transmissions of li-
censed primary users. [1]

Spectrum sensing aims to determine spectrum availability
and the presence of licensed users. Currently, the traditional
static spectrum allocation policies limit each wireless commu-
nication to use a certain frequency band, while there are other
available spectrum bands unlicensed for industrial, scientific,
and medical purposes. The rise in production and utilization
of low and medium-cost wireless devices has laid increasing
traffic on the limited and scarce unlicensed radio spectrum
resources.

The motivation of our entire paper is to find a novel
and effective way to ensure full-time connectivity for mobile
phones at the reception end, without any connection loss. In
order to achieve such a system that guarantees that service, we
have diffused the Cognitive Radio spectrum sensing, Relaying
and Smart-switching techniques to propose an algorithm that
helps a mobile device outside the reach of its service provider

Fig. 1. Inefficient spectrum sharing.

base station, to connect to nearby unlicensed networks and
communicate without any glitches.

Fig. 2. Basic cognitive radio model for connecting to the base station.

II. PROBLEM STATEMENT
Imagine a situation where the mobile is beyond the con-

nectivity of the service provider. Cognitive radio technology
allows the mobile device to sense the free networks of the

A Novel Strategic Way to Enhance the Connectivity
of Users Beyond Coverage Area Using Cognitive Radio

Relaying

978-1-6654-7886-1/22/$31.00 ©2022 IEEE
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nearby mobiles. We consider that the nearby mobiles may
or may not have access to their specific service providers at
that point in time. (They might be different service provider
connectivity)

A. Case I: A network access to nearby mobile devices.

We devised an algorithm, in which our “No service” mobile
device senses the presence of all possible networks around and
registers their data. There are three major factors stored in the
data:

1) Signal Strength (Cognitive sensing)
2) Distance from the mobile (Near-far problem)
3) Whether the free channel at that specific signal strength

is free for transmission. If “No” then it switches its
power to the network next in order.

Fig. 3. The Connectivity Algorithm.

B. Case II : Availability of high network traffic in the available
spectrum band due to a large number of licensed users.

We propose an approach where dynamic spectrum allo-
cation has been introduced to enable unlicensed spectrum
users (secondary users) to use a licensed spectrum from all
available spectrum which have low network interference and
comparative greater bandwidth. The main objectives behind
the dynamic allocation are, one to prevent primary users from
interference and second to utilize idle and available frequency
bands which are mostly unused. Cognitive radio supports the
capability to select the best available channel. There are three
main functions that CRNs will be handling:

1) Spectrum sensing (finding idle and available spectrum)
2) Spectrum management (selecting a best available chan-

nel in terms of bandwidth and with no (low) interference
with primary users)

3) Spectrum mobility (CRNs should be able to transfer
secondary users to new spectrums in case of any in-
terference and high traffic)

Hence, we propose to achieve full-time connectivity of
mobiles, even if they are beyond the reach of their service
provider base station. Our algorithm answers that the power
of the shared-spectrum signal is maintained at all times, by
switching between operators of different adjacent mobiles
around. The cognitive network allows us to connect to their
specific mobile base station that in turn would transmit a
message to our mobile base station via Relaying.

III. MAIN RESULTS

A. The model and algorithm

Case I : A network access to nearby mobile devices.
Assume a square area with a mobile and 4 surrounding

base station networks A,B,C,D. The mobile is out of the
connectivity area of the base stations. In this case, we assume
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there are multiple primary users in the A,B,C,D areas. The
mobile itself will in this way connect to the primary users,
use their free spectrum, and forward the signals to any of the
four base stations.

The mobile is on the move within the square. It can be
shown in every position on this two-dimensional square except
the four square areas A,B,C,D.

Fig. 4. The cognitive relaying network model.

Step1: Check whether the mobile is in the range of the
limited distance Ld from any of the four base stations. The
limited distance is set in a way to ensure that even if the
mobile is at the center of the square, it could still connect to
any of the four base stations.

Step2: After the first check, we get a series of distances that
are “legal” (within the range of Ld). Then we find the mini-
mum and maximum distances. In this case, the shorter distance
has a higher priority. We ascend the related base stations with
this priority order. The mobile would transmit signals in this
order. For example, if the mobile M is somewhere within the
square. If distances are MB¡MC¡MD¡MA, then the priority
order will be B,C,D,A. Then the mobile will transmit the signal
to B first. A special case is that if the mobile-to-base distances
have two or more to be the same. We will test the hops from
the mobile to the final base. Remember base stations would
forward the signal to another base. In this case, there will be
multiple hops to the final base. In this case, the fewer hops
with a higher priority.

Step3: Another check is to see if the station is free at a
certain time. As is known, a base station might be busy for
cognitive connection, where there is no free spectrum to use.
In our design, we randomly generate “yes” or “no” to represent
whether the base station is “available” or “not”.

B. Case II : Availability of high network traffic in the available
spectrum band due to a large number of licensed users.

Assume a small area with mobile having no connectivity
with the base station. There are many other mobile devices
present in the surrounding area having connectivity with their
base station. Now, assume that there is huge congestion in
the network due to the excessive number of network devices
connected in that area. In this case, connecting one more
device through that network hop will further increase more
congestion in the network spectrum.

Due to ever-increasing technology, the number of mobile
devices are rapidly growing second by second, and to cope up
with the network congestion we need to change the spectrum
bands frequency range.

Fig. 5. excessive load on the broadcast television and cellular telephonic
range.

So, we propose a cognitive radio spectrum sharing solution
where the spectrum of different frequency ranges can be used
to transmit the data using the above-mentioned approach for
assigning the spectrum range. Those approaches are :

1) Spectrum sensing (finding idle and available spectrum)
2) Spectrum management (selecting a best available chan-

nel in terms of bandwidth and with no (low) interference
with primary users)

3) Spectrum mobility (CRNs should be able to transfer
secondary users to new spectrums in case of any in-
terference and high traffic)

Fig. 6. all spectrum are available for use to mobile devices in case

IV. SIMULATIONS

A. Simulations for the transmission graph

The Power Performance in AWGN, Raleigh channel using
cognitive relaying. The simulation of this part is claimed from
reference papers.
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Fig. 7. The “No service graph and hand-off graph”.

Fig. 8. The Power Performance Graph.

B. Simulations for the base station selection

Fig. 9. The base selection result.

We test all positions that the mobile might be. The Result
gives us the selected network for each position. 1,2,3,4 repre-
sent A,B,C,D. The case where the result is 0 is that the mobile
is within A,B,C,D, which is “illegal”. The choice is both based
on the shortest distances from mobile to base and the freedom
of the base station.

V. FUTURE PROSPECT

A. Method 1

Confidentiality, Integrity, and Availability, for the secured
movement of data, these three factors are to be kept in mind
while designing a protocol or a system. We here specifically
will be concentrating on one of these factors, which is Avail-
ability. To make data more available, both the sender node and
the client node must be connected over a network that is robust
and well connected across geography. Widespread geography
availability becomes very difficult for the services providers to
sustain, with higher establishment and maintenance costs and
thus ultimately affecting the quality of connection and higher
points of failure. Thus a very simple approach to solving this
problem for a specific network provider would be to select
a specific geographic boundary and develop and maintain a
network that is highly available, robust, and fail-proof in the
geographic area. This allows other service providers to flourish
in another specific geographic location and so on. Now as an
end customer we should have one access card to the network,
or a universal sim card, which grants us access to a group of
network service providers as per my geographic movement
probabilities. This way the end customer is always proved
a high bandwidth, lower latency, and zero failure points.
Although, the group of service providers might be different
from one customer to another as per plans selected with respect
to geographic mobility. Such a solution could also ultimately
make international calls cheaper and more easily accessible
and for a frequent traveler without even having to change their
sim cards on every trip.

Now on a business standpoint, how do we identify the
fee charged by an individual network service provider in this
shared model? So this can again be quite easily resolved by
the “charge per-hop” model.

For a specific communication to happen from the sender
node to the receiver node, the data packet has to hop from one
node to another for the connection to establish and continue.
So the charge per call for a Network provider A will be: (
No of hops on nodes of A / Total No. of hops) * fee for the
call. This is how the fee per call can be shared by the network
provider.

Thus we will identify growth for a service provider in their
niche sector by identifying the maximum number of available
network nodes with the service provider and the area of the
geography being covered by them. Most importantly to ensure
quality, a standard needs to be maintained for the minimum
density for network nodes that should be available per unit of
geographic area. This standard for charging a fee per call can
also be followed for an international call.

B. Method 2

The other method for implementation of a singular hard-
ware multiple network access solution can be achieved by
cumulatively accessing the free bandwidth or free spectrum
of multiple Telecommunication Service providers on a sharing
model. Customised telecommunication plans can be crafted
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for end users on the basis of three factors: signal strength per
geographic area, availability of free bandwidth per geographic
area, time per specific geographic area.

User Specific Plans = F f(Highest Strength Carrier at
Area1,Time spent at Area, Availability of free bandwidth at
Area1 for the carrier),f(Highest Strength Carrier at Area2,Time
spent at Area2, Availability of free bandwidth at Area2 for
the carrier), . . . . f(Highest Strength at AreaN, Time spent at
AreaN, Availability of free bandwidth at AreaN for the carrier)

Where f and F are functions to calculate price and best
connectivity for a specific User Plan on shared network model.

VI. CONCLUDING REMARKS

We proposed an algorithm that allows full-time connectivity
of mobiles, even if they are beyond the reach of their service
provider base station. Our algorithm answered that the power
of the shared-spectrum signal is maintained at all times, by
switching between operators of different adjacent mobiles
around.

Our algorithm and simulation is a basic approach to enhance
the connectivity of cognitive relaying networks. In the future
work of others, this concept could be generalized to solve
large-scale connectivity problems.
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Abstract— This study sought to examine the wastewater 

management practices of the Indian chemical industry and its 

wastewater technology options with respect to the Waste 

Management Hierarchy. Primary data was obtained from 103 

senior representatives of the Indian chemical industry through 

personal and telephonic interviews over the period 2015-2018. 

The data obtained was analyzed using descriptive statistics as 

well as Chi square to test for the association between the 

concerned variables. The results showed that 18% of 

respondents segregated their individual wastewater streams 

with the remaining mixing the streams. With the awareness of 

the valorization potential of the wastewaters, there was an 

increase in segregation to 60%. The findings revealed that 

there is an association between the method of handling 

wastewater streams and knowledge of the wastewater streams. 

Also, there is an association between knowledge of the 

wastewater streams and the choice of technology options which 

are higher up on the Waste Hierarchy.  

Keywords— segregation, characterization, Waste 

Management Hierarchy, industrial wastewaters, Indian 

Chemical Industry  

I. INTRODUCTION  

Water pollution is one of the most devastating effects of 
industrial development significantly affecting the potability 
of drinking water with hazardous impurities. These 
impurities are released into the environment and local water 
bodies, causing deleterious health effects to human, animal 
and aquatic life. India produces 1.7 million tonnes of 
wastewater daily from two main sources: industrial and 
domestic and almost 78% of the wastewater is disposed off, 
untreated, in groundwater, lakes, and rivers [1]. The Indian 
chemical industry generates large amounts of wastewaters 
from its manufacturing processes. The problem of river 
pollution has assumed considerable urgency as a result of 
industrial growth. The last few decades have witnessed an 
increase in the generation of hazardous and toxic substances 
resulting from the manufacture of chemicals rendering more 
than 70% of the fresh water unfit for consumption [2]. In 
2018, the Central Pollution Control Board reported that 
there was an increase in the number of polluted stretches of 
India’s rivers [3] and further highlighted the rampant release 
of industrial effluents by manufacturing units as one of the 
sources of pollution. In 2019 however, there was an 
improvement in the water quality of rivers in the vicinity of 
industries due to the lockdown measures imposed to curb 

the COVID-19 pandemic [4]. Though health is of great 
concern, a growing economy also requires industrial growth. 
Target 6.3 of the Sustainable Development Goals (SDG) 
states: ‘By 2030, improve water quality by reducing 
pollution, eliminating dumping and minimizing release of 
hazardous chemicals and materials, halving the proportion 
of untreated wastewater and substantially increasing 
recycling and safe reuse globally’. The Sustainable 
Development Goals addresses industrial wastewater under 
the indicator 6.3.1 that measures “Proportion of wastewater 
safely treated,” through two sub-indicators on domestic and 
industrial wastewater (SDG indicators 6.3.1a and 6.3.1b, 
respectively). A report by UN Water in 2018 tracked the 
progress on the safe treatment and use of wastewater [5]. It 
highlighted that there are insufficient data available to 
estimate quantity of industrial wastewater that is released 
directly into the environment. Monitoring and aggregation 
of data on industrial discharges are poorly and very rarely 
done at the national level. Polluted surface waters pose a 
significant health risk to millions of people. Industrial 
wastewaters therefore need to be viewed differently than 
domestic wastewaters as a small quantity of toxic chemicals 
can pollute a large quantity of water if released 
indiscriminately into the environment or water bodies.  

A. Growth of the Indian chemical industry and its 

contribution to industrial water pollution 

The Indian chemical industry is expected to grow by 10-13 
per cent per annum to reach a size of USD 403 billion by 
2025 [6]. The chemical industry requires a huge amount of 
water and only a small fraction of that water forms a part of 
the products as seen from the E-Factor (kg waste per kg 
product) of bulk chemicals, fine chemicals and 
pharmaceutical industries [7].The remaining quantity of 
water is discharged as wastewater after minimal treatment 
and finally finds its way to the surrounding water bodies 
contributing to pollution of the natural waterways. 
According to Speight [8], chemical transformation processes 
change the chemical composition and structure of the 
discharged chemical and therefore need to be considered 
when discharge of industrial wastewater is permitted. The 
chemicals present in water bodies will, to a large extent, 
remain unknown and secondary, tertiary and quaternary 
reactions may occur as a result of mixtures of these 
chemicals which would usually not be triggered by 
individual compounds. The properties as well as the toxicity 

Page 86

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



of the chemicals influence the behaviour and life cycle of 
the chemical in the environment [9], [10]. Since 
temperature, dissolved salts and gases, organic and 
inorganic matter, heavy metals and trace elements determine 
the chemistry of the water body [11], [12], it is important 
that chemicals are prevented from reaching the water 
environment. For overall socio-economic growth and 
welfare, technological options can reduce the use of 
freshwater by industrial sectors as well in the development 
of efficient and effective water treatment and reuse methods. 

 

B. Lumped or combined parameters 

Traditionally, combined or lumped parameters have been 
used to assess water quality due to the impracticability and 
sometimes impossibility of measuring most of these 
components individually [13]. Since the 1990s, CPCB has 
been monitoring the river quality mainly by measuring BOD 
(Biological Oxygen Demand) where the permissible limit of 
less than 3mg/lt is indicative of a healthy river. However, 
Lele [14] highlighted the need to focus on industrial 
pollutants which would be indicated by COD (Chemical 
Oxygen Demand) and not mainly on BOD levels  as 
recalcitrant chemicals will often not indicate BOD using the 
standard test [15].  
Wastewater management therefore becomes focused on 
reduction of the parameter values to conform to the 
permissible limits before disposal. Source-specific pollution 
standards for industries with respect to pollution 
concentration of major water pollutants, viz, chemical 
oxygen demand (COD), Total Dissolved Solids (TDS), 
suspended solids (SS) and pH and other parameters have 
been prescribed by the Central Pollution Control Board 
(CPCB). This method of indication using lumped parameters 
does not specify the chemical entity that is responsible for 
the parameters values and is non-discriminatory. Take for 
example, the permissible limit for COD is 250mg/lit. Two 
chemicals with similar COD values may cause very different 
impacts on the environment. It is important that information 
not only on lumped characteristics like BOD, COD or pH are 
known but also the concentrations of specific chemicals in 
the wastewater which constitute those values. Sources of 
recalcitrant COD need to be identified to improve the quality 
and recyclability of industrial wastewaters through the 
selection of the best available technologies [16]. In case of 
wastewater streams with very high values, there can be 
technology limitations to comply with the permissible 
disposal limits. 

C. Segregation of industrial wastewater streams 

Processing of waste in a manufacturing unit is considered 
as a part of production and operating costs and is guided by 
principles in the selection of an appropriate process for waste 
treatment. Traditionally all wastewater streams from various 
processes are directed to an equalisation tank for further 
treatment. This increases the volume and dilutes the 
concentration of the wastewater. Waste material should be 
treated at its most concentrated point in the system [17] and 
unless the objective is destruction, emphasis and effort must 
be on the recovery of any valuable component of the waste 
[18]. Therefore, segregation of the individual waste streams 
would prevent the dilution and mixing of the wastewater and 
ensure that its concentration is the highest at that 
concentrated point in the process. Small volumes of 

concentrated wastewaters are easier to treat than large 
volumes of dilute wastewaters. 

D. Chemical characterisation of industrial waste streams 

Chemical and toxicological methods are available for the 

identification of toxic organic compounds in industrial 

wastewaters, however there is still limited knowledge of the 

chemical composition of industrial wastewaters [19]. Based 

on the manufacturing process, the sources of the identified 

compounds can be predicted. This is the primary step for the 

assessment of the environmental impact of a complex 

industrial discharge. However, using gas chromatography-

mass spectrometry (GC-MS), Keith [20] analysed seven 

industrial wastewaters for organic pollutants, revealing that 

compounds that were not indicated from the manufacturer's 

lists of products and raw materials, were discharged into the 

river body. Compounds of known toxicity or of potential 

concern can be eliminated by modifying the process stream 

and if these cannot be eliminated, appropriate pollution 

abatement controls must be applied to render these 

compounds harmless to the environment [21]. 

E. Knowledge of industrial wastewater streams 

Current quantification methods are based on limits set for 
physico-chemical parameters which are basically lumped 
parameters as they do not specify the chemical entity 
responsible for the parameter value. Greater the knowledge 
about the constituents of the wastewater stream, greater is the 
potential for recovery of chemicals given the availability of 
the right technology and its economic feasibility. D’Sa and 
Patnaik [22] have devised a Waste Valorisation Potential 
Score (WVPS) based on the level of knowledge of the 
constituents or chemical composition of the individual 
wastewater streams. The WVPS points to the Waste 
Management Hierarchy (WMH). Therefore it is logical that 
the chemicals compounds that constitute the high value of 
the lumped parameters are identified and then separated 
using appropriate technological and management processes 
guided by the WMH. Identifying individual chemical 
constituents or chemical characterization of wastewater 
allows for managerial as well as technological action on the 
wastewater [23], [24], [25]. 

II. THE WASTE MANAGEMENT HIERARCHY (WMH) 

The philosophy of the five-tiered WMH offered in the 

Waste Framework Directive, 2008 of the European Union 

[26] is represented by an inverted pyramid. Although 

primarily concerned with the management of solid waste, it 

can also be applied to liquid waste [17]. 
At the upper most rung is Waste prevention. This status is 
most preferred and is considered as a product or non-waste. 
Re-use, recycle and recovery follow at the subsequent rungs 
with disposal representing the lowest level on the Waste 
Hierarchy. Reduction at source depicts the action to prevent 
waste generation. Preparation for reuse is a process whereby 
valuable and reusable materials are recovered from the 
wastewater streams. Materials that are recovered can be 
used either for the purpose of reuse (chemicals, solvents, 
reagents, catalysts, etc. for recycling into the manufacturing 
process) or for sale to relevant users. Therefore, the Waste 
Hierarchy can be further bifurcated as: Prevention by 
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Reduction at source, Recovery of chemicals for sale, 
Recovery of chemicals for reuse [27], Recycle of water, 
Recovery of energy and Treatment for disposal thus giving 
rise to six levels as depicted in Figure I.  

The philosophy that waste processing is an operating cost 
to the manufacturer has now given way to the idea that waste 
material can be considered as a valuable resource and 
valorized. Chemical compounds that are generated as 
wastewaters are considered as a valuable resource if they can 
be segregated, characterized and identified, separated and 
purified to meet the specifications of the end user. The 
design of a relevant method of removal of pollutants from 
the wastewater primarily requires the knowledge of the 
pollutants and further the reactivity of the pollutants [25].  

FIGURE I: WASTE MANAGEMENT HIERARCHY DEPICTING SIX LEVELS 

 

 

 

 

 

 

Fig. 1. Source: Six levels of the Waste Management Hierarchy (Veleva et 
al, 2018) 

III. STATEMENT OF HYPOTHESES  

This study sought to investigate the presence of a 

relationship between wastewater management practices in 

the Indian chemical industry and knowledge of wastewater 

streams as well as the technological options guided by the 

WMH. 
 

• Ha1 – There is an association between handling 
method of wastewater streams and knowledge of 
those wastewater streams. 

• Ha2 – There is an association between the knowledge 
of individual constituents of the streams and the 
evaluation of technologies higher up on the Waste 
Hierarchy. 

IV. METHODOLOGY  

In order to achieve the objectives of the study, personal as 
well as telephonic interviews using a structured 
questionnaire were conducted with manufacturers of 
chemicals that had wastewater streams that were not 
meeting discharge standards due to very high discharge 
parameter values. These manufacturers were identified 
through various industrial seminars, exhibitions, workshops 
and conferences. A total of 159 respondents were contacted 
between January 2015 to March 2018. To address 
completeness of the questionnaire, telephonic interviews 
were also conducted in some cases and 103 complete 

responses were finally obtained giving a response rate of 
65%. The respondents belonged to senior levels of 
management of manufacturers of bulk chemicals, 
agrochemicals, specialty chemicals, pharmaceuticals and 
fine chemicals in the states of Gujarat, Maharashtra, 
Karnataka, Tamilnadu, Andhra Pradesh, Telangana and 
Goa. Respondents were surveyed regarding the method of 
handling their wastewater which comprises of two ways – i) 
mixing of various  wastewater streams that emanate from 
individual processes and ii) segregating of individual 
wastewater process streams. Those segregating the streams 
were further asked if they were characterizing these streams 
into their individual chemical constituents. Chemical 
characterization improves the knowledge of the wastewater 
stream and prompts actions to deal with the stream with 
respect to its individual constituents rather than as a mixed 
whole. The study then sought to probe deeper into the 
technological options that these organizations were 
exploring to understand any association between knowledge 
of constituents of the wastewater streams and the choice of 
technologies. The technologies that sought to recover, reuse 
and recycle either water or the individual constituents were 
considered to be higher up the Waste Hierarchy while 
technologies to discharge after treatment were considered to 
be lower on the Waste Hierarchy.  

 

V. RESULTS AND DISCUSSION  

A. Hypothesis Testing  

a)  Ha1 – There is an association between handling 

method of wastewater streams and knowledge of those 

wastewater streams.  

TABLE I.  
CHARACTERIZATION OF WASTEWATER STREAM BASED ON HANDLING 

METHOD  

Handling method 

of wastewater 

Level of Knowledge of wastewater generated  

Chemical 

characteri

zation 

Lumped 

parameters 
Total 

Segregating 19 0 19 

Mixing 43 41 84 

Total 62 41 103 

 
In Table I, out of the 103 respondents, 18.45% (19 of 103) 
were segregating while 81.55%  (84 respondents) were 
mixing their wastewater streams. Of these 84 respondents, 
43 of them or 51% were able to chemically characterise 
their wastewater to a large extent as the mixed streams were 
lean streams having known component characteristics. In 
all, 62 respondents or 60% of the 103 respondents were 
characterizing their wastewater streams into their individual 
chemical components. Chi Square test was used as a test of 
independence to explain whether the two attributes are 
associated. As the significance test does not indicate the 
degree of effect, displaying the effect size is useful to 
display the magnitude of the effect. To provide an estimate 
of the magnitude of the association between the two 
attributes, the Chi Square value obtained is converted into 
Phi Coefficient (symbolised as φ). Phi Coefficient ϕ is a 
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measure that indicates the strength of the association 
between two categorical variables for 2x2 contingency 
tables [28]. The result was tested at 5% level of significance. 
N is the sample size involved in the test which is 103.  
 
Calculation of Chi Square (χ2) based on Table I: 
χ2 = 15.41,  df = 1 
Table value of χ2 for 1, df at 5% significance level is 3.841. 
In the Chi-squared distribution, the critical value is 3.841 for 
1 degree of freedom at an alpha level of 0.5. The data has a 
large Chi-squared statistic of 15.41 which is larger than 
3.841; it is large enough to reject the null hypothesis of 
independence, concluding a significant association between 
two variables; handling method of wastewater streams and 
knowledge of those wastewater streams. 
 
Effect size of the test statistic: 
φ = Square root of χ2 /N = 
Calculated φ = 0.4 
A Phi coefficient value of 0.4 indicates a weak positive 
correlation between the handling method of wastewater 
streams and knowledge of chemical components of 
wastewater generated.  

To understand these results better, current practice of 
segregation or mixing the wastewater streams was compared 
with the new practice of chemical characterization. 
Chemical characterization indicates a better knowledge of 

the wastewater as compared to lumped parameters. 

TABLE II.  LEVEL OF KNOWLEDGE OF WASTEWATER STREAM ‘AFTER 

CHEMICAL CHARACTERIZATION’  

Handling method 

of wastewater 

Level of Knowledge of wastewater generated  

Segregating Mixing Total 

Current practice 19 0 84 103 

‘After chemical 
characterization’ 

19 43 41 103 

 
As seen in Table II, 18.45% (19 out of 103) of respondents 
were segregating their wastewater streams while 81.55% (84 
out of 103) were mixing their streams as per their current 
practice. For the purpose of chemical characterization, 43 
respondents were added to the 19 who were initially 
segregating, taking the companies segregating their 
wastewater streams to 62 (60.19%). The remaining 41 
(39.81%) respondents continued to mix their wastewater 
streams as dictated by their waste management policy. This 
shows that the number of companies that were able to 
chemically characterize their wastewater has increased to 
60.19% from the earlier 18.45% as a result of segregation of 
the streams while the number that were following the 
practice of mixing wastewater streams has dropped from 
81.55% to 39.81%. This indicates that it is easier to 
chemically characterize wastewater streams if they are 
segregated and not mixed. 

 

b)  Ha2 – There is an association between the level of 

knowledge of constituents of the wastewater streams and the 

choice of technologies higher up on the Waste Hierarchy.  

TABLE III.  
WASTEWATER MANAGEMENT STRATEGY BASED ON THE LEVEL OF 

KNOWLEDGE OF WASTEWATER COMPOSITION  

Level of knowledge 

of constituents of 

wastewater 

Wastewater management practice 

Choice of waste 

management 

technologies 

higher up on the 

Waste Hierarchy 

Continue with 

current    waste 

management 

practice 

Total 

Chemical 
characterization 58   4 62 

Lumped parameters 0 41 41 

Total 58 45   103 

 
Calculation of Chi Square (χ2) based on Table III: 
χ2 = 87.8, df= 1 
Table value of χ2 for 1 df at 5% significance level is 3.841 
Calculated χ2 is greater than the table value. Therefore the 
null hypothesis does not hold good leading to the conclusion 
that there is an association between the knowledge of 
constituents in the wastewater streams and the choice of 
technologies higher on the Waste Hierarchy. 
 
Effect size of the test statistic: 
The Phi coefficient (φ) is used since the contingency table is 
2x2. 
φ = Square root of χ2 /N 
φ = 0.92 
A Phi coefficient value of 0.9 indicates a strong positive 
correlation between the knowledge of the constituents of the 
wastewater streams and the choice of pollution abatement or 
prevention technologies higher on the Waste Hierarchy. 

Organisations that have knowledge of their individual 
constituents of their wastewater streams are more likely to 
scout for pollution abatement or prevention technologies 

that are higher up on the Waste Hierarchy. 

VI. CONCLUSIONS  

During the study conducted, some respondents provided the 

details while others had little or no knowledge of some of 

the specific chemical constituents in the wastewater streams 

being generated from their manufacturing processes. These 

organisations were mainly looking for a solution to reduce 

the COD or TDS levels that were beyond permissible 

discharge limits to enable disposal as a waste management 

solution. The respondents that had knowledge of the 

chemical constituents of their wastewater streams provided 

the details and were those who were actively looking for a 

solution for valorising the wastewater components either 

through recovery or reuse captively or through sale to 

vendors. While the discharge norms are based on lumped 

parameters like COD, TDS, pH, etc alongwith a few 

parameters, these do not help in remediating the pollution 

potential but only mitigate it due to limitations of 

technology for treating wastewater streams with very high 

parameters. It therefore becomes pertinent that the 

constituents of the effluent stream which contribute to these 

lumped parameters are known to enable their recovery or 

recycle consequently reducing their toxicity to a greater 

extent. 
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The knowledge of individual constituents of wastewaters 
encourages the manufacturer to evaluate them in terms of a 
resource that can be recovered. Separation technology 
options are available that can separate individual 
constituents in the form of usable chemicals which can serve 
as a captive input for its manufacturing process or as a raw 
material for use by another manufacturer thus encouraging a 
circular economy. Detailed chemical analysis using 
techniques such as GC/MS and even HPLC/MS that offer 
the prospect of relatively easy identification and 
quantification of a wide range of chemicals are more 
affordable than a team of analysts. Constant analysis and 
monitoring of data is a small price to pay for the successful 
treatment of industrial effluents [25].  
The above results show that segregation of individual 
wastewater streams is the first step towards sustainable 
wastewater management. Further, the characterization of the 
segregated streams into their individual components focuses 
managerial attention to recover useful components for 
recycle and/or reuse, thus making a case for sustainable 
manufacturing through sustainable wastewater management 
strategies. There is an urgent need to promote the polluter 
pays principle to drive and prioritize action towards 
achieving target 6.3. Segregation and characterization 
leading to choice of technology options higher on the Waste 
Hierarchy can help reduce the pollutant load and volume of 
industrial discharges into the environment.  
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Abstract—The study aimed at understanding the relationship 

of knowledge and beliefs in Parkinson’s Disease on the 

compliance to medication and physical exercise outcomes in 

PwPs. Data was obtained from a sample of 257 Persons with 

Parkinson’s (PwPs). Correlation coefficient and multiple 

regression was carried out and results indicated that knowledge of 

Parkinson’s Disorder, knowledge of the therapy and treatment 

increased patterns of physical exercise in PwPs. The research also 

concluded that beliefs in higher forces and faith healers decreased 

compliance and adherence to medication in PwPs. 

Keywords— Parkinson’s Disorder, Mental Illness, 

Knowledge, Belief, Physical Exercise, Compliance to medication 

 

I. INTRODUCTION 

Parkinson’s Disease (PD) is a neurodegenerative progressive 
disease with an onset at the mean age of 55 [1]. For a 
diagnosis of PD, an individual must present at least two of the 
following symptoms: resting tremors, rigidity, bradykinesia, 
postural imbalance and masked face [2, 3, 4, 5]. The 
manifestations of Parkinson’s disease differ from person to 
person and also with duration of time [6]. 

Parkinson’s Disease (PD) has been found to be more 
prevalent in males than females, with men being 1.5 times 
more at risk as compared to women regardless of location and 
race [7, 8]. Although Parkinson’s Disease is a motor 
neurodegenerative disease, a number of nonmotor symptoms 
are found to be present as well. 

One of the most frequent disorders are sleep disorders, which 
include excessive daytime sleep and disturbed nocturnal 
sleep [9]. Cognitive decline in another nonmotor symptom 
with many Persons with Parkinson’s (PwPs) developing 
dementia after a period of 10 years from the onset of the 
disease [10]. Significant loss of short-term memory as well as 
long term memory deficits can be seen [11, 12]. The most 
common mood disturbance is depression with up to 50% of 
PwPs experiencing it during some stage of the illness [13]. 
Major depressive disorders have been reported in 17% of 
PwPs [14]. This leads to a decreased quality of life for an 
individual with Parkinson’s [15]. A strong correlation is 
found between motor fluctuations and mood fluctuations as 
the disease progresses [16]. 30% of PwPs have shown signs 
of psychosis and confusion [17]. These may result in visual 

hallucinations along with delusions accompanied with 
aggressive episodes [10]. Phobic disorders, social phobias 
and panic attacks have been listed as anxiety disorders in 
Parkinson’s Disease [6]. The lifetime prevalence of an 
anxiety disorder in PwPs is 49%, social phobia is 9%, specific 
phobias is 19% and panic disorders are 10% [6]. 

Although a lot of research has been done on motor symptoms 
and nonmotor symptoms of Parkinson’s disease, research on 
variables such as knowledge of PD and beliefs of PwPs is 
limited to the best of our knowledge. Research on these 
variables will further shed light on potentially improving the 
overall treatment outcomes in Parkinson’s Disease. 

II. RESEARCH METHODOLOGY 

The research aims to understand the effect of variables on the 
compliance to medication and physical exercise outcomes in 
Persons with Parkinson’s (PwPs). This dataset contains a 
total of 257 observations where 153 of the participants were 
men and 104 of the participants were females.  

In order to build an effective model to analyse the data, the 
following indexes needed to be defined. 

A. Mental Illness Index (MIInd) 

In the dataset obtained, the following attributes measure the 
mental illness state of a Person with Parkinson’s (PwP). 

● Depression 

● Anxiety 

● Cognitive Impairment 

● Sleep Issues 

● Hallucinations  

● Delusions 

● Mood Swings 

 

Each of the above variables was measured using a binary 
scale where 0 indicates mental illness not present and 1 
indicates mental illness present. For ease of analysis a new 
index called the Mental Illness Index (MIInd) is defined 
below: 
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Mental Illness Index = Depression + Anxiety + Cognitive 
Impairment + Sleep Issues + Hallucinations + Delusions + 
Mood Swings 
 

B. Physical Exercise Index (PEInd) 

In the dataset obtained, the following attributes measure the 
physical exercise state of a Person with Parkinson’s (PwP): 

● Yoga 

● Cardio 

● Posture Training 

● Leg Strengthening 

● Exercise 

 
Each of the above variables was measured using a scale 
ranging from 0 to 4 where 0 indicates no presence of physical 
exercise and 4 indicates high presence of physical exercise. 
For ease of analysis a new index called the Physical Exercise 
Index (PEInd) is defined below: 
 
Physical Exercise Index = Yoga+ Cardio+ Posture 
Training+ Leg Strengthening + Exercise 
 

C. Knowledge Index (KInd) 

In the dataset obtained, the following attributes measure the 
Knowledge state of a Person with Parkinson’s (PwP): 

● Knowledge of Parkinson’s Disorder 

● Knowledge of Treatment 

● Knowledge of Therapy 

 
Each of the above variables was measured using a scale 
ranging from 0 to 4 where indicates no knowledge present 
and 4 indicates high level of knowledge present. For ease of 
analysis a new index called the Knowledge Index (KInd) is 
defined as shown below: 
 
Knowledge Index = Knowledge of PD +Knowledge of 
treatment +Knowledge of therapy 
 

D. Belief Index (BFInd) 

In the dataset obtained, the following attributes measure the 
belief state of a Person with Parkinson’s (PwP): 

● Belief in Faith Healers 

● Belief in God 

● Belief in Higher Forces 

● Belief in Supernatural Forces 

Each of the above variables was measured using a scale 
ranging from 0 to 4 where 0 indicated no beliefs present and 
4 indicated higher beliefs present. For ease of analysis a new 
index called the Belief Index (BFInd) is defined as shown 
below: 
 
Belief Index = Belief in Faith Healers +Belief in God + 
Belief in Higher Forces + Belief in Supernatural Forces 
 

E. Compliance to Medication  

In the dataset obtained, the following attributes measure the 
compliance to medication of a Person with Parkinson’s 
(PwP): 

● Refuses to take 
● Takes if given 
● Takes voluntarily 
● Has to be reminded to take 

Hypothesis And Statistical Analysis 

 
The data was obtained from a sample of 257 Persons with 
Parkinson’s (PwP). The following hypotheses were tested to 
determine the relationship between the different indexes. 

● A negative correlation exists between Mental Illness 

Index (MIInd) and Physical Exercise Index (PEInd) 

● A positive correlation exists between Physical 

Exercise Index (PEInd) and Knowledge Index 

(KInd)  

● A negative correlation exists between Belief Index 

(BFInd) and Compliance to Medication. 

In the previous section, the indexes have been defined and 
statistical analysis has been carried out to understand the 
trends and patterns exhibited by the dataset. The correlation 
coefficient was used to assess the relationships between the 
different indexes defined. Multiple regression was then used 
to assess the effect of each variable further. 

III. RESULTS AND DISCUSSION 

 
Data was obtained from 257 Persons with Parkinson’s (Pwp). 
The Pearson Correlation was carried out on the hypotheses to 
determine their statistical significance. 
 
The correlation coefficient between Mental Illness Index 
(MIInd) and Physical Exercise Index (PEInd) obtained was r 
=0.02716202, which indicated a small nonsignificant 
correlation between the two indexes. 
 
The correlation coefficient between Physical Exercise Index 
(PEInd) and Knowledge Index (KInd) obtained was r = 
0.4818693 indicating a positive relationship between the 
indexes. This means that if Persons with Parkinson’s (PwP) 
have knowledge of the disease, its therapy and treatment, they 
are more likely to engage in physical exercise. 
 
The correlation coefficient between the Belief Index (BFInd) 
and Compliance to take medication obtained was r = 
0.134778, indicating a negative relationship between the 
variables. This means that an increase in beliefs in faith 
healers, supernatural powers, and God would lead to a decline 
in compliance to medication. 
 
The data was further analyzed using Multiple Regression to 
assess the effects of the variables. 
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Multiple Regression Analysis: 

A multiple regression analysis was used to assess which 
factors (Knowledge of disorder, knowledge of therapy and 
knowledge of treatment) in the knowledge index (KInd) 
contributed to an increase in the physical exercise pattern 
(PEInd). 
 

 

Physical Exercise Index (PEInd) = ɑ +ꞵ1* Knowledge of 

PD + ꞵ2* Knowledge of Treatment + ꞵ3*Knowledge of 

Therapy                                                                         (1) 

 

 

Table 1 Indicating the Multiple Regression analysis of Physical 

Exercise Index (PEInd) and Knowledge Index (KInd) 

lm (formula = PEInd  ̴  “Knowledge of PD’+ ‘Knowledge of 
Treatment’+ ‘Knowledge of Therapy’, data = Parkinsons) 

Residuals: 

Min 1Q Median 3Q Max 

-3.8982 -0.8605 -0.1020 1.6879 5.1459 

Coefficients: 

 Estimate Std. Error t- value Pr (>|�|) 

(Intercept) 4.9672 0.5722 8.681 4.91e-16 
*** 

‘Knowledge 
of PD’ 

1.5864 0.1615 9.822 < 2e- 16 
*** 

‘Knowledge 
of Treatment’ 

1.5861 0.1862 8.519 1.46e- 15 
*** 

‘Knowledge 
of Therapy’ 

-0.2101 0.1084 -1.938 0.0537. 

--- 

Signif. codes:    0 ‘***’0.001     ‘**’ 0.01         ‘*’0.05       ‘.’  0.1      ‘ ’    
1 
 

Residual Standard Error: 2.032 on 253 degrees of freedom 

Multiple R-squared: 0.4746,         Adjusted R-squared:      0.4684 

F-statistic: 76.17 on 3 and 253 DF,   p-value: < 2.2e- 16 

 

 

From the analysis (Table 1) it is evident that all three 
variables under Knowledge Index (KInd) are significant and 
have a positive effect on the Physical Exercise Index (PEInd) 
“1”. This analysis corresponds to the correlation coefficient 
established that knowledge of the disorder, its therapy and 
treatment will increase patterns of physical exercise. 

 
A multiple regression analysis was used to assess which 
factors (Belief in Goa, Belief in Higher powers, Belief in 
Supernatural forces, Belief in Faith healers) in the Belief 
index (BFInd) contributed to a decrease in compliance to 
medication. 
 

Compliance To Take Medicine = ɑ +ꞵ1*God + ꞵ2*Higher 

Forces + ꞵ3*Supernatural Forces + ꞵ4* Faith Healers               

                                                                                            (2) 

 

 

 

 

Table 2  Indicating the Multiple Regression analysis of 

Compliance to medication and Belief Index (BFInd) 

lm (formula = Compliance to Medication   ̴  ‘God’+ ‘Higher Forces’+ 
‘Supernatural forces’ + ‘Faith healers’, data = Parkinsons) 

Residuals: 

Min 1Q Median 3Q Max 

-2.2105 -0.2105 -0.0488 0.7533 1.4036 

Coefficients: 

 Estimate  Std. Error t- value Pr (>|�|) 

(Intercept) 3.175644 0.365000 8.700 4.37e-16 
*** 

‘God’ 0.008724 0.090992 0.096 0.9237 

‘Higher Forces’ -0.130662 0.071296 -1.833 0.0680 . 

‘Supernatural 
Forces’ 

0.166833 0.104041 1.604 0.1101 

‘Faith Healers’ -0.129669 0.054980 -2.358 0.0191 * 

--- 

Signif. codes:    0 ‘***’0.001     ‘**’ 0.01         ‘*’0.05       ‘.’  0.1      ‘ ’    
1 
 

Residual Standard Error: 0.8284 on 252 degrees of freedom 

Multiple R-squared: 0.04299,         Adjusted R-squared:      0.0278 

F-statistic: 2.83 on 4 and 252 DF,     p-value: 0.02528 

 

From the analysis (Table 2) it is evident that two variables, 
belief in higher forces and belief in faith healers under Belief 
Index (BFInd) are statistically significant and have a negative 
effect on compliance to medication “2”.  
This analysis corresponds to the correlation coefficient 
established that belief in higher forces and faith healers will 
lead to decreased compliance to medication. This means that 
beliefs in faith healers and higher forces will lead to the 
tendency of Persons with Parkinson’s (PwP) avoiding 
medication. 
 

IV. CONCLUSION 

The study aimed at understanding the relationship of 
knowledge and beliefs in Parkinson’s Disease on the 
compliance to medication and physical exercise outcomes in 
PwPs. It is concluded that knowledge of Parkinson’s 
Disorder, knowledge of the therapy and treatment increased 
patterns of physical exercise in PwPs. The research also 
reveals that beliefs in higher forces and faith healers 
decreased compliance and adherence to medication in PwPs. 
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Abstract— This paper examines the long-run performance 

of 33 initial public offerings (IPOs) made by Indian companies 

during the period 2006–2015. The objectives of this paper are to 

analyse whether Indian IPOs underperform or outperform the 

market in the long run and to identify the extent of impact of the 

key determinants of long-run performance. The results show 

that the Indian IPOs outperform the market initially followed 

by significant underperformance in the period of three years. 

Buy and Hold Adjusted Return (BHAR) has been used to 

calculate the long-term return of the stock corresponding to the 

market. BHAR for three-year period is calculated and we found 

that almost all of the stocks underperformed with an exception 

of three stocks listed on the Bombay Stock Exchange. Also, there 

are different variables on which BHAR is dependent viz. time 

lag, issue size, and company age. Lastly, a negative correlation 

coefficient of 0.4 is found between listing day return and long-

term return. 

Keywords— Initial Public Offer, Performance, Long-Term, 

Listing Day Gain/Loss, Age, Issue Size, BHAR 

I. INTRODUCTION 

Financial system enables exchange of funds between lenders, 
investors and borrowers. The transition from being private to 
a public company is through Initial Public Offer (IPO), an 
important event in any firm’s life.  It involves issue of shares 
to the public in return for the capital. There are two major 
problems concerning IPO worldwide—listing day under- 
pricing and post-listing underperformance in the long run. 
This paper calculates listing day return, long term return and 
analyses the impact of company age, issue size and time lag 
on Buy and Hold Adjusted Return (BHAR). Closing price on 
the listing day of the stock is often seen to be much higher 
than the listing price, this phenomenon is called under-
pricing. The market adjusted return of the stock for a longer 
period of time is seen to be negative due to post-listing 
underperformance. 

II. LITERATURE REVIEW 

Borner & Pezus (2015) [1] analysed 357 IPOs of ‘A’ 
category shares listed on the Shanghai Stock Exchange (SSE) 
between 2001 to 2011. They estimate the degree of under-
pricing and long-term performance for these IPOs. They test 
whether the reforms introduced in China changed the trend of 
massive under-pricing reported in previous studies. They 
found that initial return of 93.42%, on average, is high when 
compared to that of western markets but relatively low when 
compared to previously reported studies on China. They also 
observed that the long-term underperformance was high but  

 

decreasing. They conclude that the Chinese IPO market is 
developing but still in its initial state. 

Dhamija & Arora (2017) [2] examined performance of 
377 IPOs made by Indian companies during 2005-2015 with 
the objective of analysing the long run performance of Indian 
IPOs in comparison to the broader market. The results of this 
study showed that at the end of 36 months post-listing 289 of 
the sample companies were trading below the offer price and 
311 of the sample companies were trading below the listing 
price. The results indicate that Indian IPOs generally 
underperform when compared to the broad market and 
thereby generate negative returns over an elongated period of 
time. 

Kirilov (2016) [3] examined long run performance of the 
initial public offerings in Continental Europe, in the markets 
of Italy, France, Germany, Spain and Sweden in particular. 
The empirical analysis is based on 1522 IPOs issued in the 
stated European countries. The study based on the notion that 
the shares issued in these markets during 1992-2012 and 
purchased at the closing price of the first day of public trading 
day had generally displayed a tendency to underperform non-
IPO firms with similar characteristics over the three years 
following the offering. Instead of focusing on individual 
countries, this study provided a generalised picture of IPO 
market in Continental Europe, a topic on which limited 
literature exists. 

Ong (2006) [4] considered a sample of 116 IPOs issued 
by companies in India and 341 companies that issued IPOs in 
the Chinese market during 2000-2001. The performance of 
these stocks over a five-year period was estimated to observe 
the performance in these two developing nations. The study 
found significant positive long-run performance of IPOs in 
both the developing markets but speculated that these were a 
result of market inefficiencies arising in India due to price 
manipulations and therefore said that they will not persist as 
agents learn of such inefficiencies and employ arbitrage 
strategies. 

Ritter (1991) [5] studied the time and industry 
dependence on the long‐run performance of IPOs. The 
sample taken comprised of 1,526 initial public offerings 
made during the period 1975–1984. Analysis revealed that if 
an investor chose to employ a strategy of investing in IPOs at 
the end of the first day of public trading and held them for 
three years then such strategy would have earned him only 83 
cents relative to each dollar from investing in a group of 
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matching firms listed on the American and New York stock 
exchanges. 

Seitibraimov (2012) [6] estimates the degree of under-
pricing of IPOs originating from Russia, Ukraine and 
Kazakhstan during the period from 1996 to 2010 calculating 
performance of these stocks during year one, two and three 
after the IPO and determining the factors leading to under-
performance. Based on the analysis it was established that 
under-performance was present in the sample data shares 
taken in all three countries. Although the under-performance 
was relatively moderate when compared to the results 
obtained from studies for other countries. The under-
performance of the CIS IPOs was severe when measured 
against the performance of the national index of the 
respective countries. The least degree of under-performance 
was documented in Russia followed by Ukraine and then 
Kazakhstan. 

III. OBJECTIVES 

The objectives of this paper are as follows: 

i. To estimate short term performance (listing day return) of 
IPOs issued in India. 

ii. To gauge the long-term return (Buy and hold strategy) 
performance (for three years) of IPO investors. 

iii. To find the extent of impact of select factors that 
determine long-run performance of IPOs. 

IV. METHODOLOGY 

A. Sample Size 

A total sample of 33 companies has been taken from 
different sectors which fulfilled the below mentioned criteria: 

i.  The data is available for all the variables from the time 
period 2006 to 2015, otherwise it was not considered. 

ii. To calculate BHAR, the data on the IPO listing date 
and three years after the listing date is needed. Thus, a 
company that had its stock listed for at least three 
years is considered. 

iii.  It should not be a Follow-on Public Offer (FPO). 

B. Time Period 

The data has been collected and analysed for a period of 
10 years from year 2006 to 2015. The closing price on the day 
of listing and closing price of the stock three years post listing 
is recorded from the Bombay Stock Exchange (BSE) website. 

C. Variables used in this study 

TABLE I lists the variables considered to achieve the 
objectives of the study. 

TABLE I.        VARIABLE DESCRIPTION 

Sr. 

No. 
Variable 

Variable 

Code 
Description 

1 Offer Price OP Offer price by the Issuer 

2 Closing Price CP 
Closing price of the stock on 
reference day 

3 
Listing Day 
(Gain/Loss) 

LDG/LDL (CP- OP) *100/OP 

4 Raw Return RR 
(CP on nth day of trading – CP 
of first day of trading)/CP on 
the first day of trading 

5 Market Return MR 

(Sensex on nth day of trading 
– Sensex on the first day of 
trading of the stock)/ Sensex 
on the first day of trading of 
the stock 

6 
Buy and Hold 
Adjusted 
Return 

BHAR RR - MR 

7 Company Age CA Age of company (in years) 

8 Issue Size IS Amount raised through IPO 

9 Time Lag TL 
Days lapsed between the 
closing of the issue and listing 
of the stock 

 

D. Short term performance Measurement 

Investors who purchase IPOs during offer period often 
experience a change in returns on the first trading day, 
indicating that the shares may have been offered at prices that 
are quite different from the intrinsic value. Deviation from 
the issue price is given by the first day returns generated by 
the stock, calculated as: 

Listing Day Gain/Loss = [(Closing Price – Offer 

Price)/Offer Price] * 100    … (1) 

Under-pricing is the phenomenon in which closing price 
on the listing day is higher than the issue price. Under-pricing 
of IPOs is a very prevalent phenomenon across world 
markets. However, the amount of under-pricing varies across 
nations for shareholders. The success of an IPO listing 
depends, among other factors, on the ability to determine an 
appropriate offer price. If a firm’s shares are over-priced, 
their sale to the public will be a failure and there will be no 
transfer of wealth from the existing investors to the 
newcomers. If the new shares are under-valued, the old 
shareholders will lose their claim on the firm’s cash flows at 
a price below a fair price. To avoid these uncertainties 
associated with public sale of securities, firms involve 
underwriters who undertake the responsibility of pricing and 
selling the new securities. The conditions under which new 
securities are offered to the public and the role of underwriter 
are both affected by the regulatory and institutional 
environment of local IPO market in which the company 
wishes to enlist its IPO. 

E. Long-Term Performance Measurement 

The long-run performance of an IPO is a very important 
point of interest in the stock market for a variety of reasons. 
From the viewpoint of an individual investor, the possibility 
of recognizing existing price patterns might present 
opportunities for trading strategies to produce superior 
returns. There have been numerous studies regarding the long 
run performance of IPOs for the same reasons. Companies, 
especially young ones looking for an influx of capital usually 
issue IPOs with a short-term perspective in mind but for the 
market stakeholders it is important to analyse the long-term 
growth or depreciation of an IPO as well. Studies have 
historically shown that IPOs tend to underperform over a 
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larger period of time. The long-term performance of any 
stock is important as the market is continuously subject to 
short-term volatilities but for an individual investor the return 
after a long period of holding the investment is of greater 
significance. 

i. Buy and Hold Adjusted Return (BHAR) is defined as 
the raw return minus the corresponding market return 
which in this study is BSE Sensex index return. 

BHAR = Raw Return – Market Return      … (2) 

ii. Raw Return is the individual return of a specific 
company; it is calculated in the following way: 

 Raw Return = [(Closing price on nth day of trading – 

Closing price on the first day of trading)/Closing price 

on the first day of trading)] * 100       … (3) 

nth day of trading in this study is after three years of 
listing. 

iii. Market Return is calculated using the Sensex index 
values on the date of listing and after three years of 
listing of the specific companies considered in this 
study. 

Market Return = [(Sensex Value3 – Sensex 

Value0)/Sensex Value0] * 100       … (4) 

where, Sensex Value3 = Sensex Index value after three 
years of listing day, Sensex Value0 = Closing value of 
Sensex Index on listing day. 

If the company’s raw return is more than the market return, it 
will result in a positive BHAR which means the performance 
of the company is better than the average performance of a 
company listed on BSE Sensex. But if the BHAR is negative 
then company’s raw return is less than its market return which 
means it performed worse than the average companies that 
constitute the BSE Sensex index. 

F. Determinants of Long-run Performance 

The variables considered in this study are based on 
literature reviewed, following variables are studied. 

Dependent variable: Buy-and-Hold Adjusted Return 
(BHAR) 

Buy-and-Hold Adjusted Return of IPO is calculated using 
the listing day data and data after three years of listing. The 
change in the wealth of the investors in an IPOs is assessed 
by assuming that the amount of money is passively invested 
on the initial day of listing and is held for three years and then 
this return is compared with the market benchmark i.e., of 
BSE Sensex index. 

Independent variables: 

i.  Company Age 
Company’s age is calculated as the difference between the 

registration and the date of listing (Goergen et al. 2007) [7]. 
An old company has more information which is public, so the 
public can analyse that data before investing in it, while a 
younger company has less information available. Therefore, 
age influences long-run IPO performance of a company 

negatively, a theory supported by Loderer & Waelchli (2010) 
[8]. 

ii. Issue Size 
The number of shares that are offered by a company is 

defined as issue size. The size is positively correlated with 
performance. As a larger, better-established company offers 
a larger number of shares, it generally is less risky (Guo et 
al., 2006) [9]. Also, since reputed firms raise more money 
there is no need for them to under-price the issue as much as 
smaller firms do. 

iii. Time Lag 
The time lag is the period between the official date of the 

prospectus announcement and the listing date of an IPO 
(Thomadakis et al., 2009) [10]. It usually starts about four 
weeks later. Such time lag has a negative effect on the buying 
investor. The investor tends to be uncertain if the time lag 
increases as they would have to wait for a longer period till 
listing occurs. This leads to uncertainty about IPO valuation 
and listing which corresponds to worse long-run 
underperformance (Tsangarakis, 2004) [11]. 

G. Multiple Regression Model 

The data is analysed using Multiple Regression. It is a 
statistical technique that simultaneously develops a 
mathematical relationship between two or more independent 
variables. In this study, time lag, age of the company and 
issue size of IPO are independent variables whereas BHAR 
is a dependent variable. 
 
BHAR = α + β1 * Age + β2 * Time Lag + β3 * Issue Size + εi

             … (5) 

V. DATA ANALYSES AND INTERPRETATION 

A. Descriptive Statistics 

The mean age of the company that issued its stock through 
IPO during the period of study is 13.91 years. New companies 
as young as four years old issued its shares at par with 
companies which have been in the market for more than four 
decades. The issue size of the IPOs considered in the sample 
varies from as minimum as 25 crores rupees to a maximum 
of Rs. 9,187.50 crores. Unlike the current norms, the average 
time lag in IPO listing in the sample is 53 days with a range 
205 days. The listing day return of the sample companies 
ranges from -52.86 per cent to 101.29 per cent, with an 
average listing day return of 6.11 per cent. The Buy and Hold 
Adjusted Return varies from -157.61 to 130.10 per cent 
indicating that there is a capital loss in some of the issued 
IPOs. The TABLE II outlines the descriptive statistics of the 
sample. 

TABLE II.        DESCRIPTIVE STATISTICS 

 

Variable 

Age  

(In 

years) 

Issue 

Size 

(In Rs. 

crores) 

Time 

Lag 

(In 

days) 

Listing 

Day 

Return 

(%) 

 

BHAR 

(%) 

Mean 13.91 547.76 52.91 6.11 -55.42 

Min 4.00 25.00 13.00 -52.86 -157.61 

Max 44.00 9187.50 218.00 101.29 130.10 

Std. Dev 8.56 1590.86 49.74 30.97 57.61 
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B. Sample Companies Variables Statistics 

The TABLE III presents company-wise statistics of 
independent variables viz., age, issue size and time lag, listing 
day gain/loss and BHAR (dependent variable) of the sample 
33 companies.  Using these values regression is run. 

TABLE III.        COMPANY-WISE DESCRIPTIVE STATISTICS 

Company 
Age 

(yrs) 

Issue 

Size  

(In 

crores) 

Time 

Lag  

(In 

days) 

Listing 

Day 

Gain/ 

Loss 

(%) 

BHAR 

(%) 

Abhishek Mills 
Limited 

14 41 41 -8.85 - 118.7 

Alkali Metals 
Limited 

40 26.27 38 68.11 - 157.6 

Asahi Songwon 
Colors Limited 

13 33.5 14 -0.06 - 57.18 

Bafna 
Pharmaceutical s 

13 25.6 40 -3.75 -8.99 

Bedmutha 
Industries 
Limited 

20 91.8 218 77.25 - 95.76 

Claris 
Lifesciences 
Limited 

16 300 32 -9.74 - 21.17 

DLF Limited 44 9187.5 41 8.58 - 68.04 

Fineotex 
Chemical 
Limited 

7 29.48 30 101.29 - 99.09 

First Winner 
Industries 
Limited 

4 68.75 40 -28.4 - 88.14 

HDIL 11 1485 161 11.72 - 66.54 

IL&FS 
Transportation 
Networks 
Limited 

10 700 152 6.1 - 47.26 

IRB 
Infrastructure 
Developers 
Limited 

10 944.57 42 2.19 -4.7 

Jindal Cotex 
Limited 

11 84.38 46 16.33 - 48.99 

K.P.R Mill 
Limited 

4 133.02 36 -22.89 - 66.31 

Kiri Dyes & 
Chemicals 
Limited 

10 56.25 14 5.7 60.19 

L.T. Overseas 
Limited 

12 39.4 95 -1.79 -2.86 

Mandhana 
Industries 
Limited 

 

16 

 

107.9 

 

13 

 

2.81 

 

60.55 

Meghmani 
Organics 
Limited 

12 102 17 40.26 - 58.94 

Mudra Lifestyle 
Limited 

10 86.22 45 -29.11 - 79.37 

 Muthoot 
Finance Limited 

14 901.25 30 0.71 - 19.36 

Omaxe Limited 18 551.69 33 12.89 - 93.22 

Omkar 
Specialty 
Chemicals 
Limited 

6 79.38 36 -52.86 130.1 

Parabolic Drugs 
Limited 

14 200 27 -13.6 - 105.3 

Prabhat Dairy 
Limited 

17 520 174 1.17 - 18.18 

Pradip Overseas 
Limited 

5 116.6 37 -2.59 - 103.2 

PTC India 
Financial 
Services 
Limited. 

5 438.76 21 -11.07 - 59.18 

Purvankara 
Projects 
Limited 

21 858.7 41 -9.56 -89.1 

Rathi Bars 
Limited 

14 25 55 -8.86 -65.7 

SMS 
Pharmaceutical s 

20 97.93 37 -5.82 - 84.68 

Sobha 
Developers 
Limited 

11 569.17 36 51.37 - 102.3 

Syncom 
Healthcare 

8 56.25 13 17.13 - 96.68 

Technocraft 
Industries 
Limited 

16 87.36 35 -3.9 - 63.13 

Transwarranty 
Finance Limited 

13 31.2 56 -9.13 -90 

C. Regression Analysis 

The result of regression analysis is presented in TABLE IV. 
The confidence interval considered in this study in finding t-
statistics is 95 percent. 

TABLE IV.        REGRESSION ESTIMATES 

Variables Coefficients Standard Error t- stat 
p- 

value 

Intercept -22.5486 23.1411 - 0.9744 0.3379 

Age -2.5215 1.5134 - 1.6661 0.1065 

Issue Size 0.0072 0.0081 0.8835 0.3842 

Time Lag -0.0327 0.2058 - 0.1589 0.8748 

From TABLE IV results it is noted that two of the 
independent variables viz. age and time lag are negatively 
correlated while issue size is positively correlated. 

D. Graphical Analysis 

The Fig. 1 to Fig. 3. Graphically present the relationship 
between the dependent variable (BHAR) and the independent 
variables considered in this study viz. company age, time lag 
and issue size. 

Fig. 1.  BHAR – Age Fit Plot 
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Fig. 2.  BHAR – Issue Size Fit Plot 

 

Fig. 3.  BHAR – Time Lag Fit Plot 

 

The correlation between Listing Day returns and BHAR 
from the data is found to be -0.409. Long-run performance 
of IPO measured in terms of BHAR are follows: 

i. Average BHAR     = -55.41785 
ii. Standard deviation of BHAR = +57.6062 
iii. Variance of BHAR   = +3217.9253 

VI.  CONCLUSION 

The contribution of this study to the field of research is 
not in providing a new methodology for studying long-term 
performance of IPOs, nor is it aimed at developing a new 
theory. Rather, it is aimed at using the existing research 
methods to provide insights about the long run 
performance of IPOs listed on Bombay Stock Exchange 
between the period 2006-2015 and the factors that impact 
it through multiple regressions. 

The empirical findings of the study provide evidence 
that the IPOs in Indian markets tend to underperform in the 
three-year post listing period. The performance of the 
stocks, all listed on BSE, was measured against the growth 
of the BSE Sensex index over a period of three years. 
Multiple regression analysis gauging determinants of long-
term performance showed significant negative correlation 
between the age of the company listing IPO and the long-
term performance. Also, there appears to be slight negative 
correlations between the long-term performance and the 
time delay between the announcement and enlistment of 
the IPO. Furthermore, slighter positive relation between 
the IPO’s performance and issue size on the listing day 
exists. 

The study has used existing research methods to provide 
insights into the relation between factors that are part of the 
event of an IPO listing and their effect on long-term 

performance. Larger and more extensive studies in the same 
direction may provide enough statistical ground for statistical 
tests of performance patterns. As stated by Van Gelderen & 
Huij (2014) [12] “…it is important that empirical evidence 
withstands a significant number of attempts of falsification 
before investment strategies are engineered that incorporate 
this knowledge.” 

The findings of this study with regard to the long-term 
underperformance concur with a lot of previously conducted 
studies and strengthen their claims further. 

One can speculate from the results of this study that the 
larger the period between the offer price date and the listing 
date of an IPO, the more an investor is likely to grow anxious 
as to whether there are any possibilities for changes in market 
condition during the waiting time. It is also likely that the 
long-term return of younger companies is better as they are 
more likely to grow from the point of time when the IPO is 
listed whereas for older companies it is unusual given the 
historical data available to anticipate unusually high returns, 
and Indian investors can be judged to have no negative bias 
against newer companies due to the lack of performance data. 
Issue size has shown to have a statistically insignificant effect 
on the long-term performance which goes on to suggest that 
the borrowing needs of the company don’t necessarily have 
an impact on the long-term returns. The listing day under-
pricing of the IPO has also shown a negative correlation in 
the regression which forces us to further speculate that the 
listing day gains are a very short-term anomaly and that 
anomaly is adjusted over time resulting in negative long-run 
returns for highly overpriced IPOs. 

To conclude, it must not be forgotten that the presented 
estimates are about an average IPO as an amalgamation of the 
samples that were taken, which is to say that some companies 
underperform over the long-run whereas others realize 
positive abnormal returns. A thorough analysis of each 
company would be able to give much a better insight about 
its future prospects and the findings of this study provide 
useful insights in that direction. 

VII. LIMITATIONS 

First, the pricing of the individual stocks three years from the 
time of IPO listing are subject to short-term volatilities 
arising in the market. Although this is adjusted to a certain 
extent by comparing with the BSE Sensex index, the changes 
arising due to firm’s interim performance might still have an 
effect. Second, the dataset of the number of IPOs taken is not 
big enough to give conclusive proof that could be applied 
extensively in the real world. Third, Follow on Public Offers 
(FPO) have not been taken up in this study. Lastly, the study 
is limited to IPOs are necessarily listed on Bombay Stock 
Exchange (BSE). 

REFERENCES 

[1] Borner, C., & Pezus, P. (2015). Initial Returns and Long-Term 
Performance of IPOs in China 2001-2011: Evidence on the Influence 
of the Institutional and Economic Context from the Shanghai Stock 
Exchange. Credit and Capital Markets, Credit and Capital Markets. 
48(2), 309-342. 

Page 99

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



[2] Dhamija, S., & Arora, R.K. (2017). Determinants of Long-run 
Performance of Initial Public Offerings: Evidence from India. Vision: 

The Journal of Business Perspective. 21(1), 35-45. 
[3] Kirilov, S.K. (2016). Long-run Performance patterns on the Initial 

Public Offerings Market of Continental Europe. 
[4] Ong, S.W.D. (2006). Under-Pricing and Long-Run Performance of 

Initial Public Offerings in Developing Markets. Dissertations and 
Theses Collection (Open Access). 

[5] Ritter, J.R. (1991). The Long-Run Performance of Initial Public 
Offerings. Journal of Finance. 46 (1), 3-27. 

[6] Seitibraimov, A. (2012). Underpricing and Long-term Performance of 
Initial Public Offerings from CIS, Thesis, Kyiv School of Economics. 

[7] Goergen, M., Khurshed, A., & Mudambi R. (2007). The Long-Run 
Performance of UK IPOs: Can It be Predicted?’. Managerial Finance. 
33 (6), 401-419. 

[8] Loderer, C., & Waelchli, U. (2010). Firm Age and Performance. 
IRPN: Innovation & Organizational Economics (Topic). 

[9] Guo, R-J., Lev, B., & Shi, C. (2006). Explaining the Short and Long-
Term IPO Anomalies in the US by R&D. Journal of Business Finance 
& Accounting. 33 (3-4), 550-579. 

[10] Thomadakis, S., Nounis, C., & Gounopoulos, D. (2009). The Long 
Term-Performance of Initial Public Offerings in the Athens Stock 
Exchange. 

[11] Tsangarakis, N. (2004). The price performance of Initial Public 
Offerings in Greece. Managerial Finance. 30, 26-44. 

[12] Van Gelderen, E., & Huij, J. (2014). Academic Knowledge 
Dissemination in the Mutual Fund Industry: Can Mutual Funds 
Successfully Adopt Factor Investing Strategies? Journal of Portfolio 
Management. 40 (4), 157. 

Page 100

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



A Study on the Various Technologies used to Combat Covid-19 
 

 

 
 

Karmuru Rohit Reddy 

Dept of Information Technology 

IEM Kolkata 

rohith.070501@gmail.com 

 

Rohini Dasgupta 

Dept of Electrical Engineering 

IEM Kolkata 

rohinidasgupta0307@gmail.com 

 

Joyatee Datta 

Dept of Computer Science and Engineering 

IEM Kolkata 

joyateedatta221@gmail.com 

 

Sayantan Dasgupta 

Dept of Electronics and Communication Engineering 

IEM Kolkata 

sayantan.dasgupta21@gmail.com 

 

 

 

 

 
ABSTRACT 

 

With time, Science has proved to be the Best Solution for solving 

problems and making our work easier and effective. In the last 

year and a half, COVID-19 has completely transformed our lives. 

Technology has become more important and necessary than ever 

in order for us to lead a quality life and help us adjust to the new 

normal. If one thing that COVID-19 has shown us profoundly, 

then it is how machines and technology can perform certain 

tasks efficiently, sometimes better than humans. Be it delivering 

food and medicine or predicting the number of cases or telling us 

the probability of spread of the virus, technology has proven to be 

very efficient in these testing times. Especially with a virus-like 

COVID-19 which is highly contagious and spreads through 

human contact, humans were highly dependent on technology 

even for the simplest of tasks. Through this paper, we review and 

research how exactly important technological domains Robotics, 

Data Science, Data Analytics, Computer Vision, VR, and others 

have played a major role or can play a major role in the 

management of and study of COVID-19. We have done a 

thorough study on the various technologies used to combat 

COVID 19. 

 
Keywords: COVID-19, Data Science, Robotics, VR, Data 

Analytics 

I. INTRODUCTION 

 
The COVID-19 virus has been spreading over the world 

since late 2019. It poses serious problems for practically 

every country on the planet. According to World Health 

Organization figures, there have been 57,639,631 confirmed 

COVID-19 cases with 1,373,294 deaths worldwide till 

November 2020. (WHO). COVID-19, a global pandemic 

produced by the novel severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), is an infectious illness caused 

by the novel severe acute respiratory syndrome coronavirus 

2 (SARS-CoV-2). Containment and mitigation have  been 

the core of pandemic management because of high 

transmissibility, a case fatality rate of more than 1%, and the 

lack of a viable antiviral treatment or vaccine. Despite 

relying on well-established public health concepts, nations 

throughout the world have had different degrees of success 

in reducing COVID-19's impact. 

 
In order to combat this pandemic, it is essential for us to 

study its pattern and predict its effects and influence. Here, 

Data Science and Data Analytics have played a huge role in 

forecasting its effects. Robotics has played a major role in 

helping the Human Race adjust to the new normal. Various 

other applications of AI, VR, Robotics, and Techno-medical 

have come forth which brought a new revolution and 

showed us a new way of managing and handling situations 

in the present world. No doubt, technology comes with a 

cost. 

II. ROBOTICS 

In terms of flexibility, autonomy, and human interaction, 

robotics has advanced significantly during the last decade. 

Robots had previously been confined to manufacturing 

floors and assembly lines, where they were relegated to 

repeating the same constrained tasks. Robotics has advanced 

to the point where it is ready to conquer many new 

industries, including space exploration, medical 

applications, personal services, entertainment, and military 

support, as seen by a recent succession of successful robot 

systems. Many of them are tumultuous and unpredictable. 

Uncertainty develops for a variety of reasons, including the 

intrinsic constraints of a given model of the world, sensor 

noise and perceptual limitations, and the approximate 

character of many computational solutions. New ways to 

develop intelligent systems have been explored in order to 

produce autonomous robots that can perform meaningful 

tasks in unstructured environments. 

 
I1I . Approaches in Medical Field 

In the last few years, the application of robots to medicine - 

or more broadly, technology and know-how generated from 

robotics research - has progressed fast from the hypothesis 

of a small group of "visionary" scientists to reality. A robot 

is defined as "a reprogrammable, multipurpose manipulator 

designed to move materials, parts, tools, or other specialized 

equipment through multiple programmed motions for the 

performance of a variety of tasks," according to the Robotic 

Institute of America. The robot is guided by a computer 

system that allows the end-effector to be moved to any 

desired location and orientation inside its workspace. 

978-1-6654-7886-1/22/$31.00 ©2022 IEEE
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COVID-19 risk can be reduced by using robotics on both 

the patient and the physician. When compared to traditional 

laparoscopy and open surgery, robotic surgery presents a 

safer alternative in terms of COVID-19 exposure for 

treatments. If all high-level measures are performed, the 

number of directly exposed medical staff is reduced, as is 

the length of time a patient stays in the hospital. As a result, 

the likelihood of COVID-19 infection among patients has 

decreased, and hospital capacity to treat COVID-19 patients 

has increased. 

Robotics can be used to execute procedures while reducing 

the risk of medical personnel being exposed. Noncontact 

ultraviolet (UV) surface disinfection can be performed by 

autonomous or remote-controlled robots using sophisticated 

navigation and recognition of high-risk/high-touch regions. 

COVID-19-enabled robots may also take daily temperature 

data in inpatients as well as patient temperatures at 

screening centers. Furthermore, robots can perform 

nasopharyngeal swab testing on their own. The employment 

of robotics to execute these jobs reduces the amount of time 

that staff must interact with COVID-19 patients, allowing 

them to devote their time to other patient-care tasks. 

Finally, drones or unmanned aerial vehicles (UAVs)  can 

spot COVID-19 transporters. UAVs may monitor ground 

surface temperatures from a particular height above the 

ground and transmit the measured data, thermal and optical 

images, and GPS location to a server. This device can be 

modified to capture body temperatures, allowing us to 

identify people with fever, a COVID-19 early sign. In 

addition, UAV technology can be used to deliver medical 

supplies and test kit equipment to hard-to-reach places, 

lowering death rates. 

Robots have recently infiltrated the world of medicine, not 

to replace skilled personnel such as physicians and nurses, 

but to aid them with routine work and precision jobs. 

Medical robots let surgeons operate on heart attack sufferers 

and allow prosthetics to be adjusted to millimeter precision. 

However, there are numerous obstacles to the broad 

adoption of robots in the medical industry, primarily owing 

to concerns about safety, precision, expense, and a lack of 

willingness to accept this technology. 

 
III. Scope of Applications in COVID-19 

 

 

 
IV. Ground Reality: Robotics in COVID-19 

 
Researchers from Singapore's Nanyang Technological 

University (NTU Singapore) deployed a newly designed 

semi-autonomous robot that can disinfect vast surfaces fast 

in public trials to aid Singapore's fight against COVID-19. 

Patients were also cared for by a team of robots in a 

temporary hospital in Wuhan, China, where the COVID-19 

epidemic began. The meals were served, the patients' 

temperatures were taken, and the communications were 

managed by machines. It gave patients valuable 

information, engaged them in the discussion, entertained 

them with dance, and even guided them through stretching 

exercises. Patients in Thailand, Israel, and other countries 

met with robots for video conference consultations with 

doctors. 

 

V. Artificial Intelligence (AI) 

 
Artificial intelligence (AI) refers to a computer's or a robot's 

ability to do jobs that would typically be performed by 

intelligent beings. The term refers to a project aiming at 

developing systems with human-like cognitive capacities, 

such as the ability to reason, comprehend meaning, 

generalize, and learn from previous experiences. Despite 

ongoing increases in computer processing speed and 

memory capacity, no programs have yet to equal human 

adaptability across a larger range of subjects or in activities 

requiring a great deal of common knowledge. However, 

certain programs have surpassed the performance levels of 

human specialists and professionals in completing specific 

tasks, and artificial intelligence in this limited sense can be 

found in applications as diverse as medical diagnosis, 

computer search engines, and voice or handwriting 

recognition. 

 
VI. Approaches in Medical Field 

 
In medicine, artificial intelligence can be divided into two 

types: virtual and physical. The virtual portion includes 

anything from electronic health record systems to neural 

network-based treatment decision help. The physical section 

covers robotic surgery assistants, intelligent prosthetics for 

handicapped persons, and senior care. 

 
The foundation of evidence-based medicine is the 

development of relationships and patterns from an existing 

collection of data in order to produce clinical correlations 

and insights. To establish these trends and relationships in 

the past, we used statistical approaches. Flowcharts and 

database approaches are two methods that computers use to 

understand how to diagnose a condition. 

The flowchart-based technique entails translating the 

process of history-taking, which entails a physician asking a 

series of questions and then combining the symptoms 

reported to arrive at a probable diagnosis. Given the wide 

diversity of symptoms and disease processes encountered in 

everyday medical practice, this necessitates sending a large 

volume of data into machine-based cloud networks. 

The database technique, on the other hand, employs the 

principle of deep learning or pattern recognition, which 

entails teaching a computer through repeating algorithms to 

recognize what particular sets of symptoms or 

clinical/radiological images look like. 

 
 

VII. Scope of Applications in COVID-19 

 
AI provides a wide range of characteristics and applications 

that can be used to help us respond to COVID-19. To 

explore, diagnose, and treat COVID-19, researchers used 
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both machine learning and deep learning models. Machine 

learning technologies allow for the analysis of vast 

databases of viral genomes, which can help us gain a better 

understanding of COVID-19. The researchers used machine 

learning-based algorithms in conjunction with intrinsic 

genomic markers to provide a quick and accurate taxonomic 

classification of the novel coronavirus sequences as well as 

pinpoint the likely origin. The pandemic's containment is 

heavily reliant on early and correct diagnosis. Mei et al 

suggested an AI approach based on machine learning and 

deep learning models that combine demographic (age, 

gender) and clinical information (laboratory test results, 

reported symptoms, history of exposure, etc.) with chest 

imaging data to identify COVID-19 patients quickly. The 

suggested model's main limitations for clinical use are its 

lack of generalizability to other patient populations and the 

complexity of model training. Imaging modalities have 

proven to be an invaluable tool for detecting COVID-19, 

assessing consequences, and tracking disease progression. 

In recent years, AI has enabled traditional imaging 

technologies, such as CT scans and X-rays, to tackle rising 

obstacles by improving detection accuracy and 

dependability. Deep learning models, the core techniques of 

AI, were recently employed to construct a thoracic CT 

image processing system that can automatically recognize 

COVID-19 patients and quantify disease burden. The AI-

based image analysis technology also provides for tracking 

of the patient's illness progression by volumetric assessment 

of the opacities load. 

 
The use of an independent AI software system reduced the 

requirement for radiologists to annotate lesions in CT scans, 

alleviating a considerable strain on frontline medical 

workers. The aforementioned contribution of deep learning 

technology demonstrates the potential influence AI can have 

during a pandemic, where workflow mainly relies on human 

labor and human resource shortages are widespread. 

 
Through the study of chest X-ray images, deep 

convolutional neural networks (CNN), a commonly used 

deep learning architecture, were able to distinguish between 

COVID-19 and other causes of pneumonia. The researchers 

employed a neural network intended to learn COVID-19 

radiological pneumonia patterns, which produced 

appropriate diagnostic results in a small cohort of infected 

patients. AI can assist limit workplace exposure to the virus 

in addition to improving diagnostic accuracy and timeliness. 

Frontline healthcare workers, such as CT and MRI 

technicians, are at significant risk of contracting the virus 

due to their frequent contact with COVID-19 patients. 

Artificial intelligence applications can also be used to 

forecast the outcome of COVID-19 infections. Machine 

learning was used to create a prognostic algorithm that 

estimates the mortality risk of a person with COVID-19. 

The prediction model was able to forecast and aid in the 

early identification of critically ill patients by obtaining 

three crucial laboratory parameters: lactic dehydrogenase, 

lymphocyte count, and high-sensitivity C-reactive protein. 

As a result of the present epidemic, the demand for critical 

care unit-level care and ventilatory support has grown. 

Recognizing key situations in advance would allow for 

more accurate forecasting of future demand, allowing 

institutions to be better prepared to respond. 

 
An AI-powered model can forecast the emergence of high-

mortality COVID-19 problems, such as acute respiratory 

distress syndrome (ARDS). Researchers used such a model 

to uncover aspects of initial disease presentation that is 

related to subsequent development of ARDS; these markers 

included modestly raised alanine aminotransferase, the 

presence of myalgias, and elevated hemoglobin. Ongoing 

efforts are being made to use AI in the creation of successful 

COVID-19 therapy techniques. Machine learning concepts 

can be used to predict if commercially available drugs can 

be utilized to treat disease. This method makes it easier to 

repurpose existing medicines in a timely manner. A 

learning-based drug discovery model was also developed in 

order to identify a potential coronavirus primary protease 

inhibitor. The primary protease, which plays a critical role 

in viral replication, appears to be an appealing target for 

novel therapeutics. 

 

The flow diagram above explains and compares the flow of 

minimal non-AI treatment with AI-based treatment. The 

above flow diagram demonstrates how AI is used in critical 

steps of high-accuracy treatment, reducing complexity and 

time required. The physician is not only concerned with the 

treatment of the patient, but also with illness control using 

the AI program. AI is used to analyze major symptoms and 

test results with the greatest accuracy. It also demonstrates 

that it minimizes the overall number of steps taken in the 

entire process, making it more readily available in nature. 

 

 
VIII. GROUND REALITY: AI IN COVID-19 
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AI may theoretically be used to track and predict the spread 

of the COVID-19 virus over time and space. Indeed, on 

December 30, 2019, an AI-based HealthMap model at 

Boston Children's Hospital (USA) raised one of the earliest 

alerts, some 30 minutes before a scientist from the Program 

for Monitoring Emerging Diseases (PMED) issued an alert. 

However, AI has not proven to be very beneficial in 

tracking and predicting how COVID-19 will spread in the 

future. This is due to a variety of factors. The first is that AI 

requires COVID-19 data to be trained. The 2015 Zika virus, 

whose spread was forecasted ex-post using a dynamic 

neural network, is an example of how this can be done. 

Because COVID-19 is distinct from Zika and other 

illnesses, and because there is insufficient data to construct 

AI models that can track and forecast its spread at the time 

of writing. Most of the expanding number of publications on 

applying AI for diagnostic and predictive purposes have not 

been peer-reviewed and use limited, possibly biased, and 

largely Chinese-based populations. 

 
However, a number of intriguing projects to collect and 

share data – both existing and new data – as well as to train 

new AI models have been launched. The World Health 

Organization's (WHO) Global Research on Coronavirus 

Disease Database is one of them, and it also contains links 

to other comparable programs. One such example is the 

GISAID Initiative's open-access data (formerly the Global 

Initiative on Sharing All Influenza Data). Perhaps the most 

ambitious project is a collaboration between Semantic 

Scholar, the Allen Institute for Artificial Intelligence, 

Microsoft, Facebook, and others to make the COVID-19 

Open Research Dataset (CORD-19) publicly available, 

which contains roughly 44,000 scientific articles for data 

mining. 

 
AI predictions of the spread of COVID-19 are not yet very 

accurate or dependable due to a lack of data, noisy social 

media and outlier data, big data hubris, and algorithmic 

dynamics. As a result, most tracking and forecasting models 

do not employ AI techniques. Most forecasters, on the other 

hand, favor well-established epidemiological models, such 

as Song et alSIR .'s models. The Robert Koch Institute in 

Berlin, for example, employs an epidemiological SIR model 

that incorporates government containment measures like 

lockdowns, quarantines, and social distancing prescriptions. 

Its model was applied to China to show that containment 

can be effective in slowing the spread to less than 

exponential rates. 

AI can be employed in the diagnosis and prognosis of 

COVID-19, in addition to potentially tracking and 

forecasting its spread. In fact, it's possible that here is where 

the majority of the initial wave of AI ventures concentrated. 

COVID-19 diagnosis that is quick and accurate can save 

lives, prevent disease spread, and produce data for AI 

models to learn from. AI models are being trained to 

diagnose COVID-19 using chest radiography pictures, 

which is an increasing endeavor. According to a recent 

assessment of AI applications for COVID-19, AI can be as 

accurate as humans, can save radiologists' time, and can 

diagnose COVID-19 faster and cheaper than current testing. 

X-rays and computed tomography (CT) scans are both 

options. 

 
IX. Data Science: Definition and Medical Applications 

 
Data science is an interdisciplinary subject that uses 

scientific techniques, procedures, algorithms, and systems to 

extract information and insights from noisy, structured, and 

unstructured data, as well as to apply that knowledge and 

actionable insights to a variety of application areas. Data 

science is a "concept that unifies statistics, data analysis, 

informatics, and related methodologies" in order to use data 

to "understand and evaluate actual events." Within the 

framework of mathematics, statistics, computer science, 

information science, and domain knowledge, it employs 

techniques and theories from a variety of areas. Data 

science, on the other hand, is distinct from computer science 

and information science. 

 
In three aspects, data science in health care has made the 

most recent and rapid progress: 

i) Electronic medical records, social media, genetic 

information, and digitized body data from wireless health 

devices are examples of big data applications that combine 

huge and complex data sets. 

ii) With new open-access initiatives that aim to make data 

from clinical trials, research, and citizen science more 

widely available. 

ii) Machine learning and artificial intelligence are examples 

of analytic approaches, particularly for big data, that can 

enhance systematic and unstructured data analysis. I 

 
In Healthcare, data science has the following applications: 

 
a) . PREVENTIVE MEDICINE AND DISEASE 

PREVENTION: 

 
Before health hazards become a significant problem, the 

greatest approach to alter health care is to identify concerns 

and propose preventative measures. You might be able to 

spot the problem before it gets out of hand if you wear it 

with other tracking devices that pay attention to historical 

trends and genetic information. Analytical approaches in 

data science learn from previous data and produce accurate 

forecasts of outcomes. They analyse patient information, 

interpret clinical notes, look for interactions, symptomatic 

correlations, 3 generic descriptors, habits, and illnesses, and 

make predictions. To forecast the incidence of certain 

diseases, the impact of certain biological variables such as 

genome structure or clinical variability are taken into 

consideration. Prediction of illness development or 

prevention to decrease risk and adverse effects are two 

common explanations. The major benefit is that patients' 

quality of life and medical problems are improved. 

 

 
b) IMAGING AND MEDICAL THINKING 
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The use of data science to medical thought is bringing 

significant benefits to the healthcare industry. There are 

several topics to investigate in this domain, and Big Data 

Analytics, published in BioMed Research International, is 

one of the finest. Popular techniques of thinking, according 

to this study, include magnetic resonance imaging (MRI), X-

ray, computed tomography, mammography, and so on. The 

variation, adjustment, and magnitude of these pictures are 

dealt with using a variety of ways. There is a lot more that 

can be done to improve image quality, extract data from 

photographs more rapidly, and give more accurate 

translations. 

 
c) MEDICINES 

The process of drug discovery is quite complicated and 

encompasses a wide range of topics. Big ideas are 

frequently linked to billions of experiments, a lot of money, 

and a lot of time. A prescription takes an average of 12 

years to obtain. Scientific algorithms and machine learning 

data simplify and streamline this procedure, bringing 

perspective to every stage from drug chemistry testing to 

forecasting success rates based on biological variables. 

Instead of a "lab test," these algorithms can anticipate how 

the chemical would operate in the body using extensive 

mathematical modeling and simulation. 

 
 

X. Application of DATA SCIENCE in COVID-19: 

CONTACT TRACING 

Manual contact tracing has significant drawbacks, such as 

recall bias and time delay. Because of the widespread use of 

cellphones, emerging digital contact tracing approaches are 

a viable supplement, if not replacement, for manual contact 

tracing. This is especially important in the case of SARS-

Cov-2, which is extremely contagious. Given the significant 

percentage of people who own cell phones, digital contact 

tracing may be more successful in halting the epidemic. 

 
Because today's smartphones are typically equipped with 

GPS and Bluetooth, there appear to be no technical barriers 

to successful digital contact tracing in developed 

countries/regions. Both Google and Apple have included 

frameworks within their cellphones to aid in contact tracing 

and notification of vulnerability. Because COVID-19 is 

likely to become endemic, digital contact tracing may 

become a standard public health procedure in the future. 

 
HUMAN MOBILITY MODELLING 

Humans in close touch with SARS-CoV-2 are contagious. 

There's a lot of evidence that SARS-Cov-2, like other 

SARS-related coronaviruses, got into a human host through 

a natural intermediate host. Human contact has since 

become the primary mode of transmission. As a result, the 

epidemic's spread is strongly reliant on human mobility, 

both locally and globally. As a result, human mobility data 

analysis is critical for disease surveillance and policy 

evaluation. Fortunately, we now have access to a wealth of 

human mobility data, including population-based census and 

survey data that depicts people's general travel habits, as 

well as individualised mobility data obtained from mobile 

phones, digital transactions, and social media. 

 

 
XI. GROUND REALITY: DATA SCIENCE IN 

COVID-19 

 

In conjunction with clinicians, academics, and government 

agencies, technology start-ups are assisting in the 

management of the COVID-19 epidemic. Bluedot artificial 

intelligence, a Canadian start-up, was one of the first to 

detect, track, and forecast a virus outbreak in Hubei 

province, predicting the first eight cities to be infected. 

Their real-time data intelligence aids in the tracking of the 

COVID-19. Alibaba's AI-powered diagnostic technologies 

have a 96 percent accuracy rate for diagnosing coronavirus 

in just a few seconds using CT scans of patients. Google 

Deepmind AI is assisting in the identification of the 

structure of proteins linked to respiratory disorders such as 

coronavirus, while BenevolentAI is assisting in the 

identification of possible medication candidates. Terra 

drones to transport medical supplies to reduce human-to-

human interaction, while robots (Blue Ocean Robotics, 

Pudu Technology) clean and sterilize. Data technology and 

artificial intelligence are important in the current pandemic 

crisis for effective outbreak management. 

 
XII. Computer Vision: Definition and Medical 

Applications 

 
Computer vision is an associated knowledge base scientific 

field that deals with how computers will gain high-level 

understanding from digital pictures or videos. From the 

attitude of engineering, it seeks to know and alter tasks that 

the human sensory system will do. It's a field of computing 

(AI) that allows computers and systems to derive 

substantive data from digital pictures, videos, and different 

visual inputs — and take actions or create recommendations 

that support that data. 

 
Computer vision not solely helps medical professionals in 

saving their valuable time on basic tasks however conjointly 

saving patients’ life. The applications of the technology for 
medical use need to perform by extending current ways in 

which it’s already being employed and adding a layer of 

creativeness and imagination. 

 
Currently, there are many areas in aid wherever pc vision is 

being utilized and benefiting medical professionals to higher 

diagnose patients, together with medical imaging analysis, 

prognosticative analysis, health watch, among others. Below 

the advantages, pc vision technology will assist health 

systems. 
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Some of the medical applications and use of Computer 

Vision in Medical field are as follows : 

 

● Precise Diagnosis 

● Timely Detection of poor health 

● Heightened Medical procedure 

● Medical Imaging 

● Computer Vision for Health supervision 

● Nuclear medication 

 

 

 

XIII. How CV has helped to combat Covid-19? 

In the Fight against Covid-19, Computer Vision has helped 

the scientists battle to a great extent in terms of Diagnosing 

the disease, controlling its spread, and taking effective 

precautions against it. 

 
CV in Diagnosis of Covid-19 

 
The universal transmission of pandemic COVID-19 

(Coronavirus) causes a right away to commit within the 

fight across the total human population. The emergencies 

for human health care square measure restricted for this 

abrupt irruption and abandoned surroundings. During this 

scenario, creative automation like laptop vision (machine 

learning, deep learning, artificial intelligence), medical 

imaging (computed imaging, X-Ray) has developed an 

encouraging resolution against COVID-19. In recent 

months, completely different techniques mistreat the image 

process square measure done by numerous researchers. 

numerous ways enclosed image acquisition, segmentation, 

diagnosis, avoidance, and management. 

A dynamic tool for COVID-19 prediction and analysis is a 

synthetic Intelligence technique [108]. Presently, numerous 

researchers and their studies show AI has been widely 

utilized for COVID-19 problems mistreatment cubic 

centimeter (Machine Learning) and deciliter (Deep 

Learning). Generally, cubic centimeters are employed for 

précising the structure of the information that is handled by 

individuals [10]. cubic centimeter ways train the 

knowledge|input file|computer file} and analyze the output 

data statistically. The appliance of cubic centimeters 

includes the detection of infected persons and therefore the 

temperature of the person [5, 12, 27]. 

DL has been designed for higher performance of neural 

networks and is a kind of artificial neural network and has 

multilayers. The more exaggerated square measure is 

exaggerated, the larger accuracy is achieved. In machine 

learning, Deep Belief Networks (DBN) could be a 

productive graphical model or, or else, a category of deep 

neural networks consisting of multiple layers in hidden 

nodes. Once trained on a series of unattended examples, the 

DBN will learn to reconfigure its entries as probabilistic. 

The layers then act as feature detectors. During this learning 

part, a DBN will be trained with a lot of management to 

create the classification. DBNs will be seen as a four 

combination of easy, unattended networks, like restricted 

Boltzmann machines (RBMs) or motor vehicle encoders, 

that function the hidden layer of every subnet, the visible 

layer of the succeeding layer. 

DL algorithms square measure wont to discover solutions 

for COVID-19. The manifold neural network layers square 

measure utilized by connected weight vectors [78, 92]. 

numerous applications of deciliter include laptop vision, 

object detection, speech recognition [42, 64, 68]. many 

deciliter-based resolutions for COVID-19 square measure 

established by AI ways [30]. Table five utilizes the literature 

associated with the AI identification of COVID-19. 
 

 
(An algorithm showing how CV is used to diagnose Covid 

19) 

 
CV used to Control Covid-19 

 
To date, there's no specific treatment for the COVID-19 

virus. However, several of the symptoms are often treated. 

Therefore, treatment can rely on distinctiveness of the 

patient’s clinical condition. Here are some of the CV and AI 
Tools which helped in controlling the Spread of Covid 19 : 

 
 

1. Sickness Progression Score 

Clinical management practices are often improved by 

classifying patients supported by the severity of the 

sickness. For instance, clinical establishments will use 

laptop vision to spot critically sick patients to direct medical 

attention (critical patient screening). 

 
A sickness progression score is often wont to classify 

different kinds of infected patients. The score is calculated 

by measurements of infected areas from CT pictures to live 

the progression of patients over time and establish the 

foremost critically sick patients. 

 
Depth cameras associated with deep learning are used as 

abnormal metabolism patterns classifiers to perform a 

correct and unnoticeable nonetheless large-scale screening 

of individuals infected with the COVID-19 virus. The 

metabolism Simulation Model (RSM) is 1st projected to fill 

the gap between an oversized quantity of coaching 

information and scarce real-world information. 

 
People infected with COVID-19 area units were found to 

own additional speedy respiration. Hence, the model is 

predicated on Gated continual units (GRUs) neural network 
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to classify six clinically vital metabolism patterns to spot 

critically sick patients. The model will classify metabolism 

patterns with associate accuracy of ninety-four. 5%. 

 
2. Support Vaccination Development 

Deep feature illustration learning is often used for 

Quantitative structure-activity relationship (QSAR) analysis 

by incorporating 360° pictures of molecular conformations 

into deep learning. QSAR (Quantitative structure-activity 

relationship) analysis victimization deep learning supports a 

unique molecular image input technique that is often used 

for drug discovery and so supports the development of 

vaccines. 

 
CV used in Prevention of Covid-19 

 
Coronavirus hindrance aims to limit transmission in health 

care settings exploitation early recognition, supply 

management, normal precautions for all patients, body 

controls, and environmental and engineering controls. pc 

Vision applications are often wont to support the 

implementation of such IPC methods. Some of the methods 

and algorithms used are as follows : 

 
1. Face Recognition 

A key strategy within the early stage of sickness progression 

is that the use of masks and protecting instrumentality to 

limit the virus unfold. Multiple countries enforced the 

employment of masks as a bearing strategy. pc Vision 

systems are often wont to greatly facilitate its 

implementation. 

A covert Face Recognition approach supported a multi-

granularity covert face recognition model that achieved 

ninety-fifth accuracy on a covert face image dataset. 

The covert Face Detection Dataset (MFDD) is employed to 

coach a covert face detection model that's the idea for the 

next covert face recognition task. 

The Real-world covert Face Recognition Dataset (RMFRD) 

is meant to be the world’s largest real-world covert face 

dataset with 5’000 photos of 525 folks sporting masks and 

90’000 pictures of constant 525 subjects while not wearing 
masks. 

The Simulated covert Face Recognition Dataset (SMFRD) 

may be a simulated covert face knowledge set covering 

500’000 face pictures of 10’000 folks. 
 
 

2. Diagnostic procedure 

The infrared diagnostic procedure is AN early detection 

strategy to spot folks infected with COVID-19, primarily 

applied publically in places like airports or malls. Medical 

applications of infrared diagnostic procedures embrace fever 

screening. 

An approach is that the use of a mobile platform for 

automatic fever screening supported infrared forehead 

temperature. 

Infection screening is feasible with systems exploitation 

diagnostic procedures and CCD cameras for non-contact 

vital-signs measurements by Feature matching and MUSIC 

Algorithms. 

For earlier severe acute respiratory syndrome unfold 

management, pc vision systems might be used for fever 

screening exploitation diagnostic procedure stations at 

entrances. 

 
3. Pandemic Drones 

Pandemic drones are used for hindrance and management 

functions. Hence, drones use remote sensing and digital 

imagination to spot infected folks. 

Such systems were used for remote life sign observation in 

disaster management before. Another similar application is 

vision-guided automaton management for 3D beholding. 

 
4. Germ Screening 

Germ scanning is often wont to combat COVID-19: A 

convolutional neural network for germ scanning like the 

identification of bacterium light-sheet research image 

knowledge achieved over the ninetieth accuracy. 

 
 

XIV. Ground Reality: CV in COVID-19 

 
Machine Learning algorithms and strategies provide first-

rate promise for instant and correct detection and 

prognostication of coronavirus sickness 2019 (COVID-19) 

from standard-of-care chest radiographs (CXR) and chest 

computed tomography (CT) images. Many articles had been 

posted in 2020 describing new device mastering-primarily 

based totally fashions for each of those tasks, however, it's 

far uncertain that they are of scientific utility. In this 

systematic overview, we remember all posted papers and 

preprints, for the duration from 1 January 2020 to a few 

October 2020, which describe new device mastering 

fashions for the analysis or diagnosis of COVID-19 from 

CXR or CT images. All manuscripts uploaded to bioRxiv, 

medRxiv, and arXiv alongside all entries in EMBASE and 

MEDLINE on this time frame are considered. Ours seek 

recognized 2,212 research, of which 415 have been 

blanketed after preliminary screening and, after the pleasant 

screening, sixty-two research have been blanketed on this 

systematic overview. Our overview unearths that not one of 

the fashions recognized is of ability scientific use because of 

methodological flaws and/or underlying biases. This is a 

chief weakness, given the urgency with which verified 

COVID-19 fashions are needed. To cope with this, we 

supply many hints which, if followed, will clear up those 

problems and result in higher-pleasant version improvement 

and well-documented manuscripts. 

 
XV. Virtual Reality (VR) 

 
VR (Virtual Reality) is a cutting-edge human-computer 

interface that creates a lifelike world. The players are free to 

move about in the virtual environment. They may examine 

it from various angles, reach inside it, grasp it, and change 

it. There is no little screen with symbols to control, nor are 

there any orders to enter to cause the computer to do some 
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action. Virtual reality is impacted by a variety of factors. It 

is a synthesis of previously unrelated disciplines rather than 

a completely new branch of technology. Virtual reality 

encompasses electronic and mechanical engineering, real-

time and distributed systems, simulation, computer graphics, 

human engineering, stereoscope, human anatomy, and even 

artificial life. Among the several challenges in building a 

virtual reality, systems are software, hardware, human 

factors, and VR over high-speed networks. 

 
XVI. Applications of virtual reality for COVID-19 

 
Virtual reality (VR) is described as the development of 

virtual knowledge that is analogous to a real-world scenario. 

In the continuing pandemic COVID-19 scenario, the 

features and theories offered by the virtual reality 

conception may be highly valuable in healthcare-related 

applications and therefore can be successfully used to 

address or tackle many of the challenges that are now 

occurring. The suggested virtual reality idea will also assist 

in providing beneficial learnings to COVID-19 medical 

staffs, which will eventually increase the efficiency and 

precision of healthcare services during this pandemic 

COVID-19. The suggested benefits of virtual reality can 

play a critical role in successfully and fruitfully resolving 

cases during the ongoing epidemic COVID-19. Fig. 1 

depicts the instruments required for the successful 

implementation of the virtual reality method for COVID-19. 

 

 

 

XVII. Working process of virtual reality for COVID-19 

 
The notion of virtual reality has been demonstrated to 

provide a plethora of applications for healthcare and to 

attract medical practitioners by providing them with diverse 

uses in the core field of healthcare and treatment. There are 

a number of ways in which the idea and technique of VR 

can be used to alleviate the effects of COVID-19. The 

following are some of the main stated emerging issues to 

make the healthcare sector more skilled and proficient. 

 

● ⁃  Through medical training 

● ⁃ Patient treatment 

● ⁃ Medical marketing 

● ⁃ Disease awareness 

XVIII. Challenging issues and future scope of the study 

 
Some of the approaches mentioned are well-proven, while 

others are still in the early stages of development. In terms 

of efficacy, precision, economic facts, and other factors, the 

future will be more demanding and competitive for a virtual 

reality approach. Virtual reality applications should be 

focused on the creation of specially designed rooms with 

many larger screen fronts in addition to the tiny camera 

screen fronts that are already available in virtual reality 

headsets. There have been indications of increasing market 

potential for the virtual reality idea to explore itself in the 

needed healthcare areas, particularly in light of the current 

pandemic crisis. 

 
XIX. CONCLUSION. 

 
Researchers are looking at every option for combating the 

coronavirus epidemic, and Modern Technology is proving to 

be a fascinating path. While technological advancements 

have brought several triumphs into our daily lives, they have 

also aided people in the extremely difficult battle against 

COVID-19. The papers discuss the difficulties that arise 

when these algorithms are used in real-world clinical 

settings. Similarly, there is enthusiasm for future work on 

developing a benchmark framework to evaluate and 

compare present methodologies. The current models have a 

high level of accuracy in detecting COVID-19 symptoms in 

various types of viral pneumonia using radiological images, 

but they lack transparency and interpretability. It can be 

concluded that there is a large range of prospective modern 

technology applications for dealing with the clinical and 

cultural challenges posed by the coronavirus pandemic; 

however, few of them are currently developed sufficiently to 

demonstrate operational effectiveness. 
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Abstract—The purpose of this paper is to examine the 

impact of geographic proximity on mergers and acquisitions 

(M&As) flows and on wealth of acquirer shareholders. Using a 

dataset of acquisition activity from Indian manufacturing 

industry for a period ranging 2011 to 2019, proximate deals are 

classified as those in which public listed acquirer and its target 

firm share same state headquarters. The study finds evidence 

for M&As to emerge and conclude in areas of urban 

agglomeration i.e., cities in India. Furthermore, the results on 

wealth effect, measured as acquisition announcement returns 

using standard event methodology, indicate proximate deal 

acquirer returns are indistinguishable from those of distant 

deals. This conclusion suggests irrelevance of geographic 

proximity in M&A deal decisions. Though limited literature 

exists examining proximity-wealth link, predominantly 

researched in U.S. and European context, this study is a first 

attempt to investigate the nearness effect in Indian M&A deals. 

 

Keywords— Mergers and Acquisitions (M&As), Wealth effect, 

Proximity, Urban Agglomeration, Event Studies 

I. INTRODUCTION 

Shareholder wealth maximisation principle entrusts 
corporate management with the responsibility to undertake 
activities which result in maximising the present value of 
expected returns accruing to stockholders. Appraising timing 
and risks linked to investment and financial strategies, 
managers undertake decisions which result in enhancement 
of share market prices. Among others, Mergers and 
Acquisitions (M&As) are one such corporate events which 
create wealth gains accruing from acquisition of potential 
value enhancing target firms. Such targets bring synergistic 
gains which translated in terms of financial, managerial, and 
operational efficiencies positively influence the shareholders’ 
wealth, firm value and sustainability in economic value. In 
fact, as stated by Porter (1987) [1] M&As occur in hope of 
synergistic effects. Exploring new markets, obtaining 
strategic assets including research & development (R&D) 
facilities and intellectual property (IP), optimising tax 
liabilities, improved access to capital and risk diversification 
provides for enhancement of competitive advantages to the 
consenting parties of M&A deal (acquirer and the target). The 
longing for value enhancement cashing on anticipated 
synergistic gains has compelled managers to explore both 
cross-border and domestic M&As as means of expanding 
revenue generating assets base. The preference for M&As 
over green field projects is indicated by growth in global net 
M&As (62%) as a share of FDI inflows since the year 2000 
(UNCTAD, 2019) [2]. Such high share only highlights 
corporate managers’ reliance on M&As to achieve 
sustainable growth and innovative product/process 
development. Recognising the role and management 

preference for M&As as strategic investments capable of 
generating wealth effects to shareholders, studies on 
performance measurement evaluating M&A deal’s success 
have proliferated.  Regardless of method used to gauge value 
creating/destroying deals, literature produces ambiguous 
evidence on wealth effects of M&As in domestic as well as 
cross border deals (Alexandridis et al., 2017; Kose et al., 
2011; Moeller et al., 2004; Netter et al., 2011) [3-6]. Evidence 
from most widely used measurement of wealth effect, the 
event studies show target shareholders earn positive 
abnormal returns (AR) at M&A deal announcements, while 
acquirer shareholders earn zero or often experience negative 
wealth effects. Also, such negative effect for acquirer 
shareholders is found to be more pronounced in the long-run 
performance. Though authors in this domain have attempted 
to examine the role of acquirer-target characteristics and 
deal-specific factors on influencing wealth, the findings still 
remain obstruse. 

Taking a different view, citing relevance of geographic 
proximity literature, a strand of work provides evidence of 
value creation for acquirer shareholders. In general, the 
geographic literature argues for relevance of proximity in 
decisions of investment made by individual investors 
(Huberman, 2001; Ivkovic & Weisbenner, 2005) [7,8], fund 
managers (Coval & Moskowitz, 1999, 2001) [9,10], venture 
capitalist  (Sorenson & Stuart, 2001) [11] and  in corporate 
decisions relating to equity financing costs (Degl’Innocenti 
et al., 2017) [12],  capital structure (Almazan et al., 2010) 
[13],  pay-out policy (John et al., 2011) [14],  technical 
efficiency (El Ghoul et al., 2013) [15], among others.  In 
M&As, proximity between acquirer and target appears to 
significantly influence deal outcomes (Basu & Chevrier, 
2011; Delong, 2001; Eun & Mukherjee, 2006; Ragozzino & 
Reuer, 2011) [16-19]. Thus, there arises a need for a study to 
examine the impact of geographic proximity on acquisition 
flows and subsequent wealth effect for acquirer shareholders. 

II. LITERATURE REVIEW 

Dandapani et al. (2020) [20] find Cumulative Abnormal 
Returns (CAR) of cross-border acquisitions are no different 
from domestic acquisition announcement, on the contrary, 
Rani et al. (2014) [21] comparing 255 cross-border 
acquisitions and 268 domestic acquisitions originating from 
India lend support to the hypothesis that returns to acquirer 
shareholders in cross-border acquisitions are higher than the 
domestic acquisitions. Though ambiguous results exist as for 
wealth effects of acquirers (see, for instance Renneboog & 
Vansteenkiste, 2019) [22], but often these results support the 
argument of negative wealth effect to the bidder shareholders 
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from combination of acquirers’ resources with targets’ 
undercapitalised growth opportunities. Though researchers 
frequently maintain prevalence of agency motive of 
managers as reason for such phenomenon, there exist 
alternate explanations, the role of geographic proximity 
between acquirer and target in particular.  

 
In this vein Ciobanu (2016) [23] examined the impact of 

geographical proximity between the acquirer and target on 
the odds of a successful takeover, finding geographic distance 
negatively influencing the success of an M&A deal. On the 
other hand, Grote & Umber (2007) [24] found evidence on 
negative effect of geographic distance on wealth of acquirer 
firms from M&A deals announced. Uysal et al. (2008) [25] 
viewed acquirer returns in local transactions (bidder/target 
located within a distance of 100 kilometres of each other), 
regardless of whether the deal was inter/intra industry, were 
twice as much compared to non-local transactions. In either 
way acquirers’ strong preference for geographically nearby 
targets is explained from the motivation to overcome 
information asymmetry, achieve cost optimisation and 
achieve sustainable assets. Among others, Qiu & Zhou 
(2007) [26] state that owing to strategic reasons and demand 
shocks firms endogenously decide to merge, this results in 
firms’ agglomerating and clustering across related industries. 
DeLong (2001) [17] showed that though geographic 
diversifications help to spread risks, geographic diversified 
mergers neither create nor destroy value. In fact, the author 
found the bank mergers which focused on both geography 
and activity to be value-increasing. Geographic proximity has 
some obvious benefits as acquirers can obtain information 
more easily about geographically closer targets.  

 
The stock market is inclined to discount geographically 

distant deals due to their incompetence to obtain crucial 
information. Acquirers are better suited to gauge nearby 
targets in the ex-ante deal period allowing ease of 
transmitting information, necessary for clustered growth and 
strength of wealth retention. Clearly, deals occurring in close 
proximity create acquirer wealth, however the research 
exploring such role of geographic proximity is influencing 
deal outcomes is limited. To the fact even M&A literature 
exploring wealth effect, without any reference made to 
geographic proximity, is conducted mostly in U.S. and 
European context (Lebedev et al., 2015) [27]. Number of 
studies exploring proximity-M&A wealth link in India is 
zero. In the backdrop of evidencing global spatial 
concentration of M&A deals and its positive effects on 
acquirer wealth, there exists a need to analyse the distribution 
on M&A deals in India. Such examination coupled with 
abnormal return analysis would help answer the question on 
whether geographic proximity plays any role in determining 
the acquirer wealth following an announcement of M&A 
deal?  

III. METHODOLOGY 

Data 

We examine acquisitions announced in the manufacturing 
industry in India from 2011 to 2019. Specifically, we sample 
acquisitions announced from October 22, 2011 as the SEBI 
(Substantial Acquisition of Shares and Takeovers) 

Regulations, 2011 came into force with effect from this date. 
Recognising the inadequacies of the then existing legislations 
governing mergers & acquisitions coupled with growing 
preference of M&As activity as preferred mode of 
restructuring, the SEBI (Substantial Acquisition of Shares 
and Takeovers) Regulations of 2011 provided a 
comprehensive framework for growth of M&A market in 
India. The volumes of transactions since then have only risen 
in India, attracting interest from both foreign and domestic 
acquirers. The sample excludes deals announced after 
December 31, 2019 so as to eliminate any anomalies in data 
arising due to economic and financial crises owing to onset 
of Covid-19 pandemic. The data is limited to public acquirers 
and targets listed either on the National Stock Exchange 
(NSE) Ltd. or Bombay Stock Exchange (BSE) Ltd. 
Excluding deals which were dropped subsequent to their 
announcement (6 deals), a sample of 55 deals was finalised 
for further analysis.  We source data on deals announced from 
CMIE Prowess database. Data on acquirer stock prices to 
compute returns were obtained from NSE and BSE websites.  

Methodology 

The methodology in use for this paper consists of two 
distinct analysis. At first, we realise statistical overview of 
M&A market in India with maps and tables highlighting the 
preferred state/cities for acquisitions. Second, using an event 
study approach we estimate the abnormal returns for each 
acquirer to evaluate region-wise wealth relative. 

A. Proximity 

As found in the works of Kang & Kim (2008) [28] we use 
state identifiers as primary measure of geographic proximity. 
We classify in-state deals (proximate deals) against out-state 
deals (distant deals), by setting a dummy variable equal to 
one for in-state deals when acquirer and target firm share their 
headquarters in the same state. In addition to this, we also 
examine the proximity effect using city identifier. The 
classification of firms under city identifier is based upon 
cities identified by the 2011 Census of India as published by 
Office of the Registrar General & Census Commissioner, 
India. 

 

B. Wealth Effect 

Abnormal return (AR) for each acquirer is constructed by 
applying the standard event study methodology as suggested 

by Brown & Warner (1985) [29]. The AR for acquirer � at 

event day 0 (deal announcement date) � is calculated using 
market model as follows: 

���� = ��� − 	
�� + ������                          (1) 

where ��� is observed acquirer � return for event day � and 

��� is observed return on benchmark Nifty500 index at time 

�. 
�� and �� are regression parameters of market model 
estimated over a period of 200 trading days beginning 6th day 
preceding the event day 0.  

Cumulative abnormal returns (CAR) for acquirer � is 

computed as the sum of abnormal returns (����) during the 
event window around the event day as: 

���� = � ����

�

��
                                             (2) 
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Setting a = 1 in equation (2) we compute CAR for three days 
around the event day 0 (referred to as CAR_3 hereinafter). 
Additionally, a five-day CAR (CAR_5) is calculated taking a 

= 2 in equation (2). Finally, to examine regional wealth effect 
we compute the average cumulative abnormal returns 

(ACAR) for � deals announced by acquirers in state � as: 

����� = 1
� � ����                                     (3) 

Deals with values of CAR_3, CAR_5, ACAR_3, or ACAR_5 

in excess of zero are classified as value-creating deals 
(positive wealth effect) while those acquisitions with values 
less than zero are value-destroying (negative wealth effect). 

 

IV. RESULTS AND DISCUSSION 

A. State-level Analysis 

The map of acquirer and target region as shown in FIGURE 

1 reveals uneven spread of acquisition deals among Indian 
states. States of Maharashtra, West Bengal along with union 
territory Delhi account for over 70.91 (47.27) percent of 
acquirer (target) deals. Acquirers from Jharkhand, Tamil 
Nadu and Telangana account for two deals each in the 
sample, while Uttar Pradesh had three acquirer deals 
announced. Besides, target firms from states of Gujarat, 
Haryana, Jharkhand, Tamil Nadu, Telangana, and Uttar 
Pradesh receive modest level (over 5 percent) of acquirer 

interest. 

One possible explanation for such higher concentration of 
deals in select states could be the level of economic activity 

in these regions. In fact, in terms of data on ‘gross state value 
added by economic activity’ as published by Handbook of 
Statistics on Indian states these regions consistently ranked 
among top ten through the years of 2011-2019. Furthermore, 
a deeper analysis of the data shows that 30.91 percent (17 
deals) of deals occurred where acquirer and target shared 
same state. In fact, only in 18 percent cases (10 deals) were 
the target firms first order neighbours (states sharing 
geographic boundaries) to acquirers. These findings suggest 
that Indian listed firms disregard the proximity effect and 
choose to engage with M&A targets spread over greater 

distances. 

B. City-level Analysis 

As with Ciobanu (2016) [23] and Rodríguez-Pose & 
Zademach (2003) [30] who find targets firms more often 
belong to areas with urban agglomerations, the study finds 
98.2 percent of target firms host their headquarters at a city 
(FIGURE 2). Mumbai city, generally referred to as the financial 
capital of India, reported a quarter of acquirer deals during 
the sample period. Besides, along with New Delhi, Mumbai 
had the most target firms (10) originating from. Evidently, 
combined together New Delhi, Mumbai, and Kolkata 
accounted for 58.18 percent of acquirer and 45.45 percent of 
target deals. Cities of Ahmedabad, Kachchh Mandvi, 
Vadodara (from state of Gujarat); Gurgaon (Haryana); 
Bokaro (Jharkhand); Indore, and Rewa (Madhya Pradesh); 
Mohali (Punjab); Udaipur (Rajasthan); and Chennai (Tamil 
Nadu) were regions with only target firms and no acquirers.  
Clearly urban locations such as cities dominate the M&A 
market in India. 

 

FIGURE 1        The number of acquisition deals by State (by acquirer location, on the left; by target location, on the right) 

 

The figure presents the geographic spread of acquisitions announced in India. The sample is limited to deals announced between the year 

2011 to 2019 involving listed public firms from manufacturing industry 
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FIGURE 2        The number of acquisition deals per city 

 

The figure presents the city level distribution of acquisition deals announced in India. The sample is limited to deals announced between 
the year 2011 to 2019 involving listed public firms from manufacturing industry 

 
Again, similar to state-level results, 39 of 55 acquisition deals 
were cases of acquirer and targets being located at different 
cities. Out of 16 same city deals, six deals originated and 
concluded in Mumbai. Given the majority of acquirers 
preferring different city-based targets, these results suggest 
that the distribution of acquisitions at city level is similar to 
that of state level. In conclusion, both state and city level 
results negate the hypothesis of geographical proximity 
influencing M&As decisions. These findings are in contrary 
to those of Uysal et al. (2008) [25] and Cai et al. (2016) [31] 
who find deal outcomes being negatively related to 
geographic distance between acquirer and target firm. 

C. Wealth Effect  

The average Cumulative abnormal returns (CAR) to 
sample manufacturing firm were 0.39 (1.12) percent over a 

three (five) day window around the acquisition 
announcement day. These findings are similar to that of 
Netter et al. (2011) [6] who report acquirer shareholder 
returns to be either close to zero or indistinguishable from 
zero. TABLE I shows state-wise values of average CAR for 55 
deals calculated on two different windows. The three-day 
return (ACAR_3) is positive in eight out of 11 acquiring 
states. The average negative wealth effect is reduced to only 
one state (Telangana) when measured for a five-day event 
window around the acquisition announcement date 
(ACAR_5). Most acquisitive regions of Maharashtra, West 
Bengal generate positive ACAR_3 and ACAR_5, while Delhi 
showed a slight negative ACAR_3. However, it should be 
noted that except for one deal with CAR_3 of -12.54%, Delhi 
based acquirers earned CAR_3 between -9.79 to 18.21%.  

TABLE I.        STATE-WISE WEALTH EFFECT FOR INDIAN LISTED ACQUIRERS 

Acquirer State/UT 

Total 
N = 55 

In-State Deals 
N = 17 

Out-State Deals 
N = 38 

ACAR_3 ACAR_5 ACAR_3 ACAR_5 ACAR_3 ACAR_5 

Andhra Pradesh 0.39 1.12 -1.63 -0.24 - - 

Delhi -0.27 0.67 -0.39 0.59 -0.53 0.47 

Gujarat 3.12 5.50 3.12 5.50 - - 

Jharkhand 1.86 1.25 - - 1.86 1.25 

Karnataka 3.17 1.56 - - 3.17 1.56 

Madhya Pradesh 1.60 3.67 - - 1.60 3.67 

Maharashtra 0.01 0.64 0.01 0.64 0.03 0.79 

Tamil Nadu 4.85 4.01 9.78 8.02 18.21 16.90 

Telangana -1.22 -0.22 -4.94 -2.82 -9.79 -8.62 

Uttar Pradesh -0.72 0.28 - - -0.72 0.28 

West Bengal 0.27 1.06 -3.11 1.27 0.27 1.06 

Average 0.39 1.12 0.13 0.79 0.39 1.12 

 
The sample consists of 55 acquisitions announced between 2011 and 2019. In-state (Out-state) deals are those in which acquirer and the 
target firm have their headquarter office located in the same (different) state. ACAR_3 (ACAR_5) denotes wealth to acquirers as measured by 
standard event study methodology 
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The 17 in-state deals, on average, earned 0.13% (0.79%) 
ACAR_3 (ACAR_5) having a range of -4.94% to 9.78% (-
2.82% to 8.02%). In comparison, out-state deals earned 
relatively higher abnormal returns over three-day (0.39%) 
and five-day (1.12%) event window respectively. Acquirers 
from states of Maharashtra, Tamil Nadu, Telangana, West 
Bengal, and union territory Delhi who combined announced 
43 out of total 55 deals, preferred both in-state and out-state 
deals. Moreover, the ACAR values were positive (except for 
Telangana) in at least one of the two event windows for both 
in-state and out-state deals. Thus, while choosing targets 
spread across distant locations (state/city) listed 
manufacturing industry acquirer shareholders tend to reap 
benefits of diversification. However, the results on 
significance of CAR coefficients (not reported in the paper for 
brevity) showed only six deals (out of total 55 acquisitions) 
having wealth significantly different from zero. The ACAR_3 

(ACAR_5) for these six deals was 0.28% (1.02%), five of 
which were out-state deals.  The results indicate that wealth 
to acquirers is unrelated to its proximity to target firms.  

 

V. CONCLUSION 

This paper, unlike other wealth effect studies, is first ever 
attempt to examine the impact of proximity on M&A deal 
outcomes in India. The data on acquisition deals involving 
public listed acquirers and targets was used to analyse spatial 
distribution on acquisitions made in the manufacturing 
industry during the years of 2011 to 2019. Classifying deals 
where acquirer-target firms had their offices headquartered in 
the same state as proximate deals, the study finds low 
preference for proximate targets by acquirer firms. Also, the 
proportion of bids received by first order neighbour states to 
acquirers was found to be only 18 percent. These findings 
suggest that Indian listed public firms disregarding proximity 
choose to engage with M&A targets spread over greater 
distances. Alternately, the findings based on city location as 
a measure of proximity conform to those of same state 
proximity definition. Interestingly, we find that urban 
locations such as cities dominate the M&A market in India. 
These conclusions are similar to Cai et al. (2016) [31] who 
find that target firm’s urban location weakens the negative 
effect of increasing distance to acquirer firm, and thus urban 
targets are more likely to receive M&A bids. 

In addition, the study also examined the wealth effect to 
acquirer shareholders measured by abnormal returns using 
standard event study methodology. In comparison to 
proximate acquisitions though distant deal acquirers earned 
slightly higher announcement returns, the statistical 
insignificance of return coefficients support the hypothesis on 
irrelevance of geographic proximity to M&As deal decisions 
made by Indian public listed acquirers. These inferences are 
similar to those of Hannan & Wolken (1989) [32] who find 
no statistical difference between interstate and intrastate 
returns, and contrary to Baradwaj et al. (1992) [33] and Basu 
& Chevrier (2011) [16] who report significant negative 
acquirer returns in out-state deals confirming adverse effect 
of larger distances on acquirer wealth. This study contributes 

to the literature on relevance of geographic proximity in 
corporate decision making. 
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Abstract - Disruptive technologies similar as the internet of 

effects, big data analytics, block chain, and artificial 

intelligence have changed the ways businesses operate. Of all 

the disruptive technologies, artificial intelligence (AI) is the 

rearmost technological change agent and holds immense 

marketing metamorphosis eventuality. Interpreters worldwide 

are trying to figure out the stylish fit AI results for their 

marketing functions. Still, a methodical literature review can 

punctuate the significance of artificial intelligence (AI) in 

marketing and map future exploration directions. The present 

study aims to offer a comprehensive review of AI in marketing 

using bibliometric, abstract and intellectual network analysis 

of extant literature published between 1982 and 2020. A 

comprehensive review of one thousand five hundred and eighty 

papers helped to identify the scientific actors' performance like 

utmost applicable authors and utmost applicable sources. 

Likewise, co-citation and co-occurrence analysis offered the 

abstract and intellectual network. Data clustering using the 

Louvain algorithm helped identify exploration sub-themes and 

unborn exploration directions to expand AI in marketing. The 

operations of artificial intelligence in e-commerce showed 

further details with numerous practical exemplifications 

fromAmazon.com. The company is an important 

transnational-retailer that's using artificial intelligence ways 

for online shopping. In this part, it was shown how Amazon has 

used artificial intelligence in e-commerce; how Amazon’s 

guests have achieved better experience and anticipation when 

copping online through artificial intelligence in e-commerce 

ways and the future of Amazon how to carry out online 

business successfully. In conclusion, artificial intelligence 

obviously affects a lot in the world and mortal life. In this thesis, 

the way how artificial intelligence is changing business in e-

commerce assiduity can be seen more deeply.  

Keywords— Artificial Intelligence, E Commerce, Online 

Marketing.  

I. INTRODUCTION  

Artificial intelligence isn't a unknown term for everyone 
today. AI’s sensible applications seem everywhere within the 
house and outside: within the office, the bank, the hospital, 
the factory, the web and even in outer space. As everyone will 
see machine-controlled robots, voice recognition, self-
driving car, satellite navigation systems are all the 
phenomena supported artificial intelligence techniques. AI 
sounds like a large space however these days individuals 
focus on victimization its applications in slender areas 
resembling in healthcare, biology, info technology also as in 
business. 

AI helps to develop intelligence in computer code and 
machines and create some skills for them to assume and act 

sort of a human. The event of AI is past inventive ability with 
totally different numerous procedures and methods to 
execute the equivalent. In business, its techniques bring 
several advantages for an organization resembling up 
customer’s decision-making, predicting the revenue 
correctly, reducing expenses also as increasing customer’s 
buying experience. Through this thesis, individuals will 
currently perceive what artificial intelligence is, its history 
and main sorts of it as well as some outstanding sensible 
applications in theoretical parts. 

This study aims essentially at the difficulty of whether or 
not artificial intelligence applications have entered the 
business, particularly within the e-commerce industry. The 
purpose of this thesis is to clarify if AI has had an important 
and gradual impact on e-retailers with a picture e-retailer 
company, Amazon. This thesis conjointly introduces which 
types of artificial intelligence techniques are utilised 
nowadays in e-commerce with highlight applications from 
Amazon. In addition, artificial intelligence not solely has vie 
an important role to boost the client service for the corporate 
in e-commerce however also helped improve their yearly 
profit by making simpler on-line looking strategy campaigns 
and accomplish consumer goals by learning their wants and 
expectations. Besides, the thesis conjointly focuses on 
however Finnish corporations have seasoned the ascent of AI 
and what European country can do for artificial intelligence 
within the longer term. 

 

II. LITRATURE REVIEW 

The historical background of Artificial Intelligence is 
extremely fascinating and commenced about 100 years ago. 
Czech writer Karel Čapek presented a science fiction work in 
1920 called Rossumovi Univerzální Roboti (Rossum's 
Universal Robot), known as RR. Initially it worked for 
humans, but then there was the disobedience of the robot that 
drives the extinction of humanity. The game is very 
fascinating for several reasons. First he introduces the term 
robot, but does not  speak the advanced thought about robots, 
and then also tells the story of the emergence of robots, i.e. a 
kind of computer-aided result that at first appears to be 
constructive for humans, but later it becomes be the 
disobedience of the robot that puts all human beings in 
danger. (Schultebraucks 2017) Alan Turing, a celebrated 
British computer scientist, worked to crack the "Enigma" 
code that German armies used to securely send messages  
during World War II. Alan Turing and his group created the 
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bomb machine that was used to decipher Enigma's messages. 
Enigma and Bombe Machines created the framework for 
machine learning. Turing pointed out that a machine that can 
chat with people without  people noticing that it is a machine, 
he would win the "imitation game" and probably also the 
"intelligence service". (Ray 2018. In 1956, John MacCarthy, 
an American computer scientist, invented the word "artificial 
intelligence" when he was organizing the Dartmouth 
Conference. United States to study the capacity of artificial 
intelligence. Analysts Allen Newell and Herbert Simon were 
instrumental in this The advancement involved artificial 
intelligence as a field of software development that could 
change the world. In the 1950s, a machine known as the 
Ferranti Mark 1 was effectively using calculus to dominate 
the lady, and so did John McCarthy, regularly known as the 
father of artificial intelligence developed the LISP 
programming dialect that became critical to machine 
learning.In the late 1960s, PC researchers were concerned 
with machine vision learning and the development of 
machine learning in robots.WABOT1, the leading 
“insightful” humanoid robot, was developed in 1972 in 
Japan. Between the 1970s and 1990s, computer scientists 
tackled a severe shortage of grants for research on artificial 
intelligence. as "AI winter". (Ray 2018. By the 1980s, neural 
systems proved widespread, and The Society of the Mind, a 
hypothetical representation of the aggregated personality, 
was distributed by Marvin Minsky. Improvements in 
territories, e.g. A chess program that extends artificial 
intelligence, won the great chess  showdown and the primary 
independent hardware framework for mechanical autonomy  
"Sojourner" was beamed to the surface of Mars by NASA. 
Mascot robots proved economically accessible, Stanford's 
autonomous vehicle won the DARPA Grand Challenge Race 
and Stanley The Nomad Robo T examined remote areas of 
Antarctica  for signs of falling stars within the middle of the 
first long periods of 21 (Tekoäly 2018). 

 
Fig. 1. Artificial Intellegence : Technology Landscape 

Some computer science funding gaseous once the dotcom 
bubble burst within the mid-2000s. However, machine 
learning proceeded with its walk, to a decent extent due to 
upgrades in computer equipment. Enterprises and 
governments effectively utilised machine learning methods 
in tight areas. Exponential gains in computer handling force 
and capability enabled organizations to store immense, and 
crunch, tremendous amounts of data out of the blue. With in 
the previous fifteen years, Amazon, Google, Baidu, etc. all 
utilized machine learning determining the way to their large 
business advantage. However, getting ready consumer 
information to grasp client conduct, these organizations have 
unbroken on breakage away at computer vision, common 
non-standard speech handling, and an entire host of different 

computer science applications. Machine learning is presently 
ingrained in an exceedingly extensive heap of the {web|the 
net} administrations we utilize. (Ray 2018.) 

III. E COMMERCE 

Electronic commerce, or e-commerce, can be described 
as the buying and selling of goods and services on the 
Internet. E-Business is another term sometimes used in place 
of e-commerce. Some of the examples of e-commerce sites 
are flip kart, eBay, infibeam.com etc. E-Commerce provides 
unique features of non-cash payment, 24x7 Service 
availability and improved sales. According to the Silicon 
Valley venture capital firm Kleiner Perkins Caufield Byers 
report, Amazon India is most likely to dominate the country’s 
online retail market in the long run. Following are some e-
commerce models: 

 
Fig. 2. Categories of E Commerce 

IV. ROLE OF ARTIFICIAL INTELLIGENCE IN E COMMERCE 

Shopping Electronic commerce, or e-commerce, are often 
delineate because the shopping for and merchandising of 
products and services on the Internet. E-Business is another 
term generally utilized in place of e-commerce. Samples of 
e-commerce sites are flip kart, eBay, infibeam.com and so 
forth E-Commerce provides distinctive options of non-cash 
payment, 24x7 Service convenience and improved sales. per 
the Silicon Valley capital firm Kleiner Perkins Caufield 
Byers report, Amazon Asian nation is possibly to dominate 
the country’s on-line retail market within the long run. 
Following are some e-commerce models: The Applications 
of artificial intelligence in e commerce 

The most common use of artificial intelligence in e-
commerce is to achieve better performance as a customer 
merchant, more satisfactory within the purchase of products 
and services, to boost the competitiveness of companies and 
customer loyalty. Some applications from Amazon.com - a 
larger international retailer in online marketplaces will also 
be featured in this section. 

CHATBOT  

 It is an application that allows conversational 
performances, enticing buying extra exceedingly via way of 
means of textual content and voice. It is popularly utilized in 
cell phone, net browsers, or net chat rooms. Besides, via way 
of means of the usage of deep gaining knowledge of 
structures like herbal language processing structures, or 
automated voice reputation, chatbots can imitate people’s 
interplay that will be observed in digital assistant structures, 
purchaser services, name center, etc. (Aws 2019.) 
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Chatbot additionally has many benefits for purchasers 
consisting of enhancing purchaser engagement. A 
successful patron enjoy is also essential differentiator for a 
commercial enterprise. Chatbot may be despatched into the 
channels that your customers and possibilities are actually 
related with, like Facebook Messenger, so you’ll be able to 
touch them in general situations to react to their buying 
favourites faster and trap up their wishes and expectations. 
Next, chatbot is a totally bendy characteristic for the 
purchaser to shop for merchandise withinside the online 
marketplace thanks to the fact that it could reply to clients’ 
voice and textual content via way of means of their 
language. They additionally assist the agency to reduce 
execution time and enhance commercial enterprise 
efficiencies. (AWS 2019) Amazon Lex (PICTURE 3) is a 
spotlight instance of a chatbot carrier this is created via way 
of means of Amazon to assist clients connect with name 
centre. It is made for conversational system into any utility 
that may use textual content and voice. Amazon Lex makes 
use of deep gaining knowledge of features of automated 
voice reputation in superior for converting voice to textual 
content, and herbal language information machine to 
understand the means of the textual content, to allow the 
purchaser to make programs with attracting consumer 
experiences. This machine permits clients to make clear new 
forms of objects made via conversational interfaces. It may 
be utilized in unique instances consisting of hook up with 
agency programs to get hold of advertising data, or 
purchaser can study their banking information, or calling 
Amazon-touch-centre. 

 

Fig. 3. Using Amazon Lex for calling center bots  

With the use of Amazon Lex, the patron can plan for 
appointments, extrade call or password, and soliciting for 
buying records from Amazon account. These chatbots can 
apprehend patron’s speech and realize patron’s which means 
with out soliciting for patron solutions any particular 
questions. In addition, it allows the process of every day 
character activities, for example, reserving motel rooms or 
physician appointments, order books or non-public stuff 
from users ‘cell phones, net browsers. (Aws Amazon Lex 
2019.) 

RECOMMENDATION ENGINES 

A advice engine is a device that filters the statistics via way 
of means of the use of algorithms and shows famous 
merchandise for clients. Based at the preceding patron 
shopping performances, it's going to endorse gadgets which 
the customers may also probable purchase. (Sharma 2018) 
Amazon created Amazon Personalize as a advice engine 
device that may enhance the idea gadgets for clients 
primarily based totally on their purchasing on-line 
experiences.  

 In Amazon Personalize, clients can deliver an pastime 
flow from their performances including shopping facts, web 
page perspectives and the goods they need to indicate to the 
others like books, music, cosmetics or videos. Besides, 

shoppers also can offer extra facts including age, gender, 
geographic area, etc. The device will store, take a look at 
and become aware of clients’ statistics, after which it's 
going to pick out accurate algorithms.  

Finally, it's going to optimize a personalization template 
that is custom designed for clients’ statistics. (AWS Amazon 
Personalize 2019) By clicking at the link “Your 
Recommendations”, it's going to lead the clients to an area 
wherein they could see the guidelines via way of means of 
gadgets offering, rating of gadgets and which merchandise 
are recommended. Besides, Amazon purchasing cart advice 
which gives customers object pointers depending on the 
goods of their purchasing basket. 

WAREHOUSE AUTOMATION 

Most of the organizations are presently concentrate on 
handling their warehouse operations for decreasing costs 
and increasing business efficiency. Automated warehouses 
are progressively effective, adaptable, quick and trustworthy 
as well. They assist online shopping companies to adapt and 
handle the distribution of warehouse products, and to keep 
the best condition for material processing with such 
procedure it is simple on capacity, rearrange the products 
and recover the information automatically. (Magneto 2019.)  

 

Fig. 4. A robot is working on Amazon automation warehouse 

Amazon isn't an exception. Amazon is one of the leaders 
of warehouse automation, the corporation has already 
discovered a brand new manner of the usage of robots in 
paintings placements as soon as controlled through 
workers.  

In 2014, Amazon commenced commencing robots to its 
distribution facilities utilising machines first of all created 
through Kiva Systems, an organization Amazon bought for 
$775 million  years quicker and renamed Amazon Robotics. 
Amazon currently has approximately 100,000 robots in 
actual existence across the world. Automated robots can run 
round with vertical racks filled with inventory weighing as 
much as 2000 kg on their backs. All of them paintings 
autonomously internal a big place, following each other but 
now no longer impacting. (Wingfield 2017.) 

VIRTUAL SHOPPING ASSISTANT 

Virtual purchasing assistant is a software program 
utility software that makes use of synthetic intelligence to 
attach and may apprehend herbal language voice from 
customers. They can also deal with many responsibilities on 
the equal time and may paintings in a couple of areas. 
(Magneto 2019.)  
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Amazon Echo is a digital purchasing assistant 
device as referred to as Alexa can offer the consumers with 
cutting-edge purchasing performers and reports and it 
handiest desires to perceive customers’ voice to manner the 
order. According to Statistic Portal, clients are greater 
happy via way of means of the use of Alexa whilst 
purchasing on-line and the talents of Alexa have advanced 
from handiest one hundred thirty talents to upon over 80000 
talents from 2016 to the cease of 2018. (Statista 2018.) 

AI appears to be the destiny if the ecommerce 
industries as it facilitates the ecommerce industries in lots 
of approaches which includes the use of the AI the 
ecommerce industries can customize the purchasing revel 
in of the person in order to assist the enterprise to boom the 
sale of the corporation from the corporation angle and from 
the patron angle it's going to assist to enhance the patron 
service.  

Today the opposition withinside the ecommerce 
enterprise has driven all of the commercial enterprise 
enterprise from a small scale to big scale to apply the AI 
and its applicate of their commercial enterprise. AI can 
virtually advantage the corporation to enhance the 
commercial enterprise operations 

Instead of looking a product via way of means of 
its call after which locating the product the person needs 
from the pool of the goods that the person searched is pretty 
tough and time consuming, so the use of AI the person can 
without delay add the photographs of the product that the 
person needs and get the product at once in order to shop 
numerous time and could boom the patron easiness and 
could appeal to the patron to shop for the product from the 
equal website again.  

RECOMMEND OPTIONS 

Using the AI and ML algorithms we will examine 
the person shopping pattern collectively after which we will 
assist the alternative choices to customer’s purchase 
displaying the equal merchandise withinside the advise 
alternative. This will assist us to promote the greater 
numbers of merchandise as it is probably feasible that 
person may not be wondering to shop for the product 
however seeing withinside the advise alternative the person 
would possibly assume that it is probably beneficial to shop 
for and could purchase the product. Also this improves the 
website friendliness and greater customers get attracted.  

SYSTEMATIC SALES PROCESS 

Prior to AI the proprietor of the commercial 
enterprise become now no longer capable of nicely expect 
the income of all of the product however thru AI the 
commercial enterprise proprietors can accumulate the 
statistics patters and may enhance the income. Through AI 
we are easily going to get the correlation among the person 
and its shopping for merchandise. 

Greeting to the patron as quickly because the 
person opens the internet site and begin and chat the use of 
chatbot which make a higher affect of the corporation and 
the person thinks the internet site could be very pleasant and 

it assist to redirect person on that internet site web page that 
the person is precisely searching for. 

INCREASE IN VOLUME OF VOICE SEARCH 

Today, humans are counting on voice assistants 
like Alexa, Siri to recognise their day by day time table or 
discover approximately a product to shop for it online. 

VR AND AR 

The use of digital truth and augmented truth may be 
used to create structures that supply clients an phantasm of 
purchasing withinside the actual store! 

CRM 

In the past, Customer Relationship Management 
(CRM) depended on the humans to gather a massive 
quantity of statistics so one can gather the statistics and 
serve the clients. But today, synthetic intelligence can 
expect which clients are maximum possibly to make a buy 
and the way are we able to have higher interaction with 
them. 

IDLE TIME TO REACH CUSTOMERS 

The time for achieving your purchaser performs an crucial 
position in virtual marketing. AI can reveal person sports 
on this regard. It can perceive the great time to attain a 
specific client. With this, you could optimize your e-mail 
campaigns. 

V. PRACTICES  OF AI BY E COMMERCE 

PRACTINIORS TURNED IN TO SUCESS  

Flipkart 

Flipkart has partnered with the Microsoft to gives 
its customers a higher platform. Using Microsoft offerings 
consisting of Azure cloud (Cortana Intelligence Suite and 
Power BI) they're running on an AI undertaking named 
“Mira” to enhance the customer’s buying experience. 

Flipkart is likewise increasing its presence 
withinside the Silicon Valley withinside the US and 
specializing in AI-primarily based totally merchandise via 
way of means of using world-elegance studies centers 
withinside the Valley. This is being accomplished via F7 
Labs, Flipkart’s US-primarily based totally studies arm in 
Palo Alto. 

Myntra  

Myntra is working on the AI-based “Fast Fashion” 
project. It will help the consumer navigate through the 
designs and  fashion trends. Myntra is using a new design 
technique called Generative Adversarial Networks (GANs) 
that creates products that Myntra uses machine learning to 
improve  payment acceptance rates for online transactions, a 
problem that is particularly prevalent in India, where error 
rates are high . 

Myntra also improves the user experience by 
providing the right recommendations based on what a 
customer has seen or bought in the past.  
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To improve customer service, Myntra has 
developed "Saber", an artificial intelligence based return 
system that is faster Allows refunds for customers who have 
demonstrated good purchasing and return behavior. Really 
return shipments and what fraudulent activity is attempting. 

Swiggy  

 Swiggy is developing a concept known as a "food 
chart," which breaks down a  dish by recipe, cooking style, 
ingredients used, caloric value, and dish variations. By 
combining the meal chart with a customer's previous meal 
preferences, Swiggy can derive a personalized restaurant 
feed on the app's own homepage.  

Nykaa  

 Nykaa worked with Verloop.io to increase customer 
loyalty by solving problems via chat using an automation 
platform for customer support. with its customer service 
executives who spend more than 32,000 employee hours per 
month answering and responding to support queries.  

 However, it faced a challenge as customers  now 
preferred self-service to talking to agents. So Nykaa decided 
to automate their customer support to focus more time on 
other important aspects of the customer experience. Nykaa 
worked with Verloop.io to increase customer engagement by 
solving customer problems through chat. Verloop.io 
implemented a solution that allowed Nykaa  to use tiered 
questions to handle repetitive requests, including 
cancellations, returns, shipping requests, replacements, 
refunds and payment issues.  

 Verloop.io, Nykaa was able to clarify customer 
inquiries with a deeper context, which resulted in higher  
customer satisfaction after purchase and better customer 
loyalty in the first 30 days of using Verloop.io. given a 
button called “Beauty Tips”. Once clicked, the conversation 
was passed to one of Nykaa's in-house experts, who selected 
products based on customer requirements, eliminating the 
need for manual conversation. 

Byju’s  

 Byju recently took a first step in this direction by 
taking over a company that brought them a small, 
specialized team.  

 In 2019, Think and Learn acquired Osmo, a Palo 
Alto-based company  that makes educational games for 
young children. The initiative promises a hopeful  future of 
artificial intelligence for BYJU, where the company can 
even experiment with augmented reality and virtual reality 
to see how these technologies can be integrated into the 
BYJU application to make learning more useful for students 
do. At Byju's, it relies heavily on  data analysis at work, as a 
lot of data and findings are generated internally.  

 For example, if a significant proportion of students 
make mistakes on a particular concept, Byju's can go back 
and add simpler videos, additional content formats, and 
simpler questions to allow the system to develop a smoother 
learning curve. Students eventually understand the difficult 

areas of the concept but take it slowly and without being 
discouraged.  

Make My Trip  

 MakeMyTrip uses Artificial Intelligence (AI) to offer 
its customers an experience  like never before. With their AI-
powered chatbots, customers receive suggestions and 
notifications for train / flight reservations, baggage details, 
and even suggestions for car reservations.It was also recently 
reported that customers can book tickets with their voice and 
speak to the chatbot on MakeMyTrip.        

McDonalds 

 With up to 60 million daily customer traffic  in more 
than 100 countries, it is clear that McDonalds has a wealth 
of data about its customers just waiting to be converted into 
measurable metrics for analysis. The Anywhere ™ 
personalization platform, which means they use machine 
learning algorithms and artificial intelligence to reach  
audiences in innovative ways.  

 Dynamic Yield is a platform that improves the user 
experience with a brand or product based on individualized 
and personalized targeted advertising. Analyze user data and 
learn from it by recognizing patterns and making decisions 
on its own. The chain has used technology to stay ahead of 
the competition.  

In March 2019, McDonald's announced the 
acquisition of Dynamic Yield, a specialist in personalization 
and decision-making technology that is known by those in 
the know as McDonald's largest company valued at more 
than $ 300 million. Upon completion of the Dynamic Yield 
acquisition, McDonald's quickly rolled out its machine 
learning technology in more than $ 8,000 in Drivethrus. the 
customer will spend more.At the end of 2019, Hamburger's 
chain would like to integrate dynamic performance 
technology in almost all near the Australian district. 

Even prior to partnering with McDonald's, 
Dynamic Yield's Custom Anywhere™ platform was  used to 
create connections between more than 600 million users and 
the brands they interact with. Existing customers include 
Sephora, Vineyard Vines, and Cintas, to name a few. The 
software helps companies connect better with their 
customers by providing personalized experiences, 
recommendations, one-on-one messages, and more. It 
appears that regardless of the McDonald's partnership, 
Dynamic Yield was doing fine on its own. McDonalds has 
evolved into a more information-centric company, naturally 
driven by data-driven decision-making.  

By combining data from all of the McDonald's 
branches and creating data visualizations, the chain was able 
to gain more comparable insights that would help create a 
more holistic view of their customers. relevant and 
actionable results, saving time and money.  

The McDonald's experience, enhanced with big 
data and analytics, was the drive-thru experience. By 
knowing three different factors: the design of the transit, the 
information that is provided to the customer during the 
transit, and the people who queue for a transit to order. , 
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McDonalds are better able to create a more enjoyable drive-
thru experience.  

For example, if customers know what times of the 
day they are most likely to drive through a drive-through, 
they can prepare for peaks in demand early and improve 
their efficiency.Finding the best solutions for  design, 
information and people is an ongoing process that changes 
with time, context and cultures.  

Other information that McDonalds collects includes  store 
traffic, customer interactions, drive-thru flows, order 
patterns, point-of-sale data, video data, and sensor data. 
These factors affect every part of the McDonalds empire, 
from refining its menu design to optimizing its exercise 
programs. 

VI. DISCUSSION 

Through this study the researchers can easily understand 
how Artificial Intelligence (AI), Machine (ML) learning and 
the terms relates to AL and ML such as Augmented Reality, 
Virtual Reality, etc. will be the future of all the industries 
whether it is education sector or industry sector or the 
farming sector.  

The applications now available  everywhere, people can 
see them at home, on the phone, on the street, in the office, 
in the hospital, or in stores. In the business sector there are 
many advantages and opportunities for companies through 
the use of artificial intelligence techniques.  

For example, using these technologies, the user will be 
able to ease their business operations, increase the 
productivity of their business by understanding the market 
need of their products and by understanding their consumers 
just the way the amazon does it. Also, the employer will be 
able to operate their business from different parts of the 
world which will result in increasing the revenue of the 
business (the way many of the today’s business are 
operating). The technology will not only benefit the business 
owner but will also benefit the employees by learning the 
new technologies providing them the growth in their career. 

Also purchasing using these technologies customer can 
test the product placement at their home place. i.e., using 
AI/ML the customer can see how the products will look on 
them. So, looking at all these things without any doubt we 
could say that AL/ML and its applications are the future of 
all the concerened sectors. 
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ABSTRACT 

So far the beauty industry reflected the fastest growth 

across the world. Beauty Industry deals with constant 

care, nourishment and style that matches with the 

rhythm of time. A little more care helps to add to 

confidence and elegance. With a large range, colour 

cosmetics include foundations, eye shadows, nail paints, 

powders, lipsticks, concealers, bronzers, and other 

products. Previous research has studied the consumer 

behaviour towards herbal and natural products of the 

beauty industry including the factors affecting the 

purchasing behaviour for the beauty products. This 

research aims to identify the factors affecting consumer 

behaviour and the current marketing trends and 

competitors in the colour cosmetic industry. A survey 

through questionnaire was conducted on the sample unit 

of 70 female respondents. The study helped to build the 

relationship between various variables identified. A 

competitive study was also conducted using the 

marketing mix analysis by considering major players in 

the color cosmetics segment. 

 Key Words: Color Cosmetic Industry, Consumer 

Behavior, Competitive Market, Marketing Mix 

I. INTRODUCTION 

Beauty industry works on the dynamics of constant 

care, nourishment and styles that matches with the 

modern time. In earlier times, women focused on 

enhancing their looks to gain superior rank in 

society. This phenomenon of beauty has never 

stopped taking place, particularly among the female 

segment, all around the globe for years. Rising 

beauty awareness, a higher value is placed on 

personal grooming. Changes in consumption 

patterns and lifestyles, and increased purchasing 

power among women all have contributed to the 

growth of this industry. 

Colour cosmetics products and services are booming 

significantly as consumers particularly women are 

putting more time, effort and money, to look good. 

With increasing shelf space in retail stores and 

boutiques in India, stocking cosmetics from around 

the world have become a huge market. (Oberoi & 

oberoi, 2018) The Indian beauty and personal care 

(BPC) industry is estimated to be worth USD 8 

billion. India’s per capita spend on beauty and 

personal care is it is growing in line with India’s 

GDP growth. Fig.1 shows the industry 

categorization.

 

Fig. 1: Industry Categorization 

Colour cosmetics (Fig. 2) include foundations, eye 

shadows, nail paints, powders, lipsticks, concealers, 

bronzers, and other products. The Colour cosmetics 

market can be divided into face, eye, lip and nail, 
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and others based on product type. The market had 

registered strong growth in the last few years. 

Increasing consumer spending on colour cosmetics, 

an increase in appearance consciousness, product 

innovation, a growing beauty and personal care 

sector, an increase in demand for colour cosmetics 

to reduce age-related skin imperfections, an 

improvement in quality of life, and technological 

advancement in colour cosmetics are driving the 

colour cosmetics market. Furthermore, attractive 

packaging, rising consumer health awareness about 

personal care, and evolving fashion trends are 

expected to drive the colour cosmetics market. 

However, the economic downturn, high costs of 

quality chemicals, strict government regulations, 

and high packaging costs are some of the factors 

restraining growth in the global colour cosmetics 

market (Łopaciuk & Łoboda , 2013).  

 

 

 

 

Fig. 2: Product Categorization 

Some of the most recent trends in the global colour 

cosmetics market include an increase in the number 

of brands and products, an increase in online 

retailing, an increase in mergers and acquisitions, 

and an increase in collaborations and partnerships. 

Some of the major players of the industry in India 

are: 

• Lakme, 

• Blue heaven,  

• Swiss Beauty, 

• Coloressence, 

• Incolor 

As the majority of the companies recognize a way to 

succeed and global competitive advantage is 

through customer orientation, it’s important for 

major businesses as well as entrepreneurs to devote 

great attention to studying the behaviour of 

consumers regardless of the type of product and 

service they are offering. Businesses are no longer 

produced or service-oriented; therefore, efforts 

should be focused on the needs and wants of 

consumers and finding ways to deliver value to their 

target markets.  

This study aims to analyze the factors affecting 

consumer behaviour, particularlly women towards 

the color cosmetics products. This research also tries 

to identify the marketing trends ongoing in the 

colour cosmetic industry alinging it with the a 

competative study to get an in depth insight about 

the dynamics of the insudtry.   

II. LITERATURE REVIEW 

(Arya, Shyam;, 2021) This study was conducted on 

Premium beauty-product outlets that have been 

closed down during the Covid era. As the lockdown 

imposed restrictions on physical movement, it 

resulted in a rapid and effective transition purchase 

from offline to online platforms. Consumers 

benefited greatly from the shift, which is expected to 

continue due to increased accessibility, 

convenience, and lower prices. The results found out 

that for brands to remain competitive and have 

economies of scale, quick capture of new consumer 

expectations and shifting behaviours, as well as 

effective response to the evolving market, is 

required.  Different technologies and approaches are 

being used by brands to provide a more personalized 

experience to their customers, such as quizzes, 

custom printing, at-home devices, DNA testing kits, 

and so on. 

(Chhetri, 2021)The primary objective of this paper 

is to investigate consumer's buying practices when it 

comes to cosmetics. This study focuses on 

demographic factors such as age, occupation, 

marital status, and education that seem to have a 

positive influence on cosmetic products. Inside this 

study, primary data was used. 5-point Likert scale 

were used on the survey questionnaire. ANOVA, 

mean, and standard deviation were also used to 

analyze a sample of 100 respondents. According to 

the results, the factor income seems to have no effect 

on the consumer's understudy's attitude toward 

cosmetic products. When it comes to cosmetics, 

people prioritized quality over all else. 

(Hwang, Kim, Lee, & Lee, 2021)In the context of 

the botanic cosmetic industry, this study considers 

and examines susceptibility to global consumer 

culture (SGCC) (conformity to consumer trend, 

social prestige, and quality perception) and its effect 

on affective commitment, which in turn can 
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influence behavioural commitment and loyalty. A 

survey questionnaire was distributed to 365 

individuals. The findings were as follows: 

Emotional commitment was influenced significantly 

by conformity to consumer trends and quality 

perception. Emotional commitment and behavioural 

commitment both have an impact on brand loyalty, 

with behavioural commitment showing the highest 

impact. 

(Kumudhini & Kumaran, 2020) Objective of the 

study attempted to gain knowledge about influence 

of Consumer Attitude, subjective norm, perceived 

behavioral control towards Purchase Intention of 

organic and natural cosmetics. An exploratory type 

of research was conducted with a quantitative 

prospective and the population of the study 

consisted of above 15 years old consumers of 

Colombo District. To achieve the goals of the 

research, the data were collected from convenience 

sample of 200 consumers who lived in the Colombo 

District. The respondents provided the data by 

means of a close-ended questionnaire. Multiple 

regression was used for testing the hypotheses. This 

study empirically examines that Consumer Attitudes 

(CA), Subjective Norm (SN), Perceived Behavioral 

Control (PBC), Consumers’ Past Experiences (PE) 

the independent variables and Purchase Intention for 

Organic and natural Cosmetic Products (PIOC) as 

the dependent variable. The results of this study 

suggest that retailers can develop effective 

marketing strategies emphasizing ecological beauty, 

product safety, and affordable prices to increase 

consumers’ intentions to buy. 

(Ferreira, Magalhães, Sousa-Lobo, & Almeida, 

2020) This study provides an overview of the market 

trends regarding the use of peptides in anti-aging 

products, providing meaningful data for scientists 

involved in the development of new peptides to 

identify opportunities for innovation in this area.  

(Pal , Panda , & Mukkamala , 2020) The ultimate 

goal of this work is to analyze the marketing 

strategies of cosmetic companies to launch various 

innovative ideas that boost product sales. This work 

concentrates on analyzing the various factors related 

to recent trends adopted in cosmetic industries. The 

analysis is performed with SWOT (Strength, 

Weakness, Opportunities, and Threats) and 4P's 

(Product, Price, Promotion, and Place) variables. 

(Al-Hashimi & AlDhari, 2019) The purpose of this 

paper was to examine the behavior of women in 

Bahrain as consumers in the field of Spa & Beauty 

services. Sample of 384 was divided using a 

sampling ratio into the four main governorates of 

Bahrain and a combination of Chi-square & eta 

correlation along with Pearson product moment 

correlation was used. The study found that there is a 

significant relationship between all the 

demographical aspects of females except for 

education with behavior. It was also observed that 

self-expression along with achieving ideal self-

image are highly perceived personal factors when 

selecting beauty and spa treatments. 

(Наумова, 2019) The purpose of the study was to 

determine the influence of the shape of the package 

and its color on the behavior of the buyer, the reason 

for changing behavior due to consumption of goods 

with a certain shape and color of the package. The 

influence of packaging cosmetic products on the 

behavior of consumers is shown, namely, how 

packaging determines the demand for products 

depending on the age, consumer's attitude of life 

style. The article shows how the shape and color of 

packaging determine the psycho-emotional state of 

the consumer, their desire, tastes and preferences. 

Such information is valuable to marketers when 

defining the target audience of a brand, developing 

new packaging, and identifying sources for 

increasing the consumer value of a product. Not only 

high-quality packaging values in terms of storage, 

transportation, informing, etc. but above all, its 

attractiveness combined with harmonious geometric 

shapes can enhance the competitiveness of the 

product on the market. 

(Rahmawati, 2019) The objectives of this research 

was to analyze how the cosmetic advertisement 

represent beauty concepts according to semiotics 

signs, and to decipher messages conveyed by verbal 

(tagline) and visual signs in cosmetic advertisement 

represent beauty concept. The participants of this 

research were Rihanna and eleven models in Fenty 

Beauty advertisement video in each scene.To obtain 

the data the researcher used two instruments namely 

video observation, and documents analysis. The 

findings investigating the beauty concepts cover the 

skin tones, make up, hair and face symmetry.  

(Lee & Heo, 2019) This study analyzes the cases of 

artist collaboration products for cosmetics brands 

and conducted a questionnaire survey about the 

products’ design, consumer satisfaction with the 

artist collaboration, the products’ visual effects, 

consumer psychology, and consumers’ purchase 

intention, to examine the effect that artists’ artworks 

have on consumers. This study examined 

differences in consumers’ brand recognition with 

Page 125

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



 

existing products, and what effect collaboration had 

on consumers’ assessment of product value. The 

study found that marketing methods created by 

collaborations between artists and brands were able 

to produce new patterns in consumption culture and 

added value to the products. Furthermore, when an 

artwork’s color, image, or concept was applied to 

make-up products, it had an effect on consumer 

psychology in that consumers perceived an increase 

in product performance, make-up color effects, and 

make-up durability.  

(Abdelazim Mohamed, Medina, & Romo, 2018) 

This research provided new helpful insights for 

cosmetics marketers about their consumer 

preferences regarding visual elements of their 

makeup products. A quantitative research approach 

was adopted using the survey research design and 

used a questionnaire tool to achieve the research 

objectives. Data were collected and analyzed from 

130 female cosmetics respondents. The findings 

shows that cosmetics consumer behavior was 

affected by the visual elements of the cosmetics 

package designs and thus affected the consumers' 

purchase intentions. Moreover, material and the 

colors of the makeup products packages were 

proved to be of high importance with respect to the 

level of attractiveness and affected consumers' 

preferences. 

(Hamelin , Mokannef , & Gbadamosi, 2018) This 

paper examines color cosmetic consumption of 

Moroccan women in relation to the influence of 

attitudes, religion, and the media. With data from 

498 women and using the theory of planned 

behavior, this study shows that attitude and 

Perceived behavior control (PBC) affect positively 

consumer intention to buy color cosmetics. It also 

shows that intrinsic or personal religiosity does not 

affect customer intention to purchase cosmetic 

products while extrinsic religiosity is negatively 

correlated to the intention to use these products. 

Besides, the study demonstrates how different types 

of media influence the respondents’ consumption of 

these products. 

(Saleh & Saheli, 2018) The aim of this study was to 

understand the impact of customer relationship 

management (CRM) strategy on customer loyalty 

using the case of beauty centers in Beirut, Lebanon. 

The study employed a quantitative approach where 

data was collected by means of a questionnaire, from 

a sample of 103 customers. Four variables, as 

components of CRM, were measured in this study. 

Results of the statistical analysis verified that 

customer experience, employee behavior, and value 

proposition have a positive impact on customer 

loyalty.  

(Srinivasu, Balaji, & Rajendran, 2014) The purpose 

of this study is to analysis of in store ambience and 

design actors influence on consumer behavior, there 

are still contradictory findings on propositions 

presented. In view of the contradictory findings, this 

study depicts the consumer behavior in Andhra 

Pradesh and prevailing aspects in supermarkets. 

This study proposes an integrative conceptual model 

on how ambience characteristics could ensure 

positive consumer buying behavior among retail 

customers. The research design used in this study 

was explanatory research using cross-sectional 

survey design. Sampling strategies used were 

stratified and convenience sampling. Sample size of 

100 was selected. 

(Łopaciuk & Łoboda , 2013) The study presents 

annual trend analysis that highlights market size, 

industry dynamics, consumers attitudes and new 

ways of engaging with beauty shoppers. Rising 

consumer income and changing lifestyles drive the 

global beauty market. This growth is driven mostly 

by richer, ageing baby-boomers and increased 

discretionary income in the West, and by the 

growing middle classes in developing countries. 

Emergence of new distribution channels like online 

retailing is driving the growth of this market. 

Increasing consumer preferences towards the use of 

natural cosmetic products is forcing the cosmetic 

and toiletries manufacturers to change strategies 

according to consumer preferences. 

III. RATIONALE FOR THE STUDY 

This study aims to discuss various areas of research. 

The study throws light on the various attributes that 

affect the consumer behavior in the color cosmetic 

industry. It also studies the mapping of these 

behaviors with the latest marketing trends going on 

in the industry. Additionally, a competitive Analysis 

is carried out using marketing mix tools as a base for 

the industry to see the scope of new players to grow 

in front of the existing players. The study is 

restricted to Central Gujarat. Thus, this study will be 

helpful to improve the marketing strategies and 

better positioning of the brand for the concerned 

companies and will act as a secondary data for 

further research. 

IV. RESEARCH GAP 

Previous research has studied the consumer 

behavior towards herbal and natural products of the 
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beauty industry. Some researchers have studied the 

reasons affecting the purchasing behavior for the 

beauty products. Marketing trends of the beauty 

industry are also studied on the global perspective. 

This study focuses on understanding consumer 

behavior among retail outlets of color cosmetic 

products from the Indian context. It also aims to 

establish the relation between the consumer 

behavior and marketing activities carried out around 

it. Also, this kind of similar study is not made for the 

Central Gujarat. These regions of Gujarat show 

immense growth potential, thus have been 

considered for carrying out this research. An overall 

attempt is made to study the current marketing 

trends and consumer behavior in the color cosmetic 

industry. 

V. PROBLEM STATEMENT 

The consumer decision-making process is a multi-

stage complex occurrence, which is affected by 

numerous attributes. Therefore, the consumer tries 

to focus on perceptions of the brand, the shape and 

color of the packaging, the experience of the 

previous consumption of a particular product or 

service. It is necessary to take into consideration the 

significant influence of marketing activities done by 

the companies to bring in more footfall. The study 

of the literature reveals that to measure the behavior 

of the consumers in color cosmetic, the customer 

will be spending much time to evaluate and choose 

the preference, based on their necessity, quality of 

the product they are getting and the price value. The 

marketing strategies followed by the manufacturer 

and marketer as well as pre -conceived the idea of 

the buyer also play a vital role in the selection of a 

particular brand of product. So, an attempt is made 

to identify the factors affecting the consumer 

behavior and the current marketing trends and 

competitors in color cosmetic industry. 

VI. RESEARCH OBJECTIVE 

• To find out the different attributes affecting the 

consumer behavior in the color cosmetic 

industry. 

• To understand the various marketing activities 

going on in the color cosmetic industry. 

• To analyze the marketing trends linked to the 

consumer behavior in the industry. 

• To analyze the competition using marketing 

mix parameters in the color cosmetic industry.

 

VII. RESEARCH MODEL 

         INDEPENDENT VARIABLE                                                                             DEPENDENT VARIABLE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VIII. HYPOTHESIS 

Based on the research model identified from the 

literature, the following hypotheses are formed to 

test the variables. 

• H1: There is a significant relationship between 

the factors and consumer behaviour towards the 

product. 

(Kumudhini & Kumaran, 2020) Based on their 

study, the above hypotheses were formed to test the 

relationship between factors. These would help in 

understanding the significance of each variable 

affecting the consumer behaviour in the industry. 

Packaging 

Availability of Product 

Design 

Price 

Store Image 

Customer Service 

Product Feel 

Sources of Information 

Consumer 

Behavior 

Psychological 

Personal 

Social 

Product 
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• H2: There is effect of consumer behavior study 

on the designing of marketing mix carried out 

by the companies. 

(Pal , Panda , & Mukkamala , 2020) Based on their 

study, the above hypotheses were formed to 

understand the importance of marketing mix 

parameters to analyze the competition in the 

industry. It identifies the effectiveness from the 

outcome of the consumer behaviour study.   

 

IX. RESEARCH METHODOLOGY 

The research is divided into two parts. The first part 

of the research regarding the study of consumer 

behaviour, was initially carried out using simple 

random sampling and as the pandemic situation 

occurred, a convenience based sampling method 

was used. Initial 100 sample size was set and 

questionnaires were floated around different regions 

through both offline and online means.  Final 70 

respondents were considered for further study.  

To study the topics related to identify marketing 

trends and to analyze the competition in the industry 

a secondary research was carried out. Different 

outlets were visited to study the trends. The second 

part of the research is explorative and based on 

observations and secondary sources of data. To 

understand the competitive edge in the industry, 

marketing mix parameters are used for study. 

X. DATA ANALYSIS  

A. Inferential Study: 

TABLE I. DESCRIPTIVE STATISTICS OF STATEMENTS 

Statements Mean Std. Deviation 

I prefer buying expensive products. 2.69 1.2104 

I am willing to pay more for better quality products. 2.11 0.9562 

Past Experience influences my future purchase of the same product. 2.21 1.0341 

Packaging of the product is important for me. 2.53 1.2244 

Catchy designs make me attracted to buy the products 2.47 1.1128 

I am quite price conscious when it comes to cosmetics. 2.34 1.0752 

Celebrity attachment brings trust in the brand. 2.89 1.2688 

I prefer trendy products more. 2.50 1.1389 

I stick with the same product even if it is not easily available. 2.59 1.1098 

I am comfortable with any brand of product as long as it is available. 2.53 1.1385 

I buy what my friends buy. 2.90 1.2983 

I like to buy products that are not tested on animals. 2.44 1.1117 

Other people’s experience influences my decision to purchase. 2.44 1.0853 

(Source: Compilation from Tests conducted thorugh SPSS) 

• The highest mean is calculated for the statement 

“I buy what my friends buy”, which is 2.90. this 

also shows the influence of social factor on the 

consumer behaviour of the product.   

• Next comes the statement “Celebrity 

attachment brings trust in the brand”, which is 

2.89. this shows the influence of third-party 

endorsement on the consumer behaviour of the 

product. 

 

 

 

 

 

 

 

 

 

 

 

• The lowest mean comes from the statement “I 

am willing to pay more for better quality 

product”, which is about 2.11. but this cannot 

be considered to be much low as it is very close 

to the average showing quality does have an 

influence on the consumer behaviour but the 

impact is quite low if other variables are 

considered.
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TABLE II: CORRELATION 

Correlations 

 

I prefer 

buying 

expensive 

products. 

I am 

willing to 

pay more 

for better 

quality 

products. 

Past 

Experience 

influences my 

future 

purchase of 

the same 

product. 

Packaging of 

the product 

is important 

for me. 

Catchy 

designs 

make me 

attracted 

to buy the 

products 

I am quite 

price 

conscious 

when it 

comes to 

cosmetics. 

Celebrity 

attachment 

brings trust in 

the brand. 

I prefer 

trendy 

products 

more. 

I stick 

with the 

same 

product 

even if it 

is not 

easily 

available. 

I am 

comfortable 

with any brand 

of product as 

long as it is 

available. 

I buy 

what 

my 

friends 

buy. 

I like to 

buy 

products 

that are 

not tested 

on 

animals. 

Other 

people’s 

experience 

influences 

my 

decision to 

purchase. 

I prefer buying expensive 

products. 

Sig. (2-

tailed) 
1             

I am willing to pay more for 

better quality products. 

Sig. (2-

tailed) 
.001 1            

Past Experience influences my 

future purchase of the same 

product. 

Sig. (2-

tailed) .263 .000 1           

Packaging of the product is 

important for me. 

Sig. (2-

tailed) 
.045 .002 .009 1          

Catchy designs make me 

attracted to buy the products 

Sig. (2-

tailed) 
.003 .136 .146 .000 1         

I am quite price conscious when 

it comes to cosmetics. 

Sig. (2-

tailed) 
.213 .121 .052 .001 .000 1        

Celebrity attachment brings trust 

in the brand. 

Sig. (2-

tailed) 
.001 .380 .765 .014 .006 .028 1       

I prefer trendy products more. Sig. (2-

tailed) 
.000 .123 .649 .002 .000 .038 .000 1      

I stick with the same product 

even if it is not easily available. 

Sig. (2-

tailed) 
.049 .001 .588 .030 .068 .070 .132 .063 1     

I am comfortable with any brand 

of product as long as it is 

available. 

Sig. (2-

tailed) .001 .195 .261 .112 .031 .012 .000 .001 .008 1    

I buy what my friends buy. Sig. (2-

tailed) 
.017 .126 .756 .269 .638 .759 .000 .015 .735 .000 1   

I like to buy products that are not 

tested on animals. 

Sig. (2-

tailed) 
.033 .047 .445 .120 .604 .508 .251 .605 .000 .001 .132 1  

Other people’s experience 

influences my decision to 

purchase. 

Sig. (2-

tailed) .036 .042 .434 .188 .126 .337 .009 .035 .001 .000 .000 .001 1 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Interpretation: 

• The Hypothesis are rejected mostly for the 

statements “I prefer buying expensive 

products”, “Catchy designs make me attracted 

to buy the product”, “I am comfortable with any 

brand of product as long as it is available”, “I 

buy what my friends buy” and “Other people’s 

experience influences my decision to 

purchase”. 

• The statements “Past Experience influences my 

future purchase of the same product” and “I like 

to buy products that are not tested on animals.” 

show low relationship with each other. 

To generalize the findings of the test, it was found 

that consumer behaviour is determined on major 

factors like design of the product, availability of the 

product, the influence from social circle, price of the 

product, and consumer past experience. These 

factors act as key decision areas for most of the 

consumers of cosmetics while making a selection for 

consumption.  

 

B. Marketing trends in the industry: 

On the basis of the above research different 

marketing tools are identified, which are designed 

and used by different companies to grab the 

maximum customers towards its products. These 

tools are: 

1. Posters and Danglers 

2. Stand Alone Display 

3. Standees 

4. Logo Tapes 

5. Blister packing 

6. Tray designs 

7. Use of Brand Assistant 

8. Brand Vinyl Display 

9. T.V Advertisement 

10. Celebrity Endorsements  

The above tools and many other are used by the 

different companies to make strategic marketing 

plan. These in turn help to stand out from the 

competitors and get a competitive edge in the very 

dynamic industry. 

C. Competitive Analysis: 

To analyze competition in the color cosmetic 

industry, certain marketing mix parameters are used. 

Based on the data analysis certain major players in 

central Gujarat are selected for the study. The 

following are the different analysis done based on a 

few marketing mix parameters: 

 

TABLE III. PRODUCT-WISE COMPARISON 

P
R

O
D

U
C

T
S

 

COMPETITORS 

 

Blue

-

heav

en 

Swiss 

Beaut

y 

Elle 

18 

Color-

essence 
Lakme 

Nail Paint      

Nail Paint 

Remover 
     

Lipstick      

Liquid 

Lipstick 
     

Eyeliner      

Kajal      

Sindoor      

It is identified from Table IVthat the major areas 

focused on by major companies are Nail Paint, 

regular lipstick and eyeliner. The table also shows 

that popular players of the industry like Lakme, 

Coloressence, Swiss Beauty and Blue Heaven have 

placed themselves in almost every category in the 

color cosmetic segment. This further reveals that a 

wide product offering would provide more customer 

attraction and sales for the company. 

TABLE IV. RANGE OF PRODUCTS COMPARISON 

P
R

O
D

U
C

T
S

 

COMPETITORS 

 
Blue-

heaven 

Swiss 

Beauty 
Elle 18 

Color-

essence 
Lakme 

Nail 

Paint 

145 
Shades 

120 
Shades 

48 
Shades 

30 
Shades 

178 
Shades 

Nail 

Paint 

Remover 

Liquid, 

Dip 
Dip Liquid Liquid Liquid 

Lipstick 19Shades 
24 

Shades 

25 

Shades 

36 

Shades 

119 

Shades 

Liquid 

Lipstick 
6 Shades 

25 
Shades 

- 
6 

Shades 
93 

Shades 

Eyeliner 
Liquid, 

Matte 

Gel, 

Sketch 
Liquid 

Liquid, 

Gel 

Liquid, 

Sketch 

Kajal 2 Shades 
Regular 

Black 

Regular 

Black 

Regular 

Black 

5 

Shades 

Sindoor 2 Shades Regular - 
2 

Shades 
Regular 

Table V analysis the range of product variations 

provided by the existing player to distinguish itself 

from each other. The table is filled with maximum 

variations provided by Lakme with multiple shades, 

distinguish category, and different variants provided 

in almost all the product categories. Following 

Lakme, comes Swiss Beauty providing a wide range 

of variations and shades in its product category. It 

can also be seen that Blue Heaven though may not 

have equal variants in all the category of products, it 

does provide a wide range of choices in a certain 
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category like nail paints, kajal, and so on. It can also 

be noted that even though Elle 18 have not entered 

into every category, it still provides fair choices to 

its customers by the range of variants in its existing 

products.  

XI. LIMITATION OF THE STUDY 

• The study is purely based on the customer’s 

opinion. The researcher felt that the customer 

might express a biased opinion, which may 

limit the validity of the study.  

• This study is conducted only to study the retail 

outlets and hence can’t be used to generalize the 

outcome for other types of trading. 

• Many options and many price ranges are 

available in the market. The study has been 

focused on only a few of the players, hence 

overall assumptions for the industry cannot be 

made.  

• As a convenience sample was used, the results 

of the study are only representative of those 

who participated in this research study. This 

imposes limitations on the generalization of the 

results of the study. 

 

XII. RESEARCH FINDINGS 

• The study shows that frequency of customers 

buying cosmetics products within one a month 

is quite average. 

• The analysis found that customers for products 

related to eyes, and nail care are high.  

• Brand name shows its variable power being the 

highest influential parameter for selection of the 

product.  

• The study points towards the parameters of 

availability of product being an important 

concern for the consumers.  

• It was found that social factors play an 

important role in influencing the consumer 

behavior.  

• Quality parameters are also important for such 

kind of cosmetic products 

• The identifies various marketing trends going at 

the ground level. 

• This helps to provide a competitive edge for 

further growth of the marketing campaigns that 

can be built in the future. 

• The 4P analysis helps to get a better idea about 

the competitiveness in the industry. 

• The various marketing mix parameters used 

shows the brand position in the overall market 

and in the minds of consumers. 

 

 

 

 

XIII. CONCLUSION 

This study throw light on the consumer behavior in 

the color cosmetic industry, which is a segment of 

beauty industry not studied much in depth. In order 

to understand what affects the intention to buy color 

cosmetics, the review of literature helped to identify 

the variables that affect the choice of consumers and 

dictated their buying behavior. These variables are 

Packing, Design, Price, Customer service, Store 

image, Product feel, External sources of information 

and Availability of the product. Further these 

variables were grouped under Social factors, 

Psychological factors, Product factors and Personal 

factors. The study also helps in further building and 

analyzing the relationship between various variables 

and behavior of consumers in the color cosmetic 

industry. Further, the study focuses on gathering the 

latest marketing activities that the companies 

undertake to boost their sales. The competitive 

analysis provides the direct competitor’s 

information to concerned companies who are 

looking forward to it. Overall, the findings and 

interpretations of this study would help further 

researchers in the analyzing various pattern in color 

cosmetics industry and further study. 
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Abstract—Cyber-Physical Systems (CPS) are special kinds of
systems with seamless integration of different entities. They are
deployed mostly in safety-critical sectors, which make them a
target for a wide range of attacks. Identifying potential threats
to these kinds of systems is crucial and difficult as they consist
of many modules, different producers, different technologies
like programming, machine learning, and sometimes different
manufactures. In this paper, we proposed a way of model
potential ways in which attackers may compromise such systems
using attack trees. We define a set of threat environments (i.e.,
changes in the vulnerability landscape of the system overtime)
with each consisting of different sets of vulnerabilities, and use an
attack tree generation algorithm to produce a tree at each threat
environment. We further apply an information flow property -
the opacity, to check a special kind of attacker who can observe
the systems’ non-secret states.

Index Terms—attack trees, threat modelling, cyber-physical
systems, communicating time automata, reachability, opacity

I. INTRODUCTION AND MOTIVATION

Attack trees (AT) [1] are graphical tools for attack descrip-
tion. They are used to visualize (static view) ways in which
attacks can be performed by intruders. The structure of an
attack tree is defined as a graph which consists of sets of
nodes (that show partial states of compromise), connected
by a set of edges. These nodes are associated with a set of
gate refinements to show the conditions needed to achieve
the nodes. Most systems/assets modeled with attack trees are
(assumed to be) stand-alone i.e., do not often interact with
external systems that can be used as an attack vector. While
attack trees remain a powerful tool that can be used to study
various ways in which a system can be compromised - there
are however some limitations that are hard to navigate when
using them to analyse cyber-physical systems (CPS). Some of
these limitations include the fact that they lack the information
needed for detailed attack description, particularly in changing
environments, where they lack proper security methods which
can be enforced and evaluated. For instance, when a system
is analysed using an attack tree and there is a change in the
vulnerability landscape of the system, the attack tree becomes
invalid, since it is static and (mostly) generated manually.
Furthermore, the lack of proper defense/security properties
means that an assessor cannot know how effective an applied
security measure is against a given attack description. Even

This work was supported by the Slovak Research and Development Agency
under the Contract no. APVV-19-0220 (ORBIS).

though these limitations can be addressed to an extent i.e.,
depicting an attack tree for the system in each possible threat
environment and putting a set of security measures in each;
systems nowadays are complex, dynamic, and sometimes can
run concurrently. Carrying out such tasks can be tedious, time
consuming, and most likely missed out on some important
details.

In this paper, we propose a solution that will address these
problems. We model a cyber-physical system (CPS) with
seamless integration of entities from the physical environment
and provide working examples using an autonomous vehicle
(AV). Apart from having a complex structure, AV can connect
and interact (synchronize) with different external objects such
as mobile devices, onroad signs, real time maps etc. We
propose corresponding attack trees for the potential threats of
these kinds of systems and study the emerging vulnerabilities
as a result of interaction with these external objects. We
named this idea dynamic attack trees. We assume that the
threat environment of the system can change as the system’s
operation and/or location change. For each threat environment
we have a tree that shows how the system can be compromised.
A new set of nodes can be added/removed to/from the tree.
This will allow us to show new attack paths that emerged in
the system at a given threat environment without having to
re-depict the tree. We present a methodology of analysing the
system with a set of external objects it can interact with, and
propose an algorithm to periodically check the interactions and
generate a tree.

Most of these external objects can be observed by attackers
and such observation themselves are considered as a vulnera-
bility if an attacker can derive some secret information about
the system [2]. For example, a potential attacker can observe
an AV that approaches an onroad sign, knowing that the
vehicle operates based on the given instruction(s) on the sign
e.g., speed limit or road bends. This (public) information is
combined with private ones form the backbone of the system’s
operations. While this problem cannot be studied with attack
trees, we exploit an idea from information flow [3] properties
named opacity [4]. This property characterizes the plausible
deniability of a dynamic system for its “secret ” against
eavesdropping attacks. To formalise the idea in attack trees, we
partitioned the attacker’s actions (i.e., on the set of nodes in the
attack tree) into two groups, observable and unobservable. The
observable actions are considered less secure and represent
the set of actions which executing them on some states will978-1-6654-7886-1/22/$31.00 c©2022 IEEE
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results in the system being in non critical states (i.e., states that
are observable to an attacker), while the unobservable actions
are supposed to remain hidden because executing them can
result in the system being in critical states. Since the threat
environment of the system can change and vulnerabilities can
be added or removed, we want to study whether an attacker can
force the system into a favourable threat environment, and use
this public information in achieving an attack goal. Further-
more, we want to know what could happen to the system when
the threat environment changes before an (ongoing) attack is
completed. We will also investigate whether an attacker can
uncover the state of attack and resume later in time.

a) Related work: Currently, threat modeling methods
commonly used in the industry include graphical models,
such as attack trees [1], and attack graphs [5]. Among them,
attack trees are systematic attack scenarios modeling methods
proposed by Schneier [1] and formally defined by Mauw
and Oostdijk [6]. Attack trees are static and often regarded
as semi formal, as such; several analysis frameworks have
been proposed to establish their analysis method based on
formal methods. These analysis frameworks have been de-
veloped based on timed automata [7], petri nets [8], and
stochastic games [9] etc. Several attack tree extensions have
been proposed in the literature. Among them are the attack-
defense trees (ADTrees) [10], attack response trees (ART),
and attack countermeasures trees (ACT) [11]. ADTrees are
extensions of attack trees that include the attackers and the
defenders’ actions. This allows the assessors to model their
interplay in the form of game play, portraying the attacker-
defender repelling each other’s move [12, 10, 13]. ACT on the
other hand extends the defense trees with countermeasures to
mitigate attackers’ actions. Attack response trees (ART) for-
malism extends the attacker-defender game to find an optimal
policy from a list of countermeasures. ART is not popular
as they suffer a state-space explosion problem. The work in
[13] used a defense trees for the evaluation of Information
Technology (IT) security investments. Sequential conjunction
gates SAND were introduced in [14] to model attacks that
are executed in an orderly manner.

The work in [15] introduced an extension of attack trees
in which the states of an (ongoing) attack can be fully
or partially reset to the initial state. The authors of [16]
developed a stochastic framework for quantitative analysis
of ADTrees. The framework adopts ADTree methodology to
represent attack scenarios in a simple graphical representation
and performs quantitative assessment using CTMC analytical
approach. In [17] the authors proposed the evaluation of attack
trees by checking how difficult it is to reach parent nodes.
This was done by synthesizing the difficulties of the child
nodes connected to a parent node. The work in [18, 19]
proposed the use of time constraints at the gates to add time
deadline in satisfying the parent nodes. The authors of [20]
introduced a multi-objective optimization framework for attack
trees whereby the leaves of the attack trees were enriched with
various parameters such as cost, time, skills and resources.
The framework supports the computation of a wide range

of security metrics such as attack values, attack paths, and
ranking. They translated each attack tree gate and leaf into
a priced timed automata and analyzed the framework via
UPPAAL CORE. In another effort, the work in [21] developed
a modeling framework for expressing the temporal behavior of
an attacker as a boolean formula, and used a model checking
tools to perform fully automated analyses of the modeled sys-
tem by performing both qualitative (boolean) and quantitative
(probabilistic) analysis. The authors demonstrated an example
using the UPPAAL tool, a network of timed automata that
shows the model of a thief who wants to enter a house while
the resident is not at home. The work in [22] defined the
semantics for arbitrary attackers in an attack-defence tree using
schematic timed automata (STA), and implemented the model
by translating it into UPPAAL SMC. The authors modeled
the encoding of an ADTrees with one automaton modeling
the defender, one automaton modeling the attacker and a
separate one modeling the environment of an outcome, and
coordinated their behavior through synchronizing channels.
The work in [23] presented an excellent survey on the state
of the art on attack-defence trees that are based on direct
acyclic graph (DAG). In this paper, we translate our attack
trees model to communicating timed automata (CTA) [24] to
analyse the system model. While there exists a large body
of work on (priced, stochastic) timed automata for attack
trees [19, 20, 21, 22, 25], there are little or none that use
communicating timed automata (CTA).

b) Opacity: This problem is widely studied in security
theory and has found many formalisations [26, 27]. The work
in [28] reformulates opacity for reaction systems and uses
formula based predictors in order to characterize the causal
dependencies between secret and non-secret objects. The work
in [29] introduces ways to enforce opacity in systems modeled
as partially-observed finite-state automata through the use of
insertion functions. The work in [30] formalized (process)
opacity in the timed process algebra framework. In [31]
opacity of transition systems is modeled and enforced using
supervisory control. An excellent review of opacity and its
properties can be found in [32].

Contribution of the work can be summarized as follows:
1.) definition of vulnerabilities with respect to multiple threat
environments, 2.) introduction and definition of dynamic attack
trees, 3.) translating dynamic attack trees into communicating
timed automata and reducing the root reach to final state
checking, 4.) decidability result for attack tree opacity.

The paper is organized as follows. In Section II we introduce
attack trees concept. In Section III we present dynamic threat
environments and define dynamic attack trees. In Section IV
we describe attack trees generation, and Section V commu-
nicating timed automata. In Section VI we relate attack trees
with opacity.

II. ATTACK TREES

First, to make the paper self-contained, we introduce attack
trees notations and recall its basic definition. An attack tree
consists of sets of nodes, a set of edges and a set of gates
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Fig. 1. The set of gates in attack trees

refinement that can be used to model how an asset/system can
be compromised.

Definition 1. An attack tree is a tuple T =
(Q, q0, QS , QL, E,G) where
• Q = {q0} ∪ QS ∪ QL are sets of nodes in the tree

representing the different states of partial compromise of
an asset, {q0} ∈ Q is called the root node, it represents
an attacker’s ultimate goal, QS is a set of subgoals that
an attacker needs to pass through to fully compromise
the asset, and QL = {li : i ∈ N} is a set of leaf nodes
that represent vulnerabilities/atomic actions to kick start
an attack. For the two subsets QL, QS ⊆ Q, we have
QL ∩QS = ∅, and QS ∩ {q0} = ∅.

• E ⊆ Q × Q is a set of edges in the attack tree that
connect nodes. Any node that is decomposed (i.e., linked
to other node(s) below) is called a parent node. An edge
e(l, q) represents a link connection between a child node
l and a parent node q, where l, q ∈ Q.

• G : {q0} ∪ QS → {AND,OR} is a mapping that
associates gates to nodes (see Fig. 1 for the gates
representation). A parent node q that is associated with
AND gate requires an attacker to achieve all the child
nodes {li, ..., ln} before q can be reached. A node q that is
associated with OR gate requires an attacker to achieve
at least a child node li before q can be reached.

Fig. 2 show two simple attack trees that model how to steal
a car (explanation will be in section III). Now, to describe
an attack process on a system modeled in attack trees, we
introduce a set of attacker’s actions, denoted by Act over the
attack trees, and by executing these sets of actions on the
(leaf) nodes, it will translate that an attacker has compromised
the (parent) nodes link to the child nodes. If this propagates
to the root node, then it means that the system has been
compromised. We model an attack A as a mapping associating
leaf nodes with a set of actions Act or mapped to ε when there
is no such action(s) that achieves the node(s).

Definition 2. Given a set of leaf nodes QL and a set of attack
actions Act, we define a set of attack as a function A? : QL →
Act ∪ {ε}, associating leaf nodes in the tree or ε (when no
action is performed).

We say that attack A is simple, if A(l) 6= ε only for one leaf
l i.e., only one leaf is attacked. Now we define a state of attack
in the attack tree, denoted by x ∈ X i.e., state after an attacker
has performed a simple attack. Let QL = {l1, ....ln} be a set of
leaf nodes, we use auxiliary nodes o1, ...on each connected to
a leaf node of the attack tree. States of attack is defined as a set
of nodes, for each successful execution of attack action(s) from

a given state (depending on the gate refinement of the target
state), an attacker progresses to another state. The initial state
x0 is equal to {o1, ...on}. Let x be a state of an attack tree,
and let A be a simple attack. The transition t : (x,A) → x

′

defines a change in state from x, when a simple attack A is
performed to state x

′
. We define this for simple attacks but

it can be extended for arbitrary ones. Suppose b ∈ Act, we
define the following:

Definition 3. Let A be a simple attack such that A(l) = {b}
and let x be an attack state. Then the next state x′ after attack
A is defined as x

′
= r(x∪ l) where operation r on the set of

nodes is defined as follows: α
′

= r(α) iff α′ is the smallest
set with the following properties
• α ⊆ α′
• if q is AND node and all child nodes are in r(α) then
q ∈ r(α)

• if q is OR node and at least one child node is contained
in r(α) then q ∈ r(α),

A state is called final if it contains the root node. The
transitive closure of t defines reachability and will consider
only states reachable from x0 by some attacks. We will use
also notation x

A→ x′ instead of t : (x,A) → x
′
. In the

following lemma, we can see that the ordering of attacks has
no influence on reaching the root node.

Lemma 1. Given an attack tree T . Let A1,A2 be two
sequence simple attacks and x be a state. Then (x

A1A2→ x′) =

(x
A2A1→ x′).

Proof. State x is composed of all the nodes needed to reach
x′, while x′ contains all the nodes attacked by A1 and A2.
Suppose x′ is a state that represents a parent node with
OR gate refinement, then the ordering of attacks has no
influence on multiple simple attacks, unless a sequential order
is enforced [14].

In the next section, we will introduce dynamic threat
environments and formally define dynamic attack trees.

III. DYNAMIC THREAT ENVIRONMENTS

One of the primary uses of attack trees is to model potential
ways attacks can be carried out on a system, and link them
to an attack goal [1, 6, 15, 18]. This is not new, but what is
new is that; the vulnerability landscape of these systems can
change as a result of different factors such as change in the
threat environment of a system or/and interaction with foreign
entities. These cannot be covered easily by classical AT. For
example, let us assume that a security team is given a task to
model the potential ways an AV can be compromised using
attack trees. There are different possible threat environments
[33] - with each consisting of evolving vulnerabilities (i.e.,
attack vector). These threat environments can be viewed as:

1) when the vehicle is parked, and
2) when the vehicle is moving.

Example 1. Shown in Fig. 2 (A) is a simple tree describing
how to steal a car. This can be done by either compromising
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the parent node/subgoal obtain key or short-circuit. Now let
us focus on the obtain key subgoal. It can be compromised
when the child nodes steal key or make copy are achieved.
However, vehicles nowadays can be operated with external
devices such as remote starter and mobile phones to unlock
doors, and even start the engine. Furthermore, imaging after
depicting the attack tree in (A), the car starts moving. This
means a new attack tree has to be drawn (again) to analyse
the car while it is moving. The attack tree shown in Fig. 2 (B)
describes different ways to achieve the same goal in a different
threat environment.

At each of these threat environments, the vehicle can incur
a new set of vulnerabilities over time, which differ from the
default ones. For example, suppose a default attack tree that
shows how to steal a car in Fig.2 (A) only identifies obtain
key and short-circuit as the subgoals that atomic actions can
be carried out from. External devices e.g., mobile phones or
remote starters can connect with the vehicle (when it is parked)
that can be used as attack vectors (shown in dotted lines) could
connect and introduce a new set of vulnerabilities. The vulner-
abilities that can emerge have different characteristics and can
be manipulated in different ways by potential attackers. We
want to generate an attack tree for each threat environment;
that has a default set of nodes, and the tree can evolve (i.e.,
nodes/edges to be added or removed) as the vulnerabilities and
threat environment of the system changes over time.

To formalise this, we first introduce a set of clocks. Let C
be a set of clocks, the size of the which is denoted by |C|.
We define a clock c ∈ C for each threat environment with
time only elapse when events occurred. We call the elapsing
of time in each threat environment as analysis time (points)
δ ∈ R+, and for each increase in the analysis time point, a
node is added to the tree. A clock is reset when the threat
environment changes and all the nodes are removed from the
tree; unless those that represent vulnerabilities that exist in the
new threat environment. This means that an attack tree simply
defines a collection of possible attack paths at a single threat
environment which can change over time.

Given an attack tree T = (Q, q0, QS , QL, E,G) that models
how a system may be compromised. Let λ = {ι1, ..., ιn}
denote a set of external systems/objects from the physical envi-
ronment (e.g., IoT devices, traffic signs) that can communicate
with a system when they are within proximity via sensors, let
{δ0, δ1, ..., δh} be a set of (analysis) time points.

Definition 4. Given ({q0}∪QS), and λ. A connection between
the nodes in the tree and external objects is given as a function
mapping f : ({q0}∪QS)×λ×R+ → {0, 1} and f(q, ι, δi) =
f(q, ι, r) for δi ≤ r < δi+1, for 0 ≤ i < h, i.e., value of f
changes with time points from {δ0, . . . , δh}.

If f(q, ι, δ) = 1, for simplicity, we write qδ1ι , interpreting
as connection via an intermediate node q ∈ QS of the tree
with an external system ι ∈ λ and δ is the time point at which
the connection occurs. And if f(q, ι, δ) = 0, we simply write
qδ to denote that the node (subgoal) does not connect with

any external system/object. In a case of qδ1ι , the internal node
q is said to include ι as a child (leaf) node (an edge linking
the subgoal of the asset with external system/object).

(A)

(B)

Fig. 2. A simple attack tree of how to steal a car

Now let us denote the set of threat environments by T∗.
Dynamic attack trees are sets of trees such that in each threat
environment, we have a maximal attack tree T that can have
subtrees Ti by adding/removing some nodes and edges when
external objects connect to the system.

Definition 5. A dynamic attack tree is a tuple Tr =
(T, C, λ,T∗) where, T is an AT as defined in Definition 1,
C is a set of clocks, λ is a set of objects from the physical
environment, T∗ is a set of threat environments where in it, f
is a function such that for each time point δ ∈ R+ and for
each device ι ∈ Λ, the sub-tree of T consisting of

1) all the nodes q ∈ QS such that f(q, ι, δ) = 1 and,
2) all the leaves to which these are connected

together with the corresponding restriction of E still forms a
tree.

Example 2. Let’s refer back to Fig. 2 (A), where the analysis
time points δ0 and δ1 indicate when the external device(s)
shown in dotted lines connects to the car. As such, it becomes
an attack path (when exploited) to reach the root node. At
δ0, there are no connected objects to the car. Notice that a
change in the threat environment i.e., the car starts moving,
will invalidate the attack paths shown in this attack tree; as
an attacker can steal the car via other means e.g., hijack or
redirect as shown from Fig. 2 (B).
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Note 1. Notice that the attack paths in each threat envi-
ronment T1 . . .Tn differ. For instance, obtain key and
short-circuit are only possible when the car is parked,
while hijack and redirect are possible only when the
car is moving.

Theorem 1. Given a dynamic attack tree Tr, and a set of
attack A?, then an attacker M that tries to compromise the
system is said to succeed only if (s)he can complete A? and
reach the root of the tree while the system is at a particular
threat environment.

Proof. Suppose an attacker starts an attack process while the
system is in a particular threat environment Ti (e.g., car
parked) any change in the threat environment to Ti+1 (e.g.,
car moving) means that, the attack process started at previous
threat environment Ti got terminated since the vulnerabilities
are no longer in existence at (the current) threat environment
Ti+1. Therefore, an attack will not succeed if an attacker
cannot complete executing the attack actions and the threat
environment changes.

Definition 6. For any two attack actions a and a′, if we have
two simple attacks, A(l) = {a} and A(l

′
) = {a′} such that

l ∈ T and l
′ ∈ T ′

then we say l is equivalent to l
′
, denoted as

l ≡ l′ , since there exists a simple attack that can be executed
on different attack trees.

Lemma 2. Given a dynamic attack tree Tr, let A? be a set of
attacks, then the root node {q0} of a tree T can be reached
if and only if there are a set of simple attacks A1 . . .An
such that these simple attacks are completed before the threat
environment in which T is formed change.

Proof. From Definition 5, we know that attack tree at threat
environment Ti differs from attack tree at threat environment
Ti+1. Therefore, if there is no simple attacks Ai at the threat
environment Ti that results in reaching the root node, then we
know that attack over the tree will fail.

IV. ATTACK TREES GENERATION

In this section, we take inspiration from the work in [17]
for attack trees generation methodology and algorithm. First
we start by explaining the dynamic attack trees methodology
schema shown in Fig. 3. It consists of three (3) main parts,
the first being system(s) description and tree generation using
an algorithm presented in Fig. 4. An attack tree is produced at
each threat environment, and to analyze the tree, we provide
attacker’s profile in Section VI and define an attack tree
opacity.

We propose the use of an extract from the system’s sequence
diagram [34] as the system description to identify the possible
set of external objects. A sequence diagram defines scenarios
across different actions - showing objects interaction, arranged
in a time sequence with their sequence of exchanged messages.
All possible actors with their message exchange are shown in
sequence diagrams and therefore, a list of possible external
objects can be derived from this. In this work, we simply

Fig. 3. Dynamic attack trees methodology

use mobile phones and remote starters as an example of
external objects that can connect with the vehicle. In our
future work, we will show how such sequence diagrams can
be converted into attack trees. The algorithm shown in Fig.
4 is used to generate attack trees over time. The algorithm
checks if the system is in a particular threat environment
(i.e., line 2), we then create an attack tree with the root
node being the system (or some properties of the system).
We check while no external objects connect with the system,
in the absence of such, DELTA is set to default (the analysis
time point is set to default i.e., δ0). The possible ways to
reach the root node are identified, and atomic actions are also
identified. If external objects connect the system, the analysis
time point is increased, the ways in which the root node can
be reached includes objects from the external objects, atomic
actions are identified and an attack tree is depicted. A set of
protection actions [25] can be defined over the attack paths and
check their effectiveness in each threat environment. A set of
protection actions are defence actions that are defined at the
leaves level of the tree to prevent an attacker from achieving
the nodes.

Fig. 4. Trees generation algorithm

To analyse the attack trees against attackers, we define an
attacker as one who can accumulate some knowledge about
systems’ behavior by observing its public information. We
want to find out whether the attacker can use this knowledge
to gain advantage over the system (later in Section VI). For
instance, we have different threat environments for one system
and we are interested in finding out whether an attacker can
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initiate an attack at a particular threat environment and, if
before its completion, the threat environment of the system
changes, what effect does the incomplete attack have on the
system in the new threat environment? Also, we want to find
out whether an assessor can uncover the states of such (uncom-
pleted) attacks. These kinds of properties cannot be checked
with attack trees, as such, we borrow an information flow
concept, named opacity. Opacity asks whether an observer can
deduce the validity of private information just by (partially)
observing the public one. Firstly, with attack trees being static,
we define the semantics of attack trees using communicating
timed automata (CTA) in the next section.

V. COMMUNICATING TIMED AUTOMATA

In this section, we recall the definitions of communicating
timed automata (CTA) [24] and later provide translation from
dynamic attack trees into CTA.

Fig. 5. A tree channels schema

Informally, we translate attack trees into communicating
timed automata. A CTA is an extension of TA [7], equipped
with communication channels that accept a set of input and
produces outputs. These channels transmit actions across the
system, and as such, we model the set of attack states in the
attack trees as the set of locations in CTA, and the set of edges
in attack trees as the transmission channels (pipes) that pass
information (i.e., attack actions) from child nodes to parent
nodes. A simple schema of such a process is shown in Fig. 5.
a, b are attack actions that can be used to achieve leaf nodes
l1, l2 respectively. The parent node q1 is associated with AND
gate refinement and, therefore it can be achieved only if a, b
are performed. To give this in a form of CTA, l1, l2 and q1
are all translated to locations, with q1 serving as an accepting
location. The edges connecting l1, l2 with q1 are translated
to channels that can pass actions a, b. The accepting location
is reached only if both the actions are received. In the case
of q1 being with OR gate refinement, either of the messages
(actions) is enough to reach the accepting location.

For a gentle expression of the translation and to make
the paper self-contained, we firstly introduce the definition
of CTA. Let A be an automaton and ci1,j1 be unbounded
unidirectional channels. The locations in the automaton are
denoted by S, the set of alphabets by Σ, real-valued clocks
by C, and the transitions across the locations by E . We denote

the initial location of the automaton by s0 ∈ S and the set of
accepting locations by F .

Definition 7. A network of communicating timed automata
is a tuple CTA = (A1,A2, . . . ,An, ci1,j1 , ci2,j2 , . . . , cim,jm)
where Ai = (Si,Σ, Ci, Eis0i , Fi) is a timed automaton and
each ci,j , i, j ∈ {1 . . . n} is an unidirectional unbounded
channels use to send message from automaton Ai to Aj .
For each automaton, S1, . . . Sn are disjoint finite set of
locations, with s0i denoting an initial location, and Fi as
a set of accepting locations. Σ is a finite set of alphabet
that are common for all automaton, Ci is a finite set of
real-valued clocks such that Ci, Cj are disjoint for i 6= j,
Ei ⊆ Si × ({1 . . . n} × {?, !} × Σ) ∪ {ε} × G(C) × 2C × Si
is the set of transitions of Ai, where G(C) and 2C are timed
automata guards and resets, respectively.

A transition is allowed to happen only when information is
sent ! or received ?. We pay less attention to internal actions
and, as a matter of fact, we assume they do not exist. We will
use the notation si

k!a,g,r→ s
′

instead of (si, k!a, g, r, s
′
) ∈ Ei

to show a transition across locations of the automata. Most
importantly, all automata move synchronously; time passes at
the same pace for all of them. A state of the system is given
by the following tuple (s1, v1, . . . , sn, vn, w1, . . . , wm), where
ss ∈ Si is a location of Ai and wk ∈ Σ∗ is the content of
channel cik,jk , vi : Ci → R+ denotes the valuation of clocks
in Ai such that a transition is triggered whenever vi |= g and,
r(vi), r ⊆ Ci denote a valuation where all clocks from r are
reset and other clocks keep their values.

The semantics of CTA is defined based on a labeled transi-
tion system TS with initial state s01, v

0
1 , s

0
2, v

0
2 , . . . , s

0
n, v

0
n, . . . ,

where v0i (c) = 0 for all ci ∈ Ci and the states transitions for
the transition system is defined as follows.

Definition 8. Let f = (s1, v1, . . . , sn, vn, w1, . . . , wm) and
f

′
= (s

′

1, v
′

1, . . . , s
′

n, v
′

n, w
′

1, . . . , w
′

m). Then

• f
(k,a,g,!)−−−−−→ f

′
if s

(k!a,g,r)−−−−−→ s
′
, w

′
= a.w, where w is the

content of ci,k, vi |= g, v
′

= r(vi), and s
′

j = sj , v
′

jvj ,
w

′

k = wk for all j 6= i, k 6= l,

• f
(k,a,g,?)−−−−−→ f

′
if s

(k?a,g,r)−−−−−−→ s
′
, w

′
.a = w, where w is

the content of ck,i, vi |= g, v
′

= r(vi), and s
′

j = sj ,
v

′

jvj , w
′

k = wk for all j 6= i, k 6= l.
The set of paths in the TS is denoted by π, and by [π] a

sequence of labels along π is denoted. A sequence of letters
from Σ which is projected from [π] is denoted by [π]!i for sent
and [π]?i for received in an automaton. If ∀i.si ∈ Fi, then the
run along that path is accepting, denoted by π ` TS and the
language generated by a CTA along accepting states/locations
is a set LS = {[π]!1|p ` TS}.

A. AT to CTA

In this section we translate dynamic attack trees into com-
municating timed automata. We start the translation from the
set of leaf nodes, which represents a set of initial locations
in CTA. The set of parent nodes represents a set of accepting
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locations, the set of attack actions represents a set of alphabets
and, the set of edges in the attack tree represents channels
that transmit actions. An attack path in the attack trees (i.e.,
from a leaf to root) represents a timed automaton in CTA. The
transitions for each timed automaton are enabled when attack
actions are successfully executed. We model the attack actions
as a separate automaton A. When a simple attack A(l) = a
is performed in an attack tree, on a leaf node l, the timed
automaton performs s

(k,a,g,!)−−−−−→ s
′

such that if l is linked to a
parent node that has OR gate refinement, the s

′
is an accepting

state, otherwise s
′

is not an accepting state, and the automaton
for the action(s) broadcast an action. Let Ai and Aj be two
different automaton, there is a communication across these
paths if there is a state in Ai that sends a message !, which is
received ? by another state in Aj , as long as both the states
satisfy the guard.

Fig. 6. UPPAAL model of attack trees translation

Fig. 6 shows a simple translation of the schema shown
in Fig. 5 from dynamic attack trees to CTA, modelled in
UPPAAL [35]. The figure consists of an automaton that
represents the attack path from l1 with input action a and
another automaton from path l2 with input action b. We
model the actions in a separate template named actions, then
a template for l1 path with the name or node, and a template
for the l2 path with the name and node. Both x, t are two
clocks, t gets reset when constraint in it met and the final
location (i.e., Succ) is not reached. On the other hand, x
is activated when a message is received. In the automaton
or node, the initial location indicates when there is no action
on the attack tree, and this can change when it receives the
action a?. The next transition is to the location Idle and the
clock x := 0. It reaches to the final location if the attacker is
on a node with OR gate, while it remains at the location Idle
until other action is performed (i.e., b) or returned to the Initial
location when the attack fails. In the automaton and node,
the initial location is the attack path from l2 and b? which is
only received after the execution of a to complete an AND
gate condition attack in the tree. The next location after b is
received is an Urgent location, time does not pass. Therefore,
with the action a that is already executed (at idle location) in
automaton or node, ab? is then passed to the final location
Succ to complete the attack, otherwise, fail? is received and
returned to the initial location. We can check whether an attack
that is started from one threat environment can be completed
in another by checking the final location of an automaton,

which can be reached while t is reset. In this case, we can
assign value to t = 4 and assume that the threat environment
of the system changes after every 4 minutes. Then we can
check whether the location Succ can be reached when x > t.
This can be done via property verifier in UPPAAL, where a
series of queries can be asked using LTL logic formulas. The
query E <> (or node.Succ and t >= 23) asks whether in
the or node template it is possible to reach the final location
when the clock t >= 23. This is not possible and the turned
answer is Property is not satisfied as shown in the result of
Fig. 7.

Fig. 7. UPPAAL query

In the following theorems, we can see that the dynamic
attack trees can be compromised if and only if CTA can reach
its final location, and we can determine the size of CTA by
knowing the size of attack paths in the dynamic attack trees.

Theorem 2. Given dynamic attack trees Tr, a set of threat
environment T?, and an attacker M. Let A be a timed
automaton that models the actions of M, then the root node
of the tree is reachable by M iff corresponding CTA plus
timed automaton running with the attacker’s action (i.e., A)
can reach the final location.

Proof. The main idea. We know that a root node can only be
reached if an attacker can succeed in completing the attack
process. Therefore we have to show that CTA plus attacker’s
automaton can also reach their final location.

Theorem 3. The number of attack paths in the dynamic attack
trees corresponds to the size of paths in communicating timed
automata, with the number of attack actions equal to the
number of channels.

Proof. We know that the initial state in each path corresponds
to a leaf node which can be exploited when an attack action is
executed. Therefore, for each initial state along a path, there
is a leaf node which represents an attack path.

VI. OPACITY

Now let us assume that we want to check some critical
properties of a system in some complex environment. We (or
an attacker) want to know whether or not the properties of
interest are satisfied. In order to do so, we can model a property
of interest and check whether or not it can be reached. This
can be the root of an attack tree or any state of an ongoing
attack.
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To formalize these ideas, first we assume that an external
observer / attacker has full knowledge of the system structure
but (s)he has only partial observation over its operations i.e.,
we assume that the observer does not see all the attack actions
or their timing. To formalize these ideas, we use a concept of
observation function and opacity. This concept was exploited
in [26] and [27] in a framework of Petri Nets and transition
systems, respectively. Firstly, we define observation function
on sequences from Actt? where Actt = (Act × R). We
will model a situation in which an observer does not see an
action or its time stamp by ε. Therefore, using the observation
function, we could model a timeless observer who can see
actions but not the time of their occurrence. Then, an observer
who can see some actions with time of their occurrences but
has no information on other actions and an observer who can
see the time of occurrence of actions but does not know for
some actions which one exactly has been performed.

Definition 9 (Observation). Let Θ,Θ ⊆ (Act ∪ {ε})× (R ∪
{ε}) be a set of elements called observables. By ε we indicate
that an observer does not see an action or time information.
Any function O : Actt? → Θ? is an observation function. It
is called static /dynamic /orwellian / m-orwellian (m ≥ 1) if
the following conditions hold respectively (below we assume
w = x1 . . . xn):

• static if there is a mapping O′ : Actt→ Θ∪{ε} such that
for every w ∈ Actt? it holds O(w) = O′(x1) . . .O′(xn),

• dynamic if there is a mapping O′ : Actt? → Θ ∪ {ε}
such that for every w ∈ Actt? it holds
O(w) = O′(x1).O′(x1.x2) . . .O′(x1 . . . xn),

• orwellian if there is a mapping O′ : Actt × Actt? →
Θ ∪ {ε} such that for every w ∈ Actt? it holds
O(w) = O′(x1, w).O′(x2, w) . . .O′(xn, w),

• m-orwellian if there is a mapping O′ : Actt × Actt? →
Θ ∪ {ε} such that for every w ∈ Actt? it holds
O(w) = O′(x1, w1).O′(x2, w2) . . .O′(xn, wn) where
wi = xmax{1,i−m+1}.xmax{1,i−m+1}+1 . . . xmin{n,i+m−1}.

In the case of the static observation function, each action
is observed independently from its context. In the case of
the dynamic observation function, an observation of an action
depends on the previous ones and, in the case of the orwellian
and m-orwellian observation function, an observation of an
action depends on the all and on m previous actions in the
sequence, respectively. The static observation function is the
special case of m-orwellian one for m = 1. Note that from the
practical point of view the m-orwellian observation functions
are the most interesting ones. An observation expresses what
an observer - eavesdropper can see from a system behavior
and we will alternatively use both the terms (observation -
observer) with the same meaning.

Note that the same action can be seen differently during
an observation (except static observation function) and this
expresses a possibility to accumulate some knowledge by an
intruder. For example, an action not visible at the beginning
could become somehow observable.

Now let us assume that an intruder tries to discover whether
a state with some given property was reached. This property
could be the root node of an attack tree or any other state and
it is expressed by a (total) predicate over states.

Definition 10 (Attack Tree Opacity). Given an attack tree T ,
a predicate φ over its states, T is opaque w.r.t. the observation
function O whenever a state x of (simple) an attack A is
reached for which φ holds then there exists another attack A′
such that O(A) = O(A′) and the state reached after A′ does
not satisfy φ.

For example, if an attack tree T is opaque then an attacker
cannot determine whether the root node has been reached or
not. To check opacity we can use Theorem 2 and its modifi-
cation and the software tool for timed automata UPPAAL and
can reduce it to checking reachability of a state for different
settings modeling O as well as φ. We model an observation
function by timed automata which mimic observer who does
not see some actions or time of their performance. This can
be done for static or m-orwellian observation functions.

VII. CONCLUSION

We show how the threat environment of systems can change
due to the change in vulnerability landscape, and we have
presented an extension of attack trees called dynamic attack
trees, which can be used to capture varying ways in which the
system may be compromised over time. We have proposed
a way of giving the semantics of dynamic attack trees via
communicating timed automata (CTA). Each automaton in
CTA represents a path in the dynamic attack trees from the
leaf to the root node. We have shown that reaching the root
node can be reduced to states reachability check in the CTA.

As future work, we plan to define and study means of
converting the sequence diagram of a system model into attack
trees.
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Abstract— Any physical, chemical, or biological alteration in 

the air is referred to as air pollution. Pollution of the air by 

toxic gases, dust, and smoke has a significant impact on plants, 

animals, and humans and may be detrimental to life. In this 

study we have demonstrated indoor and outdoor air pollution 

figures with reference to top nineteen countries of the world 

(G20 excluding European Union). It is found that Indoor air 

pollution is mainly found in low-income countries and outdoor 

pollution is found in high as well as middle income countries. 

The study also represents a comparison between London and 

Delhi with special reference to the Environment Kuznets curve. 

 

Keywords— environment, health, air pollution, deaths 

I. INTRODUCTION  

One of the world’s largest health and environmental 
problem is air pollution that develops in two contexts: 
indoor that is household air pollution and outdoor air 
pollution. Smoke has the potential to induce serious 
ailments in women who cook in the home. Indoor pollution 
sources that release gases or particles into the air are the 
most common source of poor indoor air quality in houses. 
The most basic kind of smoke is produced by lighting a 
match stick and burning coal or wood (at present the 
predominant cooking method in rural areas). Inadequate 
ventilation can raise indoor pollutant levels by failing to 
bring in enough outside air to dilute emissions from interior 
sources and failing to transport indoor air pollutants outside 
the dwelling. High temperatures and humidity levels can 
also raise pollution concentrations. The health impacts of 
indoor air pollution have gotten little attention from the 
scientific community until lately. Rural areas, particularly in 
developing nations like India, are particularly vulnerable to 
poor indoor air quality, with about 3.5 million people still 
relying on traditional fuels like firewood, charcoal, and cow 
dung for cooking and heating. In the restricted area of the 
home, burning such fuels creates a huge amount of smoke 
and other air pollutants, resulting in excessive exposure. 
Women and children are the most vulnerable demographics 
since they spend more time indoors and are more likely to 
be exposed to smoke.  
Air pollution in the open-air Ambient air is the term used to 
describe the air that is present outside. Emissions from 
motor vehicles, solid fuel burning, and industry are some of 

the most prevalent sources of outdoor air pollution. Bushfire 
smoke, windblown dust, and biogenic emissions from 
vegetation are among the other pollution causes (pollen and 
mould spores). Outdoor air pollution is a serious public 
health issue that affects people in low-, middle-, and high-
income nations alike. In 2016, it was estimated that ambient 
(outdoor) air pollution caused 4.2 million premature deaths 
worldwide in both cities and rural areas; this mortality is due 
to exposure to fine particulate matter (PM2.5) with a 
diameter of 2.5 microns or less, which causes cardiovascular 
and respiratory disease, as well as cancers. People in low- 
and middle-income countries bear a disproportionate share 
of the burden of outdoor air pollution, with low- and 
middle-income nations accounting for 91 percent (of the 4.2 
million premature deaths) and the WHO South-East Asia 
and Western Pacific regions bearing the largest burden. The 
most recent burden estimates highlight the critical impact 
that air pollution plays in cardiovascular disease and 
mortality. Evidence linking ambient air pollution to the risk 
of cardiovascular disease is becoming increasingly 
available, including research from extremely polluted 
places. 
In the graph below we have represented number of deaths 
by risk factors all over the world in 2017. 

EXHIBIT 1:  NUMBER OF DEATHS BY RISK FACTOR 

Source: IHME, Global Burden of Disease 
 

According to the above figure, high blood pressure, 
smoking, high blood sugar and air pollution are the top four 
causes for instigating health hazard and death all over the 
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world. This study is closely linked with health hazards and 
deaths caused by air pollution with special reference to 
specific countries of the world. 
 
It's critical to underline how difficult it is to attribute deaths 
to air pollution directly. A 'death' caused by air pollution is 
defined as someone who dies sooner (months or years) than 
would be anticipated in the absence of air pollution. Air 
pollution, in many situations, aggravates pre-existing 
cardiorespiratory illnesses—asthmatics, for example, are 
particularly sensitive. We use empirical exposure-response 
relationships and their relevance to death rates to relate 
pollution concentrations to health hazards. 
 
To allow for a fair cross-comparison of mortality and 
morbidity risk between nations and over time, deaths are 
presented as age-standardized data. To balance out variance 
between nations depending on population demography, age-
standardization normalizes mortality rates to a specified 
population structure (population size and age). If mortality 
rates were not age-standardized, a nation with a bigger or 
older population would have greater death rates than a 
country with a smaller or younger population, even if 
pollution levels were equal. 
 
Death rate due to air pollution has been changing through 
years in the world. Deaths due to air pollution especially 
indoor pollution has been reducing throughout the world 
now, however deaths due to outdoor particulate matter 
pollution has not reduced. The following figure is a 
depiction. 

 

EXHIBIT 2: DEATH RATES FROM AIR POLLUTION, WORLD 

1990 – 2017 

Source: Ourworldindata.org 

 

In 2016, it was estimated that ambient (outdoor) air 
pollution caused 4.2 million premature deaths worldwide in 
both cities and rural areas; this mortality is due to exposure 
to fine particulate matter (PM2.5) with a diameter of 2.5 
microns or less, which causes cardiovascular and respiratory 
disease, as well as cancers. Emissions from motor vehicles, 
solid fuel burning, and industry are some of the most 
prevalent sources of outdoor air pollution. Bushfire smoke, 
windblown dust, and biogenic emissions from vegetation are 
among the other pollution causes (pollen and mold spores). 

In COVID-19, long-term PM2.5 exposure is linked to an 

increase in hospitalization. To lower disease morbidity and 

healthcare costs, more severe COVID-19 preventative 
measures may be required in regions with greater PM2.5 
exposure. Nine percent deaths in the world are caused by air 
pollution that ranges from two percent to fifteen percent 
from country to country.  
 
Understanding how pollution impacts human health is a 
critical subject for making progress against air pollution. 
What factors influence the chance of a person dying 
prematurely as a result of pollution-related illness? It would 
seem logical that the health effects of air pollution would be 
substantially connected to local pollutant concentrations (i.e. 
the exposure). Are there any other elements at play, though? 
Indeed, there is a general correlation: nations with greater 
levels of pollution have a higher death rate from air 
pollution. There is also a significant regional divide: most 
European, North American, and Latin American nations 
cluster near the source of pollution, with low death rates and 
low pollution levels. Almost every country in Africa or Asia 
has a high mortality rate or a high pollution concentration 
(or both). The analysis is further reduced to find the link 
between air pollution, deaths and other variables found in 
G20 countries. The Group of Twenty (G20), created in 1999 
by twenty of the world's major nations, was envisioned as a 
bloc that would bring together the world's most powerful 
industrialized and developing economies to debate 
worldwide economic and financial stability. 
 
EXHIBIT 3: COUNTRY WISE DEATHS DUE TO AMBIENT 

PARTICULATE MATTER POLLUTION & MEAN ANNUAL 

EXPOSURE TO PM2.5  

Source: Prepared by the author, data from 
ourworldindata.org  

Air pollution is a public health and environmental concern 
in every country, although the severity varies greatly. Air 
pollution is more prevalent in both low- and medium-
income nations for two reasons: low-income countries have 
higher interior pollution rates owing to their reliance on 
solid fuels for cooking, and outdoor air pollution increases 
when countries industrialize and move from low to middle 
income status. 
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EXHIBIT 4: DEATHS DUE TO AIR POLLUTION, INDOOR AND 

OUTDOOR  
 

Source: Prepared by the author, data from 
ourworldindata.org 

Deaths due to air pollution is highest in middle SDI 
countries (middle income/standard of living). However, 
deaths due to indoor or household air pollution is higher in 
low middle- and low-income countries. Deaths due to 
outdoor air pollution are also attributed to industrialization 
and hence is maximum in middle income countries who are 
probably undergoing industrialization. we see in our 
analysis excess mortality due to fossil fuels are found 
maximum in China and India in our analysis. 

 

II. REVIEW OF LITERATURE 

 
Vohra et al said that the combustion of fossil fuels – 
particularly coal, gasoline, and diesel – is a major source of 
fine particulate matter (PM2.5) in the air, and a substantial 
contributor to worldwide mortality and disease. The 
research studies mortality related with PM2.5 from only 
fossil fuel combustion. The utmost mortality impact is 
assessed over regions with considerable fossil fuel related 
PM2.5, notably China (3.9 million), India (2.5 million) and 
parts of eastern US, Europe and Southeast Asia.  Vodonos et 

all (2018), Long-term exposure to ambient fine particulate 
matter (≤ 2.5 μg/m3 in aerodynamic diameter; PM2.5) is 
pointedly related with augmented hazard of early mortality. 
The research goal was to provide an updated meta-analysis 
of all-cause and cause-specific mortality associated with 
exposure to PM2.5 and to better estimate the risk of death as 
a function of air pollution levels. David et al (2021) found 
links between air pollution and numerous cardiovascular 
parameters as well as a urine oxidative stress marker in this 
investigation malondialdehyde (MDA). The findings 
contribute to the body of evidence supporting the AQHI's 
(Air Quality Health Index) value as a predictor of health risk 
for a variety of health outcomes and community 
characteristics that were not included when the AQHI was 
created. 
 

III. DATA ANALYSIS 

We have divided the study into indoor air pollution and 
outdoor air pollution. 
 

Indoor Air Pollution 

 
Indoor air pollution is the leading risk factor for premature 
death in poor countries. Indoor air pollution is one of the 
world’s largest environmental problems who often do not 
have access to clean fuels for cooking. The Institute for 
Health Metrics and Evaluation (IHME) estimates that 1.6 
million people died prematurely as a result of indoor air 
pollution in 2017. This was 3% of global deaths. In low-
income countries, it accounts for 6% of deaths. 
 
EXHIBIT 5: SHARE OF DEATHS FROM INDOOR AIR POLLUTION 
 
 

 
Source: Edited from ourworldindata.org  

 
The world average share of indoor pollution deaths is 2.9% 
and India (4.8%) and Indonesia (4.1%) attribute to more 
than the world average. However, deaths due to indoor 
pollution is also prominent in China and Mexico.  
 
There is a negative correlation between low income and 
indoor pollution and hence in this study we have compared 
these two variables to see the causality specially for the 
countries chosen. India in this regard has the lowest gross 
domestic product per capita but highest indoor pollution 
followed by Indonesia and China. 
To further extend the study we have tried to establish a 
causal relationship between the above variable with the help 
of regression analysis. In the analysis we have taken income 
(GDP/ Capita) as the dependent variable and Indoor air 
pollution as the dependent variable. Following regression 
model is used. 
 
Y= α + βX + µ…. (1) 
In equation 1, y is Indoor air pollution and X is GDP per 
capita. The equation also has intercept (α) and coefficient 
(β) along with the error term (µ). 
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EXHIBIT 6: REGRESSION STATISTICS INDOOR AIR POLLUTION 

& GDP PER CAPITA 
 
 

Regression Statistics Indoor Air pollution & GDP 

per Capita 

Multiple R 0.667265       

R Square 0.445243       

Adjusted R 
Square 0.41261       

Standard 
Error 10.69946       

Observations 19       

  Coefficients 

Standard 

Error t Stat P-value 

Intercept 24.5644 5.332343 4.606681 0.000251 

GDP per 
capita in 
Dollar -0.00054 0.000147 -3.69378 0.001802 

 

Source: Calculated by the Author 

 

The value of R2 is 44%, depicts the dependent variable 
(Indoor air pollution) is explained by the independent 
variable (GDP/Capita) by 44% respectively. However, the 
value is coefficient is less, it is negative, demonstrating that 
low income corresponds to more indoor air pollution. The p 
value is significant (< .01) respectively. It is obvious that 
more income will lead to more safety and precautions in 
matters of indoor pollution and using cleaner fuels for 
cooking and so on. 
 

Outdoor Air Pollution 

 
In 2017, an estimated 3.4 million individuals died 
prematurely as a result of pollution in the outdoors. This 
indicates that outdoor air pollution was to blame for 6% of 
all fatalities worldwide. At the highest end of the scale 
around 1-in-10 deaths were attributed to outdoor air 
pollution. In Egypt this share was 12% 
(ourworldindata.org); in Turkey and China it was 10%; and 
in India it was 8%.In the following exhibit we have 
demonstrated the share of deaths from outdoor air pollution 
in Turkey, China, Saudi Arabia and India. 
 
 
Death rates, unlike the percentage of fatalities we analyzed 
previously, are unaffected by changes in other causes or risk 
factors for death. Outdoor air pollution death rates allow us 
to analyze variations in mortality effects between nations 
and over time. Death rates are particularly high across 
middle income countries. When we look at mortality rates 
vs income, we observe patterns that mirror this distribution. 
Death rates tend to climb as countries progress from low to 
medium income through industrialization, then reduce as air 
pollution and general health improves at higher incomes. 
 
Further we evaluate death rates due to Deaths attributed to 
exposure to outdoor particulate air pollution, measured as 
the number of premature deaths per 
100,000 people versus gross domestic product per capita, 

measured in constant international-dollar. Death rates are 
age-standardized, so correct for differences in age structures 
between populations. 
 
EXHIBIT 7: DEATHS ATTRIBUTED TO EXPOSURE TO OUTDOOR 

PARTICULATE AIR POLLUTION & GDP PER CAPITA 
 

 
Ssource: Edited from ourworldindata.org 

 

India, China and South Africa are high on deaths from 
particulate pollution (per 100,000) and low incomes; 
however Saudi Arabia is high on GDP per capita as well as 
has high deaths from ambient particulate air pollution. 
 
Y1= α + βX + µ…. (2) 
In equation 2, Y1 is outdoor air pollution and X is GDP per 
capita. The equation also has intercept (α) and coefficient 
(β) along with the error term (µ). 
 

EXHIBIT 8: REGRESSION STATISTICS OUTDOOR AIR 

POLLUTION & GDP PER CAPITA 
 

Regression Statistics Outdoor Air pollution & GDP per Capita 

Multiple R 0.59572674       

R Square 0.354890348       

Adjusted R 
Square 0.316942722       

Standard 
Error 15.21417539       

Observations 19       

  Coefficients 

Standard 

Error t Stat P-value 

Intercept 50.39949626 7.937818 6.349288 7.26E-06 

GDP per 
Capita 0.000660836 0.000216 -3.05812 0.007115 

 
Source: Calculated by the Author 

 
The value of R2 is 35%, depicts the dependent variable 
(Outdoor air pollution) is explained by the independent 
variable (GDP/Capita) by 35% respectively. However, the 
value is coefficient is less, it is positive, demonstrating that 
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high/middle income corresponds to more outdoor air 
pollution. The p value is significant (< .01) respectively.  
 

Link between results and Kuznets curve 

 
The exhibits in this study reveals that the highest fatality 
rates from air pollution occur in middle-income nations. An 
increase-peak-reduction pattern may also be seen in the 
evolution through time. The 'Environmental Kuznets Curve,' 
as it is known, is characterized by this pattern (EKC). The 
EKC concept was first discussed in the 1990s in the World 
Development Report, but it is based on Simon Kuznets' 
1955 stylized relationship between income inequality and 
economic development – he hypothesized that income 
inequality is low at low levels of prosperity, rises with 
increasing prosperity, and then falls again at higher levels of 
average incomes. 
During industrial production, it is true that the air pollution 
especially outdoor increases and so did in London, but 
however with increasing income and through decades the air 
pollution has reduced.Air pollution found in Delhi is really 
dangeous and causing huge risks to human life but with time 
this can be reduced. 
The EKC proposes a hypothesis for the relationship between 
environmental degradation and economic development: 
environmental quality first deteriorates with the 
commencement of industrial expansion, but peaks at a 
specific point of economic development, and then begins to 
improve as development progresses. The evidence for the 
EKC is mixed: it has been widely debated across multiple 
metrics, although there is substantial evidence for the 
presence of an EKC link for a number of environmental 
markers. The EKC association, for example, exists in 
linkages between deforestation, afforestation, and economic 
growth, according to a recent research published in Science. 
We observe this in the patterns of sulphur dioxide (SO2) 
emissions, which tend to follow an inverted-U shape, 
increasing with industrialization before peaking and rapidly 
declining with progress. 
 
If we look at pollution levels in London over time, for 
example, we can plainly see the 'Kuznet's Curve.' From the 
1700s to 2016, we plotted the average levels of suspended 
particle matter (SPM) in London's air in following exhibit. 
Fine solid or liquid particles floating in Earth's atmosphere 
are referred to as suspended particulate matter (SPM) (such 
as soot, smoke, dust and pollen). Roger Fouquet, who has 
extensively researched environmental quality, energy prices, 
and economic development, generously donated the 
statistics displayed below. 
 
The amount of suspended particle matter in London's air has 
doubled in the last two centuries. However, at the very end 
of the nineteenth century, the concentration peaked and then 
began a precipitous decrease, with current levels about 40 
times lower than they were more than a century ago. 
 
To put today's developing megacities into context, we've 
included pollution levels in Delhi, India 
 
 
 

EXHIBIT 9: LONDON (EKC) AND DELHI 
 

 
Source: Ourworldindata.org 

 
EXHIBIT 10: LONDON AND DELHI POLLUTION AND INCOME 
 
 

 

Source: Ourworldindata.org 

 
Pollution in Delhi is far greater today than it is in London, 
although it is comparable to levels seen during London's fast 
industrialization phase. The main message is that city 
pollution is not unique in history – and we know that when 
populations grow, pollution levels peak and then drop. 
However, in order to effectively address the substantial 
health costs posed by air pollution today, we must discover 
ways to speed up this process for low- and middle-income 
nations. 
 

IV. CONCLUSION 

 

What becomes evident is that, far from being the most 
polluted in recent memory, the air in many developed 
countries is now cleaner than it has been in decades. This 
isn't to say we couldn't do more to make cities and towns 
cleaner places to live – there are significant health and other 
benefits to doing so – but it does demonstrate that a mix of 
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technological and political advancements may be beneficial 
in lowering air pollution. There are two crucial factors to 
address if we wish to lower mortality rates from air 
pollution: reducing pollution exposure and increasing 
general health and healthcare throughout the world. 
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Abstract— Teachers around the world try in various ways to 

make the educational process more interesting and exciting for 

students. One such method is to embed a computer game in the 

educational process, which makes it possible to draw students' 

attention to the topic of classes. This work represents the project 

of the educational computer game Kingdom and Castles. The 

main task is to develop a game that will help teachers of 

psychological disciplines such as social and organizational 

psychology clearly demonstrate to students the work of 

theoretical materials in a simulated practical environment. The 

implementation of this educational tool requires the 

construction of a client-server architecture, a database, 

gameplay programming and graphic design. The result is a 

computer game in the genre of strategy, in which players will 

need to show social interaction in order to achieve their goals. 

Keywords— education, psychology, computer games, Unity 

software  

I. INTRODUCTION  

Any creature can learn from each other. A person is a 
highly organized creature that is capable of complex 
educational influences, manipulations. In the middle of cases, 
the main purpose of such influences is manipulation, which 
allows you to achieve the desired results from other people 
[1]. 

In the modern world, digitalization in various spheres of 
life is developing more quickly. Education is no exception. 
As an addition to training, computer games have used that 
help to master theoretical material in practice [10, 11]. The 
beta version of the game discussed in this article is aimed at 
demonstrating the consequences of certain decisions [2]. 

The game presents a step-by-step online strategy, where 
players have to establish the life in a fictional kingdom while 
collecting "Fragments of Truth" in order to restore "Sacred 
Knowledge." The game application is designed for a game 
session consisting of 6 players, where each player is a unique 
kingdom. The user is given a number of ways to further 
develop and methods of performing the main task within the 
main gameplay [9]. The game also has a detailed game lobby 
customizer that sets the mode and features of each game 
session. 

The game belongs to the strategy genre and has a plurality 
of main game mode scheduling modifiers. The main game 
cycle emphasizes the team component of the game and the 
cooperation of various players to achieve a common goal by 
various methods [5,7].  

The use of the gaming in the study of various disciplines 
has shown its effectiveness. This becomes especially useful 
for the formation of not only hard skills, but also soft ones. 
[3]. The aim of this work is to design the computer game for 
the using in the learning process in human disciplines like 
psychology, sociology and e.t.c.  

II. THE GAME SCENARIO 

The game consists of two stages. The goal for the players 
at the first stage is to gain power or to realize an idea. 

The goal for the players at the second stage is to impose 
their own form of life on others or to give freedom of choice 
to others defending the right to be themselves in the new 
world. 

A. Start of the game 
At the beginning of the game, randomly, players receive a 

certain number of "Fragments of Truth" cards. They also fill 
in the Kingdom's "resume" by choosing a starting set of 
characteristics. After completing all necessary steps, the 
player must confirm the actions done by clicking on the 
"Finish" button on the corresponding interface. 

 After the start of the game, the player is provided 
with a playing field, an example of which is shown in Figure 
1. After that, the main game cycle begins. 

 
Fig.1. Playing field screenshot. 

B. Shards of Truth” cards 
Truth fragment cards have different colors and are needed 

to learn some skills. Before the game, players can choose the 
number of fragments of truth. The more shards of truth - more 
players will interact with each other, constantly going into 
contact to conclude various agreements. By default, the game 
recommends using one shard of truth per player. Fragments 
of truth are distributed to each player at the beginning of the 
game at random. Players have the right to exchange (make a 
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deal) between themselves fragments of truth and even sell 
them. 

C. Stage progress 

 The stage is the phase of the game, which 
summarizes the results of all rounds and counts different  

categories of points (for example, common points, reputation 
points, etc.). In the stage, the number of rounds depends on 
the total number of players in the game session. The minimum 
number of players is 4 (i.e. the minimum number of rounds = 
4), the maximum is 10 (i.e. the maximum number of rounds 
= 10). 

D. Round Progress 
A round is a phase of a game whose main task is to 

organize a meeting of two players in an in-game voice/text 
chat. The round is divided into two internal phases: 

When the player is not yet ready for negotiations and is in 
the lobby. 

When the negotiations had already begun. After 
negotiations, the round ends. 

To start negotiations between the two kingdoms, players 
receive automatic notification of negotiations. After 
confirmation by each of the negotiators, the round goes into 
the internal phase of "Negotiations," which has a different 
interface than the lobby presented in Figure 2. In a situation 
where the two kingdoms meet in an in-game room, each of 
the players has the following "common" options for joint 
actions: the transfer of the "Fragment of Truth" (genuine or 
false), the conclusion of the "Agreement," skipping 
negotiations (usually when the players failed to agree among 
themselves). 

Locks icons in the presented interface are interactive and 
highlighted when the player begins to use the microphone. 
Bottom panel interface displays different game features. The 
lower left panel includes all actions that lead to the conclusion 
of an "Agreement" between kingdoms or the action of 
exchanging a "Fragment of Knowledge" (true or false), or an 
action-completion of negotiations (or otherwise provided for 
during the evolution of the rules of the game). The lower right 
panel shows the game progress that was achieved jointly with 
a unique lock during the game between these two kingdoms. 
In the round lobby, as in Figure 1, pressing the left mouse 
button on any of the neighboring kingdoms opens the game 
progress panel by analogy with the lower right panel shown 
in Figure 2. 

 
Fig.2. Lobby screenshot.  

 
E. Select round action 
When both players are in the "Negotiation," then each of 

them confirms the action that he wants to perform in the 
framework of this round. A similar process is presented for 
the opponent. After both kingdoms have chosen the actions 
they wish to perform, it is then necessary to confirm them (in 
the case when the actions coincide). If the actions do not 
coincide, then as a result of the negotiations, each of the 
representatives of the kingdoms can change their decision. 

Players per round can take one action from the proposed 
category. For example, "Player 1" can both pass the "Shard of 
Truth" and conclude an "Agreement" with "Player 2". 
However, in one round there is no provision for the 
conclusion of several "Agreements" at the same time. 

F. Reputation of kingdoms 
Each kingdom is endowed with a level of reputation that 

demonstrates the parameter of a player's subjective in-game 
karma. The level of reputation depends directly on the 
player's decisions during the stage and is formed based on the 
following characteristics: 

 The number of "deception" of kingdoms. For 

example, if during a round a player transfers false 

knowledge to another kingdom, this is automatically 

recorded in the reputation of the kingdom by 

reducing this level. Other players do not know 

exactly which kingdoms were deceived by this 

player during the stage. 

 Complaints/Rewards of Kingdoms. During 

negotiations, each kingdom has the opportunity to 

complain about an opponent or, conversely, to 

encourage. When rewarding, the level of reputation 

increases by 1 unit, and when complaining - drops 

by 1 unit. 

The level of reputation not only demonstrates a partly 
subjective indicator of the integrity of the kingdom, but also 
directly affects the gameplay. Some collaborative actions will 
not be possible without the required reputation level. 
Kingdoms can also raise the level of reputation by performing 
joint actions, if these are provided for by the description of 
the game. Initially, each kingdom has a reputation level of 0. 

G. The way of kingdoms development 
The game has three development paths: Science, Craft and 

Magic. Kingdoms must develop by learning new skills. 
Having learned enough skills, players can study the final - 
thereby coming to victory. Skills intersect each other and 
have branching paths of development. Players can develop 
both alone, learning skills on their own, and co-operating, 
concluding agreements and exchanging fragments of truth. 

At the beginning of the game, special conditions are 
randomly distributed - fragments of truth correspond to some 
skills, without which this skill cannot be studied. This 
approach implies the possibility of re-passing and generation 
of non-standard situations. However, only two fragments of 
truth can be distributed per skill. The scheme of the 
development of the kingdoms is presented in Figure 3. 
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Fig. 3. Scheme of the development of kingdoms.  
 

H. The Game’s Agreements 
Agreements are an in-game action-agreement that is 

formed at the stage of negotiations between kingdoms in each 
round. In addition to transmitting "Fragments of Truth," you 
can agree on a joint action, which is available as part of the 
stage. Performing all the actions of the presented skill means 
fully learning this skill. For example, the implementation of 
the Rock Writing agreement does not give a full study of the 
Writing skill, however, it allows the player to execute 
agreements further to learn new skills. These actions can be 
generated from a tree structure that provides for continuous 
development and execution of actions [6].  

Below is a set of categories of collaborative actions that are 
defined in the process of forming game progress. The 
“Writing” skill has two levels of agreements: 

 Rock writing. Conditions: does not require any 

playing conditions. Duration: 1 stage. Effect: No 

effect. 

 Modern writing. Conditions: Studying the skill 

"Mathematics." Duration: 1 stage. Effect: Allows 

you to make two agreements with another kingdom 

if negotiations are started by the initiating kingdom. 

I. Auction 
Each player in any round can express a desire to hold an 

auction. One or more in-game items accumulated during the 
game session are put up for auction. The player who 
organized the auction himself assigns a price. The auction is 
held before summing up the phase and includes only text chat. 

J. Disconnecting a player from a game session 
There are often situations when a player can disconnect 

from a game session on his own or as a result of problems 
with the Internet. In this case, the game server puts the player 
on hold. During the stage, the player does not take part in 
rounds with other kingdoms. Total player points per stage = 
0. The player will be able to connect back to the game at a 
strictly allotted time. If this time limit for returning to the 
game is exceeded, the player is excluded from the game 
session, and his in-game items ("Fragments of Truth" and 
"Acquired Knowledge," etc.) are put up for in-game auction. 

 

K. Completing the game 
The game is considered completed when one of 2 

conditions is met: 

 One of the kingdoms is performed in its path of 

development (Science, Craft, Magic). 

 Maximum number of steps reached. 

III. METHODS AND TOOLS 

Before developing the game, a design document was first 
created in which the main idea of the project was presented. 
The UML diagram [15] of the main classes (Figure 4) was 
then designed. The main class is the kingdom, it contains such 
objects as castle, resources, role, skill tree and current time. 
Two other classes depend on it are Castle with object doors 
and Resource management with list of resources, resources 
and type objects. Also there is an Interface class with type and 
methods. This diagram helps to implement the gameplay and 
interface scheme in a structured and consistent manner.                           

 

Fig. 4. UML diagram of main classes.  
 
To implement the game, you need to develop a client-

server application. For these purposes the C# programming 
language [14] and open source networking for Unity "Mirror 
Networking" [4] were selected. A database is also needed that 
will store data about the user and his progress in the game. To 
do this PostgreSQL is used. The last step in the development 
will be to combine all of the above parts with the game engine 
Unity [13]. 

. 

IV. CONCLUSION AND FUTURE WORKS 

Since the game is mainly designed for educational 
purposes, it is assumed that the main users will be students of 
the direction of Organizational Psychology and Social 
Psychology [8]. In these areas, the game can be also used to 
test scientific theories. 

Undoubtedly, the game will be interesting to users who 
prefer strategic board games, business games, as well as 
games of the corresponding genre. 

In summary, the use of a computer game for educational 
purposes to demonstrate the practical application of 
theoretical knowledge will be a useful addition to the 
educational process [12]. The game being developed will also 
be interesting and useful to the user who wants to get 
acquainted and learn more about decision making or just 
spend time in entertainment. 
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Abstract - Due to the rapid growth and broad acceptance of 

digital-based applications, a large number of organisations 

(especially banking sector) and people alike are interested in 

using a variety of technical channels for engagement, 

communication and transaction. The most recent addition to 

this technological spread is smartphone-oriented Android-

based mobile banking (m-Banking). This research examines 

the challenges to mobile banking adoption, with a focus on 

millennials, especially Indian Generation Z. Numerous studies 

on m-Banking have been conducted using a variety of models. 

However, there is a dearth of research that can show how m-

banking affects the satisfaction of Generation Z and 

millennials in the defined urban and semi-urban locations in 

the Indian context. This void motivated our investigation. Our 

study attempts to investigate how m-Banking users actively 

participate in the process of adopting technological capabilities 

to make their banking procedure more convenient than 

conventional brick-and-mortar banking procedures. A 

standardised structured questionnaire was used to gather data 

and we have used the convenience and purposive sampling 

approaches. 311 primary respondents were included in the 

statistical analysis of the current study. The answers were 

gathered using a five-point Likert scale. The statistical analysis 

especially SEM analysis has been done through SPSS-AMOS 

Software. Here, we have sorted out 3 major independent 

variables [Reliability, Perceived Ease of Use and Perceived 

Usefulness]; one major intermittent dependent construct i.e 

Behavioural Intention and one dependent construct i.e., 

Consumer Satisfaction. It has been observed that, covariance 

between factors for the base model are satisfactory and p-value 

is less than 0.01 (99% significance level). Thus, the outcome has 

supported all hypothesis. The result of this study unfolds that 

millennials segment especially Generation Z of urban and 

semi-urban area of Kolkata are very much inclined to online 

digital banking especially app-based m-Banking. The key 

latent independent factors Reliability, Ease -of-use and 

Perceived Usefulness are related with each other and they have 

a positive impact on Behavioural Intention (BI) and BI has a 

statistically significant impact on Consumer Satisfaction (CS). 

Keywords - Reliability, M-Banking, Perceived ease of Use, 

Perceived Usefulness, Behavioural Intention, Consumer 

Satisfaction  

I. INTRODUCTION  

Typically, the process of developing and improving 
relationships was conducted via direct contact between the 
consumer and the executives of a bank [1]. However, the 
internet and telecommunications revolutions have offered 
possibilities and new methods for building and sustaining 
these partnerships [2]. Digital-based applications have 
quickly proliferated and become widely accepted, so many 
organisations now want to use numerous technological 

channels for engagement and dissemination, and most of the 
individuals are also inclined towards these types of 
alternative technology-based channels [3]. The latest 
inclusion of this technological diffusion is smartphone-
oriented android based mobile banking(m-Banking) [4]. 
Consumer contentment is a critical indication of consumer 
loyalty, and various studies have demonstrated the 
advantages associated with consumer loyalty. The majority 
of marketers and consumer analysts believe consumer 
contentment and satisfaction is the most essential practical 
problem in today's cutthroat atmosphere [5]. In addition, a 
bank’s long-term sustainability and success rely heavily on 
consumers’ satisfaction and loyalty - these are also acting the 
critical factors in developing market- and consumer-oriented 
strategies [6]. Consumers may now access numerous banking 
services 24 hours a day through the internet, enabling banks 
to dramatically reduce expenses [7]. Different research have 
shown that Online digital banking is the cheapest way to 
supply numerous financial services to the retail and corporate 
level [8]. Numerous studies have demonstrated benefits for 
bank customers, including cost and time savings, as well as 
geographic independence [9][10][11]. Online digital banking 
as well as m-Banking has proven popular among young 
people especially in millennial segments more specifically 
Generation Z [12]. Mobile phones, which were previously 
used mostly for voice conversations, are now often utilised 
for data transmission and business transactions. Mobile 
phones have recently grown increasingly popular, with 
several regions of India's metro reaching 100% penetration. 
Customers can use mobile devices to check their bank 
accounts' balances and make payments through m-banking 
[13]. Mobile phones will certainly turn into omnipresent or 
prevalent payment devices as the breadth of mobile services 
expands [14]. 

This study looks at the challenges to mobile banking 
adoption especially towards millennial segments more 
specifically Indian Generation Z. Numerous research have  
been undertaken on m-Banking using a variety of models. 
But there is a dearth of study that may indicate how m-
banking has an impact on the satisfaction of the Generation Z 
and millennials in the specified urban and semi-urban 
location in the Indian context. This gap sparked our research. 
Our research seeks to understand how m-Banking consumers 
actively engage in the process of adopting technological 
competencies to make their banking procedure more 
convenient over the bricks and mortar traditional banking 
procedure. 

As a result, the study's research questions (RQs) are: 

RQ1: Do Reliability has any impact on Behavioural 
Intention vis-à-vis this Behavioral Intention has any impact 
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on Consumer Satisfaction especially on Generation Z and 
millennials segment in the specified urban and semi-urban 
location in the Indian context? 

RQ2: Do Behavioural Intentions can be influenced by 
Ease of Use vis-à-vis this Behavioural Intention has any 
impact on Consumer Satisfaction in the given urban and 
semi-urban area in the Indian context on Generation Z and 
millennials segment? 

RQ3: Do Perceived Usefulness has any effect on 
Behavioural Intention vis-à-vis this Behavioural Intention 
has any impact on Consumer Satisfaction in the given urban 
and semi-urban area in the Indian context, particularly on 
Generation Z and millennials? 

Thus, the present research study investigates the 
propensity of the millennial’s consumers especially 
Generation Z consumers’ perceived attitude towards Mobile 
Banking (m-Banking) with reference to different 
frameworks. Here the authors tried to explore different 
antecedents extracted from different frameworks to explain 
the attitude of millennial consumers [especially Generation 
Z] towards digital banking or m-Banking. The research also 
contemplates how reliability, perceived utility and perceived 
simplicity of usage i.e., ease of use of m-banking plays a 
mediation role in enhancing the link between consumers’ 
expectation fulfillment and attachment vis-à-vis fidelity in 
the context of target segment consumer group. 

II. LITERATURE REVIEW AND HYPOTHESIS 

DEVELOPMENT 

A. Mobile Banking  

Consumers may conduct financial transactions on their 
smartphones or tablets using different mobile banking app. 
[15]. Unlike connected internet banking, it uses software, or 
"apps," provided by the financial institution to conduct 
transactions [16]. In many cases, mobile banking may be 
accessed seven days a week, twenty-four hours a day. 
Transferring money from one bank account to another, 
paying bills online, depositing checks from another, and 
performing point-to-point (P2P) payments are all examples 
of mobile banking operations that are reliant on the app's 
functionality [17]. 

B. Contextual relevance, perceived utility, and perceived 

usability 

 
Davis (1989) developed the Technology Acceptance 

Model (TAM) to anticipate individual technology adoption 
choices. The suggested research paradigm extends TAM and 
extended TAM. Many empirical studies of consumer 
adoption of new technology have employed these notions 
[18]. They have been widely used to investigate e-commerce 
and m-commerce adoption, thus, these ideas give a solid 
theoretical framework form-banking [19][20][21]. As a 
result, these ideas serve as an appropriate theoretical 
framework for the investigation of mobile banking. 

Theory of Reasoned Action (TRA) theory states that a 
person's behaviour is a direct outcome of their motivation to 
do something in the first place. [22]. TAM states that a 
user's sentiments about a product or service are influenced 

by its perceived utility or usefulness and ease of use 
[23][24].  
 

Using a product's perceived usefulness or perceived ease 
of use measures how much an individual feels the product 
aids him or her in achieving his or her goals. [24]. 
According to research, perceived usefulness and perceived 
ease of use are key components in mobile service 
acceptability [25]. The target segment surely wants to 
achieve their fintech objectives by utilizing online digital 
banking or m-Banking apps easily and in a convenient 
way. Thus, there might be some relationship between 
these two constructs. Thus, our first hypothesis is: 

H1: Perceived Ease-of-Use and Perceived Usefulness is 
related to each other. 

C. Reliability 

The SERVQUAL model [26] is still widely utilized in 
research [27][28] in the context of digital banking and m-
Banking. SERVQUAL has been adapted into numerous 
models in the context of online commercial activities by 
several studies. WebQual, created by Barnes and Vidgen 
(2002), eTailQ, created by Wolfinbarger et al., (2003), E-S-
Qual, created by Parasuraman et al. (2005), and the most 
recent hierarchical model of e-service quality provided by 
Blut et al (2015). From the e-SERVQUAL framework, the 
authors have extracted the “Reliability” factor which confers 
the competence to deliver on the given service consistently 
and correctly [32]. If the consistency and accuracy merge 
with ease of use and consumers can achieve their financial 
transactional goals in a very convenient way which will 
obviously lead to positive vibration in their behavioral 
intention which confirms increased satisfaction level. Thus, 
there might be some relationship between reliability & 
perceived usefulness and reliability & perceived ease of use. 
Thus, our next hypothesis should be: 
 
H2: Both Reliability and Perceived Ease of Use are linked 
with each other. 
H3: Reliability and Perceived Usefulness is related to each 
other. 
 
It is well perceived from the above discussion that 
Reliability the latent construct might be some impact on 
behavioural intentions. Research has shown that, if 
reliability will lead to a positive vibration in respect of 
behaviouaral intention (BI) when it is merged with 
perceived eases of use (EOU) and Perceived usefulness 
(PU), it has a significant influence on customer satisfaction. 
[33] in respect of convenience which leads to increased 
level of satisfaction in the target consumer segment. Thus, 
our next hypothesis should be: 
 
H4: Behavioural Intention is being influenced positively by 
Reliability. 

 

Perceived usefulness and perceived ease of use describes the 
psychological variables that impact an action, such as 
intention and desire [34] all affected behavioural intention 
[35], which lead to following hypothesis: 
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H5: A favourable impact on Behavioural Intention is 
exerted by the perception of ease of use. 

H6: The perception of usefulness has a favourable 
influence on a person's behavioural intention. 

Here only the authors have extracted and used the 
satisfaction factor as a dependent variable and behavioural 
intention has been portrayed as intermittent dependent 
construct which has a direct impact on Consumer 
Satisfaction. Management assumes that higher levels of 
consumer satisfaction increase retention, encourage 
consumption, and allow firms to charge more for their 
services because of the socioeconomic basis for consumer 
satisfaction. [37]. The proposed hypothesis in this respect 
has been mentioned here: 

H7: Positive behavioural intention is having a positive 
impact on satisfaction level of targeted consumers. 

D. Proposed model for the present research 

The above hypotheses have helped the current research 
study to develop a suitable framework that is expected to 
be useful for the analysis of some antecedents and 
consequents relating to online digital banking especially 
m-Banking. The proposed model intends to explore the 
connection among different independent constructs like 
perceived utility or usefulness, perceived ease-of-use and 
reliability – their relationship among themselves and their 
impact on Behavioural Intention which is an intermittent 
dependent variable having a direct impact on consumer 
satisfaction specifically for the assigned discussed 
segment. 

 
Fig. 1.  Proposed Conceptualized model 
Source: Created by Authors 
EOU- Ease of Use; PU-Perceived Usefulness; BI- Behavioural Intention; 
CS- Consumer Satisfaction 

III. METHODOLOGY 

This empirical study is centred on the Indian millennials 
segment, especially Generation Z consumers of semi-urban 
and urban segment. A standardised structured questionnaire 
was used to gather data and we have used the convenience 
and purposive sampling approaches[48]. To prepare the 
questionnaire we have followed the existing scales used in 
the different literature related to marketing of banking 
services. A total of 311 valid sample responses were 
accumulated comprise of 189 male and 122 female 

respondents. Major respondents were the millennials and 
Generation Z segment who are the prominent users of 
internet-based online banking.  During the survey, 
responders’ voluntary and personal judgments were 
captured. The empirical data were gathered using a five-point 
Likert scale. The data analysis was done by following 
structural equation modelling (SEM) and path analysis by 
using  SPSS-AMOS 17.0 software.  

IV. RESULTS AND FINDINGS 

Table I.  FACTOR ANALYSIS 

Factors 

Factor Analysis Output 

Items 

Factor 

loading 

(Standar 

dized 

value) 

Cronb 

ach’s a 

co-

efficient 

Average 

Vari 

ance 

[Extr 

acted] CR 

Reliability on 
Digital 

Banking 
Service  

  
  
  
  

R-1 0.813 

 
0.903 

 
 
 

 
0.581 

 
 
 

 
0.874 

 
 
 

R-2 0.792 

R-3 0.717 

R-4 0.75 

R-5 0.736 

Ease-of-Use 
  
  
  
  

EOU-
1 

0.729 

 
0.892 

 
 

 
0.628 

 
 

 
0.871 

 
 

EOU-
2 

0.808 

EOU-
3 

0.774 

EOU-
4 

0.844 

Perceived 
Utility or 

Usefulness 
  
  
  

PU-1 0.783 

 
0.861 

 
 

 
0.577 

 
 

 
0.845 

 
 

PU-2 0.755 

PU-3 0.738 

PU-4 0.762 

Behavioural 
Intention 

  
  

BI-1 0.846 
0.856 

 
 

0.635 
 
 

0.839 
 
 

BI-2 0.752 

BI-3 0.79 

Customer 
Satisfaction 

  
  
  

CS-1 0.762 

 
0.873 

 
 

 
0.596 

 
 

 
0.855 

 
 

CS-2 0.721 

CS-3 0.803 

CS-4 0.808 
CR-Composite Reliability 

Source: Created by Author 

How much a factor contributes to a variable's explanation is 
shown by factor loading. Some loadings can go from -1 to +1 
on their own. Take a look at the loading pattern to figure out 
which factor has the most impact on each variable. With a 
load of -1 or +1, the component is having an enormous effect 
on the variable. Loadings close to 0 mean that the factor has 
a small effect on the variable, but it still has an effect. In our 
case, From Table I it might be confers that, the items of all 
the factors are very close to +1 which confers that the factor 
has a strong impact on that construct. 

From Table I it has also been conferred that, Cronbach’s a 
values for all latent constructs ranged from 0.856 to 0.903, 
considerably surpassing the threshold value of 0.70 [38], 
indicating greater scale reliability. 

The convergent validity of the measurement model was 
established using CFA. The factor loadings of all twenty 
latent construct items were more than 0.5 (Table I), and the 
composite reliability value (CR) of all latent construct was 
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greater than 0.8 (Table I), indicating satisfactory findings 
[39]. 

Table II. DIFFERENT MODEL FIT INDICES 

 

Source: Created by Author 

For models with 75 to 200 samples, the chi square test is a 
suitable measure of fit. The chi square, on the other hand, is 
almost always statistically relevant for models with 400 or 
more cases. The amount of the correlations in the model also 
has an effect on Chi square, the stronger the correlations, the 
poorer the fit. As a result of these factors, different metrics 
of fit have been created.  The chi square to df ratio, is a 
historically widely accepted measure of fit value. The chi 
square to df ratio 2.57 as per result received (Table II) 
indicates that a good fit because it is less than or close to 3. 
[40][41][42]. 

For the chi-squared test and the normed fit index, CFI values 
range from 0 to 1, with larger values signifying a better 
match [44]. The CFI measures model fit by looking at the 
discrepancy between the data and the hypothesised model, 
while also taking sample size considerations into account. In 
our study, it has been found that we have got the CFI value 
0.925 which is considered as a very good one. 

This statistic evaluates the degree to which the hypothesized 
model and observed covariance matrix agree with one 
another (goodness of fit) [40][41][42]. The adjusted 
goodness of fit index (AGFI) [42][43] corrects the goodness 
of fit index (GFI), which is influenced by the number of 
indicators for each latent variable in the model. The GFI and 
AGFI have values ranging between 0 and 1. In our research 
study, it has been observed that we have got the GFI value 
0.95 and AGFI value is 0.878 which is considered as a fair 
one.The Tucker-Lewis Index (TLI) measures how well a 
model fits the data. The Non-Normed Fit Index (NNFI), also 
known as the Total Fit Index (TLI), was established in 
response to the drawback of the Normed Fit Index in that it 
is impacted by sample size [45]. In our study, it has been 
found that we have calculated the TLI value 0.940 which is 

considered as a good one. Relative fit indices, also known as 
incremental fit indices, are indices that incorporate a factor 
that indicates deviations from a null model. RFI is less than 
0.8 [46] and ideally more than 0.5 [47].  

The RMSEA is a measure of the disparity due to 
approximation per degree of freedom [47]. We have 
extracted the value of RMSEA 0.0682 which is well below 
than 0.08 and considered as a good fit. 

PCLOSE (p of Close fit) values extracted in our research 
study 0.002 which is close to zero specifies a good fit 
[40][41]. 

Table III. COVARIANCE BETWEEN FACTORS  
Hypo 

thesis 

Testing covariance between factors for the base model 

 

Description 

Esti 

mate S.E 

t-

value 

p-

value Results 

H1 
PU <--> EOU 0.177 0.038 4.697 ** S 

H2 REL <--> 
EOU 0.211 0.041 5.181 ** 

S 

H3 
REL <-->  PU 0.267 0.042 6.391 ** 

S 

Note: *: p < 0.05; **: p < 0.01 
S- Supported 

Source: Created by Author 

Table IV. PATH COEFFICIENTS FOR THE BASE MODEL  
 

 

Hypo 

thesis 

Significance testing of path coefficients for the base model  

 

Description 

Stand 

ardized 

path 

co-

efficient S.E. 

t-

value 

p-

value Results 

 
H4 PU   BI 

0.225 0.052 6.876 
 
** 

 

S 

 
H5 EOU BI 

0.406 0.043 9.439 
 
** 

 
S 

 
H6 REL BI 

0.355 0.038 5.837 
 
** 

 
S 

 
H7 BI  CS 

0.331 0.088 3.739 
 
** 

 
S 

Note: *: p < 0.05; **: p < 0.01 
S- Supported 

Source: Created by Author 

 

From Table III, It has been observed that, covariance 
between factors for the base model are satisfactory and p-
value is less than 0.01 (99% significance level). Thus H1, H2 
and H3 are supported. From Table IV it also confers that, p-
value of H4, H5, H6, H7 are less than 0.01 (99% 
significance level). From the above discussion and result 
obtained from the hypothesis testing it has been found out 
that the outcome has supported all hypothesis H1, H2, H3, 
H4, H5, H6, and H7.   

R-square value of the Behavioural Intention (BI) and 
Consumer Satisfaction (CS) in the proposed Structure 
Equation Model (SEM) also represented the proportion of 
the variance for a dependent variable that's explained by an 
independent variable in the proposed model. All the R-
square values are more than the value of 0.50 (Table V).   

Table V. SQUARED MULTIPLE CORRELATIONS 

Table V Estimation of squared multiple correlations 

 Dependent Variables Square multiple correlation (R2) 

Behavioural Intention 0.674 

Consumer Satisfaction 0.631 

 

Fit index 

Model Fit Indices 

Value Cut-off value 

 

2.57 close to or less than 3 specifies a 
good fit [40];[41];[42] 

Normed_Fit_Index 
(NFI) 

0.942 NFI ≥ 0.95 [42];[43] 

Comparative-Fit-
Index (CFI) 

0.925 CFI ≥ 0.90 [44] 

Goodness-of-Fit 
Index (GFI) 

0.939 GFI ≥ 0.95 [40];[41];[42] 

Adjusted Goodness-
of-Fit Index (AGFI) 

0.878 AGFI ≥ 0.90 [42];[43] 

Tucker_Lewis_Index 
(TLI) 

0.940 TLI > 0.90 [45] 

Relative Fit Index 
(RFI) 

0.873 RFI close to 1 specifies a good fit 

RMSEA 0.0682 RMSEA < 0.08 [40];[41] 

PCLOSE 0.002 close to zero specifies a good fit 
[40];[41] 
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Source: Created by Author 

From the above tables and discussion, it can be claimed that the 
model fit indices have proved the model fit and verified the model 
as an appropriate one. 

 

Figure 2.  Statistically Proved Model 
Source: Created by Authors 
EOU- Ease of Use; PU-Perceived Usefulness; BI- Behavioural Intention; 
CS- Consumer Satisfaction 

V. DISCUSSION AND FINDINGS 

 
The result of this study unfolds that millennials segment 
especially Generation Z of urban and semi-urban area of 
Kolkata are very much inclined to online digital banking 
especially app-based m-Banking. The key latent 
independent factors Reliability, Ease -of-use and Perceived 
Usefulness are related with each other and they have a 
positive impact on Behavioural Intention (BI) and BI has a 
statistically significant impact on Consumer Satisfaction 
(CS). That means millennials segment especially Generation 
Z of urban and semi-urban area of Kolkata feel relaxed 
when doing app-based m-Banking and they are doing it in a 
stressless manner; they are also very much motivated 
because they can avail this facility in 24x7 and in this way 
they can effectively manage their time. The target segment 
is very much dynamic to learn the features of m-Banking 
and they can easily understand the existing and updated 
features of m-Banking and they perceive that this m-
Banking facility is very consumer friendly and easy to 
operate. The target segment also perceive that the m-
Banking apps are very consistent, reliable and they are 
confident that these apps are protected, and transaction risk 
is also minimum. These positive vibrations create a positive 
BI which significantly impact on Consumers’ satisfaction in 
a positive note.  Thus, all the research questions i.e., RQ1, 
RQ2, RQ3 have been statistically addressed here. 
 

VI. CONCLUSIONS 

 
All of the latent independent factors examined here are 
shown to be interconnected and to have a substantial 

positive influence on Behavioural Intention(BI), which in 
turn has a favourable impact on customers' expectations, 
leading to a higher level of consumer satisfaction(CS), as 
shown in this research. Here the authors have assorted three 
independent factors Reliability, Ease of Use and Perceived 
Usefulness and statistical evidence shows that they are 
linked and have a strong favourable influence on BI and a 
positive BI creates a positive vibration which has a 
significant influence on CS. 
 

A. Theoretical Implications 

 
The current study examines the aspects that have a 
substantial influence on the BI of millennials, particularly 
Generation Z consumers in urban and semi-urban areas, 
using the theoretical lens of several frameworks. 
Furthermore, in order to answer the RQ1 or satisfy the 
research objective 1 (RO1), the current study used statistical 
analysis to demonstrate the interdependence of the elements 
or factors. Furthermore, in order to assess the RO2 and 
RO3, the authors collected several essential aspects from 
various models and frameworks and used structural equation 
modelling to assess their major influence on BI vis-à-vis 
fidelity in the context of Indian millennials and Generation 
Z consumers. By solving these research gaps, this study 
increases our understanding of m-banking in a specific 
section. 
 

B. Practical Implications 

 
The present research contributes to the understanding of the 
acceptability and behavioural intention aspect of online 
digital banking especially m-Banking of Indian millennials 
and Generation Z consumers, which ultimately have a 
strong influence on satisfaction aspect of the target segment. 
The findings of the study can facilitate managers and 
frontline executives as well as the customer support 
executives to formulate the appropriate strategy so that the 
target segment would be much more inclined towards their 
offerings, and they can acquire more customers on the basis 
of their feedback and word of mouth communication. 
Consumers’ internet literacy drive will improve the 
consumers’ understanding of quality service and attachment 
with app-based m-Banking. Higher customer attachment 
and engagement are more likely to turn engaged consumers 
into co-promoters, which implies marketers and engaged 
consumers will collaborate to promote the app-based bank 
marketing, resulting in a more favourable emotional link 
between online digital banking and engaged consumers. 
 

C. Major Limitations and Scope of future research 

 
The study focuses on the adoption of app-based m-Banking 
within a specific target demographic, namely Indian 
millennials, and Generation Z customers. Furthermore, the 
study uses a convenience and purposive sample approach to 
acquire data, which restricts its generalizability. The present 
study only confined into a specific segment of the total 
Indian population and a specific geographical location has 
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been selected – there is an ample scope of scattering this 
study in different viable segments in different geographical 
locations. So, spreading this study to the different segments 
in different locations might be a great scope of future 
research. Finally, we have considered here only three 
independent constructs, there are several other constructs 
which might be included in the future research work to 
explore the new findings. The moderating effect of different 
demographic variables can also be studied in future 
research. 
 

D. Scales used in the research study   

 

[1] Reliability:  
R1: ... The App provides a consistent, reliable, and trusted 
service.  
R2: ... safeguards the user's private and personal data  
R3: … all transactions made via this App are protected and 
accurate.  
R4: … transactional risk is minimum  
R5: … site or app updated continuously to provide 
reliability and security. 
 
[2] Ease of Use: 
EOU1: ... app-based m-banking is easy to learn and use  
EOU2: ... app-based m-banking is easy to understand  
EOU3: ... app-based m-banking practically Customer 
friendly  
EOU4: … app-based m-banking is easy to operate and 
straightforward.  
 
[3] Perceived Usefulness  
PU1: …Feel relaxed when doing app-based m-banking  
PU2: ...app-based m-banking services allow me to complete 
financial operations stressless manner  
PU3: ... app-based m-banking services allow me to perform 
financial transaction at any point of time [24x7]  
PU4: ... app-based m-banking practically helpful to me to 
manage the time 
 
[4] Behavioural Intention:  
BI 1: … I will keep utilizing internet banking phone-based 
app for most of my transactions in future  
BI 2: … To me using m-banking app is easier option than 
physical bricks and mortar banking opportunities  
BI 3: … I use bank’s m-banking facility more frequently 
than my family members. 
 
[5] Consumer’s Satisfaction:  
CS1: … m-Banking satisfies my expectations  
CS2: … m-Banking serves my purpose  
CS3: … I am quite contented and prefer to use m-Banking  
CS4: …. I will recommend others to use m-banking because 
of its greater usefulness 
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Abstract— Performing cash withdrawal transaction with 

ATM is increasing day by day. ATM is very important device 

throughout the world. Each one of us uses ATM for our 

different banking needs. We are suggesting a method to 

withdraw money from ATM which uses a Smart Mobile 

Banking Application (SMBA). The customer has to first 

register the smart phone with bank server and install smart 

mobile banking application from bank portal. Customer can 

set a password as a security authentication for initiating a cash 

withdrawal from SMBA. After initiating the cash withdrawal 

and successful password authentication by bank server, cash 

withdrawal is partially committed to the database of bank, 

customer can visit the nearest ATM and collect the cash by 

transferring personal information by Quick Response (QR) 

code. 

Keywords: - Smart Mobile Banking Application (SMBA), 

customer authentication, Cash withdrawal, ATM transaction. 

I. INTRODUCTION  

Using ATM for cash withdrawal is a way to get cash any 
time anywhere. It helps the customer to be free from carrying 
huge amount of money. While using ATM for withdrawing 
the cash, a customer enters PIN (Personal Identification 
Number) for authentication purpose. Once the authentication 
is successful, money can be dispensed from ATM.  
 
 Smart Mobile Banking Application (SMBA) is designed 
for the ease of customer. At very loaded areas ATMs are 
sometimes crowded. It may take 10-15 minutes for a 
customer to withdraw money from ATM. Waiting at ATM is 
very tedious task and can create trouble for those in urgent 
need of money. 
 

In this paper we are suggesting a method which is easy to 
be used by customer of bank, it saves time and customer will 
feel secure while using the suggested method. Our aim is to 
design an effective and adaptive Smart Mobile Banking 
Application (SMBA), which will help customer to initiate a 
cash withdrawal from a far distance and by the time 
customer reaches the ATM premise, half of the transaction is 
already done on the cash withdrawal. Once the customer 
reaches ATM premise, customer can securely transfer the 
password to ATM by using his/her smart phone. After 
successful password authentication from bank side, cash can 
be collected from the ATM.  With this method customer can 
be more satisfied with the service of bank and feel secure 
while performing the whole cash withdrawal process by 
using SMBA. 
 

 The research paper is ordered in the following manor. 
Section I is introduction, section II is related work, section III 
is methodology, section IV is working of the system, section 
V is result analysis and section VI is conclusion.  

II. RELATED WORK 

Authenticating a customer for providing access to the 
ATM system is a very crucial task. There are many 
authentications mechanism suggested from time to time by 
different authors. Many authors have suggested different 
types of authentications, which  can be done with the help of 
OTP (One Time Password) [1], DAP (Dynamic Array 
PIN)[2], Choice-Based Authentication Approach 
(CBAA)[3], biometric based authentication and many more. 

 
The advantages of using such technologies are, OTP are 

one of a very useful authentication mechanism, and it is used 
by various applications [1]. DAP is used to identify the 
Secure Element during the authentication Phase [2]. 
Disadvantage of CBAA is that, it is to be checked against its 
responsiveness. Its advantage is, it provides good security 
[3].  

 
Biometric authentication is been explored a lot by many 

authors. It is been used in wide verity of approach. 
Fingerprint authentication [4] [5] [6] is an easy to use and 
common technique implemented by many authors. Other 
biometrics are finger ID [7], facial recognition [8], fusion of 
eye vain and finger vain [9], finger print with finger knuckle 
[10], iris with finger print [11]. Authors [12] has suggested to 
use combination of finger print and face recognition system 
for authenticating customer. Each biometric technique has its 
pros and cons. Use of biometric technique requires 
installation of some hardware devices, such as different types 
of high definition scanner and camera, this increases the 
financial burden on bank. Sometimes change in biological 
features may cause trouble for customer. One of a major 
disadvantage of using biometric is, the devices, such as 
scanner or cameras used for scanning face, iris, eye vain and 
facial recognition may affect the body parts on a long run. 
When a customer shares important information such as 
biometric with bank server, it’s always a huge security threat 
to the customer data. Our aim is to reduce the threat of 
compromising customer personal data and providing simple 
cash withdrawal mechanism. 

 
Cash withdrawal from ATM is a regular activity of many 

customers. The current cash withdrawal process used by 
customer of bank uses 4 digit PIN to authenticate a customer 
and then cash is dispensed. The process needs physical 
connection of card and ATM, which makes it easier for the 
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fraudsters to capture the data and misuse it. In this paper we 
are suggesting a card less cash withdrawal from ATM. 

 
The system proposed by [13] provides a solution, which 

eliminates this physical contact. The thought of User-
Generated One Time Password (OTP) has been introduced. 
A mobile application is created, which consists of a special 
code which is shown on the screen for a period of 1 minute. 
This code is a strong authentication mechanism, which 
dynamically generate a one-time security code. This code 
can be generated without network or internet connection. The 
steps of the system [13] are as follows. 

1- Customer login to the mobile application using the 

user-id and password.  

2- Customer generates a reference number as per 

his/her choice and also specifies the amount to be 

withdrawn.  

3- The reference number would be valid for a certain 

period of time and can be used only once.  

4- Customer visits the nearest ATM and enters the 

customer-id and password along with the code in 

the application to sign in. The authorized customer 

will be able to log in and will enter the reference 

number to withdraw the amount specified. If the 

reference number is correct, the amount is 

withdrawn else transaction fails. 

The first authentication of customer is done at the time of 
logging via ID and password and the code flashing on the 
mobile screen, the use of reference number, provides three 
layered security mechanism. The reference number expires 
after certain time period will reduces the extent of 
susceptibility of customer. [13] The proposed system [13], is 
a very good way of authenticating user with security 
mechanism. We are suggesting a method for card less cash 
withdrawal, which is using the concept of customer 
generated password. The proposed system shares customer 
information via QR code technology.  
 

Data communication between two nodes in a small 
network can be achieved by many technologies such as 
RFID [14], Quick Response code (QR code)[15][16][17], 
Bluetooth[18], Near Field Communication (NFC) 
[19][20][21], and many more. Many authors have worked 
upon these technologies and discussed the pros and cons. 
The main disadvantage of these technologies are as follows. 
1- While using RFID, metal and liquid can impact the 

signal.  
2-  QR code implementation require QR code reader 

software or an application which can scan the image, 
this makes the cost of mobile device a bit high. A device 
with Camera is required to scan the QR code.  

3-   The disadvantage of Bluetooth is that it can slowly drain 
out the battery of smart phone. Bluetooth transfer data 
slowly and is not so secure.   

4- NFC implementation is very expensive for both the 
parties. It works in very small range of about 10-20 cm 
and it offers very low data transfer rate. 

III. METHODOLOGY 

Each bank has its own Mobile banking application. These 
applications are handy and easy to use. Mobile banking 
application has friendly Graphical User Interface (GUI) and 
saves time of customer. We have concentrated on cash 
withdrawal process. When a customer uses the SMBA, one 
can be sure about secrecy of his/ her data.  

 
The very first step is to register the customer through the 

SMBA. There can be many mechanisms to register a 
customer to bank application and then authenticating the 
customer. We are proposing a mechanism, which is as 
follows. 
 
Step 1: - Customer visit the bank portal and install the 
SMBA from there, only registered customer can install the 
SMBA on the smart phone by providing an OTP, which is 
sent by bank server. This is first authentication using OTP, 
while installing SMBA on smart phone of customer. 
 
Step 2: - Once the SMBA is installed, customer has to set a 
PIN to open SMBA. An alphanumeric minimum 8 digit 
strong password is also to be set for authentication during 
cash withdrawal from SMBA. 
 
Step 3: - Customer can now click on cash withdrawal option 
and insert the amount to be withdrawn.  
 
Step 4: - If the amount is less than the balance, then 
application will ask for authentication password. Once the 
password authentication for cash withdrawal is successful 
then cash withdrawal is partially committed to bank server. 
 
Step 5: - Customer can now visit the nearest ATM and keep 
his/ her smart phone in front of QR code enabled ATM. 
 
Step 6: - ATM will ask for 6 digit PIN, customer inserts the 
PIN and after successful authentication from server, cash 
will be dispensed. 
 

IV. WORKING OF THE PROPOSED SYSTEM 

The proposed system requires SMBA with an option as 
cash withdrawal. It will ask the customer to insert amount to 
be withdrawn. The amount is verified by bank server, if 
inserted amount is less then balance, then the SMBA will 
ask for authentication of customer with the help of a 
password. This password is set by customer for cash 
withdrawal while installing the SMBA in the smart phone. 
Once the password authentication is successful, a password 
authentication flag is on. At this stage a pre-commit occurs 
on this transaction on bank data base. Bank server will now 
start a timer, which will wait for customer to visit the ATM 
and withdraw money. Timer is set for 20 minutes. Customer 
has to visit ATM in less than 20 minutes time. After 
reaching at ATM, customer can keep the smart phone near 
the QR code reader on ATM. The QR code on customer 
SMBA will be scanned by ATM, it will collect basic 
information of customer, such as, customer name, account 
number, bank details, balance, amount to be withdrawn and 
the value of password authentication flag. Password 
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authentication flag should be true for continuing the 
transaction from ATM side. Once all data are verified, 
customer is asked for insertion of PIN, on insertion of 
correct PIN on customer SMBA cash withdrawal screen, the 
6 digit PIN is securely transmitted by QR code to ATM, 
cash is dispensed and the cash withdrawal process is over. 
Immediately a message will be popped on SMBA as cash 
withdrawal successful and the current balance is displayed 
on smart phone of customer. Customer will not get any 
physical, printed transaction receipt in suggested 
mechanism.  

V. RESULT ANALYSIS 

There are many kinds of frauds which now a days happen 
on ATM, some of the fraud methods used by fraudster is use 
of skimming device, keypad overlay, hidden cameras and 
many more. To overcome these real time challenges while 
withdrawing cash from ATM, we have proposed use of 
Smart Mobile Banking Application with the help of QR 
code.  

Use of SMBA will keep customer data secure before 
withdrawing cash from ATM. A card less cash withdrawal 
eliminates the risk of using skimming devices. By using QR 
code to transfer customer basic information and PIN for 
withdrawing cash, will safeguard customer data and 
eradicates the danger of using keypad overlays of ATM.  

The proposed system will surely help customer to saves 
time in cash withdrawal process. Customer can plan the 
withdrawal and then initiate transaction from a far distance, 
by the time customer reaches to the ATM, half of the process 
is committed and bank is aware about the pre committed 
transaction. An e-mail is sent to customer registered email ID 
with transaction ID and amount to be withdrawn.  

Case 1- If at all the cash withdrawal is not initiated by 
customer then by the e-mail, customer will come to know 
about the initiation of fraudulent cash withdrawal. This 
mechanism gives maximum of twenty minutes time to 
customer for blocking the cash withdrawal process with the 
transaction ID which is specified in email. Customer can 
call on bank toll free number, visit the nearest branch, or 
cancel the transaction with specifying transaction ID by 
logging into the online banking facility provided by bank.  
 
Case 2- If the customer loses the mobile phone, then there is 
a very rare chance that the fraudster knows all the passwords 
and PIN to initiate the transaction. 
 

We have suggested to use QR code due to its various 
advantages, such as, they are smaller, quick, error free, 
actionable, trackable and can hold more information. To 
make QR code more secure while transferring data, one can 
also implements cryptography algorithms for better security. 

 
While implementing the proposed system, actual 

challenges may come up. The method suggested by us can 
be tested for better security after its successful 
implementation.  

VI. CONCLUSION 

The paper discusses about the authentication mechanism 
suggested for cash withdrawal with the help of SMBA. Our 

work focuses on authenticating a customer with cash 
withdrawal option of SMBA and initiating cash withdrawal 
from far distance for saving time of a customer. We have 
suggested a mechanism to insert a PIN for opening SMBA, 
this is the first authentication of customer from SMBA. The 
customer then clicks on cash withdrawal option, enters 
amount to be withdrawn and enters a password which can be 
alphanumeric minimum 8 digit strong password. This will 
perform the second level of authentication. The next step is 
to reach to ATM premise and transmit customer personal 
data before withdrawing cash from ATM. We have 
introduced a concept of transferring important information of 
customer transaction and PIN by using QR code for security 
purpose, this is the third level of authentication. Cash can be 
collected from ATM after all three successful 
authentications. 

There are several authentication mechanisms provided by 
various authors. Few of these requires implementation of 
new costlier hardware in ATM. There is always a chance of 
customer data compromised. Our suggested mechanism 
takes a few steps before withdrawing the cash from ATM, 
such as installing the SMBA on customer smart phone, 
setting the passwords for opening the SMBA and initiating 
the cash withdrawal transaction. Once these basic steps are 
performed by the customer, it is an easy process to initiate 
card less cash withdrawal from a far distance and once the 
customer reach ATM premise, he/she can collect cash 
without touching the ATM. The proposed method reduces 
burden on bank for printing and providing ATM card, and 
customer can be free from carrying the ATM card. The 
suggested method reduces the time of getting the cash from 
ATM. Customer can plan the cash withdrawal and reach 
ATM before the timer expires. The suggested SMBA method 
is a card less method for secure cash withdrawal from ATM. 
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Abstract— Electronic-Retailing (e-tailing) is gaining 
prominence worldwide aided by technological and digital 
improvements, Increased smartphone and internet 
penetration, the development of inexpensive 4G networks, and 
expanding consumer income throughout the world have 
contributed to the expansion of e-commerce. Exclusive 
customer promos, marketing campaigns, cashback, and 
redemptions made available for the customers through online 
channels have also contributed to the growth of electronic 
shopping. E-tailing is a subset of e-commerce that solely works 
with B2C consumers. When compared to other old generation 
cohorts, millennials are more sociable, tech-savvy, interactive 
in social media, have higher internet users. This research will 
aid in finding key e-service quality parameters that influence 
millennial shoppers' satisfaction concerning the online 
channel. A standardized questionnaire was used to conduct the 
study, garnering responses from 230 millennial e-shoppers. 
The survey was done with millennial shoppers who had made 
at least one purchase in the e-tailing platforms in the previous 
year was considered. The findings revealed that post-purchase 
behaviour characteristics such as on-time product delivery 
and delivering the exact product at the delivery significantly 
influence purchasing through e-tailing apps. This research 
provides new theoretical insights for e-tailers by linking 
content quality and user interactivity for purchase decisions. 

 

Keywords— e-tailing, consumer satisfaction, online shopping, 

e-service quality, purchase behaviour, Millennial 

I. INTRODUCTION 

An increase in digital literacy has led to a flow in investment 
across the e-commerce sector, leveling to set a benchmark 
for new players. E-tailing is gaining its pre-dominance day 
by day. It is an ideal platform to compare products and offers 
various online retailing options for consumers. E-tailing 
service quality dimensions are essential to connect with the 
customers by providing choices and allowing the retailers to 
make profits. By creating this conducive environment, the 
buyers can search for the products/services at ease. Hence it 
is essential to identify consumer perceptual dimensions 
which would help the e-retailers to target the shoppers by 
providing superior e-service quality. Online shopping is 
quick as it does not require consumers to leave their homes 
or office to make purchases. The purchases can be made at 

any point in time. E-retailing provides a variety of products 
in a single avenue.  

On the other hand, e-tailing cannot interact directly with 
sellers. E-tailing does not offer an emotional shopping 
experience to the shoppers. Hence exploring the e-tailing 
service quality and consumer satisfaction among the 
customers is very important. Supported by favorable FDI 
policies, Digital India campaign by the government of India, 
rising internet penetration has driven the e-commerce 
players to the next level. In India, 100 % FDI is permitted 
for B2B e-commerce. The number of active internet users in 
India is the 2nd highest globally, and the average data usage 
pattern has recorded 8 G.B./subscriber/month. User 
penetration of e-commerce is 29% as of now and is expected 
to hit 37% in 2023 (The statistics portal). Millennials 
account for 34% of the Indian population is also an 
opportunity for further growth. Indian e-commerce market 
size is currently valued at U.S 32.7 billion dollars and is 
expected to grow 72 billion dollars by 2022 (Market 
research firm eMarketer). Amazon India holds a market 
share of more than 30%, and it is valued at $16 billion. It 
entered the Indian market in 2013 and grew at a faster pace 
of 23%, which is the highest in the industry (Forbes). This 
study will be beneficial for e-retailers to provide accurate, 
prompt, and secured services to the customers.  

       Millennials, born between 1980 and 2000, are the last 
generation of the twentieth century and the first digital 
generation. When compared to other old generation cohorts, 
millennials are more sociable, tech-savvy, interactive in 
social media, have higher internet users, and are regular 
cyber shoppers, making a significant impact on the Indian 
economy's digital and e-commerce industry [1]. Many 
brands must be formed soon to attract millennial customers 
to various sectors to increase customer loyalty [2]. Several 
researchers claim that millennials have spent the majority of 
their lives online. Online has become an essential element 
of the Millennials' way of life. E-shopping among Indian 
Millennials is largely understudied. As a result, this study 
was conducted to investigate the factors of customer 
satisfaction towards using e-tailing apps influencing 
millennial shoppers in India. This study will also be helpful 
for online marketers to create a comfortable and confidential 
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environment for online customers by understanding their 
buying experience. From the shopper's point of view, it will 
be helpful for them to evaluate the content of the e-service 
provider.  

 The objectives of the study include the following: 
• To analyze the demographic profile of millennial 

shoppers. 
• To identify the customer opinion about e-service quality 

factors affecting online shopping consumer satisfaction 
for the millennials. 

• To examine the factors affecting the overall customers' 
satisfaction of millennials in e-retailing. 
 

II. LITERATURE REVIEW 

Several factors make the customers visit the websites again 
and again and enhance the use of the service [3]. The e-tail 
marketers should use these factors to provide an excellent 
experience to the shoppers. They should create a pleasant and 
confident environment for the e-shoppers. The satisfaction of 
the consumers must be evaluated after a purchase has been 
made [4]. Six prime factors in the online retailing context are 
reliability, attentiveness, ease of use, access, security, and 
credibility. The shoppers require overall satisfaction to make 
the intention to buy the products repeatedly without looking 
for alternatives [5]. The creator is considered to be the part of 
the internet in the purchase decision-making process, how the 
client's qualities influence the goal of an online buy [6]. It is 
also recommended that in view to make a pleasurable ordeal, 
shoppers make a decision-making process. 
 
Online shopping has pros like availability of choices and 
varieties, shopping can do at ease, delivery at the doorstep 
and provides a variety of payment options while some of the 
cons are products purchase is not done physically, sometimes 
there is the difference between the ordered product and the 
delivered product [7]. It makes the online shopping 
experience more challenging. The electronic business has 
resulted in extraordinary changes in shopper conduct, and the 
changes are caused principally by the alteration of elements 
that impact online customer conduct [8]. Numerous 
components play a significant role in shopper conduct 
attributes. To bridge the gap between online and offline 
business, new strategies have to be adopted [9]. Social 
networking sites will assist as a platform for the millennials, 
heavily influencing the retail environment. Online retailers 
have to adopt new technologies to create customer 
engagement. The e-retailers also need to set up virtual stores, 
which will provide a real-time product experience. Time can 
be saved during the purchase and lack touch and feel attitude 
during the time of purchase, and this practice is not valid for 
all customers [10]. 
 
      The shopping experience of the satisfied e-retailers will 
be shared with others and thereby influencing their shopping 
behavior. Thus, it creates a positive Word of Mouth [11]. The 
e-commerce service providers have to focus on improving 
customer satisfaction levels as the online channel is growing 
at a faster pace and requires a personalized customer 
experience [12]. E-commerce websites face challenges like 
"customer service representative, the functionality of the 

product, website quality," and they should provide services to 
make customers' online shopping a pleasant experience [13]. 
Retailers and businesses should keep their websites lively and 
up to date with relevant information on a regular basis [14]. 
People generally have a positive attitude toward e-commerce, 
and for various reasons, they prefer to shop only a few choice 
things through e-commerce rather than all products. 
Although consumers are interested in online shopping, there 
are severe concerns among customers regarding the e-tailing 
mode; if merchants address those concerns, people will begin 
buying online, and e-tailing will gain pace [15]. Firms have 
to boost the functioning of their service platform and add 
more features to satisfy the customer wants, attempting to 
make the business transaction much faster, which can be done 
by streamlining the website's bandwidth capacity to broaden 
the user coverage. Furthermore, the companies must create a 
favourable perception of platform usage among consumers 
[16]. 

        Millennials are seen as technologically sophisticated 
due to their ever-changing surroundings, influencing their 
behaviour [17]. Unstable financial markets, pricey loan-
backed degrees, an improving job market, and other factors 
encourage people to stay connected via mobile devices and 
social media [18]. The millennial generation, individuals 
born between 1980 and 1996, is a market group of special 
importance to merchants [19]. Millennials want genuine 
brand ties and should be targeted with tailored marketing 
techniques. For many online merchants, millennium 
generation buyers provide an enormous potential. The 
millennium generation is 8-25 years old, computer adept, and 
their spending power surpasses $200 billion [20]. The shops 
from whom they buy things embrace and adapt to their 
demands. By offering thorough information on the product 
and improving buyer involvement with interactive elements, 
interactive product simulators can draw millennial shoppers 
to the site and facilitate their purchase [21]. Millennials were 
raised in a digital environment and have access to various 
web-based services and networks from an early age [22]. 
Compared to earlier generations, millennials make more 
impulsive purchases and make quicker selections during the 
purchasing process. Millennials are also seen to be 
materialistic and self-controlling, with a proclivity to spend 
money rapidly on consumer items and personal services [23]. 

 

III. RESEARCH METHODOLOGY 

The data have been collected from 258 millennial e-shoppers 
in Tamil Nadu who made at least one purchase in the past 
year. Of which, 230 questionnaires were found to be valid 
and used for further analysis. This study used both primary 
and secondary data. This study utilized a questionnaire as an 
e-survey instrument. A five-point scale (Strongly agree-5 and 
strongly disagree-1) was used in the questionnaire. 
Convenience sampling was adopted for the collection of 
information. Secondary information was collected from 
various avenues such as online sources, company reports, etc. 
The collected data were analyzed using the SPSS software 
package. Percentage analysis, ANOVA, Correlation, and 
Regression techniques are used for this study. 
 

IV. DATA ANALYSIS 

A. Demographic profile of millennial shoppers 
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TABLE I 

Gender Frequency % Place Frequency % 
      

Male 140 61 Metro 92 40 
Female 90 39 Rural 18 8 
Total 230 100 Urban 120 52 

   Total 230 100 
Education Frequency % Payment 

Mode 

Frequency % 

Below 
under 

graduation 

18 8 Cash on 
Delivery 

135 59 

Under 
graduate 

126 55 Credit/De
bit Cards 

62 27 

Post 
graduate 

74 32 Internet 
Banking 

12 5 

Above post-
graduation 

12 5 Others 21 9 

Total 230 100 Total 230 100 
Nature of 

Employme

nt 

Frequency % Monthly 

income 

in INR 

Frequency % 

Government 
employed 

30 13 <10000 44 19 

Business 55 24 10000-
20000 

76 33 

Unemploye
d 

51 22 20000-
40000 

66 29 

Private 
sector 

94 41 > 40000 44 19 

Total 230 100 Total 230 100 
Money 

spent on 

purchasing 

in a Year 

in R.S. 

Frequency % Total 

purchase

s made 

in a Year 

Frequency % 

Less Than 
1000 

25 11 1 44 19 

1000 - 3000 62 27 2 - 3 95 41 
3001 - 5000 58 25 4 - 5 48 21 

5001 - 
10000 

37 16 6 - 8 25 11 

Above 
10000 

48 21 > 8 18 8 

Total 230 100 Total 230 100 
 

• Table I shows that 61% of the Millennial e-shoppers are 
male, and 39% of the e-shoppers are female.  

• The urban millennial e-shoppers represent 52%, 
followed by metro e-shoppers 40%. The rest, 8% of e-
shoppers, are from rural areas. 

• The education qualification of the millennial e-shoppers 
is as follows: The customers with under-graduation 
qualification represent 55% of the total customers, while 
32% of the e-shoppers have post-graduation, those who 
do not have any degree represent 8% of the e-shoppers, 
and the remaining 5% represent the customers who have 
above post-graduation degree. 

• The private sector represents 41% of the total millennial 
e-shoppers while 24% of the customers are business 
people, unemployed represent 19% of the total e-
shoppers, and the balance 13% of the e-tailing customers 
from the government sector. 

• The annual income of the millennial e-shoppers are as 
follows: 33% of the e-shoppers have a monthly income of 
10k to 20k, 29% of the e-shoppers fall under the 20k-40k 
category, while 38% of the e-shopper category is shared 

equally by income is less than 10k (19%) and income 
above 40k per month (19%). 

• In the money spent on the millennial e-shopping purchase 
category for a year, 27 % of the e-shoppers represent the 
1000-3000 rupees category while 25% of the customers 
fall under the 3001-5000 rupees group. 21% of the e-
tailing customers spend more than 10000 rupees for the 
purchase. 16% of the shoppers from 5000-10000 rupees 
money spent category and 11% of the e-shoppers spend 
less than 1000 rupees in a year. 

• In the frequency of purchase in a year category, 41% of 
the millennial customers have purchased items in e-tailing 
apps 2 or 3 times, while 21% of the purchases by e-
shoppers made purchases 4 or 5 times. 19% of the 
customers purchase only once a year in e-tailing sites. The 
balance 11% and 8% of the purchase are done by 6-8 
times category and more than 8 times category 
respectively. 

• 59% of the purchase is done by cash on delivery mode, 
27% of the purchase is done through debit/credit cards. 
Other categories, which include EMI & wallet money, 
represent 9%. 5% is contributed by internet banking. 

 
B. Reliability analysis 

Reliability analysis for an opinion about e-service quality 
features among millennials are given below 

 
TABLE II 

Reliability Statistics 

Cronbach's Alpha N of Items 

.816 37 

 

The component and total reliability scores are shown in Table 
II. The Cronbach alpha is .816 indicates a high level of 
internal consistency for the scale. 
 
C. One-way ANOVA for factors determining the e-service 

quality and millennial consumers' satisfaction in the e-tailing 

apps 

 

H0(Null Hypothesis) – There is no significant relationship 
between the factors of e-service quality and consumer 
satisfaction on the e-tailing apps 

 
TABLE III 

 
The above table shows that the factors such as reliability, app 
accessibility, ease of use, and security have a positive R-
value. At the same time, factors like attentiveness and 
credibility have a negative R-value indicating that they 

Factors R Sig Result 

Reliability 0.277** 0.001 Positive 

App accessibility 0.149** 0.000 Positive 

Ease of use 0.026* 0.092 Positive 

Attentiveness -0.043 0.604 Negative 

Security 0.068 0.407 Positive 

Credibility -0.045 0.026 Negative 
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should be concentrated on improving millennial consumer 
satisfaction on the e-tailing apps. 
 

D. Pearson Correlation analysis for factors of e-service 

quality and consumer satisfaction in the e-tailing apps 

 
TABLE IV 

 
Factors e-service quality vs. 

consumer satisfaction F Significance 

 

Result 

Reliability 6.896 0.000 Reject H0 

App accessibility 8.830 0.000 Reject H0 

Ease of use 4.966 0.003 Reject H0 

Attentiveness 4.233 0.607 Accept H0 

Security 3.666 0.014 Reject H0 

Credibility 3.186 0.760 Accept H0 

 

• From the above table, it is interpreted that the null 
hypothesis is rejected since the F value is 6.896 and the 
p-value is 0.000, and hence there is a significant 
relationship between reliability and millennial 
consumers' satisfaction 

• It is interpreted that the null hypothesis is rejected since 
the F value is 8.830 and the p-value is 0.000, and hence 
there is a significant relationship between app 
accessibility and consumer satisfaction 

• It is interpreted that the null hypothesis is rejected since 
the F value is 4.966 and the p-value is 0.003, and hence 
there is a significant relationship between ease of use and 
consumer satisfaction 

• In the above table, it is interpreted that the null hypothesis 
is rejected since the F value is 4.233 and the p-value is 
0.607; hence there is no significant relationship between 
attentiveness and consumer satisfaction 

• From the table, it is interpreted that the null hypothesis is 
rejected since the F value is 3.666 and the p-value is 
0.014; hence there is a significant relationship between 
Security and Consumer satisfaction 

• It is interpreted that the null hypothesis is accepted since 
the F value is 3.186 and the p-value is 0.760, there is no 
significant relationship between Credibility and 
Consumer satisfaction. 

 
Hence, it is clear that the factors of e-service quality, namely 
reliability, app accessibility, ease of use, and security, have a 
significant relationship concerning consumer satisfaction in 
e-tailing apps, while factors like attentiveness and credibility 
have no significant relationship with consumer satisfaction in 
e-tailing apps. 
 
 
E. Regression Analysis 

 
TABLE V 

        Model Summary 
Model R R 

Square 
Adjusted 
R Square 

Std. 
error of 

the 
estimate 

F Sig. 

1 .517a .267 .236 .85722 3.85722 0.000 

Predictors: (constant), namely reliability, app accessibility, 
ease of use, attentiveness, security, and credibility 

 
 F. Regression analysis for factors of e-service quality and 

consumer satisfaction on the e-tailing apps 

 
TABLE VI 

Coefficients 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

T Sig. B 
Std. 

Error Beta 

1 (Constant) 2.116 0.537  3.944 0.003 

Reliability 0.180 0.019 0.105 0.154 0.341 

App 

accessibility 
-0.023 0.087 -0.300** -0.075 0.025 

Ease of use -0.057 0.069 -0.313** -2.278 0.005 

Attentiveness .143 0.075 0.059 2.115 0.216 

security 0.0214 0.081 0.450** 1.975 0.000 

credibility 0.044 0.049 0.225** 2.683 0.004 

a. Dependent Variable: consumer satisfaction 

  
The above table shows that the correlation value of R=0.517 
states that there is a higher degree of correlation between the 
factors determining the factors of e-service quality and 
millennial consumer satisfaction in the e-tailing apps. The R 
Square value=0. 267. The Beta values of the factor’s app-
accessibility (0.300), ease of use (0.313), security (0.450), 
credibility (0.225) is significant in determining millennial 
consumer satisfaction on the e-tailing apps. The other factors 
like reliability and attentiveness are not significant and need 
to be concentrated to improvise their contribution  
  
Based on the regression result, the following equation is 
formulated. 
Regression equation (Consumer satisfaction in e-tailing 

apps) = 0.105 (Reliability) - 0.300 (App accessibility) – 

0.313(Ease of use) + 0.059(Attentiveness) + 0.450 

(Security) + 0.225(Credibility). 
 
G. Online service quality features in e-tailing site 

 
TABLE VII 

 
Construct Online Service Quality features 

in the E-tailing apps 

Mean S.D. 

E-tailing service quality   

Reliability   
R1, I received exactly the exact product/service from the 
online retailer which I have ordered. 3.60 1.003 
R2. The product/service ordered was delivered on-time 

3.63 0.623 
R3 The billing process was accurate 

3.84 0.681 
R4 The online retailer responded positively to the queries 
raised 3.83 0.928 
R5 On-time response about query 

3.69 0.955 
R6 Information retrieval is easy 

3.89 0.748 
App accessibility   
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A1. Contact information, customer care number is readily 
available 3.98 0.863 
A2. Easy to connect the customer care person 
 4.01 0.843 
A3 Multiple ordering options are available 

4.00 0.921 
A4 Chat rooms, bulletins are available 

3.90 0.825 
Ease of use   
E1 App is easy to navigate 3.71 0.748 
E2 Catalogues are well organized 

3.93 0.814 
E3 Payment, warranty, and return policies easy to 
read/understand. 3.92 0.801 
E4 Easy to understand the contents of the App 4.40 0.728 
Attentiveness   
AT1 Personalized experience provided by the e-tailer 4.10 0.817 
AT2 Place for consumer questions and comments 

3.95 0.842 
AT3 I received a personal note from the e-tailer ex: thank 
you 
 3.94 0.789 
Security   
S1 Secured in providing personal information for online 
purchase 
 3.97 0.645 
S2 Secured internet transaction process 
 3.79 0.882 
Credibility   
C1 Online retailer's information is displayed on the site 

4.39 0.66 
C2 Received special rewards and discounts as promised 
 4.21 0.693 

 
The above table shows the descriptive statistics about the 
opinion given by the millennials about the e-tailing apps. The 
maximum value of 4.40 is given to the item - easy to 
understand the contents of the app followed by 4.39 is given 
to online retailer's information displayed on the site, and 
minimum value of 3.60 given to the customer received the 
item exactly the same as ordered by them followed by 3.63 
given to on-time delivery of the product. 
 
H. Types of products purchased by millennial in the e-tailing 

apps 
TABLE VIII 

 
TYPES OF PRODUCTS Frequency Percent 

Gadgets 68 30 

Home Appliances 35 15 

Books 25 11 

Grocery, Beauty 32 14 

Fashions, Clothing, Shoes 53 23 

Others 17 7 

Total 230 100 

 
From the above table, it is clear that electronic gadgets like 
smartphones, laptops, earphones, etc. represent 30% of the 
total products purchased, followed by 23% in the category of 
fashions like clothing, shoes, leather articles, etc. 15% of the 
purchase is constituted on home appliances, 14% on personal 
care and grocery products, followed by 11% on books and the 
balance 7% is represented by others category. 
 

V. FINDINGS, SUGGESTIONS, AND LIMITATIONS 
 

From the analysis, it is clear that the null hypothesis is 
accepted for attentiveness, credibility and rejected in the case 
of e-service quality factors like reliability, app accessibility, 
ease of use, and security with respect to consumer 
satisfaction. The correlation is positive with respect to factors 
such as reliability, app accessibility, ease of use, and security 
have a positive R-value. Whereas the factors, attentiveness, 
and credibility have a negative correlation indicating that they 
should be concentrated to improve consumer satisfaction on 
the e-tailing apps. 
From the regression analysis, the factors app-accessibility 
(0.300), ease of use (0.313), security (0.450), credibility 
(0.225) are significant in determining consumer satisfaction 
in e-tailing apps. Factors like reliability and attractiveness are 
not significant and need to be concentrated to improvise their 
contribution. Descriptive statistics with regard to the opinion 
given by the e-tailers about the e-tailing apps. The maximum 
value of 4.40 is given to the item - easy to understand the 
contents of the app, 4.39 is given to online retailer's 
information displayed on the site, and minimum value of 3.60 
given to the customer received item is exactly the same as 
ordered and 3.63 given to on-time delivery of the product. On 
the type of products purchased, electronic gadgets like 
smartphones, laptops, earphones, etc., represent 29% of the 
total products bought, followed by 23% in the category of 
apparel. 
Suggestions: 

• The estimated delivery time should be adhered by the e-
tailers because if there is a delay in the delivery time, then 
the customer dislikes not only the product but also the e-
tailing site. Hence, the e-tailers (i.e.,) should focus on 
improving the delivery strategy as the industry is likely 
to boom in the near future. 

• The quality of vendors should be monitored now and then 
to increase the reputation of millennial e-shoppers. 

Limitations: 
• This study does not control e-tailing apps across various 

product categories. 
• The sample size is purely restricted to Millennial e-

tailing apps in Tamil Nadu state only. E-service quality 
features and customer satisfaction may vary across 
different e-tailers. 

• The sample size may not be very large to generalize the 
outcome. 

• Future research can be done by choosing a particular 
product category such as gadgets, apparel, or home 
appliances 

VI.  CONCLUSION 
 
Though the e-retailers have provided a convenient shopping 
mode for the customers, they should focus more on post-
purchase behaviour aspects like prompt delivery of the 
products and providing the exact product at the time of 
delivery. The estimated delivery time should adhere because 
if the customer does not receive the product on time, as 
mentioned during the purchase time, the customer dislikes the 
product and the e-tailing site. The quality of vendors also 
plays a dominant role because if the customer does not get 
satisfied with the product, they lose not only time, money, 
and energy but also the reputation with the e-tailer. The 
current study is limited to the city of Chennai in Tamil Nadu. 
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As a result, the findings may not be generalizable to the whole 
state or country. Other age groups, such as generation Z or 
baby boomers, can be specially targeted to provide advice to 
stakeholders in the e-tail business. 
Furthermore, this study may be expanded to investigate 
customers' perceptions and attitudes about brands on a 
holistic level to give more relevant insights and ideas to 
consumers, e-retailers, e-marketers, and so on in the near 
future. The online service quality aspects are crucial not only 
for retaining the customers but also creates an environment 
for customer satisfaction. It spreads positive Word of 
Mouth(WOM), leading to a win-win approach. With a 1.3 
billion population in India, only 6% of them own credit cards 
growing at a rate of 25%, and the number of internet users 
stands at 480 million, growing at a rate of 25%; there is 
massive scope for e-retailing. 
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Abstract - Investment decisions are made to 

seek better returns in the future by sacrificing 

immediate advantages. The main purpose of this study 

was to understand the awareness and preference 

towards various investment products and their 

investment decisions among the IT employees during 

this pandemic situation in Chennai, Tamilnadu. The 

various investment products are taken for the study 

that maximum investors are aware about. . This study 

further aimed at contributing towards the field of 

investor psychology, by supporting investment 

companies in identifying the appropriate financial 

products that matches the IT employee’s investment 

pattern and choice based on their personality and risk 

tolerance. Investors get more opportunities to invest 

and save their hard earned money which is made 

possible through financial markets. The present study 

is based on primary data which is collected by 

distribution of structured questionnaire. Using a self-

administered questionnaire, data were collected from 

259 respondents. Convenient random sampling 

method is used for collecting responses from the 

employees of IT and ITeS companies. The 

demographics of respondents are collected through 

different categories namely age, gender, marital status, 

education, annual income etc. By using the statistical 

tool techniques, the study found that majority of 

demographical variables were not associated with 

short term and long-term investment decisions, which 

indicated that demographical variables did not 

influence the investment decision of investors. The 

analysis of the study based on the data reveals that 

personality traits openness to experience has 

substantial impact on the investment decisions. 

Further the study statistically proved that risk 

perception of IT employees doesn‘t have a significant 

impact on the investment decisions. This study would 

help in adopting appropriate techniques that improves 

the investment decisions of individuals particularly the 

salaried IT employees. 

Keywords -  IT employees, personality traits, risk 

tolerance levels, financial knowledge, investment 

decisions. 

I. INTRODUCTION 

Investments are the process of investing 

money with the expectation of benefits to be gained 

in future. Most of the investors expects to reap 

maximum return in their investment. The investment 

decision process will transform from rational to 

irrational based on the thoughts and feelings of 

Investors’[1]. In real world several factors affect the 

rational decision-making process that includes both 

psychological and behavioral factors even though 

the conventional theories of finance emphasizes that 

investors are perfectly rational. 

 Several factors namely personal 

characteristics such as personality traits, emotions, 

risk tolerance etc.,[2] demographic factors such as 

age, gender, income, education qualification 

level[3],[4] factors associated with risk propensity, 

rate of return, transaction costs [5] and other 

associated factors combined as a base in the 

individual’s decision-making process. Return and 

risk are considered as the most basic elements in an 

investment decision making process, because 

understanding the association of realized risk from 

the investment and expected return on the 

investments are linear. The expectation of greater 

returns from investments will always requires the 

investor to face greater risk. “So that investor to 

minimize the risk of investing need to understand 

rationally and be careful in the decision-making 

process”[6]  The current study aims at identifying 

the factors that affects individual investment 

decisions. Subsequently it also assesses the 
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difference in investment decision making process 

based on their demographic factors. The objectives 

of the current study are 

• To study the relationship between 

demographic factors of respondents and 

their investment decisions  

• To understand the impact of personality 

towards investment decisions among the 

IT employees 

• To study the effect of risk tolerance levels 

on Investment decisions. 

 

II. REVIEW OF LITERATURE  

 Several studies have identified that 

personality traits, emotions, financial knowledge are 

the major factors of a risk-taking attitude and 

investment decision of investors [2],[7],[8]. 

The interaction, reaction and behavior of an 

individual with others is referred as personality 

which frequently displayed through measurable 

traits [9]. With several personality models, the Big 

Five model is the widely used model in several 

studies that comprises the five traits namely 

‘extraversion, agreeableness, conscientiousness, 

openness to experiences and neuroticism or 

emotional stability’ [10],[11]. Previous studies 

recommends that the individual investment 

decisions are mostly influenced by personality traits 

[9]. The current study we used Big Five personality 

to assess the personality, risk taking propensity and 

investment decision of individuals during this 

pandemic situation. 

Big five personality traits is utilized to 

assess the investor personality along with its 

influence on the several facets of investor 

behaviour[12]. The study concludes that financial 

advisors were very much equipped in guiding 

investors to take right investment decisions and 

avoiding financial mistakes in all the investment 

decisions. 

The study aims to examine the knowledge 

level of investors among the different types of 

financial assets [13]. The study further analyses the 

effect of various fact affecting the investment styles 

and decisions of investors. Channel of investment 

preference has an effect on the basis of investors 

gender, income level, and education qualification. 

But the gender doesn’t have a major effect as like 

the income level and education qualification. The 

income of investor has a major effect on investment 

which effects when the investment amount is higher 

that replicates on more risk taking behaviour. 

 A study tries to recognize the association 

between the investment behavior and the knowledge 

level of investors among various financial assets 

[14]. Further the study also examines how the 

individuals with high financial knowledge inclines 

to invest more in any particular investment products 

like equity, fixed deposits, gold or real estate. The 

study concludes that investors with high financial 

knowledge tend to invest more in risky avenues 

rather than less-riskier avenues. 

Demographic characteristics and 

personality traits of individuals has impact on the 

financial literacy [15] that effects on their 

investment decisions. Students having high 

numerical skills are with basic financial knowledge 

whereas the knowledge on banking, share markets 

are found medium and it was low in credit taxes, 

financial statement and insurance. Majority of the 

individuals display reasonable level of general 

personal financial knowledge [16].  

A research on the effects of financial 

literacy towards financial decisions [17]. The study 

concluded that higher level of financial literacy is 

found among the investors those who invest 

maximum in the investment avenues of banking 

instruments and equity shares [17]. 

The study evaluates the risk attitude of 

investors’ associates with their decision to invest in 

assets of risk with various levels namely low level, 

medium level and high level [18]. Equity shares and 

derivates investments are associated with high-risk 

assets, whereas bank accounts such as saving 

accounts are associated as low-risk assets. The study 

concludes that investors buying stocks are more 

prepared to accept high risks [19],[20]. 

Keller and Siegrist (2006), studied the 

impact that decisions of investors those who invest 

in equity shares (stocks) [21]. The study found that 

willingness to invest in stocks have a positive impact 

from the income level, financial risk tolerance and 

existence of investment account. Thus, the investors 

are classified into risk-averse, risk-neutral and risk-

lovers based on the individual risk tolerance levels. 

The study concludes that demographic factors age, 

income level, education and marital status have a 

significant impact on the investors’ risk attitude. 

Lutfi (2010), conducted a study to examine 

the association between demographic factors and 

investment decision. The study concludes that there 
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is a positive correlation between investor behavior 

and the investment type towards the demographic 

characteristics [22]. 

Studies [25] looked at personality factors 

and discovered that people who were more receptive 

to new experiences and extroverts were more likely 

to take risks. [26] included personality traits in their 

study by recognizing the link between personality 

and financial decisions.  

NOVELTY OF THE STUDY 

The association between the personality 

traits and individual investment decisions are 

studied in this study with reference to the It 

employees in Tamilnadu. The study also examines 

the impact of risk tolerance levels towards 

individual investment decisions. The personality 

traits of IT employees in Tamilnadu are mainly 

studied on the context of financial investments in 

this study. 

III. METHODS 

 The methodology used in the current study 

is descriptive study. Based on past studies in related 

areas, a questionnaire was constructed to measure 

the investment pattern of respondents. The 

questionnaire comprises four divisions namely 

demographic details, personality, financial 

knowledge, risk tolerance level and investment 

decision. The data was collected from the employees 

of IT companies in Chennai, Tamilnadu. The 

questionnaire was distributed to 275 respondents. 

Among 275 respondent’s data 259 are taken for 

survey as the remaining were rejected due to partial 

and incorrect data. In addition to this, the secondary 

data was also collected   from   various   newspapers, 

journals, magazines, books, and websites etc. The 

collected data were analysed with the help of 

statistical tools and technique like Percentage 

analysis, One-Way Anova, Correlation, Regression 

and Chi-Square analysis. 

IV. RESULTS AND ANALYSIS  
TABLE 1 

FREQUENCY DISTRIBUTION OF DEMOGRAPHIC 

FACTORS 

Details Responses 
Frequ

ency 
% 

Gender 

Male 161 
57.

7% 

Female 118 
42.

3% 

Age 

Below 30 

years 
63 

22.

6% 

31 - 40 years 129 
46.

2% 

41 - 50 years 73 
26.

2% 

Above 50 

years 
14 

5.0

% 

Marital status 

Single 91 
32.

6% 

Married 147 
52.

7% 

Divorced 41 
14.

7% 

Educational 

Qualification 

Diploma 9 
3.2

% 

Undergradua

te 
193 

69.

2% 

Postgraduate 77 
27.

6% 

Organisation 

Type 

IT Software 

Companies 
189 

67.

7% 

BPO’s 90 
32.

3% 

Avg Monthly 

Income 

Less than 

25,000 
41 

14.

7% 

25,001 - 

50,000 
130 

46.

6% 

50,001 - 

1,00,000 
82 

29.

4% 

Above 

1,00,000 
26 

9.3

% 

Annual gross 

savings 

Up to 25,000 123 
44.

1% 

25,001 - 

50,000 
98 

35.

1% 

50,001 – 

75,000 
45 

16.

1% 

More than 

75,000 
13 

4.7

% 

       Source: Primary Data 

The above table shows that 57.7% of 

respondents were male and 42.3% respondents were 

female. It also depicts that 46.2% of respondents 

belongs to the age group of 31-40 years and 26.2% 

belongs to 41-50 years of age. 52.7% of the 

respondents were belongs to the Married status and 

32.6% belongs to single status regarding the marital 

status. While looking at the frequency of 

respondents working organization type, 67.7% 

belongs to IT software companies, 32.3% belongs to 

BPO’s. The average monthly income of respondents 

belongs to 25001 to 50000 are 46.6%, 29.4% 

belongs to 50001 to 1 Lakh. The table also depicts 

that 44.1% of respondent’s Annual gross savings is 

upto 25000, and 35.1% of respondent’s annual gross 

savings is 25001 to 50000. 
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TABLE NO: 2 

CHI-SQUARE TEST BETWEEN DEMOGRAPHIC 

FACTORS AND INVESTMENT DECISION 

S.N

o  
Factors  

2 

Value  
Sig.  

Decisio

n 

1 Gender  
18.20

8 

0.30

7 
Accept 

2 Age  
88.32

2 

0.00

0 
Reject 

3 
Marital 

Status 

12.61

7 

0.70

1 
Accept 

4 

Educational 

Qualificatio

n 

43.04

4 

0.09

2 
Reject 

5 
Monthly 

Income 

56.67

2 

0.18

3 
Accept 

6 

Annual 

Gross 

Savings 

1.182 
0.00

0 
Reject 

        (Ho accepted at 5% significance level) 

Hypothesis (H0): There is no significant 

association between the demographic aspects of the 

respondents and the investment decisions. 

 From the above table it is identified that the 

null hypothesis is rejected i.e., p<0.05. This states 

that the demographic aspects namely age, 

educational qualification and annual gross savings 

of respondents has a significant association with the 

investment decisions of them. The researcher also 

concluded that there is no association between 

gender, Marital Status and monthly income of the 

respondents with that of the Investment decisions, 

since the null hypothesis is accepted (p>0.05).  

TABLE NO: 3 

REGRESSION ANALYSIS BETWEEN DEMOGRAPHIC 

FACTORS AND INVESTMENT DECISIONS 

Predictors 

Unstandardiz

ed 

Coefficients 
Sig. 

  

B Std. 

Erro

r 

(Constant) 

27.24

8 
2.357 

0.000

0* 

Gender  

-

1.493 
0.759 0.042 

Age 

-

3.336 
0.671 

0.000

* 

Marital status 

-

0.243 
0.904 0.789 

Education  

-

0.144 
0.499 

0.774 

Average monthly 

income 1.915 0.695 0.007 

Annual gross 

savings 0.783 0.633 0.019 

R=0.567 R Square= 0.321 

* = significance at 5%level 

Hypothesis (H0): There is no significant effect of 

demographic factors on investment decisions. 

 The result of regression analysis from the 

above table illustrates that the null hypothesis is 

rejected i.e., p < 0.05. The demographic 

characteristics namely age, gender, average monthly 

income and annual gross savings are statistically 

significant towards investment decisions i.e., p < 

0.05. The regression results also indicate that the 

demographic characteristics namely marital status 

and education are not statistically significant 

towards the investment decision i.e., p>0.05, since 

the p value is greater than 0.05. The R value (0.567) 

indicates a moderate level of positive correlation 

existing between the variables. The model also 

reveals that the R2 value is 0.321 indicating that 

there is 32.1% of moderate influence or impact of 

demographic factors on the investment decisions of 

respondents. Hence it can be concluded from the 

above-analysed findings that the demographic 

factors influence the investment decisions among 

the IT employees. 

TABLE NO:4 

BIG FIVE PERSONALITY TRAITS AND INVESTMENT 

DECISION OF THE RESPONDENTS – ONE WAY ANOVA 

ANOVA 

Big Five Personality 

Traits 
F Sig. Result 

Extraversion 

1.58

7 

0.08

6* 

Accept

ed 

Agreeableness 

1.51

5 

0.10

8* 

Accept

ed 

Conscientiousness 

0.79

4 

0.69

0* 

Accept

ed 

Neuroticism 

1.68

4 

0.06

1* 

Accept

ed 

Openness to 

Experience 

2.50

3 

0.00

3 

Rejecte

d 

(*=H0 accepted at 5% significance level) 

Hypothesis (H0): There is no significant difference 

between Investment decisions and Big five 

personality traits. 

From the table, the researcher found that 

there is no significant difference between 

investment decisions and big five personality traits 

of the respondents such as extraversion, 

agreeableness, conscientiousness and neuroticism at 

5% significance level (p>0.05). Researcher has also 
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found that there is significant difference between 

investment decisions and big five personality traits 

like openness to experience. Openness to new 

experiences is linked to a person's tendency for 

change and variety, [27] both of which are traits 

associated with persons who are more prone to risk 

and must be willing to make decisions that may 

result in unknown outcomes. 

TABLE NO:5 

UNSTANDARDIZED COEFFICIENTS OF REGRESSION 

MODEL – INVESTMENT DECISIONS 

AND IT DEPENDENT FACTORS (FINANCIAL 

KNOWLEDGE, INVESTMENT CHOICE AND RISK 

PERCEPTION) 

Predictors 

Unstandardiz

ed 

Coefficients 
Sig. 

  

B Std. 

Erro

r 

(Constant) 

46.74

2 
3.705 

0.000

* 

Financial 

Knowledge 
-0.105 0.122 0.031 

Investment 

Choice 
-0.256 0.114 0.027 

Perception of 

Risk 
-0.144 0.101 

0.156 

R=0.504       R Square= 0.254 

Hypothesis (H0): There is no significant effect 

of investment decisions and it dependent factors 

(financial knowledge, Investment choice and risk 

perception). 

The regression table results show that the 

factors such as perception of risk are not statistically 

significant with the investment decisions (p>0.05), 

since the p value is greater than 0.05. The R value 

(0.504) indicates a moderate level of positive 

correlation existing between the variables. The 

model also reveals that the R2 value is 0.254 

indicating that there is 25.4% of moderate influence 

or impact of investment choice on the investment 

decisions of respondents. Hence it can be concluded 

from the above-analysed findings that the financial 

knowledge and investment choice factors influences 

the investment decisions among the IT employees. 

From the table, it can be inferred that there is 

(p<0.05) statistically significant effect of investment 

decision on the financial knowledge and investment 

choice. 

V. DISCUSSION 

Researchers found that 57.7% of 

respondents were male and 42.3% respondents were 

female. It also depicts that 46.2% of respondents 

belongs to the age group of 31-40 years and 26.2% 

belongs to 41-50 years of age. 52.7% of the 

respondents were belongs to the Married status and 

32.6% belongs to single status regarding the marital 

status. While looking at the frequency of 

respondents working organization type, 67.7% 

belongs to IT Software development companies, 

32.3% belongs to hospitals. The averages monthly 

income of respondents belongs to 25001 to 50000 

are 46.6%, 29.4% belongs to 50001 to 1,00,000. The 

table also depicts that 44.1% of respondent’s annual 

gross savings is less than 25000, and 35.1% of 

Annual gross savings is 25001 to 50000. 

From the regression analysis of the 

researcher, the researcher concluded that there is 

association between the demographic factors viz., 

age, educational qualification and Annual Gross 

savings of the respondents with the investment 

decisions. Additionally, the results also show that 

the variables such as marital status, education and 

Annual gross savings are not statistically significant 

(p>0.05), since the p value is greater than 0.05. The 

R value (0.567) indicates a moderate level of 

positive correlation existing between the variables. 

It also identified that the big five personality traits 

are not significantly associated with the investment 

decisions of IT companies except the openness to 

experience trait [27]. The researcher also identified 

that the financial knowledge and risk perception has 

significant difference between the investment 

decisions of the IT employees. To forecast the 

behaviour of individuals in financial markets, 

financial managers typically depends on monitoring 

the individual risk behaviour. [28] 

The investment decisions of individuals 

have greater influence on their financial knowledge 

which can be enhanced by providing awareness and 

importance of financial products and its details to the 

employees as like they were educated. Risk is 

perceived less by individuals those who are more 

aware about the financial investments will tend to 

have higher intention toward investment [29]. The 

study also imparts that average monthly income and 

annual savings are statistical influence on 

investment; hence every employee has to be 

motivated and paid properly so their investments 

and financial knowledge also increases.  

The researcher recommends that the 

investors need to examine several factors mindfully 
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using their finance knowledge while making an 

investment decision. Investors do also need to 

diversify their investment in different companies by 

developing a portfolio of investments to minimize 

risks and maximize returns. So, the finance 

companies should design the investment products 

according to the average monthly income of 

employees and financial knowledge level of the 

investors. The study suggests investment 

professionals, advisors to integrate the various 

aspects that can benefit them while addressing 

individual investor concerns. 

 

VI. CONCLUSION 

This study focuses to understand which of 

the following processes is most useful to 

determining the genuine profile of an investor in 

situations involving risky decisions in order to 

contribute to finance studies. The investment 

decision process comprises of several factors in 

decision making. Besides, each investor may view 

the several broad criteria in a different way in terms 

of relative importance such as financial knowledge, 

financial attitude, educational qualification, monthly 

income and savings. A significant difference in 

financial knowledge was found among the 

respondents regarding age. The major findings show 

that changes in the investor profile based on the 

personality attribute openness to experience affect 

the investment decisions towards moderate or high 

risk profiles on the investment simulator. As a result, 

it is understood from the study that older investors 

have more experience, as they may have better 

financial expertise than younger investors. 
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Abstract—In this paper, we propose a system for currency 

recognition system and the detection of fake Indian currency 
banknotes using image processing techniques. It is hard for 
people to perceive monetary forms from various nations. Our 
point is to help individuals with taking care of this issue. In any 
case, money acknowledgement frameworks that are in light of 
picture investigation are entirely not adequate. Our framework 
depends on picture handling and makes the procedure 
programmed and vigorous. Our aim to assist those folks that are 
not ready to recognize which country’s currency note was. We 
use banknotes which are currency, may differ the size, texture, 
color. Our system helps in Indian currency identification, which 
is a fake currency or not. In India,’ currency’ is Transaction, so 
there is more value for currency in our social and economic 
development. We have used MATLAB software to recognize 
other country currencies and Indian fake currency. 
Modernization within the money-related framework ensures 
financial improvement, and nowadays, the Indian government 
has become cognizant about this. Hence, Rs 1000 and Rs 500 
notes' demonetization is the foremost up-to-date case of it. 
However, we have Rs 2000 as another benefit showcase. In light 
of the top elevated worth note, quite possibly degenerate 
individuals will try to make it a fake. The real target of this 
project is to contemplate distinctive key highlights of recent 
certifiable money and utilize such systems to acknowledge and 
confirm new cash circled by India's depository institution. There 
are different strategies which are utilized to acknowledge fake 
notes and certifiable one. By utilizing various parts of Digital 
Image handling, such as picture preparing, Image Segmentation, 
feature extraction, and viewing pictures, we will then remove the 
highlights of certified notes. It is a problematic errand for 
recognizing counterfeit money. 

Keywords—Currency recognition; feature extraction; Image 
Processing; Image Segmentation. 

I. INTRODUCTION 
Technology is increasing fast these days. Consequently, the 

banking sector is getting modern day to day [1]-[5]. We have to 
address this project to solve problems facing related to 
currencies that common people are challenging issues are: 

1. Recognition of other country currency notes 

2. Fake Indian currency notes 

Our system introduced to solve the issues efficiently 
through a more robust algorithm and works appropriately. 
Enabling things to be easily accessed and used by most of the 
population [6]-[11]. 

According to the CIA's survey, there are approximately 180 
or more currencies in use around the world [12]-[16]. This 
holds true for each of those currencies: In different ways, they 
range in size, color, and texture [17]-[21]. Thanks to 
globalization, international trade and commerce have soared to 
new levels. Banks' need to acquire currency knowledge on all 
currencies has been critical [22]-[26]. Understanding each note 
of a conversation is difficult for even for humans. It is 
imperative that an excellent note-recognition system is 
developed in the future. Here we are using the terms “dollar,” 
“pound,” and “yen” to gauge our foreign currency reputation 
[27]-[33]. 

As we probably know, in India, the Ministry of Finance and 
the RBI (the central bank) is assigned the job of providing cash 
notes and coins in addition to the country's central bank [34]-
[37]. He might, perhaps, be because he may, degenerate the 
unselected masses to counterfeit money with up-to-to-date 
equipment and techniques. The mark of an expert sleuth is 
spotting the fake currency from the outset [38]-[41]. Typically, 
currency systems are utilized in banks, shopping malls, hotels, 
business organizations, railway stations, cities, cities, and the 
government [42]-[45]. One person may understand that 
$64,000 is a great deal of money, but everyone knows that 
there is plenty of money, and no one has enough for anything. 
It is why we permit it in our system of open malpractice. To 
date, many researchers have invested their time in the search 
for methods to separate the real from the fraudulent currency. 

We are using software called MATLAB for the 
computational and image analysis in this project. To 
distinguish and eradicate the currency notes that are not likely 
to be counterfeited, to drive their adoption in the past, many 
techniques have been suggested to tell the bill apart from the 
rest of the currency. They will continue to be so in the future 
[50]. A creative option would be to put the highlights of the 
note to work. For instance, shading and size. Additionally, it is 
undesirable for a note to be too dirty or ripped. When a note's 
lyrics are filthy, its value goes up dramatically. So, we must 
restore the natural color of the cash note to make the change 
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significant All of the features are extracted through MATLAB 
and digital image processing features. 

II. LITERATURE SURVEY 
One of the primary tools to discover currency note 

detection systems was initially expected to be developed in the 
early 90s. They do not include aspects of authentication in their 
system. Thus, the notes and picture sections are desired [43]. 
As a result, it is notable to note that the system requires a set 
angle and distance for all images used. Before images are 
evaluated, the system runs a set of processing steps on the input 
pictures to arrive at the hue, saturation, and price parameters. It 
then calibrates these values to calculate geometry and 
compares the results to check for deviation. Although this 
methodology attempts to establish an overall equation, it would 
be inaccurate to say that there are equivalent degree notes [45]. 

The primary goal of the system is to create a simulacrum of 
currency. There are scores of machines on the market that aid 
those highly flexible when it comes to currencies. The cashier 
must maintain multiple anti-forgery labels for common 
currencies [16]. However, all parties must include commonly 
used return currency options and anti-counterfeiting labels to 
have a reference work. You cannot count on manual 
recognition to be correct. To find out the actual currency, we 
must avoid interference with the results. Conjoined, it can save 
time for police and administration by police quality currencies 
in less time [33]. 

As it stands, the current banknote design is composed of 
optoelectronic devices that rely on solar refraction of light for 
its power [36]. Several currency recognition machines are 
available that use image recognition or neural networks. The 
primary function of existing currencies is to use image 
processing and neural networks. Gaussian and Sigmoid appear 
in the hidden and output layers instead of the Gaussian process 
is shown to be more practical than the sigmoid for two 
methods: a method shown to be practical and obscure [22]. 

III. METHODOLOGY 
To recognize the different countries currency notes, this 

system is developed. This system follows the following 
methodology for recognizing currency notes which are given 
for testing. 

A. Block diagram of the system: 

 

Fig. 1. Block diagram of the system. 

1) Image Acquisition: Image acquisition is capturing an 
image from any source like a digital camera, scanner. 

2) Image Pre-processing: Our primary objective is to 
make the images and to facilitate the manipulation of datasets. 

image pre-processing are those that are typically performed 
before the most significant amount of knowledge extraction. 

3) Edge Detection: Edge detection is widespread in image 
processing because it relies on highly quantitative calculations 
and refers to any abrupt brightness changes in an image to 
points of increasing or decreasing brightness. This is typically 
a relative brightness measurement, with accurate segments 
known as lines called “edges.” An edge detection process 
could be applied to finding the boundaries of images. It uses 
discontinuities to gauge Edge detection is used in fields like 
image segmentation and data extraction. 

4) Image Segmentation: Division of an image into 
multiple sections More generally, to the point, the image is 
broken into multiple segments to make the analysis more 
straightforward and more accessible. 

5) Feature Extraction and Comparison: Feature 
extraction could be a reduction that is quantitative rather than 
categorical. If an algorithmic programme can process an input 
file, but it's found to be incredibly redundant, the file will be 
simplified into a subset of algorithms. Extracting features from 
the input file is known as re-expression. Fastidious extraction, 
coupled with a focus on the outcome, is expected to deliver 
relevant results rather than accurate input. 

6) Output: When it comes to currency recognition, the 
output will be in the text. 

B. Algorithm: 
1) Acquisition of image of currency note is chosen from 

the folder. 
2) Image non inheritable is RGB image and now could be 

reborn to gray scale image. 
3) Edge detection of whole grey scale image. 
4) Currently characteristics options of the paper money are 

cropped and segmented. 
5) Once segmentation, characteristics of currency note 

area unit extracted. 
6) Intensity of every feature is calculated. 
7) If the condition is glad, then the currency note is 

alleged as original otherwise fake. 

IV. RESULTS AND DISCUSSIONS 

A. Results for Currency Recognition 
The currency recognition system recognizes the currency 

name of which country it belongs to. The following is the steps 
for the recognition of the currency name. The system displays 
the currency name if it found. The input image is uploaded 
through a file folder in MATLAB acquired for the system to 
recognize the currency name to which country it belongs. 

We are testing the specific currencies for testing the 
currency recognition system. Here, we are assuming the 
American dollar, pound, rupee, and yen. The first step is to take 
an input banknote for currency recognition. We have divided 
each section into functions to perform and obtain the accurate 
results of currency recognition. 

Image 
Acquisition 

Image Pre-
processing 

Edge 
Detection 

Comparison 
and output 

Feature 
Extraction 

Image 
Segmentation 
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The following are the parameters used for this currency 
recognition system to check whether the input image is 
matched to the degraded image or not by calculating the 
parameters like PSNR, mean square error and similarity index. 

TABLE I.  RESULTS OF PARAMETERS FOR CURRENCY RECOGNITION 

Testing Input Image 
with Output Image 

Mean square error 
(MSE) 

PSNR 
In (dB) 

Structural 
Similarity Index 

Rupee currency 936.9132 18.4138 0.4807 

Pound currency 2437.9966 14.2605 0.0436 

Dollar currency 2101.5129 14.9055 0.0012 

Yen currency 937.9294 18.4091 0.3674 

We are comparing to all country’s currency notes taken for 
the input. We observed that the structural similarity index for 
the rupee is the highest among them. The quality of the rupee 
currency is high compared to the other currency inputs. 

B. Results for Fake Currency Recognition 
The results are obtained for fake Indian currency detection 

for 2000, 500 notes are as follows. Certain features are 
extracted and detected when the original image and fake are 
given are inputs. In MATLAB, the results will be showing in 
figures. 

 

Fig. 2. Acquired Image. 

C. Pre-Processing steps: 

 

Fig. 3. Gray Scale Image. 

 

Fig. 4. Sharpened Image. 

 

Fig. 5. Sobel Edge Detected Image. 

 

Fig. 6. Canny Edge Detected Image. 

D. Output 

 

Fig. 7. Real note in output window. 

 

Fig. 8. Fake note in output window. 

 

Fig. 9. Comparison of real and fake. 

V. CONCLUSION 
As we stated earlier, our currency recognition system works 

for some country currencies, so this system’s future work is to 
identify all country currency names. Our system helps people 
who cannot recognize other country currency names. The 
proposed system can implement for all countries currency 
notes and for recognition of which country note it is and for 
fake currency detection system includes remaining Indian 
notes. The strategy is straightforward and simple to actualize. 
This implementation is versatile so that it can be applied in real 
life, day-to-to-day settings. The procedure begins with 
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obtaining an image, proceeds through the highlights' layers, 
and ends at the correlation of those layers. Therefore, this 
undertaking will be created for those who know nothing about 
money (or financial issues in general) about money. These 
historic financial history highlights like a sequential number, 
security string, Mahatma Gandhi's picture, and Identification 
Mark were extracted from the money note. 
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Abstract— The Covid-19 pandemic has caused a lot of stress 

and anxiety. This study aims to observe the impact of the 

demographic variables of age, gender, educational level and 

area of residence on the anxiety and depression levels due to the 

pandemic. Data was obtained using a questionnaire to record 

demographic variables such as Age, Gender, educational level 

and area of residence. Data was also obtained using a 

questionnaire that measured questions related to depression 

and anxiety. Results indicated that age recorded a significant 

impact of chances for depression. This means that individuals 

between the age group of <30years had a 3 times greater chance 

of developing depression due to the pandemic compared to the 

30-59 years and >60-year-old age groups. On the other hand, 

males recorded an increased level of anxiety which was 2.5 times 

higher than females. 

Keywords—Depression, Anxiety, Covid-19, Pandemic 

 

I. INTRODUCTION 

The coronavirus disease 2019 (COVID-19) caused by the 
severe acute respiratory syndrome coronavirus 2 (SARS- 
COV-2) has spread all over the world since December 2019 
[1]. The pandemic has led to disruption in routine, separation 
from loved ones, deduction in income, social isolation, 
closure of organizations and schools [2]. Infectious outbreaks 
have led to feelings of weakness or anxiety [2, 3] and shortage 
in health care services [4]. The Covid-19 without a doubt has 
caused people and communities to be stressed out [5]. Events 
that are traumatic in nature can cause a decline in individuals 
‘feelings of security [6].  
 
The COVID-19 pandemic has resulted in frequent symptoms 
of depression, stress, fear, anxiety and sleep issues [7]. 
During the severe acute respiratory syndrome (SARS) 
epidemic incidence of anxiety, PTSD and depression 
symptoms were reported between 10% and 18% [8]. In an 
extensive survey of university students, 0.9% displayed 
symptoms of anxiety with 2.7% having moderate symptoms 
and 21.3% exhibiting mild symptoms [9]. Gender and 
education were found to affect symptoms of depression and 
anxiety emerging during the pandemic [10]. Physiological 
arousal, bodily sensations, distressing emotions, images and 
thoughts of danger and defensive behaviors all comprise a 
multi-layered phenomenon known as health anxiety [6]. 
Taylor [2] classified health anxiety into high anxiety thereby 
leading to crowding in the health system as a result of 

frequent visits to hospitals and physicians or reluctance to 
seek medical interventions due to hospitals being a source of 
transmission; or low anxiety leading to reluctance to comply 
with the safety protocols during the pandemic [11]. During 
pandemics, women tended to be more affected since 
depression and anxiety were more prevalent in women [6, 12, 
13, 14]. 
 
Older age was another factor associated with severe COVID-
19 symptoms and anxiety [15]. Depression and anxiety are 
known to be predictors of longer duration of hospitalization 
[16, 17] and noncompliance to treatment [18, 19] in several 
types of diseases. A study in Portugal revealed severe 
depressive symptoms in 7.6% of individuals, 9.3 % had 
severe stress symptoms, 9.1 % revealed severe anxiety 
symptoms [20]. Moderate to severe anxiety was recorded in 
11.4% of individuals and 18.1% were recorded to have 
moderate to severe depression in Japan [21]. Younger adults 
recorded higher scores for anxiety, depression and stress [22, 
23]. 
 
Although anxiety and depression has been studied in previous 
research during the pandemic, the aim of this study is to 
observe the impact of demographic variables on the 
depression and anxiety levels due to the Covid-19 pandemic. 
 

II. RESEARCH METHODOLOGY: 

The primary data in this research study was obtained using a 
questionnaire which recorded data on the impact of the covid 
pandemic on the mental health of the respondents. 174 
responses were recorded from individuals differing in gender, 
education levels, area of residence and age. The Likert scale 
was used to obtain the respondents specific level of 
agreement or disagreement on a symmetric agree-disagree 
scale for a series of statements. The questionnaire consisted 
of statements with responses varying from ‘strongly agree’ to 
‘strongly disagree’. The statements were then grouped into 
two major variables: 

● Depression          

 ● Increased Anxiety 
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The Likert scale values were encoded from 1 to 5, with 1 
being ‘Strongly disagree’ and 5 being ‘Strongly agree’. Then, 
for each question based on the mean value, the 5-point scale 
was converted to a binary 2-point scale, where 0 stands for no 
negative impact for the given statement, and 1 stands for 
having been negatively impacted for the given statement. The 
mean values were taken for each group and then encoded to 
0 and 1 on the basis of the group averages. For each 
respondent, the demographic data was collected pertaining to 
gender, education levels, area of residence and age. These 
variables formed the independent variables in our analysis. 

For the analysis, a Logistic model (also known as LOGIT) 
was used. For a set of sample data � = (1, �1, �2,.....��) . 
The data in X is constant. For another set of sample data Y, 
which contains data Y with the same number of components 
as X, and these data have only two values, 0 and 1. At this 
time, if you want to explore the correlation between X and Y, 
you can find a continuous value of the latent variable Z, so： 

� = �0+�1�1+�2�2+...+���� 

For Logistic function: �(�) = 1/ (1 +�−�) 

g(Z) is called the logistic regression model. It converts the 
predicted value of the linear regression model through the 
nonlinear Logistic function into [0, 1] probability value with 
values closer to 1 indicating better fit.  

In the logistic model, the R-Square is used to measure the 
predictability of a single event [24]. Small ratios of log 
likelihoods indicate a better fit for the full model [25]. A 
pseudo-R-square higher than 0.2 indicates a very good fit 
[26]. Research in psychology has revealed R-Squared values 
to be less than 50% due to unpredictable behavior in 
individuals [27]. In medical research, a highly variable effect 
on individual patients may be seen with the use of a new drug 
treatment and it can be significant in an experimental study 
[28]. Such references point out that unpredictable, 
nonrational, irrational behavior can have a pseudo-R-square 
less than 0.5. 

III. ANALYSIS OF OPERATIONAL VARIABLES: 

Objectives: To observe the impact of the demographic 
variables of gender, education level, area of residence and age 
on the depression levels and anxiety levels due to the covid 
pandemic. 

Hypotheses: 

Ho: �i = 0 

Ha: �i ≠ 0 

Where i=1,2,...p , �i is the regression coefficient from the 
logit regression and p is the total number of demographic 
parameters collected, which in this case is 4. 

A. Depression 

To test whether the depression levels have varied between 
correspondents with different gender, age and education 
levels. Here, the null hypothesis assumes there is no 
significant impact of each demographic variable on 
depression levels, i.e., the null hypothesis assumes, for 
example, that changing gender from male to female would 
not impact depression levels. 

To capture the depression levels of the respondents, 
statements of the following types of statements were 
presented to the respondents: 

● People are against me. 

● I feel like ending my life. 

● I am lonely. 

● I am a constant burden to my family. 

B. Anxiety 

To test whether the anxiety levels have varied between 
correspondents with different gender, age and education 
levels. Here, the null hypothesis assumes there is no 
significant impact of each demographic variable on anxiety 
levels, i.e., the null hypothesis assumes, for example, that 
changing gender from male to female would not impact 
anxiety levels. 

To capture the increased anxiety of the respondents, many 
statements of the following kind were put in front of them: 

● I am anxious all the time. 

● I am in constant fear ever since Covid-19 (Coronavirus) has 
been detected. 

● I am worried my past will affect my future. 

The responses from Likert scale were converted into a two-
point binary scale, where 0 would indicate they do not agree 
with the statement and 1 would indicate that they do agree 
with the statements. Finally, an average over all the 
statements was taken to form the depression/loneliness 
parameter, where 0 = they did not feel the signs of depression, 
1 = they did feel the signs of depression. This variable formed 
the dependent variable(Y) of the Logit model. 

For the analysis, the demographic variables were coded as 
follows: 

Gender: 

0 = Female 1 = Male 

Page 182

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



Age: 

0 = <30 Years 1 = Between 30-59 Years 2 = >60 Years 

Education (highest achieved): 

0 = High School/Diploma 1 = Graduation 2 = Post graduation 

Area of residence: 

0 = Rural Area 1 = Semi-Urban Area 2 = Urban Area 

These demographic variables formed the independent 
variables (�1, �2, �3, �4) in the Logit model. As discussed, 
the Logit model converts the predicted value of the linear 
regression model through the nonlinear Logistic function into 
[0, 1] probability value. The regression coefficients obtained 
through the model give the log-odds of the outcome event 
happening for each unit change in the particular parameter. 
The outcome event in this case is depression, and it is found 
that the log-odds of that event happening for each unit change 
in the demographic variables, for those variables who come 
out to be statistically significant at 95% significance level. 
Then the antilog of the coefficient was taken, to determine the 
odds of the depression for unit change in demographic 
variables. 

Odds of depression = Probability of having 
depression/Probability of not having depression 

IV. RESULTS AND DISCUSSION: 

A. Depression: 

 
Table 1 Logit Regression Results for Depression 

Logit Regression 
 
 

Log Likelihood = -105.46 

No. of observations = 174 
Of residuals = 170 

Of model = 3 
Pseudo R-Square= 0.1064 

 

Data Source: Primary data collected through surveys (Generated using 
Python) 

According to the logit regression results (Table 1), the 
pseudo-R-square obtained in 0.1064. The regression 
coefficients of each variable were tested with the Z test (Table 
2). The p-value of the Z test was found to be too large for 
gender, education and area of residence, which failed to pass 
the Z test, leading to the statistics being not significant. This 
implies that these three variables did not significantly affect 
the chances of one having depression.  

However, for the ‘age’ variable, it can be seen that age had a 
negative and statistically significant impact on the chances of 
having depression. The coefficient for age (-1.0439) gives us 
the log-odds of having depression. Taking the antilog, the 
odds of getting depression with a unit increase in age come 
out to be exp (-1.0439) = 0.352. This implies that people in 
the age group between 30 to 59 years have the odds of getting 
depression almost 3 times higher than the people in the age 
group of >60 Years. Similarly, people in the age group of <30 
Years have the odds of getting depression almost 3 times 
higher than the people in the age group between 30 to 59 
years. 

B. Anxiety: 

 
Table 3 Logit Regression Results for Anxiety 

Logit Regression 
 
 

Log Likelihood = -116.27 

No. of observations = 174 
Of residuals = 170 

Of model = 3 
Pseudo R-Square= 0.03516 

 

Data Source: Primary data collected through surveys (Generated using 
Python) 

According to the regression results (Table 3), the pseudo-R-
square obtained was 0.03516. The regression coefficients of 
each variable were tested with the Z test. The p-value of the 
Z test was too large for age, education and area of residence, 
which failed to pass the Z test, leading to the statistics being 
not significant. This implies that these three variables did not 
significantly affect the chances of one having increased 
anxiety. 

However, for the ‘gender’ variable, it can be seen that gender 
had a positive and statistically significant impact on the 
chances of having increased anxiety. The coefficient for 
gender (0.8853) gives the log-odds of having increased 
anxiety with unit change in gender. Taking the antilog, the 
odds of having increased anxiety levels with a unit increase 
in gender come out to be exp (0.8853) = 2.423. This implies 
that males (gender = 1) have the odds of having increased 
anxiety almost 2.5 times higher than the females (gender = 
0). 

V. CONCLUSION: 

This study aimed at observing the impact of demographic 
variables on the anxiety and depression levels due to the 
impact of the pandemic. It can be concluded that age recorded 
a significant impact of chances for depression. This means 
that individuals between the age group of <30years had a 3 
times greater chance of developing depression due to the 
pandemic compared to the 30-59 years and >60-year-old age 

Table 2 
Logit Regression Coefficient Results for Depression 

Coef std z p-value 

Gender 0.1761 
0.392 

0.450 
0.653 

 

Age -1.0439 0.241 -4.334 0.000015 

Education 0.2866 0.234 1.224 0.221 

Area of 
Residence 

0.0288 
0.219 

0.132 0.895 

Table 4 
Logit Regression Coefficient Results for Anxiety 

Coef std z p-value 

Gender 0.8853 
0.377 

2.346 
0.019 

 

Age -0.0665 0.202 -0.330 0.741 

Education 0.2180 0.215 1.012 0.312 

Area of 
Residence 

-0.3824 
0.205 

-1.864 0.062 
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groups. On the other hand, males recorded an increased level 
of anxiety which was 2.5 times higher than females.  
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Abstract: - This study aimed to see how a brand influences 

consumer behavior, especially purchase behavior, and how this 

relates to the current Ghanaian telecommunications industry.  

The research examines the impact of advertising on consumer 

behavior, in terms of how advertising prompts consumers to 

buy. This study was to examine the effect of advertising on 

consumers in the service sector, to determine the factors that 

motivate consumers to make an offer, as well as the type of 

advertising that influences consumers to make a purchase. The 

target population of the research involved both male and 

female clients/customers of Telecommunication Networks in 

Ghana, the subscribers, and some managers of the company. 

From the questionnaire used, the study shows that consumers 

respond effectively to advertising when it is informative, that is 

when it provides useful information that helps consumers 

make shots. The respondent sought more information about 

the product when buying it. In short, the consumer is well 

informed about the many brands out there, which is why the 

image is extremely necessary when making a purchasing 

decision, especially for beginners. This requires massive service 

improvements, innovation, and differentiation. It is suggested 

that the Ghana Telecommunications companies, improve the 

network to meet the interest and expectations of the customers. 

 

Keywords: — Advertisement, Telecommunication Network  

      Consumer Behavior, Consumer Perception, 

  

1. INTRODUCTION 

The business environment has become sophisticated 

which requires complex decisions to be taken. Organizations 

are falling due to poor decisions, the interest of both 

investors and producers had declined. They are being 

discouraged and this is quite unhealthy for the economy.  

Consumers face the difficulty of deciding due to 

indecision, skepticism, indifference, and uncertainty, these 

are the main causes of low patronage in the business world. 

Advertising has grown into a multi-billion dollar 

industry employing thousands of people around the world. 

The condition has increased significantly and is more 

intense than before. However, making product decisions is 

the most difficult task for many business leaders. Given the 

importance of consumer demand, organizations must 

participate in programs that can influence consumers' 

decisions to buy products. Today, the challenge of consumer 

perception is the biggest obstacle faced by the advertiser. In 

the business world, it is the consumer perception that directs 

all the activities of the people with whom they are connected 

in the purchase of products. It is always assumed that what 

people say about a product or service determines the brand 

they choose, not the retailers. Therefore, many organizations 

spend a lot of money on advertising, promotion, point of 

sale, and other marketing communications to find that many 

people do not even know the product anymore. Consumers 

maintain the production cycle and also play an important 

role in the economic development of countries. (Sharma 

2009) found that consumers want different products based 

on their tastes and preferences. Factors that motivate that 

actions include; psychological and environmental factors.  

The trend of digital marketing is flourishing in Ghana. 

However, the sole purpose of advertising is to influence 

purchasing behavior; this influence is amplified and 

sustained by people's memories. Brand memories are 

created by associations related to the consumer's name 

(Khan, Siddiqui, Shah & Hunjra 2012). According to 

(Romaniuk & Sharp 2004), the brand influences 

consideration, evaluation, and final purchase. Smith et al. 

(2006) found that consumer behavior depends on whether 

consumers like to advertise the advertised product. 

 

1.1 Motivation for the Study 

This study seeks to contribute to existing literature and 

managerial decision-making in diverse ways. The study will 

also provide additional data and information concerning the 

influence of advertising on consumer decisions. Hitherto, 

the information gathered will give a clear understanding of 

the effectiveness and importance of consumers’ perception 

of the advertisement. This will aid in the policy formulation 

of companies which will enhance the design and 

effectiveness of the advertisement. Also, the study will 

assist marketers to develop better and more customer-

friendly ways of advertising to limit customer 

dissatisfaction. The findings of the study will add to the 

stock of knowledge hence extending the frontiers of 

knowledge in the field of advertising. 
 

2.0 LITERATURE REVIEW 

2.1   Concept of Advertising    
Advertising is defined as any paid form of impersonal 

presentation and promotion of ideas, goods, or services 
identified by a sponsor. Although advertising has been 
criticized by various sectors, it remains one of the most 
important ways of disseminating information about products 
and services (Akaka and Alden, 2010). Advertising is a 
subset of the promotion mix, one of the 4 parts of the 
marketing mix, consisting of product, price, location, and 
promotion. Advertising is a promotional strategy used to 
increase consumer awareness of products to make 
purchasing decisions (Latif & Abideen, 2011). It is a means 
of communication used by merchants. Advertising influences 
a person's attitude, behavior, and lifestyle. It is one of the 
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main sources of communication tools between product 
manufacturers and consumers. For a company's product to 
become a well-known brand, it must invest in its promotional 
activities, especially in advertising. Latif and Abideen (2011) 
argue that advertising can contribute to consumer choice. 
Consumer buying behavior is defined as the mental, 
emotional and physical activities that people perform when 
choosing, buying, using, and discarding products and 
services according to their needs and desires (Schifman and 
Kanuka, 2009). It includes purchases and other activities 
related to the consumption of the people involved in the 
barter trader. Consumer purchasing behavior is influenced by 
economic factors such as income and expenditure patterns, 
product prices, ancillary product prices, substitute goods, and 
elasticity of demand (Abraham, 1997; Kotler; Weng, Sanders 
and Armstrong 2001).  Consumer behavior is influenced by 
social and cultural factors that influence people's purchasing 
decisions, but determine what type of product they buy. 
(Arnould and Thompson, 2005); Perault, Jerome, and 
McCarthy, 2005).  

2.2 Advertising as a Marketing Tool 
Various authors have argued that advertising has lost its 

relevance because its value is easily been overlooked. The 
increasing estrangement of consumers due to advertisement 
clutter and rising advertising cost impacts attitude towards 
advertisement and should be of the key importance of 
marketers.  Advertising is a crucial element in a marketing 
plan. But, its role in specific marketing programs varies from 
time to time, market to market, and from company to 
company. The objectives include the following: To create 
awareness of the existence of a product, to persuade potential 
targets to buy the product, encourage the public to buy more 
of the product than previously, to convince the public that its 
products are superior to other products, create brand image 
and goodwill, building up confidence in a business and 
identifying a business with the goods and service it has to 
offer. The world is experiencing explosive growth with the 
advent of the Internet of Things (IoT) these years Algani, 
Yousef MethkalAbd et al. (2021), hence the need to use the 
opportunity to use the internet for advertisement. 

 (Moore, 2004). The essence of advertising is to create 
awareness of the brand, preferences, and choice of products 
or services. Attitude towards advertising is the theory that 
most influences advertising marketing and research. 
Attitudes towards advertising help influence consumer 
attitudes towards brands and purchases (Goldsmith and 
Lafferty, 2002).  The extent to which the consumer makes 
product decisions depends on the relative importance of the 
brand withdrawal, which can lead to brand awareness. 
(Goldsmith & Lafferly, 2002) Brand awareness contributes 
to advertising recall. This has a competitive advantage over 
brands that are not easy to remember. Positive attitudes 
towards advertising are more likely to remember ads than 
negative attitudes towards branding (Goldsmith and Lafferty, 
2002). The sign is useful in associating various attributes 
with a brand, for pulling brand advertisements and increasing 
the likelihood that the customer will adopt the brand in 
different business situations, creating brand loyalty 
(Romanuik & Sharp, 2004).  

 
2.3 Concept of Consumer Behavior  

It is the knowledge that studies various aspects of the 
purchase and consumption of products and services by 
individuals. Consumer behavior is the sum of consumer 

decisions about buying and disposing of products, services, 
time, and ideas. 

 
 

2.4 1 Factors Affecting Consumer Buying Behaviour 
The following are some of the factors influencing 

consumer buying behavior:  
•Buyer’s Readiness: The profitability of communication 

methods varies at different levels of customer readiness. The 
main roles to increase visibility are advertising and publicity. 
Advertising and personal selling have the greatest impact on 
the understanding of toilets.   

•Type of product market: Permissions for a combination 
of communication differ between consumer and commercial 
markets. Consumer retailers generally spend relatively more 
on sales and advertising promotions; Business retailers spend 
relatively more on personal sales.    

•Product life cycle stage: Communication tools also 
differ in cost-effectiveness at different stages of the product 
life cycle.   

•Cultural Factors: Cultural factors have a broad and 
profound impact on consumer behavior, including the role of 
shopping culture, subculture, and social class.   

•Social Factors: Consumer behavior is also influenced by 
social factors such as small groups, family and social roles, 
and consumer status..  

•Psychological factors: Client selection is also influenced 
by these main psychological factors: motivation, perception, 
and attitudes.   

 

2.5 Advertising Effectiveness Models   
Marketers use different brands and collaborate with other 
brands to get the best ads. These models are overused. For 
this study, we will describe three types of genome 
overgrowth, which are hierarchical effect production types, 
two types of hierarchical effects that are self-limiting and 
web-like rebellious.  
 
2.5 The Classic Hierarchical Model of Advertising Effects 
(HMAE) 

Fig.1.  The Classic Hierarchic Model of Advertising Effects. 

  
The process starts on the left for models where ad 

properties are displayed. Stimulation refers to the ability of 

advertisements to stimulate consumer modalities such as 

seeing, hearing, or more unusual, smell, taste, and touch. 

Credibility refers to how credible the message is perceived, 

which of course is subjective as different people will have 

different opinions on whether the ads are credible or not. 

Personal relevance, taste, and confidentiality are important 

variables that influence the advertising effect. The classic 

hierarchical model provides a pretty good description of 

what was considered important concepts in ads. The effects 

of advertising are often to measure the variations in these 

constructs and how they relate to each other.  
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2.5.2 The Two-Route Hierarchic Model for Emotional 
Commercials and Non- Emotional Commercials. (TRHC) 

The next two images show two types of ads. These two 
models differ from the classic models in that they have two 
different modes. In the two-way hierarchical approach to 
influencer marketing, there is one way to identify an ad and 
the second way does not affect the identity of an ad. 

The Two-Route Hierarchic Model for non- Emotional 
Commercials shows that both routes are influenced by the 
advertising characteristics. These two models however have 
a common main route namely, attitude towards 
advertisement and attitude towards brand and purchase. 

Without attention to vivid, long-lasting, verbal or 

graphic memory, it will be difficult for any person to gain 

knowledge or understanding of their personality. Given that 

attention is a factor, and whether or not it enters the central 

system, it is frustrating that, attention and memory have a 

lower or systematic pathway, as seen in these two models. 

 

2.5.3 Likelihood Model of Persuasion (ELM) 

The purpose of the flexible implementation, ELM, has 

two components, depending on the subject that will be 

involved in the configuration of the low or high voltage.  

The high engagement process takes a central approach, 

including feedback, beliefs, and behavioral changes after 

behavioral changes. ELM defines human nature under 

different levels of involvement and processing. Strong fears 

only lead to reactions to the attack or flight. The Central 

Path leads to the consideration of two arguments, for and 

against, with very careful consideration. 
 

Fig.2. The Likelihood Model. 

3.0 METHOD AND IMPLEMENTATION 
This offers the overall views of methods for a study and 

the reasons accounting for the chosen methods. To limit the 
scope of this study, explanatory techniques were employed. 
The explanatory approach assists the researcher to test the 
influence of advertising on consumers’ behavior. 

3.3 Sample and Sampling technique  
The researchers employed simple random sampling and 

purposive sampling techniques in this study. According to 
Creswell (2003), for purposive sampling, all the units or 
participants are selected based on their level of knowledge 
and experience and this is important to this study.  
Considering the average number of network users at a place, 
there is no exact data that pinpoints the total number in an 
area, and as a result of these, a planned sample size of 100 
will be used. The vendors are going to be used in getting the 
customers to answer the questions. 

 
3.5 Regression Analysis Model 
Regression analysis is a quantitative research method 

used when a study involves modeling and analyzing multiple 
variables where the relationship includes a dependent 
variable and one or more independent variables. Simply put, 

it is regression analysis and a quantitative method used to 
test the nature of the relationship between a dependent 
variable and one or more unknown variables. The basic form 
of regression models includes unknown parameters (β), 
independent variables (X), and the dependent variable (Y). 
The regression model specifies the relationship of the 
dependent variable (Y) to a function combination of 
independent variables (X) and unknown parameters (β) 

      Y ≈ f (X, β)      eqn (1) 
 Data Collection is a ready-to-use form and tool that the 
researcher uses to collect data. I researched it for researchers 
who use questionnaires for data collection techniques. The 
size or number of samples in this study was determined 
based on the theory developed with the formula: 

S=  N/(N.d^2+1)   eqn (2) 
Key: S = sample size ,  N = population size 
D = percent laxity inaccuracy due to sampling errors that 

can still be tolerated (generally 10% or 0.10%). From the 
formula above formula, it will be made calculations to find 
out how many samples will be taken. 

S= N/(N.d^2+1)   eqn (3) 
S= 1340/((1340+0,10)^2+1)  eqn (4) 
S = 93.05 
S = 93 
Based on the formulas and calculations in the formula 

above, the authors take a sample of up to 100 samples. 
However, the data to be sampled is a total of 100 respondents 
or samples according to the formula. 

From the results of the above test it generated multiple 
linear regression equations as follows:  

 
Y = 9.430 + 0.227 X1 + 0.278 X2 + 0.376 X3   eqn (5) 
 
From the regression equation, it is known that: 
1) Constant value is 9.430. This means that without the 

influence of brand image variables, brand awareness, price 
and promotion then the purchase decision variable has a 
value of 29,171. 

2) The coefficient X1 (β1), indicating that each increase 
of one set of brand image scores will be followed by a 
purchase rate increase of 0.227. 

3) The coefficient X2 (β2), indicates that each increase of 
one unit of brand awareness score will be followed by an 
increase in the purchase decision level of 0.278. 

4) The coefficient X3 (β3), indicating that each increase 
of one unit of price score will be followed by an increase in 
the purchase decision level of 0.376. 

5) These three regression coefficients have positive 
values that prove the positive contribution of the three 
independent variables to the purchase decision (Y). 

Coefficient of Determination 
The determination coefficient test is used to see how a 

variant of the bound variable is influenced by the variance of 
the independent variable (brand image, brand awareness, 
price, and promotion). 

 
4. RESULTS AND DISCUSSIONS 

The data gathered on the response of customers on the 
influence of brand name on customer loyalty were analyzed 
in this section. Findings were then discussed in detail. 

TABLE I      Summary of Questionnaires 
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Fig. 3. Percentage of Respondents Source: Survey data, 2020 
 

Figure 4 shows that a total of 120 respondents made up of 

40% Retail outlets, 40% students and 20% small-scale 

businesses were interviewed. This table shows the name of 

mobile Network providers and the number of subscribers 

who use these mobile networks.   

 
TABLE II    No: of subscribers who use these mobile networks. 

  

Fig.  4.  Mobile communication network Source: Survey data, 2020 

Figure 4 shows the subscriber’s response to the question 

“which mobile communication network do you use?” 40% 

prefer and uses MTN, 28% prefer VODAFONE, 20% prefer 

TIGO, and 12% prefer AIRTEL. This shows that most of 

the respondents prefer to use the MTN network which has 

an overall percentage of 40 to any other mobile network 

brand in the mobile telecommunication industry, and 

AIRTEL has the least of subscribers in the market. The 

regression and correlation analysis of customer reason for 

choosing a mobile network.  

TABLE II  Regression and Correlation Analysis of Customer Reason 

Source: Survey data, 2020  

 

A: Dependent variables: (Constant), customer reason   

B: Independent Variable: price, quality, brand name,  
 

As indicated in the above table (r= 0.150, p<0.101). This 

means that customers consider price mostly before choosing 

a particular network brand. In addition, Sig (2Tailed) value 

which is (0.045), and one-way ANOVA (F= 2.734, p = .101, 

we can conclude that there is no statistically significant 

correlation between customers' reasons for choosing their 

network providers based on brands attributes (Price).   

 The coefficient of the above correlation analysis r = 

0.181(*) shows that there is a weak positive correlation 

between customers' reasons for choosing their network 

providers based on brands (quality). This means that 

customers consider the quality of the mobile network as a 

factor when making a choice on which mobile network 

brand to purchase. In addition, Sig (2-Tailed) value which is 

0.045, we can conclude that there is a statistically significant 

correlation between customers' reasons for choosing their 

network providers based on brands attributes (quality). As 

determined by one-way ANOVA (F= 4.004, p = .045), there 

is a statistically significant difference between customers' 

reasons for choosing their network providers based on brand 

attributes (quality). We can conclude that price and quality 

has an influence on customer selection of product in the 

market.  

This research however conducted in the Ghanaian market 

concluded that quality is the most important attribute 

consumers consider when deciding to purchase a mobile 

network brand.  The coefficient of the above correlation 

analysis r = -0.135 shows that there is a weak negative 

correlation between customers' reasons for choosing their 

network providers based on brands (brand name).  

In addition, Sig (2-Tailed) value which is 0.140, we can 

conclude that there is no statistically significant correlation 

between customers' reasons for choosing their network 

providers based on brands (brand name). That is, increases 

or decreases in the brand name do not significantly relate to 

increases or decreases in the way customers select a product. 

The coefficient of the above correlation analysis r = 

0.215(*) shows that there is a weak positive correlation 

between customers' reasons for choosing their network 

providers based on brands attributes (corporate social 

responsibility). This means that customers consider the 

corporate social responsibility of the mobile network as a 

factor when making a choice on which mobile network 

brand to purchase. In addition, Sig (2-Tailed) value which is 

0.018, we can conclude that there is a statistically significant 

correlation between customers' reasons for choosing their 

network providers based on brands (corporate social 

responsibility). Also, as determined by one-way ANOVA 

(F= 5.710, p = .018), there is a statistically significant 

difference between customers' reasons for choosing their 

network providers based on brand attributes (corporate 

social responsibility). Therefore we can conclude that 

customers also consider the corporate social responsibility 

of organization when selecting a product in the market 

 
TABLE IV     The regression and correlation analysis of Customers 

Association with brands attributes 

Source: Survey data, 2020 
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The table above shows that the correlation analysis is -0.17, 

which means that there is a weak negative correlation 

between how customers associate with brand characteristics 

(trademark). This shows, therefore, that customers do not 

link them to the brand in the telecommunications industry. 

As for the sig value (2 tails), which is 0.64, and the one-way 

ANOVA (F = 3,505, p = 0.064), we can conclude that there 

is no statistically significant correlation between how 

customers are associated with brand characteristics (brand).   

 The coefficient of the above correlation analysis r = 

0.207(*) also shows that there is a weak positive correlation 

between how customers are associated with brand 

characteristics (quality). This means that the majority of 

respondents associate quality with a brand, so because each 

brand of mobile network they buy, is quality In addition, we 

can conclude that there is a statistically significant 

correlation between how customers are associated with 

attributes (quality). As determined by the unique ANOVA 

(F = 5,282, p = .023), there is a statistically significant 

difference between how customers are associated with brand 

attributes (quality).   

The comparative coefficient of analysis r = 0.210 (*) shows 

that there is a weak positive correlation between how 

customers associate with brand attributes (accessibility). As 

for itself (2-Tailed), which is 0.022, and ANOVA (F = 

5,427, p = 0.022), we can conclude that there is a 

statistically significant difference between how customers 

associate themselves with brand characteristics 

(accessibility). We can confirm that the customer is 

associated with quality and convenience compared to other 

brand attributes. 

 

5.0 CONCLUSIONS 

In this way, advertising increases brand or product 

sale-ability, these slow shifts are more potent by 

strengthening consumers’ preferences in the face of heavy 

competition.  Effective and continuous advertising is the 

most important function of any successful business. It is 

imperative that the products of any business received the 

proper exposure, and the way to achieve exposure is through 

advertising. Whether it is on the national or local level, 

advertising campaigns are necessary for business and its 

products. The goal of marketing is to target the segments of 

a population who have specific needs for a particular 

product or service in the most effective means available. 

Innovative adverts play an important significant role in 

business by creating a great advantage, which in turn brings 

huge returns in the form of profits, its influence the 

customers by providing true and updated information about 

the latest products and services available to them. The 

words, colors, the cultural theme, the sound, etc are the 

essential parameters that go a long way in deciding the 

innovativeness of an advert. Services such as income, call 

quality, added value, call charge’s and network coverage 

were found statistically significant and hence influence the 

overall customer satisfaction of services provided by the 

mobile network in Ghana. However, factors such as gender, 

age, the timely delivery of SMS, consistency of the 

networks in solving customers’ problems, and prompt 

attendance to customers were not statistically significant in 

terms of their effect on the overall customer satisfaction of 

services provided by network providers in Ghana. As a 

result of customer satisfaction, stakeholders in the mobile 

industry, especially those six (6) networks, should consider 

them and focus on their business processes. 
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Abstract— In a modern era of neck-to-neck competition 

number of brands are present in the market competing with 

each other to sustain. Brands put in all their efforts to attract 

and retain a maximum number of customers to gain maximum 

surplus. In such fierce competition to gain customers, brands 

sometimes create a negative image among the people, which 

leads to brand hatred. In this study, considering the factors 

affecting brand hatred among the customers we tried to find 

the association between brand hatred and different 

demographic parameters. This study was conducted in major 

metropolitan cities such as Kolkata, Chennai, Mumbai, and 

Delhi. With the help of a structured questionnaire, 550 

responses were collected. From the study, it has been emerged 

that demographic parameters, gender, age, income have a 

significant association with brand hatred, whereas for 

demographic parameters occupation and marital status no 

such significant association is found. 

Keywords—brand hatred, customer, income, brands, chi-

square 

I. INTRODUCTION 

A good deal of theories and models have been introduced 
and developed to understand consumer brand relationship 
[1]. Research in neuroscience [2; 3], consumer behavior [4], 
and psychology [5], shows that consumer remembers, talk 
and write negative emotions more than the positive ones. 
Studies on brand hatred is very less. Consumers complain 
about a brand in close circle, with friends, family and 
relatives, and publicly, via blogs, social platforms. Brand’s 
websites filled with hatred can cause damage to the brand. 
Consumer buys products with different expectations and 
when consumer expectations got unfulfilled it leads to brand 
hatred [6]. [7] showed that brand avoidance increases with 
time. Many a times, loyal consumers also start hating a brand 
and becomes severe haters over time. [8] Consumers 
developing brand hatred depends upon their personality, 
social views. Companies should avoid illegal and social mis-
governance. Crisis management is very critical to strategic 
branding [9]. Consumer decision making is self-image based 
and depends upon what they like and what they don’t like 
[10; 11]. Literature on brand hatred is very fragmented and a 
comprehensive framework is needed to understand this wide 
concept. This paper explores various demographic factors 
which has an influence on brand hatred 

II. REVIEW OF LITERATURE  

Love and hate are most common and frequent emotion 
for a consumer. It’s quite common that for one brand few 
consumers have positive feelings, few have negative feeling 
and few will be neutral [12]. Individuals take mischievous 
pleasure when something unfortunate happens to the 
competitors is also related to the brand hatred [13]. Many 
scholars have examined brand hatred either as conceptual 
framework or for doing an empirical study. [16] studied hate 
and gave a multi-dimensional construct of it. [7] found 
outcome of brand hate as feeling of brand revenge or brand 
avoidance. [14] associate brand hatred with negative word of 
mouth. [15] studied brand hate in context with consumer 
brand relationship. [8] associated brand hatred with feelings 
like anger, disgust, contempt and fear. [6] conceptualize 
brand hatred with various negative behavioral outcomes. [7] 
studied brand hatred over a period of time. [16] studied the 
changing nature of hate. Company wrongdoing is one of the 
prominent reasons behind brand hatred. Many a times, brand 
ideology is the reason behind brand hatred [17]. Consumers 
with negative past experience develops brand hatred [18]. 
Unfavorable experience triggers brand hatred [19]. Brand 
hatred has multi-layers and deep structure [20]. Brand hatred 
can be mild, medium or severe and severe brand hatred can 
cause huge harm to the company [21]. Persons who suffer 
from anxiety, depression or personality disorders are more 
prone to severe brand hatred [20]. Consumer behavior 
depends upon demographic factors and companies should 
carry out timely researches to understand that [22]. Men and 
women differ in socialization, judgment and behavior. 

III. OBJECTIVE OF THE STUDY 

To study the relationship between demographic factors 
and hatred of customers towards brands. 

A. Hypotheses Formation 

We have used Chi square test using SPSS 21.0 to prove 
the hypothesis given below:  

a) H0: Brand hatred is independent of gender of the 
customers. Ha: Brand hatred is dependent on gender 
of the customers. 
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b) H0: Brand hatred is independent of age group of the 
customers. Ha: Brand hatred is dependent on age 
group of the customers. 

c) H0: Brand hatred is independent of monthly income 
of the customers. Ha: Brand hatred is dependent on 
monthly income of the customers. 

d) H0: Brand hatred is independent of occupation of 
the customers. Ha: Brand hatred is dependent on 
occupation of the customers. 

e) H0:  Brand hatred is independent of marital status of 
the customers. Ha:  Brand hatred is dependent on 
marital status of the customers. 

B. Brand Hatred Parameters 

C1-: Gender Disparity created by a brand lead towards 
Brand Hatred 

C2-: Brand target towards particular age group leads 
towards Brand Hatred 

C3-: Negative word of mouth towards a brand lead to 
Brand Hatred 

IV. RESEARCH METHODOLOGY  

With the use of a structured questionnaire and casual 
interactions with the consumers, 550 samples were collected 
from metro cities Kolkata, Chennai, Mumbai and Delhi. The 
data was collected from men, women in different age groups 
having occupation as business, service and others. Each 
parameter studied for the survey was calculated using a five-
point likert scale (from 1-strongly disagree, to 5-strongly 
agree). We used the chi square test to find out the significant 
association between brand hatred and demographic factors. 

V. FINDINGS AND ANALYSIS 

TABLE I.  GENDER 

Chi-Square Tests & Symmetric Measures 

    Value df 

Asymp. 

Sig. (2-

sided) 

  Value 
Approx. 

Sig. 

C1 

Pearson Chi-
Square 

11.385a 4 0.023 Nominal 
by 

Nominal 

Contingency 
Coefficient 

0.142 0.023 
Likelihood 

Ratio 
11.441 4 0.022 

N of Valid 
Cases 

550     N of Valid Cases 550   

C2 

Pearson Chi-
Square 

19.563a 4 0.001 Nominal 
by 

Nominal 

Contingency 
Coefficient 

0.185 0.001 
Likelihood 

Ratio 
19.991 4 0.001 

N of Valid 
Cases 

550     N of Valid Cases 550   

 

From the above table (Table 1), we can see that the chi-
sq. value of variable C1 is 11.385 and the asymp sig. is 0.023 
which is less than 0.05, whereas the chi-sq. value of variable 
C2 is 19.563 and the asymp sig. is 0.001 which is also less 
than 0.05, thus the null hypothesis is rejected and alternative 
hypothesis is accepted. So, we can say that the Gender have 
significant association with the Brand hatred. Similarly, it 
can be seen that the Contingency Coefficient of variable C1 

is 0.142 and for variable C2 is 0.185, this indicate that the 
relationship between gender and brand hatred is low with the 
variable. With respect to variable C1, in which females are 
more hateful than males, males are more hateful; than 
females in C2. This can be as a result of gender disparity 
created by the brands, leading to brand hatred. 

TABLE II.  AGE 

Chi-Square Tests & Symmetric Measures 

    Value df 

Asymp. 

Sig. (2-

sided) 

  Value 
Approx. 

Sig. 

C1 

Pearson Chi-
Square 

26.640a 16 0.046 Nominal 
by 

Nominal 

Contingency 
Coefficient 

0.215 0.046 
Likelihood 

Ratio 
27.393 16 0.037 

N of Valid 
Cases 

550     N of Valid Cases 550   

C2 

Pearson Chi-
Square 

30.251a 16 0.017 Nominal 
by 

Nominal 

Contingency 
Coefficient 

0.228 0.017 
Likelihood 

Ratio 
27.454 16 0.037 

N of Valid 
Cases 

550     N of Valid Cases 550   

 

From the above table (Table II), we can see that the chi-
sq. value of variable C1 is 26.640 and the asymp sig. is 0.046 
which is less than 0.05, whereas the chi-sq. value of variable 
C2 is 30.251 and the asymp sig. is 0.017 which is also less 
than 0.05, thus the null hypothesis is rejected and alternative 
hypothesis is accepted. So, we can say that the Age have 
significant association with the Brand hatred. Similarly, it 
can be seen that the Contingency Coefficient of variable C1 
is 0.215 and for variable C2 is 0.228, this indicate that the 
relationship between age and brand hatred is low with the 
variable. Age group of 36-40 is more hateful than the other 
age groups because the most of the product and services of a 
brand are specifically targeted towards a particular age 
group, which leads to hatred towards the brand by the other 
segments present in the market. 

TABLE III.  INCOME 

 Chi-Square Tests & Symmetric Measures 

    Value df 

Asymp. 

Sig. (2-

sided) 

  Value 
Approx. 

Sig. 

C1 

Pearson Chi-
Square 

26.818a 16 0.044 
Nominal by 
Nominal 

Contingency 
Coefficient 

0.215 0.046 
Likelihood 

Ratio 
27.913 16 0.032 

N of Valid 
Cases 

550     N of Valid Cases 550   

C2 

Pearson Chi-
Square 

43.204a 16 0 
Nominal by 
Nominal 

Contingency 
Coefficient 

0.228 0.017 
Likelihood 

Ratio 
45.364 16 0 

N of Valid 
Cases 

550     N of Valid Cases 550   

C3 
Pearson Chi-

Square 
28.428a 16 0.028 

Nominal by 
Nominal 

Contingency 
Coefficient 

0.222 0.028 

 
Likelihood 

Ratio 
31.343 16 0.012 

 
N of Valid 

Cases 
550     N of Valid Cases 550   
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From the above table (Table III), we can see that the chi-
sq. value of variable C1 is 26.818 and the asymp sig. is 0.044 
which is less than 0.05. Chi-sq. value of variable C2 is 
43.204 and the asymp sig. is 0.000 which is less than 0.05, 
whereas the chi-sq. value of variable C3 is 28.428 and the 
asymp sig. is 0.028 which is also less than 0.05, thus the null 
hypothesis is rejected and alternative hypothesis is accepted. 
So, we can say that the Income have significant association 
with the Brand hatred. Similarly, it can be seen that the 
Contingency Coefficient of variable C1 is 0.216, for variable 
C2 is 0.270 and for C3 is 0.222, this indicate that the 
relationship between monthly household income and brand 
hatred is low with the variable. With respect to variable C1, 
in which the income slab of greater than 40,000 is more 
hateful than others, the income slab of 20,000 – 30,000 is 
more satisfied than others, whereas in C3 the income slab 
more than 40,000 is much more hateful than others in C2. 
This might happen because some brands use to target a 
higher income segment people whereas some brands target 
lower income segment people and negative word of mouth 
leads towards the brand hatred among the peoples. 

 In consequence, no significant association have been 
found with respect to hypotheses H4 and H5. That is in case 
of, Occupation and Marital Status, null hypothesis is 
accepted and alternative hypothesis is rejected, which 
implies that these two demographic factors does not have 
any influence on the feeling of hatred towards a brand. 

VI. LIMITATIONS 

This study is limited to the cities like Kolkata, Mumbai, 
Chennai and Delhi of cities of India. Hence, the study can be 
extended, implemented and conducted to other metro cities 
and rural parts of India.  

VII. MANAGERIAL IMPLICATION 

This study focuses on the customer perception towards 
the brand hatred and the reasons leading to this feeling of 
hatred among them. As per the results it can be seen that 
hatred can take place among the customers irrespective their 
age, gender, income etc. Hence, brands need to design their 
products and its services accordingly. Bands can increase the 
number of gender-neutral products to avoid gender disparity 
and the hatred arising as a result of lack of gender specific 
products. Similarly, brand can include more products 
accessible and useful for consumers from different age and 
income groups. And further implications can be made on the 
basis of opinion and needs of major part of the population. 

VIII. CONCLUSION 

 Brand hatred is equally important as brand preference in 
the market as it reflect the damaging side of a brand in the 
society. In this study, with the help of chi-square analysis we 
have found that the females are much more hateful than 
males towards a brand, as some of brands are limited to 
gender specific products. Age group of 36-40 are likely to be 
more hateful than any other age group as some brands 
display their products and services limited to certain age 
groups, whereas the income slab of greater than 40,000 is 
much more hateful than others, as some brand offers 
premium products and services, which remain accessible to 
the consumers with high incomes. Hence the study can be 

utilized to remove such hatred from the consumers, which 
will help the brands, their companies and industries to grow. 
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Abstract—Green Computing Practices (GCP) convey the revo-
lutionary changes of the modern education system. The education
system is transforming into a hybrid mode of operations in
effective teaching and learning procedure. In the modern era,
computer devices are playing a foremost role in performing
ICT based teaching and learning (ICT-BTL). The GCP and
ICT-BTL are the creative and innovative practices that can
ensure the eco-friendly enactment and safeguard from various
harmful environmental impacts. The motive of projecting the
present research outcome is to address the impact of GCP
on ICT-BTL activities. The creative and innovative practices
of ICT- BTL support the implementation of GCP towards a
sustainable education system. A sustainable education system
interconnects the teachers, learners, institutions, and industrial
experts through eco-friendly electronic and computer devices
that ensure maximum efficiency in education with minimum
environmental impacts.

Index Terms—Green computing, ICT based teaching-learning,
Sustainable Education, Hybrid mode of Education.

I. INTRODUCTION

The world is moving towards innovation, productivity, ef-
ficiency, growth and competition. In the highly competitive
world, information and communication technology plays an
important role to understand the potential changing conse-
quences. The modern education system is mostly influenced
by information and communication technology that helps to
connect learners and teachers from a different remote lo-
cation [1]. ICT-BTL system influence to implementation of
the blended mode of education that creates better learning
opportunities for everyone. Blended education is the smart
combination of online, offline and recorded mode of content
development and teaching methods to facilitate the choice-
based education and certification programme. The modern

education system is focusing on career-based teaching and
learning that creates a link between the education system and
industry. ICT based Blended Education System opens new
windows for the real-time education system for everyone.
The association of information technology, communication
technology and expert teachers are developing the job-oriented
education system that fulfils the requirements of national
education mission and education for everyone [2]. The experts
in the education system develop digital study materials that can
be used for a digital mode of teaching. The content developers
and the teachers are improving their skills and knowledge
through the systematic training and development programme
[3]. The technology and smart networking system build the
efficient Institutional Support System for implementing the
digital mode of assessment and evaluation process [4].

II. GREEN COMPUTING PRACTICES

Green computing is the process of utilizing eco-friendly
computer devices and other necessary equipment for better
performance of individual and institutional activities. Fig. 1
shows the green computing practices and its positive impacts
on environment.

Using more number of electronic and computer devices
became the challenge for the environmental safeguard because
of the increasing quantity of e-waste. But green computing
practices ensure zero carbon footprints, zero environmental
pollution, and better efficiency in systematic performance and
record keeping. Recycling computer devices and appropriate
power management are the pillars of implementing green
computing.978-1-6654-7886-1/22/$31.00 ©2022 IEEE
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Fig. 1. Green computing practices and its positive impacts on environment

III. MODEL OF ICT-BTL) AND THE IMPLEMENTATION

Information technology creates revolutionary changes in
the area of modern education and accomplishment. Com-
munication technology developed progressively in the area
of networking, relationship building and knowledge sharing
worldwide. The learners and expert teachers are communi-
cating through digital platforms. The fig. 2 elucidates the

Fig. 2. ICT based Teaching and Learning

elements of ICT based teaching-learning and their productive
implementation towards the national education mission and
education for everyone. Preparing and developing digital study
materials is the creative initiative for the modern education
system. The expert teachers can develop the relevant study
materials and share the content through professional blogs,
LinkedIn, Facebook and other social platforms. The teachers
can build a strong social network among similar professions
and career planning. On the other hand, the learners are
benefited through digital study materials and digital mode
of teaching methods. The professional and social network
provides a productive and realistic platform for both teachers
and students fraternity. The institutional functions become
more effective on Teacher’s Training programme and Digital
mode of the Evaluation process. The traditional teaching and
learning method was followed by the physical meet and
learning practices. In the modern era, the ICT-BTL facilitates
the lakhs of learners join together for real time learning
practices through virtual platform. The teachers can clarify

the doubts and address the issues that can reach to all the
learners during the class hours. All the virtual class room
activities are recorded and shared for the future references.
So, the learners can refer the recoded classes for doubt
clearing [5]. The innovative model of ICT-BTL accelerates
the teachers and learners for value based teaching-learning
practices. Fig. 3 shows the impact of GCP and ICT-BTL
System on Sustainable Education. The standard method of

Fig. 3. Impact of GCP and ICT-BTL System on Sustainable Education

question paper setting and conducting examination are the
indication of systematic assessment procedure. The model
designates the complete guidelines for conducting effective
teachers’ training programme, preparing standard study mate-
rials with consideration of conceptual and analytical technique
of understanding. Open book examination is another technique
of smart assessment and evaluation process in which the
candidates are allowed to refer the study materials and other
contents for answering the questions [6]. The slow learners
are mostly benefited through the innovative learning model.
The institutional support system helps the slow learners for
re-appearing the exam after preparation. The system generated
assessment questions and evaluation process never become the
over burden for the teachers to conduct examination again and
again. Artificial Intelligence plays major role of understand
the behavior, mental condition and progress of learning while
appearing examination. The necessary precautions can be
taken care based on the observations.

IV. SUSTAINABLE EDUCATION SYSTEM (SES)
Sustainable education is the proactive system of transform-

ing the human being into something useful for society and
professional career [7]. The system creates more enthusiasm
among the youth for developing the level of human skills and
knowledge towards innovation and creativity. The principal
motive of presenting the invention is to transform our tradi-
tional education system into a skill-based education system
[8]. Fig. 4 describes the sustainable education system with
its principal components like smart education policy, skills
development training and institution-industry collaboration for
sector skills development. Sector skills development is the road
map for the smart education system of the future generation
that constructs self-confidence among the young minds and
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Fig. 4. Sustainable Education System and its components

develops employability skills [9]. The learners can choose
their desired sector and specific job role in the industry which
is productive, achievable and sustainable. Smart education
policy may have positive vibration towards quality education
and a sustainable education system. The education system
becomes more productive and results-oriented through the
practices of common education policy and national education
mission. Skills development training is an important aspect
of improving employability skills. The establishment of an
adequate number of training centres for skills development
can increase entrepreneurial and employment skills [10] [11].
The younger generation will show an interest in career choice
and development in a diverse area. This type of training
programme develops creative and innovative ideas that can be
applicable for getting corporate jobs, developing entrepreneur-
ship or self-employment skills [12].
Institution-industry collaboration is a great initiative for build-
ing a networking system to understand the demand and ex-
pectations of each other. The changing scenario of the cor-
porate world demands extraordinary knowledge and skills in
creativity and productivity. All the institutions need to conduct
orientation and induction programmes for the learners through
industry experts. Soft skills training, leadership training, pre-
placement training can develop the confidence level of learners
and understand the corporate requirements and expectations
[13].

V. RESULTS AND DISCUSSION

The principal motive of initiating the research was to
identify the economic, suitable and blended mode of an
education system that can facilitate sector skills development
in a diverse area of learners in the society. This is survey-
based research and outcomes replicate the experts’ opinion and
the common stakeholders’ practical experiences. The statistical
tools Multiple Regression Analysis (MRA), ANOVA and t-
test have been initiated for data analysis and interpretation.
The result analysis considers the impact of Green Computing
practices (Cloud Computing (CC), Virtual Programme (VP),
Artificial Intelligence (AI), Recycling of Computer Devices

(RCD), Reduction of Carbon Footprints (RCF), and Power
Management (PM) on ICT- BTL. With the consideration of
research analysis, the hypothesis is formulated as H1: GCP
has no impact on ICT-BTL and sustainable education system.
The hypothesis not only helps to understand the impact of GC
on ICT-BTL but also disclose the information related to extent
of the impact on the sustainable education system and quality
education.

TABLE I
MRA WITH ANOVA AND T-TEST REPORT

Summary of Statistical Analysis
DepVar: ICT-BTL, N: 400,

MR: 0.720, SMR: 0.475,
ASMR: 0.462, SE of estimate: 1.217

Results of MRA
Effect Coefficient Std Error StdCoeff Tolerance t

Constant 2.531 0.518 0 4.886
CC 0.568 0.027 0.15 0.475 6.525
VP 0.229 0.031 0.323 0.504 7.309
AI 0.175 0.056 0.167 0.338 3.127

RCD 0.241 0.049 0.208 0.367 4.066
RCF 0.413 0.043 0.47 0.394 9.485
PM 0.209 0.031 0.262 0.645 6.377

Level of significance 0.01
ANOVA

Source Sum-of-Squares df Mean-Square F-ratio
Regression 310.527 6 38.816 54.671
Residual 987.07 793 1.266

Table I shows the MRA with ANOVA and t-test report.
The result of MRA from table 1 indicates that all six green
computing practices together influence the ICT-BTL. The
survey was conducted among the 400 respondents in the
diverse background included experts in the education field,
faculties in multi-disciplinary areas, government officials re-
lated to the education field, students in professional courses. At
first, 600 samples were identified from the above-mentioned
background; the samples were randomized and picked 450
numbers. The survey of the research initiative starts with
understanding the qualitative nature of the research title and
variables. At first the experts were acknowledged in the field
of education, economy, statistics, and computer science. The
expert opinion and guidelines play important role for taking
further steps of selecting the participants of the survey. The
participants of the survey includes the Principal, Director,
Professor of various Universities and Colleges with more than
15 years of experience, subject faculties with the experience of
using ICT-BTL methods, government officials form pollution
control board, electricity supply board, officers involved in
e-waste control, students of Engineering and Management
courses. The demographic status of the questionnaire includes
the questions related to gender, age group and geographical
location of the participants. The summary of the demographic
status regarding the gender of the participants are 56% male
and 44% female. In case of age group, 42% belongs to
the 25-35 years, 31% belongs to 36-45 years, followed by
27% belongs to above 45 years. The prepared questionnaires
were distributed among the stakeholders to understand the
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Sustainable Education System, Green Computing and inter-
connection with ICT-BTL. The respondents have shared their
first impression regarding the sustainable education system and
its impact on the quality education of the next generation.
The 50 questionnaires were rejected because of incomplete
data and remain 400 questionnaires were considered as the
final respondents for the present research initiative. We can
reject the null hypothesis. The result of t-test indicates the
positive impact of individual GCP on ICT-BTL. So, we can
reject the null hypothesis.Fig. 5 shows the summary of MRA
with respect to t-test report. The independent variables (CC,

Fig. 5. MRA with respect to t-test report

VP, AI, RCD, RCF, and PM) actually have the real influence
on dependent variable (ICT -BTL) because the result shows
the t-values are 6.525, 7.309, 3.127, 4.066, 9.485, and 6.377re-
spectively which are significant at 0.01 level. Fig. 6 shows the
summary of MRA with ANOVA report. The result shows the

Fig. 6. MRA with ANOVA report

impact of Cloud Computing (CC) on ICT-BTL system with
respect to t-value is 6.525. The t-value indicates the positive
impact of CC on ICT-BTL and reflects the true response of
participants regarding the connectivity of cloud computing and
ICT-BTL. While ICT-BTL conveyed the smart implementation
of teaching-learning system, the cloud computing can ensure
the better feasibility of teacher-learner connectivity. There is a
synchronization of qualitative opinion and statistical analysis
regarding the impact of Cloud Computing (CC) on ICT-BTL
system. The analysis outcome of multi regression analysis
shows the impact of Virtual Programme (VP) on ICT-BTL
system with respect to t-value is 7.309. The t-value indicates

the strong influence of VP on ICT-BTL because the application
of virtual programme is simple understanding for the common
people. The participants’ responses indicate the frequency of
using virtual platform for smart education system reading the
academic progammes as well as other relevant activities. The
experts’ opinion regarding the influence and contribution of
VP towards ICT-BTL are relevant while comparing with the
result of quantitative analyses. Artificial Intelligence creates
the new path of smart education and execution in the modern
society. The result shows the impact of Artificial Intelligence
(AI) on ICT-BTL system with respect to t-value is 3.127. The
outcome of t-value indicates the positive impact of AI on ICT-
BTL and reflects the actual reaction of participants regarding
the connectivity of Artificial Intelligence and ICT-BTL. While
ICT-BTL conveyed the smart implementation of teaching-
learning system, the AI can certify the viability of teacher-
learner connectivity. There is a harmonization of qualitative
opinion and statistical analysis regarding the impact of AI on
ICT-BTL system.
The statistical analysis of multi regression analysis shows
the impact of Recycling of Computer Devices (RCD) on
ICT-BTL system with respect to t-value is 4.066. The t-
value indicates the positive influence of RCD on ICT-BTL
because the execution of RCD is eco-friendly and response to
sustainable development. The result of statistical analysis is the
true reflection of accepting and executing the RCD in ITCT-
BTL system comparing with the experts’ opinion regarding
the influence and contribution of RCD towards ICT-BTL.
Reduction of Carbon Footprints (RCF) is the only way of
develop sustainable society and finding the alternative of using
the Carbon Footprints. The result shows the impact of RCF
on ICT-BTL system with respect to t-value is 9.485. The t-
value indicates the strong influence of RCF on ICT-BTL and
reflects the true response of participants regarding the positive
response for developing sustainable society. While ICT-BTL
conveyed the smart implementation of teaching-learning sys-
tem, the RCF can ensure the better compatible with ICT-BTL.
There is a synchronization of qualitative opinion and statistical
analysis regarding the impact of RCF on ICT-BTL system.
The analysis outcome of multi regression analysis shows the
influence of Power Management (PM) on ICT-BTL system
with respect to t-value is 6.377. The t-value indicates the
positive impact of PM on ICT-BTL because the execution
of PM is common for every household. The participants’
responses indicate the positive reaction on power savings and
using the advanced technology. The experts’ opinion regarding
the influence and contribution of power management towards
ICT-BTL are relevant while comparing with the result of
statistical analyses.
Cloud Computing (CC) has a positive impact on ICT-BTL
because this may help out for networking systems, data storage
and development, implementation of blended education among
the learners in remote locations.
Virtual Programme (VP) opens up a new window for inter-
acting with teachers and learners in the virtual platform. This
has a strong impact on ICT-BTL that creates opportunities for
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associating with professional institutions of conducting virtual
programmes.
Artificial Intelligence (AI) conveys the innovative changes
in education that have a positive impact on the ICT-BTL
system. This may help to develop the digital mode of tutorials,
practical classes of science-related subjects, virtual industrial
tour, pre-placement and employability training for the desired
candidates, merits test of the candidates and relevant industry
for placement etc.
Recycling of Computer Devices (RCD) is an important ini-
tiative that safeguards our environment from e-waste. Using
more number of electronic and computer devices are the
common practice for ICT-BTL. But the recycling methods can
reduce the e-waste and generate the inputs for other industries.
Reduction of Carbon Footprints (RCF) is the major challenge
for the hi-tech cities where there is more use of electric and
computer devices. Virtual mode of teaching, development of
e-content and implementation for learning process can help
to reduce the carbon footprints. The respondents shared their
opinion regarding the impact of Reducing Carbon Footprints
(RCF) on ICT-BTL.
Power Management (PM) is the process of reducing power
consumption by using energy-saving electronic and computer
devices. The development of alternative power supply systems
like using solar panels, wind power, bio-gas etc. may have a
strong impact on ICT-BTL. The experts in the education field
have shared their opinion on a sustainable education system
and its positive impact on sector skills development.
The innovative model of ICT-BTL facilitates the real time
teaching and learning experience with the interconnected op-
erations of all variables. The result of survey indicates the
feasibility of interconnecting the variables that have positive
impact on effective teaching and learning procedure. Cloud
Computing (CC), Virtual Programme (VP), Artificial Intelli-
gence (AI), Recycling of Computer Devices (RCD), Reduction
of Carbon Footprints (RCF), and the Power Management (PM)
need to be accompanied each other for ensuring the quality
education.

VI. CONCLUSION

The innovative models (fig.1, fig.2, fig.3 and fig.4) related
to GCP and ICT-BTL ensures an eco-friendly smart education
system and zero environmental impact. The interested learners
put more effort to improve their skills and knowledge that
reflects productive industrial activities. A blended education
system with the help of ICT-BTL not only gives freedom
to select the desired course and degree but also provide the
choice of teaching-learning pattern and schedule. The creative
model proposes the complete freedom of selecting the learning
methods either classroom teaching and learning, internship
based, project-based or a combination of all methods. ICT-
BTL system may ensure the extent of modern teaching-
learning techniques in remote areas with the help of a smart
telecommunication system. Learners from diverse locations
and backgrounds can take part in the education system. The
innovative model claims the real-time learning practices with

systematic assessment and evaluation process. Sector Skills
Development is the principal motive of developing the model.
The learners can focus on career development while selecting
the specific course and degree. The systematic and desired
learning pattern improves their level of self-confidence towards
industry-ready. The learners can look forward to individual,
family and national growth that should be the ultimate goal
and vision of life. Practices of green computing are not only
economic but also protect the environment and create a safe
world for future generations. Proper implementation of the
present research outcomes and effective models can help to
Balance Green Computing and ICT in Quality Education that
can bring our nation one step ahead of becoming a Developed
Country.
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Abstract—Speaker recognition is an advanced method to 

identify a person from the biometric characteristics of speaking 

voice samples. Speaker recognition has become a vastly popular 

and useful research subject with countless essential applications in 

security, assistance, replication, authentication, automation, and 

verification. Many techniques are implemented using deep 

learning and neural network concepts and various datasets for 

speaker verification and identification. The primary goal of this 

work is to create improved robust techniques of speaker 

recognition to identify audio and enhance accuracy to human 

levels of comprehension. TIMIT and LibriSpeech datasets are 

used in this paper to develop an efficient automatic speaker 

recognition system. This work focuses on using MFCC to 

transform audio to spectrograms without losing the essential 

features of the audio file in question. We have used a closed set 

and an open set implementation procedure on these datasets. The 

closed set implementation uses a standard machine learning 

convention of utilizing the same datasets for training and testing, 

leading to higher accuracy. On the other hand, the open set 

implementation uses one dataset to train and another to test on 

each occasion. The accuracy, in this case, turned out to be 

relatively lower. On each dataset, CNN and LSTM deep learning 

techniques have been used to identify the sound, leading to the 

observation that implementing CNN resulted in a more significant 

accuracy.  

Keywords—convolutional neural network, deep learning, long 

short-term memory, mel-frequency cepstral coefficient, speaker 

recognition, speaker identification. 

I. INTRODUCTION  

Sound has been a key indicator of identification from the 
very start of humankind. Humans learned to differentiate 
between different sounds to distinguish danger, weather, 
enemy, and surrounding environment [1]. And thus, humans 
have grown an inbuilt capability to identify the source of the 
sound based on the characteristics of the sounds [2]. We can 
identify various conditions constructed from the voices by this 
inbuilt ability given by evolution. Classification of sounds to 
recognize speakers has been a significant field of research in 
recent times. Speaker recognition can be used in 
bioinformatics, scam identification, copyright verification, and 
search and rescue [3]. To classify the speaker based on the 
voice, the audio signal has to be preprocessed, the feature has 

to be extracted, and finally, the speaker will be verified and 
classified. The audio samples are preprocessed into various 
segments to extract essential features. Mel-frequency Cepstral 
Coefficient (MFCC), spectral flux, chroma vector, poly 
features, and other features for audio classification are among 
the most sorted out features. We compared two neural network 
models, the long short-term memory (LSTM) [4] and the 
convolutional neural network (CNN) [5] based on the MFCC 
feature, to determine which one performed better in speaker 
recognition. The goal of MFCC feature extraction technique is 
to transform time-domain signals into frequency dependent 
signals and utilize Mel filters to simulate the human cochlea, 
which consists of more low-frequency filters for deep sound 
and lower numbers of filters for higher pitch sound [6]. 

Consequently, it is reasonable to deduce that the feature 
MFCC and its characteristics are centered on the ability of the 
human hearing scheme to listen to the audible frequencies of 
sound, which can handle the dynamic nature of true-life sounds 
with the way feature vectors for classification are treated. The 
datasets we are using in this work for speaker recognition are 
TIMIT and LibriSpeech datasets. It compares the classification 
done by CNN and LSTM using similar characteristics and 
identical datasets to determine which models provide a more 
accurate result in recognizing the speaker from the given 
dataset. The LibriSpeech dataset is highly optimized and 
requires less preprocessing than the TIMIT dataset; the 
methodology and techniques used are described in the latter 
part of the paper. 

 People have been trying to use more and more efficient 
techniques to recognize speakers from the sounds, which has 
been proven quite accurate. For instance, an automatic 
architecture constructed on a system of deep neural networks 
was presented for distant voice recognition in [7]. The 
experiments were carried out with a variety of assignments, 
open-source datasets, and acoustic settings. The proposed deep 
neural network effectively and correctly exploits total 
communication between a speech enhancement and a speech 
recognizer, resulting in marginally better performance than that 
obtained with more traditional distant speech recognition 
(DSR) pipelines. DSR is a critical technique for creating more 
flexible and effective human-machine interfaces. Next, a deep 
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neural network approach has been utilized to address the 
problem of DSR. Two open-source datasets (TIMIT and WSJ) 
are used to evaluate the performance of the proposed 
recognition technique. 

In [8], the authors implemented SincNet, which is a neural 
architecture to process audio signals directly. SincNet has been 
widely utilized on performing speaker identification and 
classifications. In this work, standard CNN architecture has 
been employed with a set of time-domain convolution between 
input waveform and FIR filters. All the elements of each filter 
layer on this algorithm are learned from the input data. SincNet 
uses predefined functions that depend on a few learnable 
parameters. The predefined function is defined, so that 
rectangular bandpass filters are employed, and the magnitude 
of conventional bandpass filters can be summarized as the 
differences between two low pass filters. After passing the raw 
wavelength through SincNet filters, pooling, layer norm, leaky 
Relu, dropouts, CNN/DNN layers, and softmax, the speaker is 
identified. SincNet reduces the feature in the first convolutional 
layer, and this offers the possibility to derive very selective 
filters without adding any parameters to optimize the problem. 
In the initial convolutional layers, SincNet feature maps are 
more interpretable than other methods. SincNet and standard 
CNN were compared on TIMIT and LibriSpeech datasets. 
SincNet does better than other systems on both datasets. The 
difference on a traditional CNN implemented by a raw 
waveform is more significant on TIMIT, which shows SincNet 
is better than the CNN. This difference is more insignificant 
when LibriSpeech database is used and 4% improvement was 
achieved with faster convergence. Standard FBANKs provide 
comparable results on TIMIT, but more different and 
incomparable results were obtained in LibriSpeech. The 
network cannot find better filters than that of FBANKs while it 
works with fewer training data.  

In [9], G. Trigeorgis et al. proposed a recurrent 
convolutional model for speech emotion recognition. The 
implemented network has been applied to the audio voice 
signal to perform a complete spontaneous emotion estimation 
from speech data. To capture the emotional content of several 
approaches of speaking, the acoustic features are required to be 
robust enough. Conversely, the applied machine learning 
techniques have to achieve an insensitive set of outliers to 
model contexts. The proposed approach achieves considerably 
better efficiency than the standard-designed features on the 
open-source RECOLA dataset. It is a challenging job to 
recognize spontaneous emotions automatically from speech. 
The speech emotion classification has been managed by using 
long short-term memory (LSTM) systems to perform the 
comparisons. Next, convolutional neural networks (CNNs) 
have been combined with LSTM to automatically learn the best 
representation of the speech signal directly from the raw 
samples. In this end-to-end speech emotion recognition work, 
this paper showed that the proposed algorithm gets a better 
result than the conventional methods based on signal 
processing approaches. 

In [10], S. Novoselov et al. focuses on a profound speaker 
embedding model where the goal is to extract the embeddings 
that are essential for a speech recognition task. The primary 
focus is to yield to a text-independent speaker recognition task. 

The system explains how an angular softmax activation at the 
final classification layer of a neural network is preferable to 
simple softmax activation. It allows the training of a more 
generalized discriminative speaker embedding extractor. A 
comparison in the estimation of the effectiveness of metrics is 
also carried out, which led to a finding that cosine similarity is 
more efficient than PLDA. Besides, it has been shown that deep 
networks with residual frame-level connections tend to perform 
at a higher level than more commonly used relatively shallow 
architectures. Satisfactory performances can be achieved with 
discriminatively trained metric learning approaches, and it is 
opposed to the standard LDA PLDA method for an embedding 
backend. In this work, DNN posterior-based �-vectors are 
extracted after a DNN model is trained on the switchboard 
corpus using the Kaldi speech recognition network to carry out 
the proposed implementation. Outputs of the DNN 
corresponded to the 2,700 speech triphone states used for 
statistical calculation. In addition, an �-vector-based system 
configuration has been used in this paper. The system accepts 
23-dimensional MFCCs as input in lieu of raw filter-banks. 
Next, the non-speech frames are filtered out by an energy-based 
voice activity detector (VAD), and the speaker embeddings are 
extracted from the second to final layer of the classifier system. 
This configuration is referred to as �-vectorNet. Another model 
that has been implemented in this work is known as 
SpeakerMaxPoolNet. It involves the development of a max-
pooling TDNN-based speaker embedding extractor where the 
model is trained on short sections of utterance signals (3-10 
seconds), which are arbitrarily sampled from the training data. 
The backend to the Maxpooling TDNN embeddings is applied 
using a simple cosine metric and an LDA-PLDA approach. 
Another system known as SpeakerResNet has been used, and it 
takes the same MFCC input features and uses the same 
approach of data extraction and backend implementation as 
SpeakerMaxPooling does. For training the proposed model, 
NIST datasets from 1998-2008 has been utilized without any 
data augmentation techniques. Telephone speech was collected 
in the experimental setup for training.  

We proposed an automatic speech recognition system using 
deep learning approaches in this work. We have implemented 
CNN and LSTM architectures on two different datasets, TIMIT 
and LibriSpeech. The audio data were translated from a time 
domain to frequency using Fourier transformation. LSTM has 
a higher precision rate in the speaker classification process and 
a sequential model. The CNN model was built with two 
Conv2d layers, a batch normalization layer, and three dense 
layers with the final layer as output. Our work consisted of the 
implementation of both models in an open set and closed set 
implementations and a comparison of the achieved results to 
visualize the accuracy given by the models. 

The rest of the paper has been presented as follows: Section 
II covers a description of the applied methodologies. The model 
architecture is briefly explained in Section III. Section IV 
summarizes the experimental results of speaker and speech 
recognition. Finally, Section V highlights our conclusions and 
future research. 
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II. METHODOLOGY 

A. Dataset 

The dataset or corpus used for training the models plays a 
vital role since performance measures cannot be appropriately 
compared if the testing circumstances vary too much. Several 
datasets for speaker recognition tasks have been used in the 
literature, such as VoxCeleb, CSS10, Ted-Lium, CHiME, 
VCTK, WSJ, etc. A limited number of speakers could provide 
vast speech data in some cases, while small and relevant speech 
data could be obtained from a large number of speakers. In this 
study, we worked with two popular SR-related datasets TIMIT 
and LibriSpeech. 

1) TIMIT: The TIMIT corpus consists of 630 
speakers/classes, with ten samples collected from each class 
[11]. The speakers belong to 8 major dialect regions of the 
USA. The Train set has 462 speakers, while the test set contains 
the samples from the remaining 168 speakers. When we first 
analyze a closed set-like approach to the problem, we only 
considered the train set, with an 8:2 split for training and testing 
on both datasets we used. 

However, the speakers appearing in the test set are entirely 
different from the train set, making it an open set problem. The 
proposed open set approach maintained the train-test 
arrangement found in the original setup, with 4,620 audio files 
in the train folder and 1,680 audio files in the test folder. 

2) LibriSpeech: The LibriSpeech ASR corpus 
(trainclean100) contains 28,539 audio samples from 251 
speakers, which we have used for the closed set 
implementation. However, the open set implementation 
worked with a different setup of the dataset that followed the 
same distribution as [12]. The training and testing materials are 
chosen at random; for training and testing, 12–15 s and 2–6 s 
of materials were used, respectively. The total number of 
samples was 21,933, with 14,481 serving as training data and 
the remainder as testing data after removing the beginning and 
end silences. 

B. Audio Exploratory 

The samples are in .wav format, which is used for digitizing 
continuous sound waves. Each file is sampled and converted 
into a one-dimensional NumPy array of digital data at discrete 
intervals. The displayed waves are unidirectional and can 
represent any amplitude or frequency at a random given time. 
Use the sample rate, the sample values can be put together to 
reconstruct the speech if required [13]. The Nyquist-Shannon 
theorem [13] implies that a signal's lowest sampling frequency 
should be twice its highest resonant frequency to avoid 
distorting the signal's underlying information. In our scenario, 
we used the libROSA Python package, which synchronizes the 
data such that the array only contains values ranging from −1 
to 1. The default sample rate for this program is 22,050 Hz, 
which reduces the array size and training time. When the mono 
argument is set to true, the audio is loaded with the libROSA 
library. Consequently, load function generates a mono audio 
signal by merging two stereophonic channels into a one-
dimensional NumPy array. 2,048 and 512 samples are the 
default frame and hop lengths, respectively [14]. Various kinds 

of characteristics are retrieved from the audio once it is 
represented as an array. 

C. Feature Extracted (MFCC) 

The audio must be translated from a time domain to a 
frequency domain using Fourier transformation to extract 
spectral information for the classification procedure. Several 
characteristics can be used in this regard, such as Mel 
Frequency Cepstral Coefficients (MFCC), Mel Spectrogram, 
Spectral Centroid, Spectral Rolloff. MFCC technique has been 
chosen in this work because it outperforms other methods such 
as Chroma CENS, STFT, Chroma CQT, Spectral Contrast, 
Tonnetz, and others to deliver precise information and effective 
representations and assure higher accuracy in audio-based 
classification tasks. Moreover, it is a principal feature 
extraction technique in many research works that deal with 
audio signals [15]. MFCCs closely mimic how humans 
perceive audio signals. The libROSA library came in handy in 
the feature extraction task since it has numerous built-in 
functions [15] to generate the required spectrogram. The 
librosa.feature.mfcc() function requires passing a few 
parameters such as the imported audio and the sampling 
frequency of the audio (default sampling rate of 22,050 Hz) to 
generate MFCCs. The method contains 40 MFCCs across 173 
frames by default unless the count of MFCCs to return has 
passed through the function. The mean of the 173 frames was 
used to transform the two-dimensional array into a one-
dimensional array containing the frames’ mean values. Fig. 1 
illustrates the coefficients of the employed MFCC technique 
with respect to time. 

 

Fig. 1. Coefficients of the MFCC algorithm with respect to time. 

III. MODEL ARCHITECTURE 

In this work, two neural network models, long short-term 
memory (LSTM) and the convolutional neural network (CNN), 
have been used to design an automatic speaker recognition 
system. The system architecture of the CNN and LSTM are 
discussed briefly in the following paragraphs.  

A. CNN Model 

The overall architecture of a CNN network is made up of 
many layers that are merged to produce the overall architecture. 
To train a CNN, several types of decisions must be made 
regarding architectural patterns and hyperparameters [17]. It 
includes determining the input data format, the number of 
convolutional and pooling layers and the filter dimension leads 
to defining the learning rate, the number of epochs, dropout 
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[15] probability, and batch size [16]. In this research, we built 
a sequential CNN model with two 2D convolutional layers 
(Conv2D), a batch normalization layer, and three dense layers, 
with the output layer as the last layer, which is demonstrated in 
Fig. 2. 

1) Convolutional Layers: The first Conv2D layer 
consists of 64 filters, receiving input shapes of 20×5×1. When 
the kernel size is set to 5, the filter matrix is multiplied by 5, 
and the stride is set to 1. Consequently, the filter converges one 
unit at a time around the input volume. When the padding for 
the operation is set to ‘same,’ the output has the same height 
and width as the input. This layer’s activation function is 
selected ReLU, which is more computationally efficient than 
sigmoid units [2]. The second layer Conv2D also uses the same 
activation function and has the same configuration for the 
kernel size, strides, and padding as the first one. However, it 
consists of 128 filters, and the input shape is 20×5×64. It also 
has a dropout of 30% to minimize overfitting. A 
MaxPooling2D layer is used after each of the two Conv2D 
layers. The MaxPooling2D layer reduces the dimension of the 
input shape. 

2) Batch Normalization: Since the previous layers' 
parameters change during the deep neural network training 
process, lower learning rates and careful parameter 
initialization saturate the model with nonlinearities, increasing 
the training duration. Batch normalization accelerates the 
training process by reducing this issue, also known as the 
internal covariate shift [3]. It allows the proposed model to be 
less cautious about initialization and allows higher learning 
rates. 

3) Flatten Layer: The flatten layer turns the 
convolutional layers' output into a one-dimensional array, 
subsequently input into the following hidden layers using 
global average pooling. 

4) Dense Layers: One output layer and two dense layers 
are used to complete the model’s processing. There are 256 and 
512 nodes in each of the two dense levels. ReLU is the 
nonlinear function utilized in the first two dense layers because 
it decreases gradient descent time by converting all negative 
activations to zero. 

 

Fig. 2. Proposed CNN architecture. 

5) Output Layer: In our closed set implementation, the 
output layer had a softmax activation function consisting of 
many nodes as the number of classes in training split in both 
datasets. Softmax turns logits into probabilities and predicts the 
choice with the highest probability. We built an intermediate 
model for the open set implementation by popping out the last 

softmax layer after the initial model has learned the features 
and optimized weights after several epochs. Then, the 
appropriate test set of the training samples are used to train the 
model and extract the MFCC spectral characteristics. 

Finally, the intermediate norm is used to output an 
embedding vector for a test sample from each speaker. It is used 
to match the other test samples of the same speaker using cosine 
similarity, Euclidean distance, and Manhattan distance. Finally, 
the labels are compared to determine the model’s accuracy. 

B. LSTM Model 

This paper uses the deep learning-based LSTM model for 
speaker recognition because of its recent audio-based 
classification popularity and high precision rate in the 
classification process. This technique is also a sequential model 
with two time-distributed layers, two LSTM layers, a flatten 
layer, and another dense layer at the end. The proposed LSTM 
architecture is depicted in Fig. 3. 

1) LSTM Layers: There are 128 hidden units in each of 
the LSTM layers. The first layer accepts an input of form 20×5, 
where 20 indicates the time steps and 5 denotes the number of 
times the LSTM layer should repeat itself after being applied to 
the input. To avoid overfitting, the second input had a dropout 
factor of 0.30. 

2) Batch Normalization: This model also uses batch 
normalization after the first two layers. The training time was 
effectively reduced by using batch normalization. 

3) Time Distributed Layers: The first time distributed 
dense layers take an input size of 128 and output of 256 nodes, 
which serve as the input shape for the second time distributed 
layer. This second layer’s output comprises 512 nodes. In both 
layers, ReLU was used as the activation function. 

4) Flatten Layer: This layer flattens the 3D output from 
the second time distributed layer and transfers the lengthy 
vector of input data to the dense layer, which is the last layer. 

5) Dense Layer: For the closed set implementation, the 
dense output layer, like the CNN model, employed a softmax 
activation function. The inputs were transformed into a discrete 
probability distribution. The open set implementation again 
used an intermediate model by popping out the last softmax 
layer after a few training epochs. Following the feature 
extraction from the test sets, the intermediate model produced 
an embedding vector for each test class. Consequently, the 
generated vector is matched with other instances of that 
particular test class using cosine similarity, Manhattan distance, 
and Euclidean distance. 

 

Fig. 3. Proposed LSTM architecture. 
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IV. RESULTS 

In this section, the simulation results for the proposed deep 
learning-based speaker recognition system have been 
discussed. Some important parameters of the implemented 
classification model, viz. loss function and optimizer, and 
performance metrics to evaluate the model have been discussed 
in the following paragraphs.  

1) Loss Function:  In this work, we used categorical 
cross-entropy loss as the loss function. This loss function is for 
multi-class classification tasks, and it performs better than MSE 
and RMSE since it penalizes incorrect more heavily than those. 
The equation of cross-entropy loss function is expressed as: 

 

where � denotes the output size. 

2) Metric: The metric that we have used to measure the 
performance of the proposed speaker recognition system is 
accuracy. Accuracy denotes the ratio of the number of correct 
predictions to the total number of predictions our model 
produces, which has been depicted in (2). When multiplied by 
100, this value gives us the percentage of the model’s success 
in recognizing which speaker a given audio sample belongs to. 

 ����	
��   
������  �� ������� ����������� 

������  �� ����  ����������� 
! 100%  (2) 

3) Optimizer: Optimizers reduce the losses by fine-
tuning the attributes of a neural network, e.g., weights and 
learning rates. We used the Adam optimizer, which uses the 
adaptive learning rate for each parameter. It uses a combination 
of the adaptive gradient algorithm (AdaGrad) and root mean 
square propagation (RMSProp) to handle sparse gradients in 
noisy problems. 

For image-based classifications, CNN is a highly effective 
approach. Because of its architecture, it can use spatial 
correlation in data pictures and voices. LSTM, on the other 
hand, performs better when dealing with time-series or 
sequential data. In most situations, the LSTM model performs 
better than the CNN model for audio classification. Testing 
accuracy can increase by up to 4% after data augmentation. 
However, the same did not happen in our case since we did not 
opt for data augmentation. 

On the TIMIT dataset, we started with 500 epochs to train 
our CNN and LSTM models on closed sets. We ran the CNN 
model for 300 epochs and the LSTM model for 100 epochs in 
the open set implementation on the same dataset. On the 
LibriSpeech dataset, we chose to use epochs for the closed set 
implementation. The training and testing accuracies for the 
CNN technique (closed set implementation) on the LibriSpeech 
and TIMIT datasets, with the change of the number of epochs, 
are shown in Fig. 4 and Fig. 5, respectively. 

It can be seen that as the number of epochs rises, the model's 
accuracy improves for training and testing data. We divided the 
dataset into 50 batches for both models and datasets. 

 

Fig. 4. Training and test accuracies of LibriSpeech dataset for the proposed 
CNN model. 

 

Fig. 5. Training and test accuracies of TIMIT dataset for the proposed CNN 
model. 

As shown in Table I, the CNN model with the TIMIT 
dataset, achieved 77.51% and 80.63% test accuracy for open 
set and closed set implementations, respectively. The training 
accuracy was 100% and 99.84% for the open and closed set 
implementations, respectively, using the same model and 
TIMIT dataset. However, the LSTM model performed poorly, 
producing 62.13% and 71.54% on open set and closed set 
implementations, respectively for this dataset. 

TABLE I. TESTING ACCURACY OF PROPOSED MODELS 

Dataset (Implementation) CNN LSTM 
TIMIT (Open Set implementation) 77.51% 62.13% 

TIMIT (Closed Set implementation) 80.63% 71.54% 

LibriSpeech (Closed Set implementation) 97.85%  

Customized LibriSpeech (Open Set 

implementation) 
64.70%  

Customized LibriSpeech (Closed Set 

implementation) 
84.96%  

 

We achieved 99.26% accuracy for training and 97.85% 
accuracy for testing, using the CNN model for the closed set 
dataset implementation on LibriSpeech dataset. The same 
model on the customized LibriSpeech dataset produced 64.70% 
accuracy for the open set implementation, 99.97% accuracy for 
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training, and 84.96% accuracy for testing the closed set 
implementation. 

V. CONCLUSION 

In this paper, an automatic speaker recognition system has 
been implemented utilizing deep learning approaches. CNN 
and LSTM techniques have been employed on the open set and 
closed set of the TIMIT and LibriSpeech datasets. We have 
implemented a completely different model for speaker 
recognition tasks that requires a relatively more minor number 
of parameters, making the training process relatively smaller 
using the same architecture for two diverse datasets. We are 
planning to test SincNet on other prominent speech 
identification challenges, such as VoxCeleb database, in the 
future. Inspired by the encouraging results of this research, we 
will look at using SincNet for both supervised and unsupervised 
speaker adoption. Furthermore, while our study is limited to 
speaker and voice identification, we think the suggested 
technology describes the fundamental paradigm of time series 
processing that may be extended to various applications. 
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Abstract— This research paper's main aim was to find out the impact 

of work stress on job performance in the manufacturing industry i.e. 

Crystal Electric Company Pvt. Ltd. The investigation utilized the 

descriptive method. The sample size embraced was 60 through the 

 

 
A. Work stress 

 
I. INTRODUCTION 

assistance of convenience sampling techniques. Descriptive 

investigation factors like frequency tables mean scores, and 

percentages were produced, and their understandings were 

completely clarified and deciphered. Based on the findings of the 

study, there were various reasons for work stress which have a 

satisfactory salary, role ambiguity, work isolation, superior 

evaluation and appraisal system, job security, feeling motivation at 

the workplace, and mental impacts on employees at the organization. 

The investigation uncovered that stress connection with workforce 

conjugal status, training, and working experience was positive. In 

any case, the examination discovered that work stress among 

employees improves their work performance in a positive way (r 

equals to negative 0.329, sig. value equals to 0.000). This gives the 

sign that as representative stress increases, their work performance 

additionally will in general decrease as well as the other way around. 

From the finding, it was concluded that the degree of work stress is 

decreases work performance at the organization. This part finishes 

upon the reason that work stress to degree upgrades work 

performance at the organization. It was in this manner suggested 

that the administration of the organization should concoct a general 

adapting technique strategy on stress decrease zeroing in on 

representatives' conjugal status, schooling, and working involvement 

with the work environment. Additionally, the examination suggested 

that undertakings ought to be doled out taking into much thought 

the conjugal status, training, and working experience of 

representatives all together not to overburden them with such a lot 

of work and adversely influence them. In conclusion, the 

examination prescribed the need to take a gander at any further 

investigation concerning the impact of work-related weight on work 

execution to either affirm or invalidate the result of this examination. 

So, it was recommended that management of the company must 

come up with an overall coping strategy policy on stress reduction 

focusing on employee’s optimum salary according to their work 

performance, job clarity, supportive work environment, and cordial 

relationship with employees at the organization. 

Keywords— Work Stress, Job performance, Salary, role ambiguity, 

Stress Management 

 

 

 

 

The term stress means a reaction to excess pressure. 

Stress may occur due to life events, workload, or 

simply a situation that is not under our control. People 

experience stress in their private life and at the 

workplace. Everyone experiences stress to some 

degree. The way you respond to stress, however, 

makes a big difference to your overall well-being. 

When stress is beyond human control then it leads to 

mental disturbance and health issues like blood 

pressure, heart disease, obesity, or premature death, 

and many more. Stress represents anxiety produced 

when events and responsibilities exceed the employee 

to their abilities. Generally, the stressor is categorized 

into two types of positive stress as well as negative 

stress. Positive stress motivates the employee to give 

their best performance at the organization. Positive 

stress is known as distress and negative stress gives 

results in full-blown stress responses and the same can 

lead to loss of productivity and exhaustion and which 

is also known as distress. According to H. Selye [1], 

stress act as non-specific responses that could be 

resulted from various kinds of stimuli. According to 

Moorhead et al. [2], Stress represents adverse 

psychological and physical reactions. It occurs in an 

individual because of the employee's inability to cope 

with the demands being made by the individual 

employee. 
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B. Work Performance 

Job Performance means how an individual 

employee performs well in his role and responsibility. 

A job performance consists of monetary terms like 

revenue targets and non-monetary terms like 

communication. Work performance is measured 

concerning documented responsibilities, objectives, 

goals, and reasonable expectations which are 

associated with role and responsibility at the 

workplace. Hughes et al. [3] saw the performance as 

those behaviour coordinated towards the mission of an 

organization while McShane and Glinow [4] certified 

this view that exhibition is objective coordinated 

practices under the person's influence that help 

authoritative destinations. This implies that labourers 

may choose to work or not contingent upon the 

common circumstances and conditions in the 

organization. Further, Mullins [5] suggested this point 

that further complimented work performance relies on 

the apparent assumption about exertion used and 

accomplishing the ideal result. For instance, the 

craving for advancement will bring about superior just 

if the individual accepts there is a solid assumption that 

his presentation will prompt advancement. Individual 

authoritative staff conduct mirrors a cognizant decision 

between the near assessments of elective practices. 

This infers that the decision or conduct of any labourer 

depends on the anticipation of the best outcomes. 

Ogunsanya [6] explained that advancement 

possibilities are unequivocally identified with high 

occupation execution and added that advancement 

brings along cash as well as a characteristic of 

acknowledgment in a person's exhibition and that 

advancement opportunity is connected to more 

prominent occupation execution since this guarantees 

social eminence. Akinsorotan and Adedeji [7] upheld 

that better advancement possibilities and opportunities 

for additional preparation are extraordinary fixings 

required for high hierarchical occupation execution. 

Taylor [8] additionally concurred that motivators given 

by a pioneer are pre-essential to work execution and 

accomplishment of a put forward objective in an 

association. He further added that any labourer who 

doesn't get as many motivating forces as he expects 

may probably be disappointed and not perform well at 

work. This infers that if the vital anticipated motivators 

expected by labourers are not in the workplace, it 

might deny labourers from practicing their capability 

ability and skill at work. judgment, order of language, 

human relations, awareness of certain expectations, 

unwavering quality under tension, drive and assurance, 

authority quality, viability and proficiency, 

consistency and dependability, and expert specialized 

information. Out of the contending factors, one would 

need to exactly test and know which of the factors of 

occupation execution will best foresee the work 

execution of the managerial staff. 
 

C. The objective of the study 

 

The objectives of the research study are to access the 

effects of Employee stress on job performance in the 

manufacturing industry. 

II. REVIEW OF LITERATURE 

The literature review includes scholarly articles 

about a specific research objective. The scholarly 

articles are enumerated, described, and summarised the 

objectively evaluated. Awadh et al. [9] the purpose of 

this study was to research the impact of stress on the 

performance of employees of the County Government 

of Kilifi. The main objective was to determine 

workplace stress and its effects on performance. To 

establish the effects of Job demand of the job, salary, 

job security, and time pressure on employee’s 

performance. The research design was a descriptive 

survey design, and the target population research was 

the 2300 employees of the Public Service department 

in the seven sub-counties of the County Government 

of Kilifi. It is therefore concluded that workplace stress 

affects the performance of Kilifi County employees 

especially time pressure. Ismail et al. [10] examined 

the relationship between workplace stress and job 

performance. A survey method was employed to 

gather self-administered questionnaires from executive 

and non-executive employees of a leading private 

investment bank in Peninsular Malaysia. This finding 

reveals that physiological and psychological stresses 

act as important predictors of job performance in the 

studied organization. Then again, Naghieh et al. 

[11] expressed that work identifies with pressure can 

be because of work over-burden. Stress additionally 

can happen in the work environment when people feel 

that they are dealt with unreasonably by others. In 
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addition, another factor that added to the work-related 

stress is the point at which the administration has set 

ridiculous Key Performance Indicators (KPI) for the 

representatives. The level of pressure among 

representatives will increment when they got 

unreasonable KPI. Goswami [12] the author revealed 

job stress hurts the health and welfare of workers and 

reduces the profit and productivity of the organization. 

He also found that overburden and over-expectations 

of organization lead to stress among workers. Kumari 

et al. [13] examined the result through linear regression 

and correlation and the author found that 

Organisational culture, wages and reward, carrier 

growth, social security, and working environment are 

significantly correlated to job satisfaction. The finding 

revealed that the all the factor has a significant and 

strong impact on employee satisfaction. The author 

concluded that a healthy working environment and 

peaceful relations with peer groups as well as 

management motivates the employee to give better 

performance to the organization. Bamba [14] 

researched to find out the effects or impacts of stress 

on employee’s productivity the data (primary) comes 

from the industries sector of Mali. The study 

concluded that stress causes the 'infection' of work 

pressure in an organization just like the flu and this will 

just make the whole company work pressure increase 

rapidly finally. 

Khuong and yen [15] conducted research that 

analyzed the effect of five working factors including 

work overload, role ambiguity, and role conflicts, 

working relationship, career development, and working 

environment on job stress and employee job 

performance in six different industries at dong Xu yen 

industrial zone, baria- valley to the province, Vietnam. 

The data from the sample was collected through a 

questionnaire that was directly sent to 378 respondents. 

They concluded that all working factors have a 

significant and positive influence on job stress and a 

negative influence on employee job performance. 

Kumari et al. [16] revealed in their studied that 

optimistic and constructive attitudes about one's 

employment indicate job contentment, whereas 

destructive and negative attitudes indicate job 

discontent. Software engineers are confronted with 

numerous problems in their work today. Various 

studies have revealed that job satisfaction among 

software professionals is one of the most important 

characteristics connected with success. Kumari and 

Pandey [17], concluded in their studies that if an 

organization is thought to have a high turnover rate in 

comparison to its competitors, it means that its workers 

work for a shorter period than employees at other 

companies in the same industry. Kumari et al. [18] 

explained the consequences of the investigation 

discovered that most of the respondents were satisfied 

with the presentation examination framework. The 

review tracked down the six elements which impact the 

worker execution examination framework in Meridian 

Medicare Limited, Himachal Pradesh, India. The 

consequences of the review showed that every one of 

the six components working climate, pay, and 

management, work productivity, preparing and work 

execution, accomplishments, and upgrades, execution 

through inspiration, and occupation fulfilment had a 

solid positive relationship with the presentation 

evaluation framework. The different direct relapses 

additionally tracked down that 79.2 percent of the 

variety in the exhibition evaluation framework was 

clarified by chosen informative factors. It shows that if 

these factors are thought about by the organization it 

might give the best outcomes. Kumari et al. [19] 

worked on a comparative study on occupational health 

and safety of workers in pharmaceutical companies at 

Solan city of Himachal Pradesh, India. The authors 

found that in their studies that the many workers 

accepted companies’ procedures as well as for 

instructions before completing the task. Further, the 

authors concluded that management takes it seriously 

that workers understand the exact course of action 

before carrying out the task so that it is safer for 

workers to carry out the operations. Most employees 

agreed that companies regularly follow the procedures 

for documenting the investigation of the incident, and 

employees appear to be contented with this provision. 

Thus, it can be concluded that the administration 

appropriately reviews each incident that occurs during 

the execution of the task and follows the correct 

documentation system to determine the real cause for 

the incident. It is noted that most employees have 

accepted that companies have followed the proper 

procedures for inspecting and assessing equipment 

hazards and that workers are satisfied with them. It can 

therefore be concluded that the organization has 

recognized the need to review and investigate the risks 

to facilities that exist or may exist in the facilities to 
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affect workers' health. Bhanawat et al. [20] explained 

in their studies that the execution-based investigation 

of a worker and understanding the abilities of that 

individual and offering opportunity to develop is the 

suitable procedure to upgrade representative 

transporter. The study profoundly focused on 

employable work in the human resource area and 

assessed the Performance Judgment System of the 

association. Prasad et al. [21] the authors worked on a 

comparative analysis of causes of stress among the 

employees and its effect on the employee performance 

at the workplace in the International Agricultural 

Research Institute (IARI) and Information Technology 

Sector (ITS), and determine the level of differences if 

any, among both the areas employees. The authors 

suggested that in their studies that IT sector employees 

are more affected due to workload, role overload, 

career, organizational climate, lack of job control, and 

in particular job insecurity, whereas agricultural sector 

employees are affected because of natural – climatic 

change, depleting water resources, and other factors 

like genetic diversity which out of the scope of this 

paper. Proper strategies need to be developed 

considering working on flexible hours, interpersonal 

relationships, and supervision and participation of the 

employees in the stress management may be helpful to 

cope with the stressors. Amoaka et al. [22] revealed 

that stress related to the workforce, marital status, 

education, and working experience was negative. The 

study sought to find out about only work stress and its 

effects on job performance. The result cannot be 

generalized since the study took all variables from the 

same source hence there can be a possibility of 

methods variance. That is cross-cultural studies are 

likely to give a better outcome and conclusion. Hence, 

there is the need to look at any further study concerning 

the effect of occupational stress on job performance to 

either confirm or refute the outcome of this study. 

Bacong and Encio [23] the authors highlighted the 

employee relation practices in terms of improving 

employee morale, building company culture, 

conveying expectations, and participating in 

management decisions, and identify the employee 

performance in terms of personal management and 

behaviour, and productivity. They concluded that 

improve effective communication between the 

employer and employee, superior and subordinates, 

and co-workers to reduce conflicts and 

misunderstanding. Hoboubi et al. [24] The authors 

highlighted that job stress and job satisfaction are 

important factors affecting workforce productivity to 

examine the effects of job stress and job satisfaction on 

workforce productivity and to identify factors 

associated with productivity decrement among 

employees of the Iranian petrochemical industry. 

Jalagat [25] observed that stress happens at the 

workplace, and it arises at a different level. He studied 

to determine job stress variable that affects employee 

performance. To achieve the objectives, the study was 

done on Petroleum Development Oman (PDO) to 

identify job stressors as the role of ambiguity, 

underutilization of skills, and workload. The data from 

the sample was conducted through questionnaires 

based on these findings, it can be recommended that 

the company should consider underutilization of skills 

and work overload as predictors of employee 

performance. They conclude that the company should 

put consideration on developing the skills of the 

employees and tapping their potentials. Murali et al. 

[26] the purpose of this study was to access the effect 

of job stress on employee performance. The author 

concluded that time pressure and role ambiguity 

reduce the performance of the employee in all aspects. 

The author also suggested that employee efficiency 

and productivity in the organization can be improved 

by management proper support and when the manager 

will focus giving clear role and when there will be no 

communication gap between the employee and 

employer and the management will focus and discuss 

proper time allotment and time duration to be managed 

to reduce time pressure. Panigrahi [27] observed in his 

study, that stress can be beneficial in limited quantity 

to organizations and employees as well. It helps to 

achieve the personal as well as goals of the 

organization. But stress in excess quantity can cause 

harmful effects on the body, mind, and psychology of 

employees. These issues create interpersonal conflicts, 

decreased productivity, low organizational 

commitment, etc. By facilitating the employees with 

effective training, the management can provide them 

with a platform to solve their stress-related problems. 

Yoga, meditation, exercise, and recreational activities 

can provide a better environment to control stress. 

Fonkeng [28] aim of this study was to examine the 

effect of work stress on employee performance in a 

microfinance institution in Cameroon. In short, create 
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a stress-free environment that enables the employee to 

perform better and increase their productivity to 

achieve the goals of the institution. Hafeez [29] 

explained that the job stress factors such as workload 

and role conflict are significantly related to employees' 

job performance. Harshana [30] the author highlighted 

that Work-related stress is an ordinary reaction that 

occurs when the work weight progress toward 

becoming excessive. Work-related stress is a genuine 

and developing issue in the present world. Be that as it 

may, since not all job-related stress has a negative 

effect, it may act as a morale booster of the employees 

too. These should be taken into consideration by the 

top-level management to increase job performance 

while reducing work-related stress. 

III. RESEARCH METHODOLOGY 

A. Materials and methods 
 

This descriptive study was conducted from 

December 28, 2020, to March 15, 2021, in the 

manufacturing industry with 60 employees, located at 

Ludhiana, Punjab, India. The sample size was 

determined. Participants were randomly selected from 

the personal list provided by the company. Data 

gathering tools an unidentified self-administered 

questionnaire was used to collect the required data for 

each respondent. The questionnaire consisted of two 

parts first part i.e., the demographic profile of the 

respondents, and the part second i.e., the psychography 

of the respondents. Employee stress was determined by 

ten subscales, i.e., satisfactory salary, management 

support, workload, role ambiguity, work isolation, 

supervision, job security, getting time for family 

responsibility, career procedure, to finish the job, and 

performance appraisal. There are 60 items in total on 

the scale. Each item is scored on a 5-point Likert scale 

strongly disagree, disagree, neither agree nor disagree, 

agree, and strongly agree. The validity and reliability 

of this questionnaire were evaluated in a study and the 

Cronbach alpha coefficient was calculated to be 0.87. 

Data analysis upon completion of the field survey and 

data collection, data was transferred into the computer 

for statistical analysis. Statistical analyses were 

performed using SPSS version 20. Pearson correlation 

analysis was used to examine the relationship between 

quantitative variables such as stress, job satisfaction, 

and productivity scores. To assess the factors affecting 

productivity, linear regression analysis was applied. In 

all tests, the significance level was set at 0.05. 

IV. RESULTS AND DISCUSSION 

A. Descriptive Statistical Analysis of Employee Stress 

As per table 1, the independent variable which ranked 

first is workload having a mean of 3.43 with a standard 

deviation of 1.254. The second-ranked variable is job 

security having a mean of 3.28 with a standard 

deviation of 1.136. The third-ranked variable is work 

isolation having a mean of 3.25 with a standard 

deviation of 1.257. The fourth-ranked variable is 

feeling motivated at the workplace having a mean of 

3.23 with a standard deviation of 1.544. The fifth- 

ranked variable is the correct procedure to finish the 

job having a mean of 3.22 with a standard deviation of 

1.236. The sixth-ranked variable is role ambiguity 

having a mean of 3.15 with a standard deviation of 

1.219. The seventh-ranked variable is getting time for 

family responsibility having a mean of 2.93 with a 

standard deviation of 1.300. The eighth-ranked 

variable supervision having a mean of 2.80 with a 

standard deviation of 1.338. The ninth-ranked variable 

top management support having a mean of 2.67 with a 

standard deviation of 1.434. The tenth-ranked variable 

satisfactory salary having a mean of 2.58 with a 

standard deviation of 1.109. 
 

 
Fig. 1 Graphical Representation of Employee Stress Level 
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TABLE I 

DESCRIPTIVE STATISTICAL ANALYSIS OF EMPLOYEE STRESS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

B. Regression Analysis to know the Effect of Stress on Job 

Performance 

The regression is calculated to know the effect of 

stress on the job performance of employees Here, 

Employee stress is the independent variable and job 

performance is the dependent variable. Therefore, the 

regression equation will. 

From table 3, the R square is 0.684, which shows 

that 68.4 percent of the dependent variable is being 

explained by independent variables. The adjusted r 

square is 0.620 which shows that a model is a good fit 

model. As per Imna and Hassan [33], a good fit model 

would be expected to envisage a minimum of 60 

percent of the variation from employee performance 

(dependent variable). The Durbin Watson value is 

0.783, which shows that there is an autocorrelation 

among the selected respondents for this study as the 

value falls in a range of 1.5-2.5 [Folarin & Hassan, 34]. 

Similarly, the F test that has been done for this study, 

shows a value of 10.630, which means the regression 

model is significant. 

V. CONCLUSIONS 

Employees are the most valuable assets of the 

organization. Competitive advantages are viable only 

with the wide and exclusive use of employees. If 

employees feel stressed on the job. Then they cannot 

work accurately. Thus, consequently, the employer can 

imagine to this investigation while creating 

hierarchical structure, work plan and in any event, 

dispensing the obligation, so they will cut the 

responsibility, work on in poor correspondence, and all 

the while dealing with the stressors, upper hands are 

possible just with the broad and novel utilization of 

employees. If employees feel mentally fit and healthy 

then they perform well on the job. 

From the findings, it is concluded that the employee 

stress is not bad all time, as medium workload level by 

Crystal Electric Company Pvt. Ltd. affect positively on 

job performance, also the level of role ambiguity, job 

security, work isolation, satisfactory salary, and feeling 

motivated at the workplace is low. Therefore, the 

employee of Crystal Electric Company's job 

performance level is somewhat high. 
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Abstract— The research paper's major goal is to investigate 

and address employee job satisfaction in India's pharmaceutical 

business. Because of the rising demand for knowledge and service 

orientation abilities, the worth of specialized personnel for the 

achievement of the industry has increased significantly, and job 

happiness has become more important in the struggle for the most 

competent employees. The worth of explicit representatives for the 

accomplishment of the business has expanded seriously due to the 

expanded interest for information and administration direction 

abilities, and occupation fulfillment has become huger in the 

opposition of the most capable worker's better occupation 

fulfillment additionally brings along more benefits. The example 

was chosen by utilizing a helpful examining method. The example 

size of the examination study sets up 60 representatives working 

in the drug industry Medking Lifescience Private Limited, 

Himachal Pradesh, India. Based on the goals the instrument 

utilized for the exploration study was Job Satisfaction Scale to 

survey the work fulfillment of Pharma Professionals. Information 

is dissected by the destinations of the review utilizing 

unmistakable and inferential measurements. The review 

discoveries uncovered the dissemination of occupation fulfillment 

levels among the pharma experts working in a drug industry 

Medking Lifescience Private Limited, Himachal Pradesh, India. 

The finding of the exploration concentrates on uncovered that the 

greater part of the representatives is fulfilled as far as objective 

lucidity, collaborator relations, majority rule government, the 

actual work, worker health, authority, authoritative picture, a 

chance for headway, vocation movement, management, and 

compensation. The level of worker work fulfillment is 61%. If the 

worker will land position security in the association, then they give 

great outcomes in the authoritative usefulness. From the multiple 

regression analysis, it was observed that the 73.1 percent 

independent variable i.e., job satisfaction giving an impact on the 

dependent variable i.e., work performance and it was observed 

that the job satisfaction dimension career progression is positively 

significant on work performance.  

Keywords— Job Satisfaction, Pharmaceutical industry, working 

conditions, salary, the job itself, goal clarity 

I. INTRODUCTION 

Job satisfaction narrates to the total relationship between an 
individual employee and the employer for which he is paid. Job 
satisfaction is the long-standing prospect of employment in an 
organization, which makes a sense of involvement and 
commitment to the employees. This is about one’s mental state 
concerning the nature of one job. It can be prejudiced by various 

determinants like the quality of one's relationship with their 
superior, the quality of the physical environment in which they 
work, degree of achievement in their work, etc. It is one of the 
significant elements which have drawn all the attention of 
managers in the industries as well as academicians. Numerous 
research has been organized to know the elements which 
ascertain the satisfaction level concerned with the job and the 
way it affects the overall productivity and profitability of an 
industry. Though there is no last clue that job satisfaction 
directly affects productivity because productivity is mainly 
based on so many variables. Therefore, it is still a key concern 
for managers. So, job satisfaction is the psychological feeling of 
positivity that every employee has regarding their job. In short, 
employees are the essential assets of industry and with their 
efficiency, an industry can move towards success. Only with a 
team of satisfied employees, does productivity increase, which 
further leads to the success of an organization. And by 
organizing a job satisfaction study, we can find out whether the 
employees are happy or not and to see whether they are 
motivated or not. 

A. The objective of the study 

To examine the employee job satisfaction level in the 

pharmaceutical industry. 

B. Hypothesis Ho1: 

There is a significant relationship between employees' job 

satisfaction dimensions on work performed in the 

pharmaceutical industry i.e., Medking Lifescience Private 

Limited, Himachal Pradesh. 

II. REVIEW OF LITERATURE 

In this part, the various literature from previous studies was 

revised to notice and deliberate their separate views of the 

variables which take on in this study, to discover the 

interactions within the independent variable i.e. job satisfaction 

and the dependent variable i.e. employee performance. 

A. Measures of Employees Job Satisfaction 

Bhatti and Qureshi [1] suggested that the presence of a 

friendly relationship and employee participation in an 

organization may result in job satisfaction, commitment, and 

the increased output of an employee. In short, maximum 

employee involvement has a favorable effect on satisfaction, 

productivity, and turnover  

978-1-6654-7886-1/22/$31.00 ©2022 IEEE
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Anis et al. [2] explored that presence of retention and 

satisfaction of an employee can be increased if they have 

powerful organizational commitment. If all the workers are 

committed to their organization, they are unwilling to exit from 

their ongoing job. Improved and strong commitment will also 

increase their efficiency. So, to raise the organizational 

commitment reimbursement and supervisory support play a 

major role in the pharmaceutical industry. Anitha [3] observed 

the absence of better relationships among the supervisors and 

personnel and the absence of some factors namely working 

environment, canteen facilities, rewards and appreciation, 

restroom facilities, and promotional growth opportunities. So, 

welfare schemes for the employees and their job protection 

should be kept in mind and then an organization can restrict the 

employee turnover. Also, an organization requires to update 

and change the reward system of all the personnel and 

promotions should be based on merit, qualifications, skills, and 

experience. In short, with little more attention to these above 

factors, the organization can sustain the best employees with a 

high level of job satisfaction, organizational commitment, and 

involvement. Automatically it will improve the efficiency and 

effectiveness of work and also results in increased productivity. 

Parvin and Kabir [4] examined that in pharmaceutical 

companies, the employees expect that they all obtain equal 

treatment concerning salary or promotion. If an organization 

creates fair competitive surroundings, like fair treatment, equal 

compensation, fair working hours, these will increase employee 

job attitudes. Equality can also motivate the workers to be hard 

working. In short, fairness can improve the satisfaction of an 

employee and a satisfied employee provides better services for 

the industry. 

Ahmad et al. [5] examined that an organization can improve its 

performance by creating a workplace climate that can 

encourage the workforce to work at their full capacity and 

expend discretionary efforts. Organizational climate is an 

identity of any organization and like the identity of the human 

being, it differentiates one organization from any other 

organization. Alam and Md. [6] found that a large turnover of 

MPOs occurs or results due to a lack of motivation and job 

satisfaction. Mostly they feel job insecurity and work burden 

are also more than their working ability and no facilities are 

provided for their retirement. In today's competitive 

environment unachievable sales target is the main reason 

behind job insecurity. Ali and Akram [7] suggested that 

workers are treated as an asset of an industry. Inspired and 

satisfied employees will execute their duties effectively and 

efficiently. The study also confirmed that monetary rewards 

provided to the workforce in the pharmaceutical industry are 

valuable. The workers of the industry are fully inspired and 

satisfied. So monetary rewards result in employees' motivation 

and satisfaction. Bigliardi et al. [8] concluded that an 

authoritative organizational culture has an unfavorable 

influence on knowledge workers' satisfaction, although 

innovative or supportive culture has a favorable impact. Ghayas 

and Siddiqui [9] observed that various factors like job 

satisfaction, promotional opportunities, colleagues' attitude, 

compensation, and communication have an important but 

opposite impact on turnover intentions. Because of these 

facets,' the workforce does not want to exit their jobs and it 

automatically decreases the turnover intentions. In short, to 

minimize turnover intentions, the managers in the 

pharmaceutical industry should concentrate on maximizing the 

job satisfaction of the workforce. Goyal and Shrivastava [10] 

explained that organizations have to deal with new, advanced, 

and innovative human resource practices like promotions, job 

security, salary, welfare facilities, general supervision, 

supervisor, skills required, advancement in the job to flourish 

and live in today's more competitive business surroundings. 

Khan et.al [11] observed that cheerful employees are more 

productive at the same time unhappy employees are not 

therefore, the growth of an organization depends on the work 

satisfaction of their employees or workforce. Rizwan et al. [12] 

suggested that some essential factors are appropriate for the job 

satisfaction of the personnel in an organization namely 

workroom conditions and atmosphere, training, development, 

teamwork, reward, and appreciation. These factors are helpful 

to form the regulations more effectively and with the presence 

of effectiveness, more efficiency and talent takes place in an 

organization. Akhtar et al. [13] suggested that there is a 

presence of a positive relationship between rewards, employee 

performance, and employee satisfaction in the insurance as well 

as pharmaceutical industries.  

Bansal and Verma [14] examined that a job satisfaction 

dimension namely, salary, promotional opportunities, work 

itself, supervision, and co-worker relations can contribute to 

increasing the job satisfaction level. Mishra [15] concluded that 

job satisfaction is the favourableness or unfavourableness 

through which employees view their works. It results when job 

requirements are suited to the wants and expectations of the 

employees. In short, a negative organizational environment has 

an opposite influence on workers' satisfaction, at the same time 

innovative or supportive industrial culture has a positive 

influence. Painoli and Joshi [16] observed that the managers 

should be loyal towards the working environment, which 

involves the working conditions and hours of work for the 

employees.  The authors also suggested that fair treatment 

should be done with employees so that they feel motivated and 

equitable in the behavior of managers. In the pharmaceutical 

sector, the overall satisfaction of the workforce is at a positive 

level. So, job satisfaction is an important factor in the 

development and growth of an organization. Saeed et al. [17] 

examined that various thing influences the job satisfaction of 

employees such as salary, working conditions, communication, 

liberty, organizational commitment, salary and promotional 

opportunity, job protection, relationship with workfellows, 

relationship with the administrator, and presence of justice or 

fairness in an organization. Singh and Jain [18] analyzed that 

employee perception typically reflects the value of the 

company. joyful employees are extremely important as they 

represent an organization to the public. Every industry should 

develop strategies that build up the work environment and 

improve the morale and satisfaction of an employee to increase 

employee performance and productivity, which automatically 

results in higher profits. Sinha [19] analyzed that factors 
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normally play the role in employee satisfaction namely role 

clarity, welfare provisions, recognition at work, and freedom of 

decision making. The author revealed that the overall 

employees were satisfied with their organization. Yadav and 

Dabhade [20] suggested that maximum employees agree with 

their seniors because of their helpful and cooperative nature 

also the workers are more loyal to their services to achieve 

greater rewards and appreciation. Maximum employees agreed 

that work distribution depends on knowledge, skills, and 

qualification, especially black color employees are not satisfied 

with the physical working environment. The further 

investigated that more than 55% of employees are happy with 

their organizational policies and decisions and 45% are waiting 

for some changes in policies. Awan et.al [21] explored that the 

performance of an employee can be increased when they were 

satisfied with their pay package and also a positive relationship 

between job protection and its impact on the job satisfaction 

level of an employee. According to respondent’s satisfaction 

level was increased when employees were feeling secure about 

their jobs, and they worked with tension-free minds and become 

more committed and loyal to their banks. Automatically It 

resulted in higher levels of performance. Bhattacharya [22] 

analyzed that the cordial relationship between the manager of 

an organization and the employee of an organization should be 

good and open. Further findings describe that employees are 

satisfied with the leadership quality at the workplace and also 

show a high level of work motivation, but they are not satisfied 

with their salary and the equity of the wages system compared 

to the tasks performed by them. The jobs offered by the 

company to their employees satisfy their fewer expectations 

apart from the opportunity to be promoted. Jain and Kaur [23] 

suggested that boredom, stress, fatigue, overtime, workload, are 

key factors responsible to enlarge job dissatisfaction. Instead of 

this, a better working environment, refreshment availabilities, 

and recreation facility, medical facility, and enjoy at the 

workplace helped to increase the degree of job satisfaction. 

Kumari et al. [24] analyzed that Indian employee tends to 

respect their job if they receive what they need or want is a 

significant attribute of a good job. This study describes that job 

satisfaction is fully correlated with all the work quality 

measures i.e. bonuses, salary and wages on time, a good 

environment, etc.Mehta et.al [25] examined that it is significant 

for an organization to retain its skilled employees and keep 

them committed to their work and organization. Employers 

should always keep in mind to treat every employee fairly and 

equally. Because it is very important to the employees that their 

employer treats everybody in the same manner without any 

partiality. Neog and Barua [26] examined that influence the job 

satisfaction level of an employee's salary is a significant factor. 

Apart from salary, supervisor support, proper work-life 

balance, healthy working environment, career advancements, 

and promotion, regular training, and development opportunities 

are also precious factors for ascertaining employee's job 

satisfaction.  

Thakur [27] explored that regular work motivation may be 

enhanced with the presence of accountability and increasing job 

protection. In clerical, rewards and penalties are importantly 

related to job involvement. In short, there is a cordial 

relationship between employee engagement and job 

satisfaction. Lodhi [28] examined that satisfied and happy 

workers facilitate attracting and creating happy and satisfied 

customers as satisfied customers are the growth of the business. 

The satisfaction level of an employee increased through 

training at the workplace, motivation, and rewards. While 

customer satisfaction mainly depends upon the standard of 

service, product features, and quality. For an organization 

satisfied workers are very significant as they represent the 

organization to the public. Mas-Machuca et al. [29] analyzed 

those employers and workers can practice assessing and 

boosting work-life balance with the presence of job freedom 

and supervisor assistance. Organizations must pay more 

concentration to workers' work-life balance to increase 

organizational dignity and work satisfaction. This study helps 

to use human capital and resources more effectively and 

efficiently. Rajput et al. [30] concluded in their research study 

the factors of satisfaction that appeared namely career growth, 

inspiration, workplace conditions, and owner satisfaction. The 

cardinal factors of employee loyalty that come out from this 

study involve belongingness, job participation, and 

organizational responsibility. Singh and Bhadoria [31] 

suggested that the growth and prosperity of any business 

depend very largely on its employees and workforce. For this 

employee satisfaction is important.  Criteria of employee job 

satisfaction were promotion opportunities, pay packages, 

regular training and development, a good working surrounding, 

better relations with coworkers or peer groups. Most workforce 

would retain at an organization where they were paid nicely, 

trained, authorized, appreciated, promoted, and trusted. Hee et. 

al [32] suggested that to sustain and grow the business job 

satisfaction is mandatory in an organization and also the long-

term solution for talent retention, increased performance, and 

productivity. Kapur [33] explored that employees who have a 

higher degree of job satisfaction are less likely to be absent 

from their regular work, they don't want to leave their jobs, 

more creative, inventive, and diligent, have more organizational 

commitment, and more willing to be satisfied with their timely 

lives. Abuhashesh et.al [34] found that Jordanian employees are 

mainly conscious about their salaries and position more than 

any other variables in an organization and the absence of these 

two variables employees are leaving their job and unfavorable 

organizational culture. Koorella & Perumal [35] suggested that 

an organization should take corrective actions for increasing 

productivity which involves the proper working hours, payment 

of work done, training, motivation at workplace, teamwork, and 

also the welfare benefits should be provided to them for their 

job satisfaction. Neupane [36] observed that job satisfaction is 

mainly dependent on some variables. The basic dependent 

variables are the working environment, cooperation between 

employees, salary, training, and promotion. These variables 

satisfied the employees with 64.1 % and the rest of the variables 

satisfied up to 35.9 %. Dziuba et. al [37] explored that cheerful 

and satisfied employee perform their duties efficiently become 

more responsible and feel themselves an important part of an 

organization. 
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B. Measures of Employees Performance 

Kelidbar. et al. [38] found in their studies, employee job 

performance has always been the main concern for employers 

of organizations.  Likewise, employee performance is a key 

structure of an organization  

and the main place for high performance and it must be 

scrutinized critically by the organizations for them to succeed 

[Abbas and Yaqoob, 39].  Further, Lee, et al, [40], explained 

that the effects of internal marketing, job satisfaction and 

service attitude on job performance among high-tech have 

always been regarded as an important item in organizational 

management ‖ . The authors defined, job performance as 

workers’ total performance in meeting the anticipated worth 

and achievement of tasks under the process and time constraints 

of the organization. Likewise, Liao et al, ([41] explained job 

performance as the standard for improvements, termination, 

rewards, punishments, reviews and salary changes. It also 

satisfies the requirements for employees to realize themselves. 

Ahmad and Khurram [42], also argue that employee 

performance signifies the broad belief of the personnel about 

their behavior and contributions towards the achievement of the 

organization.  

Ahmad and Shahzad [43] explained that an apparent employee 

performance embodies the whole belief of the employee about 

their conduct and contributions to the accomplishment of the 

organization. 

Further, the author stated that compensation practices, 

performance evaluation and promotional practices a 

determinants of employee performance.  According to Anitha, 

[44] an employee's performance is an indicator of the financial 

outcome of the employee. Further, the author has a direct 

connection with the performance of the organization as well as 

its achievement and also revealed that working atmosphere, 

leadership, team and co-worker relationship, training and career 

development, reward program, guidelines and procedures and 

workstation wellbeing as well as employee engagement are 

major factors that determine employee performance. 

Furthermore, Thomas and Feldman, ([45] accepted measures of 

employee performance as core task performance, which 

includes in-role performance, safety performance, and 

creativity, followed by citizenship performance, categorized 

into both targets-specific and general organizational citizenship 

behaviors and lastly, a counterproductive performance that 

consists of general counterproductive work behaviors, 

workplace aggression, substance use, tardiness, and 

absenteeism. Consequently, employee performance brings 

about innovation performance and firm performance as a 

whole, in such a way that successful effort of fulfilled, inspired, 

and devoted human resources produce innovative ideas for new 

products or services and increase quality performance, 

operative performances, and client satisfaction directly 

[Sadikoglu and  Cemal, 2010 46]. 

III. RESEARCH METHODOLOGY 

The present descriptive study is performed on the employee 

job satisfaction level on work performance at Medking 

LiveScience Private Limited Himachal Pradesh. The authors 

used a convenient sampling approach to carry out surveys from 

March 2020 to June 2020 with a 60 sample size.   The statistical 

tools and techniques i.e., percentage, mean, standard deviation, 

correlation, ranking, regressions methods were used for results 

interpretation.  

This town has got instituted many pharmaceutical units for 

since long. Among these, MedkingLifescience Private Limited 

is one of the famous industries. The primary data was related to 

employees concerning their demographic and psychographic 

profile collected by a well-designed questionnaire. The 

questionnaire was designed based on a five-point Likert scale 

from strongly disagreed to strongly agree. Where point -(i) 

indicates strongly disagreed, point –(ii) indicates agreed, point 

–(iii) indicates neutral, point-(iv)indicates disagreed, point-(v) 

indicates strongly agreed for the employee job satisfaction. 

While, secondary data was collected from different journals, 

books related to job satisfaction. The data entry and 

interpretation were performed in the SPSS 20 version. The 

demographic features of the sample were represented using 

descriptive and inferential statistics. The sample statistical tools 

namely Percentage analysis, Mean, Standard Deviation, and 

Ranking method, Correlation, Cronbach's Alpha, and Factor 

analysis. The percentage analysis technique was used for 

comparing numerous variables. The collected data is described 

in the form of graphs and tables to give an impressive 

visualization of the comparison made. This is computed by the 

following formula: 

Percentage (%) = (Actual population/Sample size) ×100 

IV. RESULTS AND DISCUSSION 

The results are analysed and discussed through the gathered 

data. In the descriptive investigation, the demographic 

information is presented in the first section as based on the 

respondent response in the pharmaceutical industry at Medking 

Lifescience Pvt. Ltd. The first objective is related to examining 

the employee job satisfaction level of the pharmaceutical 

industry. And the second objective is based on factors affecting 

the employee job satisfaction level at Medking LifesciencePvt. 

Ltd. Kala Amb. 

A. Reliability and validity Test 

The stability of the questionnaires remained estimated over 

Cronbach's Alpha that calculates inner reliability. Cronbach's 

coefficient (α) is measured for each dimension of variables to 

confirm the inside uniformity of all scales. The reliability 

statistics indicate the usual association amongst all objects that 

make up the measure value range between 0 to 1 where 

advanced value designates better consistency. Rovai et al. [47]. 

suggested estimating internal consistency and dependability 

utilizing Cronbach's alpha. Every one of the six classifications 

dependent on the ISLLC Standards was separately tried for 

unwavering quality dependent on the reactions to the four sub-

inquiries under each standard. At that point, the whole reaction 

set was additionally tried to decide the unwavering quality. 

Dependability tests bringing about an alpha of 0.7 are for the 

most part acknowledged as having high unwavering.  

Therefore, the Cronbach's alpha dependability coefficient by 

and large ranges somewhere in the range of 0 and 1. 
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Notwithstanding, there is no lower breaking point to the 

coefficient. The nearer Cronbach's alpha coefficient is to 1.0 the 

more prominent the internal consistency of the things in the 

scale. George and Mallery [48] give the accompanying 

dependable guidelines, the general rule of thumb is that a 

Cronbach’s alpha of 0.70 and above is good, 0.80 and above is 

better and 0.90 and above is best while less than 0.05 is not 

acceptable.  From the table, I the reliability and validity test, 

both dependent and independent variables were under 

acceptable range.  The reliability Statistics Cronbach's Alpha 

was 0.899 of job satisfaction dimensions and work performance 

variable was 0.768. 

Table I RELIABILITY STATISTICS 

Reliability Statistics 

Scale No. of Objects Cronbach’s Alpha 

Job Satisfaction 13 0.899 

Work Performance 06 0.768 

B. Socio-Demographic Findings of the Respondents 

The socio-demographic profile features were measured for 

age, gender, marital status, experience, salary, and academic 

qualification table 1 compiles the respondent's profile. This 

section provides a detailed finding of the demographic aspect 

of the sample respondents, which are further discussed with 

their respective tables and figures. 

Table II SOCIO-DEMOGRAPHIC PROFILE OF RESPONDENTS 

Sr. 

No. 
Categories 

No. of 

Respondents 

(N=60) 

Percentage 

 

1 Age   

 Below 25 years 23 38.33 

 25-30 years 28 46.67 

 Above 30 years 09 15.00 

 Total 60 100.00 

2 Gender   

 Male 52 86.67 

 Female 08 13.33 

 Total 60 100.00 

3 Occupation/Designation   

 Administrator 04 06.67 

 Executive 23 38.33 

 General Worker 33 55.00 

 Total 60 100.00 

4 Work Experience   

 0-5 years 33 55.00 

 6-10 years 22 36.67 

 Above 10 years 05 08.33 

 Total 60 100.00 

5 Marital Status   

 Married 30 50.00 

 Unmarried 30 50.00 

 Total 60 100.00 

6 Education Qualification   

 Undergraduate 18 30.00 

 Graduate 15 25.00 

 Postgraduate 27 45.00 

 Total 60 100.00 

7 Working shift   

 Day Shift 60 100.00 

 Total 60 100.00 

8 Salary p.a.   

 0-2 lakhs 26 43.33 

 2- 4 lakhs 19 31.67 

 4- 6 lakhs 09 15.00 

 6- 8 lakhs 06 10.00 

 Total 60 100.00 

Source: Field Survey, 2020 

The majorities of respondents (46.67%) fall in the age 

category 25-30 years. Apart from this age group, below 25 

years is having the second-largest share which is around 

(38.34%) of the total sample size, which revealed that there is a 

heavy scope of employment at an early age. Most respondents 

were male (86.67%). The main reason for differences in the 

ratio of male and female is the actual ratio of employee 

recruited in the selected pharmaceutical industries are 

approximately 70:30 ratios. Most sample respondents (55%) 

were general workers whereas executives 38.33% and 

managers were 6.67%. The work experience of most 

respondents 55% had experienced between 0-5 years, 36.67% 

of the respondent had the experience of 6-10 years, 8.34% of 

the respondents had experience above 10 years. Both married 

and unmarried respondents were found equal, educational 

qualification of most of the respondents 45% was postgraduates 

(M pharma). It also revealed that the industry prefers to hire 

well-educated employees. 

100% of respondents follow the day shift only. The majority of 

43.33% of respondents earned between 0-2 lakhs, 31.67% of 

employees earned between 2-4 lakhs, 15% employees earned 

between 4-6 lakhs, and only 10% employees earned between 6-

8 lakhs. 

C. Descriptive Statistics Of Job Satisfaction Dimensions 

In table 3, the range of numerous job satisfaction 

dimensions for employees, thirteen variables were included 

between range 1.83 and 3.38 mean score and 1.076 to 1.554 for 

standard deviation scores. The average satisfaction level of 

employees at Medking LifesciencePvt.Ltd., Kala Amb. Mean 

shows 2.95 and standard deviation shows 1.334. This finding 

described that employee at Medking LifesciencePvt. Ltd was 

satisfied with their job. 

Table III DESCRIPTIVE STATISTICS OF JOB SATISFACTION LEVEL 
OF EMPLOYEES 

Sr. 

No. 

Job 

dimensions 
Mean 

Std. 

Deviation 

t 

valu

e 

p-

valu

e 

Rank

ed 

 

1 Salary 1.83 1.076 
14.07

2 
0.00

0 
XI 

2 Supervision 2.60 1.554 
14.02

3 

0.00

0 
X 

3 Job itself 3.15 1.436 
16.01

2 
0.00

0 
IV 

4 
Working 

conditions 
3.08 1.331 

15.02

2 

0.00

0 
VII 

5 
Co-worker 
relations 

3.22 1.316 
17.01

1 
0.00

0 
II 
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6 

Opportunity 

for 
advancement 

2.93 1.376 
14.08

3 

0.00

0 
VIII 

7 Goal clarity 3.38 1.329 
18.02

1 

0.00

0 
I 

8 
Democracy/
Authority to 

perform 

3.17 1.404 
16.02

1 

0.00

0 
III 

9 Trust 3.08 1.331 
14.06

6 

0.00

0 
VII 

10 Leadership 3.13 1.200 
15.07

2 

0.00

0 
V 

11 
Employee 

wellness 
3.13 1.241 

15.08

2 

0.00

0 
V 

12 
Organization

al image 
3.10 1.362 

15.03

2 

0.00

0 
VI 

13 
Career 

progression 
2.63 1.390 

13.06

2 

0.00

0 
IX 

 Average 2.95 1.334    

Source: As per the Author’s Output 

In table 3 Goal clarity describes the highest satisfaction with 

a mean of 3.38 and a standard deviation of 1.329. Subsequently, 

Co-worker relations with a mean of 3.22 and standard deviation 

shows 1.316, Democracy with mean of 3.17 and standard 

deviation of 1.404, Job itself with mean of 3.15 and standard 

deviation of 1.436, Leadership with mean of 3.13 and standard 

deviation of 1.200, Employee wellness with mean 3.13 and 

standard deviation 1.241, Organizational image with mean 3.10 

and standard deviation 1.362, Working conditions with mean 

3.08 and standard deviation 1.331, Opportunity for 

advancement with mean 2.93 and standard deviation 1.376, 

Career progression with mean 2.63 and standard deviation 

1.390, Supervision with mean 2.60 and standard deviation 

1.554, Salary with mean 1.83 and standard deviation1.076. 

 

Figure I Graphical representation of variables of job satisfaction 

From figure 1 it is analyzed that the basic average score 

(mean) the highest influential factor is the goal clarity with the 

mean value of 3.38 followed by identification of co-worker 

relations with a mean value of 3.22 and the least factor is the 

salary with a mean value of 1.83. The result reveals that most 

of the employees are aware of the goal clarity of Medking 

LifesciencePvt. Ltd. Kala Amb. 

D. Overall Employees Job Satisfaction In Pharmaceutical 

Industry 

From table 4 the overall job satisfaction of the employees at 

Medking Lifescience Pvt. Ltd. is 61.50%. 

Table IV OVERALL EMPLOYEE JOB SATISFACTION LEVEL AT 

MEDKING LIFESCIENCEPVT. LTD. 

Sr.No. Job Satisfaction dimensions Mean (%) 

1 Salary 76.21 

2 Supervision 66.02 

3 Job itself 59.05 

4 Working conditions 59.96 

5 Co-worker relations 58.14 

6 Opportunity for advancement 61.91 

7 Goal clarity 56.06 

8 Democracy/Authority to perform 58.79 

9 Trust 59.96 

10 Leadership 59.31 

11 Employee wellness 59.31 

12 Organizational image 59.07 

13 Career progression 65.81 

 Average 61.50 

Source: As per the Author’s Output 

E. Correlation Matrix between Job Satisfaction and Work 

Performance 

Table V CORRELATION MATRIX BETWEEN JOB SATISFACTION AND 

WORK PERFORMANCE 
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Source: As per the Author’s Output 

From table 5, the work performance evaluation was 

correlated with Job Satisfaction and  its  variable, significant 

and positive correlation were found with 

 Salary (r=0.603 p<0.05), Supervision (r=0.448 p<0.01), Job 

itself (r=0.583 p<0.01), working condition(r=0.572 p<0.01), 

Co-worker relationship (r=0.602 p=0.01), Opportunities for 

advancement (r=0.450 p=0.01), Goal Clarity (r=0.543 p=0.01), 

Democracy/ Authority (r=0.654 p=0.01), Trust towards top 

management (r=0.456 p=0.01), Leadership (r=0.532 p=0.01), 

Employee’s wellness (r=0.456 p=0.01),Organisation image 

(r=0.532 p=0.01) and Career progression (r=0.567 p=0.01) at 

0.01 levels of significant. Therefore, hypothesis that there exists 

significant relation between work performance and Job 

Satisfaction and its variables was strongly accepted. 

F. Regression Analysis to know the impact of Job Satisfaction 

on work performance 

The regression Matrix is calculated to know the effect of 

stress on the job performance of employees Here, Employee 

stress is the independent variable and job performance is the 

dependent variable. 

Table VI MODEL SUMMARY OF JOB SATISFACTION ON WORK 

PERFORMANCE 

Model R 
R 

Square 

Adjuste

d R 

Square 

Std. The 

error of 

the 

Estimate 

Durbin-

Watson 

1 0.797a 0.635 0.532 0.718 2.619 

a. Predictors: (Constant), career progression, the job itself, salary, the 

opportunity for advancement, co-worker relations, supervision, goal clarity, 
organization image, democracy/authority, trust towards management,  

employee wellness 

b. Dependent Variable: Work Performance 

Source: As per the Author’s Output 

From table 5, R-value represents the correlation between the 

dependent i.e., work performance and the independent variable 

i.e. job satisfaction. A value greater than 0.4 is taken for further 

analysis. In this case, the value is 0.713, which is good while 

R-square shows the total variation for the dependent variable 

that could be explained by the independent variables. A value 

greater than 0.5 shows that the model is effective enough to 

determine the relationship. In this case, the value is 0.635, 

which is good. 

Where an adjusted R-square shows the generalization of the 

results i.e. the variation of the sample results from the 

population in multiple regression. It is required to have a 

difference between R-square and Adjusted R-square minimum. 

In this case, the value is 0.635, which is not far off from 0.532, 

so the model is a good fit. As per Imna and Hassan [49], a good 

fit model would be expected to envisage a minimum of 60 

percent of the variation from employee performance 

(dependent variable). The Durbin Watson value is 2.619 which 

shows that there is an autocorrelation among the variables. 

Table 4.4.4 shows that the independent variables statistically 

significantly predict the dependent variable (10,49) =10.630 P 

Table VII REGRESSION ANOVA MATRIX OF JOB SATISFACTION ON 

JOB PERFORMANCE 

ANOVA 

Model 
Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

1 Regression 41.268 13 3.174 6.157 0.000 

Residual 23.715 46 0.516    

Total 64.983 59      

a. Dependent Variable: Work Performance  

b. Predictors: (Constant), career progression, the job itself, salary, the 
opportunity for advancement, co-worker relations, supervision, goal clarity, 

working conditions, leadership, organizational image, democracy, trust, 

employee wellness 

Source: As per the Author’s Output 

The ANOVA matrix table determines whether the model is 

significant enough to find the outcome. Generally, for the p-

value significance, a 95% confidence interval or 5% level of the 

significance level is chosen for the study. Thus, the p-value 

should be less than 0.05. In table 6, it is 0.000. Therefore, the 

result is significant. Here, F represents an improvement in the 

prediction of the variable by fitting the model after considering 

the inaccuracy present in the model. A value is greater than 1 

for F-ratio yield efficient model. In table VII, the value is 6.157 

which is good. These results estimate that as the p-value of the 

ANOVA table is below the tolerable significance level, thus 

there is a possibility of rejecting the null hypothesis in further 

analysis. 

Table VIII REGRESSION COEFFICIENTS MATRIX BETWEEN JOB 

SATISFACTION AND WORK PERFORMANCE 

Coefficients 

Model 
Unstandardized 

Coefficients 

Standa

rdized 

Coeffi

cients 

t Sig. 
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B 

Std. 

Error Beta 

1 (Constant) 0.421 0.722   0.584 0.562 

Salary 0.238 0.105 0.307 2.260 0.029 

 Supervision 0.161 0.144 0.161 1.121 0.268 

 Job itself 0.116 0.176 0.077 0.657 0.514 

Working 

Conditions 

0.067 0.186 0.070 0.362 0.719 

Co-worker 

Relations 

0.214 0.157 0.174 1.357 0.181 

Opportunity for 

advancement 

0.164 0.119 0.175 1.376 0.175 

Goal clarity 0.041 0.143 0.051 -0.289 0.774 

Democracy 0.432 0.204 0.480 2.118 0.040 

 Trust 0.283 0.207 0.325 1.369 0.178 

 Leadership 0.188 0.162 0.210 1.160 0.252 

Employee 
wellness 

0.270 0.218 0.303 1.239 0.222 

Organizational 

image 

0.023 0.164 0.029 0.140 0.889 

career 
progression 

0.390 0.133 0.570 2.938 0.005 

a. Dependent Variable: Work Performance 

Source: As per the Author’s Output 

The results of multiple regressions of job preformation and 

components of job satisfaction are shown in Tables 6, 7 and 8.  

The multiple regression equation is as: 

Multiple R= 0.797 R2= 0.635 F= 6.157P< 0.05  

Y= 𝐴 + 𝐵1𝑋1 + 𝐵2𝑋2 + 𝐵3𝑋3 + 𝐵4𝑋4 + 𝐵5𝑋5 + 𝐵6𝑋6 + 𝐵7𝑋7 

+ 𝐵8𝑋8 + 𝐵9𝑋9 + 𝐵10𝑋10+ B11X11+B12X12+ B13X13.  

Where Y= Job Performance employees. X1= Salary (S), X2= 

Supervision (Sv), X3= Job Itself (JI) ,X4= Working Condition 

(WC), X5= Co-worker relations (CR) ,X6= Opportunity for 

advancement (OA),X7= Goal Clarity (GC),X8= Democracy 

(D), X9= Trust towards Management (TM),X10=Leadership 

(L),X11=Employee’s wellness (EW),X12=Organisation image 

(OI),X13=Career Progression (WP).The regression model is 

specified as job performance = 0.421 + 0.238S +0.161SV-

0.116JI+0.067WC+0.214+0.164OA-0.041GC+0.432D-

0.283TM+0.188L+0.270EW+0.023OI-0.390CP.From table 8, 

regression coefficient matrix, Democracy beta value 0.432 with 

a significant value of 0.040. which is lesser than 0.05.  The job 

satisfaction resulted in a positive impact on work performance 

of work performance while career progression with beta value 

is of b0.390 and p-value is 0.005value giving positive impact 

on work performance.  Another dimension of job satisfaction 

namely supervision, working conditions, the opportunity for 

advancement, goal clarity, democracy, truest towards 

management, leadership, employees’ wellness, the 

organizational image was not found statistically significant.  

Therefore, the significant change in work performance rate due 

to the career progression activities of an employee because of 

the significant value is 0.000 which is less than the acceptable 

value of 0.05 with a 1 percent increase in the career progression 

activities the work performance rate will increase by 

0.390(Beta value). 

G. Normality of Standardized Residuals 

It has demonstrated that the residual of employee 

performance (dependent variable) projects that the frequency of 

the normality assumption was the satisfactory or positive 

impact as shown in the figure below. 

 

Figure II A Graphical Representation of Normality of Standardized Residuals 

Source: As per the Author’s Output 

V. CONCLUSIONS 

Generally, organizations often ignore the impact of job 

satisfaction on the seriousness of employees' performance.  

Does this study explain the multiple dimensions of job 

satisfaction that were evaluated and further correlated with the 

job performance of the employees in the pharmaceutical 

industry? It was observed that there is a strong correlation 

between the levels of job satisfaction and of Performance of an 

employee in both Supervisor and Worker groups.   Job 

satisfaction was observed higher among employees at set 

parameters like salary, supervision, the job itself, working 

condition, co-worker relations, authority for advancement, goal 

clarity, democracy, leadership, employee wellness, and 

organization image. 

The results show that most of the employees were satisfied in 

terms of goal clarity, co-worker relations, democracy, the job 

itself, employee wellness, leadership, organizational image, the 

opportunity for advancement, career progression, supervision, 

and salary at MedkingLifesciencePvt. Ltd. As much as job 

satisfaction is concerned selected pharmaceutical industry 

offers various facilities to their employees also the satisfaction 

level of employees with these measures is high which is a better 

symbol of the pleasant relationship between management and 

the employees. From the results, it can be believed that the 

organization has taken actions to make a better place to work 

and has taken hard work to find out what employees to keep fell 

less satisfaction level and more satisfying level to maintain a 

healthy working environment as well as a good work-life 

balance. Since the main objective of this study is to be mapping 

the impact of job satisfaction of the employees on their work 

performance level.  
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 From the multiple regression results, it was observed that the 

73.1 percent independent variable i. job satisfaction giving 

impact on dependent variable i.e., work performance. 

Further, It was found that the significant variable in work 

performance rate due to the career progression activities of an 

employee because of the significant value is 0.000 which is less 

than the acceptable value of 0.05 with a 1 percent increase in 

the career progression activities the work performance rate will 

increase by 0.390(Beta value). Based on the research study 

some recommendations emerged that may prove helpful to the 

pharmaceutical industry. 1. Women should be hired more in an 

organization and then it will spontaneously result in women 

empowerment. 2. Job security should be provided to every 

employee so that they can increase their efficiency and 

productivity in the industry and compensation benefits should 

be provided to all the employees whom they value and 

appreciate. 3.  Organisation should include some policy related 

modifications to career progression like training as well as the 

higher study of employees for their career growth because 

happy and satisfied employees are the biggest assets for the 

organization. Satisfied employees give their maximum output 

to the organization. 
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ANNEXTURE 

Appendix A: Sample calculation of job satisfaction level on 

taking  consideration of all mentioned variables 

Satisfaction 

Level 

Value(x) Frequency(f) Valid 

Percent 

D=X-

A 

(A=3) 

Fd 

Strongly 

Disagree 

1 12 20.0 -2 -

24 

Disagree 2 8 13.3 -1 -8 

Neither 

agree nor 

disagree 

3 9 15.0 0 0 

Agree 4 25 41.7 1 25 

Strongly 

Agree 

5 6 10.0 2 12 

Total  60 100.0  5 

X= A+ (∑fd/∑f)  

=3+(5/60) =3.08 ×100=308 

Appendix: 03. Level on relationship with a co-worker 

Satisfaction 

Level 

Value(x) Frequency(f) 

Valid 

Percent 

D=X-

A 

(A=3) 

Fd 

Strongly 

Disagree 

1 11 18.3 -2 -

22 

Disagree 2 7 11.7 -1 -7 

Neither 
agree nor 

disagree 

3 6 10.0 0 0 

Agree 4 30 50.0 1 30 

Strongly 
Agree 

5 6 10.0 2 12 

Total  60 100.0  13 

X= A+ (∑fd/∑f) 

=3+(13/60) =3.22 

3.22 x100=322 

Appendix: 04. Level on Opportunity for advancement 

Satisfaction 

Level 

Value(x) Frequency(f) 

Valid 

Percent 

D=X-

A 

(A=3) 

Fd 

Strongly 

Disagree 

1 14 23.3 -2 -

28 

Disagree 2 10 16.7 -1 -
10 

Neither 

agree nor 
disagree 

3 8 13.3 0 0 

Agree 4 22 36.7 1 22 

Strongly 

Agree 

5 6 10.0 2 12 

Total  60 100.0  -4 

X= A+ (∑fd/∑f) 

3+(-4/60) = 2.93 

2.93×100=293 

Appendix: 05. Level on goal clarity 

Satisfaction 

Level 

Value(x) Frequency(f) 

Valid 

Percent 

D=X-

A 

(A=3) 

Fd 

Strongly 
Disagree 

1 9 15.0 -2 -
18 

Disagree 2 6 10.0 -1 -6 

Neither 

agree nor 
disagree 

3 10 16.7 0 0 

Agree 4 23 38.3 1 23 

Strongly 

Agree 

5 12 20.0 2 24 

Total  60 100.0  23 

      

X= A+ (∑fd/∑f)  

=3+(23/60) = 3.38 
3.38×100=338 
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Abstract— “Research is formalized curiosity. It is poking 

and prying with a purpose.” This study is mainly formalized 

with a curiosity to design a caliber paper on the quality of 

services that is being rendered in various Business schools. 

The true purpose of education is to make minds and not 

careers. Hence the worth of services being rendered in 

educational institutions should be worth of paying for the 

education.  This descriptive study was conducted in 

Standalone B-Schools present in Tier 1 and Tier 2 cities in 

Tamil Nadu. Three standalone B-schools in four cities vis 

Chennai, Coimbatore, Madurai and Trichy were selected 

randomly. Further twenty-five students were identified using 

simple random sampling within each B-School which makes 

three hundred respondents for gauging the quality of 

education service offered. The MEQUAL model is used to 

identify the service quality and quality gaps among the 

selected B-Schools. The major findings would be based upon 

the MEQUAL instruments, and the results of this study is 

highly useful for various institutions as these resulting factors 

can be taken care of by the schools to enhance their service 

quality. This study would help them to rate themselves and to 

bridge a gap between the quality perceived and the quality 

expected from education. The virtue of education 

apprehended among students can be identified and it helps to 

enhance the efficacy of service quality being rendered. This 

will also have a societal impact where constructive managerial 

decision makers are nurtured to meet the requirement of the 

corporates in the near future. This study can also be applied 

to other fields of education like engineering, medicine, 

paramedical and other professional programs. 

Keywords— MEQUAL, B-Schools, perceived and expected 

quality, decision making 

I. INTRODUCTION  

A B-School, often known as a business school, is a 
college or university that specializes in teaching business 
subjects. A business school is a university-level institution 
that awards degrees in management or business 
administration. A school like this is often known as a 
management school or a school of business administration. 
While business schools may offer a variety of courses 
spanning from undergraduate to postdoctoral studies, the 
Master of Business Administration (MBA) programme is 
their most popular. Top-tier business schools are known for 
producing high-quality graduates, many of whom slowly 
climb the corporate ladder to eventually become among the 
company's highest-ranking executives. Human resource 
management, finance, marketing, statistics, and operations 
management are all part of a business school's curriculum. 
Quality refers to both the essential trait or characteristic that 
determines whether something is good or bad, desirable or 

reprehensible, as well as the degree of excellence or 
superiority that a thing achieves. A system for maintaining 
desirable standards in a product or service is known as 
quality control or assurance. The two concepts form the 
most basic foundation for ensuring quality in any business, 
including higher education. Clearly, an institution must first 
state itself through a mission statement, then identify goals 
and objectives to strengthen the mission before it can hope 
to assess its success against the stated objectives. As a result, 
quality assurance is achieved. An evaluation is performed to 
see how well a service meets the expectations of clients. 
Organisations involved in service businesses will frequently 
assess the service quality they provide. 

The notion of service quality varies from person to person, 
and various people have varied interpretations of it. Most 
customer–centered definitions of service quality consider 
customer satisfaction as a function of perceived quality. 
According to some researchers, service quality is valued 
because of its role in cost reduction, customer loyalty, and 
profitability. The client, not the provider, determines the 
quality of service. As a result, if a company consistently 
provides service that surpasses consumer expectations, the 
company's service will be considered high quality. On the 
other hand, if a company fails to satisfy client expectations, 
the service would be regarded as poor. Customers' 
expectations are what they believe a service provider should 
deliver, whereas perceptions are what they believe a service 
provider should not supply. 

II. AIM OF THE STUDY 

The basic aim of this study is to assess the quality of 
service being rendered in B-Schools and how it is measured 
by the students. The concept of RATER (reliability, 
assurance, tangibility, empathy, responsiveness) has been 
used as the basis for judging the efficiency of service and 
six aspects (academic part, professional assurance, 
behavioral responses, industry institute interface, non-
academic part and physical facility) are used to measure the 
quality of service. 

III. METHODOLOGY 

This descriptive study was conducted in Standalone B-
Schools present in Tier 1 and Tier 2 cities in Tamil Nadu. 
Three standalone B-schools in each of the four cities vis 
Chennai, Coimbatore, Madurai and Trichy were selected 
randomly. Further twenty-five students were identified 
using simple random sampling within each B-School which 
makes three hundred respondents for gauging the service 
quality offered. The Management Education Quality 
(MEQUAL) model is used to find the quality of service and 
Gaps in quality among the selected B-Schools. This 
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MEQUAL model consists of five parameters namely 
Reliability, Assurance, Tangibility, Empathy, 
Responsiveness and were assessed using five point Likert 
scale. The consistency of the questionnaire was checked 
with Cronbach’s alpha   and was considered excellent with 
the value of 0.984042. 

IV. REVIEW OF LITERATURE 

The higher education institutions are having a 
competitive advantage and hence, the need for the 
evaluation of their service quality is considered essential. 
This evaluation provides a rational feedback about the 
efficiency of their educational strategy [1]. They have 
studied among the higher education students about the 
service quality. Thus, the five dimensions of service quality 
can be divided into three significant groups for resource 
allocation and organisational efforts to eradicate or decrease 
adverse quality gaps, with the responsiveness dimension 
being positioned first, the assurance, empathy, and tangibles 
dimensions being positioned second, and the reliability 
dimension being positioned third [2]. Among part-time 
postgraduate students that the evaluation of quality of 
service is based on comparing process quality and service 
value, and that expectations have an indirect impact on 
service quality evaluation through influencing service value 
judgments [3]. Regarding service quality in higher 
education, he has considered image and culture/value as 
additional dimensions apart from five dimensions of quality. 
He has found that there is a constructive relationship 
between the service quality provided by the University and 
the loyalty of the students [4]. Because of several unique 
qualities, such as students' cognitive involvement in the 
process of service, students' demands being met by various 
persons, and continuous services, gauging service quality in 
higher education is tough [5]. Students are content with 
quality service on dimensions such as lessons, convenience, 
facilities, and cooperation, but least satisfied with the 
dimension reliability. He also states that management 
institutes have to create a monitoring system for 
management education on service parameters that they may 
use to get a competitive advantage over their competitors 
[6]. 

The influence of five service quality variables on 
satisfaction of students at private universities and colleges 
was studied. They have revealed that tangibility, followed 
by empathy, has an impact on satisfaction; responsiveness 
and assurance have a positive impact on students' 
contentment. reliability, on the other hand, has had little 
effect on student satisfaction [7]. Executives at higher 
education institutions should rationalise their attitudes 
towards service quality and makes them to feel that they are 
in a real learning environment [8]. The perceived service 
quality of administrative units such the registrar's office, 
library facility, faculty offices, sports facility and health 
centre were analysed. They found that the nature of the 
perceived service quality measuring instrument for higher 
education services is two-dimensional namely, tangibles 
and intangibles [9]. 

The service quality aspects that lead to satisfaction of the 
students in higher management education institutions in 
India. They found that teacher teaching skills, staff 
capability, repute, and access had a substantial impact on 
satisfaction of the students, however basic teacher skills and 
attitude have no significant impact on satisfaction of the 

students [10]. The advantages of implementing ICT in 
educational clusters were highlighted. Cluster ICT methods 
have opened new doors and presented new problems to both 
students and teachers in recent years. The responsibility for 
learning activities has transferred to the students, 
substantially altering the teacher's position [11]. Customers 
of management institutes must experience this delight in 
order to maintain a long-term engagement with the institute. 
The institute's other group of clients, recruiters, must also be 
thrilled to return year after year [12]. Management 
education must be holistic, focused, and customised in order 
to bridge the gap between industry demands and academic 
aspects, with a focus on faculty attitude, company 
awareness, and the development of executive abilities. 
Mentoring and career guidance must be made available to 
the students in all management institutes. Institutes, 
business, and government must work together to enhance 
the quality of management education in India [13]. The 
proliferation of Business Schools in India as a result of 
globalisation has led to in fierce competition among 
Business Schools, resulting in a increase of modern 
difficulties and challenges that are impacting the country's 
management education quality [14]. In India, management 
education requires a standard change in delivery, design, 
and evaluation, and the pioneer must be the faculty in 
collaboration with the student, as has been the case in the 
past. It was also suggested that college administrators and 
faculty create curricula that are further practice-oriented, 
include internship hours, and allow theory to be tested and 
applied in the respective fields [15]. Materials for teaching 
and learning, particularly extra materials and the usage of 
tablets to boost students' understanding, are also highly 
valued [16]. Despite the fact that technology have an impact 
on performance of service delivery, most of the service 
sectors prefer to have manual interaction since there is no 
alternative for personal interaction between service sector 
professionals and its clients. The optimal balance of 
technology and people in the process of service delivery 
determines an organization's competitive edge [19]. 

V. ANALYSIS AND DISCUSSION 

The demographic data collected by administering a 
structured questionnaire has been analysed by way of 
percentage analysis. Gap model of Arash Shanin (2010) was 
used to identify the fourteen gap scores for five dimensions. 
These gaps were correlated with five dimensions to find out 
the measures to fill up the gaps. 

Table I Demographic profile of the respondents 
 Age 

(Years) 

No. of 

responde

nts 

%  Gender No. of 

respond

ents 

%  

21-23 189 63 Female 158 53 

24-26 85 28 Male 142 47 

26& 

above 

26 9 Total 300 100 

Total 300 100 Years of  

Experie

nce 

No. of 

respond

ents 

%  

Work 

Experien

ce 

No. of 

responde

nts 

%  

One  47 

 
33 

Yes 144 48 Two  65 45 

No 156 52 Three 32 22 

Total 300 100 
Total 144 

100 
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Location No. of  

responde

nts 

%   U.G 

qualific

ation 

No. of. 

respond

ents 

%  

Chennai 75 25 B.E/B.T

ech 

142 48 

Coimbat
ore 

75 25 B.Com 58 19 

Trichy 75 25 B.B.A 48 16 

Madurai 75 25 Others 52 17 

Total 300 100 Total  300 100 

              Source: Primary Data 

The above table states the demographic profile of the 
respondents. Among them, 158 were female and 142 were 
male. Nearly two-thirds were in the age of 21 to 23 years 
and the remaining have more than 24 years. 48% of the 
respondents have work experience and the rest do not 
possess any work experience. Out of the respondents having 
work experience, one-third have one year as experience, 
45% have two years as experience and the remaining are 
having three years as work experience.  142 respondents 
were with B.E/B.Tech as their basic degree. 58 are B.Com 
graduates, 48 are  B.B.A graduates and the remaining 
respondents possess other degrees like B.C.A., B.A., B.Sc 
and the like. The respondents were equally chosen from 4 
main tier 1 and tier 2 cities. 3 B-schools were selected from 
each of the cities and 25 students were randomly selected 
from the schools. 

The information and six aspects (academic part, 
professional assurance, behavioural responses, industry 
institute interface, non-academic part and physical facility) 
for the evaluation of educational quality among B-Schools 
has been collected by administering a structured 
questionnaire. from the students pursuing their education in 
their respective education. The tangibility factor includes 
physical facilities like smart classrooms, computer labs, 
auditorium, library, internet, hostel, post office, bank, 
hospital, canteen, water, book store, transport, sports and 
other online learning resources. The reliability factor 
includes curriculum, teaching, learning and evaluation, 
research, innovations, student support and progression 
(including mentoring and skill development), institutional 
values, outreach and inclusivity. The responsiveness factor 
includes industry institute interaction, accessibility of 
academic and administrative staff, transparency of official 
procedures and the responsive nature of the management 
and faculty to the needs of the student. The assurance factor 
includes the weightage given to teaching and assessment, 
programme structure, knowledge of the faculty, research 
productivity, safety and security of the financial transaction. 
The empathy includes working hours, attention of the 
faculty in students’ academic development, identification of 
emotional difficulties of the students, coping mechanisms 
for emotional difficulties, courteous approach and 
empathetic response of the faculty. 

Table II MEQUAL scores for Education services  

Dimensions 

E
x

p
e
c
ta

ti
o

n
 

P
e
r
ce

p
t

io
n

 

G
a

p
 

(P
-E

) 

Weightage 

Weighted 

average 

Tangibility 3.923 3.772 -0.151 19.9872439 -0.03018 

Reliability 3.907 3.752 -0.155 19.8934082 -0.03083 

Responsiveness 3.983 3.803 -0.18 20.221713 -0.0364 

Assurance 3.968 3.664 -0.304 19.8128529 -0.06023 

Empathy 3.989 3.746 -0.243 20.084782 -0.04881 

Total 19.77 18.737 -1.033 100 -0.20645 

Source: Primary Data 

From above, it can be inferred that all the responses were 
more of expectations than perceptions with a total weighted 
MEQUAL score of - 0.20645, representing an important 
difference in fulfilling students’ expectations in all 
dimensions of service. The mean scores of each dimension 
has been computed to find out the exact gap score of the B-
Schools in all aspects. The MEQUAL model is analyzed 
using the gaps score, weightage given to each dimensions 
and the weighted average of the gaps. In the above table the 
gaps score for assurance stands higher with -.304 followed 
by that empathy has high score with -.243.  

This implies that the schools mainly concentrate upon 
the first three dimensions such as tangibility, reliability, 
responsiveness as they are the most important part of service 
quality. Hence they failed to concentrate much upon these 
two dimensions because of that the gaps are higher. If an 
institute concentrate much on these dimensions the service 
quality will be enhanced and the students’ satisfaction level 
will be high, further the gaps score will also be positive.  

The maximum gap scores were for assurance and 
respondents have given the utmost weight to assurance. This 
provides an explicit initial consideration for enhancement in 
services. The respondents expect from the assurance and 
empathy dimensions of the educational service. That is 
because in assurance the concepts of placements, 
entrepreneurial developments are being listed out, were 
students pursue their studies to ultimately attain that desired 
results. The respondents are satisfied only to certain level 
with the possibility of the words given, the handling 
strategies for customer problems and facility for fault free 
services by the B-Schools. The next highest gap score is for 
empathy was each respondent has allocated the highest 
weightage to empathy. The students are dissatisfied with the 
faculty where they lack in understanding the student’s 
emotional feelings and they are treating every individual 
with same level of interest. They also feel that the institute 
doesn’t have better faculty to serve as role models. The 
respondents are not satisfied with the guidelines, systems 
and procedures of the organization. The overall gaps score 
and weightage score were lesser though the students have 
much dissatisfaction with the institute. It implies that the 
institute should try to concentrate with smaller aspects so as 
to fill those gaps and meet out the student’s satisfaction. 

 

Fig. 1 MEQUAL Model 

Source[17]: Service quality gaps model: Shahin, Samea 2010;   

     Primary Data 
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The inseparability and immateriality nature of services 
makes the delivery process more vital than distributing a 
product. Services sector faces a distinctive challenge of 
remaining competitive by meeting the requirements of 
students with optimal combination of technology and 
people. Service quality is the individual experience with the 
service provider. This Gap model discusses the fourteen 
gaps and the ways in which these gaps can be closed with 
the help of five service quality dimensions. Gap five relates 
to the consumer and it is the real gap to study the expected 
service and perceived service. It has a direct relationship 
with the customer and it is treated as an external gap. The 
other thirteen gaps are treated as internal gaps arising among 
different divisions within an organization. All the thirteen 
gaps are related with the service provider who has to take 
real steps to maintain a relationship with the customer. The 
service provider has to realize the causes for gaps and 
remedial measures to be taken to fill up these gaps. 

Table No.3 Association between Dimensions of quality and gaps 

Dimensions Gaps Weighted Average 

Tangibles 1 to 4 -0.03018 

Reliability 5 to7 -0.03083 

Responsiveness 8,10,11,13 -0.0364 

Assurance 9,12 -0.06023 

Empathy 14 -0.04881 

Over all -- -0.20645 
(Source: Primary Data, Reference: [18]: Nalini et al., 2014) 

The above table clearly depicts the usage of various 
dimensions to fill up the major fourteen gaps in the gaps 
model. Each gap has been identified with different names so 
as to get wider space in better understanding the concepts. 
The different gaps are named as follows: 

Tangibles: The first four gaps, namely the knowledge 
gap, quality strategy gap, specification gap, and standard 
gap, are attributed to the dimension tangibles. These gaps 
can be filled by focusing on strengthening the delivery of 
the tangibles while creating and developing appropriate 
service quality standards. 

The knowledge gap (Gap: 1) is the discrepancy between 
management's perceptions of customer expectations and 
what customers actually expect in the market. This gap is 
primarily due to a lack of market data and too many levels 
of management, which results in improper upward 
communication. This gap can be rectified by preparing a 
planned market research in formal and informal methods, as 
well as gathering information from the competitors. The 
respondents revealed that there exists a lesser subscription 
of appropriate magazines and journal by the institutes. 
Though the students were satisfied with the physical 
facilities like smart classrooms, bank, postal, hospital and 
hostel facilities, they feel that the amenities were not up to 
the level the institute pose themselves in the pre admission 
periods.  

The Quality Strategy Gap (Gap: 2) occurs as a result of 
management's incorrect formulation of strategies for 
sustaining service quality and their assessment of consumer 
expectations. This can be filled by management formulating 
a proper service quality strategy based on primary data 
gathered from the market and rivals. This will help the B-
Schools to benchmark the strategy in the market and to be a 
pioneer in the market. The management of the B-Schools 
must watch the strategies followed by their competitors and 

be in line with them in providing the quality of services 
regarding the basic amenities.  

The specification gap (Gap: 3) occurs when specified 
strategies are turned into service quality specifications, 
Quality management and control strategies can be used to 
achieve proper translation. This discrepancy could also be 
attributable to the organization's workers' unwillingness to 
put the service criteria into practice. The resulting 
specification should be simple enough for employees to 
grasp, as they will be the ones to put it into action. The 
management of the B-schools should continuously monitor 
whether the strategies in providing the basic amenities to the 
students are properly delivered to their satisfaction by 
having surprise visits to the places.   

The standard gap (Gap: 4) is caused by a lack of 
standardization in the service process and a faulty 
assessment of service quality. The service process 
specification should be adequately standardized and 
translated into an ideal standard. These ideal criteria should 
be the employees' ambitions to reach, since they will 
undoubtedly meet the market's expectations for service. The 
first and most important stage is to determine the customers’ 
expectations through market information and customer 
complaint handling strategies. The second phase is to 
strengthen the direct association between the company and 
its clients. The final step is to create service quality 
guidelines. In all the B-Schools, all tangible facilities 
provided should be standardized in their delivery process 
and it should satisfy the student community.   

Reliability: This reliability dimension is related with 
internal communication gap, delivery gap and external 
communication gap. These gaps can be filled by proper 
communication strategy within and outside the 
organization. 

The Internal Communication Gap (Gap 5) is caused by 
a lack of communication among personnel within the 
organization, as well as an inclination to overstate promises. 
This gap can be bridged by teaching personnel to think from 
the students’ perspective and to correctly convey and 
specify service quality specifications to the students. The 
processes relating to curriculum, research activities, 
outreach programmes, teaching, learning and evaluation 
should be properly communicated to the students.  

The delivery gap (Gap 6) is caused by ineffective 
teamwork and a mismatch of technology and staff roles. 
This is also attributable to the supervisor's ineffective 
management and incorrect monitoring of the employee's 
performance. This can be filled by improving the 
effectiveness of supervision and control, as well as training 
and rewarding staff, all of which will result in efficient 
service quality specification delivery to clients. The 
institutes should have the transparency in delivering the 
policies and practices. The students should develop the 
degree of reliability in following the academic and non-
academic communication given by the institutes.  

The external communication gap (Gap 7) is caused by 
frontline personnel’s incorrect communication about 
service delivery to clients. Front-line service employees 
should be properly trained in communicating service 
specifications to customers. Customers will be able to learn 
more about the company's services as a result of this 
strategy. The faculty who are in continuous and constant 
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touch with the students should deliver the strategies 
followed in the institution to the students in more 
understandable manner. The delivery process followed with 
the students will definitely have an impact on the level of 
communication with the prospect students and enhance the 
image of the institutions.  

Responsiveness: This dimension is concerned with gaps 
like Customer’s perception gap, Management – Employee 
perception gap, Management – Customer perception gap 
and Employee – Customer perception gap. This gap can be 
closed by way of proper response mechanism to meet the 
requirements of the students in both academic and non-
academic related aspects. 

The Customer Perception Gap (Gap 8) is caused by an 
improper matching between customer expectations and 
perceptions. Customers' expectations are influenced by past 
purchases, word of mouth, the type of service, the necessity 
and the media. Customers' perceptions are influenced by an 
organization's efficient service delivery procedure. The 
students will develop an image from the views of alumni 
and the internet and they will enter into the institution. The 
expectations were already built before they enter into the 
campus. Therefore, the institutes should be very careful in 
maintain their image created in the outside world and meet 
the expectations of the students. 

The Management-Employee Perception Gap (Gap 10) is 
caused by a mismatch between management and employee 
perceptions of consumer expectations. To close the gap, 
management should take appropriate actions to educate 
personnel so that they share management's viewpoints, 
because management perceptions are formed based on 
marketing research. Management should retain 
transparency when it comes to persuading employees about 
client expectations. The management of the institutes should 
properly educate their faculty to transform their strategies in 
a transparent manner in order to meet their vision and 
mission.  

The Management – Customer perception gap (Gap 11) 
is caused with the difference between customers' perceived 
service and management perceptions of customers' 
perceptions. To close this gap, an effective service plan 
based on understanding consumers' expectations and 
perceptions should be developed. This will assist the 
management in selecting a suitable strategy and avoiding 
poor management decisions. Finally, this will assist in 
achieving client happiness. All the strategies formulated by 
the institutes on the basis of the perception of the students 
should properly reach them without any ambiguity. 

The Employee – Customer perception gap (Gap 13) is 
created between customers' perceptions and employees' 
perceptions of customers' perceptions. This can be closed by 
enhancing employee abilities and teaching employees about 
client expectations and perceptions. The relationship 
between the faculty and the students should be such that the 
perceptions of the students must align with the perceptions 
of the students regarding the responsive factors.  

 Assurance: The dimension assurance can be associated 
to the interpretation gap and service strategy gap. The 
teaching, assessment and evaluation methods should be 
properly interpreted and explained to the students by the 
faculty. This will lead the students to understand the service 
strategies and interpret the same. 

The Interpretation gap (Gap 9) is due to misconception 
of the customers’ expectations by the frontline service 
providers. The various teaching methods which will lead to 
better learning outcomes and employability skills should be 
properly interpreted to the students by the faculty.  

Service strategy gap (Gap 12) is created with the gap 
between management’s perception of customers’ 
perceptions and service strategy. If the gap 11 exists in an 
institution, gap 12 will also emerges. The institution must 
focus on the experiences in delivery process to the students 
and it must give due importance to all services with equal 
weightage. 

Empathy: This dimension is related with the last gap 
namely, personnel relationship gap. The individualized 
attention of the faculty towards the students and the coping 
mechanisms to overcome the emotional problems of the 
students will result in empathetic relationship between 
them. 

The Personnel Relationship Gap (Gap 14) arises 
between management's and employees' assessments of 
customer perceptions. An effective internal personnel 
relationship between managers and employees can fill this 
gap. The faculty of the institutes must be easily accessible 
and understands the barriers to learning among the students. 
Faculties must act as a role model to the students. The 
empathetic response of the faculty will definitely provide a 
congenial learning environment to the students.  

Though the educational institutions are geographically 
restricted, but with the innovation at the global level, 
suitable economic ways of delivering a global education is 
necessary of the hour. B-schools are investigating with 
many methods and models to face practical issues in the 
field of management. Measuring management education 
becomes highly necessary because they are roots to develop 
the future decision makers. This study emphasizes the exact 
grade of service being rendered in business schools and their 
innovativeness to stand best among the other players in 
education. When the grade of service has been focused then 
it would result with advancement of managers with highly 
modulated leadership style. Managers will have courage to 
face situations, understands the technology, gives real time 
example and feedback, believes for sharing and collective 
intelligence, a fire starter and an optimistic thinker who will 
be a catalyst to bring about a positive societal impact. Hence 
the upshot of this study will bring the nation prolific 
managers to rule the future.  The major findings were based 
upon the MEQUAL instruments and the results of this study 
will be highly useful for various institutions as these 
resulting factors can be used by the schools to improve their 
quality of service. 

VI. RECOMMENDATIONS AND CONCLUSION 

The underlying goal of creating excellent graduates from 

university programmes necessitates managing the quality 

of services provided by the higher education institutions in 

every country. Providing outstanding service is a vital 

competitive weapon for success in today's competitive 

market. The two most critical factors for service providers 

to have a competitive advantage are customer service and 

quality. To continue in business and preserve market share 

and profitability, service providers must deliver excellent 

service to their customers. As a result, service quality has 
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become an important component of the strategic plans of 

all modern organisations. Measuring service quality, as 

with any other service, is essential in management 

education also.  

When allocating resources for teaching and technology, 

educational institutions must reflect preferences of the 

students for functioning infrastructure and one-to-one 

interactions. Use of technology as a substitute for face-to-

face contacts or as a substitute for establishing an active and 

collaborative learning environment and community should 

be avoided by institutions. Institutions must provide more 

course-level information as well as greater coordination of 

their internships, placements, job experience, and skills 

support offerings. Almost all of the students spoke about 

their learning experience in terms of their programme. This 

necessitates excellent curriculum, quality, and standards 

management at the course level, as well as a clear academic 

management structure that mirrors undergraduate student-

facing components, such as local feedback and assessment, 

module, and course review. A collective, institution-wide 

approach to support for student services is required, with a 

balance between course-based delivery and accessibility to 

centralised services coordinated at the course level. This 

involves increased institutional accountability for 

accommodation, transportation, affordable and nutritious 

food, family-study balance, and social activities. The 

implementation of service delivery strategies should be 

given due importance by the management of the institutes. 

The personal relationship between the faculty and the 

students will enhance the productivity in the learning 

environment among the students. 

VII. SCOPE FOR FURTHER RESEARCH 

The virtue of education apprehended among students 
can be identified and it helps to enhance the efficacy of 
service quality being rendered. This will also have a societal 
impact where constructive managerial decision makers are 
nurtured to meet the requirement of the corporates in the 
near future. This study can also be applied to other fields of 
education like engineering, medicine, paramedical and other 
professional programs. Based on the results of study, if any 
gaps were identified, suitable constructive suggestions can 
be provided to fill in the gaps and to enhance the quality of 
education. 
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Abstract—Green Human Resource Management [GHRM] is a 

set of policies and practices that induces green behavior in a 

firm through its employees, resulting in a sustainable 

environmental performance of the firm. With the sustainable 

development goals approaching with its deadlines, it is indeed 

imperative to focus on the impact of GHRM on the 

environmental performance of any firm. In this study, IT firms 

have been considered as they play a very pivotal role in the 

economy of India, in this digital era, with the pandemic effects 

as an add-on. An empirical study with 261 samples collected 

from IT employees has been conducted to bring out the 

relationship between GHRM practices and environmental 

performance in selected IT firms through purposive sampling. 

The study findings depict that GHRM practices have a strong 

and positive impact on the environmental performance of the 

firms. It can be seen that GHRM is an effective business 

strategy resulting in both energy conservation, cost-cutting, 

reduction in carbon footprints as well as increasing the 

profitability of the firm. Thus, the study provides an useful 

insight towards going green for reinvigorating the 

environmental performance of the firms. 

Keywords— Green human resource practices, IT firms, 

sustainable environmental performance, India. 

I. INTRODUCTION  

The long-term environmental performance of a company 

could be used as an internal management tool to see if the 

company's environmental system is operating in compliance 

with environmental policy requirements. Some of the 

indicators include control of pollution, challenges in 

biodiversity, global climatic change, energy consumption, 

education pertaining to environmental awareness and issues. 

IT firms play a larger role since they generate more 

electronic waste. "The globe discharged a record 53.6 

million tonnes of e-waste last year, a growth of 21 percent in 

five years," according to the Global e-waste monitor, 2020 

research.  According to the UN's sustainable development 

goals, one of the indicators that must be addressed is e-

waste generation. Sustainable development goals with a 

greater focus on climate change, resolving bio-diversity 

challenges, and many other issues are now more important 

than ever. The environmental performance of a company is 

a key indication in this regard. Green human resource 

management techniques are one factor that can have an 

impact on environmental performance. As a result, it is 

critical to explore the impact of green human resource 

policies on IT organizations’ long-term environmental 

performance. The current study investigates the positive 

impact of human resource management methods, applying 

green methods, which leads to a green organizational 

culture, which improves the environmental performance of 

IT organizations. 

II. REVIEW OF LITERATURE 

A study in Pakistan, explored on the implementation and 

hurdles of green human resources practices in SMEs [1]. 

Another study conducted in Pune explored the impact of 

green HRM practices on organization sustainability and 

employee retention [2]. The need for green HRM was 

showcased in another study done by Aggarwal [3]. A study 

in Punjab focused on green HR as an essence for 

sustainability in the 21st century [4].  A study conducted in 

Bangalore focused on the impact of green HR practices on 

employee’s performance [6]. A review paper was conducted 

by Jabbar et al. to look into the green HR practices and its 

impact on environmental performance [7]. A study in 

Bangladesh explored on green HRM as sustainable practice 

to promote employment [8]. In their study, Akshata and 

Anand looked at the implementation of green human 

resource practices and discovered that green human resource 

activities boosted process efficiency by lowering and 

eliminating environmental waste [9].   

III.  RESEARCH OBJECTIVES  

• To study the influence of green human resource practices 

on green organizational culture;   

• To explore the impact of green organizational culture on 

IT enterprises' sustainable environmental performance. 
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a. Hypothesis 

Hypothesis 1: The various green human resource methods, 

green organizational culture, and IT enterprises' 

environment performance has no significant association 

among them. 

Hypothesis 2: The different green human resource 

techniques have no significant impact on the green 

organizational culture and environmental performance of IT 

firms 

Hypothesis 3: The research model proposed is a perfect fit. 

b. Conceptual Model 

 

Fig. 1. Conceptual Model 

c. Conceptual Model Variables: 

The current study determines the impact of Green 

organizational culture on IT firms' environmental 

performance. The firm's green organizational culture is 

dependent on numerous human resource management 

functions, such as hiring and selection, training and 

development, performance appraisal, remuneration and 

rewards, and employee empowerment, all of which are 

executed through green methods. Green recruitment-

selection is the process of incorporating environmental 

concerns into recruitment and selection techniques. 

Briefings on green training and development, including the 

company's emphasis on environmental training and the level 

of awareness raised as a result of green training-

development procedures. Green compensation-rewards are 

concerned with the company's recognition and rewards 

processes, as well as the types of awards and rewards 

provided to employees who contribute to the company's 

environmental performance. Green employee 

empowerment-participation involves the practices of 

employees’ empowerment and participation like green 

suggestion and joint consultation towards tackling 

environmental issues. Thus, each of these factors impact the 

organizational culture of an organization. The conceptual 

model tests whether effective organizational culture results 

in sustainable environmental performance. One of the 

ways of the achieving sustainable environmental 

performance would be through improved plant performance. 

Other ways could be through reduced emissions, reduced 

electricity and reduced waste. It could also be impacted by 

increased usage of renewable energy. The current study 

examines the impact of green organizational culture, as 

impacted by green human resource practices, on IT 

organizations' long-term environmental performance. 

IV.  RESEARCH METHODOLOGY 

a. Research Design 

The study employed descriptive research design, in 

which a sample of IT employees of Tamil Nadu were 

assessed, which then can be projected towards a larger 

population of IT employees of India. To gather data, a 

structured questionnaire was used to determine how IT 

personnel implement Green human resource practices. 

Primary data has been collected through direct first-hand 

information, through purposive sampling from selected IT 

companies. The sample was collected from IT firms 

registered under NASSCOM. Of the 3000 firms registered, 

10% were taken. Of the 300 firms, the top ten firms were 

chosen and it was intended to collect 60 samples each from 

these firms. As the study involves IT sector, the target 

audience is IT employees. Being conducted during 

pandemic with lockdown on, the survey was done through 

online google forms circulated among the employees of the 

selected IT companies. The questionnaire was asked through 

google forms, which were circulated among IT employees. 

Though 300 samples were targeted, the valid questionnaires 

obtained back were 261 samples, with valid response of 

87.7%. The collected data was analyzed using the software 

SPSS. The statistical tools used for analysis are Cronbach 

reliability, Descriptive Statistics, Correlation and Regression 

analysis. A structural equation modelling was proposed and 

tested through AMOS software. 
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V. DATA ANALYSIS AND FINDINGS 

a. Demographic Profile 

TABLE I.  DEMOGRAPHIC PROFILE OF RESPONDENTS 

                                                              Source: Primary Data 

 

Table 1 reveals the socio- demographic profile of the 

participants of this study depicted that 77.02% were in the 

age group of 20-30 years. With regards to their marital 

status, 88.82% were unmarried. There was almost equal 

representation from both the gender. Almost 68.3% of the 

respondents were software engineers, with bachelor’s 

degree as their educational qualification. As regards work 

experience, almost 63% of the respondents had experience 

between one to five years. 

 

Descriptive Statistics and Internal Consistency 

TABLE II.  DESCRIPTIVE STATISTICS AND INTERNAL CONSISTENCY 

Independent 

Variable 

Mean Std. 

Deviation 

Skewness Kurtosis Cronbach 

Alpha 

Green 

Recruitment 

and 

selection 

4.42 1.1 .58 .36 0.79 

Green 

Training and 

development 

3.96 .88 .16 -.22 0.81 

Green 

Performance 

management 

and appraisal 

4.52 1.14 -.08 1.2 0.82 

Green Reward 

and 

compensation 

3.50 .51 -.13 -1.8 0.78 

Green 

Employee 

empowerment 

and 

participation 

3.91 .71 .38 -.99 0.84 

Green 

Organizational 

Culture 

3.79 .62 -.75 1.3 0.83 

Environmental 

Performance 
3.82 .65 .34 1.2 0.80 

 Source: Primary Data 

 

Green recruitment-selection, green training-

development, green performance management-appraisal, 

green rewards-compensation, green employee 

empowerment-participation, green organisational culture, 

and sustainable environmental performance all have 

significant mean scores, indicating an affirmative response 

to the study's variables. All the skewness and kurtosis scores 

are within ±2.00, which is said to be in acceptable range 

[10]. No divergence is displayed by the standard deviation. 

The reliability coefficient, Cronbach’s alpha coefficient 

obtained is more than 0.6, making it acceptable [11] with 

261 samples.  Hence, it can be said that all the constructs in 

this study have acceptable construct reliability and inter-

item reliability manifesting excellent internal consistency. 

b. Correlation Analysis 

TABLE III.  CORRELATION ANALYSIS 
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Green 

Recruitment- 

Selection 

.779

** 

     

Green 

Training - 

Development 

.720

** 

.718**     

Green 

Performance 

Management - 

appraisal 

.746

** 

.741** .746**    

Green 

Rewards - 

Compensation 

.729

** 

.702** .683** .863

** 

  

Green 

Employee 

Empowerment 

-Participation 

.711

** 

.719** .803** .803

** 

.807**  

Environmental 

Performance 

.812

** 

.809** .802** .811

** 

.801** .805*

* 

       (Source: Primary Data) Note: ** denotes significant at 1% level 

Details Frequenc

y 

Percentage 

Age 
Below 20 years 

20-30 years 

30-40 years 
40-50 years 

Above 50 years 

 

 
26 

124 

7 
3 

1 

 
16.15 

77.02 

4.35 
1.86 

0.62 

 

Marital Status 
Married 

Unmarried 

Divorced 

 
16 

143 

2 

 
9.94 

88.82 

1.24 

Gender  

Male 

Female 
 

 

88 

73 

 

54.66 

45.34 

Category of work position 

Trainee Executive 

Software engineer 
Manager 

Senior Manager 

 

 

11 

110 
25 

15 

 

6.83 

68.32 
15.53 

9.32 

 

Educational Qualification 

Diploma or less 

Bachelor Degree 
Master Degree 

 

11 

115 
35 

 

6.83 

71.43 
21.74 

Experience 

Fresher/Nil  
        1 - 5 years 

        5 – 10 years 

       10-15 years 
  More than 15 years 

 

42 
102 

12 

3 
2 

 

26.09 
63.35 

7.45 

1.86 
1.24 

Total 161  
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The correlation analysis results as per Table III depict 

significant correlation among the various green 

organizational practices contributing to green organizational 

culture. The table clearly shows that green human resource 

practices have a strong association to one another and, as a 

result, to environmental performance. It can be seen that all 

the green organizational practices definitely contribute 

towards green organizational culture and sustainable 

environmental performance.  

c. SEM Analysis 

 

. Fig. 2. SEM Analysis 

TABLE IV.  SEM MODEL ANALYSIS 

Relationship Paths Estimate S.E. t value P 

GreenOrgCulture 
<--- GreenRS 

0.73 .043 5.92 ** 

GreenOrgCulture 
<--- GPerfAppr 

0.77 .034 6.24 **. 

GreenOrgCulture 
<--- GreenTD 

0.56 .025 4.51 **. 

GreenOrgCulture 
<--- GreenRC 

0.69 .028 5.52 ** 

GreenOrgCulture 
<--- GreenEE 

0.71 .084 5.77 ** 

Environmental 
performance  

<---GreenOrgCulture 

 

0.82  .040 7.33 ** 

Source: Primary Data 

TABLE V.  MODEL FIT INDICES 

Indices Values 

Chi-square value 6.68 

DF 5 

p- value 0.701 

Chi-square value/DF 1.36 

GFI 0.999 

AGFI 0.992 

RMR 0.006 

RMSEA 0.001 
Source: Primary Data 

 From the Table V, it can be inferred that the determined 

value of p is 0.701, which is higher than 0.05, suggesting 

that the model is perfectly fit. Here, the Goodness of Fit 

Index (GFI) value is 0.999 and the Adjusted Goodness of Fit 

Index (AGFI) value is 0.992. Both these parameters being 

greater than 0.90 confirms that the proposed research model 

is a perfect fit. Moreover, the Root Mean Square Residuals 

(RMR) value is 0.006 and Root Mean Square Error of 

Approximation (RMSEA) value is 0.001. The proposed 

model is found to be a perfect fit when these two parametric 

indices are both less than 0.08. 

VI. PRACTICAL IMPLICATIONS OF THE STUDY 

 As per the model test fit, Green HR practices result in a 

green organizational culture, which contributes to the firms' 

long-term environmental performance. Looking into it, one 

by one, it can be seen that recruitment and selection is a 

function which is inevitable for any firm’s operational 

performance. In addition to the regular activities of 

recruitment and selection, if awareness about green 

recruitment and selection is known, and it is effectively 

implemented, it becomes green recruitment and selection. 

This includes knowledge of eco-friendly policies and the 

willingness of the new recruit to work for a green 

organization effectively in turn contributing towards the 

environmental performance of a firm has been consistent 

with earlier studies [12].  It also comprises of integrating 

green strategies and objectives with the development goals 

in turn resulting in a positive impact towards improving the 

environmental performance of firms [13]. Green 

performance appraisal has an impact on green 

organizational culture and in turn the environmental 

performance of the firm. This is consistent with an earlier 

study [14].  Green training and development encompass 

with creating awareness about the green HR practices and 

contemporary issues of concern, like climatic change and 

the benefits of green practices in the work place towards 

improving environmental performance. It also includes 

employee buy-in to the deployment of green human 

resource strategies to improve the company's culture and, as 

a result, its environmental performance. Earlier studies by 

Zaid et al.  and Ren et al. have also come out with similar 

findings [15, 16] The next green HR practice of green 

reward and compensation includes providing rewards and 

compensation to those employees who are indulged in green 

HR practices in the work place. This practice of green 

reward and compensation improves upon the organizational 

culture and in turn improves the environmental performance 

of the IT firms., which is consistent with an earlier study 

[17]. Employee empowerment and participation 

encompasses innovative environmental initiatives taken by 

employees through their actions and behaviors like giving 

practical solutions to environmental problems. This HR 

practice definitely improves the organizational culture of the 

IT firms, in consistent with earlier studies [18, 19]. 

In a nutshell, it can be mentioned that all the green HR 

practices definitely result in improving the green 

organizational culture. The green organizational culture in 

turn results in the improvement of environmental 

performance of the IT firms. This is supported by earlier 

studies [20, 21]. One of the recommendations and 

suggestions towards effective implementation of green 

human resource practices would be green computing, as the 

study pertains to IT firms. Green computing is a process of 

sustainable approach resulting in the design, making, usage 

and disposal of all IT resources both hardware and software 
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very efficiently with less impact on the environment. Green 

computing results in the following ways: 

• Reduction in the usage of hazardous materials:  

• Increasing the energy efficiency 

• Improving the recyclability 

• Coming out with efficient disposal methods 

• Reducing carbon footprint 

• Saving money owing to reduced utility cost. 

 Green computing can result in producing Eco-friendly 

designs with eco-friendly components for computing 

systems. This can be energy efficient along with indulging 

in green manufacturing also, with minimal impact on the 

environment. Green usage results in reducing energy 

consumption and optimizing cooling efficiency. Green 

computing also includes disposing of the IT components 

with proper recycling of it, in a safe and eco-friendly 

manner. Next process of green computing encompasses 

green standards and policies with focus on standards and 

benchmarks to be compared and promoted. Green awareness 

talks about sustainable environmental performance of the IT 

firms. 

Some general green practices that could be adopted by 

individual IT employees would be 

• Usage of energy-star labelled produced 

• Shutting down the system when not in use 

• Conserving power through using computers at 

optimal brightness 

• Usage of other peripherals only when required 

• Purchasing IT equipment from environmentally 

commited firms 

• Not condemning the computing devices, rather to 

donate or recycle it 

• Usage of recycled paper for printing and printing 

on both sides and taking print only when really 

required. 

VII. CONCLUSION 

The current study on practices of green human resource 

management impacting the green organizational culture, 

which in turn results in sustainable environmental 

performance of the IT firms, is rather imperative in the 

current context of giving impetus to climate change. The 

concept of climate change in its own regard when applicable 

to an IT firm needs to focus on sustainable environmental 

performance of the firm. The findings of the study clearly 

show that green human resource practices lead to green 

organizational culture and this too results in improving the 

environmental performance of the IT firms. With the IT 

firms focusing on green computing and the effective 

implementation of it can really ensure sustainable 

environmental performance within the firm. The study can 

very well be extended to other sectors and the same can be 

studied in that context too.  
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ABSTRACT- Machine learning is a vital research area 

for today's computer scientists. Artificial Intelligence 

has a critical connection with ML-based research. The 

authors of this article used machine learning to 

determine whether a person has cardiac disease. Many 

people suffer from cardiovascular diseases (CVDs), 

which claim the lives of people all over the world. 

Machine learning may be used to determine whether a 

person has a cardiovascular illness by considering 

certain factors such as chest discomfort, cholesterol 

levels, age, and other factors. Classification algorithms 

based on supervised learning which is a type of machine 

learning can make diagnoses of cardiovascular diseases 

easy. People with heart disease are classified using 

algorithms such as K-Nearest Neighbor (KNN), 

Random Forest, Logistic Regression, Decision Tree 

Classifier, SVM, Naive Bayes, and Gradient Boosting 

Classifier. The K-Nearest Neighbor (K-NN) and 

Random Forest supervised machine learning techniques 

are employed in this paper thoroughly. 

Keywords- Logistic Regression, Random Forest, 

Decision Tree Classifier, GradientBoostingClassifier, 

K-NN, SVM, Naive Bayes 

I. INTRODUCTION  

Worldwide, diseases related to heart have been a 

leading cause for death. Several factors can change 
the rate of blood flow through body, as heart is 
related to different organs of the body, heart failure 
may lead to damage of other organs as well. A 
person may suffer from heart-related disease due to 
several factors like over-stress, excessive junk food 
intake, change in lifestyle etc. Heart disease is one of 
the leading problems in the world nowadays. From 
around the globe, medical organizations have 
gathered valuable information concerning the various 
health risks associated with heart disease. This 
information can further be deployed into various 
machine learning algorithms and tested accordingly 
for better comprehension. Medical science has 

experienced tremendous growth and improvement, in 
recent years, with the assistance of computer science 
e.g., in the quicker diagnosis of diseases, prosthetics, 
etc. The goal of this paper was to implement several 
cardiac attributes in order to build and deploy 
machine learning models for the prediction of the 
corresponding heart disease. Prediction of cardiac 
abnormalities has been one of the most prominent 
parts of cardiac treatment. The improvement in the 
accuracy of heart disease prediction through various 
ML[1,2,3] models has remarkably helped to target 
and segregate the desired patients and start an early 
treatment. 

II. LITERATURE REVIEW 

Different researchers have contributed to the 

development of this field. Predication of heart disease 
based on machine learning algorithms is always the 
curious case for researchers recently there is a wave 
of papers and research material on this area. Our goal 
in this chapter is to bring out all states of artwork by 
different authors and researchers. 

 
Researchers and scientists have come up with their 
own innovative content that has led towards the 
advancement of machine learning applications. In 
this section we are going to assess the various 
contributions made by the scientists and researchers 
in the section below: 

 
2.1. Aakash Chauhan et al. (2018) presented “Heart 
Disease Prediction using Evolutionary Rule 
Learning [4]. Electronic records have been used to 
retrieve data. Application of frequent pattern growth 
association mining on patient’s dataset to generate 
strong association rules helps deliver the best 
prediction of coronary sickness. 

 
2.2. Senthil Kumar Mohan et al, proposed Effective 
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Heart Disease Prediction Using Hybrid Machine 
Learning Techniques [5] . The strategy used here, 
aims at figuring out critical includes by applying ML 
and making the recognition of heart related ailments 
more accurate. The author proposed an improved 
exhibition level with a precision level of 88.7%][4] 
through the prediction model for heart disease with 
hybrid random forest with a linear model 
(HRFLM)[2] they likewise educated about Diverse 
data mining approaches and expectation techniques, 
such as, KNN, LR, SVM, NN[5], and Vote have 
been fairly famous of late to distinguish and predict 
heart disease.[5] 

 
III. PROBLEM STATEMENT 

 
Heart disease (HD) has always been one of the most 
common concerns among the early boomers and the 
geriatrics, with a rising no. of cases each day. Some 
of the driving factors of HD are diabetes, cholesterol 
fluctuation, high blood pressure,etc. 

From an early age, human beings have exhibited 
curiosity towards realizing an early diagnosis of the 
various heart diseases. Various data science tools 
have helped medical professionals to recognize the 
very first signs of heart diseases and thus have been 
hugely beneficial. 

Additional precautions are taken to lessen the effect 
of heart diseases, by getting the potential patents 
tested. 

Authentic techniques, like the ones put forward in 
this paper, can recognize the early stages of heart 
disease and save lives . 

Various Machine Learning (ML) algorithms e.g., 
Logistic Regression, Random Forest, 

Support Vector Machine (SVM), Naive Bayes, K- 
Nearest Neighbor (K-NN), Decision Tree Classifier, 
Gradient Boosting Classifier [5], were used to 
predict the Heart Disease dataset, and certain 
promising outcomes were noted in the paper. [6]. 

The complexity surrounding heart diseases prompts 
certain tests which require to be carried out[7] and the 
ML methods have to be chosen wisely. In this report, 
authors have attempted to build an application, where 
the various cardiac symptoms like (age, sex, 
constrictive pericarditis (cp), Resting Blood Pressure 
(Trestbps), cholesterol (chol), 

Fasting Blood Sugar (fbs), Resting 
Electrocardiographic Measurement (restecg), 
thalach, exang, old peak, slope, ca, thal)[8] will be 
tested out through various ML algorithms to predict 
the corresponding heart disease(s). Lastly, accuracy 
scores from different algorithms were compared to 
get the optimal prediction. 

 
IV. PROBLEM SOLUTION 

 
A. Description of the Dataset: 

 

The dataset used in for this research is the Heart 
Disease Dataset. It consists of 76 attributes out of 
which only 14, including the target (predicted) 
attribute are being used. The "target" field indicated 

the presence of heart disease. The target field consists 
of values 1 or 0, where 1 = presence of heart disease 
and 0 = no heart disease. All the attributes which are 
used for this research purpose are described below: 

 
i. Age(years) 

ii. Sex: 1 = Male and 0 = Female 

iii. CP: Chest pain type 

iv. Trestbps: Resting blood pressure (mm Hg) 

v. Chol: Serum Cholesterol (mg/dl) 

vi. Fbs: Fasting blood sugar & gt (1 = true and 0 = 
false) 

vii. Restecg: Resting electrocardiography results 

viii. Thalach: Maximum heart rate achieved 

ix. Exang: Exercise induced Angina (1 = yes and 0 = 
no) 

x. Oldpeak: ST depression induced by exercise 
relative to rest 

xi. Slope: The slope of the peak exercise ST segment 

xii. Ca: Number of major blood vessels (0-3) colored 
by fluoroscopy 

xiii. Thal: no explanation provided, but probably 
thalassemia (3 = normal, 6 = fixed defects and 7 = 
reversible defects) 

xiv. Target: 0 = no disease and 1 = disease 

 
B. Pre-processing of Data: 

 

1. Checking for Duplicate Values in the Data: 

Once we collected our raw data, we need to check for 
duplicate entries. Existing duplicate values in the test 
set will result in false performance estimation of the 
model which will lead to a degraded performance on 
new data. Table 1 shows the duplicate values for each 
variables : 

Table 1: Duplicate Values 

Age 38 

Sex 1 

Cp 2 

Trestbps 138 

Chol 175 

Fbs 0 

Restecg 1 

Thalach 173 

Exang 0 

Oldpeak 0.0 

Slope 2 

Ca 4 

Thal 2 

Target 1 

 
Fig 1. Duplicate values of each variables 

 

2. Checking for Missing Values: 

Missing values are common in real-world data, which 
can be caused due to data corruption among other 
factors. Missing data must be taken care of as there 
exist some Machine Learning algorithms which do 
not support missing values. Fortunately, there were 
no missing values present on our dataset. 
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C. Machine Learning Algorithms Used: 

 

Our plan of action was to first analyze the dataset 
properly and then feed it to various machine 
learning algorithms like Logistic Regression, 
KNeighbors Classifier, Decision Tree Classifier, 
Random Forest Classifier, Support Vector 
Machine, Gaussian Naive Bayes, Gradient 
Boosting classifier. 

 
 
 

D. Machine Learning Pseudocode: 

 

i. Uploading of Dataset 

ii. Processing of Dataset 

iii. Checking dimension/features of Dataset 

iv. Splitting the Features and Target 

v. Splitting the data into training and test data 

vi. Training Model 

vii. Model Evaluation 

viii. End procedure 

 
E. Evaluation Process Used: 

 
 

Fig 2. Confusion Matrix 

 
For the evaluation process, confusion matrix, 
accuracy score, cross_val_score. 

A Confusion matrix (In Fig 2) is an N x N matrix 
used for evaluating the performance of a 
classification model, where N is the number of target 
classes. The matrix compares the actual target values 
with those predicted by the machine learning model. 
It is defined in four parts: the first one is a true 
positive (TP) in which the values are identified as 
true and it was true also. The second one is false 
positive (FP) in which the values identified are false 
but are identified as true. The third one is a false 
negative (FN) in which the value was true but was 
identified as negative. The fourth one is true negative 
(TN) in which the value was negative and was truly 
identified as negative.[9] 

 
Now for assessing how well the model is performing 
we check the accuracy score, which is calculated in 
the following way: 

 

�� = 
TP + TN

 

TP + TN + FP + FN 

The model which yields the highest accuracy would 
be chosen to work with further on. Note that this does 
not have to be the case for every problem available. 
Different problems might require some other 
algorithm to yield higher accuracy. 

 

V. RESULT ANALYSIS 

 

The pre-processed dataset is being split into a 
Training dataset and Test dataset [7] at the ratio 

70:30 respectively. The training dataset was used to 
train our prediction model. The prediction model’s 
accuracy was assessed using an accuracy score, and a 
confusion matrix was built on the classifier having 
the highest accuracy score. 

 
Dataset Used: Cleveland Heart Disease (UCI 
repository) dataset (303*14). 

 
Table 3 contains the accuracy score of each classical 
model performed on the test dataset: 

 
Table 3. ML Accuracy Score 

Classification Model Accuracy Score 

Logistic Regression 0.8524590163934426 

DecisionTree 
Classifier 

0.6721311475409836 

GradientBoosting 
Classifier 

0.7540983606557377 

RandomForest Classifier 0.819672131147541 

Gaussian NaiveBayes 
Classifier 

0.7540983606557377 

K-Nearest Neighbors 
(K-NN) Classifier 

0.6557377049180327 

Support-Vector 
Machines (SVM) 

0.6885245901639344 

 
Fig 3. Describes the ML accuracy score for each machine learning 

algorithm 
 

Clearly, the Logistic Regression 
Classification Model [11] has the highest 
Accuracy Score of 0.8524590163934426, 
hence we build a Confusion Matrix on it. 
[12] 

 

Fig 4. Heatmap of Confusion Matrix 

 
In figure 4, a Heatmap of the confusion matrix is 
shown. Target values are partitioned into 2 intervals 
(0/1). True values and prediction values are then 
discretized 
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into those intervals. 
 

CORRELATION MATRIX: A Table that helps to 
find out the correlations between every variable. 
[13] 

 

Fig 5. Correlation Matrix 

 
In figure 5, a positive correlation is observed between 
chest pain (cp) & target. This proves the fact, the 
greater amount of chest pain, the greater is the chance 
to have heart disease. 

A negative correlation is noticed between exercise-
induced angina (exang) & our predictor. This relation 
adds up more blood is required by our heart when we 
exercise, but due to the presence of narrowed arteries, 
the blood flow slows down. 

 

Fig 6. Target Variable Distribution 
 

As we can interpret from figure 6 , there are more 
Diseased patients (54.46%) than Healthy patients 
(45.54%). 

Fig 7. Age Variable Distribution 
 

So, we can conclude from figure 7 , that people 
between age group 50 to 60 are more likely to have a 
heart disease. As most of the patients are in the age 
between 50s to 60s. 

 

Fig 8. Output 

Also, after doing certain basic statistics, we have 
come to the conclusion from figure 8 , that the mean 
age of a patient is about 54 years, the highest and 
lowest ages are 29 and 77 years respectively. 

 
VI CONCLUSION AND FUTURE SCOPE 

 
With the rising number of deaths owing to heart 
disease, it has become necessary to build a system 
that can effectively and precisely forecast heart 
disease [14,15]. The main aim of this paper is to find 
out the most efficient ML algorithm for the proper 
detection of heart disease. In this paper, we proposed 
several algorithms namely Logistic Regression, 
KNeighbors classifier, Boost classifier, Random 
Forest classifier, Support vector machine, Gaussian 
naive Bayes, Gradient boosting classifier and 
evaluated the model based on confusion matrix, 
accuracy score, cross_val_score. By choosing the 
best algorithm the computational time also got 
reduced which was extremely helpful in case of 
deployment. From the result sections, it is clearly 
visible that the dataset should be normalized, 
otherwise, the training model gets overfitted 
sometimes and the accuracy achieved is not sufficient 
when a model is evaluated for real-world data 
problems which can vary drastically to the dataset on 
which the model was trained. We checked the 
distribution of target variables and then split the 
features and target and then train and test data are 
split, and then various algorithms are tested and the 
algorithm with the highest accuracy score is 
considered for heart disease prediction. The proposed 
model can be used as a system for heart disease 
detection by the patients at the initial stage and 
consult the doctor accordingly. There are many 
possible improvements that could be explored to 
improve the scalability and accuracy of this 
prediction system [12]. As we have developed a 
generalized system, in the future authors can use this 
system for the analysis 
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Abstract - The demand and consumption of hand 

sanitizers have increased throughout the world with 

the beginning of the pandemic of COVID-19. It had led 

to a reduction in these products at all levels. Big 

companies, firms, and malls have installed automatic 

touchless hand sanitizer machines. These are used to 

prevent the spread of the virus among the masses. But 

in our homes, we tend to use the same pump hand 

sanitizer bottle after coming from outside. This 

increases the chance of spreading the virus among our 

dear ones. So, we thought of making an Automated 

(Do-it-yourself) hand sanitizer for our homes. 

 

Keywords - Covid-19, hand sanitizer, Microcontroller, 

Proximity Sensor. 

I. INTRODUCTION 

Disinfecting has consistently been significant, 

however during the current pandemic, it's a higher 

priority than any time in recent memory. We're 

surviving a wellbeing emergency that a large portion 

of us have never seen. (Coronavirus) has nearly 

deadened the nation and undermines the wellbeing 

of individuals all through the world. Schools and 

organizations have been closed, and medical service 

laborer’s are confronting an extraordinary 

deficiency of required supplies while managing the 

staggering number of Covid-19 patients. Makonnen 

Abebe et al detect the activity of an alcohol-based 

hand gel against human adeno, rhino and rotavirus 

using the finger pad method. 14 

The Internet is loaded up with data in regard to what 

to do and how to do it, taking everything into 

account. HH with SW or liquor-based hand rub is 

profoundly compelling in diminishing flu. An 

infection on human hands, even though SW is the 

best mediation. Fitting HH might be a significant 

general wellbeing drive to lessen pandemic and 

avian flu transmission.5 Of the 45 offices that 

detailed utilization of liquor-based hand sanitizers in 

a new survey, 53% encountered an affirmed flare-up 

of norovirus, contrasted and 18% of the 17 offices 

that pre-owned hand sanitizers less regularly than 

cleanser and water.16 Thus, disinfecting is more 

basic now than at any time in recent memory. Try 

not to mistake cleaning for disinfecting. Clearing, 

wiping, tidying, and clearing soil and grime off of 

your counters and different surfaces is a piece of an 

indispensable cleaning schedule. Cleaning, 

notwithstanding, does barely anything to kill 

microbes. Disinfecting decreases the development 

of infections, growths, and sorts of hurtful 

microorganisms. You can clean each day, however 

you ought to consistently clean and sanitize to guard 

your home or working environment. An item that 

disinfects successfully essentially lessens all 

microorganisms, in addition to a particular sort. That 

is the reason disinfecting is one of the fundamental 

parts of the cleaning system in clinical workplaces, 

senior consideration offices, clinics, food 

administration organizations, schools, childcare, 

shopping centers, exercise rooms, and workplaces, 

everything being equal, as well as sanitizing. Proper 

sanitizers will decrease microbiological pollution to 

levels that adjust to nearby wellbeing guidelines. 

The World Health Organization's Guidelines on 

Hand Hygiene in Health Care have been given by 

WHO Patient Safety on 5 May 2009 on the dispatch 

of the Save Lives: Clean Your Hands drive. The 
Guidelines address the responsibility of more than 

100 worldwide trained professionals and give a 

broad layout of basic pieces of hand neatness in 

clinical consideration, evidence and arrangement 

based recommendations, and outlines acquired from 
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testing their Advanced Draft and related execution 

apparatuses.2 

In case we take in anything from the current 

wellbeing emergency, we ought to understand that 

ordinary cleaning and disinfecting schedules are 

fundamental constantly. The more disinfected we 

are standing out we live, the more ready we will be 

to try not to establish conditions that make it simple 

for infections to flourish. We accept that we are a 

piece of the answer for this issue. 

Besides, it gives unequivocal ideas to progress 

additionally created hand-neatness practices and 

diminish transmission of pathogenic 

microorganisms to patients and workforce in clinical 

consideration settings.  

II. LITERATURE REVIEW 

Despite the continued problems of achieving 

acceptable compliance with Food Code 

recommendations for soap-and-water hand washing 

and glove use and numerous barriers experienced by 

food workers, no substantive changes in Food Code 

recommendations regarding when to wash hands 

with soap and water have been made since 2001.20 

Infection control instructions said to use alcohol-

based hand rub solutions to inactivate severe acute 

respiratory syndrome coronavirus. We determined 

the virucidal activity of World Health Organization–

recommended hand rub formulations, at full strength 

and multiple dilutions, and of the active ingredients. 

All disinfectants demonstrated efficient virus 

inactivation.24 Hand hygiene is successful to 

forestall the transmission of microorganisms in 

medical care settings, yet consistency stays low, in 

any event when simple admittance to hand cleaning 

specialists is given.1 Furthermore, it gives explicit 

suggestions to advance further developed hand-

cleanliness rehearses and lessen the transmission of 

pathogenic microorganisms to patients and faculty 

in medical care settings.3 In the paper "Prevention of 

dryness and eczema of the hands of hospital staff by 

emulsion cleansing instead of washing with soap"  

the authors focus on the vital role of long term use 

of different hand washing methods. 15 

Most alcohol-based hand sanitizers are effective at 

inactivating enveloped viruses, including 

coronaviruses. With what is currently known in the 

literature, one may not confidently suggest one 

mode of hand sanitizing delivery over the other. 

When handwashing with soap and water is 

unavailable, a sufficient volume of sanitizer is 

necessary to ensure complete hand coverage, and 

compliance is critical for appropriate hand 

hygiene.30 

Transmission of Covid from polluted dry surfaces 

has been proposed including self-immunization of 

mucous films of the nose, eyes or mouth.17 Methanol 

can be noxious whenever consumed through the skin 

or ingested. Side effects incorporate queasiness, 

retching, migraine, obscured vision, long-lasting 

visual deficiency, seizures, unconsciousness, 

extremely durable harm to the sensory system or 

death. Poisoning hazard is most noteworthy when 

little youngsters unintentionally swallow items 

containing methanol or when teenagers or grown-

ups deliberately swallow the items as a liquor 

substitute, as indicated by the CDC. Methanol 

harming additionally is conceivable after rehashed 

utilization of these items on the skin.22 In this paper, 

authors have decently performed hand hygiene, with 

either soap or sanitizer, reduces the risk of virus 

transmission; however, direct and indirect evidence 

suggests sanitizer might be more effective in 

practice.25 

III. BACKGROUND OF WORK 

The World Health Organization (WHO) 

characterizes an alcohol-based hand rub as: "A 

alcohol-containing planning (fluid, gel or froth) 

intended for application to the hands to inactivate 

microorganisms or potentially briefly stifle their 

development. Such arrangements might contain at 

least one kind of alcohol, other dynamic fixings with 

excipients, and humectants."4  

In another paper, authors J.Steinmann, D.Paulmann 

et al have compared the virucidal activity of alcohol-

based hand sanitizes versus antimicrobial hand 

soaps in vitro and in vivo.10 Most information were 

depicted with the endemic human Covid strain 

(HCoV-) 229E. On various kinds of materials, it can 

stay irresistible for from 2 hours as long as 9 days. 

A higher temperature, for example, 30°C or 40°C 

diminished the span of tirelessness of profoundly 

pathogenic MERS-CoV, TGEV and MHV. Be that 

as it may, at 4°C constancy of TGEV and MHV can 

be expanded to ≥ 28 days. Barely any similar 

information got with SARS-CoV demonstrate that 

determination was longer with higher inocula. 12 

We needed practical, simple to make hand sanitizers 

at home. We got enlivened by the mechanized 

machines at shopping centres, workplaces and 

corporate structures. We did a broad examination on 

the parts that can be promptly accessible on the 

lookout. We likewise attempted and tried different 

techniques to improve our model and more power. 
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The WHO, and national disease control agencies, 

have continuously emphasized the importance of 

hand hygiene to reduce the spread of the virus. 

WHO guidelines recommend maintaining hand 

hygiene, by frequent washing using soap and water 

for at least 20 s especially after going to the 

bathroom, before eating and after coughing, 

sneezing or blowing one's nose. When soap and 

water are not available, the Food and Drug 

Administration (FDA) recommends sanitizing of 

non-visible soiled hands with an alcohol-based 

agent containing 80% v/v ethanol or 75% v/v 

isopropanol.26 

IV. INNOVATION/DESIGN 

  

 
Fig. 1. The Simple Wiring Diagram 

  

In the circuit, (shown in Figure 1) the positive of the 

power supply is attached to the VCC of the 

proximity sensor and emitter of the transistor. While 

the negative of the power supply is attached to the 

GND of the proximity sensor and to the DC pump. 

On the other hand, the positive end of the DC pump 

is connected to the collector of the transistor. Now, 

when the proximity sensor senses any motion within 

its range the output comes from the OUT of the 

proximity sensor passing through 1K resistor and 

reaching the base of the transistor. Thus, completing 

the circuit, the pump starts working.  

Antisepsis that utilizations running water and a 

watery arrangement is normally alluded to as a 

"clean". Scours are ordinarily utilized by careful 

staff for hand antisepsis during pre-careful planning, 

and content specialists, for example, chlorhexidine 

gluconate or povidone-iodine. Cleaning includes 

wetting the hands and lower arms with water, 

efficiently applying the scour arrangement utilizing 

hands or wipes and flushing under running water. 

This interaction regularly requires as long as six 

minutes. The expression "rub" generally alludes to 

hand antisepsis strategies and items that don't need 

running water. The most usually utilized rub items 

contain essentially 60% alcohol (v/v).6  

Aliphatic alcohols, for example, ethanol are 

significant microbial bioproducts whose poisonous 

impacts are known to restrict their creation in the two 

microscopic organisms and yeast.9 Ethanol, acetate, 

and format are the major dissolvable finished results 

with associative arrival of H2 and CO2 under both 

conditions.27  

Hand disinfectants containing chlorhexidine are less 

effective bactericidal against methicillin-resistant 

Staphylococcus aureus (MRSA) than methicilhn-

susceptible Staphylococcus aureus (MSSA).18 The 

EU laws on the endorsement and showcasing of 

biocides require considerable documentation for 

endorsement of sanitizers.19  

V. RESULT & ANALYSIS 

 

This is a working model of a DIY hand sanitizer, 

which is really cost-effective and can easily be made 

at home. The products are easily available and 

during this pandemic, this is a must-have in 

everybody’s house. The pandemic has made us 

understand the importance of sanitizers. We always 

need sanitizers both inside and outside our homes to 

protect us from germs that we get by touching 

anything outside. So, this is the product that makes 

life a little easier, as we do not have to touch the 

sanitizer bottles to get the sanitizer because this is an 

automatic one. 

 

Fig. 2. The Final Product 
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Figure 2. is the front view of the DIY hand 

sanitizer from which we could see the nozzle and 

the level of the sanitizer in the bottle 

  

  

Fig. 3. Top View of the Product  

 
Figure 3. is the top view of the DIY sanitizer from 

which the proximity sensor could be seen, and the 

wiring of the circuit is insulated by the hot glue 

gun. 

  

VI. CONCLUSION 

The principal advantage of an automatic sanitizer 

dispenser is that it allows all the users purely 

touchless experiences. As of now, washing hands 

with a proper cleanser followed by applying hand 

disinfectants are two significant hand cleanliness 

techniques in clinical practice. Hand sanitizers 

essentially increment the shot at keeping up with the 

hands spotless and aseptic. 21 In the case of every 

appliance, the ease of use is what determines its 

feasibility in terms of usability. Manual hand 

sanitizers require pushing the pump to release 

sanitizer. There are lots of drawbacks while people 

use touching the pump sanitizer bottles. It can 

spread a lot of germs, as people with dirty hands also 

use it. In this background, the authors have prepared 

the DIY. So, this is quite an ideal and cheap 

automated sanitizer for the home. Another 

advantage is that we can always use better products 

and make it a much more appealing and advanced 

automatic hand sanitizer in the future. 

Nosocomial contaminations are a significant issue in 

medical care offices, bringing about broadened 

spans of care and generous bleakness.23The 

comprehension of molecular systems of biocide 

resistance should assist with further developing 

control measures to forestall additionally spread of 

L. mono cytogeneses in food creation conditions 

with incessant utilization of BAC.28The broad 

utilization of these items has provoked some theory 

on the improvement of microbial obstruction, 

specifically whether anti-toxin opposition is 

prompted by germ-killers or sanitizers.7 

It was tracked down those long lifetimes (a few 

hours) for microorganisms on the skin are 

conceivable under some natural conditions. This 

perception firmly proposes that continuous hand 

washing is a vital disease control practice in any 

event, whenever openings for rehashed microbe 

defilement have not happened.8 

Alcohol resilience of spore-shaping creatures relied 

upon the degree of spores and spore toughness, 

which thus changed with the living being, strain, 

period of culture, developing conditions and 

different elements.11  Ethanol is utilized worldwide 

in medical care offices for hand scouring. It has been 

accounted for to have a more grounded and more 

extensive virucidal action contrasted and 

propanols.13 

Clean hand antisepsis is one of the main measures in 

forestalling medical care and episode related viral 

diseases. To lessen the spread of contaminations, 

biocides with a demonstrated virucidal viability 

ought to be promptly accessible. The World Health 

Organization (WHO) also proposed the guidelines 

for care and cleanliness hand sterilization in medical 

services settings and to lessen the transmission of 

microbes by hands.32 Estimating close proximity 

interactions between individuals can provide key 

information on social contacts in human 

communities and related behaviours.29 In most 

surgical theatres, a 1 min or even longer hand wash 

is routine as part of the pre-operative hand 

disinfection. But its benefit has recently been seen 

critically.31 
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Abstract—Estimation of classification evaluation metrics for
small sample classification data is one of the most challenging
task in Machine Learning model building process. The value of
an evaluation metric based on the test data is considered to be
the generalized performance measure of a classification model.
Measuring the performance of a model based only on the test
data works well when we have a large data set and both train and
test data follow the same population distribution. However, this
assumption does not always work for small data set. Therefore,
measuring performance of a model based on test data set may
mislead us for small sample classification problems. To deal with
such situations, in this paper, we propose a modified method
to estimate classification evaluation metrics. The new method
provides an improved and consistent estimation of classification
evaluation metrics.

Index Terms—small sample, classification, evaluation metric

I. INTRODUCTION

Machine learning classification problems require the given
data set to be classified into two or more categories. For
example, whether a person is infected with covid-19 virus
or not is a classification problem. The other applications of
classification problems are spam email prediction, web text
prediction, customer churn prediction, etc. A classification
model divides the data space into regions where each region is
considered to represent a class. The performance of a classifi-
cation model depends on the distribution of misclassified data
points across regions. Selection of best performing model for
a classification problem is one of the most challenging tasks
for a Machine Learning practitioner. The values of a set of
evaluation metrics simultaneously decide the performance of
a classification model. It’s common to observe that a model is
performing well on one set of evaluation metrics, may not be
doing so on different set of evaluation metrics. The selection
of evaluation metrics also depends on the nature and objective
of the problem.

We generally split the given dataset into train and test data
sets. We learn the model from the train data and evaluate the
model on test data. The test data is acted like new observations
that are drawn from the same population of train data. A model
that performs well on the test data is considered to perform
well for all upcoming new observations. This is because we
assume that the classification data (x,y) is a random sample
from a joint distribution (population distribution) JX,Y , where
y is a vector of N observations from the class variable Y

and x is the N × p matrix of corresponding readings of p
independent (causal) variables. In other words, we assume
the data (x,y) contains all the information to estimate the
population parameters of the underlying distribution JX,Y .
The same assumption is also carried forward for the train
and test data sets. That is why building model on train data
and evaluate it on test data is considered to be a valid model
building and evaluation process.

These above assumption works fine for large N where both
train and test data have sufficient observations to represent
the same population. But for small data set, this assumption
may not work due to the noise distribution. As a result, the
evaluation metrics from test data may produce inconsistent
and erroneous performance of a model. To deal with such
situations techniques like Cross-Validation (CV) ( [1], [2]),
Monte Carlo Cross-Validation (MCCV) [3] are proposed by
the researchers. Today, these techniques are heavily used by
the data science community to assess an ML model. They
basically take random train and test samples repeatedly from
the original data, build model on each train data and validate
it on corresponding test data. The generalised performance of
a model is then measured by averaging the test data results. It
can be noticed that a particular data point (xi, yi) can present
in train data set for one iteration and in test data set for other
iteration of both CV ot MCCV methods. In other words, in
some sense, both the CV and MCCV methods consider both
train and test data together while calculating the generalised
performance of a model. For small sample classification cases,
in this paper, we propose a modified estimation of classifi-
cation metrics by mixing both train and test metric results.
We will show with an example that the modification provides
an improved and more consistent estimation of generalised
classification metrics.

II. EVALUATION METRICS FOR CLASSIFICATION
PROBLEMS

The performance evaluation of a classification model is done
using confusion matrix. A confusion matrix is a cross-table
that records the number of occurrences between actual and
predicted data points. A typical confusion matrix for a binary
classification problem may look like

Predicted

A
ct

ua
l Class Positive Negative

Positive TP FN
Negative FP TN978-1-6654-7886-1/22/$31.00 ©2022 IEEE
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where, ‘positive’ stands for the class of interest (or
‘success’) and ‘negative’ stands for the class of non-interest
(or ‘failure’). The columns of a confusion matrix stands for
the ‘predicted classes’ by the fitted model and the rows stands
for ‘actual classes’. The meaning of 4 cells are as follows:

TP(True Positive): represents the number of observations
originally from the ‘positive’ class that are also predicted as
‘positive’ by the model.

TN(True Negative): represents the number of observations
originally from the ‘negative’ class that are also predicted as
‘negative’ by the model.

FN(False Negative): represents the number of observations
originally from the ‘positive’ class that are predicted as
‘negative’ by the model.

FP(False Positive): represents the number of observations
originally from the ‘negative’ class that are also predicted as
‘positive’ by the model.

It can be noticed from the definitions that both TP and TN
represents the correct classification by the model. Similarly,
FP and FN represent the wrong classifications (which are
also considered as errors) by the model. However it is not
an easy task to evaluate a model just by looking at the
confusion matrix. We need a meaningful metric out of this
matrix that talks about goodness of a model fit. Depending on
the objectives, researchers suggest different evaluation metrics
which are function of TP, TN, FP, FN. In this paper, we use
the following four frequent ones.

Accuracy =
TP + TN

TP + TN + FP + FN

Accuracy measures the probability of correct classification
of the model. When researcher’s interest is to overall model
fit or to reduce total number of errors, Accuracy could be a
good measure to use. But, if the data set is imbalanced in
nature Accuracy could be misleading. For example, a data
set with 5% positive class and 95% negative class will have
95% Accuracy even though all the positive class data points
are wrongly classified. However, if the data set is balanced in
nature, i.e., all the class have almost equal representation in
the data set then Accuracy can be used as a metric of model
fit.

Recall =
TP

TP + FN

Recall or Sensitivity measures predictive accuracy for the
interested (positive) class. In other words, it measures the
ability of the model to find the positive units in the dataset.
This measure is used when researcher is more interested to the
correct prediction of the positive class even though the data is
imbalanced in nature.

Precision =
TP

TP + FP

Precision expresses the proportion of units that our model
says are Positive and they actually are Positive. In other words,
Precision tells us how much we can trust the model when it
predicts an individual as Positive. This measure can be used for
imbalanced dataset and when the researcher is more interested
in the positive class.

Specificity =
TN

TN + FP

Specificity measures predictive accuracy for the non-
interested (negative) class. In other words, it measures the
ability of the model to find the negative units in the dataset.
This measure helps to identify an unbiased model when the
data set contains more positive classes than the negative ones.

There are many other measures that the researchers use
in different situations. A detailed discussion on classification
metrics can be found in [4], [5] and [6].

However, as discussed in the introduction section, for small
sample classification problems, the distribution of error points
play key role in the evaluation process of a model. Since there
is a high chance that the error points of the original data set
can fall in the test data set, the evaluation of a model based on
test data may leads to a wrong conclusion. In such situation,
one may consider the model is over-fitting on the train data
but the fit may be the perfect one. The difference between
train and test evaluation metrics may occur due to error
distribution, not due to over-fitting of the model. Therefore, in
such cases, evaluation of a model based on only test data is not
appropriate. It may predict that the model does not fit on the
data where actually it does. Therefore, to deal with such cases,
we proposed a modified approach to calculate the evaluation
metrics which are function of individual train and test metric
results. Consider µ denotes a classification evaluation metric.
For example, if we are interested in accuracy measure then
µ= accuracy. If µ1 and µ2 are values of an evaluation metric
for a model corresponding to train and test data respectively,
then the modified measure of the metric µ is defined as

µ0 =
µ1 + µ2

2 + ρ|µ1 − µ2|
(1)

where, ρ = 0.1 if |µ1−µ2| ≤ 0.1, ρ = 0.2 if 0.1 < |µ1−µ2| ≤
0.2 and so on.

Now we establish the consistency and correctness on this
modified measure of µ with an experiment in the following
section.

III. EXPERIMENT AND RESULTS

Let us consider a classification data set d0 =
(x = (x1,x2),y) with 100 observations which is generated
in the following way:

x = (x1,x2) are randomly generated 100 two-dimensional
data points, where 0 ≤ xi ≤ 100, i = 1, 2. And y is a
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binary class variable takes two values a and b according to
the following function:

T (y|x1, x2) =
{
a if x1 < x2
b otherwise

(2)

In the data set d0, we have 49 observations from the class
‘a’ and 51 observations from the class ‘b’. This classification
data is perfectly classified by the x1 = x2 classification
boundary and does not contain any error observation. We will
now purposefully inject two error observations in the data set.
We change two observations from class ‘a’ to class ‘b’ and
consider them to be the error observations in the new data set
d. We can expect a robust model will still produce x1 = x2
classification boundary for the data set d. In other words, we
can expect a robust model will produce 98% accuracy on the
data set d . But during the train test split, if these two error
points fall in test data set, we never be able to achieve 98%
prediction accuracy even when our model correctly identified
the classification boundary. For 80-20 split, the chance for both
the error points fall in the test set is 4% and the same is 9% for
70-30 split. These chances are very high and we never achieve
an test accuracy more than 90% for the first case and 93.4%
for the second case even though the fitted model correctly
identified the classification boundary, i.e., the train accuracy
is 100%. This difference between train and test accuracy often
misinterpret as the problem of over-fitting but in reality they
are not. The fitted model is perfectly accurate. The difference
is occurring due to non-uniform error distribution between
train and test data.

We employ 3 classification models, namely, Logistic Re-
gression (LR), Random Forest (RF) and Support Vector Ma-
chine (SVM) to assess the performances of 4 evaluation
metrics (accuracy, recall, precision, specificity). We compare
the performance of the proposed evaluation metric of (1) with
the MCCV method. To do that, we take 70-30 split on d and
build model on train data and evaluate it on test data. We
repeat the process 10 times and collect mean and standard
deviation (sd) of each of the above metric results. The result
of our experiment is provided in the following table.

TABLE I
METRIC RESULT COMPARISON BETWEEN MCCV AND THE PROPOSED

METHOD

train test proposed
model metric mean sd mean sd mean sd

L
R

accuracy 0.86 0.03 0.83 0.05 0.84 0.02
recall 0.87 0.02 0.84 0.08 0.85 0.04
precision 0.85 0.03 0.85 0.06 0.85 0.02
specificity 0.85 0.04 0.81 0.08 0.83 0.04

SV
M

accuracy 0.86 0.03 0.82 0.06 0.84 0.02
recall 0.86 0.04 0.81 0.10 0.83 0.06
precision 0.86 0.04 0.87 0.09 0.86 0.03
specificity 0.86 0.03 0.83 0.13 0.84 0.06

R
F

accuracy 0.95 0.02 0.82 0.09 0.87 0.05
recall 0.95 0.04 0.79 0.15 0.85 0.09
precision 0.95 0.02 0.88 0.11 0.90 0.06
specificity 0.95 0.02 0.85 0.12 0.89 0.07

The above table provides a comparison of 4 estimated
metric’s result for MCCV method and proposed method. The
mean columns are the average estimation of 10 repetition of
each model and sd is the corresponding standard deviation
which depicts how much consistent the estimations are. Under
MCCV method, the test mean values are considered to be
the generalized model evaluation metrics value. According to
MCCV method, there are not much differences between train
and test results for LR and SVM models. But for RF model,
the difference is quite high. Just observing the results, one
may conclude that RF model is over-fitting on the train data.
However, if we see the original data distribution, we find that
the RF model fits well on train data. The difference between
train and test results are occurring due to non-uniform error
distribution in train and test data but not due to over-fitting. In
such situation, evaluation of a model only based on test data
may not be the correct one. Whereas, our proposed method
provides a better estimation of the evaluation metrics. The
overall sd values of our proposed method are almost half
of the MCCV estimation method proves the consistency and
reliability of our proposed method.

IV. DISCUSSION AND CONCLUSION

For small sample classification problems, both train and
test data may not always follow the same parent population
due to non-uniform error distribution between train and test
data. Therefore, the evaluation of a model based on only test
data may be misleading. We need a mechanism to address
such situations. Researcher suggests CV, MCCV methods to
reduce the effect of error distribution. However, the variance of
such estimates remains quite high for small sample estimation
problems. In this paper, we propose a modified measure for
the estimation of classification metrics. This new measure
makes use of both train and test measures and reduce the
chance of wrong prediction due to inconsistency behaviour of
small sample test data. The new measure also improves the
consistency of classification metrics and that makes it more
reliable for the small sample classification problems.
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Abstract— In today's truly working environment, "Stress" 

is a major issue for both employees and employers. In 

comparison to other professions, police officers have greater 

stress in managing their personal and professional life. Stress 

management is an emerging topic reality research with unique 

conceptualizations that have become a major issue as work-

life balance becomes more important. The purpose of this 

article is to determine the amount of eu-stress and distress 

management among police officers, as well as their impact. 

The study's main goals are to determine what aspects are vital 

in constructing a controlled workforce and lives. The 

researcher has sought to identify a relationship between 

independent factors and demographic factors by combining 

various factors of stress management into independent 

factors. A sample of 100 data points was evaluated using 

statistical tools such as descriptive analysis. The various 

factors of operational stress, organizational stress, social 

support, workload, responsibility, job satisfaction, work level, 

stress level impact the management of their lives and the 

work-life of the police officers. 

Keywords - Stress management, Work-life balance, 

Eustress, Distress 

I INTRODUCTION 

Work, since time immemorial, is an important aspect of 
one’s life. It provides the resources that are needed to live 
a fulfilling life. The more one earns the more luxury one 
can afford. But life isn’t all about work. When we are solely 
focused on work we tend to forget about other needs 
resulting in stressed and frustrated life. The impact of 
work-life balance on an individual's life can be profound, 
and it can also have a significant impact on society. 
Employees' physical and emotional well-being benefit 
from a balanced work-life (psychological). Individuals 
derive greater satisfaction from their work and lives, which 
is also considered as a way of self-actualization. Work-life 
balance is about assisting employees in leading healthy, 
satisfying lives, which will lead to increased productivity 
and performance. If they want to have good health, money, 
and comfortable life for the rest of their lives, they should 
pay attention to the importance of work-life balance. 

Today, balancing personal and professional life is 
mostly an influence on a person's job satisfaction. The 
challenge of modern Human Resource Management is to  

help employees to balance their work and personal life. The 
ability to balance a person's personal and professional life  
depends on the nature of jobs and the capability of persons 
to manage them. Organizations have to attract and retain 
talented employers to achieve organizational goals and 
objectives. The pandemic has increased the mental stress 
among people. The lengthy period in isolation due to the 
lockdown, grief due to death by COVID-19, loss of 
occupation, lack of social interaction, and paranoia of 
getting infected have triggered many mental issues. Taking 
vacations to retreats to escape the stressor, by seeing in-
house counselors and meditation can relieve the stress. 
This article deals with the analysis of eu-stress and distress 
among police officers in human resource management.  
People's reactions to high pressures or other forms of 
demands are referred to as stress. Stress is the wear and tear 
on our thoughts and bodies as we try to cope with our ever-
changing surroundings. In general, there are two sorts of 
stressors. External stressors include things like the physical 
surroundings, social contact, organizational stress, life 
events, and daily annoyances. Internal stressors, such as 
lifestyle choices, negative self-talk, mental traps, and 
personality factors, are the second type. Negative stress 
(distress) and positive stress (eu-stress) are the two types 
of stress. 
Positive stress is an emotional term defining the perfect 
type of stress for a person or an organization to thrive and 
stay healthy. Eustress is a term for positive stress. The 
prefix eu is derived from the Greek word eu (good). It's the 
healthy positive cognitive response to stress that gives you 
a sense of accomplishment or other positive feelings. 
Eustress has also been connected to emotions of fulfillment 
and contentment. 
Negative stress can be defined as the type of stress that 
reduces your productivity in doing an activity. 
Psychological discomfort is a term that describes unlikable 
behaviors or emotions that interfere with your capacity to 
function. In other words, psychological distress is 
interfering with your daily activities. Psychological distress 
can lead to negative attitudes about the environment, 
people, and oneself. Sadness, worry, distraction, and other 
mental health disorders are some of the most common. 
FACTORS AFFECTING STRESS MANAGEMENT 
The following factors affecting stress management are 
operational stressors, organizational stressors, social 
support, family support, superior support, co-workers 
support, workload, responsibility, job satisfaction, work 
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level, Stress level. These are the independent factors 
determined on the basis of the following variables include 
demographic variables such as Age, Gender, Education, 
Marital status, the EU-based attempts family-type, 
designation, experience, transfers, promotions, number of 
children, number of dependents, operational stressors, 
organizational stressors, social support, family support, 
superior support, co-workers support, Workload, 
Responsibility, Job satisfaction, Work level, Stress level. 
To measure the EU-Stress and Distress, the variables 

(validated by Gallup (‘Involvement with and enthusiasm 
for work’) were used which lead to the Outcome variables 
viz., Positive stress and negative stress impact on their 
work-life balance with satisfaction in family, health, and 
job performance. 

II STATEMENT OF THE PROBLEM 
The police officers have no set working hours, and their 
eating and sleeping habits have become increasingly 
irregular over time. They rarely spend time with their 
families, and even on holidays, police officers are on duty. 
It is also well known that a shortage of police officers 
causes officers to work longer hours, and the intense 
pressure causes them to become psychologically and 
physically exhausted. Manpower shortages and leave non-
availability, work-related stress and an unpleasant work 
environment, and insufficient time for leisure Workstations 
that are far away from the family's station, lengthy 
separation from the family, and frequent moves that result 
in the family's non-shifting are all factors that contribute to 
the family's non-shifting. If a person is separated from his 
or her family, it will undoubtedly produce frustration and 
make the person feel uneasy. They are allocated to a 
specific shift and are required to work on all holidays and 
special occasions. 
Stress is a regular occurrence in modern culture, but how it 
manifests varies depending on a variety of lifestyle factors 
for each individual. The police officers have been 
witnessing drastic changes in the stress level. To have 
engaged their work and life has become resolvable in the 
current life scenario where organizations look for their 
employees to take initiatives, bring singleness creations, 
and most conducive to a favorable solution to their present 
needs. There is definitely no misgiving concerning the 
availability of personnel in police sectors. But how 
optimally they are utilized? This study makes an attempt to 
conclude the answer to this question. 
 

CONCEPTUAL FRAMEWORK 

 
 

Fig.1 

 

III OBJECTIVES OF THE STUDY 
 To study the relationship between demographic 

factors and stress management among police 
officers. 

 To study the factors influencing stress 
management. 

 To study the effect of factors such as Operational 
stressors, Organizational stressors, Social 
support, Family support, superior support, co- 
workers support, Workload, Responsibility, Job 
satisfaction, Work level, Stress level on stress 
management. 

IV RESEARCH METHODOLOGY 
This research is primarily based on the analysis of the data 
gathered. The data was collected from 100 police officers 
and was primary in nature. ANOVA, Chi-Square, 
Multiple Regression, and Correlation are some of the tools 
utilized in the analysis. The study's goal was to find a way 
to balance work and life. 

V SCOPE AND LIMITATIONS OF THE STUDY 
The research is based on 100 samples taken from police 
officers. The outcomes may differ depending on the 
responses of various respondents. 

VI LITERATURE REVIEW 
A facet-by-face examination reveals that high levels of job 
satisfaction stem from the nature of their work and the 
supervision of co-workers, whereas low levels of job 
satisfaction stem from the absence of rewards, poor 
incomes, and a lack of promotions and benefits [9]. 

Both operational and organizational stress were shown to 
be considered among police officers in this study. When 
compared to male candidates, female police were 
substantially more stressed [6]. 

The author helps to predict “Level of Stress in the middle 

of the Government Officers: Cases from the Nepal” 

occupation stress be able to be distinct as the incapability 

to manage with the pressures in a work. The major purpose 

of this revision is to travel around the intensity of anxiety 

between the government officers operational in dissimilar 

offices of Nepal [8]. 

This study was conducted by professional workers in the 

institute of technology. This research provides work-

related stress which will be experienced by workers in this 

sector. The result of this paper helps to reduce stress levels 

among workers. This lower risk level is associated with 

good support and relationships. This helps to develop the 

supporting working condition [1].  

This paper deals with organizational stress, which includes 

certain characteristics of the organization and the behavior 

of its employees. Due to the lack of support of community 

leaders organizational stress arises. Excessive workload 

and administrative duties misbehavior create a stressful 

environment [10]. 

This paper helps to reduce the reason for causing stress, 

how stress management help to reduce attrition level 

among employees. Currently, most of the stress 
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management training is dispatched with law enforcement 

officers which helps to validate the results [2].  

This paper helps to analyze the performance of police 

officers depending on individual dispositions. Police 

measures can be often focused on academic training with 

predictive validity of the entire training process. The 

behavioral and self-reported personality measure is 

considered as a predictor in this research. The result of this 

paper is based on job performance influenced by 

personality [4]. 

The author describes that "Disease nonattendance, 

beginning employment predicts worker's likelihood of later 

gloominess," the author writes. They discussed what was 

going on with participants who were thought to be 

executives from the planned swap gossip and energy 

company. Obligatory statistics (poor health) were gathered 

and evaluated [11].  

This paper helps to analyze the role of police in western 

culture. Economic, technological, and socio-cultural 

changes in the environment will transform the role of police 

in western culture. A comparison is drawn between a police 

group with a high level of stress and a police population. 

Workplace stress is a key cause of illness that affects the 

majority of people [5]. 

This study helps to evaluate the job elements involved in 

police work that produce stress to officers. It also helps to 

evaluate attitudinal, emotional, behavioral, and health 

problems. Officers from unionized departments included in 

this survey will have a higher level of stress and strain than 

their non-union departments [7].  

This model is either an attempt behavior simple model of 

stress that is accurate or a more complex model of stress 

that is possible. Eustress will be operationalized and 

conceived as more than just the absence of distress in a 

more comprehensive model of stress. According to a 

complicated model, the presence or absence of a positive or 

negative element influences the stress response [3].  

 

VII DATA ANALYSIS AND DISCUSSION 

Table I   Demographic factors of the respondents 

Age 

(Years) 

Demographic factors of the 

respondents 
 

% of 

respondents Gender 

% of 

responden

ts 

21-25 8 Male 78 

26-30 31 Female 22 

31-35 22 Education  

36-40 15 SSLC 3 

41-45 16 HSLC 10 

46-50 3 UG 82 

50 & above 5 PG 5 

Age 

(Years) 

Demographic factors of the 

respondents 
 

% of 

respondents Gender 

% of 

responden

ts 

Marital status  Family type  

Married  62 Nuclear 75 

Unmarried  38 Group 16 

Designation 

(Rank)  Others 9 

Inspector of 

police  6 Experience  

SI of police 14 0-10 years 62 

Grade 1 9 11-20 years 24 

HC 11 20+ years 14 

PC 54 Transfers  

Superior 6 0-2 83 

Promotions  3-4 14 

1 15 5+ 3 

2 13 

No. of 

children  

3 2 1 23 

3+ 2 2 38 

None 68 3 1 

  None 38 

No. of 

dependents 2 3 3+ 

% of 

respondents 16 52 35 

                                                          Source: Primary data 

The above table shows that 22% were in the age group 

of 31-35 years.  This table shows that 78 % were male and 

the remaining were female. 62% of respondents were 

married.75% of respondents were nuclear-type family.83% 

of respondents were 0-2 tranfers.68% of respondents had 

no promotions. 38% of respondents had 2 children.52% of 

respondents had 3 dependents. 

Table 1 also depicts that 82% of the respondents were 
qualified with a UG Degree. 62% of respondents were 
having 0-10 years of experience. 54% of the respondents 
were positioned in the PC. This indicated that educational 
qualification was one of the influencing variables for 
adopting public services rendered by police officers.  

 
Table II 

Relationship between demographic factors of respondents 
and stress management - Chi-Square Test 

Factors  

Chi-
square 
Value 

D
F Sig. Decision  

Age 41.68 6 0.000 Rejected 

Gender 31.36 1 0.000 Rejected 
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Education 174.32 3 0.000 Rejected 

Marital status 5.76 1 0.000 Rejected 

Family type 78.86 2 0.000 Rejected 

Designation 103.16 5 0.000 Rejected 

Experience 38.48 2 0.000 Rejected 

Transfers 112.82 2 0.000 Rejected 

Promotions 151.3 4 0.000 Rejected 

No of 
Children 36.72 3 0.000 Rejected 

No of 
dependents 19.52 2 0.000 Rejected 

                                                         Source: Primary data 

Hypothesis (H0): There is no relationship between 
demographic factors of respondents and stress 
management. 

The above table depicts that, the researcher was found that 
the null hypothesis is rejected (p<0.05) and at there is a 
relationship between demographic factors like Age, 
Gender, Education, Marital status, Family type, 
Designation, Experience, Transfers, Promotions, Number 
of children, Number of dependents of the respondents with 
the stress management. The job of a police officer is also 
dangerous. As a result, their job demand creates a more 
stressful work atmosphere. As a result, it has an impact on 
their health and work quality.  

Table  III Chi-Square Test between Stress management 
and work-life balance 

- (stress level of both EU-stress and Distress) 

Factors  Chi-square 
Value 

Df Sig. Decision  

Work-life balance 58.8 4 0.000 Rejected 

                                                Source: Primary data 
                                         (at 5% significance level) 
 
Hypothesis (H0): There is no association between stress 
management and outcome factors. 
 The above table clear that, the significant value of 
the chi-square test is less than 0.05, hence the null 
hypothesis is rejected. It is inferred that there is a 
relationship between stress management and work-life 
balance. Work-life balance is a strategy for balancing work 
and family obligations. People nowadays spend far too 
much time in the office dealing with clients, and the stress 
of their jobs interferes with and impacts their home lives, 
making it impossible to fulfill household responsibilities. 
Many people are emphasizing the importance of striking a 
balance between their personal and professional lives. The 
emphasis is on prioritizing and defining goals for ourselves, 
as well as developing an action plan to help us arrange our 
lives at work and at home. Email and text messaging, as 
well as phones, are technical blessings that allow people to 
stay connected to their work even when they are not at 
work, effectively integrating their personal and professional 
lives. 

 

 

 

Table No IV 
 Relationship between stress management 

and work-life balance- Coefficients of Regression  

Factors 
  

unstandar
dized 
coefficie
nts 
 

Std. 
Error 
 

Standardi
zed 
coefficie
nts T 

 
Sig 
 Beta 

Work-
life 
balance 

0.3050 0.1576 -0.00533 0.4796 0.51495 

      Multiple R R Square Adjusted R Square 

0.237373 0.0563 -0.01545 

                                                        Source: Primary data 

                                                  (5% Level of significance) 

Hypothesis (H0): There is no significant relationship 
between stress management and work-life balance. 

The above table depicts that, the Multiple R-value is 
0.237373 which indicated a high degree of correlation 
between the work-life balance and stress management. The 
R2 value indicated that 5.6 % (0.0563) of work-life balance 

is explained by stress management. 

The independent factors are Operational stressors, 
Organizational stressors, Social support, Family support, 
superior support, co-workers support, Workload, 
Responsibility, Job satisfaction, Work level wallop of the 
management of the stress at both EU-stress and distress 
among the police officers. Hence the researcher suggests 
the association implement a certain line of attack that 
triggers the above factors further which affects good stress 
management.  
Conclusion and Recommendation 
In the current scenario, stress has an impact in two ways 
like distress impact so many things like it create health 
issues, heart attacks, addiction to alcohol, cigarettes, and 
the like. EU-stress impact on good work-life balance, 
appreciation from the organization side, rewards, 
recognition, increase the overall satisfaction. By mixing 
them with beneficial exercises, one can improve their 
health tremendously. Such retreats offer a good diet as well 
as yoga, cycling, and other activities. Stress management is 
an important factor that contributes to an increase in work-
life balance. An organization having engaged & involved 
employees have many advantages like handling their stress 
(EU stress and Distress), improving their work-life balance, 
and easily handling their work without health issues, in 
turn, increasing the satisfaction of work and therefore 
creating a good bond between management, co-workers, 
people and last but not least family.  
Work-life balance refers to the creation and maintenance of 
healthy working environments. It is critical to have good 
time management skills in order to effectively manage 
work-life balance. The job of the police is critical to the 
public's protection and the maintenance of social peace. 
The establishment of work-life balance methods aids the 
police department in making required changes to the 
workplace and improving officer performance. The support 
of family members and top officers is critical to job 
effectiveness. The public should be aware of police 
officers' duties, and the police department should hold 
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meetings with members of the public to hear their opinions. 
The Tamil Nadu police welfare development scheme 
provided incentives for officers. 
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Abstract— Cryptocurrencies are considered digital asset 

that is saved on a computerized database in a public ledger 

format using strong cryptography methods or blockchain to 

secure the transaction record. In recent times it has attracted a 

large number of holders. Cryptocurrencies are based on 

entirely new technology, whose prospects are still undiscovered 

and unknown, which in turn attracted considerable academic 

studies directed towards creating theoretical models of 

cryptocurrencies and their possible prospects. In this study, we 

have considered the topmost cryptocurrencies namely Bitcoin, 

Ethereum, Ripple, and Litecoin as they have a major part in 

the cryptocurrency market capitalization which is around 

83.4% of the total market. The objective of the study is to 

understand whether there is a significant association between 4 

cryptocurrency prices namely Bitcoin, Ethereum, Litecoin, 

Ripple, and understand whether there is a significant 

relationship between the Bitcoin cryptocurrency pricing 

concerning Ethereum, Litecoin Ripple cryptocurrency prices. 

Secondary and primary data from different websites and 

questionnaires have been used for the study. It has emerged 

from the study that there is a high correlation between these 

cryptocurrencies’ prices. It has also been found that Bitcoin 

prices increases, if Ethereum and Litecoin prices increases. 

Bitcoin prices decrease, only if Ripple prices increase.  

Keywords— cryptocurrency, bitcoin, association 

I. INTRODUCTION 

Cryptocurrencies are recently developed digital forms of 
currency where vendees and vendors can easily transmit the 
currency within the cryptography system [1]. It was 
developed in the year 2008 by Satoshi Nakamoto, where all 
transactions were recorded in computerized database using 
the blockchain method to secure all transmissions records 
[2]. In recent years, the crypto market has developed 
unpredictably at an unexampled speed throughout its short 
life period [3]. It has supported a new applied science, whose 
potential still unexplored and not understood clearly On the 
opposite hand, at least within the current form, it fulfil 
similar functions as other traditional assets [4]. 

The Blockchain method is an explorer service of 
cryptocurrency which holds all the transactions records 
ensuring the full security and transparency of the transaction. 
It prevents the user from being cheated [5] as such networks 
are not authorized by any fixed authority; such networks can 
be considered as a self-administration system [1]. A 
blockchain is in an endlessly growing list of records, referred 
to as blocks that are connected and secured mistreatment of 
cryptography [6]. In recent years, a considerable rise in the 

quality and prevalence of cryptocurrencies within monetary 
environments has emerged, because of the role of blockchain 
system that was thought to be a very important part of the 
ongoing worldwide revolution. The high growth rate of 
blockchain technology acted as a catalyst for a modification 
and improvements in the finance business, particularly after 
the conception of Bitcoin introduced by Nakamoto in 2008. 

Bitcoins are considered the first-ever redistributed 
cryptocurrency [7]. It was registered on the 13th of August, 
2008 by the domain name “Bitcoin.org” and was authorized 
by the developer of cryptography as a name of Bitcoin: A 
peer-to-peer electronic cash system. Bitcoins are precocious 
as a mediate of transaction. Several cryptocurrencies have 
been registered after that like Ethereum, Ripple, Litecoin, 
etc., but Bitcoin is prominent among all the available 
cryptocurrencies as the 1.7 trillion which is about 86% of the 
total market capitalization of the cryptocurrency [8; 3]. 

According to various analysts, standard cryptocurrencies 
are Bitcoin, Ethereum, Ripple, and Litecoin. Ripple provides 
best returns as a freelance single investment, followed by 
Litecoin and Bitcoin. However, the volatility of Ripple is 
additionally the highest, followed by those of Litecoin and 
Bitcoin. Combining the risk and return along, the coefficient 
of variations reveals that the most effective cryptocurrency is 
Ripple, followed by Bitcoin, so by Litecoin [9].  

II. REVIEW OF LITERATURE 

A cryptocurrency is often outlined as “cash for the web.” 
it's a piece of digital info that one can hold onto, and it's 
worth it as long as nobody else has access to the data, and 
keys that provide the value. The entity that holds the data at 
that point of your time is additionally the holder of the worth 
of that cryptocurrency. As mentioned above the 
cryptocurrency market has only been in existence for a few 
years and is mostly unexplored [10], and therefore only a 
hand full of studies have been carried out [10]. 
Cryptocurrencies have three core characteristics: 
decentralized, unregulated, and anonymous. The 
decentralization of cryptocurrencies originates from the 
character of blockchain technology. Being a distributed 
ledger, operated among peer-to-peer networks, information 
and knowledge contained on the blockchain platform are 
offered to and reside in thousands of computers all over the 
world, so that any user, miner, or spectator has access to the 
information. 
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Every cryptocurrency is simply “a chain of digital 
signatures” where “owners transfers the coin to subsequent 
owners by digital language, by a hash of the previous dealing 
and the general public key of the subsequent owner thus, 
adding these to the tip of the coin” so possession will 
dynamically be programmed into the coin [7]. Unlike other 
monetary assets, cryptocurrencies can be stolen, lost, and 
destroyed. According to several reports, once a British man 
become very popular by throwing his hard disk containing 
his wallet, having 7000 BTC, which was worth around 
$7million at that period [11]. Several articles have shown the 
association of bitcoin in black-market trading and illegal 
activities. 

According to the research of [12], there is about $76 
billion of illegal activities which are directly associated with 
bitcoin. Their additional document state that the amenable 
share of Bitcoin activity has declined with mainstream 
interest in Bitcoin and with the emergence of a number of 
opaque cryptocurrencies. Practical issues associated with 
finance in cryptocurrencies embrace illiquidity, theft, fraud, 
ransom attacks/hacking, and potential constrictive 
government regulation. Since cryptocurrencies are 
unregulated, suburbanized, untraceable, and anonymous, 
there aren't any protections, liability clauses, or insurers. 
Although the shortage of regulation is a crucial drawback for 
the lack of protection from larceny and ransom attacks, 
raised levels of regulation may cause an even larger 
drawback for these digital coins. Government regulation may 
disrupt the actual nature of cryptocurrencies that creates 
them attractive to the users, and could lead to forceful 
decline in their worth, which will cause vital illiquidity, 
making them unattractive to investors. Overall, the potential 
for regulation is a major threat to cryptocurrencies shortly 
[9]. 

III. OBJECTIVE OF THE STUDY 

The objective of the study is: 

• To understand whether there is a significant 
association between 4 cryptocurrency prices namely 
Bitcoin, Ethereum, Litecoin, Ripple. 

• To understand whether there is a significant 
relationship between the Bitcoin cryptocurrency 
pricing concerning Ethereum, Litecoin Ripple 
cryptocurrency prices. 

IV. RESEARCH METHODOLOGY 

Secondary and primary data from the different websites 
and questionnaires have been used for the study. For the 
secondary data, day-to-day prices of considered 
cryptocurrencies were collected from the year 2015-16 till 
2020-21. West Bengal was chosen as a data point for 
primary data. Data are outlined and encapsulated to increase 
the research quality and standard. These documents are 
available in libraries, websites, etc. 

V. FINDINGS AND ANALYSIS 

A. OBJECTIVE 1 

TABLE I.  DESCRIPTIVE STATISTICS 

 Mean Std. Deviation N 

BITCOIN_PRICE 8139.702 7725.3300 1650 

ETHEREUM_PRICE 290.2125 310.39667 1856 

LITECOIN_PRICE 68.46311 55.784473 1650 

RIPPLE_PRICE .3278049 .30608040 1650 

TABLE II.  CORRELATION 

 BITCOIN 
_PRICE 

ETHER
UM_PRI

CE 

LITEC 
OIN_P 
RICE 

RIPPL
E_PRI

CE 

 
BITCOIN_

PRICE 

Pearson 
Correlation 

1 .842** .622** .316** 

Sig. (2- 
tailed) 

 
0 0 0 

N 1650 1650 1650 1650 

 
ETHER 
EUM_P 
RICE 

 
Pearson 

Correlation 

 
 

.842** 

 
 
1 

 
 

.807** 

 
 

.621** 

Sig. (2- 
tailed) 

 
0 

  
0 

 
0 

N 1650 1650 1650 1650 

 
LITECOIN

_PRICE 

Pearson 
Correlation 

 
.622** 

 
.807** 

 
1 

 
.790** 

Sig. (2- 
tailed) 

 
0 

 
0 

  
0 

N 1650 1650 1650 1650 

 

 
RIPPLE 
_PRICE 

Pearson 
Correlation 

 
.316** 

 
.621** 

 
.790** 

 
1 

Sig. (2- 
tailed) 

 
0 

 
0 

 
0 

 

N 1650 1650 1650 1650 

**Correlation is significant at the 0.01 level (2-tailed). 

 

Correlation table, table 2 tests the fitness level of the 
correlation coefficient between the variables. From the 
above, we can see that the bitcoin prices are highly correlated 
with Ethereum, Litecoin, and Ripple Prices. High correlation 
indicates that all four coins have significant relationships 
with each other as the p-value is less than 0.05. 

B. OBJECTIVE 2 

TABLE III.  MODEL SUMMARY 

 

MODEL

 

R 

 

R SQUARE 

  

ADJUSTED 

R SQUARE 

 

STD. ERROR OF 

THE 

ESTIMATE 

1 .887A .787  .786 3571.4861 

 
A. PREDICTORS: (CONSTANT), RIPPLE_PRICE, ETHEREUM_PRICE, LITECOIN_PRICE 

 
Model Summary table, table 3 indicates the fitness of the 

regression model to the data. In a model summary, R or 
multiple correlation coefficients measures the quality of 
prediction of the dependent variable. From table 3, it can be 
seen that the value of R or the multiple correlation 
coefficient is 0.887, which indicates a good level of 
prediction. While R Square or the coefficient of 
determination represents the variability of dependent 
variables with the help of an independent variable. It can be 
seen that the R Square value is 0.787 which means our 
independent variables describe 78.7% of the variability of 
our dependent variable. 
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TABLE IV.  ANOVAA 

Model Sum of Squares Df Mean Square F Sig. 

 Regression 77417938168.659 3 25805979389.553 2023.124 .000b

1 Residual 20995574122.983 1646 12755512.833 

   
Total 98413512291.641 1649 

 a. Dependent Variable: BITCOIN_PRICE 

b. Predictors: (Constant), RIPPLE_PRICE, ETHEREUM_PRICE, LITECOIN_PRICE 
 

 

ANOVA, table 4 tests the fitness of the data to the 
regression model of the study. It can be seen from the 
mentioned table that the regression model is predicting the 
dependent variable significantly well and it is statistically 
significant as the p-value is less than 0.05. 

TABLE V.  COEFFICIENT 

Model 

Unstandardized 

Coefficients 

Standardize
d 

Coefficients t Sig. 

B 
Std. 

Error 
Beta 

 

 
1

(Constant) 2498.721 139.992  17.849 .000 

ETHEREUM_PRIC
E 

23.360 .472 .954 49.458 .000 

LITECOIN_PRICE 26.314 3.415 .190 7.705 .000 

RIPPLE_PRICE 
-

 10782.54 
469.255 -.427 - 22.97 .000 

 

a. Dependent Variable: BITCOIN_PRICE 

 

The coefficients table, table 6 represents the required 
information to predict the dependent variable from 
independent variables and to understand whether these 
independent variables are contributing to the model of the 
study significantly (as per significant value being calculated). 
The above-mentioned table explicates the overall satisfaction 
being derived from the ‘Ethereum Price’, ‘Litecoin Price’ 
and ‘Ripple Price’. It can be seen these components are 
statistically significant (as all the components have a 
significant value of less than 0.05 that is 0.000) to form a 
regression model or equation, as given below: 

BITCOIN PRICE = 2498.721 + .954 (ETHEREUM 
PRICE) + .190 (LITECOIN PRICE) - .427 (RIPPLE 
PRICE) 

VI. CONCLUSION 

Cryptocurrency is a kind of virtual currency which are 
based on the blockchain method. It was first developed by 
Satoshi Nakamoto in the year 2008. Bitcoin was the first-
ever cryptocurrency that was founded in the year 2008 with a 

domain name “Bitcoin.org”. Bitcoin is considered one of the 
biggest cryptocurrencies with a market capitalization of 66% 
of the total cryptocurrency market. In this work, we have 
taken the most prominent cryptocurrencies namely Bitcoin, 
Ethereum, Litecoin, Ripple. It has been found that the prices 
of each cryptocurrency are highly co-related with each other. 
The study has also emerged the dependency of Bitcoin price 
with prices of another cryptocurrency. Bitcoin prices are 
expected to bubble up when the price of Ethereum and 
Litecoin goes up, but the Ripple hurts it means if the price of 
ripple goes up the price of bitcoin will fall. It can be 
concluded that the price of the cryptocurrency can be also 
depended on factors like the price, performance of other 
cryptocurrencies, while societal influence has a major impact 
on the pricing of cryptocurrencies. The study also shows that 
small studies and research can help invest in cryptocurrency. 
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Abstract: Mechanical energy harvesting from novel 

environment friendly piezoelectric material is useful 

for smart electronics applications. In this work, we 

synthesized and report piezoelectric energy harvesting 

properties at different applied force and at different 

frequencies from rhombohedral SnTiO3 nanocrystals 

(40-100 nm) prepared via hydrothermal process. XRD, 

and HRTEM confirms phase and morphology of the 

SnTiO3 (STO) nanocrystals. Piezoelectric nano 

generators were fabricated by using different 

percentages of SnTiO3 nanocrystals and Poly   

(dimethyal Siloxane) (PDMS). A short circuit peak 

current ~ 0.25 nA and open circuit peak voltage ~0.2V 

at room temperature was measured from the 40 wt. % 

STO--PDMS composite upon periodic impact of 1N 

and 4Hz, indicating its’ efficacy as a future vibrational 

energy harvester. 

Keywords: energy harvesting, piezoelectric, environment 

friendly. Nano generators (NGs). 

I. INTRODUCTION 

    In recent years lead free piezoelectric 

nanogenerator are attracting immense attention for 

their energy applications in nanosensors, actuators, 

transducers,  energy harvesting and piezotronics 

because they exhibit an efficient and effective 

energy conversion from different form of 

mechanical energy in our daily lives.[1-4] 

Piezoelectric nanogenerators show reasonable 

output current, voltage and power, and also 

relatively easier to manufacture and the output 

voltage directly can be converted from the 

surrounding mechanical vibration.[5] 

 

 

 

 

 

  

 

Agarwal et al. demonstrated room-temperature 

relaxor ferroelectricity of perovskite STO powder 

with saturated and remnant polarization ~7.5 and 3.3 

µC/cm2 respectively at 40kHz.[6] In this work we 

synthesised STO nanocrystals (40-100 nm in size) 

with rhombohedral crystal structure. SnTiO3 

nanopowder possess switchable dipole moment and 

we have measured vibrating energy harvesting 

property using the calibrated bespoke energy 

harvesting set up, similar to  the set up used 

previously.[2,5,7] 

II. EXPERIMENTAL SECTION 

Chemicals. Titanium butoxide {Ti(OBu)4,  >99%}, 

Tin chloride (SnCl2.2H2O,  >99%), Ammonium 

hydroxide (NH4OH), Ascorbic acid (C6H8O6), 

polyvinyl alcohol (PVA), Poly acrylic acid (PAA), 

Potassium hydroxide (KOH), Anhydrous ethanol 

(EtOH) and D.I Water (H2O) were purchased from 

Sigma Aldrich. All the chemicals were used without 

any further purification.  

    Synthesis of SnTiO3.  STO sample was prepared 

by a novel hydrothermal procedure, which involved 

two different steps. In the first step, Ti(OBu)4 was 

dissolved in anhydrous EtOH in a beaker under 

magnetic stirring. After getting a clear solution, 

NH4OH was added to it dropwise and kept under 

constant stirring. The obtained white precipitate was 

collected by centrifugation with D.I H2O for several 

times. In the second step, the precipitate was 

dissolved in D.I H2O.  SnCl2 .2H2O, Ascorbic acid, 

PVA, and PAA were added to the solution 

successively under vigorous magnetic stirring at 

room temperature under high pH condition. The 

Piezoelectric energy harvesting from novel 

piezoelectric Tin titanate (SnTiO3) material 
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mixture solution was transferred to a teflon-lined 

stainless steel auto clave reaction for 12 hours at 

220oC. The final product was vacuum dried. [8] 

    Figure 1a shows the power X-ray diffraction 

(XRD) pattern of STO nanocrystals. All of the 

diffraction peaks can be indexed to rhombohedral 

type having a good agreement with the value 

reported in the literature [8]. The morphology and 

the crystal structure of the as-prepared STO 

nanocrystals were characterized by transmission 

electron microscopy (TEM). TEM images are 

shown in Figure 1(b). The TEM images reveal 

nanostructures that were comprised of 

rhombohedral nanocrystals; single crystalline in 

nature. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Device Fabrication: To fabricate STO-PDMS 

nanogenerators, different percentages (20 - 60wt %) 

of STO nanopowder were film-casted from a 

mixture with polydimethylsiloxane (PDMS). To 

prepare the films, first STO was hand-ground for 15 

min. by using mortar and pestle. Then fine STO 

nanocrystals powder in variable measured weights 

of 3mg, 6mg and 9 mg were mixed with 12mg, 9 mg 

and 6mg of PDMS, respectively. Thereafter, 1.5 mg 

curing agent was added with each mixture. Each 

mixture was then poured in a petri dish and mixed 

uniformly by using spatula as shown in Figure 2(ii). 

During mixture, bubbles formed and to remove the 

bubbles the mixture was ultrasonicated for 10 min at 

30 0C and again stirred for 10 min. The 

ultrasonication and stirring steps were repeated three 

times. After removing the bubbles completely, the 

mixture was spread by drop casting method on an 

ITO coated PET sheet (2 cm*2 cm*0.25 mm) as 

shown in Figure 2 (iv). It was first dried in air at 80 
0C on a magnetic stir for 1 h, and then vacuum dried 

at 800C for 12 h. Lastly, a very thin PDMS and 

curing agent layer (10µm as measured by micro 

gauge) was deposited onto the films to protect the 

device and the Ag electrodes.  In this sandwiched 

capacitor type structure, Ag epoxy was deposited on 

the upper surface directly which worked as an upper 

surface electrode, while ITO coated PET sheet work 

as a lower electrode. All the fabrication steps are 

shown in Figure 2 below.   

 

Vibrational Energy Harvesting set up: A bespoke 

vibrational energy harvesting set-up was used to 

measure the (open-circuit voltage) Voc and (short-

circuit current) Isc under variable impact force, 

frequency from the prepared capacitor-type 

piezoelectric STO nano generator devices as shown in 

Figure 3(c). A vertical clamp holds a vibration 

generator (Supertek PH36214) tightly with which an 

oscillating aluminium arm was attached, capable to 

impact on prepared nanodevices (STO nanogenerator) 

held rigidly on an iron block sample holder. A signal 

generator (Supertek PH93205) was connected to the 

vibration generator to create periodic oscillations of 

different forces (measured using dynamometer) and 

frequencies (input from Supertek PH93205). Periodic 

oscillations force was measured by using Newton 

spring balance (EISCO Acrylic dynamometer). The 

copper wires from the top electrodes of STO 

nanogenerator were connected to the SMU2634B 

(Keithley), which was used to record the electrical 

output current and voltage by Kickstart in a PC. 

Importantly, lower electrode of the nanogenetaor 

device was grounded using copper tape conductor to 

remove the triboelectric effect and only to measure the 

piezoelectric effect. The whole set up was finally 

placed inside an aluminium Faraday cage (Shown in 

Figure 3(d)) to avoid the external electromagnetic 

noise which may distort the actual signal.  

Figure 1. (a)Powder XRD pattern of the as-synthesized 

SnTiO3 nanocrystals [8] (b) HRTEM image of the 

nanocrystals in inset SAED image shown rhombohedral 

phase. 

Figure 2: (a),(b)mixing of STO and PDMS by using spatula(iii) 

Ultra sonication  (iv) Thin film of different wt.% of STO and 

PDMS on ITO coating PET sheet (y)Preparation of thin film: On 

ITO Coated PET Substrate (2cm (W)*2cm (L) * 0.25mm (H)) 

(v)Cross section view of PDMS and Curing agent (~10µm) was 

deposited on dry solution. Then Ag electrode (~10µm) was 

deposited. (vi) Oscillating arm impact on the effective electrode 
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Figure3. (a) Block diagram of Piezoelectric measurement set-up, 

(b) photograph of vibrational energy set up, (c) device connection 

and (d) Faraday cage to protect external electromagnetic noise 

III. RESULTS AND DISCUSSION 

Figure 4 shows Voc and Isc of the various devices for 

different mass fractions of STO and PDMS as 

discussed in the experimental section. With the 

increase of mass fraction from 20 wt.% to 40 wt.%, 

output voltage increases from 61 mV to 192 mV and 

current increases from 0.11 nA to 0.23 nA. With the 

increases of STO wt.% from 40 wt.% to 60 wt.%, 

however, the output voltage decreases from 192 mV 

to 87 mV and current decreases from 0.23 nA to 0.1 

nA. The reason of increase of piezoelectric voltage 

and current initially may be related to the higher 

piezoelectric voltage and current contributed from 

piezoelectric STO nanocrystals and charge 

separation upto 40 wt.%. Thereafter, aggregation of 

STO nanocrystals may be generated in the PDMS 

matrix with excess concentration of STO, which 

may decrease the mobility of the dipole and 

concentration of the field effect [9]. Impacting on 

only PDMS layer without STO nanocrystals 

generated negligible output voltage (less than 10 

mV) and current (less than 15 pA) with respect to 

the STO-PDMS nanogenerators, confirming the 

origin of energy harvesting from the piezoelectric 

STO nanocrystals. 

 

 

 

 

 

 

 

 

 

As we were getting maximum open circuit voltage 

and short circuit current at 40 wt. %, Then we 

investigated the nanogenerator for 40 wt.% STO 

with the change of force and low frequencies .To 

investigate the effect of the frequency on the output 

voltage and output current, low frequency from 1Hz 

to 4Hz under different oscillating force ranging from 

0.1N to 1N was applied in the bespoke measurement 

system. Figures 5(a) and (b) shows the dependence 

of voltage and current with the different applied low 

frequencies on the devices. With the increase of 

frequency from 1 Hz to 4 Hz at 1 N of force, voltage 

increases from 0.08 V to 0.2 V and current increases 

from 0.07 nA to 0.23 nA. With the increase of force 

from 0.1 N to 1N at 4Hz, piezoelectric output 

voltage and current increases from 0.07 V to 0.2V 

and 0.18 nA to 0.25nA respectively as shown in 

Figures 4(c) and (d). The linear increase of the open 

circuit voltage (Voc) and short circuit current (Isc) 

with the forces and frequencies may be from the 

linear deformation of piezoelectric nanocomposites 

in PDMS.[10] 

CONCLUSION 

We show vibrational energy harvesting using a 

calibrated bespoke set-up, from a novel piezoelectric 

rhombohedral type SnTiO3 (STO) nanocrystals. 

STO-PDMS nanogenerators were fabricated at 

different concentrations of STO vs. PDMS and the 

measured Voc and Isc from the nanogenerators. As 

nanogenerators generate AC voltages, when 

connected in series, the stacked devices are likely to 

enhance the obtained voltage and power from the 

devices, which is a future research direction. 

                

 

 

Figure 5. Variation of the (a) ,(c)Piezoelectric open circuit 

voltage (voc) and (b),(d) short circuit current(Isc) with the 

different low frequencies and Force respectively. 

Figure 4: Comparison of (a) output short circuit (Isc) current 

and (b) output open circuit voltage (Voc) with the change of the 

concentrations between STO and PDMS for 1N force at 4Hz. 
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Abstract— Communication is the exchange of thoughts, ideas 

and feelings through emotion. In this paper we have proposed a 

method where human speech is converted into digital input. The 

digitized sound is fed into the proposed models and the voice of 

every person is classified into discrete emotional characteristics 

by its intensity, pitch, timbre, speech rate and pauses. In the 

proposed method, authors have applied multi scale area 

attention in a deep 2D-CNN connected to dense DNN to obtain 

emotional characteristics with wide range of granularities and 

therefore the classifier can predict a wide range of emotions on 

a broad scale classification. 

 

Keywords— Sentiment Analysis, Audio Analysis, Deep 

Learning, Neural Networks, Emotion Detection, Deep Neural 

Network (DNN), Convolutional Neural Network (CNN). 

 

I. INTRODUCTION 

 

Speech is considered to be the most valuable and widely used  
means of communication. Speech Emotion Recognition 
(SER) has wide application perspectives on psychological 
assessment, robotics etc. For example, a doctor treating a 
patient suffering from depression can keep a track of his 
patient’s development and design a recovery plan according 
to the emotions hidden in the patient’s speech. Over the past 
few years, there has been a consequential development in the 
field of analysing the emotions of speech with Deep Learning, 
but there are still deficiencies in the research of SER, such as 
insufficient model accuracy, shortage of useful dataset, and 
lack of computing resources. In SER, emotion may depict 
distinct energy patterns in spectrograms with varied 
granularity of areas. However, typical attention models in 
SER are usually optimized on a fixed scale, which may limit 
the model’s capability to deal with diverse areas and 
granularities. 

In SER, change in energy patterns in spectrograms results in 
different types of emotions. Typically, an attention neural 
network[1] classifier of speech emotion recognition is usually 
optimized on a fixed attention granularity. A drawback of an 
attention neural network classifier of SER is that it is usually 

optimized on a fixed attention granularity. In the proposed 
method this constraint is removed by applying multi scale area 
attention in a Deep CNN as well as Dense DNN to obtain 
emotional characteristics with a wide range of granularities 
and therefore the classifier can predict a wide range of 
emotions on a broad scale classification. For example, 
sentiments such as annoyance, joy have different levels of 
intensity, so instead of just categorizing the presence or 
absence of the emotion, level of intensity of the emotion can 
be identified as well. Hence comparative study using both the 
models is conducted. 

Models that have been used for SER previously suffer a 
problem of sample scarcity. A novel approach is used to deal 
with data sparsity. For this reason, augmentation of data with 
addition of stretching, pitch modification and noise insertion. 
This adds variation to the dataset and it also improves the 
chances of getting better accuracy. For example, a training 
data with all anger emotions expressed in higher pitch will 
now have the same emotion in lower pitch, hence maximizing 
the chances of identifying anger, when spoken in a lower 
timbre. Similarly, the sample set might consist of audio of fast 
speakers and be essentially biased. Stretching helps in 
removing this bias. Addition of noise to the data is proven to 
be a useful[2] tool for classifying real time date, since real time 
data tend to have background noise. To the effectiveness of 
the proposed method, extensive experiments are carried out on 
RAVDESS[8], CREMA-D[9], TESS-D[10] dataset. 

 

II. LITERATURE REVIEW 

 
In the paper [1] ,authors have studied a new techniques of 
utterance-based emotion recognition. The comparison 
between the efficiency of Support Vector Machines (SVM) 
and Binary Support Vector Machines (BSVM)[14] techniques 
are clearly depicted by the authors. The different frame based 
features like, Acoustic features including energy, 
MFCC[10][11], Perceptual Linear Predictive[12][13] (PLP), 
Filter Bank (FBANK)[15], etc. are taken into considerations. 
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In the paper [2] an improved multimodal approach for 
sentiment analysis is proposed. The basic goal for this paper 
is binary classification of sentiments that is either positive or 
negative. For a better user experience, from the speaker speech 
emotion, age or gender was recognized. In this paper, the 
technique of Two-dimensional Convolutional Neural 
Networks [16] and Deep Neural Networks is used for 
encoding each segments into a vector of fixed length by 
integrating the activations of the last hidden layer over time. 

In the paper [17] proposes a real-time Speech emotion 
recognition system based on End-to-end (E2E) learning. From 
a one second frame of raw speech spectrograms the technique 
of deep neural network is used to study the emotions. A deep 
hierarchical framework, pragmatic optimization and data 
augmentation helps in achieving the desired results. Promising 
results are reported. 

In the paper [3] a well organised procedure has been provided 
by the author for implementing SER political debates; The 
emphasis is laid on manufacturing the political speakers in the 
debates, the sentiment mining approaches were compared. 
Collective labelled speech data was considered, which were of 
political significance which was extracted from debating 
transcripts. The outcome of the comparison helped them 
realise that using sentiment mining the speakers attitude can 
be determined conclusively. The proposed Debate Graph 
Extraction (DGE) framework, in its functioning, effectively 
extracts the debate graphs from political debate transcripts. 
They proposed to graphically represent debates with speakers 
as nodes. In this framework, the speakers are represented as 
nodes, with nodes having specific labels and links between 
nodes. These links depend upon the exchange of speeches. 
The labels on the nodes depended upon the sentiment of the 
speakers. The attitude of the speaker was then used to classify 
a link as supporting or non-supporting. If the outcome of both 
speakers was same, i.e. both positive or both negative then the 
link was labelled as supporting or else it was labelled 
opposing. Visualisation of results were carried out via graphs 
that represent the essence of the debate, in an abstract manner. 
Lastly they discuss about how debate graphs can be 
structurally analysed using the techniques based on network 
mathematics and community detection techniques. 

In the paper [4] ,they proposed automatic sentiment detection 
system for natural audio streams. Part of speech tagging and 
maximum entropy modelling (ME) has been used as the 
suggested technique to develop a sentiment detection model, 
that was text-based in nature. The number of model 
boundaries in ME was reduced drastically by an attuning 
technique while conserving the classification capability. 
Using decoded ASR (automatic speech recognition) 
transcripts and the ME sentiment model, sentiments of 
YouTube videos were able to be determined. As evaluation, 
they have gathered motivating classification accuracy. 
According to the results analysis showed that performance on 
sentiment analysis on spontaneous speech data is possible in 
spite of word error rates. 

In the paper [6] aims to underline different techniques to 
detect vocal expressions of different emotional states. 
Moreover, the features extracted from machine learning 
methods and speech datasets were analysed with an emphasis 
on classifiers. Additionally, this paper shows the outline areas 
where emotion recognition can have an effective application 
like cognitive sciences , psychology, marketing and 
healthcare. 

III. PROBLEM STATEMENT 

The human speech is the most natural way of expressing 
ourselves. We know emotions play an important role in 
communication analysis, and the detection of the same is 
significantly important in today’s digital world of remote 
communication. In text based classification certain emotions 
like sarcasm, dual meaning sentences cannot be identified. 
Tonal Qualities of the voice is required to classify the 
emotions more accurately. An SER system can be defined as 
a collection of methodologies that classifies speech signals to 
detect embedded emotions. The human speech contains many 
features different to each individuals. If we consider all those 
features while training the model, then the model will be 
biased to the training set which is not desired. So we have 
considered only the properties common to human voices like 
loudness, timbre, and quality. Our attempt lies in trying to 
detect underlying emotions embedded in speech through 
analysis of the acoustic features of the audio recording. 

 

IV. DATASET 

Three instances of audio datasets was used during our 
analysis, which contains the vocal emotional expressions in 
sentences spoken in a range of (joy, grief, rage, agitation, 
annoyance, and calm). Total 1440 and 7,440 clips of 115 
actors were collected which had a diverse ethnic background, 
it was merged with 8882 files. We have worked only with the 
audio recordings of the audio-visual data. The sentences are 
spoken by trained Actors belonging to a variety of races and 
ethnicities (Latino Americans, African American, Asian, 
Caucasian). The sentences are classified using one of six 
different emotions (Joy, Grief, Rage, Agitation, Annoyance, 
and Calm) and four different emotion levels (Low, Medium, 
High, and Unspecified). The audio file format is WAV. We 
have preprocessed the dataset to clear noise and to introduce 
stretching. 

 

V. PROPOSED SOLUTION 

Three classes of features can be mainly identified in a speech. 
These can be classified as lexical features, the visual features, 
and the acoustic features. For example: the various 
expressions of the speaker, the terminology used, and 
properties like vocal quality, pitch, anxiety, noise, energy, etc. 
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Fig 5.1. The spectrogram for audio with fear emotions. 

 

Analysis of lingual features would require a script of the 
speech. However, it will require a processing and extraction 
of text from speech in order to analyze sentiments from real- 
time audio. Analyzing visual features would require the access 
to the video of the conversations, and it is not in the scope of 
this research. Therefore, analysis of the auditory features is 
done in this work, since analysis of the acoustic features is 
possible in real-time. Audio from real-time conversations is 
extracted and analysed in order to accomplice the task 

Furthermore, the representation of emotions can be done in 
two ways: 

Discrete Classification: Emotions were classified into distinct 
labels like rage, calmness, neutral, cheerfulness and joy etc. 

Dimensional Representation: Representations of emotions 
with dimensional categories such as Activation Energy (on a 
low to high scale), Valence (on a negative to positive scale), 
or and Dominance (on an active to passive scale) 

 

 

         Fig 5.2. The various categories of sentiments our model predict 

 

The two mentioned approaches have their distinct advantages 
and disadvantages. The dimensional representation approach 
is an elaborative process but there is a lack of annotated audio 
data in the dimensional format. The discrete classification is 
more straightforward and less resource hungry to implement. 
In discrete classification approach, emotions are classified on 
a specified scale for the analysis. Emotions are classified using 
the trained model and predicted as discrete outputs. This 
approach is easier to implement and understand and as such 
has greater outreach. 

In the proposed method , discrete classification approach is 
used for analysis. We classify the emotions on a specified 
scale. The emotions are classified using the trained model and 
emotions are predicted as discrete outputs. This approach has 
a greater outreach.  

Figure 5.3 shown above plots the output of the training and 
testing for 2D-CNN model. In the X-axis, the number of 
epochs is plotted. 

In Fig. 5.3(a) training and testing loss of 2D-CNN model is 
shown and Fig. 5.3(b) training and testing accuracy of 2D- 
CNN model is shown. 

On analysis of the graphs, each epoch in both the graphs tend 
to merge at a point which is desired. After the point of 
saturation, there is no significant change in the difference 
between training and testing loss of the model and also 
training and testing accuracy of the model which shows the 
strong integrity of the proposed model. After merging, the 
lines diverge, which indicates significant variance between the  

Fig 5.3. (a) Training and Testing 
loss of 2D-CNN Model 

(b)Training and Testing Accuracy 
of 2D-CNN Model 

 

training and the testing loss. With higher number of epochs, 
the loss decreases since the model refuses to achieve 
saturation. In case of the accuracy plot , with higher number 
of epochs, the accuracy increases since the model refuses to 
achieve saturation. 

After careful observation and improvement of our model, we 
are able to achieve an accuracy of 61.89%. Thus, our model is 
able to provide some noteworthy results that can have myriad 
of applications. 

 

VI.  CONCLUSION 

In the proposed method, an accuracy of 61.89% is achieved 
using both DNN and CNN. Thus, our model is able to provide 
some noteworthy results that can have wide range of 
applications. Efficient utilization of the audio signals and their 
tone, pitch and granularity can also help in detection of lies, 
mimicry as well as mental state of a person. A text-based 
approach will not provide such pronounced outcomes as they 
are bound only to linear degree of variation. Furthermore, for 
exploring broader spectrum analysis and interpretation, such 
as analysis of interviews, interrogations etc., Multimodal 
Sentiment Analysis should be taken into considerations.  

For future work, we intend to expand and add more features 
into the proposed framework. Bidirectional LSTM is also a 
convenient proposition for training over audio datasets 
MFCC. Addition of embedding framework, as attention 
frameworks[7] seem to work well for many voice recognition 
tasks, or residual layers when there is an absence of handful 
labels, and there is a high possibility of overfitting. Collecting 
more data in the feature, as TESS and RAVDESS[8] only 
provide limited samples of user information is also a direction 
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to be explored and analyzed. Due to limited data augmentation 
of data and variation such as using stretch and adding noise 
has been done where most of those features would not be 
impacted. The application of sentiment analysis techniques 
can be used to predict the demeanor of individuals. Increasing 
the spectrum in sentiment classes may provide valuable 
information, which is not captured efficiently earlier. Our 
efforts should also highlight the tendency of our model to 
isolate hateful speeches and sexist remarks as well as sarcasm 
detection. 
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Abstract— This paper aims to find the impact of digital 

financial services on the profitability performance of 

commercial banks in India. Recently, the Indian banking 

industry has witnessed the rollout of digital and innovative 

banking models. The immense growth of digital financial 

services makes a significant impact on the performance of 

Indian banks. Panel data regression was adopted to find the 

impact of digital financial services on profitability 

performance. Forty-four banks and an eight-time period are 

considered for the study. The data suffers from both 

heteroscedasticity and serial correlation. Panel Corrected 

Standard Error (PCSE) estimation was used to overcome these 

problems. Four models were used to assess the bank 

profitability. The coefficient of digital financial services 

variables is found to be significant.   This indicates that digital 

banking facilities could enhance the financial performance of 

banks. To ensure further utilization of digital financial services 

by the public, with the help of the Payment and settlement 

system, the RBI should focus more on providing electronic 

services facilities on a larger scale to the public and ensuring 

security and making the process more efficient cost-effective 

for the banks. 

Keywords— Digital Financial Services, Bank profitability, 

Mobile banking, Online banking, ATMPOS transactions 

I. INTRODUCTION 

The banking system is the most important financial 

intermediary, irrespective of the country. The banking sector 

plays a vital role in the economic development of any 

country [1] [2]. Banks are essential in mobilizing and 

allocating savings in an economy and can solve critical 

economic issues and currency circulation problems by 

monitoring and screening borrowers and depositors [3]. 

Banking sector development and performance positively 

affect economic development. The importance of the 

banking system leads to primary requirement of any country 

to maintain economic balancing [3]. A combination of 

banking transactions and information technology has taken 

the banking industry to a much-advanced level. The 

advancement of information technology has made business 

transactions easier and speedier. A radical change was 

observed in the banking services compared to conventional 

physical banking. Banks have started to offer their services 

through their digital platforms. Digital financial services 

(DFS) offer and would increase the delivery of banking 

services and it involves payment through credit card, debit 

card, mobile banking transactions, internet banking, UPI 

payments, ATM transactions, point of sale (POS) 

transactions etc. [4]. The growth of digital financial services 

helps in cost reduction to the banks and the customers, such 

as operational cost and transactional cost. It improves the 

quality of services, efficiency and productivity. The bank can 

reach a more extensive customer base through the modes of 

digital financial services untapped by the existing banking 

infrastructure [5]. Bank performance can be measured by set 

of indicators like profitability, efficiency and productivity 

[6].  

 Profit maximization is the prime focus of every business 

organisation, including banks. A banking institution may 

find efficient channels of products and services delivery to 

maximize their shareholders' wealth and profitability. That is 

where digital banking services come to play a significant role 

in achieving this primary goal. Technology-based products 

and services have proven to enhance efficiency, lower the 

cost of operation, and increase banks' profitability. As the 

banking sector is considered an essential segment of a 

modern economy, its performance is significantly important. 

To ensure a healthy banking system and an efficient 

economy, banks must be carefully evaluated and analysed. 

II. REVIEW OF LITERATURE 

 
 DFS is considered the broad range of financial services 
accessed and delivered through digital channels internet, 
mobile phones, ATMs, POS terminals, electronically enabled 
cards, biometric devices and any other digital systems [7]. 
Although financial services have been computerized using 
digital channels for about 20 years, the industry's more 
radical transformation was delayed due to traditional 
financial services providers' market advantages [8]. 
Gradually, India's significant accomplishments in DFS have 
considerable scale-up in access to accounts and volume of 
transactions via digital channels and substantial scale-up in 
digital government-to-person payments. More than 300 
million adults have gained access to bank accounts in the last 
three years. India's DFS development has been a technology-
led and bank-based model. Profitability is the company's 
ability to use its resources to generate revenues over its 
expenses. In other words, profitability is a company's 
capability to generate profits from its operations. Bank 
profitability is an essential indicator of bank performance. It 
represents the rate of return a bank has generated from using 
the resources at its command to produce and sell services. 

Many studies have been carried out in India and abroad 
to prove the relationship between digital financial services 
and banks' profitability. Some studies show a positive 
relation between these and many other studies concluded a 
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negative relationship between digital services and 
profitability. Johnson Worlanyo Ahiadorme [9] examined  
the effect of digital delivery channels on the financial 
performance of banks in Ghana. The research found that 
adopting digital innovations like ATM, Internet banking etc., 
have significant influences on the profitability and the cost 
efficiency of banks. There has been another study on the 
Impact of E-Banking on bank profitability in Jordan. The 
analysis showed that internet banking is new and changing 
rapidly, and therefore results of empirical studies on Internet 
banking may vary considerably with different samples and 
methods of analysis [10]. 

The study entitled “The role of electronic payment 
system on the financial performance of financial institutions 
in Rwanda” was carried out under the period from 2012 to 
2016. The results shows that the four independent variables 
predict the performance, which means the model explains 
68.6 % the variance on the performance [11]. The paper 
which explores the influence of digital financial information 
services on the financial performance of commercial banks 
in Kisumu County, Kenya. It analyzed the expansive use of 
digital financial services and the boost in bank’s financial 
performance [12]. Many other authors also have explored the 
relationship between digital financial services and bank's 
profitability in different contexts. The results of multiple 
regression analysis reveal that the profitability and offering 
of internet banking does not have any significant association 
in the Indian banking context [13]. On the other hand, the 
total amount of online transactions has a significant impact 
on commercial banks' performance in India [14]. It was 
observed that despite rapid technological improvement in 
DFS during the last couple of years, Digital Financial 
Services being the factor affecting firm performance did not 
get reasonable attention in academic literature [15]. 

III. METHODOLOGY AND DATA 
Though various techniques are available to identify the 

determinants of the performance, most studies have used 
regression analysis. The current study adopted panel data 
regression. Four models were identified to measure the 
bank's profitability, such as Return on Assets (ROA) [16], 
Return on Equity (ROE) [17], Net Interests Margin (NIM) 
[18], and Non-Interest Income (NII) [19]. CAMEL variables, 
bank-specific variables, industry-specific variables and 
digital banking variables were used to run the regression. 
CAMEL variables such as Capital Adequacy [20], Asset 
Quality [21], Management Ability [22], Earnings Capacity 
[23] and Liquidity [24] were used. Bank Size [25] and 
number of branches [26] were used as a proxy for bank 
specific variables. Industry specific variables such as GDP 
[27] and Inflation [28] were used as control variables. 
ATMPOS Transactions [21], Mobile Banking Transactions 
[29] and Online Transactions [30] were also used as the 
proxy for digital banking services. 

IV. DATA ANALYSIS – REGRESSION RESULTS 
Before running the regression analysis, various 

diagnostic tests such as unit root test, multicollinearity, 
heteroscedasticity, and serial correlation. The Hausman test 
was also conducted to check whether the panel data follows 
fixed or random effects. An important concern in data 
analysis is whether a series is stationary or not stationary. 
Therefore, the unit-roots test of Levin–Lin–Chu (2002) was 
used. The p-value for all the variables are close to zero. The 
analysis states accept the alternate hypothesis that is panels 

are stationary. It indicates that all the variables are free from 
unit roots. 

 

TABLE I          LEVIN-LIN-CHU UNIT-ROOT TEST RESULTS 

Variables t Statistic  p-value 

  Unadjusted t  Adjusted t*    

ROA -10.9458 -5.9575 0.0000 

ROE -9.1377 -3.9118 0.0000 

NIM -12.7721 -9.1293 0.0000 

NII -10.9463 -5.6082 0.0000 

CA -12.5053 -6.6271 0.0000 

AQ -9.9773 -9.4536 0.0000 

MA -8.2968 -4.1154 0.0000 

EC -8.2953 -4.1938 0.0000 

LQ -12.802 -6.9383 0.0000 

LSIZE -4.5167 -3.7602 0.0001 

LBRANCH -24.6741 -24.7624 0.0000 

LGDP -11.0031 -8.6498 0.0000 

INFL -17.3793 -3.6016 0.0002 

LATMPOS -18.1091 -18.8367 0.0000 

LMBANK -10.3307 -9.7029 0.0000 

LONLINE -10.6268 -8.6467 0.0000 

 

Multicollinearity could be measured by using VIF 
(Variance Inflation Factor) [31]. VIF is presented in Table II. 
Any variables with a VIF higher than 10 are probably a 
matter of concern. In this case, VIF for all variables is within 
the rule of thumb, that is, below 10 and the mean VIF is 4.13, 
which is ideal [32]. So, this can be concluded that there is no 
multicollinearity problem. 

TABLE II             VARIANCE INFLATION FACTOR 

Variable  VIF 1/VIF 

CA 2.44 0.41 

AQ 2.20 0.45 

MA 3.18 0.31 

EC 3.01 0.33 

LQ 1.90 0.53 

LSIZE 7.56 0.13 

LBRANCH 5.21 0.19 

LGDP 3.37 0.30 

INFL 2.31 0.43 

LATMPOS 5.27 0.19 

LMBANK 3.51 0.29 

LONLINE 9.54 0.10 

Mean VIF 4.13   

 

Hausman test is significantly provided as a test of 
random effects versus fixed effects. An application of the 
Hausman test is conducted, focusing on testing between 
fixed and random effects within a panel data model. 
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Hausman test analysis shows that the fixed effect model is 
appropriate for all the models. The results are presented in 
Table III. 

TABLE III            HAUSMAN TEST RESULTS 

Models Statistic Prob Results 

Return on 

Assets (ROA) 

57.10 0.0000  

 

Fixed Effect Model is 

appropriate 

 

Return on 
Equity (ROE) 

346.82 0.0000 

Net Interest 

Margin (NIM) 

25.87 0.0112 

Non-Interest 
Income (NII) 

54.26 0.0000 

 

To check heteroscedasticity and serial correlation, 
Modified Wald statistics for heteroskedasticity and 
Wooldridge test were used, respectively. The results of 
Modified Wald test heteroskedasticity is presented in Table 
IV. The analysis shows that the test result with p-value is 
0.0000, indicating that the model has heteroscedasticity 
problem for all the four models.  

TABLE IV        WALD TEST FOR HETEROSKEDASTICITY 

Models Statistic chi2 

(44) 

P Value Results 

Return on 

Assets (ROA) 6080.47 0.0000 
 

 

There is 

heteroskedasticity  
Return on 

Equity (ROE) 8658.75 0.0000 

Net Interest 

Margin (NIM) 1249.62 0.0000 

Non-Interest 
Income (NII) 1841.19 0.0000 

 

 The results of Wooldridge test for autocorrelation in 
panel data are depicted in Table V. It reports that 
autocorrelation test is used for null hypothesis as there is no 
first order autocorrelation. The analysis shows that the p-
value of the fixed effect model is very close to zero. They are 
all less than 5% or 10% and so the null hypothesis could be 
rejected. This indicating that there is an autocorrelation 
between variables in the four models. 

TABLE V      WOOLDRIDGE TEST FOR AUTOCORRELATION 

Models Statistic Prob Results 

Return on 

Assets (ROA) 5.675 0.0217 
 

 

There is first order 

autocorrelation 

 

Return on 
Equity (ROE) 3.191 0.0811 

Net Interest 

Margin 

(NIM) 5.122 0.0287 

Non-Interest 

Income (NII) 6.961 0.0116 

 

The data suffers from both heteroscedasticity and serial 
correlation. Panel Corrected Standard Error (PCSE) 
estimation is used to overcome these problems [33]. Many 
panel data estimations techniques are available that may have 
serial correlation and cross-sectional dependence. For 
example, Parks' Feasible Generalized Least Squares (FGLS) 
and Panel Corrected Standard Error (PCSE). A recent Web 
of Science search found approximately 700 citations for 
Panel Corrected Standard Error (PCSE) estimation [34]. The 
results of PCSE regressions presented in the Table VI.  

 

TABLE VI          PCSE REGRESSION RESULTS                                                                                                         

Note: ***, ** and *represent significance at 1%, 5% and 10% level 

Independent 

Variables 

Model I - ROA Model II - ROE Model III - NIM Model IV - NII 

PCSE PCSE PCSE PCSE 

Coef. t Coef. t Coef. t Coef. t 

Constant 22.691 0 304 0 1.562 0.433 -0.408 0.819 

CA 0.13 0.000*** 1.92 0.000*** 0.009 0.448 -0.021 0.053* 

AQ -0.094 0.000*** -1.845 0.000*** -0.053 0.000*** 0.027 0.001*** 

MA 0.002 0.012** 0.035 0.105 -0.001 0.562 0.000 0.704 

EC 0.45 0.000*** 5.258 0.000*** 0.459 0.000*** 0.495 0.000*** 

LQ 3.22 0.003*** 46.096 0.005*** -0.31 0.604 -0.338 0.544 

LSIZE -0.251 0.004*** -2.01 0.176 -0.296 0.000*** -0.202 0.000*** 

LBRANCH 0.266 0.000*** 4.921 0.000*** 0.033 0.478 -0.02 0.527 

LGDP -2.948 0.000*** -38.363 0.000*** 0.093 0.721 0.052 0.821 

INFL -0.096 0.000*** -1.272 0.000*** 0.02 0.060** 0.008 0.372 

LATMPOS 0.084 0.001*** 1.308 0.001*** 0.004 0.784 0.003 0.845 

LMBANK -0.001 0.936 0.048 0.807 0.002 0.85 0.003 0.705 

LONLINE -0.118 0.155 -4.069 0.001*** 0.165 0.001*** 0.176 0.000*** 

R-squared   0.718   0.581   0.786   0.636 

Time Periods   8   8   8   8 

No. of Banks   44   44   44   44 

No. of Obs.   352   352   352   352 
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ROA is used as one of the parameters to assess the bank 
profitability, measured as the ratio of total profits to total 
assets. Among the independent variables, Capital Adequacy, 
Asset Quality, Management Ability, Earnings Capacity, 
Liquidity, Size, Branches GDP, Inflation and ATMPOS 
transactions are found to significantly influence ROA. On the 
other hand, mobile banking transactions and online banking 
transactions are found to be insignificant with ROA. The R-
square value, which is found to be 0.718, signifies that the 
selected independent variables could explain 71.8% of the 
variation in ROA among the selected banks. ATMPOS 
positively affects ROA and is significant at 99% level 
implies that increasing ATMPOS transactions lead to an 
increase in ROA. The other two digital banking variables, 
such as mobile banking and online transactions, are 
negatively impacts ROA and are not significant. While 
considering ROE as the independent variable, the R-square 
value is 0.581, which implies that the selected independent 
variables explain 58.1% of the variation in ROE. ATMPOS 
is positively significant and online banking is negatively 
significant with ROE and mobile banking's coefficient is 
positive but not significant. This implies mixed result in 
digital banking services.  

 

In the case of net interest margin (NIM), the R-square 
value of the estimated model is found to be 78.6%. The 
coefficient of ATMPOS and mobile banking is positive and 
insignificant. This implies that it does not contribute 
significantly to the bank performance in terms of NIM. 
Online banking transactions were found to be positive and 
significant. In the case of NII, the value of R-square is 0.636, 
implying that only 63.6% of changes in NII are observed by 
the independent variable used in this model. The coefficient 
of digital banking variables like ATMPOS, Mobile banking, 
and online banking are positive. Still, only the online 
banking variable significantly impacts the profitability of 
banks in terms of NII. 

V. CONCLUSION 
Evaluation of bank performance has become the prime 

focus since it is directly linked with the performance of an 
economy. In the last two decades, the daily operation of the 
banking system has undergone tremendous changes. To 
attract more customers, banks have started introducing 
customer-friendly approaches. Further, the growth of IT has 
brought a huge transformation in banking operations. Digital 
banking was one such facility that enabled more population 
to have easy access to the banking sector in India. The 
coefficient of digital banking services variables is found to 
be significant.   This indicates that the facilities of digital 
banking could enhance the financial performance of banks. 
To ensure further utilization of digital financial services by 
the public, with the help of the Payment and settlement 
system, RBI should focus more on providing electronic 
services facilities on a larger scale to the public and ensuring 
security and making the process more efficient cost-effective 
for the banks.  
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Abstract—Investors hunt to decide for investment to develop 

an effective portfolio in an optimum risk-return framework 
Markowitz [1]. The pioneer model introduced by sharp [2] with 
market risk premium as one factor that impacts overall cross-
sectional returns of the assets. However, if positive, market risk 
premium is acceptable by investors or in exchange for their risk 
when investing in the market. On the other hand, it gives a loss-
loss situation when it is negative. In such cases, investors take risks 
by investing in the market and getting returns less than normal 
risk-free returns. This leads to a rising question about how stock 
market risk behaves when the market goes overall with bull or 
bearish. This research paper tries to develop a model that helps 
understand the impact of negative and positive risk premium 
separately on individual stock returns. Through framing downside 
risk premium and upside risk premium as separate factors in 
exchange for the market risk premium in the Fama-French three-
factor model [3]. The researcher used daily dollar-adjusted returns 
data from 2004 to 2019 for all 50 constitution stocks from Nifty50 
as of August 2021 based on each stock's available trading dates. It 
clearly shows the impact of downside risk premium significantly 
for each 50 stocks. On the other side, the upside risk premium is 
not significantly impacting one of the stock Nestle. So, this four-
factor clearly helps to understand stock returns better than market 
risk premium as one factor. 

Keywords— four factor model, downside risk, Asset Pricing 

Model, NIFTY50 

I. INTRODUCTION 

Globally, Investment is driven by Expected return, a 
variance of such return, and market efficiency. These factors 
are uncertain and future-oriented. According to hicks, 
expected returns through investments include allowances for 
risk Hicks [4]. Risk varies from market to market or security 
to security. It is to be said that at any point in time any asset's 
market price reflects all the information at ease and based on 
historical prices. The performance of assets cannot be 
measured due to their random behave. The investor can not 
earn an abnormal return either through market time or 
through stock selection when fair prices. For calculating 
expected returns, various models have been established in 
assets pricing. The pioneer work in assets pricing has been 
done by sharp [2]. In the CAPM model, sharps have 
discussed market risk premium (Rm - Rf). Further, Fama-
French [3] has added two new factors with market risk 
premium and gives a new shape in calculating assets pricing. 
These two factors are SMB (Small cap companies - Large-
cap companies) and HML (High book to market value – Low 
book to market value). In 2015, Fama-French had extended 
the assets pricing model by adding two more factors with the 
Fama-French three factor model [5]. It tried to extend the 
model for better efficiency and accuracy in predicting asset 

returns. These five-factor models had two more factors, and 
those are CMA (Conservative minus Aggressive) and RMW 
(Robust minus Weak). In Fama-French five factor model, 
two newly added factors CMA and RMW did not 
significantly explain expected returns Nusret Cakici [6]. 
However, Fama-French itself has suggested going for the 
Fama-French three-factor model rather than the five-factor 
models Fama-French [5]. Hence, in this study, Fama-French 
three-factor model is used as a based model. From the 
perspective of investors, they are worried if they are getting a 
loss on Investment. So, here in this study, the researcher has 
divided the market risk premium factor into URP (upside 
risk premium) and DRP (downside risk premium). Here, the 
researcher tried to understand mainly the significance of 
DRP as a downside risk on each constitutional company of 
the Nifty50 Index.. 

II. LITERATURE REVIEW 

 
CAPM theory is flawed with criticism. Mainly, criticism 
was about sovereign incremental assumption Cootner [7] 
and stationaries Osborne [8]. With the empirical result of 
Jensen, Balck and Scholes, it was clearly shown that low 
beta assets earn “higher return” on average and high beta 
earn “lower return” on average [9]. This is against the basic 
ideal of CAPM risk-return framework. 
 

To overcome issues mentioned in CAPM criticism, Fama 
French [3] extended the model by adding SML and HML as 
two new factors and demonstrating a significant impact on 
expected return. Mehta and chander [10] indicate that Fama 
French three-factor models are more powerful in explaining 
the variability of returns in portfolio also show that Indian 
investors can generate some worthy outcomes by some 
profitable investment strategy. Christan walkshausl [11] also 
supported Fama-French three factor model with the help of 
computed twenty-four developing markets and twenty-one 
emerging markets. The study shows significant impact of all 
three factors. Further-Fama French [6] developed the five 
factor model. The main obstacle is Fama French five-factor 
was failure in establishing significant impact of newly added 
factors. The low average returns on small stocks and the 
firms that invest a lot despite low profitability show 
indifference in expected returns on it Fama-French [6]. 
Researchers supported the pitfalls and denied going for the 
Fama-French five-factor model Tzu-Lun Huang [12], 
Selebogo Mosoeu, and Odongo Kodongo [13]. As the Fama-
French five-factor is not convincing, the Fama-French three-
factor model is adopted as the base model. Further, downside 
beta is also found to be helpful in the implementation of 
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successful trading strategies in the medium and long term 
Heba Ali [14]. Heba Ali computed the Chinese stock market 
from 1998 to 2017 and showed a positive reward for holding 
stocks with high downside risk [14]. In line with it, the 
original market risk premium factor from Fama-French 
three-factor model is divided into two factors. 

III. RESEARCH METHODOLOGY 

A. Research Gap / Problem Statement: Based on the 
literature review done in the last section, it is observed 
that most of the work is to explain the possible impact of 
market risk premium on expected returns of assets. None 
of the studies covered any empirical evidence impact of 
downside risk premium, which is more concern to the 
investors when investing their hard-earned money. Thus, 
in the current study problem statement was established 
as follow: “Identifying Impact of downside risk 
premium on equity returns."  

B. Objective: Based on the problem statement, the main 
objective of the study was precisely stated below: 
Understanding impact of the downside and upside risk 
premium separately in place of single market risk 
premium on individual stocks expected returns  

C. Data Collection and Calculation: To empirically test the 
impact of the downside risk premium and other factors 
introduced in Fama french three-factor factors on 
expected returns, 16 years daily returns were taken into 
consideration. However, daily returns based on available 
trading dates were considered. Hence, observed data 
points for each individual stock vary. Fama-French three 
factors are readily available on the IIMA website up to 
2019 (Access on August 2021). The market risk 
premium is separated into the two components as 
downside risk premium and upside risk premium as 
follow:  

 
Down side risk Premium (DRP) = Minimum (Market risk 
premium, 0)  
 
Upside risk Premium (UPR) = Maximum (Market risk 
premium, 0)  
 
Further, SMB (small minus big companies' factor) and HML 
(High book value minus low book value companies' factor) 
were taken from the IIMA website. And try to propose the 
following model for calculating expected returns on all 
individual equity stock:  
 
Expected Returns = Alpha + BetaD*DRP + BetaU*URP + 
BetaS*SMB + BetaH*HML + Error  
 
Where Expected Returns is dependent variable and DRP, 
URP, SMB, and HML are the independent variables. 
 
SMB is calculated as: SMB = Returns on small market cap 
companies minus returns on large market cap companies  
 
Market Cap = Current share price * Number of shares 
outstanding. 

 HML is calculated as: HML = Returns on a high book to 
market value companies minus low book to market value 
companies 
 
 Book to Market value = Book Value (Net Worth) / Market 
Cap. 
 

D. Hypothesis Development 

 
Based on the objective following hypotheses were 

developed:  

H0 (1): There isn’t any significant impact of DRP on 
Expected Returns of individual constitutional stocks on 
NIFTY50.  

H0 (2): There isn’t any significant impact of URP on 
Expected Returns of individual constitutional stocks on 
NIFTY50.  

H0 (3): There isn’t any significant impact of SMB on 
Expected Returns of individual constitutional stocks on 
NIFTY50.  

H0 (4): There isn’t any significant impact of HML on 
Expected Returns of individual constitutional stocks on 
NIFTY50.  

These four hypotheses were checked for each 
constitutional stock of NIFTY 50 by running 50 cross-
sectional regressions in SPSS 22, and the result was reported 
in Annexure I.  

IV. DATA ANALYSIS AND INTERPRETATION 

As discussed in the research methodology section, cross-
sectional regression was performed to check every four 
hypotheses developed in the last section. 

 
As shown in Table I, all fifty constitutional stocks of 
NIFTY50 show the new model as significant. It means 
based on the downside and upside risk premium as a 
separate factor giving a significant explanation of expected 
returns of each individual stock. Annexure I also depicts a 
variation of expected returns for different stocks varies from 
0.2 to 55 percent, with an average explanation of 27.45 
percent. These multifactor models are required adjustment 
to explain the variance, which is reflected using the adjusted 
R square value in the table. 

TABLE I.   

Sr. 

No. Company Name ANOVA 

Model 

Summary 

    F value 
P-

value R2 
Adj 
R2 

1 Axis Bank 682.941 0.000* 0.409 0.409 

2 JSW STEEL 497.396 0.000* 0.335 0.335 

3 ULTRACEMO 310.656 0.000* 0.240 0.239 

4 ICICI bank 1.030 0.000* 0.511 0.510 

5 GRASIM 357.480 0.000* 0.266 0.265 

6 HDFC LIFE 21.443 0.000* 0.143 0.137 

Page 268

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



7  HINDUNILIVER 287.488 0.000* 0.226 0.225 

8 SIGN 1.208 0.000* 0.551 0.550 

9 POWERGRID 434.378 0.000* 0.366 0.365 

10 EICHERMOT 199.387 0.000* 0.168 0.167 

11 TECHM 264.628 0.000* 0.244 0.243 

12 SBILIFE 11.937 0.000* 0.081 0.074 

13 TATA STEEL 922.047 0.000* 0.483 0.483 

14 BAJAJ AUTO 332.675 0.000* 0.252 0.251 

15 RELIANCE 1.030 0.000* 0.511 0.510 

16 BAJAJFIN 188.572 0.000* 0.161 0.160 

17 KOTAK 686.240 0.000* 0.410 0.410 

18 ASIAN PAINT 193.439 0.000* 0.164 0.163 

19 NESTLE 2.706 0.000* 0.003 0.002 

20 WIPRO 487.068 0.000* 0.331 0.330 

21 L&T 381.134 0.000* 0.279 0.278 

22 TITAN 390.504 0.000* 0.284 0.283 

23 TATACONSUM 475.543 0.000* 0.325 0.325 

24 INDUSBANK 701.517 0.000* 0.416 0.415 

25 UPI 222.069 0.000* 0.184 0.183 

26 BHARTI AIRTEL 436.108 0.000* 0.307 0.306 

27 BAJAJFINSERV 217.877 0.000* 0.181 0.18 

28 INFY 367.435 0.000* 0.271 0.271 

29 COAL INDIA 136.553 0.000* 0.195 0.194 

30 TATA MOTORS 604.405 0.000* 0.380 0.379 

31 ADANI PORTS 347.628 0.000* 0.319 0.318 

32 ONGC 616.521 0.000* 0.385 0.384 

33 M&M 522.990 0.000* 0.347 0.346 

34 HDFC 516.078 0.000* 0.344 0.343 

35 IOC 299.435 0.000* 0.233 0.232 

36 ITC 377.946 0.000* 0.277 0.276 

37 HERO MOTORS 286.436 0.000* 0.225 0.224 

38 DEVILS 337.413 0.000* 0.255 0.254 

39 GREEDY 189.915 0.000* 0.161 0.161 

40 NTPC 286.361 0.000* 0.225 0.224 

41 HINDALCO 737.394 0.000* 0.428 0.427 

42 TCS 103.089 0.000* 0.095 0.094 

43 MARUTI 539.636 0.000* 0.354 0.353 

44 HDFCBANK 793.134 0.000* 0.446 0.445 

45 SUN PHARMA 172.430 0.000* 0.149 0.148 

46 BPCL 229.620 0.000* 0.189 0.188 

47 HCLTECH 388.520 0.000* 0.283 0.282 

48 BRITANIA 115.319 0.000* 0.105 0.104 

49 CIPLA 4.040 0.000* 0.004 0.003 

 50 SHREECEMENT  1.030 0.000* 0.511 0.510 

 Average    0.274 

 Maximum    0.550 

 Minimum    0.002 

All 50 stocks individually checked for their co-efficient 
summary for all four factors with its variation inflation 
factor (VIF) value. None of the VIF was found greater than 
two. Hence, there is no single cause of multicollinearity for 
individual stock to four-factor model. In fact, in line with 
the assumption, all fifty stocks show significant DPR impact 
and forty-nine for UPR. Hence, the first hypotheses were 
rejected for all fifty stocks, and the second hypotheses were 
rejected for forty-nine stocks except for Nestle India. In fact, 
Nestle shows a significant impact of only downside risk 
premium. Twenty-nine stocks show a significant impact of 
the SMB factor, and thirty stocks significantly impact HML. 
Overall, DPR is evolving as the most crucial factor in all 
four model factors. That indicates the importance of DPR as 
a factor in the asset pricing model. 
 
Out of fifty, twenty-nine stocks have a downside beta of less 
than one. This indicates stock with lover downside risk 
during a bearish market trend. It means this type of stock 
can be used as defensive stocks during a falling market. If 
that is with an upside beta value greater than one, it will 
help investors create better returns during bull, really. On 
the other hand, twenty-one stocks have a greater than one 
value downside beta, showing a possible sharp fall of 
individual stock during a bearish trend. This type of stock 
should be avoided specifically when combined with lower 
upside beta as it may not create wealth during favorable 
market moves. 
 
In all equity stocks, only Cipla is one of the stocks showing 
a significant DPR impact with a negative downside beta. 
Stock that gives even positive returns overall during the fall 
of the market. However, in reality, such stocks may be 
required some more factors to explain their expected returns 
with better accuracy. It means whether a market is favorable 
or not, this stock consistently gives positive returns and 
creates wealth for investors continuously. 

CONCLUSION  

In current studies, Fama-French three-factor model is 
extended with dividing its risk premium factor in to two 
separate factors to understand the contribution of market 
upside or downside movement in expected returns of an 
individual stock. It clearly shows the significant impact of 
downside risk premium on cross-sectional returns. The 
model also helps in calculating downside beta as coefficient 
for measuring how much downfall can be expected in any 
individual stock. No investor invests their hard money to get 
lower returns than risk-free returns. Hence, when the market 
fails to give excess returns, there will befall in individual 
stocks. The current model successfully captures the intensity 
of such fall during downside risk premium. There are nine 
stocks in constitutional of NIFTY50 that give protection 
against downside market and give higher returns during the 
favorable market. These four-factor models with downside 
risk premium as the main and significant factor help 
investors to check their portfolio value at risk in a better way. 
The Four-factor model also provides better accuracy in asset 
pricing of any individual equity stock. 
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Abstract—Smart Mirror is a mirror made using Raspberry Pi 

4. It aims to provide several functionalities like displaying 

weather, time, daily news as well as several different utilities 

which helps the user to interact with the mirror. The project 

earmarks to design a futuristic version of a mirror by using the 

fundamentals of object detection. In this paper we have 

performed enhancing the utility of a smart mirror by 

providing it security through the Raspbian camera by using 

the fundamentals of object detection through the OpenCV 

module and YOLO.  

 

Keywords—Raspberry Pi, Object Detection, Smart Mirror 

 

 

   I. INTRODUCTION  

A smart mirror is a device that functions as a mirror with 
additional capability of displaying real time data and has 
features like other smart devices that we use in our daily life. 
Time and space are the major concern for every 
programming or new development related problems, though 
practically the mentioned concerns are difficult to be 
optimized at the same time but we have proposed an 
approach to address the optimization of time and space. In 
this project we have used Raspberry Pi 4 which runs 
Raspbian the Debian-Based Operating System which is 
enhanced in the Raspberry Pi hardware. It is a general-
purpose OS with basic programs and utility, it gives fast 
performance by having more than 35 thousand packages 
installed. The Raspberry Pi is plugged into the LED monitor 
so we can access all the functionalities. We are using 
Raspberry pi to make this smart mirror because it is easy to 
operate, also there are different connection ports in the 
Raspberry Pi for camera and other sensors, OS can be 
installed to Raspberry Pi via SD card and other advantages 
like object detection is also easy. 

 

Smart mirror is such a device where we approach to 
optimize our time by creating a virtual assistant in our daily 
activities and for space we use a new OS incorporated into a 
mirror with the help of a LED monitor by being compact. 
Smart mirror helps in easing our life by upgrading our 
lifestyle with activities such as stating headlines, 
temperature, time etc. 

    

   II. Literature Review 

[1] In this paper, a Smart Mirror using Raspberry Pi is 
proposed. In the software structure authors implemented web 
socket communication protocol and with the help of a 
monitor, a two-way mirror is developed with all the 
requirements like USB microphones, a speaker with a jack 
connectivity and a proximity sensor connected to Raspberry 
Pi 3B model. The proximity sensor helps turn off the mirror 
when not in use for a long duration. The final look of it 
resembles a day to day mirror which displays the details of 
weather, time, news on voice commands along with 
temperature display. Their product performed as a personal 
assistant which can respond to any enquiry and could display 
various results accordingly. IoT related tasks like home 
automation could also be performed easily by linkage to 
google cloud.   

[2] In this paper, usage of acrylic glass, monitor (LCD) and 
motion Sensor and internet access provided by Wi-Fi module 
installed on Raspberry Pi. The smart mirror developed is 
capable of displaying real time data on its interactive UI. The 
mirror displayed weather, date, time corresponding to 
respective locations, news and latest headlines. The smart 
mirror was capable of playing songs and also displayed daily 
routine. The smart mirror was capable of taking input 
instruction via voice commands and could also respond 
accordingly. The authors proposed the use of Passive 
Infrared Sensor (PIR) for Ultrasonic and IR sensor because 
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PIR required direct line of sight between sensor and user in a 
space. 

[3]In this paper, via the survey many aspects of Smart Mirror 
as an Interactive Communication Technology (ICT) portrays 
the design and development of smart mirror also known as 
‘Magic Mirror’ which can make our daily life convenient, 
easier and enhanced while also being time efficient. The 
model proposed by the authors used version 3 of Raspberry 
Pi. It can run facial recognition and speech recognition 
program through which the mirror can identify the user’s 
face and voice. The objective of the Smart Mirror is to 
supply a simpler way to information services for instance 
weather updates, headlines corresponding to location, news 
feeds, time etc. It is also programmed to provide basic yet 
unique AI features like real time user interaction and many 
more. The Smart Mirror played a significant role in the IoT 
field and home automation. The serviceability of that mirror 
could be amplified by linking it to other mobile devices and 
home appliances etc. 

[4] In this paper, the proposed smart mirror was operated by 
Raspberry Pi and the connection was build using internet to 
connect with the real world. The user was able to 
communicate with the smart mirror using voice commands. 
It also supported human gestures. Some fundamental 
properties like time, news, weather updates were the 
highlight of the smart mirror. A comparative study and a 
futuristic design of the smart mirror is presented which could 
be an eminent device for ambient home services. Speech 
recognition was one of the major advantages of the 
developed model. 

[5] In this paper the proposed smart mirror secures sensitive 
data and secures them by means of IoT which was exhibited 
through the mirror by the APIs. Facial Recognition module 
was the futuristic method incorporated along with maps, 
headlines and temperature which were the prime utilities of 
the Raspbian Smart Mirror. 

 

  III. PROBLEM STATEMENT 

The major problem for any existing mirror is displaying just 
the reflection of object in front or the reflection of human 
face without interacting with them. This project is 
developed with the intention of creating an interacting 
platform such that people spend quality time in front of the 
mirror. This paper employees the concrete utilization of the 
Raspberry Pi 4 model by the usage of the camera module. 
Our model can detect objects competently on the algorithm 
based on OpenCV module and YOLO. The utility of the 
mirror is not limited to the usage of the displaying real time 
data but expands by enhancing the fundamentals of learning 
by the use of object detection. 

   IV. PROPOSED SOLUTION 

The Smart Mirror provides a simplified accessible user 
operation model. By the usage of LED displays and a dual 
mirror, it can avail the weather, time, date, and news. 
Additionally, an easy-to-use user interface, which can be 
accessed from any Wi-Fi enabled device, allows the user to 
easily set up a connection to their home Wi-Fi, also change 
the location from where they want to receive the weather 
information, and choose any source where it can find daily 
news headlines. The fundamentals of object detection is to 

help increase the security of a home by identifying 
unknown or sharp objects which might be harmful. 

Voice command features were also installed which can 
successfully be used to play music and videos online. [6] 
Some commands included to utilise it’s speech recognition 
feature installed are “Play music” which directs it to play 
music online, “How’s the weather?” displays the weather 
from Google. Other smart devices in home can also be 
synchronized with the smart mirror which may lead to a 
smart home. 

 

  Fig. 1. schematic view of the smart mirror 

 

Along with these features we implemented object detection, 
which was achieved using python’s OpenCV module and 
YOLO. The YOLO algorithm helps detect objects in real 
time with minimalistic error caused from the background. It 
helps divide the image into number of grids in a form of n*n 
matrix which further gives it dimensions of accurate height 
width and centralize it. All these smaller dimensions are put 
together to identify the accurate object. 
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Fig. 2. various steps involved in building the object detection module 

 

   V. METHODOLOGY 

We all use smart devices in our daily life so the motive to 
design the futuristic smart mirror is to provide an innovative 
involvement to the user. The whole project has different 
subparts: Construction of the wooden structure, 
Microcontroller, Display Programming and Construction.  
In the Construction phase we made the industrial and 
creative decisions that would apprise the course of the 
project, and after that the following two subparts involved 
with programming related work and other electronics related 
tasks and for the last part in the fabrication phase we 
assembled together all the separate parts of the smart mirror 
and framed into a well-made wooden frame for the outer 
aesthetic structure [7].  
The presented smart mirror has different parts: a LED 
monitor, a two-way mirror, Raspberry Pi4, Raspberry 
modules and for better linkage sensors. 
The purpose of designing this smart mirror was to create an 
immersive terminal which can be benevolently used in home 
as well as other commercial places. Various information like 
time date, weather report, calendar, news, stock updates can 
be accessed via voice command in the smart mirror. The 
basic idea of smart mirror can be understood by the block 
diagram shown below. Raspberry Pi is used as a processor 
for the smart mirror. The smart mirror provides real time 
updates of any information. The details about operating the 
smart mirror and specifications of the different parts of 
smart mirror is as follows: The monitor is connected to 
Raspberry Pi using a HDMI cable. The Raspberry Pi is 
powered by 5V/2A DC supply. 

• Raspberry MicroSD card which can be loaded with 
operating systems like Raspbian for Windows 10 
IoT [8] Raspberry Pi act as the main control Centre 
for the proposed model which can be called the 
Control Processing Unit for whole system. After 
successfully running the Operating System the 
code for smart mirror can be implemented on it to 
run the application. With the help of Raspberry Pi 

and HDMI cable the monitor takes the input and 
for the voice command a microphone is used to 
give input to the Raspberry Pi. We have performed 
object detection using YOLO. [9]YOLO algorithm 
helps remove unwanted background crowd from 
the focussed image thus, improving the accuracy of 
object detection. 

• A LED monitor has been used which is connected 
to the Raspberry Pi using HDMI cable. The first 
appearance of the whole device would look like a 
normal reflective mirror but that would have a 
monitor attached to it. For two different kind of use 
which means as a normal mirror and also a smart 
mirror. A two-way mirror has been attached to the 
monitor so when the monitor is turned off, the two-
way mirror will look like a normal reflective mirror 
only and when the monitor is turned on, it works as 
smart device.  

• The monitor is attached into the wooden frame. 
The dimension of the wooden frame is same as the 
dimension of the monitor. In the wooden frame 
there is a different slot for Raspberry Pi and for the 
reflection purpose the two-way mirror is also there. 
The power supply is connected to the Raspberry Pi 
and after that from the Raspberry Pi via HDMI 
cable the power supply will go to the monitor and 
the other sensors which is connected to the 
Raspberry Pi [10]. 

• The mirror performs object recognition. That was 
done with help of OpenCV library of python 
programming language and YOLO. [11]YOLO 
processes almost 45 frames per second helps 
identify objects in real time speedily.  

 
The proposed smart mirror will be able to perform the 
following tasks: 
i. Display real time image because there is an 

attached normal two-way mirror. 
ii. The UI of the smart mirror is like other smart 

devices after it’s switched on it displays the basic 
details like weather, time, news which we can see 
in our daily smart devices like the smartphones 
when the device is turned on. 

iii. Youtube videos can also be played in this device. 
iv. Synching of any other smart devices is also 

possible with the developed smart mirror which 
eases the work load. [12]Home automation through 
IoT based using the raspberry model helps manage 
home appliances through internet. 

v. All social websites or apps can also be accessed 
using voice commands through the microphone 
with the help of voice recognition model 
implemented. 

vi. The device can detect any object with precision 
that is shown to the mirror. Fundamentals of object 
detection were used using the OpenCV module. 

vii. Internet can be accessed in the smart mirror so 
eventually we can play music and videos online in 
the smart mirror. 

viii. Multiple users can access the smart mirror. 
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Fig. 3. block diagram of smart mirror 

 

VI. RESULT ANALYSIS 

With rapid increase in dependencies of human over 
technology smart mirror works as a helping hand. The 
mirror not only helps by working as a newspaper and 
updating us about current affairs or headlines but also help 
entertain as well by playing videos and music. In this 
pandemic situation where education is solely becoming 
online the smart mirror could also work as a tool to enhance 
productivity of students, now the student could make the 
mirror read through the prepared pdf while they can 
simultaneously make a note of it.  
Another beautiful aspect of it is the using of Object 
Detection using Raspberry Pi camera module. The 
mentioned advantage is achieved by implementing OpenCV 
library in Python Programming language and YOLO. 
YOLO divides the image captured by the camera into 
number of grids of size say, n*n dimension. 
 
 

 
Fig: 4 image captured by the mirror 

 
 

 
 
Fig. 5. the basic schematic structure of a small grid 
 
 
Where ‘bw’ represents the box width, ‘bh’ represents the 
box height, (bx,by) represents the centre of the box which is 
then assigned to a specific class[13].All the unwanted areas 
(taking reference from Fig.4) are removed using the 
‘Intersection Over Union’ (IOU) and eliminates the boxes 
that overlapped. IOU is used by YOLO to impart an output 
box that surrounds the object perfectly. Object detection was 
done for one purpose that is to serve the purpose of security. 
We aim that with enhanced data set in future we will be able 
to provide security just by this smart mirror that is this paper 
illustrates over the object knife which when detected by the 
mirror, the mirror would give signals stating it is harmful. 
The utility of this mirror is strengthened by the use of object 
detection as it can be used as a disguise of a simple mirror 
but can provide security.  
The use of the smart mirror definitely eases life of an 
individual as every day the internet is expanding and hence 
the dependencies over technology. This mirror proves to be 
smart by providing diverse aspects by using Raspberry Pi. 
 
 
 

VII. CONCLUSION 

In this paper we have designed a leading-edge smart mirror 
that extends genuine and natural interaction between the 
ambient home services and users.  
The prototype of the smart mirror is activated and controlled 
by the Raspberry Pi 4. Finally, displaying the real time data 
on the LED screen set with a two-way mirror is successfully 
achieved. Through the two-way mirror we can easily 
observe the daily required information like weather, time, 
date, and news that are available at a glance with a 
comprehensible interface, accessible from any devices 
which has a Wi-Fi connectivity. Using home Wi-Fi, we can 
also setup the connection, the location can be changed from 
where the weather report can be received, and also a source 
can be selected from where to receive the news headlines. 
Additionally, our smart mirror is programmed in such a way 
that it can detect sharp objects. For example, if we hold a 
knife in front of the mirror, it will identify the object as a 
knife and give us the output. This application is very useful 
and important as it imparts knowledge on the object 
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detection module using Raspberry Pi and OpenCV. The 
design imparts an easily expandable framework that can be 
programmed to implement even more functionality and 
productivity for the user in future.  
There are many advantages of this smart mirror design, like 
it has low cost, simplistic structure, small size, user friendly, 
personalized user interface which is suitable for various 
mediums like college, school, home, office and so on. 
Overall, the proposed design has various operations which 
the user will be able to access for personalized information 
services. 
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Abstract— In the era of increasing competition along with 

products and services with relatively lesser perceived 

differentiation, the organizations need to focus on adopting 

strategies to attract the customer base and, more importantly, 

retain them. Besides, the discipline of marketing management is 

laying great emphasis on customer experience so as to improve 

the overall satisfaction of customers. Organizations must build 

and implement strategies revolving around the customer 

experience. This research paper focused on understanding 

customer experience management and its relevance in creating 

a sustainable customer experience to create customer loyalty. A 

quantitative approach was followed to attain the objectives by 

summarizing the result from a survey that drives a relevant 

conclusion. 

Keywords— Higher Education, Customer Experience 

Management, Organization, Customer Interactions 

I. INTRODUCTION  

The fundamental and definitive objective of the entire 
marketing management discipline is to understand the 
customers' needs and fulfill them to create customer delight. 
In order to achieve this, the benefits of customer experience 
could be harnessed. 

Organisations are frequently too focused on internal 
processes, and even more so on short-term financial 
performance. With this short-term viewpoint, making a 
concerted attempt to perceive the business through the eyes of 
the client appears to be a waste of time. However, reality 
contradicts this idea. Organisations that succeed in 
implementing a more customer-centric strategy may reap 
significant rewards, including a high Rate of Return (ROI)  
[1].  

Customer Experience Management (CEM) is a method for 
improving customer satisfaction by analysing customer 
response and behaviour and integrating what is learnt within 
the company [2]. Customers who are satisfied signal that a 
company is doing a good job of delivering on its promises. 

Customer experience is defined as a customer perception 
created through customer interactions through marketing 
communications during the sales and service process to utilize 
products and services [3]. Therefore, customer experience 
management signifies customer interaction management to 
build brand equity and profitability in the long run for the 

organization. Knowing the customer and using all the 
information a business has at its disposal is more important 
than ever when it comes to establishing a rapport with that 
person in today's multi-channel, rapid communication world.  

The central role of customer experience management is to 
understand customer behaviour through customer interaction. 
The more a firm knows about its customers, the better it can 
target them with appropriate communications and offers, react 
effectively to their needs and wants, and ensure that it achieves 
maximum profitability from each [4]. To interact with a 
customer most effectively, firms need to know who each 
customer is and what he or she wants while having a view of 
all interactions across all touchpoints and knowing the 
outcomes.  

To contend effectively around this period, it is 
unquestionably required to focus on the client's purchasing 
experience. Customer experience management (CEM) is a 
business approach that focuses a company's operations and 
procedures on each customer's demands. It is a strategy that 
results in a value exchange that benefits both the business and 
the customer. Customer experience management intends to 
turn satisfied customers into loyal customers and then loyal 
customers into advocates [5].  

Ongoing patterns and weights in advanced education make 
schools and colleges embrace a more business-situated way to 
deal with their grounds. Simultaneously, schooling is 
becoming more 'experiential' in nature—current progressions 
in business-to-business working methodologies centre around 
making and upgrading the client's insight. For advanced 
education, understanding, overseeing, and estimating the 
understudy experience is a practical methodology that 
prompts the upper hand and a drawn-out endurance. 

Revolutions in the technology have built the boundaries 
that in some sense restricted the customer experience sharing, 
and hence, it is becoming a kind of information tool of getting 
reviews of users of the product or service of those who have 
used the product/service, even before using it. The 
convergence of the revolution in technology and an increasing 
trend of experience sharing among customers have made word 
of mouth even more significant than ever before. Now 
customers are more vocal on social networking sites such as 
Facebook, Twitter etc., and share their feelings and emotions 
about products and services they like or dislike. 
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Organizational unit defined for the study is a business 
school which operates just like any other business entity. 
Although there is a debate on the notion of referring a student 
as a customer in the extant literature [6], [7], as this research 
is attempting to evaluate the services offered by an institution, 
there is a need to define a student as a customer. The usage of 
the word customer in this paper is defined as a student who is 
paying the fees, i.e., self-financed for pursuing a course. 

II. LITERATURE REVIEW 

In the CRM revolution, organizations collaborate with 
information technology to strengthen their association with 
their clients. However, many organizations to improve the 
relationship, just updated the client database and automation 
process [8].  Inappropriately, most of the CRM projects 
emphasized monetizing customer relationships without being 
focusing more on customer experience to drive customer 
loyalty.  

CRM conventionally created an atmosphere by 
concentrating on systems, processes, procedures, rules, etc. 
which is not at all sufficient enough to create a sustainable 
development of the organization while the concepts of CEM 
are focusing more on customer's emotions, views, interactions 
which are tough to quantify but more valuable from the 
company point of view. 

 

Figure 1: Interactions between Company & Customer. 

Customer Relationship Management (CRM) & Customer 
Experience Management (CEM) are coinciding concepts and 
both have merits if implemented wisely. As of now, CRM has 
been highlighted predominantly due to its technological 
advancement. Regrettably, CRM is not as effective as 
promised; as estimated 50 to 70 percent, CRM initiatives fail 
to achieve the desired goals [5]. Researchers noted that the 'R' 
was missing in the CRM process. The CRM implementation 
was focused on receiving but not on giving [9]. It has asked 
the customers to provide access and information without 
concerning what they receive in against that information.  

CRM also classified customers based on their past actions 
without telling them about building more beneficial contour. 
CRM also promotes the concept of how customers add value 
to the company rather than focusing on how companies add 
value to the customers. The potential of CEM is positioned in 
the spheres where CRM is lacking. CEM evaluates both the 
quality of the company's execution and the efficiency of the 
outcome by concentrating on customer experiences and how 
those experiences impact behaviour [10]. It matches consumer 
requirements with the company's ability to fulfil them, 
resulting in mutually beneficial commercial relationships 
between both – a customer and company [11].  

The practice of proactively managing a customer's overall 
experience with a product or a firm is known as Customer 
Experience Management (CEM) [12]. A CEM structure 

places a strong emphasis on the customer. Organizations may 
use this method to obtain insight into their customers' 
experiential realm [13]. A systematic approach is employed 
by the CEM framework so as to collect and use the 
information available, i.e., customer feedback, to enhance the 
business capabilities by improving systems, processes, and 
rules. The systematic approach enables the firms to 
continuously and reliably deliver a better experience to the 
customers, which is expected to produce a positive response. 
The consideration and implementation of a systematic 
approach necessitates taking into account both the customers’ 
and company’s interests.  

A. CEM approach in Higher Education 

The significant changes in customer preferences have 
made researchers think about what Higher Education 
consumers desire [14]. The expectations of today's college 
students differ from those of the times of yore. It's no longer 
enough to 'learn.' It is assumed that aspiring high school 
graduates desire 'an education.' However, as education has 
grown more experiential, so have college students' 
expectations. The customer expects a positive and memorable 
experience to cherish. This involves traditional schooling as 
well as students leaving house, trying to live through their 
own, taking on personal responsibility, staying up late, 
socialising, attending parties, and meeting new people [15]. At 
the same time, faculty members want to work in an 
atmosphere that encourages critical thinking, friendship, 
academic independence, and tenure. Recently, customers have 
been the ‘assets’ of Institutes. Maintaining and strengthening 
these assets entails not just fulfilling but also surpassing their 
needs. Not only does guardianship of these assets include 
establishing the perfect campus environment, but it also 
entails managing the customer's experience. 

This experience may be thought of as a summation of both 
academic and non-academic activities [16]. Academics are 
still the major motivation for going to college, and they are at 
the heart of a student's education and the institution's 
curriculum. Non-academic operations, which have 
traditionally been regarded as support, are, nevertheless, an 
equally important part of establishing the learning and living 
environment. Together, these functions define the customer's 
experience. Higher Education, like other businesses, has the 
problem of harnessing these functions and defining, creating 
and managing the customer experience [17]. Significantly for 
universities developing a unique customer experience that 
improves enrolment, minimizes transfers, attracts desirable 
faculty & students, enhances donations, and improves the 
capabilities to compete, establishing and maintaining the 
customer experience may have an influence on all of these 
areas while also assisting you in realising unique vision and 
objectives. Several measures can aid to company's aim to 
implement Customer Experience Management [18]. 

III. RESEARCH METHODOLOGY 

For the purpose of this study, self-financed MBA students 
were selected. They were third-semester students who already 
had adequate exposure to the various sorts of amenities on 
campus. Out of 250 questionnaires circulated among the 
students, 203 complete and usable responses were received 
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and considered for the study. For obtaining the responses of 
the students, the convenience sampling method was used to 
minimize the effect of bias and to get adequate regional 
representation.  

IV. DATA ANALYSIS AND INTERPRETATION 

For understanding how CEM approaches can be 
successfully studied and implemented in higher education for 
getting better results in terms of campus as a destination for 
students, the higher education operations are divided into 
academic and non-academic activities. Academic operations 
include teaching, research, development of the right culture, 
etc., while non-academic operations include security, 
dining/canteen facilities, hostels, etc. These operations 
together create a unique experience for the customers 
(students) of higher education. 

It is very important to understand how each factor affects 
the overall experience of the customer and how does it help in 
shaping customer satisfaction which converts the campus into 
a dream destination for students. For measuring how each 
factor contributes to the overall experience of the students, a 
survey was conducted among students from higher education 
and then analysed further for interpretations.  

Students were asked to respond on several factors which 
they wish to see in an ideal or dream campus of higher 
education. The major points that proved not to be in line with 
traditional thinking are discussed in this paper. 

Point 1: Importance of factors (superior product/service, 
high-quality interactions with people & systems & 
lowest price or cost of ownership) to earn customer 
loyalty 

The responses obtained are indicating that overall 
interactions with the people & system are more important than 
the low-cost approach or even delivering superior 
products/services. This suggests that the customer is more 
conscious of the overall experience than just product/service 
quality and cost. The responses obtained from students have 
indicated that not mere quality approach or low-cost approach 
is sufficient enough, but interactions that take place are 
important for customers or students, and this helps shape 
overall satisfaction and make a campus dream destination for 
students. 

 
Graph 1: Importance of Factors to Earn Customer Loyalty 

If the view of the customers is compared with the 
traditional view of the organization, it seems that 
organizations emphasize product quality to be the most 
important factor, while according to the customers, quality 
interactions are most important. This creates a GAP between 

what customers want and what organizations are providing 
them with. 

 
Graph 2: Comparison of Importance of Factors between Customer & 
Organization 

Point 2: Understanding the Importance of factors 
(academic and non-academic) that forms the overall customer 
experience 

It is important to understand if the experience is more 
important than what contributes the most to the experience 
building of the customers to serve the customer by focusing 
on that factor more and more. They showed quite 
contradictory results. Almost all the factors have the same 
importance as the other. There are no significant differences 
between these factors, which indicates that building overall 
experience is more important than focusing on single factors 
alone. 

 
Graph 3: Importance of Factors That Forms Overall Customer Experience 

Point 3: Understanding how customers value their 
experience with different factors. 

Importance of factors like teaching, research, developing 
right culture, security etc., have been studied, now focusing on 
whether customers have different levels of experience with 
each of these factors will answer the question whether 
customers value each interaction and experience differently.  

Table 1: Experience Value of Different Factors 

Factor 
Not 

Important 
At all 

Unimpo
rtant 

Neutral 
Impor
tant 

Very 
Import

ant 

Teaching 17% 14% 25% 29% 15% 

Research 8% 18% 26% 41% 7% 

Developing the 
right Culture 

9% 17% 29% 36% 9% 

Security 18% 19% 42% 6% 15% 

Dining/Canteen 
Facilities 

7% 23% 11% 38% 21% 

Hostels 17% 15% 11% 28% 29% 

These responses indicate that students don't value each 
experience differently, but it indicates that the interactions 
carry almost the same experience level. Higher education 
institutions have put little emphasis on what they deliver, not 
on how it is delivered. Academic and non-academic factors 
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contribute to the overall experience, and it does not seem to 
have differences in both types of activities. It points out that 
higher education institutions should focus on academic and 
non-academic factors, but it is similarly important to deliver it 
in the right way. 

 
Graph 4: Experience Value of Different Factors 

The responses indicated that interactions and the 
experience resulting from the interactions are important by 
68%, which is quite significant for higher education 
institutions to understand that interactions are very important. 
But if their perceptions are evaluated, customers or students 
are not that much satisfied with the experience with the 
different factors mentioned. Higher education institutes must 
focus on how students are treated and focus on interactions 
and make the overall students experience better and better so 
that students get satisfied and make the campus a dream 
destination. The comparison between the level of experience 
expected and the level of experience delivered shows that even 
though students or customers value interactions, institutions 
do not value the interactions and the experience resulting from 
it.  

Point 4: Understanding any opinion differences 
Customer Experience delivered between the customer and the 
organization. 

The differences are visible; this states that organizations 
understand that they are providing the right mixture by 
providing the right qualitative interactions (they agree by 
47%) between the organization and the customer. While the 
customers' opinion contradicts this, Customers believe only by 
18% that organizations are providing them with the right set 
of interactions. Most of the customers (49%) believe that they 
are not provided with the right set of interactions. This 
indicates that there is a GAP of understanding between the 
value that the organization is providing and quality 
interactions demanded or expected by the customers. 

 
Graph 5: Differences in Customer Experience Delivered Between the 
Customer and the Organization 

V. RECOMMENDATION AND CONCLUSION 

The competitive pressures are forcing higher education to 
focus on how the customer (student) is treated. The entire 
experience of the customer comes from their feelings, 
emotions and the interaction during long term association with 
the organization, not from their chronological series of 
practice and actions [6]. The roots of experiences lie with the 
emotions developed by the impressions aroused. There is an 
urgent need to develop a new perspective of understanding 
entirely, and merely focusing on academic and non-academic 
activities is not enough. To manage the experience quality, it 
requires a great push beyond the traditional management 
model. Therefore, organizations should think more deeply 
about the customer's emotions that generate and creates 
customers' experience of the organization. There is a clear 
GAP of understanding of what customers expect as an 
experience and what organizations are delivering. There is a 
need for first understanding where this GAP is and how these 
differences can be eliminated. By only understanding and 
providing the right qualitative customer experience to the 
customers, they can be converted to loyal ones and 
organizations can develop long-term sustainability. 
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Abstract — In the wake of the COVID-19 global health 

emergency, governments in different countries of the world 

have restricted the movement of people and goods intra-

country or even intrastate to reduce the spread of infections. 

Developing countries like India face an acute shortage of 

distribution centers for disaster management and recovery. 

Residents in semi-urban and rural areas in India continue to 

face tremendous scarcity of daily basic supplies and food 

grains. The safety concern stemming from the delivery options 

for essential goods from one point to another has been under 

serious concern considering the widespread of the coronavirus 

in India. The purpose of this study is to understand the 

shortcomings, needs and requirements of existing food and 

logistics supply in disaster scenarios by NGOs and local 

government and then perform a gap analysis to propose 

Connected Refrigerated Driverless Vans (CRDVs). The adoption 

of driverless car technology (DCT) is still a long-term effort, 

and this research aims to delve into the ways in which the 

proposed CRDV framework can be adopted in relief and 

supply distribution in rural India. 

Keywords— adoption, connected refrigerated driverless vans 

CRDV, disasters, driverless cars, DCT, connected autonomous 

vehicles, TAM, technology awareness, perceived usefulness, 

perceived ease of use, supply, distribution, statistical analysis, 

structural equation modelling, SEM, discriminant analysis, 

COVID-19, pandemic. 

I. INTRODUCTION 

Disasters, both natural and man-made, can strike 
anytime anywhere without prior notice and within a short 
time. It disrupts the usual supply chain to the community 
either with minimum supply capacity, or a sudden surge of 
demand, or both (Dash, Mishra & Mishra, 2013). 
Coronavirus disease 2019 (COVID-19), a respiratory illness 
caused by the novel coronavirus, officially referred to as 
severe acute respiratory syndrome coronavirus (SARS-
COV-2), was first detected in December 2019 in China. In 
the wake of the COVID-19 global health emergency, 
governments in different countries of the world have 
restricted the movement of people and goods intra-country 
or even intrastate to reduce the spread of infections. A 
‘lockdown’ therefore will imply this restriction, as used in 
this research paper. Prior to the COVID-19 outbreak, the 
global food supply chains were at a critical point, as 
discussed in the 2020 Global Food Policy Report. More than 
820 million people globally were unable to obtain secure 
access to food in 2018 (Global Food Policy, pg. 8, 2020). 
Developing countries like India generally face an acute 
shortage of distribution centers for disaster management and 

recovery. With the onset of the Covid-19 pandemic, 
underprivileged Indian communities residing in rural and 
disaster-prone / low-lying areas in India prone to flooding, 
hurricane effect, have faced scarcity of essential supplies 
like food, and other daily necessities during these times of 
high demand and minimal supply. Also, in the last few 
years, tropical hurricanes have caused massive destruction 
to rural and semi-urban India, rendering millions of Indians 
homeless, and in dire need of daily necessities like food and 
supplies. Other widespread concerns of climate change, 
natural disasters, high population growth, poverty, 
malnourishment, changing consumption patterns, obesity, 
etc. have also been posing serious challenges for sustainable 
development, particularly in fast-growing cities of Asia. The 
sudden emergence of the COVID-19 pandemic has 
aggravated the already existing concerns of food insecurity 
stemming from the 2008 global food crisis which had 
mainstreamed the importance of food security in the global 
policy agenda. Residents in semi-urban and rural areas in 
India have been faced with a tremendous scarcity of daily 
basic supplies and food grains.  

The imposed lockdown has halted trade and business in 
these small towns and villages. The economic downturn 
driven by the COVID-19 pandemic has pushed 
approximately 75 million Indians below the poverty line in 
2020 and shrunk the country’s middle class by 32 million. 
The safety concern stemming from the delivery options for 
essential goods from one point to another has been under 
serious concern considering the widespread of the 
coronavirus in different regions of India. 

Humanitarian crises like disasters and pandemics 
require high level of dependability and adaptation to serve 
the needs of vulnerable groups (Chandes and Paché 2010), 
involving a complex web of participant organizations 
including governments, military agencies, civil society, 
private businesses, and relief organizations (Venkatesh et al. 
2019; Yadav and Barve 2015). This network, which will be 
termed a humanitarian supply chain in this research paper, is 
comprised of a diverse range of players committed to 
providing the most possible support to the afflicted people 
in terms of medical supplies, food, and other relief resources 
(Dubey and Gunasekaran 2016). Wamba (2020) adds that 
HSCs include all actions involved in the planning and 
administration of necessary resources during natural or man-
made disaster relief efforts (Abidi et al. 2013). Humanitarian 
logistics seeks to optimize the process by which these 
supplies are delivered to victims (Chandes and Paché 2010). 
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According to Nik-bakhsh and Farahani (2011), the topic of 
logistics has received substantial attention in the context of 
humanitarian operations owing to the necessity for logistical 
systems capable of coping with a variety of catastrophes and 
disruption management. 

In India, the transportation industry consumes more 
than 40% of overall oil consumption, with road transport 
accounting for about 90% of total demand. The Indian 
government has made several steps to encourage the 
production and acceptance of electric cars in the country. 
Electric vehicles have begun to permeate the Indian market, 
supported by government assistance. Phase II of the plan, 
that is deemed to take up to three years to implement, seeks 
to strengthen the adoption of electric and hybrid cars by 
subsidizing upfront payments for electric vehicle sales and 
instituting the required charging infrastructure. Adoption of 
driverless car technology (DCT) is still a long-term effort, 
and this research aims to delve into the ways in which DCT 
can be adopted in food and supply delivery and distribution 
in rural eastern India. 

Section II of this paper mentions the research 
motivation and background and literature review. Section III 
introduces the research design, with the research questions, 
hypotheses. The following section – Section IV delves into 
the proposed methodology and provides details about the 
data collection plan. Section V introduces the theoretical 
framework and goes on to explain how the proposed 
framework is adapted from the theory stated. The data 
analysis and metrics measurement segment is explained in 
Section VI, followed by Section VII which describes the 
proposed framework usefulness, challenges and the next 
steps in this research. 

II. BACKGROUND 

A. Research background 

Nonprofit organizations play important roles in solving 
social problems and responding to the needs in the 
community (Grønbjerg & Paarlberg, 2001). In response to a 
disaster of extreme magnitude, nonprofit organizations 
generally are required to deal with “the challenge of 
channeling the desire to help to the right place at the right 
time” (Miller, Jensen, and Moore, 2005, p. 2). Considering 
the difficulty in pre-training workers in times of sudden 
calamities, coping with the number of unsolicited donations 
coupled with the number of unaffiliated volunteers pose 
important challenges for nonprofit organizations in 
effectively organizing their response to disasters (Miller, 
Jensen, and Moore, 2005). The global auto industry is now at 
a crossroads for a transportation phase shift driven by DCT, 
which has the potential to have disruptive economic, 
regulatory, and societal impacts. DCT represents a disruptive 
change that has the potential to revive the concept of a car 
for one person and to initiate a socio-cultural revolution. A 
driverless car is an unmanned vehicle capable of being 
driven without human intervention but using the assistance 
of several complex subsystems and devices. The DCT has its 
origins in 1926 when an automobile distributor, Achen 
motor, demonstrated a ‘ghost car tour’ in the city of 

Milwaukee in Wisconsin, U.S.A (Menon, 2015). But it was 
in the year 2005 that Stanley, the winner of the Defense 
Advanced Research Agency (DARPA) Urban Challenge, 
completed the 150-mile obstacle course and provided real-
world technology solutions on the feasibility of the DCT 
(Guerra, 2016). 

B. Relevant literature 

As per Mohd et. al., 2011, social change is a consequence 
of technological change. Automation cannot reach its 
potential if its potential users do not accept it and if it is 
associated with inappropriate dependencies in the early 
stages of implementation (Ghazizadeh, Lee & Boyle, 2012). 
Social acceptance and the predictive factors influencing DCT 
adoption from the user's perspective need to be thoroughly 
investigated for the short-term success of driverless vehicles. 
DC technology is significantly ahead of research examining 
the social acceptance of this technology (Guerra, 2016). 
Additionally, existing studies in this area appear to vary in 
DCT acceptance results with different demographics and 
geographies. 

There has been limited study of driverless cars (DCs) or, 
most generally referred to as, autonomous vehicles (AVs) in 
disaster relief scenarios and supplies delivery in rural India. 
Combatting the challenges of unpaved roads, lack of GPS 
tracking ability, and lack of technology awareness among the 
masses residing in intricate rural regions in India. The closest 
study in using DCT is in evacuation scenarios catering to 
mobility-impaired people (Murray-Tuite et al., 2017). A 
simulation study examining the effects of connected and 
autonomous vehicles (CAV) during countercurrent 
evacuation showed an increase in hourly capacity of 12% for 
a scenario with 20% CAV and an increase in hourly capacity 
of 30% for a scenario with 50% CAV (Ekram & Rahman, 
2018). But again, a gap exists in the segment of the 
population this would cater to – urban cities. 

Fig 1. (above) The five levels to vehicle automation (Source: VDI) 

The Level 5 automation(as seen in Fig 1, above) is 
employed by driverless car technology(DCT) and will be the 
technology to be the backbone of the proposed Connected 
Refrigerated Driverless Vans (CRDVs) in this research. 

III. RESEARCH DESIGN 

The research questions that are addressed in this research 
are as follows. 

A. Research Questionnaire 

R-Q1: To what extent does a relationship exist between 
the current rate of distribution of supplies and the existing 
volunteer network? 
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R-Q2: To what extent does a relationship exist between 
the type of transportation and quantity of good delivery? 

R-Q3: To what extent does a relationship exist between 
technology awareness on contactless delivery vans 
acceptance and the intention to use driverless cars? 

R-Q4: What is the combined impact of perceived 
usefulness of connected refrigerated driverless van (CRDV), 
perceived adoption of driverless vehicle technology in food 
and supply distribution, and deployment capability within 
food distribution centers and non-profit organizations in rural 
West Bengal? 

B. Proposed Hypotheses 

The proposed hypotheses are as follows: 

Hypothesis 1 studies the relationship effect between the 
existence of volunteers for the delivery of supplies to 
pandemic-affected or disaster areas and the frequency of 
distribution, and attempts to understand the type of 
correlation, if any, among the two variables under 
consideration.  

Hypothesis 1a. (H1a). There is no relationship between 
the current rate of supplies delivery and the volunteer 
network available. 

Hypothesis 1b. (H1b). There is a greater rate of supplies 
delivery with a larger network of available volunteers. 

Hypothesis 2 studies the relationship effect between 
technology awareness and acceptance of CRDVs, aiming to 
uncover, if any, a positive, negative, or neutral correlation 
among the variables under study. This is an important aspect 
since the target demographic setting is based out of rural 
India, some places of which might still not have any 
knowledge of the advancements of technology, and its varied 
uses, such as DCT. 

Hypothesis 2a.(H2a). Technology awareness has no 
effect on the adoption of CRDVs.  

Hypothesis 2b. (H2b). Technology awareness results in 
harbouring trust in acceptance of CRDVs. 

IV. METHODOLOGY & DATA COLLECTION PLAN 

The methodology used in this study is a cross-sectional, 
descriptive, and correlational research design. Descriptive 
and inferential statistics will be used as quantitative 
methods. For qualitative methods, the research will contain 
in-depth interviews and ethnographic research. Since the 
results of qualitative methods are more descriptive, the 
inferences can be drawn quite easily from the data that is 
obtained. The data collected is mixed: quantitative and 
qualitative data regarding non-profit organizations’ 
perceptions of adoption of connected refrigerated driverless 
vans (CRDVs) in food and supply distribution in rural West 
Bengal, regional government officials’ perception about 
deployment capability within rural areas in the region.  

The data collection will be conducted adhering to the 
IRB approval to conduct surveys/interviews in the state of 
West Bengal in India. All data to be collected will be solely 
for this research purpose. The convenience sampling method 
will be used for this research, and survey questionnaires will 

be circulated in an online mode. Semi-structured interviews, 
structured surveys, and phone/video interviews would be the 
primary method of data collection.  

The surveys and interviews would be targeted towards 
two segments of the population: infrastructure and execution 
wings. The entities involved in the data collection activities 
are segmented into the two wings defined above as follows: 

I. Infrastructure wing 
a. Key identified not-for-profit 

organizations. 
b. Local state government officials in charge 

of electric vehicle government subsidies 
and implementation. 

II. Execution wing 
a. Volunteers in not-for-profit organizations. 
b. Food distribution centers employees. 

 
To understand the data collection and research further, 

it is important to introduce the demographics of the region 
and context regarding the primary reason of selection for 
this research study. West Bengal is India’s sixth-biggest 
state in terms of economic size, with a gross state domestic 
product (GSDP) of INR 10 trillion in 2017-18, estimating a 
mean annual GSDP growth rate from 2011-12 to 2018-19 of 
approximately 12.06%. West Bengal accounted for 6.3% of 
India’s cumulative GSDP. The nation boasts a per capita 
GSDP of INR 117,704 (US$ 1,681.49) in comparison to 
India’s in line with a capita GDP of INR 138,253 (US$ 
1,975.05). West Bengal has a history associated with the 
electrification of its transportation device. The capital of the 
state of West Bengal, Kolkata, was the first city in all of 
Asia, to introduce an electric public transport system and 
was also the primary metropolis to introduce electric buses 
into the town's public transport.  

TABLE I. DATA COLLECTION PLAN FOR PHASES 1 & 2 

Data collection will be conducted in two (2) phases, 
considering the availability of the target audience due to the 
lockdown imposed in India for the coronavirus pandemic. 
The sample size is aimed to be 1000 respondents for both 
the phases of data collection. Data will be collected over 
three months in each phase from adults, irrespective of the 
gender of each of the locations mentioned in the table below 
due to the presence of a diverse youth population and the 
prominence of utilization and knowledge of ridesharing and 
food delivery services. The sample distribution over phases 
1 and 2 will depend on the availability and feasibility of 
interviews or surveys, many of which might be difficult 
considering ongoing coronavirus pandemic and its affect in 
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different regions. The table below shows the data collection 
plan over the two phases. 

V. THEORETICAL FRAMEWORK 

The Technology Acceptance Model (TAM) will be used 
as the theoretical framework for this research. The following 
sections will define the theories followed by a flowchart 
representation of mapping the concepts to the theoretical 
construct. 

A. Understanding the Technology Acceptance Model 

(TAM) 

The technology acceptance model (TAM) was first 
created by Davis (1989), based on the theory of reasoned 
action (TRA) (Fishbein & Ajzen, 1975) in psychology 
research. The Technology Acceptance Model (TAM; Davis, 
1989) is one of the most effective and widely used 
theoretical frameworks for information systems (Holden & 
Karsh, 2010; Lee, Kozar, & Larsen, 2003; Li, 2010). 
Technology Acceptance Model (TAM) is a focus of research 
as new technologies develop (Horton, Buck, Waterson & 
Clegg, 2001).  

TAM has found its application in a variety of 
environments such as online learning, social media, intranets, 
and smartphones. For example, a study of factors affecting 
consumers’ attitudes toward mobile commerce adoption 
provided empirical evidence that the TAM model can be 
applied to the mobile commerce industry and provides a full 
explanation of consumers’ acceptance intention (Yang, 
2005). TAM is a proven powerful framework for 
determining early user adoption, and the primary scale that 
measures TAM construction in the context of different 
technologies across populations and has been fully identified 
(Davis and Venkatesh, 1996). An early indication of user 
adoption becomes crucial as do the huge financial 
implications that ensue, especially with new emerging 
technologies (Davis, 1993). 

B. Proposed CRDV framework 

We have proposed the following CRDV framework 
incorporating TAM. The ‘perceived usefulness’ and 
‘perceived ease of use’ of the TAM model have been 
converted into ‘effectiveness of CRDV’ and ‘perceived ease 
of use’ respectively (See Fig 2 below). 

 
Fig. 2. (above) Proposed CRDV framework incorporating TAM 

 
The research will utilize modified versions of existing 

instruments and items used for each construct which are 
discussed in the table below. The user or personas comprise 

of the non-governmental organization volunteers and local 
state government officials, who will be able to comment on 
the feasibility and challenges of adoption and adaptation of 
CRDV in the target market. In case of challenges pointed 
out, future research will aim to understand how they can be 
mitigated. It is therefore important to collect data and 
opinions of the personas to study the feasibility of this 
research. 

Table II (below) comprises Constructs, Personas, and 
items respectively for the constructs in Fig 1 (above). The 
Personas help identify the use cases and feasibility as 
depicted from the items column. Some items have been 
adapted from Davis and Venkatesh (1989). 

 

TABLE II.  CONSTRUCT AND ITEMS 

Construct User/Persona Item 

 
 
 
 
 
 
 
 
 
 
 

Effectiveness 
and feasibility 

of CRDV 
deployment 

 
 
 
 
 

Local 
government 

official 
 

 
(Adapted from Davis and 

Venkatesh, 1996) 
1. I believe a driverless car (in 

this context, CRDV) would 
be very useful in the mass 
supply of essential goods in 
rural areas. 

2. I believe deploying CRDVs 
at a regional scale can be 
possible based on the 
current EV government 
subsidies. 
 

 
 
 
 
 
 
 

Food 
distribution 

center/not-for-
profit 

volunteer 
 

 

 
1. Given that CRDVs are 

deployed, I foresee that it 
will increase the frequency 
and quantity of supplies 
delivered to a larger number 
of rural destinations. 

2. I believe that the 
transportation capacity for 
supplies per trip will meet 
the needs of the destination 
recipient population. 

3. I believe using a driverless 
car would ensure safety 
concerns related to 
contactless delivery and 
keep both the provider and 
recipient sides safe. 
 

 
 
 
 
 
 
 
 
 

Technology 
awareness/ 

Acceptance & 
type of 

transportation 
used 

 
 
 
 

Local 
government 

official 
 

 
1. I believe that there will be 

challenges in knowledge 
creation on driverless 
supply and adoption among 
the consumer base. 

2. I believe that adequate 
technology awareness exists 
from adoption point of view 
from the regional 
government end. 

3. I believe the adoption of 
CRDV would enhance the 
delivery quantity and 
capacity thereby meeting 
the demand of the consumer 
base. 

 
 
 

Food 

 
1. I believe there will be 

limited awareness and trust 
on CRDV to replace human 
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distribution 
center/not-for-

profit 
volunteer 

 

conducted distribution. 
2. I believe the learning and 

adoption curve on CRDV 
will vary in different 
regions of the state. 
 

 
 
 
 
 
 

Intention to 
adopt CRDV 

 
 
 
 
 
Food 
distribution 
center/not-for-
profit 
volunteer 
 

 
(Adapted from Davis and 
Venkatesh, 1989) 

 I believe that CRDVs, if 
available and deployed, will 
be readily utilized for mass 
goods and food distribution 
in rural areas, especially 
areas difficult to reach by a 
human volunteer. 

 I believe that the frequency 
of usage of CRDV is related 
to the need/requirement of 
supply distribution to a 
particular region. 

 

 

The proposed CRDV framework will be improved in future 
research to incorporate relevant economic theories 
pertaining to demand and supply of goods. 
 

VI. DATA ANALYSIS & MEASURES 

Initially exploratory data analysis of the data obtained via 
the survey questionnaires and interviews will be conducted. 
Data wrangling and cleaning will comprise most of the data 
engineering segment(~60% of effort), followed by analysis 
and predictive modeling(~40% of effort). One of the 
challenges in the dataset to be obtained would be the free 
form text input via questionnaires, and other categorical 
responses, which need to be encoded (by common 
techniques like on-hot encoding), scaled and converted into 
numeric(quantitative) data for analysis and modelling. The 
measurement model will be validated, and the hypotheses 
will be tested using the partial least squares method (PLS) of 
the structural equation (PLS-SEM). Statistical analysis will 
be performed using structural equation modelling (SEM) 
using the partial least squares method in this research. 
Structural equation modelling is a linear model framework 
that models both simultaneous regression equations with 
latent variables. SEM uniquely encompasses both 
measurement and structural models. The measurement model 
relates to observed latent variables and the structural model 
relates to latent variables. 

The validity and reliability of the survey instrument need 
to be assessed before analysing the inferential statistics. Both 
convergent and discriminant validity survey questionnaires 
will be examined. If the mean extracted variance (AVE) is 
greater than 0.50 and the external loads of each item of a 
construct are greater than 0.70, a convergent validity can be 
determined. Cronbach's Alpha and Composite Reliability 
(CR) are two measures of reliability that will be estimated. 
Discriminant validity is used to measure whether the 
indicators of one construct that are theoretically unrelated to 
the indicators of another construct are not associated. The 
most widely used method for measuring discriminant 
validity is the ‘Fornell-Larcker criterion’. According to this 
criterion, the square root of the AVEs should be greater than 
the correlations of the latent variables to determine the 
discriminant validity. 

R programming language, one of the most widely used 
statistical programming languages, will be used to conduct 
statistical analysis, and modelling primarily using the 
following packages: ‘lavaan’ for PLS-SEM, ‘dplyr’ for 
statistical data manipulation and wrangling, ‘tidyr’ for data 
cleaning, ‘plotly’ for interactive visualizations during 
research, and ‘knitr’ for report creation and code integration. 
The PLS-SEM approach does not prescribe a normal 
distribution of the data because this technique does not make 
any assumptions about distribution. The PLS-SEM approach 
is therefore considered suitable for this research. Two 
analysis phases are carried out in the PLS-SEM, the 
evaluation of the measurement model, which will be done to 
determine the validity and reliability of the research tools, 
followed by the evaluation of the structural model, which 
will be used to test the hypotheses. Harman's single-factor 
analysis will be performed to assess common method bias 
(CMB), if existing, since measuring independent and 
dependent variables with the same survey tool can lead to 
CMB. 

Theoretical evidence shows that the interest, attitude, and 
interest in advanced technologies are highly dependent on 
perceptions, user preferences, and availability (Bennett, 
Vijaygopal, and Kottasz, 2019). Data with an ordered 
opinion as the dependent variable can often use the ordered 
logit model (Washington, Karlaftis, & Mannering, 2011, 
p.345). Ordered logistic models will be created utilizing the 
data collected to understand the effect of acceptance and 
adoption of connected refrigerated driverless vehicles 
(CRDVs) in disaster relief scenarios or supplies distribution 
in pandemic affected rural areas.  

To study the above hypotheses and relationships, a 
polynomial logistic model (MNL) (McFadden, 2017) will be 
used, where user acceptance of connected driverless 
refrigerated van (CRDV) is the outcome variable. The MNL 
model offers a global statistic, which comprises one single 
value explaining the relationship between acceptance and 
perceived usefulness of CRDVs, and other independent 
variables considered in the model. Since the aim lies in 
exploring key factors on acceptance of connected 
refrigerated driverless vans (CRDVs) for emergency and 
mass supply distribution in rural areas, the MNL model will 
be suitable to use, since the intention is not to estimate the 
best fitting and most complex model. Based on the analysis 
of the model, the feasibility of the deployment and adoption 
of CRDVs will be determined. This will provide the basis for 
future research in this field. 

 

VII. PROPOSED FRAMEWORK USEFULNESS, CHALLENGES & 

NEXT STEPS 

A. Connected Refrigerated Driverless Vans (CRDV) 

Framework Usefulness 

Implementation of connected refrigerated driverless vans 
(CRDVs) for delivery of donations and supply distribution in 
semi-urban, rural, and natural disaster-affected areas in India 
will view improvement in the demand and supply proportion 
for the millions of underprivileged in semi-urban and rural 
India, and/or those areas affected by natural disasters or 
pandemics. There is a huge dependence on rescue 
agencies/non-governmental organizations to get their basic 
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needs like food, shelter, and supplies, once disasters strike, or 
in cases of unaccounted for pandemics, like the Covid-19 
pandemic. In the current process, there is a need for human 
intervention in providing for such aid by non-governmental 
agencies, not-for-profit agencies, or the local state 
government of the affected population residence, where 
employees of the agencies or volunteers take on the 
distribution of food and supplies. In most scenarios, the 
supplies are not even properly distributed (due to uncertainty 
in delivery, inadequate labour, etc.), and the demand and 
supply chain is heavily negatively skewed to the proportion 
that people in need of supplies never are able to receive aid, 
which often leads to being fatal. This research proposal aims 
to resolve a supply and demand chasm existing in the semi-
urban and rural Indian community by providing contactless 
and just-in-time delivery of food and supplies to the affected 
and in-need people, help, and support for them to recover 
from natural disasters/pandemics. 

Currently, a few food-delivery services in India have 
proposed ventures into the delivery of food and packages via 
unmanned aerial mode utilizing drones. But these food 
delivery services aim to deliver food on order from local 
restaurants and thus, more in service in urban India where 
this service will be a good-to-have attribute rather than a 
need-to-have urgency. Also, the context of using drones for 
food and package supply via online application orders will 
face limitations and prone to failure when the scenario is 
modified to rescue supply dispatch missions, and supply of 
food and supplies on a wider scale and rugged terrain, rather 
than a one-to-one delivery on mapped GPS routes of urban 
cities and towns. The introduction and utilization of 
connected refrigerated driverless vans (CRDVs) to distribute 
supplies quickly and efficiently without involving any 
humans, will expedite services meted by the local not-for-
profit organization or local state governments to the affected 
or in need population in times of natural disaster and/or 
pandemic like the Covid-19. The refrigeration of the 
driverless vans would be to maintain the quality of food 
supplied and to protect the delivery items from 
contamination, pollution, dust, and alien particles. Below are 
a few advantages of this proposed technology for the point-
point delivery of essential goods. 

1. Saves time and elimination of labor in distributing 
food and supplies to a larger audience in time.  

2. Manage inventory to equally distribute to different 
distribution centers, and also help scale in different 
locations to capture a bigger affected population. 

3. Immense support in natural disasters and pandemic 
situations. 

4. Driverless delivery vans would be adopted by 
nonprofit organizations at government policy 
subsidized rates. 
 

B. Challenges & Future research 

Considering the magnanimity of the implementation of 
the proposed technology, these are some challenges that need 
to be overcome. Roads are not well developed for driverless 
technology. It is difficult to build reliability on driverless 
vehicles for goods delivery which have been always needed 
a human intervention. Affordability of driverless vehicle 
technology for nonprofit organizations operating below 

poverty zones is of serious concern. There needs to be 
consideration for the job losses/ replacements for distribution 
center employees on automation of delivery tasks. Often, 
there exists inadequate knowledge of the business process 
model post-implementation of the connected refrigerated 
driverless van (CRDV) for delivery and distribution services. 
Also, a lack of human-human interaction might prove 
challenging for those masses who are not conversant with 
technology or the usage of high-end technology. 

Apart from the above-mentioned challenges, the main 
next step is to take a deeper insight into the electric and 
autonomous vehicle government policies and subsidies 
available in the state of West Bengal, and the feasibility of 
deployment and acceptance of CRDVs. Future research will 
consider the Unified Theory of Acceptance & Use of 
Technology (UTAUT) and incorporate it in the proposed 
CRDV-TAM framework. 

It is important to understand the vehicle purchase 
scheme, budgetary allocations, and feasibility of allocation 
by the local state government of West Bengal to the non-
governmental organizations. A business model assessment 
will be crucial to clarify the current ‘as-is’ process followed 
by the non-governmental organisations for disaster relief and 
supplies distribution to the future proposed CRDV adoption 
stage, which will be the ‘to-be’ process. Future research will 
consider the Unified Theory of Acceptance & Use of 
Technology (UTAUT) as well. 
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Abstract: Lead-free piezoelectric nanogenerators 

(PENG) oxides are emergent materials for 

environment friendly energy technology and smart 

electronic applications. Here we first time report facile 

one-step solvothermal synthesis of metastable LN-type 

hexagonal R3c piezoelectric ZnTiO3 nanoparticles and 

show their mechanical energy harvesting properties. 

Phase, purity and morphology of ZnTiO3 powder were 

studied by P-XRD, EDAX and TEM. Flexible 

nanogenerators were fabricated by preparing a 

composite of piezoelectric ZnTiO3 nanoparticles and 

Poly(dimethyalSiloxane) (PDMS) as the matrix in 

different wt.%, which are then tested for mechanical 

energy harvesting. Maximum output peak-to-peak 

open circuit voltage, Voc ~ 0.2V and peak-to-peak 

short-circuit current Isc ~ 1.0 nA are measured from 

the nanogenerator with 20 wt.% ZnTiO3 NPs.  

 
KEYWORDS: Lead-free Oxide, LN-type ZnTiO3, 

Piezoelectric nanogenerator (PENG), Solvothermal, 

Mechanical energy harvesting.    

 

INTRODUCTION 

Harvesting of electric energy from various sources 

like solar energy, mechanical energy, thermal 

energy, biofluids has received extensive attention 

because of the widespread use of various low-

powered electronic devices, compatible 

photodetectors, [1-2] flexible memristor [3] etc. 

Mechanical energy harvesting from abundant and 

available living/surrounding environmental sources 

is an effective way for ‘battery-free’ self-powered 

nanogenerators and nowadays it has become most 

promising smart green technology. [4-5] 

Piezoelectric oxide materials are stable, self-

sustainable, which can generate electrical energy 

from vibrational sources and may be used in self-

powered sensors and small electrical components 

 

and in applications such as in biosensing, 

piezocatalysis, health and environmental 

monitoring, drug-delivery systems etc. [6-10] 

Lead (Pb) zirconate titanate (PZT) is the most 

extensively used piezoelectric material for its high 

ferroelectric performance, stability and large 

piezoelectric coefficient, [11] however, low 

biocompatibility of PZT finds its few applications in 

different health monitoring, and portable, wearable 

and wireless devices. Moreover, due to the very high 

permittivity and impedance of the prepared device, 

a low output current is normally obtained, that limits 

its wide use in the mechanical energy harvesting 

application. Even though, organic−inorganic 

perovskite materials are found to be good in self-

powered optoelectronic applications for their 

exceptional properties, [12] remarkable attention has 

been dedicated to search for Pb-free ferroelectric 

materials and bio-piezoelectric materials. [13-14] 

Lead free, polar, LN-type bimetallic perovskite 

oxide, zinc titanate (ZnTiO3), crystallized in R3c 

space group, theoretically has high polarization 

value (∼90 μC/cm2), [15] and is a potential 

multifunctional oxide similar to ZnSnO3.  [16-18] 

However, there is no direct report on the synthesis 

and energy harvesting properties till date, due to the 

metastable nature of polar R3c type ZnTiO3, which 

makes it difficult to synthesize the desired 

hexagonal phase.  

In this work, we report the synthesis of nearly phase 

pure LN-type ZnTiO3 nanoparticles (NPs) by a 

facile solvothermal method, which was then 

characterized by XRD, EDAX, HRTEM. The 

PENGs were fabricated by making a nanocomposite 

of ZnTiO3 NPs with PDMS and was tested for 

mechanical energy harvesting in a bespoke set-up.  
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[19] Maximum output voltage is obtained for 20 

wt.% ZnTiO3 (NPs)/PDMS composite device, Voc 

around ~0.2V and Isc around ~1.0nA in a 20 wt.% 

ZnTiO3 NP/PDMS PENG device. The study 

indicates that LN-type ZnTiO3 material has potential 

to be a candidate mechanical energy harvester 

similar to their perovskite structural counterparts.  

[20-21] 

 

EXPERIMENTAL 

Synthesis of LN-type ZnTiO3 nanoparticles (NPs): 

LN-type ZnTiO3 NPs was synthesised by using 

solvothermal method. First, equal molar Titanium n-

butoxide [Ti(OCH2CH2CH2CH3)4, Sigma-Aldrich] 

and Zinc nitrate hexahydrate [Zn(NO3)2.6H2O, 

Sigma-Aldrich] were dissolved separated into 

ethanol and D.I H2O. After, 30mins magnetic 

stirring of each mixture, the Ti4+ mixture was added 

dropwise into Zn2+ ion mixture, under continuous 

magnetic stirring at ~ 40 oC. Then NH4OH was 

added dropwise to adjust the pH ~12. After 3h, the 

mixture was transfer into Teflon-line solvothermal 

vessel and heated at 200 oC for 12h. Finally, the 

white powder was collected and centrifuged with D.I 

H2O and ethanol several times. 

Fabrication of ZnTiO3 (NPs)/PDMS film: 

As synthesised ZnTiO3 NPs were mixed 

homogeneously into PDMS/curing agent (10:1) 

polymer matrix with different concentrations (10-40 

Wt.%). The ZnTiO3 (NPs)/PDMS mixture were 

spin-coated on flexible ITO/PET substrate, where 

ITO act as a bottom electrode. All the prepared films 

were cured at 80oC for 6h. After curing, silver 

electrode (Sigma-Aldrich) was deposited onto the 

ZnTiO3 (NPs)/PDMS composite films, that act as 

top electrode. Figure 1 illustrates the whole process 

of fabrication of the device structure (1cm×1cm and 

500µm thick). 

                   

CHARACTERIZATION 

The crystallinity and the phase of the as-synthesised 

ZnTiO3 NP sample is identified using powder X-ray 

diffractometer (XRD, Rigaku Smartlab, Hypix-

3000). The morphologies of the synthesized  

material were characterized by FE scanning electron 

microscopy (FE-SEM, JEOL, JSM-6799F), Energy 

Dispersive X-Ray Analysis (EDAX) and HR-TEM 

(JEOL JEM-2010 electron microscope). 

Piezoelectric measurements: 

Output signals from the ZnTiO3 NPs@PDMS 

composite films are generated by pressing (from a 

linear motor, the frequencies are 1 to 4Hz) and 

collected by Keithley 2634B digital source meter 

using a bespoke set-up as similar to the report in ref. 

22. 

 

 

              

 

 

 

 

 

 

 

 

 

              

           RESULTS AND DISCUSSION 
Phase purity of the as-synthesized ZnTiO3 NPs are 

confirmed by powder X-ray diffraction (P-XRD, 

Figure 2a). All the diffraction peak positions in 

Figure 2a are matched with metastable R3c-

hexagonal LiNbO3 (LN)-type ZnTiO3, as reported 

by Inaguma et al [15]. There are some minor peaks 

(~ 2-5 wt.%) that belong to stable cubic Zn2TiO4 

(JCPDS-00-019-1483) are labelled by asterisk. The 

EDAX spectrum of ZnTiO3 NPs shown in figure 2b, 

which indicates the presence of Zn, Ti and O 

elements. Inset of figure 2b, shows the elemental 

percentage into the ZnTiO3 NPs. The results 

confirmed that the as-synthesized ZnTiO3 NPs 

contain almost 1:1 ratio Zn and Ti elements. 

 

 

 

 

 

 

 

 

 

 

 

 

Figures 3a, 3b shows the representative 

microstructure and elemental mapping of Zn and Ti. 

indicating that the all elements are homogeneously 

distributed. The morphology and crystal structure of 

the as-synthesized ZnTiO3 NPs was analyzed by 

HRTEM. Figure 3c shows the typical TEM 

(b) 

(a) 

Figure 1. Schematics representation of (a) the 

fabrication of ZnTiO3 NP@PDMS capacitor type 

films and (b) the structure of ZnTiO3 NP@PDMS 

PENG. 

 

Figure 2. (a) Powder XRD pattern of as-synthesized 

ZnTiO3 NPs. (b) EDS pattern of ZnTiO3. Inset of 

figure b represent the elemental percentage of 

different ions.  

 

* 

(a) (b) 
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micrograph of ZnTiO3 NPs with hexagon polyhedral 

shape, with an average particle size of ~30-40 nm.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Selected area electron diffraction (SAED) is shown 

in figure 3d. Three bright spots with red circle 

indicate the (012), (024) and (116) planes match 

with the standard XRD pattern of ZnTiO3. [15] 

Distributed diffraction rings in SAED pattern gives 

the confirmation that solvothermally synthesized 

ZnTiO3 NPs are polycrystalline in nature. [23] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The piezoelectric energy harvesting property of the 

prepared flexible PENGs are measured by bespoke 

mechanical energy harvesting system previously 

reported by Whiter et al. [22] Figure 4 shows the 

output voltage and current under different 

conditions. The fabricated PENGs were measured at 

frequencies ranging from 1Hz to 4Hz and force 

ranging from 0.05N to 0.5N. The observed output 

signals, open circuit Voltage (Voc) and short circuit 

current (Isc) exhibited positive and negative peaks 

due to corresponding compression and releasing of 

strain. [24] The peak-to-peak open circuit voltage 

(Voc) and short circuit current (Isc) increased with 

both increasing the force figure 4a, 4c and 

frequencies figure 4b, 4d for all the PENGs. We get 

the best mechanical energy harvesting performance  

from 20 wt.% ZnTiO3 NP/PDMS PENG with 

corresponding open circuit voltage (Voc) around 

0.2V and short circuit current (Isc) around 1.0 nA. 
 

CONCLUSION 

In conclusion, LN-type R3c space group hexagonal 

phase of ZnTiO3 NPs was first time synthesized by a 

facile one-step solvothermal method. The 

polycrystalline ZnTiO3 NPs are directly used to 

fabricate a low-cost, flexible piezoelectric 

nanogenerator for investigating vibrational energy 

harvesting potential. Here, we also first time report 

piezoelectric energy harvesting properties from R3c 

type ZnTiO3 NPs, with piezoelectric voltage (Voc) 

and current (Isc) around ~0.2V and ~1.0nA, 

respectively. These results suggest that our LN-type 

ZnTiO3 NPs can be useful for applications in 

piezoelectric sensor, actuators, piezocatalyst, self-

power wireless devices, and low power medical 

devices etc,, if we can further improve the phase 

purity, and can rightly modify the morphology, and 

control the growth direction that would further 

optimize the energy harvesting properties.  
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Abstract—Digital transformation in payments makes crucial 

changes in the landscape of Asian information and 

communication technology. After China, India played a 

significant role in the mobile wallet market to become a global 

leader. According to Global Data company, Mobile wallet 

transaction is expected to reach Rs.100 trillion in 2024. The 

aim of this researchis to identify the behaviour intention to the 

usage of mobile wallets by Generation X. The survey was 

conducted online among the 182 respondents to test the 

hypotheses. The recommended model consists of five factors 

from the UTAUT2 model, which impact the behaviour 

intention to use Mobile wallets by Generation X. The 

percentage analysis and PLS-SEMalso known as partial least 

squares-structural equation modelling techniquewere 

employed to validate this study. This research identifies that 

social influence, effort expectancy and performance expectancy 

performs a substantial role in Generation X’s behavioural 

intention to adopt mobile wallets. The study will lead the 

knowledge about the key variables that affect mobile wallet 

adoption by Generation X in India. 

 

Keywords—Generation X, Mobile wallet, PLS-SEM, User 

adoption, UTAUT2 

I. INTRODUCTION  

Mobile wallets are kind of payment services performed 
using the mobile phone or tablet operated under prescribed 
financial regulations. This technological innovation is 
slowly replacing the physical transactions to make them 
outdated. Mobile wallets have become more popular by 
their advanced payment algorithm and techniques, which 
makes the transaction simpler. It is adopted in different 
ways across the globe. Especially in developing nations, 
mobile wallets are providing their services to the under 
banked or unbanked population. Most of the people are 
using mobile wallets for micropayments. Digital wallets are 
classified into three different types. They are Open wallets, 
Closed wallets and Semi-closed wallets. In the case of open 
wallets, withdrawal and transfer of funds are possible by 
banks. Closed wallet is used for buying goods and services 
exclusively from a particular company. E.g. Amazon, Ola 
wallet. In the case of a semi-closed wallet used to buy goods 
and services, it is a redeemable payment instrument. E.g. 
Paytm, Mobiwik. The mobile device is playing a crucial role 
in the payment mix by achieving 85% of whole global 
household consumption in the market [1]. Additional 
facilities with securities like One Time Password (OTP),  
Quick Response (QR) code also facilitate the people to do 
multiple transactions like bill payment, EMI payment, and 

interaction facilities[2][3]. According to a Google-BCG 
analysis, India's digital payment industry is contributing to 
about 15% GDP of the country. In digital payment adoption, 
India stands second in Asia Pacific region. In India, 
traditional payments like cash and cards are gradually 
replaced by mobile wallets, particularly after the outbreak of 
COVID-19 pandemic. Following such macro environmental 
disruptions, mobile wallet transaction is expected to reach 
Rs.100 trillion in 2024, says Global Data Company. The 
report also states that the transaction value of the mobile 
wallet will increase from US$ 5.4 billion (2016) to US$ 
1.41 trillion in 2024. It is estimated that 23.5 billion 
transactions through mobile wallets in 2020, will double 
(54.7 billion) in 2024. According to the US-based report on 
payment, Digital payments in India will reach 71.7% of total 
payments volume in 2025. For loading money in the wallet, 
the account of an individual should be linked with a digital 
wallet. Even though most of the banks have their own e-
wallets, some private players like Paytm, Google pay and 
Phonepe dominates the market [4]. It is observed that, 
Generation X (born between 1965 -1980) widely use mobile 
wallets. As breadwinners, these middle-aged groups are 
using these facilities for bill payments and transactions, 
almost equal to their younger generations. Although there 
are plenty of studies about m-banking and m-payment 
adoption[5][6][7][8][9][10], research about wallet adoption, 
particularly by Generation X is comparatively low 
[11][12][13]. This study will help both banks and third-party 
payment aggregators to develop a competent and optimum 
mobile wallet for Generation X and contribute new products 
and services to the Fintech world.  
 

II. THEORETICAL BACKGROUND AND RESEARCH 

HYPOTHESES 

This research adopts the model of UTAUT2. Since it has 
wide acceptance and has been validated by testing in 
previous studies involving technology adoption, this study 
finds it apt to adopt the same. This model is combines 
various theories like Technology Acceptance Model (TAM), 
Theory of Planned Behavior (TPB), Theory of Reasoned 
Action (TRA), Motivation Model (MM), Social Cognitive 
Theory (SCT), Model of PC Utilisation (MPCU) and 
Innovation Diffusion Theory (IDT). 
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A. Performance expectancy  

This construct expresses a person's belief that implementing 
a system will improve the performance of his or her job 
[14]. Regarding mobile wallets, performance expectancy 
refers to how consumers can get advantages over other 
methods of payment. Previous studies 
[15][16][17][18][19][20]have discovered that Performance 
Expectancy has a significant impact on behavioural 
intention to accept mobile wallets. Hence, this study 
proposes,  
H1: Performance expectancy has significant impact on the 
user behaviour intention of Generation X to adopt mobile 
wallets. 
 
B. Effort Expectancy 

This construct characterizes the extent of ease inextricably 
linked with the use of technology [21]. If the mobile wallet 
is convenient to use, consumers will get more interested in 
utilising a mobile wallet. Previous studies 
[15][16][22][23][24][25]have discovered that effort 
expectancy has a major impact on behavioural intention to 
adopt mobile wallets. Hence it is hypothesized, 
H2: Effort Expectancy has significant impact on the user 
behaviour intention of Generation X to adopt mobile 
wallets. 
 

C. Social Influence  

This construct relates to how a person is influenced by some 
key person's thoughts in the society on usage or adoption of 
new technology or approach [14]. In the case of mobile 
wallets, the consumer will give more importance if their 
closed group insists on adopting mobile wallets. Prior 
studies [26][27][16][28][29][30][31] showed that social 
influence played positive role in adopting intention of 
mobile payment and mobile wallets. This study proposes, 
H3: Social Influence has significant impact on the user 
behaviour intention of Generation X to adopt mobile 
wallets. 
 
E. Hedonic Motivation  

This construct measures the enjoyment or pleasure or 
happiness gained by the utilisation of technology, and it has 
been demonstrated to play a crucial part in influencing the 
acceptance and usage of technology [32]. Moreover, 
Venkatesh et al. [21] stated that Hedonic motivation is a 
substantial construct of the behavioural intention to use 
technology. Previous studies [33][34][32][35][36][37]have 
stated that Hedonic motivation has a significant impact on 
behavioural intention in digital wallet adoption. 
H4: Hedonic Motivation significantly impacts the user 
behaviour intention of Generation X to adopt mobile 
wallets. 

 
F. Habit 

Habit refers to a person preferences, consistent with his past 
behaviour, as habit is created from past experiences 
[38][39]. Moreover, the other factors will become 
insignificant when the Habit is predominant in a person’s 
behaviour [40]. The findings from past research 
[34][27][41][42][43][28] showed that mobile technology 
adoption intention would be significantly affected by the 

Habit. Thus, this study proposes to hypothesise with 
Generation X,  
 

H5: Habit significantly impacts the user behaviour intention 
of Generation X to adopt mobile wallets 

III. METHODOLOGY 

The study conducted the research through online Google 
forms which gathered required data efficiently and 
effectively. The research model proposed as part of this 
study consists of six constructs. Sample collection employed 
the convenience sampling technique. The respondents were 
active users of smartphones, and there were 182 respondents 
from India. There were two sections in the questionnaire. 
The first set of questions focused on the demographic 
characteristics of the participants. The second section had a 
total of twenty-six questions reflecting five categories of the 
UTAUT2 framework in five-point Likert scale. The 
conceptual foundation was collected from secondary sources 
like research papers, magazines, journals and articles by 
accessing databases like Science Direct, EBSCO and 
Google Scholar. 
 
 

 
 
 

 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 
Fig.1. Research Model 

 
 

IV. DATA ANALYSIS AND RESULTS 

For model estimation, PLS graph 3.0 was used due to its 
component-based approach, which places less demand on 
residual distribution and sample size. At first, the model of 
measurement was tested to examine the reliability and 
validity. Then the structural model was estimated for 
hypotheses testing. The list of standardised item loading, 
Average Variance Extracted (AVE), composite reliability 
(CR), t-value & p-value of each factor are given below. It is 
observed that the values of all constructs are higher than 
recommended criteria, which shows better reliability and 
convergent validity of the scale.  
 
 

Effort 
Expectancy 

Social 
Influence 

Hedonic 
Motivation 

Habit 

Behavioural 
intention to use 

Mobile wallets 

Performance 
Expectancy 
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TABLE 1 CHARACTERISTIC OF PARTICIPANTS 

Characteristics Values Frequency Percentage (%) 

Gender Female 81 44.5  

Male 101 55.5  

Age 41-45 86 47  

46-50 64 35.5 

51-55 32 17.5  

Residence Rural 40 22  

Semi-urban 62 34  

Urban 80 44  

Education School 

education 

102 56  

Graduate 48 26  

Post 

Graduate & 

Above 

32 18  

                                                                Source: Primary Data computed by using SPSS 16.0 

 

Totally 182 responses were collected from Generation X 
who were born between 1965 -1980 for this study. Table 1 
shows the demographic profile of the participants. Males 
accounted for 55.5 percent of the respondents (f = 101), 
while females accounted for 44.5 percent (f = 81). In 
addition, two major age groups of respondents were 
registered: 47 percent aged 41 to 45 and 35.5 percent aged 
46 to 50. In terms of educational qualifications, the findings 
shows that 56% of participants have only a school education 
and 26 percent are graduates. Majority of the respondents 
(44%) lived in urban areas and 34 percent of respondents 
were from semi-urban locations.   
 
 
 

TABLE 2 RESULTS OFMEASUREMENT MODEL 

 Items Loadings 

values 

Cronbach’s 

Alpha 

values 

CR 

values 

AVE 

values 

Behavioural 

Intention to 

use 

BI1 9.917 0.831 0.888 0.667 

BI2 31.779 

BI3 35.624 

BI4 19.085 

Performance 

Expectancy 

 

PE1 21.508 0.810 0.876 0.638 

PE 2 14.662 

PE 3 20.703 

PE 4 18.639 

Effort 

Expectancy 

EE1 25.089 0.822 0.883 0.654 

EE 2 14.767 

EE 3 15.798 

EE 4 33.798 

 

Social 

Influence 

SI1 8.727 0.793 0.864 0.615 

SI2 8.602 

SI3 5.841 

SI4 18.376 

 

Hedonic 

Motivation 

HM1 13.499 0.845 0.895 0.682 

HM2 33.155 

HM3 16.580 

HM4 24.004 

 

Habit 

HT1 10.864 0.869 0.909 0.714 

HT2 16.015 

HT3 19.071 

HT4 13.669 

Source: Primary Data computed by using SmartPLS 3 

A. Assessment of measurement model  

The objective of examining the measurement model is to 
confirm that the measurements are reliable and precisely 
represent the recognised conceptual aspects. Cronbach's 
alpha scores ranged from 0.793 to 0.869, indicating that they 
were all higher than the 0.7 thresholds. The findings also 
showed that the composite reliability (CR) values extended 
from 0.864 to 0.909,which was better than the acceptable 
threshold of 0.7. The AVE values in Table 2 ranged from 
0.615 to 0.714, indicating that they were all more than the 
acceptable threshold of 0.5[44]. As showed in Table 2, the 
factor loading values satisfied the criterion, with the 
majority of them reaching the required criteria of 0.7.This 
study investigated the Heterotrait-Monotrait ratio (HTMT) 
metrics for analysing discriminant validity, as indicated [45] 
and based on prior assumptions. The HTMT criteria were 
satisfied because the results were less than the indicated 
criteria of 0.9 values, as shown in Table 4. 
 

TABLE 3 HYPOTHESES TESTING FUNCTION 

Hypotheses Relationship SD T-

value 

P-

value 

Decision 

H1 Performance 

Expectancy 

 

Behavioural 

Intention  

0.101 5.295 0.000 Supported 

H2 Effort 

Expectancy 

 

Behavioural 

Intention 

0.104 4.294 0.000 Supported 

H3 Social 

Influence  

Behavioural 

Intention 

0.019 1.992 0.047 Supported 

H4 Hedonic 

Motivation 

 

Behavioural 

Intention 

0.021 0.859 0.391 Not 

Supported 

H5 Habit  

Behavioural 

Intention 

0.019 1.169 0.243 Not 

Supported 

                                               Source: Primary Data computed by using SmartPLS 3 
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B. Structural model assessment  

The structural model evaluation allows for testing 
hypotheses, as illustrated in Table 3 and Fig. 2. According 
to the research, performance expectancy substantially 
impacts Generation X’s intention to adopt mobile wallets. 
As a result, H1 (t =5.293, p= 0.000) is supported. 
Furthermore, the research revealed that Effort expectancy 
and Social influence also impacted Generation X's 
behavioural intention to use Mobile wallets. So as a result, 
H2 (t =4.294, p= 0.000) & H3 (t = 1.992, p= 0.047) were 
validated. Moreover, the findings show that Habit and 
Hedonic motivation had not significantly affected 
Generation X's behavioural intention to use mobile wallets. 
Hence, H4 (t = 0.859, p= 0.391) and H5 (t = 1.169, p= 
0.243) are not supported. 
 

 
Fig 2 PLS algorithm results 

 

TABLE 4 HETEROTRAIT-MONOTRAIT (HTMT) RATIO 

 EE HT HM BI 

 

PE 

 

SI 

EE       

HT 0.462      

HM 0.611 0.775     

BI 0.770 0.473 0.635    

PE 0.779 0.468 0.614 0.782   

SI 0.462 0.759 0.721 0.496 0.463  

Source: Primary Data computed by using SmartPLS 3 

*PE- Performance Expectancy, BI- Behavioural Intention, SI- Social 
Influence, HT- Habit, EE- Effort Expectancy, HM- Hedonic Motivation 

V. DISCUSSION 

This research enhances the outlook of the role played by the 
Habit, Hedonic motivation, social influence, Performance 
expectancy and Effort expectancy among mobile wallet 
adoption intention of Generation X in India. According to 
the results social influence, effort expectancy and 
Performance expectancy significantly impact the 
behavioural intention of Generation X to accept mobile 

wallets. This result is consistent with the findings of 
previous studies. As this study confirms, there are a lot of 
variables that contribute towards the positive intention to 
use mobile wallets among Generation X, especially, fast and 
improved performance of mobile wallets while performing 
transactions, better convenience on payment, social pressure 
and compulsion from family and friends. Particularly in this 
pandemic scenario, payment through contactless methods 
like mobile wallets should be considered as the safest 
transaction for adults. Meanwhile, Habit followed by 
hedonic motivation had less substantial effects on the 
behavioural intention of Generation X to adopt mobile 
wallets. This result shows that Generation X need not be 
significantly affected by habits or hedonic motivations to 
adopt mobile wallets. The results suggest that Generation X 
has accepted the widespread transformation in technology 
with respect to non-cash digital transactions through mobile 
wallets as an imperative part of their lives, hence hedonic 
motivation or habit as an influential factor is not 
predominant. 

The research shows that performance expectancy was the 
most crucial factor (p < 0.000) that affected the intention of  
Generation X to adopt mobile wallets in India. In addition, 
effort expectancy also significantly impacted tehnehavioural 
intentions of Generation X (p < 0.000). Further, it is 
observed that social influence has a positive relationship 
with usage intention at p < 0.04. These three variables also 
revealed that the t-value is above 1.96, which supports the 
acceptability of H1, H2, H3.The other two proposed causal 
factors, Habit and hedonic motivation has less significant 
impact toward behavioural intention to use mobile wallet by 
Generation X in India. The findings of this research show 
that Generation X is aware of various payment methods, but 
the frequency of using mobile wallets is high and the 
behavioural intention to use mobile wallets is fostered by 
performance expectancy, effort expectancy and social 
influence. 

VI. CONCLUSION  

To conclude, Generation X is aware of the benefits of using 
mobile wallets – but they expect it to impart convenience, 
comfort and speed. Yet another reason for adopting mobile 
wallet is its inherent nature of contactless payment. 
Generation X are found to be more health conscious, and are 
found extremely cautious in this pandemic situation. Mobile 
wallets helps them profusely to ensure their safety by 
avoiding physical cash transaction.  Additionally, 
Generation X has a tendency to save and they are found to 
be cost conscious. The service providers may award more 
discounts, cash back offers and shopping coupons to grab 
their interest and intention in using mobile wallets. Hence, 
based on the results, this research is suggestive of more 
exploration in future. Possibly, the research could be 
extended beyond Generation X, towards other generations to 
understand the various factors that influence the behavioural 
intentions of digital technologies. Other variables like 
perceived trust, self-efficacy and perceived risk can possibly 
be added in future research. This study concludes that 
mobile wallet service providers can come up with 
innovative and robust services with superior quality in the 
future that is reflective of the user expectations in total. 
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Abstract—This paper represents an IoT based wireless 

portable healthcare maintenance device that incessantly 

examines the patient’s heart rate, body temperature, SpO2 and 

tracks the number of steps taken by the patient. The sensors are 

clipped to a NodeMCU which reads the vitals of the patients and 

displays the output on the OLED display. This data is stored in 

the cloud storage for analysis and report generation. The mobile 

app empowers the medical representatives or family members 

to access obligatory information without visiting the hospital. 

Keywords—IoT Module, Health Monitoring System, 

NodeMCU, SpO2, WSN etc. 

I. INTRODUCTION 

The advancement of technology has helped Medical 
Science to connect patients with doctors and hospitals. The 
branch of IoT involved in medical field is called medical 
Internet of Things (mIoTs). Human beings have tremendously 
benefited from it. Internet of Things which is popularly known 
as IoT has the ability to connect technology with every aspect 
of our life, making our lives a lot easier. 

Our health monitoring device “MediFi” was brought into 
operation during the advent of the deadly disease “Covid 19”. 
The prevailing third wave of the pandemic along with other 
emerging diseases like Mucor mycosis, Yellow Fungus, 
White Fungus etc. This device will be beneficial in several 
ways. Sensors are used to monitor the patient’s health 
conditions and upload the patient’s vitals to the cloud, making 
the vitals easily accessible via our application. The device 
provides continuous monitoring of patients, without any 
human involvement, hence bridging the gap between patient, 
doctor and patients’ family. 

II. PROBLEM STATEMENT 

A lot of frontline health workers lost their lives worldwide 
daily because the techniques used in the past have failed 
miserably while treating communicable diseases. Patients 
with symptoms of influenza or with other pre-existing 
conditions like respiratory issues, are facing a lot of trouble in 

getting their routine management as well as emergency 
healthcare due to COVID-19 related regulations. For enabling 
life towards getting near to normal, the first thing that must be 
made sustainable is the healthcare system. If IoT devices 
equipped with sensors are connected with the patient then the 
monitoring will be much easier for the doctors. 

Our healthcare system including both public and corporate 
sectors are getting challenged at every step, whether it is: 

1. Containment of disease 

2. Proper handling of emergencies due to non-Covid-19 
chronic illness 

3. Protection of HCWs (Health Care Workers) 

4. Sustainability 

III. LITERATURE SURVEY 

M. Sathya [1] et. al, made a device that can be worn or be 
embedded into the body of the patient’s, to continuously 
monitor their health. The information or the patient’s vital data 
that are collected can be analysed, aggregated, and mined to 
do the early prediction of diseases. The processing algorithms 
assist the physicians for the personalization of treatment, and 
it makes the healthcare economical with improved outcomes.  

Sudha Senthil Kumar [2] et. al, proposed a system that can 
monitor the patient’s body condition like reading the body 
parameters like temperature, humidity, pulse, and body 
movements uninterruptedly from anywhere in the world. 
Analysis of patients’ health data is done against the normal 
situation to track physiological parameters and in emergency 
situations notifications will be sent to the doctors immediately. 

D. Shiva Rama Krishnan [3] et. al, proposed a system that 
uses temperature and heartbeat sensor for tracking patient’s 
health. Both sensors are connected with Arduino-Uno. The 
results are displayed in a LCD and the readings are sent to the 
cloud using Wi-Fi to track the real-time data using internet and 
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in case of any abrupt changes in patient heart rate or body 
temperature alert is sent about the patient using IoT. 

Md. Rasseduzzaman [4] et. al, made a system that is 
responsible for collecting pulse, body temperature and 
heartbeat from the patient’s body and send data into the IoT 
cloud platform by using Wi-Fi and those health data of 
patient’s stored in the clod server. 

Rajeev Piyare [5] et. al, uses an Android based mobile 
phone for the monitoring and controlling of home appliances. 
An Arduino uno motherboard is connected to three home 
appliances such as bulbs and fans which could be controlled 
by the mobile phone. 

IV. “MEDIFI” – THE WEARABLE DEVICE 

IoT has transformed every aspect of our everyday lifestyle 
as it has a good match for healthcare solutions. Also, the 
popularity of wearable IoT devices is increasing day by day. 
Hospitals and other healthcare organizations are using 
wearable IoT devices to increase the comfort of the patients, 
reducing the chances of technical errors, decreased costs, 
better healthcare management and safe environment both for 
healthcare workers and patients. 

We have designed a Health Monitoring device – “MediFi” 
which continuously monitor the patients 24x7 and uploads the 
data to the cloud and the hospital or family can easily access 
the data using the MediFi App. The device is motivated by the 
fitness devices that are trending in the market. Thanks to our 
IoT based device “MediFi” that measures a patient’s body 
temperature, heart rate, SpO2 and keeps track of steps. The 
patient’s essentials uploaded to the cloud can be viewed from 
anywhere, anytime remotely. The doctors can easily 
recommend the accurate measures that can be taken at that 
point of time. 

The app is designed keeping user experience at the top 
priority. The app actively monitors the patients and 
synchronizes the readings or vitals into the cloud server. The 
doctors and the patient’s family can regularly monitor the 
patient’s condition at their fingertips. The doctors can then 
physically check the patient and generate a prescription via the 
MediFi app. 

V. SYSTEM ARCHITECTURE 

 The methodology adapted is to read the data using the 
sensors and then send it to the cloud servers. And the data can 

be viewed by the doctors and can be flagged as an alert if the 
readings are unusual.   

 Fig. 1. Shows the architecture of our proposed system for 
health monitoring of the patients remotely. 

Fig. 2. above shows the Architecture Flowchart of the MediFi 
device. Our MediFi wearable device can be firmly fitted onto 
the wrist using the belt. The MediFi device mainly works in 
two parts. In the first part the sensors take the vitals or the 
readings from the patient’s body. The sensor MAX-30100 
reads the heart rate and the SpO2 concentration whereas the 
MPU-6050 records the steps of the patient. A LM-35 sensor 
has been used to continuously record the body temperature of 
the patient. The patient’s vital readings are then sent to the 
main processing device called NodeMCU. The NodeMCU 
takes those readings and does all the required calculations on 
the raw data that was just collected by the sensors. When the 
calculations are done, the NodeMCU displays the final 
readings on the OLED display mounted on the device. The 
NodeMCU also actively sends the patient’s readings to the 
cloud through the internet. These patient’s readings are 
regularly sent to the cloud server in real-time for future use. 

 

Fig. 1. Architecture of the Proposed System 

 

Fig. 3. The MediFi App Displaying Patient’s Data 

 

Fig. 2. Architecture Flowchart of the Device 
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 The second part comprises the synchronization of the data. 
The data in the cloud server are synced in real-time from the 
MediFi Device to the MediFi App. Fig. 3. shows the live 
working of the MediFi App. The prescription that the doctors 
will generate through the app will also be synced to the cloud 
server for future use. 

 The readings and the prescriptions can be viewed by the 
patient’s family or the doctors from anywhere and 24x7. This 
can be a great help for the family because they can instantly 
take measures as per the doctor’s recommendation if the 
patient’s condition is critical. 

VI. DEVICE CIRCUIT AND WORKING  

Fig. 4. below shows how the sensors are connected on the 
NodeMCU development board. 

 Fig. 5. shows the prototype of the device MediFi in 
working condition. This device works with the help of two 

concepts, IoT and Inter Integrated Circuit Communication 
which is also known as I2C communication. I2C is a half-
duplex communication protocol. This is a type of synchronous 
serial communication protocol.   

 The device has two wires for communicating between the 
device and sensors (Fig. 6.). SDA (Serial Data) – The line for 
the master and slave to send and received data. SCL (Serial 
Clock) – The line that carries the clock signal. This 
communication has main to devices in general, the Master 
Device (NodeMCU) and Slave Device (I2C sensors). The 
device first tries to make communication with the server to 
transfer data, then the device tries to calibrate the sensors like 
accelerometer and gyroscope sensor. The device then starts 
sending the request to the sensors to fetch the data to the 
NodeMCU through I2C communication protocol. The sensors 
are triggered to send data at a particular time period. For the 
temperature, the sensor LM35 IC sends the raw data to the 
NodeMCU which through some mathematical calculations 
are converted into readable temperature readings. The 
calculated is sent to the server with the help of the IoT 
technology. Now through the server the data can be fetched by 
our application for the user. In the MediFi app, the doctor can 
write the suggestions/prescription for the patient, patient’s 
family and for the hospital. The Medi Fi app data is also 
synchronized back to the server to save the information. 

VII. BENEFITS 

 Our device being an application of IoT has several benefits 
which can be enlisted below: 

• Real-time Remote Monitoring: Our IoT device can 
send smart alerts and can diagnose illness. Hence, 
can save lives in case of a medical emergency. 

• Prevention: Smart sensors analyse health conditions, 
lifestyle choices and the environment and 
recommend preventive measures, which will reduce 
the occurrence of the diseases and acute states. 

• Medical Data Accessibility: Accessibility of 
electronic medical records allow patients to receive 
quality care and help healthcare providers make the 
right medical decisions and prevent complications. 

• Reduction of healthcare costs: IoT reduces costly 
visits to the doctors and hospital admissions and 
makes diagnosis more affordable. 

• Improved treatment management: IoT devices can 
help track the administration of drugs and the 
response to the treatment and reduce medical error. 

VIII.   FUTURE SCOPE 

While working on this paper, we have tracked down the 
significance and advantages of implementing Wireless IoT 
devices in the healthcare industry. It will strengthen basic 
monitoring for everyone, whether it is medical 
representatives, patient’s or their families. 

In the coming future, we wish to add more features to our 
device to make the device more coherent based on the current 
scenario. We are planning to add more sensors for ECG, blood 
pressure and blood sugar monitoring. By adding those sensors 
our device will be able to provide a 360-degree feedback. We 
will also add an Emergency System that will send an SOS 
signal to the healthcare representatives and to the patient’s 
family if there is something wrong with the patient so that the 

 

       

     

     

     

    

      

     

     

     

     

     

     

     

     

     

        

          

          

    

    

      

    

   

   

   

   

   

   

    

     

    

    

    

    

    

                                    

        

 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 

                                  

       

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

            

       

 
 
 

 

        

                  

    

Fig. 4. Circuit Diagram of the Wearable Device 

 

Fig. 5. The MediFi Device  

 

  

   

   

    

  

Fig. 6. I2C categorization of master and slave devices 
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patient gets immediate attention. We are very much aware of 
the fact that IoT devices perform notoriously when it comes to 
data privacy and security. So, we are working to make this 
device a lot more secure to provide the users with a secure and 
reliable environment. 

IX. CONCLUSION 

 In this paper, we have proposed a medical IoT based 
device that can monitor patient’s health. The proposed system 
can track the patient’s vitals like the heart rate, SpO2, body 
temperature and the steps with the help of various sensors 
mounted on the wearable device. The readings are actively 
uploaded to the cloud server so that it can be accessed anytime 
remotely via the MediFi App. This device can save a lot of 
time as the doctors can recommend treatment remotely. This 
proposed system will be a great addition to the medical world 
and will hugely support the medical IoT field.  
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Abstract—The manufacturing processes involved in the 

fabrication of semiconductor devices are very prone to 

error due to its extremely intricate nature. There are 

several hundred processes and the process of detection of 

a defect is extremely capital and time consuming. In this 

paper, we aim to analyze the fabrication process and 

analyze manufacturing machine data in order to 

determine the average probability of excursion and the 

loss associated with these excursions using binary 

classification prediction algorithms and Monte Carlo 

simulations. 

Keywords—Semiconductor fabrication, Operational risk, 

Binary Classification, Monte Carlo Simulation 

I. INTRODUCTION  

Silicon semiconductor material now makes up more than 
85 percent of Integrated Circuits (ICs). The transistors, diodes, 
resistors, and capacitors that are produced on the silicon 
surface and connected into a circuit to determine how the chip 
will function are referred to as IC devices [1]. 

The semiconductor manufacturing process begins with the 
creation of wafers. These wafers are also commonly referred 
to as slices or substrates. Wafers are thin circular slices of 
high-quality Silicon cut from Silicon ingots which undergo 
various fabrication processes (such as deposition, ion 
implantation etc) to finally produce microelectronic devices. 
After all the processes are completed, the circular wafers are 
diced into square components known as dies and packaged as 
integrated circuits [1]. The process of Manufacturing IC’s 
involves 3 main general stages [1]: 

A.  Wafer Preparation:  A silicon ingot is split into thin 
wafers with the proper dimension. To minimize losses due to 
wafer handling during manufacture, a circular form is 
adopted. 
B.    Front-end Processing:  Wafer fabrication takes place at 
this step. This is separated into two sections: Front- End of 
Line (FEOL) and Back-End of Line (BEOL). Electronic 
components (such as transistors, capacitors, and resistors) are 
fabricated in the FEOL, whereas electronic components are 
interconnected in the BEOL. 
C. Back-end Processing:  It relates to the wafer's die testing, 

sorting, assembly, and packaging. 

This paper is focused mainly on the front-end processing 
portion of the manufacturing process. Steps involved in the 
front-end wafer fabrication process include Oxidation, 
Deposition, Photolithography, Etching etc. The wafer 
fabrication process in semiconductor manufacturing is known 
for its intricacy and high cost. An integrated circuit is built 
layer by layer, with the number of layers varying depending 
on the Product technology. More than forty layers can be 
found in the complex technologies, implying about 400 or 
more processes in total [1]. Due to this level of intricacy, many 
sources of error are possible. It might be from machine errors 
(global defects), caused by human mistakes (global defects), 
or it might even be from random causes such as particles in 
the clean room (local defects) etc. These errors are then 
rectified via defect inspection technics. If the defects are two 
large too handle then the wafer is discarded [2]. The focus of 
this paper is to determine the probability of front-end machine 
operational errors using forecasting methods and subsequently 
evaluating the cost of such errors giving rise to monetary value 
of operational risk. Based on previous works, to analyse the 
operational risks, semiconductor data risk was analysed 
(discussed in the detail in the methodology and data section).  

 This paper is divided into 6 Sections. Section I is an 
Introduction followed by Literature Review in Section II. 
Section III then explores the Methodology and Data 
Processing techniques. Section IV explains the Testing of 
Data using Binary Classification Algorithms, Section V the 
Results finally followed by a conclusion in Section VI. 

 

II. LITERATURE REVIEW 

K Kerdrasop and N Kerdprasop,(2010), tackled this problem 
but had several short comings. The algorithms deployed were 
very few, namely K Nearest neighbors, logistic regression, 
Naïve Bayes, Decision trees. The algorithms were also 
deployed on non-standardized data which gives biased non-
uniform weightage of different parameters. In order to balance 
the data set, data points were duplicated using standard over 
sampling. Only one random state was utilized for test-trained 
split and over sampling. Hence, results were over fitted and no 
monetary aspects from the results were obtained either [6].  
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S Munirathinam and B Ramadoss, (2016), improved upon this 
analysis but still had some short comings. The data in this 
paper was normalized before training the data but was still 
extremely over fitted. Standard duplication over sampling was 
used here and only one random state for the test-trained split 
as well as the over sampling. No conclusion with regard to 
monetary aspects were derived either [7].  

This paper focusses on above short comings by 
standardizing the data in order to fairly weight all parameters 
and subsequently evaluate binary classification algorithms. To 
ensure that the results were not over fitted to any particular 
data split, SMOTE oversampling which introduces a new data 
rather than duplication is employed. Monte Carlo simulations 
are used to simulate different sequences of test-trained splits 
and over sampling combinations to avoid over fitting. 

 

III. METHODOLOGY AND DATA PROCESSING 

Data has been extracted from the SECOM dataset 
(Semiconductor manufacturing dataset) for all further 
analysis. This data represents a selection of data collection 
from a semiconductor production line. The dataset is 
organised into columns with each column being a recorded 
measurement and rows with product samples. There are 
several important check points for in-house line testing along 
the production cycle to assure product functionality [3]. 

The SECOM dataset was primarily used for analysis 
because obtaining real time data from semiconductor 
manufacturing lines are extremely sensitive and proprietary 
information and are difficult to gain access. Furthermore, the 
quality of the data is also uncertain. The SECOM dataset is an 
open source, verified and cited source of information which 
circumvents all of the above problems.  

The following flow diagram is an outline of how the first 
phase of evaluation to choose the roost appropriate model will 
be carried out (Figure I). 

Figure I 

 

 

The data is split into two files namely the dataset file with 
1567 examples with 591 feature each and a corresponding 
labels file. The labels file then represents a basic pass/fail 
classification for each row in the dataset, with -1 indicating a 
pass and 1 indicating a failure. In the labels file relating to a 
specified functionality test, a date-time stamp for each 
pass/fail is also provided. This dataset is highly populated with 

null values. Usage of select parameters depending on its 
causal relationship to overall pass/fail and relevance is taken 
into consideration. The process of elimination of the 
parameters are explained in subsequent sections. 

A. Data Cleaning and Parameter selection.  

The dataset as well as the labels file were consolidated into 
one spreadsheet (.csv’) file. Data was then read and interpreted 
using Panel data (pandas for short) library in Python 3 in Jupyter 
Notebook. For the parameter selection, the time component is 
irrelevant and hence was dropped giving rise to an initial 
1567x590 dataset to work with. The Pass/Fail criterion was 
also replaced as 0 for fail and 1 for pass  and  treated as a binary 
classification problem  

B. Null Value Elimination.   

This dataset has a substantial number of null values and 
numerical and statistical inferences on the data cannot be 
made on such data. Hence, columns/parameters which had 
exceeded a threshold of one-third (or 33.33°/c) null values 
out of the total number of values in that column, were 
discarded in order to limit the uncertainty and ability to use 
mathematical operations on the dataset. This elimination led 
to a decrease in shape from 1567x590 to 1567x539 hence 
eliminating 51 parameters [4] (Figure II). 

 
Figure II 

 

 

C. Filling in Null Values. 

The remaining null values present in the dataset were filled 
in using the kth nearest neighbour method from the Sk learn 
library in Python. The kth nearest neighbour method takes 
a weighted average of the nearest k non-null values around 
the null value within the same column and fills in the null 
value with this average. KNN imputer offered by Sk learn is 
applied over entire data set to fill in null values (Figure III).  

Figure III 

 

 

D. Removing Constant Value Terms 

After null values of the dataset are eliminated, numerical 
operations can be carried out on the data only after columns 
having constant value are removed (which is redundant when 
it comes to a utilization as a parameter) due to the lack of 
variance [4]. All the columns were normalized to even the 
comparison of variance and those with a zero variance were 
eliminated. This further reduced the size of the dataset from 
1567x539 to 1567x422 eliminating 117 parameters (Figure 
IV). 
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Figure IV 

 
 
E. Removing Strongly Correlated Parameters. 

 

Correlation is a measure of how closely two variables or 
measures follow each other. If they have a perfect correlation, 
they are assigned a value of 1 and a value of 0 infers that the 

two variables are completely independent of the others 

movement [4]. If two variables are highly correlated, the 
presence of more than one of them in order to train a 
prediction model is redundant due to the same trending nature 
of data being fed into the model. All columns having greater 
than 0.95 correlation coefficient were eliminated and this 
reduced the dataset from a l567x422 into a 1567x257 matrix 
further removing a total of 165 parameters. (Figure V) 

 
Figure V 

 
 

F. Removing Columns Not related to the Output Variable. 

To find the most relevant parameters of the forecast model, 
those which have a weak correlation against the output 
pass/fail (<0.05) are eliminated. After this elimination we are 
now left with a 1567x61 matrix further removing 196 
parameters [4] (Figure VI). 

Figure VI 

 
 

IV. TESTING DATA USING BINARY CLASSIFICATION 

ALGORITHMS. 

A. Splitting Data into Test and Training Sub-datasets. 

 

 All forecasting models contain training and testing subsets 
of entire data. In order to give a learning model to forecast, it 
must be given some training data in order to learn and match 
the characteristic feature of each output. Once this process is 
complete, it is then utilized on the entire dataset as inputs and 
the outputs of the model versus the actual output are 

compared in order to determine the accuracy of the model. 
For all the model used, 80% of the available data was used 
for training purposes and the remaining 20% was used as a 
test sub dataset. This gave a 1253x61 dataset for training and 
a 314x61 dataset for testing each model. The data was 
shuffled at a random state of 1 for all the models to ensure 
data input uniformity for all the models (Figure VII). 

 
Figure VII 

 
 
B. Models Used 

To train the classification algorithms and evaluation following 
models were used: 

• Naïve Bayes 

• Logistic Regression 

• K Nearest Neighbours 

• Voting Classification 

• Decision Tree 

• Support Vector Machine 

• Bagging Decision Tree I (Using Ada Boosting) 

• Boosting Decision Tree II (Using Ggradient 
Boosting) 

• Random Forest. 

Naïve Bayes and Voting Classification algorithms were 
rejected due to non-acceptance of negative values. To ensure 
the equal importance of all 61 parameters in final output 
prediction the data was standardized before training of the data 
using algorithms. 

 

C. Balancing the Data. 

Once the data is standardized, it is balanced to avoid 
misleading results. The misleading results occur due to the 
tendency of the model to predict majority class most of the 
time and is extremely skewed towards the majority class. To 
balance the data oversampling is preferred over under 
sampling as under sampling leads to loss of data provided by 
the original data set. Over sampling is done by Synthetic 
Minority Oversampling Technique (SMOTE) developed by 
NV Chawla and KW Bowyer [8]. SMOTE involves 
oversampling which synthesizes new data set of the minority 
class samples. Post oversampling number of Pass (1) and Fail 
(0) values are equal in number (Figure VIII).  
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Figure VIII 

 

 

D. Training of Data. 

 

The balanced data is trained using classification 
algorithms. A confusion matrix is used to rank the algorithms. 
The confusion matrix compares the output obtained by the 
trained model against the actual data set and divides the data 
set into 4 quadrants (Figure IX). 

1. True Positive ����: The predicted 1 value coincides  the 

actual value. 

2.  True Negative ����: The predicted 0 value coincides with 
the actual value. 

3. False Positive ����: The model predicts 1 Type I Risk. 

4. False Negative ����: The model predicts 0 when the actual 
output is 1. Also known as Type II Risk. 

 
Figure IX 

 
 
 

E. Performance Matrix. 

 
The following criteria were considered to determine the 

quality of predictions by the Algorithms. The SVM algorithm 
does not produce an output and hence is rejected. 

1. Accuracy = ��� � ���/��� � �� � �� � ��� 

2. Recall =       ��/��� � ��� 

3. Precision = ��/��� � ��� 

4. F1 Score = (2 * Precision * Recall)/(Precision + 
Recall) 

5. AUC Score. 
The confusion matrix for the logistic regression model is 
given figure X. 
 
F. Model Evaluation results. 

 
The evaluation of model is carried out and the result is 
tabulated in table I 
 

Figure X 

 
 

Table I 
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The models are ranked based on their performance and are as 
follows: 

1. Random Forest. 

2. Boosting Decision Tree II 

3. Bagging Decision Tree I 

4. Logistic Regression 

5. Decision Tree 

6. Boosting Decision Tree I 

7. K Nearest Neighbours. 
 
G. Monte Carlo Simulations. 

 
The Random Forest Model yielded best results. To ensure 
that model is not over fitted Monte Carlo Simulation is used. 
Monte Carlo simulation is frequently used in risk analysis and 
quantitative decision making.  The Random Forest model was 
used on the same data and the data was shuffled 100 different 
ways and split into test and training data subsequently. 
Oversampling algorithm (SMOTE) was done in 100 different 
ways giving rise to 100 simulations per test/train split. A total 
of 10,000 simulation of 100 different splits. The said process 
is simulated in the following flow chart in Figure XI. 
 

Figure XI 

 
 

V. CALCULATIONS AND RESULTLS. 

Confusion Matrix was used to obtain the results from each 
simulation resulting into 10,000x4 Matrix with results of all 
simulation (Figure XII). The results are as follows: 
 

Figure XII 

 
 

 

Table II 

Average  

Accuracy 92.001% 

Recall 97.558% 

Precision 94.114% 

F1 Score 95.795% 

Average      
      Score 

94.867% 

 

VI. CONCLUSION: TYPE I AND TYPE II ASSESSMENT. 

These risks are broadly classified into two 
categories: 

1. Type I Risk: This is the probability that a good or 
working product is discarded commonly known as the 
producer’s risk. 

2. Type II Risk: This is the probability that a 
faulty/defective product is not discarded and is 
commonly known as the consumer’s risk. 

The type I and Type II risk were calculated for each Monte 
Carlo simulation obtained from the confusion matrix of each 
simulation. Type I and Type II risk were calculated as 5.713% 
and 2.285% respectively and their sum is 8%. From the 
assessment it can be inferred that 8% of the chips are 
discarded erroneously. 
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Abstract—When reading a document text such as news or 

article, people tend to read related information topic. However, 

when they try to use search engine for looking into it, they 

don’t have any idea what the keywords are. Copying the whole 

text to the search engine’s bar is not the best solution, since it 

will increase the searching process time but make the search 

engine nonoptimal. It also makes people get unrelated topic. 

Therefore, this research has a purpose to make an application 

that generates keyword from inputted text of paragraph. 

Despite of input the whole paragraph or text in the search bar, 

user can input the text in the developed application and get the 

best keyword based on the text. The main method that has 

been used in this research is a text mining. First, we perform a 

pre-processing which are turn the inputted text to be in lower 

case. The second, we remove the stop words and some 

characters from text. The third, we perform a tokenizing 

method to separate each word and store it in an array. The 

main step is calculating the score of each word that has been 

stored in array. The result of this research is three words that 

generated by the system from inputted paragraph text. The 

keywords that generated by system are the same with the 

method’s calculation. However, this application system needs 

to improve more to get a better performance.  

Keywords—keywords generator, word scoring, text mining, 

keywords application 

I. INTRODUCTION 

The usage of internet specially in Indonesia has 
increased. Around 78 percent people in Indonesia use 
internet for their daily activity [1]. The internet provides 
many potential benefits for small business [2], corporate 
company [3], teaching process [4] and for collecting 
information. The information can be collected from news, 
article and many other resources in internet. 

The problem is the difficulty to search for related or 
similar information from the last article that people has read. 
Though the search engine is available in internet, some 
people might get confused what keywords they need to insert 
in the search bar. Copying the whole article to the search bar 
will reduce the search engine performance and need more 
time to execute [5]. Therefore, this research has purpose to 
make an application to determine the best keyword from 
some texts or articles. This application will utilize the text 
mining process thus people can insert some text in the 
application first to get the keyword that they can use in the 
search engine. 

The text mining is developed to make some analysis of 
policy, news, sponsored content and many more [6]. The 
common text mining technique to collect keywords from text 
is to count how many times that a word appears in the text 
[7]. Nowadays, the text mining is used worldwide for several 
purposes. Some researches even make library to utilize text 
mining easier. However, those libraries are developed in 
international language such as English and French [8]. 
Therefore, in this research, we try to make a text mining tool 
to generate keyword from text using Bahasa Indonesia. 

Text mining process often use to extract knowledge, 
information or patterns from unstructured text or documents 
[9]. In the case of this research, text mining is used to extract 
the keywords by counting the word’s appearing number. All 
of text mining application need pre-processing process. The 
pre-processing process consist of tokenizing, stemming and 
stop word removal. 

Tokenizing is a process to extract a corpus into separate 
word. Every word in tokenizing process collected by 
recognizing the separator of every word, which is a space. 
Stemming is a process to derive a word to its word stem. The 
last pre-processing step is stop word removal. This process is 
to eliminate the word that might often to be used, but it is not 
contain an important knowledge. For the instance is 
conjunction words such as “and”, “or”, “but” and others. In 
this research, the preprocessing that have been used is 
tokenizing and stop word removal. Once the preprocessing is 
done, the research continues to count every word in the 
inputted text or paragraph to generate the keywords. 

II. METHODS 

This research developing the keywords generator using 
Java. The flow of the developed application can be seen in 
Fig. 1.  

The first process is the input user. The recommended 
input is a text in one paragraph. The paragraph can be 
collected from the main paragraph, since in the Bahasa 
Indonesia, the main topic of the passage can be found in the 
main paragraph. 

Page 310

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



 

 

Fig. 1. The flow of the application 

The second is the pre-processing. The inputted text can 
be mixed-case of capitalized letter and small letter. 
Considering that two similar word but written with different 
case can be read differently by the computer. Computer 
recognize a letter from its ASCII value. Therefore, the first 
thing to do is turning the text into lowercase. 

The next pre-processing is removing the stop word and 
some characters. The removed stop word is the word that 
often use in Bahasa Indonesia as a conjunction. This research 
also removes some character, so the keywords will not give 
result in character or number. Such as dot (.) or comma (,) is 
being eliminated since these such characters will appear 
often in the text. The full list of the stop words and the 
character that has been removed in this research can be seen 
in Table 1. 

After removing the stop words and some characters, it is 
important to count how many words in the inputted text. 
Then, the next step is the tokenizing process.  

TABLE I.  STOP WORDS AND CHARACTERS IN BAHASA INDONESIA 

No Type Word/character 

1 Coordinative conjungtion 
dan, serta, atau, tetapi, 

melainkan, padahal, 
sedangkan, apalagi 

2 Corelative conjungtion 

ataupun, maupun, tidak hanya, 

tetapi juga, bukan hanya, 
melainkan juga, demikian, 

sehingga, bahkan, baik, 

maupun adalah, ini, itu dari 

3 Numeric character 
0-9, I-X, L,C,D,M, i-x, l, c, d, 
m 

4 Symbolic character 
~, @, #, $, %, ^, &, *, (. ), -,+, 
=, {, }, [, ], |, \, :, ;, <, > 

5 Punctuation character !, ?, ., “, ‘ 

Fig. 2. The flow of calculating the word score processs 

This research store every word from tokenizing process 
in an array. The length of array is the same amount as the 
word’s count after the stop word and character removal. 

The main process of text mining in this research is 
calculating how many times a word appear in the paragraph 
text and defining the rank. The flow how this research 
calculated the word’s appearance can be seen in the Figure 2. 

There is no library for collecting bag of words in Bahasa 
Indonesia. Therefore, this research made the calculation 
every word from scratch. As it mentioned before, all of the 
words remain will store in an array. All of the word despite 
of its duplicate.  

Assuming we have array that has x as its length. 
Remember that an array starts its index from 0. Then we 
have n and m as a counter. The first process is choose the 
word from n index (started from 0) as the benchmarked 
word. The next step we made the second loop that inside the 
first loop parentheses. The second loop is used as the 
comparison. If the string in benchmarked word in n index 
similar with the word in m index, then the score in n-index 
increases. This process can be illustrated in Figure 3. 
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Fig. 3. Illustration of comparing word’s process 

After the benchmarked word in n index has compared 
with all of the words from the first m-index (0) to the last m-
index (x-1), we choose the next n-index as the next 
benchmarked work. 

The score of nth index stored in the different array that 
has the same length as the first array that save all of the 
words. 

After getting the scores of each word, the next step is 
ranking the scores from the highest to the lowest. We made 
some rules to rank the word and choose three words as the 
result of this research’s application. First, the higher the 
score, the higher the rank too. Secondly, if the score between 
two words are same, the first index will be placed in higher 
rank. Table 2 shows the ranking process. Because all of the 
words store in one array, two or more words might be found 
duplicated. That’s why, if the system found a word duplicate 
with some word before, no matter how high the score is, this 
word won’t be considered as the high rank. 

TABLE II.  CALCULATING THE WORD’S SCORE TO DETERMINE 

WORD’S RANK 

Index word score Is it duplicate? 

0 word1 8 No 

1 word2 7 No 

2 word3 7 No 

3 word4 8 Yes 

4 word5 9 No 

Keyword result: word5, word1, word2 

  

 There are 3 different scenarios to pick the highest rank 
from Table 2. The first scenario, if a word has the highest 
score among any other words, then that word picked as the 
keyword, such as the word5. The second scenario, there are 
two words with the same score, which are word1 and word4. 
However, word4 is duplicate to another word. Therefore, 
word4 would not be chosen as a keyword and make word1 as 
a keyword, since its score is lower than word5 and didn’t 
recognize as a duplicate word. The first word appear also 
would not be considered as duplicate. The third scenario, 
there are word2 and word3 that have the same word’s score, 
but there is only one keyword’s slot left. The word2 was 
picked as a keyword since its index is prior than the word3’s 
index.  

III. SIMULATIONS AND RESULTS 

In this section will be explained more about how the 
program run in simple paragraph text. We tried to explain by 
making a simulation of a simple text. Then, the result from 

the application will be presented to compare between the 
method’s flow and the application’s result. 

Given the sentence that contains 4 sentences like this: 

“Bakso adalah makanan khas Indonesia. Makanan ini 
terbuat dari adonan tapung dan daging. Bakso digemari 
banyak orang karena rasanya yang lezat. Apalagi jika 
dagingnya lebih banyak.” – or if it translated have similar 
meaning with this: Bakso is a typical Indonesian food. This 
food is made from tapioca dough and meat. Bakso are loved 
by many people because of its delicious taste. Especially if 
there is more meat added. 

The method will process the text that’s written in Bahasa. 
The first process, the program will change the text into lower 
case. Therefore, the text wil be like this: 

bakso adalah makanan khas indonesia. makanan ini 
terbuat dari adonan tapung dan daging. bakso digemari 
banyak orang karena rasanya yang lezat. apalagi jika 
dagingnya lebih banyak. 

Words and characters that have listed in Table 1 would 
be removed. After turning the text into lowercase, the 
amount of the words is 26. After the process of removing the 
stop words and some characters, the text become as: 

bakso makanan khas indonesia makanan ini terbuat 
adonan tapung daging bakso digemari banyak orang 
rasanya lezat jika dagingnya lebih banyak 

TABLE III.  SIMULATION TO GENERATE KEYWORDS FROM TEXT 

Index word score Is it duplicate? 

0 bakso 2 No 

1 makanan 2 No 

2 khas 1 No 

3 indonesia 1 No 

4 makanan 2 Yes 

5 terbuat 1 No 

6 adonan 1 No 

7 tepung 1 No 

8 daging 1 No 

9 bakso 2 Yes 

10 digemari 1 No 

11 banyak 1 No 

12 orang 1 No 

13 rasanya 1 No 

14 lezat 1 No 

15 jika 1 No 

16 dagingnya 1 No 

17 lebih 1 No 

18 banyak 1 No 

Keyword result: bakso, makanan, khas 

 
Now the words amount is 19 since the stop words and 

the characters have been removed. The next step is 
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tokenizing the paragraph text and storing every word in 
array. The mapping every word in array and the score every 
word as the result of keywords generator process can be 
seen in Table 3. 

Table 3 shows three results as the keywords from the 
inputted paragraph text. There are “bakso”, “makanan” and 
“khas”. Both words “bakso” and “makanan” got 2 in score. 
However, bakso appeared first in the text, therefore “bakso” 
becomes number one in rank and “makanan” in the second 
rank. The word “khas” has the same score as some other 
words, but it appeared first than another word, therefore 
“khas” becomes number three in the rank. The application 
that has been developed also shows the same result as the 
calculation in Table 3.  

Fig. 4 shows the user interface (UI) of the developed 
application. This research used JFrame that available in IDE 
Netbeans to develop the UI. There is one text area that can 
be used by the user to input the text or paragraph. In that 
text area, the same sentence as in simulation was inputted. 
User can click the ‘Search’ button to generate the keywords. 
After thar, the three keywords will appear in the other 
reserved text areas. ‘Reset’ button can be used to clean up 
all of the text area and the ‘Exit’ button can be used to exit 
and close the application. 

Fig. 4. The user interface of the developed application 

Keywords that generated by this application has the 
same result as the simulation of calculating the word’s rank, 
which are “bakso”, “makanan” and “khas”. However, this 
application system needs more improvement. First, it only 
capable to generate one word per keyword. It would be very 
useful if the system can generate a word phrase, not only a 

single word. Secondly, this system can only detect a 
duplicate word, not words with the same meaning or 
synonym. This result causes two keywords with the same 
meaning detected as different meaning. For the instance, in 
the text that we use the word “daging” and “dagingnya” 
have the same meaning. Both will be translated as meat in 
English. The “nya” in the second word is an affix. This 
resulting the word “daging” and “dagingnya” detected as 
two different words. This is happened because this research 
skips the stemming process. The stemming process is quite 
challenging for Bahasa Indonesia, since the stem word 
should write differently if it needs to be added an affix or 
postfix. Moreover, the added of affix and the postfix in 
Bahasa Indonesia can make the word has different meaning 
from the stem word. 

The next issue that need to be improved is to update the 
stop words. Since in Bahasa Indonesia there are a lot of 
synonym from one conjunction. The stop words in Bahasa 
Indonesia need to be exploring more and make a dictionary 
to improve the next text mining research in Bahasa 
Indonesia. 

IV. CONCLUSSION 

The research’s design for generating automatic keyword 
application has been developed well. This research tries to 
stimulate the calculation of word’s rank to generate three 
keywords. After that, this research compares the generating 
simulation’s keywords with the generating application’s 
keywords. The application could generate three keywords as 
the same result as the method’s simulation. The inputted of 
paragraph text in the simulation and in the application is the 
same. However, this research need more improvement to 
make the application generates a better keyword.  
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Abstract—The COVID-19 and associated lockdown in the 

country emerged as an opportunity for the digital payment 

providers and Unified Payment Interface (UPI) is the 

frontrunner among them. UPI is way ahead of other digital 

payment modes and recorded more than 22 billion transactions 

which account for over ₹41 trillion during the 2020-21 financial 

year. Even though UPI is the most used digital payment mode in 

India, currently there is no well-established research model for 

measuring the user adoption towards UPI. So, this paper 

portrays the in-depth review of current works of literature on 

digital and mobile payment adoption intention of consumers and 

developed a new model exclusively for identifying the factors of 

adoption of ‘Unified Payment Interface (UPI)’. The study 

introduced the model by extending the existing UTAUT2 model 

by incorporating ‘Relative Advantage’, ‘Add-on Services’ and 

‘Promotional Benefits’ as additional constructs apart from the 

existing UTAUT2 constructs. The proposed model can be 

empirically tested further to derive meaningful findings and 

conclusions that can guide the payment service providers in 

taking appropriate decisions for the development of their user 

base. 

Keywords—Unified Payment Interface (UPI), Mobile Payments, 

Extended UTAUT2 Model, Relative Advantage (RA), Promotional 

Benefits (PB) and Add-on Services (AS). 

I. INTRODUCTION 

Mobile-based payments offer a wide range of benefits to their 

users and include reduced transportation costs, increased 

financial transparency, increased security, and improved 

record-keeping. India is currently witnessing acute growth of 

mobile-based payments and the launch of the National 

Payments Corporation of India (NPCI) in 2008 by the joint 

efforts from RBI and IBA fuelled acceleration to it. The 

innovative digital payments products such as UPI, IMPS, 

NACH, and CTS introduced by NPCI gained wide acceptance 

among the users of India. 

The introduction of Unified Payment Interface (UPI) by NPCI 

in 2016 was a game-changer in the digital payments industry 

and it has become the front runner of digital payment modes 

within a span of three and a half years of launch. During the 

financial year 2020-21, UPI recorded 22.33 billion transactions 

which account for ₹41 trillion[1], and crossed the milestone of 

3 billion transactions in the month of July 2021[2]. RBI sees 

it as the transformer of retail payment mechanisms globally 

and is continuously taking efforts to globalize the use of UPI 

with the help of other central banks. There are currently 235 

numbers of banks active on the UPI platform and they offer a 

broad range of banking and payment assistance to their 

customers. The key players of UPI payment apps are Phone Pe, 

Google Pay, Paytm Payments Bank App, Amazon Pay, and 

BHIM app, whereas the UPI apps offered by banks 

themselves are way behind these players[3]. 

There are established models that exist in understanding the 

user adoption of technology-based innovations developed by 

different researchers. The most common and widely used 

models for identifying the adoption intention factors of 

particular technology innovation are the Technology 

Acceptance Model (TAM) of Davis (1989), Unified Theory 

of Acceptance and Use of Technology (UTAUT) model of 

Venkatesh et al.(2003), Diffusions of Innovations (DOI) 

Theory of Everett M. Rogers(1983), Innovation Diffusion 

Theory (IDT) of E.M Rogers(1995)and Extended Unified 

Theory of Acceptance and Use of Technology (UTAUT2) 
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model of Venkatesh et al.(2012). There is enormous literature 

support that uses these models for measuring the consumer’s 

adoption towards digital payment technologies[9][10]. TAM 

and its extended version are the most adopted model for 

measuring the user intention of digital payment 

technologies[11][9] followed by the UTAUT and UTAUT2 

theories. 

Even though TAM and UTAUT theories are reliable for 

identifying the various factors of adoption of digital payments 

[5], [8][12][13] found that these theories are developed to 

measure the technology adoption level from the 

organisational point of view. In order to overcome this 

drawback, Venkatesh et al. (2012) propounded the UTAUT2 

model which is an extension of the UTAUT[5] model where 

consumer’s behaviour intention towards a particular 

technology innovation is identified. 

Based on extensive reviewing, the researcher found the 

literature gap that there is barely a limited theoretical model 

that exclusively measures the consumer adoption towards 

UPI, which is the frontrunner of mobile payments in India. 

So, this paper attempts to introduce a new theoretical research 

model for studying the adoption intention determinants of 

UPI, which is the front runner among the other mobile 

payment modes in India. This model is constructed for the 

purpose of addressing the below research questions: 

➢ Whether Promotional Benefits(PB) and Add-on 

Services(AS) have significant effect on the 

Behavioural Intention of the consumers to adopt 

UPI? 

➢ Whether consumers are influenced by their adoption 

behaviour of UPI by comparing Relative Advantage 

of UPI over other digital payment modes? 

➢ What is the impact of Promotional Benefits on Price 

Value, Hedonic Motivation and Habit of the 

consumers in adopting UPI as their payment mode? 

II. THEORETICAL REVIEW BACKGROUND 

[1] Unified Payment Interface (UPI) 

Unified Payment Interface (UPI) is the most advanced digital 

payment mode introduced by NPCI in 2016 that allows the 

customer to transfer money from one bank account to the 

another instantly without providing any sensitive information 

of the recipient such as Account number, IFSC Code, Bank 

name, Branch name, Account Holder name etc. It is a single 

window mobile application that allows the customer to add 

multiple bank accounts and thereby merge several banking 

features, seamless fund routing and merchant payments. The 

customer needs to know only the registered mobile number of 

the recipient. There are various UPI based payment 

applications developed by Payment Service Providers (PSPs) 

which are available for the smartphone users in their 

concerned app stores. 

[2] UTAUT Theory 

UTAUT theory is an integration of the elements of prevailing 

prominent eight models and thereby introducing an unified 

model for the measurement of user adoption[5]. This theory 

tries to overcome the limitations of these existing eight 

theories. The theories taken for the study were Theory of 

Reasoned Action (TRA) of Fishbein & Ajzen(1975), 

Technology Acceptance Model of Davis(1989), The 

Motivational Model of Davis et al.(1992), The Theory of 

Planned Behaviour of Ajzen(1991), The Model of PC 

Utilization of Thompson et al. (1991), The Innovation 

Diffusion Theory of E.M Rogers (1995), and The Social 

Cognitive Theory of Bandura(1986). The study was 

conducted from the organisational point of view and found 

three direct determinants for Behavioural Intention of 

technology adoption i.e., Performance Expectancy (PE), 

Effort Expectancy (EE) and Social Influence (SI). Facilitating 

Condition (FC) is found to be a direct determinant of Use 

Behaviour[5]. 

UTAUT theory is one among the most adopted models for 

determining the consumers digital payment adoption 

[20][21][22]. The previous researchers of digital payment 

adoption found that Social Influence [23][24][25][26][21] is 

the most influencing factor followed by Effort Expectancy 

[27][12][28][29], Performance Expectancy [13][30][23][22] 

and Facilitating Conditions[27][31]. In order to overcome the 

organisational context limitation of the UTAUT model, a new 

extended model UTAUT2 was introduced by [8] 

incorporating the consumer context. 

[3] Extended UTAUT Model (UTAUT2) 

UTAUT2[8] model, which is an extension of UTAUT[5] 

model aims at identifying the determinant elements of 

consumer adoption towards a particular technology 

innovation from the consumer context. UTAUT2 model 

explained 74 percent of the variance[8] in behaviour intention 

towards technology adoption compared to 53 percent[5] of 

other technological adoption models. Apart from the 

prevailing UTAUT constructs, the researcher introduced 

three new constructs; Hedonic Motivation[32], Price Value 

and Habit[33]. 

UTAUT2 and its various extended and dependent models are 

used by researchers to identify and measure the consumer’s 

adoption level of various digital payment technologies 

[23][34]. These studies explained variances on behaviour 

intention towards consumer’s digital payment adoption 

ranges from 64 percent to 81 percent. Therefore, UTAUT2 

theory is deemed to be appropriate for this study to examine 

the adoption level of Unified Payment Interface (UPI) as it is 

one of the widely used channels of digital payments in 

India[35]. 

III. CONCEPTUAL MODEL DEVELOPMENT AND RESEARCH 

HYPOTHESES 

The researcher proposes an extended UTAUT2 model by 

including three additional constructs apart from the existing 

UTAUT2 constructs. The extended UTAUT2 model 

constitute Performance Expectancy (PE), Effort Expectancy 

(EE), Social Influence (SI), Facilitating Condition (FC), 

Hedonic Motivation, Price Value and Habit[8] and ‘Relative 

Advantage’ (Rogers E. M., 1983)[36], ‘Add-on Services’[24] 

and ‘Promotional Benefits’[37][38][39][40] as three newly 

developed constructs. 

A. Performance Expectancy (PE) 

“Performance Expectancy in the organisational point of view 

is the degree to which an individual believes that the new 

innovative technology helps him/her to improve the current 

job performance.”[5]. Whereas, in the consumer point of view 

“PE is the degree to which using the particular technology 
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innovation provides benefits to consumers in performing the 

particular function”[8]. PE construct is synonymous to 

Perceived Usefulness construct of Technology Acceptance 

Model[4][5]. Existing literature supports the PE construct and 

found to have an important positive relationship towards 

Behavioural Intention to adopt digital payments[13] 

[30][23][26]. Unified Payment Interface is useful in the daily 

life of consumers[41] for digital payments. Therefore, it is 

significant to incorporate PE variable as important factor for 

studying the adoption determinant of UPI and hypothesized 

as follows: 

H1: Performance Expectancy(PE) has significant positive 

influence on the Behavioural Intention(BI) towards the 

adoption of UPI by consumers. 

B. Effort Expectancy (EE) 

Effort Expectancy (EE) may be defined as “the degree of ease 

associated with the consumer’s use of a particular innovative 

technology”[8]. The EE factor is similar to the ‘Perceived 

Ease of Use’ and ‘Ease of Use’ factors of TAM theory of [4] 

and IDT theory of [7] respectively. [27] finds that digital 

payments require very less effort by the users compared to 

traditional modes of cash payments and can avoid the long 

queues outside the bank kiosks. [28] also finds a positive 

relationship between EE and BI and suggests that mobile 

payment providers should make the payment applications 

easy to use for the customers as well as it should be user 

friendly[30]. Studies like [12],[29][42] and [43] also supports 

the positive relationship between the Effort Expectancy 

construct and the Behavioural Intention construct. Since UPI 

is an important digital payment mode[44], it is important to 

incorporate Effort Expectancy factor and the proposed 

hypothesis is: 

H2: Effort Expectancy(EE) has significant positive influence 

on the Behavioural Intention(BI) towards the adoption of UPI by 

consumers. 

C. Social Influence (SI) 

Social Influence is “the degree to which the individual 

perceives that important others believe they should use a 

particular new technology”[5][8]. [9] in their review study 

found that Social Influence construct of the UTAUT model is 

the most influencing factor of digital payment adoption and 

found 16 studies to substantiate the same. [45] suggests that 

social influence through friends, colleagues and other 

important social circles can be a potential determinant of 

mobile payment adoption. [23] developed an integrated 

model by including the factors from both UTAUT2 model 

and DOI theory, finding that there is significant positive 

relationship between Social Influence and Behavioural 

Intention to adopt digital payments[23]. [46], [47],[48] and 

[49] have also found the relationship between SI and BI 

significant. Therefore, it is significant to incorporate SI 

variable as an important factor for studying the adoption 

determinant of UPI and hypothesized as: 

H3: Social Influence(SI) has significant positive influence on 

the Behavioural Intention(BI) towards the adoption of UPI by 

consumers. 

D. Facilitating Conditions (FC) 

 

Facilitating Conditions, in the consumer point of view, is “the 

consumer’s perceptions of the resources and support available 

to perform a behaviour”[8]. Facilitating Conditions (FC) is 

similar to the Compatibility factor of the IDT model of 

[50][5]. [31] finds that there is a significant positive 

relationship exists between the FC and BI to adopt mobile 

payment. The study also suggests that mobile payment 

service providers should give due consideration on 

improvements in the facilitating conditions[31]. [30] 

emphasis on giving training and support programmes to 

customers to increase the user adoption of digital payments 

and finds significant positive impact on Behavioural 

Intention. The studies included [40] and [27] also supported 

the significant positive relationship of FC and BI. Therefore, 

following hypothesis can be formulated on above grounds: 

H4: Facilitating Conditions(FC) has significant positive 

influence on the Behavioural Intention(BI) towards the 

adoption of UPI by consumers. 

E. Hedonic Motivation (HM) 

Hedonic Motivation is defined as “the fun or pleasure derived 

from using a particular technological innovation, and it has 

been shown to play an important role in determining 

technology acceptance and use.”[51][8]. [42] finds that the 

user interface that gives enjoyment, pleasant and fun to its 

users influences the intention to use mobile payments. [12] 

found that HM have significant influence on usefulness and 

ease of use factors and have an indirect influence on BI to 

adopt mobile payments. Studies like [28] and [52] also 

supported the above relationship between HM and BI to adopt 

digital payment. Since Unified Payment Interface is an 

important model of mobile payments in India[53], HM can be 

an important determinant of adoption of UPI. Based on the 

above realisation, following hypothesis can be developed: 

H5: Hedonic Motivation(HM) has significant positive 

influence on the Behavioural Intention(BI) towards the 

adoption of UPI by consumers. 

F. Price Value (PV) 

Price Value in UTAUT2 theory is “the cognitive trade-off 

between the perceived benefits of the applications and the 

monetary cost of using them”[54][8]. [41] finds significant 

positive influence on price value and BI and identifies 

variation of 11.9% on Behavioural Intention to adopt UPI. 

Since there is enough literature support to incorporate PV as 

determinant factor of adoption of UPI, following hypothesis 

could be formed: 

H6: Price Value(PV) has significant positive influence on the 

Behavioural Intention(BI) towards the adoption of UPI by 

consumers. 

G. Habit (HT) 

Habit in UTAUT theory of [8] defined as “the extent to which 

people tend to perform behaviours automatically because of 

learning”[55] and habit is simply defined as “automaticity” 

by [56][8]. [57] finds that personal habit is one of the 

important adoption determinants of mobile financial services. 

It is also found that women are more strongly influenced by 

habit than men in usage adoption of mobile financial 

services[57]. Studies on various digital or mobile payment 

adoption includes [46],[27],[12] and [28] also supports the 
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positive relationship between HT and BI towards adoption of 

digital payments. Since Unified Payment Interface is an 

important model of mobile payments in India[53], HT can be 

adopted as an important determinant of UPI. Based on the 

above discussion, following hypothesis can be developed: 

H7: Habit(HT) has significant positive influence on the 

Behavioural Intention(BI) towards the adoption of UPI by 

consumers. 

H. Relative Advantage 

Relative Advantage defined by Everett M. Rogers (1983) “is 

the degree to which the individual perceives a new innovation 

to be better than the precursor to that innovation”[58]. [45] 

finds that relative advantage is the most significant factor of 

determination of mobile payment adoption for the current 

users. Mobile payment services are superior to other 

traditional modes of payment in terms of accessibility, 

availability and speed[36]. The electronic payment providers 

should give due importance to relative advantage factor as it 

is a crucial determinant of electronic payments[59]. So, it is 

necessary to study the superiority of UPI over other digital 

payment services and to understand whether this superiority 

influences the behavioural intention of consumers to adopt 

UPI. Therefore, the proposed hypothesis is: 

H8a: Relative Advantage (RA) has significant positive 

influence on the Behavioural Intention(BI) towards the 

adoption of UPI by consumers. 

Relative advantage of mobile payments over other payment 

modes in their convenience and payment processing time 

motivates the users to adopt mobile payments[60]. Studies 

include [61] and [62] also found positive relationship between 

relative advantage and performance expectancy. Therefore, 

relative advantage can have a direct influence on performance 

expectancy factor and the proposed hypothesis is: 

H8b: Relative Advantage (RA) has significant positive 

influence on the Performance Expectancy(PE) construct. 

I. Add-on Services 

Add-on services are the additional services offered by a 

particular system apart from its basic function. In Unified 

Payment Interface apps, they usually provide other services 

apart from digital payments[24]. This includes balance 

enquiry, abstraction of bank details[35], transaction histories 

etc. Add-on Services can be an important determinant of UPI 

as multiple functions can be performed through UPI. Based 

on the above realisation, following hypothesis can be 

developed: 

H9a: Add-on Services (AS) has significant positive influence 

on the Behavioural Intention(BI) towards the adoption of UPI by 

consumers. 

[63] in their study suggest that mobile payment platforms 

should be more proactive and should address the various 

additions in services. This helps the consumers in increasing 

their performance and minimises the effort. Since all 

functions can be performed through a single UPI app[24], 

there is a high level of possibility that it can positively 

influence the Performance Expectancy and Effort Expectancy 

factors. Therefore, on above discussions, hypotheses are: 

H9b: Add-on Services (AS) has significant positive influence 

on the Performance Expectancy construct. 

H9c: Add-on Services (AS) has significant positive influence 

on the Effort Expectancy construct. 

J. Promotional Benefits 

Promotional Benefits usually referred to as financial 

incentives[64] is defined as “the monetary benefits that are 

often given to consumers in order to attract and retain 

customers”[65]. [38] defined Promotional Benefits as “the act 

of offering low price temporarily in order to attract cost 

sensitive customers”. Promotional Benefits include various 

forms of rewards, cashbacks, coupons, discounts, and various 

other offers given to the customers to use the new digital 

payment system. Promotional Benefits is found to have 

significant influence on the behavioural intention to use 

mobile wallet among the customers of India[40][66]. The 

study of [21] found that there is positive influence of 

promotional benefits on behavioural intention of young 

generation customers to adopt mobile payment. [67] finds a 

shift towards credit card usage due to participation in credit 

card reward programs. Since there is enough literature 

support to incorporate promotional benefits as the factor of 

adoption of UPI, hypothesis for the same is: 

H10a: Promotional Benefits (PB) has significant positive 

influence on the Behavioural Intention(BI) towards the 

adoption of UPI by consumers. 

[68] in their study found that, the newcomers towards a 

particular digital payment are motivated and get attracted 

towards it through various monetary incentives or 

promotional benefits. Study conducted by [64] on impact on 

financial incentive on near field communication mobile 

payment adoption also supports the relationship between 

financial incentive and consumer motivation. Therefore, 

promotional benefits can have a positive impact on hedonic 

motivation construct and the hypothesis is: 

H10b: Promotional Benefits (PB) has significant positive 

influence on the Hedonic Motivation construct. 

The mobile payment users compare monetary rewards of the 

alternative payment modes and thereby select the payment 

mode with high price value[68]. Therefore, there is a high 

possibility that promotional benefits can positively influence 

the price value construct. [67] also supported this view on 

credit card payment adoption. Therefore, hypothesis on above 

discussion could be: 

H10c: Promotional Benefits (PB) has significant positive 

influence on the Price Value construct. 

[69] studied the relationship between financial incentives 

(promotional benefits) with human health behaviour, and 

found a positive relationship between them. [70] studied the 

relationship between perceived reward and habit of the 

consumers and found that reward programs drive towards 

forming habit and drive towards behavioural repetition. So, 

the promotional benefits offered by UPI apps can influence 

the habit construct of the consumers positively, therefore, 

hypothesis is: 

H10d: Promotional Benefits (PB) has significant positive 

influence on the Habit construct. 
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Based on above discussions, the researcher developed the 

below extended UTAUT2 model to identify various factors 

of that determine the behavioural intention for adoption of 

UPI: 

Figure I: Extended UTAUT2 Model for determining 

adoption intention of Unified Payment Interface(UPI) 
 

 

 
IV. THEORETICAL AND MANAGERIAL CONTRIBUTIONS 

The main objective of the study was to develop a theoretical 

model for understanding the factors of adoption of Unified 
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Analysis of rural households’ perception and 

preferences for attributes of health insurance 
 

 

 

Abstract—The increasing burden of out of pocket 

expenditure (OPE) for healthcare, especially in rural India, has 

made the policy makers focus on designing affordable health 

insurance schemes. To design a new health insurance scheme, 

the policy makers need to understand the requirements and 

preferences of rural consumers. This research aims to analyze 

customers' perception and relative preferences for the attributes 

of health insurance based on the responses of the rural 

household's heads. The attributes of health insurance policies 

were derived from the existing literature. Subsequently, we 

designed a five-point Likert scale questionnaire, to collect the 

responses from the household's heads (HH) and experts. The 

responses collected from 419 HH and 100 experts are analyzed 

using RIDIT (relative to an identified distribution integral 

transformation) analysis. The priority of attributes varies 

significantly among experts and HH. Both experts and HH have 

perceived the attributes premium price and enrollment as more 

important. The attribute propagation means was less important 

for both experts and HH. The attribute identified in the study 

influences the demand and sustainability of health insurance 

schemes in a rural region. 

Keywords— RIDIT, health insurance, consumer preferences, 

rural 

I. INTRODUCTION  

. India ranks third among the Southeast Asian region for 
the highest out of pocket expenditure (OPE) on healthcare [1]. 
Researchers have pointed out that OPE is usually the utmost 
regressive mode to pay for health which exposes the 
individuals to catastrophic financial risks [2], [3]. The 
healthcare expenditure on an inpatient as well as outpatient 
care is continuously increasing, affecting the access to care 
especially for the low-income group [4], [5]. Moreover, there 
exist huge regional and social disparities that affect the 
utilization of healthcare services [6].  

The rural population comprises 70% of the total 
population in India, but there exists a lack of equity in 
government spending between the urban and rural areas [7].  
The health services in the rural area are in poor condition and 
there is a huge gap between the rural and urban areas in 
healthcare infrastructure [8]. The existing quality of care for 
public healthcare services in the rural region has compelled 
them to take up services from private healthcare service 
providers. Private health services account for 72% of inpatient 

and 58% of outpatient treatments [9]. Thus the populace of 
rural regions incurs OPE for availing of private healthcare 
services. Additionally, they have a loss of income due to an 
illness that pushes them towards poverty [10], [11]. Financial 
protection is one of the means to prevent households from 
catastrophic healthcare payments. 

Health insurance increases healthcare facility utilization 
such as mother and child care facilities [12], [13]. Hence, 
multiple schemes have been launched by the government to 
provide financial support for healthcare in India [14]. The 
central government has introduced a national hospitalization 
health insurance scheme, Rashtriya Swasthya Bima Yojana 
(RSBY) in 2007 [15]. Several State governments have also 
launched health insurance schemes like; Rajiv Aarogyasri in 
Andhra Pradesh, Yeshasvini Cooperative Farmers Health 
Care Scheme in Karnataka, Chief Minister's Comprehensive 
Health Insurance Scheme in Tamil Nadu, Rajiv Gandhi 
Jeevandayee Arogya Yojana (RGJAY) Maharashtra and 
Mukhyamantri Amrutum (MA) Yojana, Gujarat.  

These schemes have provided some gains in improving the 
access and financial protection for the target population still, 
only 14.1% of the rural population are enrolled in any health 
financing scheme [16]. The Low penetration rate and 
satisfaction are the results of low participation for the 
preferences of the consumer in the design stage of health 
insurance schemes [17]. Till now little attention has been paid 
to identifying the gaps of the healthcare delivery system as 
experienced by the consumers [18]. Involving the 
consumers/communities in designing and developing new 
policies create sustainability for the implementation of the 
policy. Moreover, asking the consumers for the preferences of 
attributes is one of the ways to reduce the complexity of health 
insurance and helps the policy makers to design the policy 
which is in line with the individual risk by gathering the 
preferences [19].  

Studies on consumer choice have started in the early 1970s 
and early studies have focused on plans rather than 
characteristics of consumers' preferences. To estimate the 
preferences and importance of the attributes, different 
statistical methods have been used to analyze data. The 
analytical hierarchy process (AHP) is used in analyzing user 
preferences of the patient for treatment depression [20]. 
Similarly, consumer satisfaction index (CSI), RIDIT analysis 
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[21], [22], techniques for order preference by similarity to 
ideal solution (TOPSIS) [23], and gray relation analysis 
(GRA) [24] statistical models were used to analyze the 
preferences.  

Berki and Ashcraft's have defined the framework that 
identifies the characteristics of the insurance policy and stated 
that coverage type, plan price, and cost sharing (copayment) 
are the most important attributes that influence the consumer 
choice [25]. Studies have been conducted on the structure of 
premium such as; unit of charging a premium (enrollment), 
management, the frequency of premium, premium collection 
strategy, and premium design [26], [27]. The results suggested 
that these attributes influence the choice of the consumer for 
selecting the health insurance plan. 

In India, it is difficult to reach out to remote locations in 
the rural area with the existing infrastructure. The add-on 
provisions such as transportation facility act as an important 
attribute especially while designing insurance policy for the 
rural area [28]. The population residing in rural area have 
limited information on health insurance schemes and the 
awareness program for health insurance are low and targeted 
toward the urban population [29]. There is a need to spread 
awareness and propagate the health insurance schemes in the 
rural area that can motivate them to join the health insurance 
plan [30].    

This article aims to analyze the ordinal rating data from the 
rural respondents (household heads) and experts using RIDIT 
analysis. Ten attributes in this article are selected from the 
available literature that is relevant for health insurance in the 
region. The selected attributes are: plan price, enrollment, 
management, transportation facility, the frequency of 
premium, coverage type, copayment, propagation means, 
premium collection strategy and premium design [31], [32]. 
The analysis will compare the ranking of the health insurance 
attribute according to consumer preferences. The priority of 
attributes will help in designing a consumer-centric health 
insurance scheme.  

II. METHODOLOGY 

A. Study Context and Data Collection 

This study was conducted in the district of West 
Midnapore, West Bengal, India. The district has a population 
density of 1650/sq mi. having a population growth rate of 
14.44% and a sex ratio of 960 females per 1000 males [33]. 
The qualitative data is collected from rural households using 
a random sampling technique. Subsequently, expert opinion is 
collected from the experts working in the field of healthcare 
and healthcare financing. Ethical approval for conducting the 
study has been taken from the Ethical Committee of the Indian 
Institute of Technology Kharagpur, Kharagpur, West Bengal, 
India. 

B. Survey Design  

The attribute identified from the literature has been used 
to design a questionnaire. The description of attributes is 
presented in Table 1. The questionnaire has two parts: 1) 
socio-economic information, 2) responses according to the 
importance of the attributes on a Likert scale.  

TABLE I.  DESCRIPTION OF ATTRIBUTES FOR HEALTH INSURANCE 

Sr.No. Attribute Description 

1 Premium Price 

 

The premium price that the consumer has 
to pay for enrolling in a health insurance 
scheme 

2 Unit of 
Enrollment 

 

The enrollment type for the insurance 
scheme offered to the consumer ( Single/ 
Family) 

3 Management 

 

The management of the pooled fund 

4 Transportation 
Facility 

 

The facility of transportation for the 
consumer 

5 Frequency of 
premium 

 

Premium collection is done in intervals 
according to the consumer's income cycle  

6 Copayment 

 

A percentage of the cost incurred that 
must be shared by the consumer  

7 Coverage Type 

 

Benefit provided by the insurance 
company for the consumer   

8 Propagation 
Means 

The way insurance provider reach out to 
the consumer 

9 Premium 
collection 
strategy 

Premium collection in terms of 
Goods/Cash 

10 Premium design 

 

Premium collection based on the 
household income 

 

C. Household Survey 

The respondents were briefed about the ranking of the 
Likert scale (5= very important and 1=least important). The 
data is collected in the month of September and December 
2017, using a random sampling technique [34]. If the 
respondent agrees to provide the preferences for the attributes 
explained, then the interviewer asked about basic 
socioeconomic information and preferences for attributes. We 
approached 600 people however, only 419 people (70%) have 
participated in the survey, which is statistically acceptable 
[35]. The basic demographic profile is summarized in Table 
2. Total 217 male and 202 female have provided their 
responses out of which 378 were married and 41 were 
unmarried. The average age of respondents is 34.49 as we 
have tried to take the responses of the household heads (HH) 
the average age is on the higher side. The average income of 
the households is INR 6418.85, the average household size is 
5.42 and the average number of years of education is 8. The 
average distance of the healthcare facility from the households 
is 12.51 Km. 

TABLE II.  BASIC DEMOGRAPHIC DESCRIPTION OF RESPONDENTS.   

Total number of observation   419 

Gender 
Male 217 

Female 202 

Marital Status 
Single 41 

Married 378 

Joint Family 
Yes 240 

No 179 

Age Mean 34.49 
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Education in years Mean 8.08 

Distance from medical services 
(Km) 

Mean 12.51  

Size of family Mean 5.42 

Family Income (INR) Mean 6418.85 

 

D. Expert Survey  

The expert survey was conducted amongst the 
academician, NGOs, an employee of Health Insurance 
Company, doctors, and government employees employed in 
rural healthcare services. The same questionnaire (used for a 
household survey) has been used to conduct the face-to-face 
interview with 100 experts. We have explained the attributes 
in the questionnaire and asked the experts to rank the attributes 
of health insurance on a five-point scale.  

E. Analytical Techniques 

Bross has proposed RIDIT analysis in 1958, RIDIT is an 
acronym for "relative to an identified distribution integral 
transformation". RIDIT is relative to the observed (empirical) 
distribution as compared to probits which are relative to the 
normal distribution [36]. Bross has felt the gap that ordinal 
variables are analyzed mostly by techniques related to t-test 
family and chi-square statistics. The t-test implies unjustified 
assumptions and in chi-square statistics the information is 
lossed. Bross introduced RIDIT analysis to fill the gap, as it 
does not presume any distribution of the population under the 
study and is suitable for analysis of the rating having equal to 
or more than three scale points [37].  

III. RESULT 

A. Household Survey 

The response data of HH is analyzed using the RIDIT 
technique and the finding is summarized in Table 3. The 
statistical relevance of the analysis is done using the Kruskal-
Wallis value. The Kruskal-Wallis value (97.80) at 0.05 
significant levels was much larger than the Chi-squared value 
(16.92) with a degree of freedom of 9. This suggests that the 
opinions about the scale items are statistically different among 

the respondents [38]. The overall rank of the preferences is 
ordered as: transportation facility, copayment, management, 
enrollment, premium price, coverage type, premium design, 
premium collection strategy, propagation means, frequency of 
premium. Transportation facility is the most important 

attribute for the HH followed by copayment. Frequency of 
premium is the least preferred attribute for the respondents. 
The respondents have given the highest importance to 
transportation facility, which is justified as the data has been 
collected from a rural area. The rural locations are remotely 
located and difficult to reach out with the existing 
transportation facilities. The premium price is ranked 5th 
which is an interesting fact that rural respondents have 
suppressed the monetary attribute for nonmonetary attributes.  

TABLE III.   RIDIT VALUE FOR THE HOUSEHOLD HEADS. 

 

 

B. Experts’ Survey 

The expert in the field of health care services and health 
financing were consulted and the response of the expert was 
analyzed using the RIDIT technique. The importance of the 
attributes varied among the respondents as the Kruskal-Wallis 
statistic 'W' 49.05 is much larger than the Chi-square value 
16.92 at a 5% confidence level. The RIDIT ranks and values 
of experts for the attributes of health insurance are listed in 
table 4. The result from this study indicates that the 
importance of the attributes of health insurance varies among 
the HH and experts. The most important attribute for experts 
was premium design followed by premium price. The least 
important attribute was transport facility followed by 
propagation. The overall rank of the preferences is ordered as: 
premium design, premium price, premium collection strategy, 
frequency of premium, enrollment, copayment, management, 
coverage type, propagation means, and transportation facility.  

TABLE IV.   RIDIT VALUE FOR THE EXPERTS  

Attributes RIDIT value Rank 

Premium design 0.389945 1 
Premium Price 0.427795 2 

Premium collection strategy 0.439225 3 

Coverage Type 0.4671 4 
Enrollment 0.480005 5 

Copayment 0.50016 6 

Management 0.55001 7 
Frequency of premium 0.556585 8 

Propagation Means 0.58159 9 
Transportation Facility 0.607585 10 

 

C. Comparison of Results between household head and 

experts 

The comparison for the ranks order of RIDIT analysis on 
preferences of HH and experts is discussed in this section. 
Table 5 list the attributes of health insurance under four 
classification; class 1: perceived important by experts as well 
as HH (RIDIT value ≤ 0.5), class 2: important by HH, class 3: 
important by the expert, and class 4: not as much important by 
experts as well as  HH (value ≥ 0.5) [39]. The experts as well 
as HH have perceived premium price and enrollment as more 
important attributes. The HH has considered transport facility, 
copayment, management, enrollment, and coverage type as 
more important attributes. Whereas, the experts have found 
transport facility, copayment, management, and coverage type 
as less important attributes. The attributes premium design, 
premium collection strategy, frequency of premium was found 
to be more important for the experts but these attributes were 
found to be less important for the HH. The attribute 
propagation means was less important for both experts and 
HH. 

Attributes RIDIT value Rank 

Transportation Facility 0.437936 1 

Copayment 0.458913 2 

Management 0.463209 3 

Enrollment 0.471249 4 

Premium Price 0.483268 5 

Frequency of premium 0.491096 6 

Premium design 0.534105 7 

Premium collection strategy 0.544018 8 

Propagation Means 0.55616 9 

Coverage Type 0.560048 10 
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IV. DISCUSSION AND CONCLUSION 

This study determines the preferences of attributes for 
health insurance from HH as well as experts using the 
quantitative technique. The preferences for the attribute of 
health insurance identified in this study may influence the 
demand and sustainability of health insurance in a rural 

region. Transportation is an important factor that adversely 
affects the utilization as well as the health outcome among the 
vulnerable disadvantageous population [40]. A similar finding 
is derived from this study as the HH has given the highest 
importance for attribute transportation. The rural locations are 
remotely located and difficult to reach out with the existing 
transportation facilities [41]. 

TABLE V.  COMPARISON OF PREFERENCES OF EXPERTS AND HOUSEHOLD HEADS 

 
 

Perceived 

importance by 

groups Attributes 

Expert Household head 

RIDIT value Rank RIDIT value Rank 

Perceived more 

important by 

both group 

Premium Price 0.43 2 0.48 5 

Enrollment 0.48 5 0.47 4 

Perceived more 

important by the 

household head 

Transportation Facility 0.61 10 0.44 1 

Copayment 0.50 6 0.46 2 

Management 0.55 7 0.46 3 

Enrollment 0.48 5 0.47 4 

Premium Price 0.43 2 0.48 5 

Frequency of premium 0.56 8 0.49 6 

Perceived more 

important by 

expert 

Premium design 0.39 1 0.53 7 

Premium Price 0.43 2 0.48 5 

Premium collection strategy 0.44 3 0.54 8 

Coverage Type 0.47 4 0.56 10 

Enrollment 0.48 5 0.47 4 

Perceived less 

important by 

both group Propagation Means 0.58 9 0.55 9 

Generally, cost is considered an important attribute for the 
health insurance scheme [42]–[44]. A similar finding is drawn 
in this study, the experts have given more importance to the 
attributes related to cost (premium design, premium price, 
premium collection strategy). However, the HH has given 
lower importance to the cost attributes (premium cost and 
copayment) over the benefits. The HH has suppressed the 
importance of cost and given more importance to other 
attributes (transportation, copayments, management and 
enrollment). They are more concerned about the convenience 
and extra facilities such as transportation rather than the cost-
related attributes [28].  

Health insurance has inherited issues of information 
asymmetry which create a problem of moral hazard. The 
copayment mechanism is one of the measures to reduce 
consumer moral hazard [45]. The concept of copayment 
discourages the insured person from making unnecessary 
insurance claims, undergoing treatment in expensive hospitals 
and reduces the cost of the premium. The HH has ranked 
copayment as the second most important attribute. The results 
also reveal that rural respondents give importance to the 
attributes related to the management of health insurance. This 
suggests that the network of health insurance providers, 
hospitals and the consumer plays a key role in the success of 
the health insurance scheme in rural areas [32]. The 
comparative analysis demonstrates that there are significant 

differences among the preferences and opinions of experts and 
HH. This suggests that there is a need to consider both while 
designing health insurance for the rural region. 

The technique applied to this study is simple and the same 
can be implemented by the government authorities, fellow 
researchers, and organizations operating in rural health 
financing for the prioritization of health insurance attributes. 
The priority of attributes varies from region to region and 
other socioeconomic factors, hence there is a need to explore 
rural regions from other parts of India and different 
socioeconomic groups in the future. The study helps in 
providing a basis for the selection of attributes for the research 
on health insurance. The insight into the differences between 
the HH and the expert's preferences will help the policy 
makers in designing optimal insurance plans for the target 
population.  
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Abstract Purpose — the purpose of this paper is to study the 

market assessment for Refurbished Imaging Equipment 

through understanding the Technological advancements in 

the Sector.   

Design/methodology/approach - Data has been collected 

from Primary sources and     Secondary sources. The 

researcher applies Factor analysis, Principal Component 

an analysis and Component Score Coefficient Matrix for 

the analysis. 

Findings - Though there is a m p l e potential for 

refurbished medical imaging equipment market, itis due to 

lack of confidence in refurbished equipment, healthcare 

providers prefer not to go for refurbished. Procurement 

policies of most public and large private hospitals are 

against use of refurbished medical equipment due to lack 

of standards and regulations for manufacturing, imports, 

and sale of new and pre-owned/used/refurbished medical 

equipment in India. 

Originality/value - The Statistical analysis from the study 

will help the Hospitals, Medical Practitioners, in 

understanding the merits of using a refurbished Imaging 

equipment that comes with Low cost of Ownership, Higher 

end equipment in lower budget, keeping cost of diagnosis 

low. 

Keywords— Market assessment, refurbished, medical      

equipment, technology, doctors. Paper type -Research 

paper. 

I. INTRODUCTION 

Medical Imaging techniques have been transcended in 

the recent times. Through these techniques, the 

patient’s body can be studies from within, without 

cutting or opening it. With the advancement in 

technology, there are many ways and means through 

which these techniques are adopted across the 

Medical field. X ray radiography, Magnetic 

Resonance Imaging, Computed Tomography, 

Digital radiography, computerized radiography is few of 

the. India is one widest upcoming sector when it comes 

to the medical equipment markets in the world. The 

sector is poised to grow at a rate of 15 % with a 

compound annual growth rate (CAGR). There is huge 

demand and the growth curve sharply can be attributed 

to the growth in the medical tourism, flexibility and a 

free-hand in the budget with high rise in the population 

and adequate disposable incomes. 

This is also evading to increase and multiplication of 

diseases in the growing economy and are responsible for 

the rise in demand of the medical services. Medias 

Corporation (India), GE Healthcare (U.S.), Philips 

Healthcare (Netherlands), Siemens Healthcare 

(Germany), and Soma Technology, Inc. (U.S.), Sanrad 

Medical Systems Pvt. Ltd. (India), and Zigma, Meditech 

(India) are the dominant players in the market. 

Theoretical Background Market Potential of Medical 

Imaging Equipment in India The types of medical 

imaging equipment are X-Ray, Computed Tomography 

(CT Scan), Magnetic Resonance Imaging (MRI), 

Ultrasound, Cat lab (Angiography), C-Arm, 

Mammography, Positron Emission Tomography (PET 

Scan), Fluoroscopy, etc. GE Healthcare, Koninklijke 

Philips Electronics N.V., Siemens LTD., Toshiba 

Medical Systems Corporation, Sono Site, 

Fuji Film, Agfa Healthcare, and Hologic 

Medical Systems are some of the major market 

participants. The medical imaging equipment market in 

India is estimated to be about $1.2Bn and is expected to 

get doubled in next 5 years 

Import ofPre-OwnedMedialEquipment in India 

There are two major types of pre-owned medical 

equipment imported into India: 
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Refurbished 

Non-refurbished/pre-owned/ demonstration. 

The refurbished ones are supposed to be properly 

restored devices to the original safety and effectiveness 

by the Original Equipment Manufacturer (OEM) as well 

as the certified refurbishing companies. The non-

refurbished ones are pre-owned, bought and sold over 

the net. There is no proper record that exists anywhere 

on the incidences related to pre-owned equipment, 

because no OEM has any obligation to do post- market 

surveillance under the Food and Drug Administration 

(FDA) or CE marking, as they do for a new equipment. 

As per World Health Organization (WHO), it is very 

crucial for countries like India, which are in the 

developing stage, to consider that the organizations 

involved in selling of refurbished equipment have to 

also. 

ensure that the after sales service is taken care of. 

This includes the support in terms of availability and 

provision of technical support through out to the 

customers. 

 

Concerns of Indian manufacturers regarding the import 

of Pre-Owned Medical Equipment. Refurbished 

machines are supposedly properly restored devices to 

the original safety and effectiveness by OEM as well 

as the certified refurbishing companies. But, to verify 

that it has been restored to the original safety and 

effectiveness and adequately calibrated is  difficult. 

Availability of spare parts after five- seven years of 

life is doubtful in any electronic item. But these 

devices can take a toll on the medical market economy 

on two main accounts, which are: 

Association of Indian Medical Device Industry 

(AiMeD) supports restriction or outright ban on any 

type of pre-owned/refurbished/used medical devices in 

India. Indian manufacturers are forced 

by retailers and hospitals to maintain the same MRPs 

as importers so that they don ‘t loses out on their  

margins.  This leads to unethical marketing. These 

devices can create serious health issues for patients. 

In addition, any leniency towards these devices can 

create a serious setback for the Make in India ‘program 

in the medical device sector which is only beginning to 

pick- up with the recent investment in Andhra Med 

Tech Zone (AMTZ). 

II. MATERIAL AND METHODS 

 

Clinical practices and examination have endeavored to 

recognize significant variables for costly imaging 

Image equipment. Counting radiology 

innovations, imaging hardware areas, imaging 

methodology and assessment type. Each is quickly 

checked on as following. Jhaveri et al. [11] utilize 

measurable investigation to think about single-cut CT 

with multi-cut  CT  scanner and find that multi-cut CT 

scanner has a huge expansion in efficiency. Reiner 

et al direct a cross country overview with 112 

institutions taking an interest to contemplate the 

connection between technologist profitability and 

usage of advanced radiography and computerized data 

advances.     The outcome     exhibits that technologist 

profitability is profoundly  reliant on the circumstance

 of Picture Archiving and 

Correspondence System (PACS) usage. Andriole [2] 

utilizes factual examination to assess the execution 

for upstanding chest assessments among figured 

radiography along with computerized radiography and 

screen-film as far as various measurements, for 

example, profitability, speed of administration, and 

potential cost support. The result speaks to that Digital 

radiography beats computerized radiography and 

screen-film as far as patient throughput, and Digital 

radiography and computerized radiography are 

proficient on picture accessibility. Reiner et al. [3] 

decide the connection between data innovation and 

technologist work process through a cross country study, 

and endeavor to enhance the technologist work process. 

Thought about with film-based activity, the work 

process in filmless activity is fortified. Nitrosi et al. [4] 

assess the work process and profitability improvement 

by using factual testing  to  investigate  the key  

pointers (e.g., radiology test turnaround time, number 

of radiology methods performed, inpatients length of 

remain when the PACS usage, et al.). Redfern et 

al. [5] utilize different least squares relapse 
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examination to recognize free indicators of the time 

needed for technologists to deliver radiographic 

pictures utilizing function times and segment 

information gathered from radiology data framework, 

clinic data framework, crisis division records and  

perception. The relapse model predicts that the 

radiology profitability will be improved by 

execution of PACS. Reiner and Siegel [6]

 use line hypothesis to consider the effect 

of usage of PACS on radiology efficiency. 

 
 
 
 
 
 
 
 
 

1. To understand the market potential of refurbished 

medical imaging equipment. 

2. Customer preferences for refurbished medical 

imaging equipment. 

3. Assess the issues & challenges of buying refurbished 

equipment from buyer ‘s perspective. 

Often in the industry, the terms refurbishing, 

reprocessing, remanufacturing and reconditioning‖ 

are used interchangeably. 

A typical refurbishment process includes the 
following steps: 
 
 

Market Characteristics of Refurbished Medical 

Imaging Market in India: 

 

 

 

 

 

 

 

 

                              

 

 

 

• HOSPITAL DEMOGRAPHICS 

 

Mid & Small size hospitals in India constitute for the 

90% revenue of the total imaging market. And this is  

 

 

 

 

 

 

Where the growth and major revenue of Refurbished 

equipment come from. Large hospitals like corporate 

hospitals, large hospital chains and government 

hospitals go for new equipment. 
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MODALITY SHARE 
 
Fig. Percent revenue share by modality in  Refurbished Medical Imaging Market 

 
 
 
 
 
 
 
 
 
 
 

 

The imaging equipment imported by an OEM should be 

less than 7 years and that of ISV (Independent Service 

Providers) imports should be less than 10 years. 

Equipment from hospital sales and auctions. This is with 

respect to online portals too. However, end users procure 

these as-is equipment, which means there is no  

Warranty from the vendor All X-ray products in India 

have to be registered with the Atomic Energy Regulatory 

Board (AERB). 

The lack of general awareness on the potential 

dangers of procuring a used or second-hand medical 

imaging equipment is steadily being improved by 

proactive regional governments in India 

In India, a marginal section of end users is following 

an unconventional method of 

Test measures sampling  adequacy f o r  each variable 

in the model and for the complete model. The KMO 

value here is >0.6, so we can say that our data is 

adequate for factor 

Analysis. 
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Communalities  (Extraction Method: Principal 

Component Analysis) 

Communalities  (Extraction Method: Principal 

Component Analysis) 

Communalities indicate the amount of variance in each 

variable that is accounted for. Initial communalities are  

 

 

Estimates of the variance in each variable accounted for 

by a l l c o m po n e n t for factors. For principal 

components extraction, this is always equal t o 

Extraction communalities are estimates of the variance in 

each variable accounted for by the 

Components. The communalities in this table are 

 

 
Initial Extraction 

Low cost of Ownership 1.000 0.784 

Feasibility of the center 1.000 0.801 

Early breakeven 1.000 0.826 

Higher end equipment in lower budget 1.000 0.857 

Creating additional modality due to demand 
1.000 0.718 

Plan to open multiple centers 1.000 0.774 

Increase competitiveness 1.000 0.716 

keeping cost of diagnosis low 1.000 0.811 

Age of the equipment 1.000 0.800 

Residual Life of the equipment 1.000 0.792 

Brand 1.000 0.669 

Particular model 1.000 0.812 

Market acceptance of the model 1.000 0.508 

Personal Relations 1.000 0.718 

User Reference 1.000 0.713 

No of Installations 1.000 0.779 

After sale service 1.000 0.808 

Stationed engineer 1.000 0.754 

Technical capability Parts Inventory 1.000 0.631 

Factory visit Demo 1.000 0.723 

Extended Warranty 1.000 0.746 

Regulatory certifications 1.000 0.837 

Minimum Downtime commitment 1.000 0.885 

Remote Service capability 1.000 0.830 

Effective assistance in site preparation 1.000 0.784 

Thorough and Effective Application training 
1.000 0.770 

Future Updates and Upgrades 1.000 0.678 
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 Table 1.2 

 
Total Variance Explained (Extraction Method: Principal Component Analysis) 

 
 

Component 

 

Initial Eigen values 

Extraction Sums of Squared 

Loadings 

 

Rotation Sums of Squared 

Loadings 
  

Total 

% of 

Variance 

Cumul 

ative % 

 

Total 

% of 

Variance 

Cumulate 

ve % 

 

Total 

% of 

Variance 

 

Cumulative % 

1 6.996 25.912 25.912 6.996 25.912 25.912 4.588 16.992 16.992 

2 3.485 12.909 38.821 3.485 12.909 38.821 3.413 12.642 29.634 

3 3.000 11.113 49.933 3.000 11.113 49.933 3.222 11.935 41.569 

4 1.936 7.172 57.106 1.936 7.172 57.106 2.711 10.039 51.608 

5 1.520 5.631 62.737 1.520 5.631 62.737 1.822 6.750 58.358 

6 1.452 5.378 68.115 1.452 5.378 68.115 1.766 6.540 64.899 

7 1.081 4.002 72.118 1.081 4.002 72.118 1.597 5.915 70.814 

8 1.051 3.894 76.012 1.051 3.894 76.012 1.403 5.198 76.012 

9 0.905 3.351 79.362       

10 0.792 2.935 82.297       

11 0.708 2.621 84.918       

12 0.687 2.544 87.462       

13 0.608 2.252 89.714       

14 0.438 1.622 91.336       

15 0.386 1.429 92.765       

16 0.346 1.281 94.046       

17 0.284 1.053 95.099       

18 0.234 0.867 95.966       

19 0.213 0.790 96.756       

20 0.200 0.741 97.497       

21 0.169 0.624 98.121       

22 0.154 0.571 98.692       

23 0.105 0.387 99.079       

24 0.092 0.341 99.420       

25 0.075 0.278 99.698       

26 0.051 0.189 99.887       

27 0.030 0.113 100.00       

 

Table 1.3 
 
The variance explained by the initial solution, extracted 

components, and rotated components. The eigenvalues 

greater than be extracted, so the first    8 principal 

components form the extracted solution. 

The extracted components explain 76% of the variability  

in the original 27 variables, so we can considerably 

reduce the complexity of the data set by using these 

information. The rotation maintained the cumulative 

percentage of variation explained by the extracted 

components, but that variation is now spread more 

evenly over the components. The large changes in 

the individual totals suggest that the rotated component 

matrix will be easier to interpret than the unrotated 

matrix. Page 332
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Rotated Component Matrix 
 

 Component 

 1 2 3 4 5 6 7 8 
 

Thorough and Effective 

Application training 

 

0.839 

       

Early  breakeven 0.807 
       

Effective assistance in 

site preparation 

 
0.795 

       

Feasibility of the center 0.744 
       

Stationed engineer 0.658        

Remote Service 

capability 

 
0.628 

 
0.540 

      

Regulatory 

certifications 

  
0.796 

      

Future Updates and 

Upgrades 

  
0.686 

      

Minimum 

Downtime 

 
0.602 

 
0.663 

      

Extended  Warranty  0.591       

Technical capability 

Parts  Inventory 

  
0.521 

      

No of Installations   0.786      
 

User Reference 
   

0.738 
     

Factory visit Demo   0.716      

Brand   0.604      

Particular model   0.584      

Market acceptance of 

the  model 

   
0.582 

     

After sale service    0.736     
 

Increase 

competitiveness 

    

0.708 

    

Residual Life of the 

equipment 

  
0.528 

  
0.608 

    

Personal Relations     0.805    
 

Age of the equipment 
     

-0.647 
   

keeping cost of 

diagnosis low 

      
0.828 

  

Plan to open multiple 

centers 

      
0.666 

  

 
Low cost of Ownership 

      
0.794 

 

Creating additional 

modality due to 
demand 

         

Higher end equipment 

in lower budget 

        
0.857 

         Table 1.4 

Component Score Coefficient Matrix 
 

 1 2 3 4 5 6 7 8 

Low cost of Ownership -0.004 -0.015 0.025 0.041 0.051 0.064 0.52 -0.129 

Feasibility of the center 0.204 -0.138 0.035 -0.084 -0.04 0.083 0.149 0.096 

Early breakeven 0.203 -0.025 -0.071 -0.079 0.129 0.073 0.189 0.167 

Higher end equipment in 

lower budget 

 

0.027 

 

0.008 

 

0.02 

 

-0.036 

 

0.027 

 

-0.004 

 

-0.073 

 

0.64 
Page 333

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



Creating additional 
modality due  to 
demand 

 

0.039 

 

0.009 

 

0.063 

 

-0.022 

 

0.133 

 

0.089 

 

-0.257 

 

-0.147 

Plan to open multiple 
centers 

 
-0.098 

 
0.071 

 
0.062 

 
0.03 

 
0.068 

 
0.384 

 
-0.15 

 
-0.143 

Increase 

competitiveness 

 
-0.085 

 
-0.13 

 
-0.014 

 
0.352 

 
0.001 

 
0.278 

 
0.047 

 
0.022 

keeping cost  of 
diagnosis low 

 
-0.02 

 
-0.079 

 
-0.073 

 
0.054 

 
-0.029 

 
0.513 

 
0.135 

 
0.044 

Age of the equipment -0.119 0.094 0.051 0.086 -0.363 0.071 -0.067 -0.127 

Residual Life of the 
equipment 

 
-0.135 

 
0.12 

 
-0.032 

 
0.201 

 
-0.046 

 
0.025 

 
0.1 

 
-0.067 

Brand -0.026 -0.099 0.215 0.232 -0.13 -0.106 0.025 -0.267 

Particular  model 0.081 -0.124 0.185 0.183 -0.032 -0.198 0.027 0.119 

Market  acceptance  of 

the model 

 

0.06 

 

-0.133 

 

0.223 

 

0.002 

 

-0.234 

 

0.031 

 

-0.168 

 

0.148 

Personal Relations -0.068 0.051 -0.044 0.11 0.502 0.029 0.079 -0.007 

User Reference -0.069 -0.043 0.245 0.009 0.049 -0.039 0.111 -0.164 

No of Installations -0.044 0.081 0.259 -0.221 -0.044 0.054 0.053 0.101 

After sale service 0.067 -0.065 -0.086 0.322 0.194 -0.035 -0.027 0.038 

Stationed engineer 0.166 -0.018 -0.053 0.137 0.123 -0.143 0.009 0.053 

Technical capability 

Parts Inventory 

 

-0.002 

 

0.169 

 

0.106 

 

-0.055 

 

0.086 

 

0.026 

 

-0.095 

 

0.113 

Factory visit  Demo -0.029 0.096 0.2 -0.02 0.148 -0.015 -0.051 0.041 

Extended  Warranty 0.009 0.167 -0.026 0.077 0.016 -0.071 0.027 -0.303 

Regulatory 

certifications 

 

-0.085 

 

0.405 

 

-0.053 

 

-0.225 

 

0.192 

 

-0.043 

 

0.317 

 

0.054 

Minimum Downtime 

commitment 

 

0.083 

 

0.214 

 

-0.025 

 

-0.143 

 

-0.009 

 

0.074 

 

-0.048 

 

0.081 

Remote Service 
capability 

 
0.093 

 
0.112 

 
-0.012 

 
-0.025 

 
-0.121 

 
0.039 

 
-0.075 

 
-0.056 

Effective assistance in 

site preparation 

 
0.177 

 
0.011 

 
0.017 

 
-0.06 

 
-0.09 

 
-0.048 

 
-0.034 

 
-0.138 

Thorough  and Effective 

Application training 

 

0.254 

 
-0.114 

 
-0.004 

 
0.042 

 
-0.053 

 
-0.158 

 
-0.17 

 
0.003 

Future Updates and 

Upgrades 

 
-0.005 

 
0.217 

 
-0.005 

 
-0.043 

 
-0.08 

 
-0.037 

 
-0.183 

 
0.081 

 
 

    Table 1.5 

 Rotated component matrix and Component 

 score coefficient matrix helps to determine what 

 components represent. E.g. the 1
st 

component 

 is most highly correlated with ―Thorough and 

 effective application training‖. 

 
 From this we conclude that these 8 components 

 are representative of, and can be used in place 

 of, all 27 original variables with 

III. DISCUSSION 

 
  The buyers are very keen while selecting the 

 equipment market acceptance of the model. Also 

 age and residual life of the equipment are the 

 top concerns. It also shows that the third party 

 refurbishing industry has a long way to go in 

terms of the equipment quality & after sales service. 

Assistance in pre-installation site preparation is regarded 

as very important factor as the changes after installation 

are either not possible at all or may be very expensive 

especially in case of CT scan, MRI and Cat lab. 

Because of  the poor awareness in India  regarding the 

hazards of radiations from the imaging equipment, 

most of the buyers are not concerned about  the safety 

aspects of the equipment. Knowing all the risks and 

rewards associated with the refurbished equipment, 2/3
rd 

of the buyers have good experience with their ownership. 

Because of the sole reason that the refurbished India is not 

yet matured, doctors deal with the wrong people and 

burn their fingers. The Good Refurbishment Practice 
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 (GRP)‘c o n c e p t should be applied in India 

 which would enable the healthcare service 

 providers to distinguish used medical equipment 

 or systems from those that 

 Have been refurbished according to the standards. 
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Abstract— Rising cases of contaminated food products are 

resulting in customer trust erosion and economic loss to 

stakeholders of the food industry. Various stakeholders like 

food producers, distributors, auditing, and certification 

agencies are working with researchers to address this issue. 

Studying the supply chain can aid in tracking and 

authenticating information gathered at various points 

regarding the food product. Using blockchain technology for 

supply chain management can ensure transparency and 

traceability of the data recorded in the supply chain. In this 

paper, we review the suitability of blockchain technology in 

guaranteeing traceability and authenticity in the supply 

chain. We find that although characteristics of blockchain 

are highly suitable for providing traceability, authenticity, 

and transparency there are still challenges in data capturing, 

authentication of captured data, and the high cost of 

adoption of such system. 

Keywords— Blockchain, Farming, Food chain, Food 

traceability, Supply chain management 

I. INTRODUCTION  

The process of food authentication is applied to verify 
various parameters related to food’s geographic origin, 
processing technology, production time and method, type 
and subtypes. Certain expensive foods are especially prone 
to fraud on one or more of these parameters. Food fraud 
not only results in financial losses to the genuine producers 
but also results in harmful effects on health of consumers 
of such food [1]. The confirmation of origin ensures the 
customer about quality of food and promises that the 
product conforms to the international guidelines and 
standards of food safety [2]. Regulations regarding food 
labeling are used to determine the tests that can be 
conducted on the food product [3]. Due to increasing 
awareness, the consumers are demanding compliance 
regarding origin of food towards the information 
mentioned on the packaging label. It is due to this reason 
that the regulatory authorities, food producers and food 
processers have recognized information on authenticity of 
food as a vital parameter for food quality. Mass 
spectrometers are commonly used to detect any type of 
organic compound in food and chromatographic 
techniques are applied to identify food from various 
sources in order to determine its quality and authenticity. 
The food DNA analysis can be done to find existence of 
microorganisms, allergenic elements or genetically 
modified food. In order to assure customer about food 
safety, efficiency and transparency in supply chain, 
efficient tools must be developed and deployed throughout 
supply chain. These tools should also follow 

internationally recognized production practices and 
standards for raw material and finished products.  

The blockchain came into focus as the driving force 
behind the bitcoin cryptocurrency in 2008 [4]. Blockchain 
forms basis of a distributed ledger technology that can 
carry out transactions in absence of a centralized trusted 
authority. The transactions stored in the ledger are 
serialized, immutable and time stamped simplifying the 
validation and verification of transaction during auditing. 
These characteristics of blockchain make it ideally suitable 
for applications in the finance domain. However, the 
blockchain is also equally suitable for the field of supply 
chain management. Haber and Stronetta [5] describe using 
cryptographic signatures to time stamp documents. In his 
paper Anderson [6] proposes an immutable storage system 
for transactions. Schneier and Kelsey [7] describe a system 
to protect logs from modifications on untrusted systems. 
The blockchain is based on concepts proposed in above 
mentioned papers of Haber and Stronetta, Anderson, 
Schneier and Kelsey. 

The blockchain can be described as a distributed 
database where records are encrypted and stored as blocks. 
These records of all stakeholders of blockchain are 
publically accessible and verifiable by any participant 
node. Before recording any transaction in blockchain the 
transaction is verified by majority of participants by 
process of reaching consensus. The blockchain technology 
requires solution of complex mathematical problems that 
are currently infeasible to calculate in order to perform 
modification. Thus once a record is stored in the 
blockchain, it cannot be modified and is permanent. 

In this paper we study and explore the possibility of a 
blockchain based solution to overcome challenges in food 
traceability. The paper is divided into 6 sections. We begin 
with introduction of food traceability and blockchain. In 
section 2 we discuss how characteristics of blockchain can 
be leveraged in food supply chain. Section 3 presents 
discussion on applications of blockchain in various food 
related sectors and sub-sectors. Section 4 proposes 
application of blockchain at different stages from 
production to processing, storage and distribution. Section 
5 presents challenges to a blockchain based solution for 
food traceability. We present conclusion in section 6 of the 
paper. 

II. ADVANTAGE OF BLOCKCHAIN BASED SOLUTION IN A 

FOOD SUPPLY CHAIN 

Demonstration of the superior quality of the product 
and processing techniques is one of the central themes 
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Fig. 1. A sample supply chain with multiple stake holders 

driving various stakeholders such as producers, gatherers, 
processing entities, storage entities, distributors and 
retailers [8]. One of the characteristics of blockchain is to 
provide data integration in one-to-many model. This can 
be applied to design a data structure that the smart 
contracts can use to automate various operations such as 
claims of origin, mandatory certification and market based 
operations. The blockchain characteristics of security, 
transparency and efficiency can be applied to a food 
supply chain. 

A. Transparency 

The major advantages of blockchain technology are its 
simplified model for information exchange, its workflow 
and mechanism for validation of transaction. These 
advantages can be applied to validate origin and verify 
quality of the food at different stages [9]. Each 
stakeholder can share food related transactions recorded 
by itself and can also evaluate food related transactions 
recorded by the other participants. A special object may 
be created to record the food going through different 
phases and processes. By the time food reaches the 
consumer, the object is initialized with all the information 
about different phases and processes the food product has 
passed through. This information is recorded in the object 
by various stakeholders involved during various phases 
and in food processing. The customer can find out about 
origin, quality, taste and many other parameters of the 
food. 

B. Efficiency 

The blockchain infrastructure provides a trust based 
communication mechanism for parties that have lack of 
trust between them. Smart contracts of blockchain are 
special type of automated programs that execute when 
certain condition(s) are met in order to execute 
transactions [10].  Smart libraries are a special type of 
library files that can be used with smart contracts to 
reduce development time and increase program 
performance. Smart contracts along with smart libraries 
can be deployed by all the stakeholders to increase 
efficiency of overall process. A stakeholder can also use 
smart contracts to evaluate the food product and provide 
feedback to other stakeholders in case the food parameter 
does not meet the required standard. This way different 
stakeholders can share and access each other’s data in an 
environment where there is lack of trust. This eliminates 

need for consortium or a corporation as a trusted third 
party to access the information. 

C. Security 

The blockchain technology can also manage special 
cryptographic tokens that are programmed to represent a 
contract or a transaction that will execute in future 
between two or more entities [11]. The applications of 
such tokens are not only limited to contracts, invoices or 
similar financial instruments, but the tokens also represent 
authenticity of published information. Stakeholders then 
utilize such information to take an informed decision. An 
example of this can be a car manufacturer that can publish 
token which can be used by customer to verify various 
performance parameters of a car as per the claims of the 
manufacturer. However, this technology is still in its early 
phase and there are no standard frameworks as per best of 
our knowledge. 
 

III. BLOCKCHAIN APPLICATIONS IN FOOD SECTOR 

An efficient supply chain is one where different 
stakeholders involved in the supply chain from producer 
to distributor and everyone in between captures and 
records data and approves to store it on blockchain. The 
focus here should be on identifying the data with keeping 
end user requirements and applicable standards in mind. A 
blockchain based application can serve dual purpose of 
tracking as well as marketing. Due to transparency [12] 
characteristic of blockchain, different entities can control 
the product [13] [14]. It can be marketed to develop a 
product and its repute [15] [16], enhance product loyalty 
among customers and gain new customers [17]. The 
brands that emphasize transparency and high level of 
product scrutiny can distinguish themselves from 
competition. In addition, rapid identification of the 
product and its origin in case of an adverse event can 
reduce damage to the brand [18] and reduces media 
scrutiny and criticism [19]. 

The product tracing is progressively becoming 
complex due to increasing complexity of global supply 
chains as a result of lower trade barriers and growth in 
global trade. As the figure 1 shows, the actual 
relationships between suppliers are multifaceted. Different 
suppliers may be classified into different levels where 
level 1 suppliers that are providing the core element of the 
product, level 2 suppliers may be providing some raw 
material to level 1 suppliers [20]. A finished product 
involves many different suppliers at different levels. There 
are 3 main points that affects traceability [21] [22]: (1) 
better supply chain management, (2) Uniqueness and 
quality in the product, (3) Procedure to identify 
substandard products. 

 
Applications based on blockchain for food traceability 

are being developed. Some notable systems are by Yang et 
al. [23] and Yang et al. [24] for agricultural products, Hang 
et al. [25] for seafood, Vikaliana et al. [26] for fruits, Cuel 
and Cangelosi for [27] wine and Sunny et al. [28] for 
traceability for large corporations. The flow of a generic 
system for traceability is presented in figure 2. In such 
systems traceability is guaranteed throughout the food-

Page 337

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



 

Fig. 1.Traceability of an agricultural  product 

chain and the products are processed transparently, 
securely and publically. This is important for the products 
that rely on origin control certifications, quality based on 
their digital identity in the blockchain. Here the digital 
identity may contain other information such as ownership, 
seed used, soil quality and water cycle through IoT 
devices, processing and storage. This digital history of the 
product enhances customer trust in the product and results 
in increased business activity over the time. Certain 
implementations of fruit centered based blockchains 
eliminates the need for mining pool by enabling variance 
mining rewards [29]. The DNA from the product can lead 
to information on type of product, geographical origin, and 
usage of chemicals for growth. The data such as this can be 
verified against data from blockchain for authenticity [30].  

One of the most valuable quality for food producers 
and processors is transparency. It gains further importance 
when considering sustainable development and 
environment [31]. Recently, fresh and processed food 
product sector has witnessed higher customer demand for 
transparency and sustainability [32]. Transparency from 
the producers and processors hold the key for customer 
confidence. According to Bai et al. [33] transparency is 
one of the key parameters to assess blockchain 
performance. It is also possible to achieve similar 
transparency by disclosing information from a centralized 
system. However, blockchain is superior to any centralized 
system due to trust. The trust is due to the nature of 
blockchain where a transaction cannot be changed once it 
is recorded in a blockchain. Therefore the trust in the 
information provided by the centralized system is low 
compared to blockchain system. Once a transaction is 
verified and recorded in the blockchain, it cannot be 
changed without changing all transactions stored in 
blockchain. Once a transaction is recorded, any authorized 
user can retrieve it, verify its details with trust that it has 
not been modified. It is not possible to achieve this level of 
trust with centralized transaction recording systems. 

Some environmental and social issues can also be 
addressed with help of blockchain based applications [34] 
[35]. This is due to traceability and transparency 
characteristics of blockchain. This can be enhanced further 
by integrating smart contracts into the blockchain 
application. For example, a company can decide to use 
only recycled material for packaging reducing the 
consumption of packaging material. Here, smart contracts 
can be used to extend the agreements if the supplier meets 

certain quality criteria. 

Logistics industry can reap large benefits by 
developments in blockchain technology and integrating 
blockchain based applications. Significant applications of 
blockchain technology can lead to product verification and 
better understanding of the supply chain as the product 
travels to the end user. These insights can be applied to 
enhance product quality and safety. 

IV. ROLE OF BLOCKCHAIN DURING DIFFERENT PHASES OF 

FOOD SUPPLY CHAIN 

A. Production 

The food producer can harvest the food and use 
packages with RFID tags. These packages can be entered 
into system by providing all necessary data. The data may 
include environmental information such as type of soil, 
quality of water, air, average temperature. It can also 
include qualitative information such as best practices, area 
of planting, type of seeds, timestamp of planting, 
timestamp of harvest, details on planters and harvesters. In 
addition, information of utilization of fertilizers and 
pesticides can also be added [36]. Smart contracts can be 
used to execute purchase based on product meeting certain 
criteria. 

B. Processing 

The processor can read the data recorded by the 
producer and add data related to food processing. The 
processor can record data about processing environment 
such as processing temperature, time, cleaning and 
disinfection techniques applied and various chemicals and 
machines utilized during processing. The processor can 
also specify qualification of the staff responsible for 
processing the food [37]. For the customers with allergies, 
the processor can specify other foods that are processed in 
the same facility. 

C. Storage 

It is possible to retrieve information about stored 
product using various IoT sensors. It is possible to record 
real time data with help of various wireless sensors and 
monitoring equipment. Some information that can be 
recorded is type of food, quantity in storage, storage 
temperature, time, current humidity at the storage 
location, etc. This data can also be linked to dynamic 
storage system. The managers can take informed decision 
to prevent loses due to spoilage. 

D. Distribution 

At the food distribution phase, the distributer should 
concentrate on timely distribution of the food product, 
delivery in temperature controlled environment and 
tolerance of the food to the unsuitable environment. The 
distributor can set various sensors for temperature and 
humidity in the delivery vehicles to establish real-time 
monitoring system. The data received from these sensors 
can be linked to the product profile and the system can 
notify the administrator immediately if some parameters 
breach the tolerance level. Various GPS based solutions 
can be applied to optimize the vehicle route for food 
delivery to the retail vendors [38]. 
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E. Retail Vendors 

The retail vendor will have complete record of the 
food at the time of receiving [39]. Consumers can use QR 
code or barcode available on packaging to retrieve the 
product profile and can find out more about the product 
life cycle thus far. Due to the nature of blockchain it is 
easy for different stakeholders to trust all recorded 
information and verify information when required. The 
retailers can use the system to monitor food expiry and 
add discount or remove expired food items from the shelf. 
In case of any adverse incident affecting food safety, the 
blockchain based application can aid in locating affected 
food items. It is possible to locate the point at which 
adverse incident has taken place during the lifecycle and 
take corrective measures preventing future incidents. 

F. Administration 

The administration performs audit and certification 
activities with regard to food items. These can include 
various government authorized personnel from variety of 
departments. These personnel can undertake field visits, 
perform random sampling and testing to check if the food 
item meets the required criteria. The reports and 
observations should also be included as a part of the 
product profile for the benefit of the customer [40]. 

V. A CASE STUDY ON FOOD TRACEABILITY 

Food items, transportation method, stakeholders in the 
supply chain are some points which can be used as global 
standards for traceability. Barcodes, RFID tags can be 
used to automatically capture data while the food item is 
passing through different phases of supply chain. 
Authorities can trace food source with help of techniques 
like DNA markers and isotopic tests. The producers can 
provide DNA markers of food item in digital format. This 
will ease tracing where instead of tracing at batch level it 
will be possible to trace at item level in the whole supply 
chain. This can also be used to prove food item’s 
authenticity by crosschecking it against record from 
blockchain.  

Storing data about food item’s different production 
phases during the supply chain will create a chain of 
custody. The customer is able to scan a barcode or QR 
code to retrieve information about the product such as 
base contents, contents added during processing phase, 
information regarding storage and how product was 
distributed and reached retailer. This will prevent fraud 
and achieve total transparency and traceability. It will also 
reduce costs and help in identifying and elimination of 
inefficient practices. The retailers will be able to assure 
authenticity of food items on their shelves and earn 
customer trust and unlock further business potential. It is 
in this way that the blockchain can help in overcoming 
modern challenges in supply chain and case of food fraud.  

As per the Global Traceability Standard [41], a system 
for traceability requires 3 components: i) Identification, ii) 
Automatic data capturing, iii) Recording and sharing 
traceability data. The identification refers to marking the 
object for tracing through locations and parties. Automatic 
data capturing refers to capturing of data through barcode, 
QR code or RFID tags where data is recorded without 
human intervention during different events. Recording 

and sharing traceability data is about developing process 
to record and retrieve data when required by the different 
stakeholders.  

For identification component many challenges such as 
digitization, inefficient support systems, untrained 
personnel, complex supply chains with many 
intermediaries and lack of transparency still exists. 
Automatic data capturing has challenges of equipment 
cost, implementation when volume of data is high. 
Sharing of traceability of data needs records. Increasing 
complexity of the product will require increasingly 
complex traceability system.  

The current method of storing data manually in 
handwritten documents can result in human errors, speed 
reduction during sorting and searching operations and 
slow tracing. Electronic data management and digitization 
of manual processes and solve the issues with handwritten 
documents. 

A. A case of plant based food 

The contract for production contains information of 
every stage such as origin, purchase of seeds and 
fertilizers to farming and harvesting processes. In order to 
track the vehicles and equipment usage they are tagged 
with RFID. Soil moisture, fertilization level and pesticide 
level can be measured with help of IoT sensors. Based on 
weather patterns, data regarding water availability and 
requirement and soil condition, smart contracts can 
schedule use of fertilizer and pesticide. The processing 
contract is responsible for keeping record of the food 
during processing phase. The processing contract can 
contain data such as processing facility, date and time, 
temperature, batch, details of chemicals or processes used 
during processing. Information can be captured using 
barcodes and RFID tags. Delivery contract is responsible 
for recording data regarding status of food during 
delivery. The food status during the delivery is recorded 
using IoT sensors and barcode scanners installed inside 
the delivery platform. Data such as vehicle temperature, 
quantity, batch number, expiry date, retailer information, 
delivery personnel are stored. The information such as 
delivery route, delivery time, details of delivery platform 
are captured with help of GPS systems and wireless 
Internet network. Sales contract is used to record 
information regarding sale of the food. The retailer 
records information such as shelf life of food, quantity, 
shelf temperature, humidity and details about the buyer. 
This data is captured with help of IoT sensors installed on 
shelf and customer data available with the retailer. 
Transparency during the food production, processing and 
delivery will both increase customer trust and enhance 
food traceability [42]. 

B. A case for dairy sector 

Pagonis Sisters & Co. is a Greece based company in 
dairy sector. A blockchain based application [43] was 
developed for Pagonis Sisters & Co. to provide 
traceability for the products, transparency of supply chain 
and auditability to regulators. The application is based on 
ethereum platform using solidity version 0.5.0. Various 
products can be tracked in a trusted environment under the 
ethereum framework. Product information such as storage 
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temperature, quantity in a batch, expiry date, origin, 
shipping information, processing location and other 
relevant information is captured and recorded. It is 
possible to extend this project to provide access to the 
regulators for audit purpose. 

According to the global food traceability center, 
currently there are following challenges in food 
traceability [44]: 

1) Quick variations in the consumer preferences.  

Consumer demand of round the clock, prompt, 

trustworthy and pertinent information. Consumer 

perturbation on account of product recalls by the 

producers.  There is a fragile consumer confidence 

regarding transparency from the producers. Another 

important aspect is social media that plays a vital role. 

2) Conflicting and overlapping audit rules by 

regulators across the world. For example, countries have 

different rules on pesticides, trace elements, allergens, 

labeling and storage. Due to trade globalization response 

time for an incident depends on the incident time zone. 

3) There is also lack of cohesive requirements. The 

current systems are incapable to rapidly and reliability 

trace back data across supply chain. Due to different data 

formats used by different stakeholders, data analysis is 

difficult which in turn complicates appropriate decision 

making. 

4) The criteria for traceability is different based on 

different product categories. However, there are certain 

principles that are consistent across product categories 

a) For the food producers identification for food 

items is initiated with planting or at the birth of livestock. 

It continues through the period of growth with tracking of 

fertilizer and pesticides in agricultural produces and 

veterinary records for the livestock. 

b) At the processing phase the food identification is 

carried out at the origin of each ingredient and recorded 

throughout processing, packaging, storage and 

distribution 

c) During the transportation phase, waybills record 

details of source and destination points. The waybills also 

need to mention batch code to trace an item back to 

producer. In case of livestock a specialized food, 

environment and hygiene requirements must be met 

d) At a retail facility, the food identification is 

based on receipts mentioning batch details 

5) Handwritten documents can have readability 

challenge associated with them. The poor readability can 

lead to issues like human errors and lengthy searching or 

sorting. 

6) Some stakeholders of supply chain may belong to a 

mid or small size firms. The IT systems and technical 

solutions used by these firms may not match big firms in 

transaction processing speed and response time. Another 

issue that must be addressed when multiple stakeholders 

are involved is interoperability of systems. This can be 

addressed if the stakeholders agree to use certain open 

source solutions and follow mutually agreeable standards 

of data capturing, storage and processing.To maintain 

safety of food supply, challenges to traceability such as 

mentioned above must be addressed. A single blockchain 

system is expected to be adopted across the industry. The 

success of the system is dependent on openness of 

different stakeholders to adopt the system. The blockchain 

based applications can be used in food industry in for the 

following: 

a) Traceability and profiling across the supply 

chain. 

b) Fraud detection and as proof of transparency 

c) To eliminate data redundancy and partial data 

availability 

d) To achieve high level of integration, higher 

transaction volume in an untrusted environment. 

The issues of standardization and integration are 
affecting the supply chain as well as adoption of the 
blockchain based applications [45]. The issue of 
confidentiality and lack of technology adoption are also 
affecting adoption of blockchain across the suppliers. In 
order to encourage adoption of a blockchain based 
solution, the current solution should be compared with 
blockchain based solution on parameters such as 
coordination requirement, standardization, transparency, 
ease of development. The supply chain traceability can be 
supported by the blockchain characteristics and there is a 
genuine requirement for collaboration between 
researchers and businesses to design and develop tools to 
harness highest potential from blockchain.  

Blockchain can provide information on origin, 
contents of food, can produce record of food from 
producer to customer rapidly aiding in detection of 
counterfeit food items. The supply chains equipped with 
blockchain based solutions can meet consumer demands 
of information transparency, accuracy and quick retrieval. 
The authentic information about food such as its origin, 
environmental impact and ethical commitments by 
different stakeholders can boost the consumer confidence 
in the food product [12]. The wrongful actions of the 
suppliers or entities outside the organizations may also 
affect trust of consumers in the brand [46]. In order to 
avoid this, the companies must have a bird’s eye view of 
the supply chain. The organizations with detailed 
information on supply chain are efficient in case of 
product failure and provide trustworthy information in 
short time to all stakeholders. 

VI. CONCLUSION 

Many researchers are currently working on blockchain 
based applications with focus on different aspects of 
supply chain. Although there are some companies that 
have launched pilot projects in the field of supply chain 
management, the details on these projects are not easily 
available in public domain. We conclude based on our 
study that the blockchain has characteristics that can be 
applied to enhance supply chain management and food 
traceability, however, it will require more time for pilot 
project to prove it. The stakeholders from the industry can 
be persuaded to adopt blockchain in their businesses with 
help of current research.  

We also conclude that the companies developing 
blockchain based solutions can take benefit from advances 
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in IoT technology and apply it for product tracking, 
processing and storage conditions. The blockchain based 
applications can prove to be a useful tool in detecting 
adulteration in food throughout supply chain. Blockchain 
based applications can also aid in identifying fraudulent 
food products claiming incorrect origins. We conclude 
that there is a need to develop standardized blockchain 
based frameworks that address a specific problem.  

For example, stakeholders can develop a blockchain 
application with one or more of the following features: 

1) An ability to handle large numbers of transactions  

2) 2. An ability eliminate intermediaries resulting in 

reduced overhead costs 

3) 3. A feature to detect fraudulent food products 

4) 4. A shared ERP system with shared processes, 

record keeping and on demand access to data. 

We conclude that the blockchain technology can play 
a vital role in food traceability. The stakeholders can trace 
a food product throughout the supply chain with 
applications developed using blockchain technology. The 
usage of blockchain technology also increase transparency 
and establishes trust among different stakeholders. The 
consumer accessibility of food product data from 
blockchain would allow companies to enhance their 
relationship with existing consumers and also attract new 
consumers. 

We observe that despite of the strength of blockchain 
technology in food traceability significant challenges still 
remain. One major challenge is regarding sensors used for 
automatic data capturing. So far we are highly dependent 
on RFID tags and barcode readers. The tempering with 
sensors responsible for data capturing can result in 
incorrect data being captured and stored at the blockchain. 
The blockchain by itself lacks mechanism for data 
authenticity.  We also conclude that currently it is not 
possible to determine overall cost of adopting blockchain 
technology over long term when compared with existing 
matured supply chain models. Lastly there is the issue 
about publically exposing data regarding food processing. 
Some food processing formula are included under trade 
secrets and considered intellectual properties. The 
governments need to put in place a well-balanced policy 
regarding sharing trade secrets to encourage businesses. 
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Abstract— An electric motor can be considered as the heart 

of an electric vehicle, especially for a pure electric vehicle, 

where it provides sufficient torque for it to move. So, it is very 

important that all the aspects related to the electric motor 

should be carefully designed and modelled. In the case of a 

pure electric vehicle, the motor losses are the major 

contributor among all other losses. So, it becomes inevitable to 

minimize those losses and extract maximum possible efficiency, 

in order to prominently reduce the energy consumption of the 

vehicle. In this paper, an overall optimized loss equation of an 

Induction motor is proposed. Modified Particle Swarm 

Optimization is applied to get the desired value of stator flux 

reference, electromagnetic torque, and operating speed such 

that the motor losses are minimum. These values can be 

employed as reference control signals to implement control 

strategies of a power train in an electric vehicle. The 

optimization is realistically validated by obtaining the required 

motor parameters that are commercially available from 

JMAG, in order to have good accuracy and reliability. 

Keywords— Electric vehicle, Particle Swarm Optimization, 

Induction Motor, JMAG, MATLAB 

I. INTRODUCTION 

In today’s modern world the existence of electric vehicle 
has become imperative and societally significant. The total 
number of electric vehicles in use have drastically increased 
from around 20 thousand to 7.2 million globally as shown in 
Fig.1 [1]. They provide a much better user experience of 
having a vehicle and can also be cost-effective, if properly  

978-1-6654-7886-1/22/$31.00 ©2022 IEEE 

designed and used. Another major reason of increased 
popularity of electric vehicle is the fact that it has much 
higher overall efficiency as compared to the existing Internal 
Combustion Engine (ICE) Vehicles [2]. Furthermore, a 
concept of zero-emission vehicles can be achieved, if the 
source of power supplied to electric vehicle is ensured from 
pollution-free renewable sources. All these multiple benefits 
prioritise the usage of electric vehicles. 

Despite having much higher overall efficiency as 
compared to the ICE vehicle, there remains a lot of scope for 
further improving the efficiency of an electric vehicle. In the 
case of a pure electric vehicle, the only driver of the vehicle 
is the electric motor. Despite the efficiency of an electric 
motor being considerably high i.e., around 80-90% 
depending upon type and operation of the motor [3], yet it is 
one of the major factors influencing the power losses which 
occur in a pure electric vehicle. 

Therefore, an attempt is made to optimize the motor 
operational power losses using JMAG as it can improve the 
overall efficiency of the vehicle. The JMAG gives the 
realistic values of motor parameters based on templates of 
practical motor manufacturers such that complete 
optimization process become realistic. However, the 
proposed optimized loss method can be applied to any type 
of electric motor available for the application in an electric 
vehicle. An Induction motor, which is most preferred and 
used motor is considered for this study. Table 1 shows 
specifications of Induction motor used in commercially 
available electric vehicles. 

 

 
Fig. 1 Increase in electric vehicle sales throughout world 
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TABLE I.  Some commercially available EV's employing Induction motor 

 

S. No. Model Name Rated Power 
Rated 

Torque 

1. Tesla Model 3 340 kW 320 N-m 

2. Tesla model S 310 kW 601 N-m 

3. Toyota Coaster 70 kW 202 N-m 

MATLAB and JMAG are used as software tools for this 
study. MATLAB is a well-known simulation tool that aids to 
create our objective function and provides platform for 
implementation of PSO algorithm through it. Whereas 
JMAG is the modern practical machine design tool through 
which we can completely design our own machine with 
different kinds of input and its variation. Further, various 
electrical machine characteristics can be realised through 
JMAG. As JMAG offers to provide the design of 
commercially available motor, the output from it act as 
inputs to the objective function thereby validating it. So, the 
input parameters required for the PSO based optimization 
approach are taken from the JMAG. 

 

Fig. 2. General Flowchart of Particle Swarm Optimization 

 
A three-variable optimization is carried out incorporating 

stator flux reference, electromagnetic torque and operational 
speed as variables. The algorithm which is considered for the 
optimization is the Modified Particle Swarm Optimization 
(MPSO). The PSO is a reliable algorithm that has been 
exhaustively and preferred for optimization-based approach. 

The result of the optimization not only minimizes the 
overall motor power losses but also gives us the reference 
value of the stator flux, which is very important and difficult 
to estimate conventionally, as in the case of indirect mode of 
vector control for the Induction motors. The obtained flux 
reference from the optimization can then be provided to the 
controller to generate the control signal for the motor which 

appropriately controls the motor as per the requirement. 
Therefore, the proposed minimised energy loss model gives 
us a new control strategy which leads to power optimization-
based control strategy of an Induction motor. However, 
novel control strategy does not fall under the scope in this 
paper. 

The other two variables considered for minimising the 
power loss are the electromagnetic torque and operating 
speed of the motor. The electromagnetic torque obtained 
from the optimization approach can further be used as the 
torque reference for the motor control such that the motor 
operational power losses are kept minimum. Since the 
operating speed also depends upon the supplied power 
frequency, the resultant third variable i.e., speed can also be 
used in determining the input power frequency required from 
the inverter. This helps to control the vehicle in the constant 
torque region of the motor operation. 

Therefore, the proposed optimized power loss model not 
only makes the motor power losses optimum, but also opens 
the door for introducing novel control strategies. The 
reference value of he considered input variables, can be used 
in controlling of the motor and the vehicle. 

II. METHODOLOGY 

As discussed above, MATLAB and JMAG are used as 
the software tools in this study. MATLAB is used as an 
optimization tool and the JMAG is used for obtaining the 
values of various practical parameters which are required for 
the optimization to run on MATLAB. 

A. Modelling the Objective Function 

The objective function is as shown in equation (1) [4-7] 
relates the various losses occurring inside a machine to the 
performance parameters of the motor. Though the author [4] 
has provided an objective function, the optimum value of 
the same during operation of the vehicle was not reported. 
However, in addition to the estimation of power loss, 
quantification of necessary control inputs / variables are also 
proposed.  
 

�(����� )�	
 = �(�)(��(���	��� ))2 + �(�)( ����(���	��� ))2 

                                                                                  -(1)                    

 

Where α and β are the coefficients and given as -  

 

                                   -(2) 

               

Where Rs , Ls, Lr ,Ri, λs and ωs are the stator resistance, 
stator inductance, rotor inductance, internal resistance of the 
machine, stator flux and stator angular frequency 
respectively. 
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The Te represents the electromagnetic torque developed 
by the machine. 
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Equations (3)-(5) represents the modelling components 
of objective function as represented in equation (1). ωsl 
represents the slip angular frequency of the Induction motor, 
ids and iqs represent the current values in the d-q reference 
frame. abc-dq transformations helps to eliminate the time 
varying nature of internal inductance that occur between the 
stator and the rotor. These values can be obtained by 
applying the Park and Clark transformations on the input 
line current i.e., Ia, Ib and Ic that are provided to the 
induction motor, along with the value of angle between the 
alpha-beta and d-q reference frame denoted as θ is used. 
The direct equation of transformation from abc to d-q 
reference frame as used in modelling is given below in the 
equation (6) and (7) [5]. 
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                               - (6) 
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3 ) − *+ �	
( , + 2/
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                     -(7) 

 

In addition to the objective function, there are several 
user-defined inputs that are required for the optimization 
approach to be applied. They are the stator resistance, rotor 
resistance, stator leakage inductance, rotor inductance, iron 
loss equivalent resistance, input line currents and boundary 
values of the variables. To ensure the correctness of 
optimized model, input parameter values have been acquired 
by designing the commercially available three phase 
induction motor in JMAG software. 

 

 

 

TABLE II Values of parameters used in Particle Swarm Optimization 

 
Parameters Values 

No. of variables 3 

The velocity coefficients c1 and c2 1.5 and 2.0 respectively 

The inertia of each particle 1 

No. of iteration 20,40 and 60 

No. of population 50,80 and 100 

Lower bound 
Obtained from JMAG for a 

particular motor design 

Upper bound 
Obtained from JMAG for a 

particular motor design 

Stopping criteria No. of iterations specified 

Objective function Equation (1) 

 

B. The JMAG Simulation Software 

JMAG is a high-performance electric machine design 
tool that is used by various original equipment manufacturers 
to design the machine as per their requirements [9]. JMAG’s 
development started in the early 1980s and it is based finite 
element analysis in the prospective machine. The JMAG 
design software can be used for comprehensive design 
involving 2-D and 3-D geometry of a machine. 

 

Fig. 3 Example of torque-speed characteristics obtained from JMAG 

 
The distinctive operating and performance parameters of 

electrical machine such as rated power, rated speed, rated 
torque etc. can be obtained from JMAG express section of 
the software. It also provides the equivalent circuit 
parameters of the machine such as primary and secondary 
leakage resistance and reactance, iron loss equivalent 
resistance, excitation susceptance and inductance. It also 
provides the parameters required for starting of the machine 
such as starting current, torque and impedances. The 
geometrical parameters such as diameter of rotor, machine 
etc. also can be obtained. Moreover, knowledge on materials 
and its physical properties can also be known. 
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Fig. 4 Example of efficiency vs speed plot obtained from JMAG 

 
The electrical performance of the designed electro-

magnetic machine can be obtained for varying machine 
inputs. There is also a provision to add new material by 
providing physical properties of that material such as 
permeability etc. This software also delivers different 
characteristics for the change in any input parameter. For 
example, the speed-torque characteristics of a motor for a 
rotor diameter of 35, 40 and 45 cm can be modelled and 
simulated. Therefore, we can optimize the input parameter to 
obtain the desired output through JMAG for an electric drive. 
It deduces the equivalent circuit parameters which enables us 
to combine practical and theoretical aspects of the machine 
design. There are predefined set templates of the popular 
machine manufacturers which can be directly imported and 
used. 

Therefore, JMAG is an extensive tool that can be used by 
both, experts and beginners, professional designers and 
academicians. It is very easy and user friendly to use and 
above all its accuracy and reliability makes it the right choice 
for usage. Furthermore, dependence of the exhaustive design 
data from the manufacturers for electrical machines is 
reduced. So, we have employed this software in our study 
and taken all the necessary inputs required for simulation. 
The results can also be validated with the optimized inputs 
provided from MATLAB.  

C. Particle Swarm Optimization 

A modified PSO is employed for optimizing the input 
parameters such as operating speed, flux in order to 
minimise the motor loss. The flowchart of the basic PSO 
algorithm [8] is shown below in Fig. 2. 

The value of the objective function is computed by the 
initialisation of velocity and position of particles or the 

variables to obtain global best. The velocity and position of 
particles get iterated as the iteration progress to reach 
convergence. The process terminates, when the local best 
fitness value or the objective function is equal to the global 
best fit value. 

III. COMPUTATIONAL ANALYSIS 

The following steps were followed for the computational 
analysis: - 

A. Methodology 

The input to the proposed optimised power loss motor 
model is acquired from JMAG. The characteristics of 
commercially available motor model having rated torque of 
35 N-m is shown in Figure 3. Various set of characteristics 
such as torque v/s speed and the efficiency v/s speed for 
change in the number of poles as obtained from JMAG are 
also illustrated in Figure 4. The upper and lower bound 
values of the variables required for the PSO code are also 
taken from the generated characteristics.  The efficiency v/s 
speed plot helps in determining the speed at which 
maximum efficiency can be obtained. 

After obtaining the required input data and 
characteristics from JMAG the objective function is 
optimized in MATLAB considering the equations (1) – (7) 
and the parameters incorporated as seen in Table.2. 

The MPSO (modified particle swarm optimization) 
provides the best fitness value of the objective value i.e. 
minimum value of motor power loss. When there is not 
significant improvement in the results of the optimization 
with different population and iteration the process is 
stopped, and the last best result is considered as the best 
optimized result as shown in table 3. The obtained result can 
be validated by considering the optimised outcomes 
generated by the JMAG. 

IV. RESULTS AND DISCUSSION  

The obtained results from the simulation for different 
cases are given in the Table 3. 

From Table 3, it can be observed that electromagnetic 
torque is increasing with the increase of efficiency. Whereas 
the operational speed and the stator flux reference values are 
decreasing when the efficiency is increasing. With increase 
in number of population, the value of objective function 
improves because the search space is increased.  

The resultant variables can be used to give the control 
signal in the control strategies as discussed in section 1. 
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TABLE III. Results of the simulation for different values of input parameters 

V. CONCLUSION AND FUTURE SCOPE 

In this paper, an optimized induction motor power loss 
model applicable to an electric vehicle is presented. The 
variables in our study were stator reference flux, 
electromagnetic torque and operational speed. The input 
parameters required for the optimization were taken from 
realistic machine design parameters obtained from JMAG, to 
ensure the accuracy and reliability of the data. 

The values of input particles or variables that are 
obtained from optimization can further be used to implement 
accurate control algorithm for a motor. The output stator flux 
reference value can be used as the control input in vector 
control of the machine during constant power region. 
Similarly, the optimised value of operational speed can be set 
as reference to control motor speed in the constant torque 
region, where the power supply frequency can be varied 
through inverter drive to achieve a given speed similar to the 
V/f control. The operational speed directly affects the 
frequency hence it can be used here to get the value of the 
required power supply frequency.  

Overall, this study not only optimizes the motor power 
losses but simultaneously provide a baseline for creation of 

novel control strategies. Implementation and modelling new 
control strategy will be the future scope of the work. 
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S. 

No. 

Input Power in 

kw 
No. of population No. of iteration 

Stator 

reference flux 

(λ
s
) 

Electromagnetic torque 

(T
e
) 

Synchronous Speed 

(ω
s
) 

Output Motor 

Power loss in 

kw 

Efficiency 

in % 

Motor 1 with P
in
= 50 kw 

1. 50 20 50 0.823 25.759 252.1372 8.242 83.522 

2. 50 40 80 0.818 26.436 250.654 8.156 83.688 

3. 50 60 100 0.798 27.165 249.425 8.087 83.826 

Motor 2 with P
in
= 100 kw 

4. 100 20 40 1.950 32.575 331.5057 27.453 72.554 

5. 100 40 80 1.786 33.984 329.954 27.245 72.758 

6. 100 60 100 1.781 34.256 327.426 26.994 73.000 

Motor 3 with P
in
= 7.5 kw 

7. 7.5 20 40 0.157 6.956 115.758 1.221 83.724 

8. 7.5 40 80 0.145 7.652 112.611 1.198 84.029 

9. 7.5 60 100 0.142 7.823 111.753 1.195 84.064 
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Abstract—The risk for developing a psychological disorder 

is amplified in children who have alcoholic parents. This study 

aims to determine the probability of development of a psychotic 

disorder by an adolescent with an alcoholic parent. Data was 

obtained using a questionnaire to record demographic variables 

such as Age, Gender, friendship and severe depression. Data 

was also obtained using the Children of Alcoholics Screening 

Tool and the General Health Questionnaire. Results indicate as 

significant increase in the development of a psychological 

disorder in adolescent. 

 

Keywords— Alcoholism, Psychological disorder, Risk 
 

 

I. INTRODUCTION  

Children with alcoholic parents are at an amplified risk for 
psychosocial problems [1]. An increased involvement in 
alcohol and drugs is one of the biggest problems [ 2, 3, 4, 5, 
6]. Exposure to alcohol abusing family members influence 
the development of problem behaviors in adolescents such as 
substance use, poor self-esteem in girls as compared to boys. 
[1]. Other problematic behavior among young adolescents 
from alcoholic families would include emotional difficulties 
such as low self-esteem [7] and behavioral problems like 
running away [4]; Low academic achievement and problems 
with school [ 6, 8]; and behavior problems such as lying, 
stealing, truancy, and physical aggression [ 5, 7]. Higher 
levels of depression and anxiety have also been reported as 
well as the use of mental health services [3, 9, 10]  
Early onset alcoholism appears to be a result of having a 
family history of drinking [11]. Individuals diagnosed with 
depression with a family history of alcoholism are at a greater 
risk of post-traumatic stress disorder and suicidal behavior 
[12]. Research reveals a link between disordered eating and 
depressive symptoms as a result of family history of alcohol 
use in women [13]. Adverse experiences during childhood 
with alcohol abusing parents results in depression among 
adult children who have had at least one alcoholic parent [14]. 
The density of alcoholism within a family was found to be 
related to psychiatric disorders and low academic and 

cognitive performance in children [15]. Adoption and twin 
studies have revealed an important role for the genetic 
influence in the progress of alcoholism in men [16]. 
Identification of specific genes and factors that contribute to 
the increase and decrease of alcoholism in people helps 
understand the mechanisms that lead to development of 
alcoholism [16]. 

Based on the review of literature, the aim of this study is 
to determine the likelihood of an adolescent developing a 
psychological disorder after being exposed to a parent who is 
an alcoholic. The PROBIT model was applied to the data 
which comprises of 97 adolescents. 

 

II. RESEARCH METHODOLOGY 

 
The Children of Alcoholics Screening Test (CAST) [17] was 
used to determine parental alcohol use. The CAST is a 30-
item questionnaire asking participants to report recollections 
of their parent(s)’ use of alcohol. This instrument has been 
used in numerous studies that address issues related to adult 
children of alcoholics. Scores ranging from 0–1 are 
interpreted as indicative of adults raised in homes without 
problematic parental drinking. Mid-range scores (2–5) are 
considered indicative of adults raised by at least one 
problematic drinker. A score of 5–6 suggests parental 
alcoholism. The test has been shown to be high reliable, with 
a Spearman-Brown reliability coefficient of .98 (Jones, 
1982).  

The General Health Questionnaire (GHQ)-28 is a 
screening tool used to detect a possible psychological 
disorder. The sample included 97 children with at least one 
parent who was an alcoholic. Demographic variables such as 
age, gender and whether they had friendships was also 
collected. 

III. ASSUMPTIONS OF THE STUDY 

 
Spector and Mazzeo [18] as an example, wanted to estimate 
the probability a student would succeed in an exam. Based on 
the example, Probabilistic PROBIT models were established 
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which are being used by authors to conduct calculations. For 
this study, PROBIT models were gathered by estimating the 
probabilities of a psychological disorder in adolescents after 
being exposed to alcoholic parents. Dependent variable Y is 
an alternative. The variable Y equals 1- if the adolescent 
develops a psychotic disorder, or the value of Y equals 0- if 
the adolescent does not develop a psychotic disorder. 
PROBIT models will be applied where the dependent takes 
values from interval <0,1> in order to determine the values 
lying between the two extremes. The variables are as follows: 
  

1. Parental alcohol consumption using the Children of 
Alcohol Screening Tool 

2. 2.Severe depression 
3. 3.Age of the adolescent, 
4. 4.Gender 
5. 5.Friendship- is a binary variable, where the value 

“0” = an adolescent does not have friends or “1” an 
adolescent has friends 

 

IV. THE ESTIMATION MODEL: 

 
For the purpose of this study: 
 
L= Likelihood Function 
β = Current estimation 
z = the regression coefficient divided by standard error 
 

                                            N 
In L (β0,β1,β2,β3,β4,β5) = ∑ [ GHQi In (F ( β0 

i=1 

 

+β1CASTi+ β2severe depressioni +β3Agei + β4Genderi + 

β5Frienshipi) + (1- GHQi) In (1- F ( β0 +β1CASTi+ β2severe 

depressioni +β3Agei + β4Genderi + β5Frienshipi)] 

 
And distribution function for the purpose of this study 

 
F( β0 +β1CASTi+ β2severe depressioni +β3Agei + β4Genderi 

+ β5Frienshipi ) = 
 

β0 +β1CASTi+ β2severe depressioni +β3Agei + β4Genderi + 
β5Frienshipi 

 

=  
�

√��
          � ∞          

���

	 � ��
 

 
 

To estimate the parameters of PROBIT model, STATA 
software was used. 
 
 
 
 
 
 

V. THE PROBIT MODEL 

 
TABLE 1 

Probit Regression 
 
 

Log Likelihood = -15.858021 

Number of obs = 97 

LR chi2 (5) = 99.76 

Prob> chi2 = 0.0000 

Pseudo R2 = 0.7588 

 
 
 

 
TABLE 2 

GHQ Estimate Std Err. Est Odd Ratio 

CAST 1.107123      .3161167     7.111442 *  

Severe 
depression 

.2621937       .1409454       1.570264         

Age   .3863118    .8289058       2.131028            

Gender   .0503419    .5167328      1.192675             

Friendship  -2.954184    1.839221     .0053672    
*Significance at 0.05 level 

 

The estimates for CAST are statistically significant with 
GHQ resulting in probability of an adolescent developing a 
psychological disorder when exposed to an alcoholic parent. 

 

VI. CONCLUSION 

 
The aim of this study was to analyze the probability of an 
adolescent developing a psychotic disorder after being 
exposed to an alcoholic parent. The PROBIT model was used 
and tried to confirm the hypothesis claiming that the 
probability of an adolescent developing a psychological 
disorder increased after being exposed to a parent who had an 
alcoholic problem. The adolescents age and gender had no 
significance to development of a psychological disorder. 
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Abstract: Nearly all nations imposed a lockdown in response to 

COVID 19 crisis with a total shutdown of industries and service 

sector. With sales at a standstill, revenue ground to a halt 

resulting in heavy loss to all sectors and industries. One way to 

reduce loss was to simultaneously limit costs. In this paper, we 

look at various ways and means of reducing cost for different 

industries. We also suggest some new means of achieving cost 

reduction for a wide variety of firms in different sectors.  

Keywords: COVID 19, Cost Reduction, Manufacturing and  

Services Sector, Cost Management, India 

I. INTRODUCTION 
The corona virus COVID 19 outbreak is the most significant 

world health crisis of our time and the biggest challenge the 

world has seen since the Second World War. Since its 

beginning in Asia in late 2019, the virus has moved to all parts 

of the world except Antarctica. The outbreak is far greater 

than a health crisis; it's also an unprecedented socio-economic 

crisis. Daily, people are being asked to go, without knowing 

when routine will return. No industry in India has been spared 

the negative effects of the crisis. During lockdown all 

industries were closed with uncertainty about re-opening. In 

such a situation, for most industries, businesses and service 

sectors, as revenue ceases it is imperative that cost is similarly 

restrained and managed. Also, as the economy slowly re-

opens, revenue will rise at a slow pace; it is important that 

cost is managed properly to reduce loss [1], [2], [3], [4]. 

It is assured that COVID 19 crisis will have a strong negative 

impact on all firms, some way or the other. Based on 

seriousness, a majority of them may experience substantial 

loss. Taking reactive measures in near term is reasonable. 

However, as the economic crisis of 2008 has revealed, 

companies that implemented sustainable cost management 

programs did much better than the competition. They actually 

turned out to be resilient and profitable champions. As of 

today, nobody can say with surety how the COVID 19 crisis 

will take shape. Forecasts from governments and other 

institutions change on a weekly basis adding to uncertainty 

[5], [6], [7], [8]. 

As issues surrounding the ongoing spread of COVID 19 

continue to rise, we see ourselves confined to our homes, 

uncertain of when this outbreak will pass. What will the crisis 

portend for those industries which have shut operations due 

to recent mandates and recommendations for full shutdowns? 

The situation which unfolds before us will likely not be a 

sprint but a marathon. While we are unable to make specific 

assertions about the future, knowledge acquired from around 

the world indicates that controlling COVID 19 is still a long 

way off. In the meantime, we can strive to defend our 

business and employees as much is possible [9], [10], [11]. 

II. THEORETICAL BACKGROUND 

Short term endeavours are geared towards organisational 

flexibility and revenue generation. Most firms have 

responded quickly after potential impact of the outbreak 

became evident and governments have taken robust counter 

measures. Firms began short term structural and liquidity 

measures like temporary or permanent workforce reduction 

and discretionary spend cuts. Similarly, forecasting and 

revenue management have moved into focus. Common short-

term measures to curb cost are reduction in overtime, unpaid 

forced leave and discretionary spending cut, amongst others 

[12], [13], [14]. 

Short term COVID 19 responses like liquidity assurance, 

furlough programs, supply chain continuity, and cost 

containment have been employed by firms. They should be 

periodically supervised and adjusted if required [15], [16]. 

However, these techniques will only stem the bleeding but 

not begin the healing. Leaders should realise that these short-

term ideas will not be sufficient. Instead, they should 

concentrate on addressing sustainable and structural 

measures. Firms which managed the 2008 economic crisis 

with organisational performance enhancement or even 

change management programmes did far better than those 

that stressed only on short term cost reduction [17], [18], [19]. 

To surmount the current COVID 19 crisis swiftly and react to 

the ‘new normal’ of reduced revenues in the short term, most 

organisations will need to employ fundamental structural 

performance enhancement programs. For these plans, 

management will first have to set a precise objective for the 

organisation in one to three years. This plan must not only 

encompass the given basic business strategy and operating 

framework, but also set revenue goals and profitability 

targets. Based on this objective in mind, the performance plan 

will employ techniques such as production footprint 

optimisation, overhead cost reduction and value sourcing, but 

also top line techniques such as novel pricing methods. A 

comprehensive governance framework will assure proper 

execution of such a strategic program [20], [21], [22]. 
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Taking the COVID 19 emergency as a reason for 

transformation, forward looking and strong organisations 

should also consider change management programs to modify 

business basics through merger and acquisition activities, 

portfolio optimisation and re-organisation. These change 

management actions must be in line with the structural 

performance enhancement program and be aimed towards the 

objective. To avoid that the urgent constantly overrules the 

important, this will need focused teams for the near-term cure 

and a sustainable structural answer. This way organisations 

will begin to feel the beneficial effects early and obtain a 

tactical improvement over their competition [23], [24], [25]. 

Manufacturing Sector 

Manufacturing features include factors such as specialised 

machinery, long lead times, maintenance requirements, 

skilled operators and workforce and production defects. A 

large number (more than 50%) of those in manufacturing area 

expect COVID 19 crisis to negatively affect their operations. 

During this time of economic slowdown and uncertainty, 

safeguarding workforce and consumer health is very 

important among governments and businesses. Factory 

shutdown (partial or full) may be required for manufacturers 

in some areas for a long time. For organisations of this type, 

this is a vital time to identify an early application of 

automation technology (industrial IoT, augmented or virtual 

reality, robotics, 3D printing) to reduce worker density in 

their processes as also reduce operational cost. 

Virtual reality (VR) and Augmented reality (AR). Virtual and 

Augmented reality (VR / AR) technology can be applied to 

virtualise the work area, enhancing both productivity and 

safety of workers at manufacturing location. By using VR / 

AR, organisations can teach new employees in a virtual 

situation without having the cost and risk of putting new hires 

into live environment. With VR / AR technology, firms can 

also increase staff productivity by displaying them product 

information in virtual environment in real time, aiding them 

to locate products faster, and allowing them to collaborate 

remotely. 

Robotics and automation. Sectors with mass production 

models may employ robotics to improve output and cut 

process variation, thus increasing product quality. 

Manufacturing robots are usually able to automate repetitive 

tasks, lessen margin of error, and allow human workers to 

concentrate on more productive areas of operation. 

Manufacturers may not need to fully modernise their 

infrastructure to employ robotics, as many start-ups can assist 

firms retrofit their current machines by adding new software 

and sensors. Manufacturers can also begin experimenting the 

technology from basic robotics such as substance handling 

robots. 

Rapid prototyping and 3D printing. 3D printing will reduce 

both time and cost for prototyping and manufacturing 

process. 

Operations monitoring and accident prevention. With the 

advent of computer vision technology, the sector has found 

large use cases in manufacturing area such as productivity 

monitoring, security and safety monitoring, quality assurance 

and object counting. Most of these tasks are still being 

performed manually; employing computer vision-based 

system will save manufacturers a large sum of money by 

cutting required labour, downtime, and poor-quality products 

or components. 

Predictive maintenance. Machine downtime affects 

manufacturers negatively for the overall problem it brings to 

the system from production to supply. To reduce machine 

downtime, it is best to be proactive by executing predictive 

maintenance measures. By employing machine learning 

focused computer acoustics and vision methods, start-ups can 

aid manufacturers obtain data from machines, analyse 

variations and locate possible problem areas before they 

actually occur. These predictive maintenance measures can 

be used for a wide variety of industrial assets across 

machines, robotics, vehicles and pipelines. 

Legacy system modernisation. Many organisations still work 

with outdated IT systems and do not use ample data that their 

facilities and machines produce daily. This is a clear area 

where manufacturers can save a large sum of money by 

adopting new technology from machine learning to artificial 

intelligence. Many start-ups offer basic platforms and tools to 

permit manufacturers to build machine learning and AI 

models, internal API tools, and new monitoring techniques 

without requiring a large developer team. 

Robotic process automation (RPA). Robotic process 

automation (RPA) relates to simple kind of activities. It 

primarily tackles physical tasks that don’t need 

understanding, knowledge, or insight; activities that can be 

done by instructing software to codifying rules. Cognitive 

automation strategies and RPA can push operational 

improvement and cost reduction in areas such as formulation, 

procurement, pricing and invoicing. 

Small Business Sector 

Cost reduction is a practical approach for businesses striving 

to weather the corona virus negative impact. Positive cash 

flow is very important to remaining solvent and when sales 

are down, reducing cost can aid organisations stay in the 

business. Strategically thinking businesses reduce 

unnecessary cost so they can retain market presence and be 

ready for the rebound. This is more so for the small 

businesses. 

Rent. Businesses that rent space for manufacturing, office and 

storage can request their landlord regarding payment 

deferment or temporarily cover expenses such as utilities. 

They may be ready to temporarily cut rent especially if a 

repayment plan is feasible and attractive. 

Loans. Small businesses should approach their credit unions, 

banks and other lenders for deferring payments. However, 

before delaying bills, it’s critical for businesses to know 
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important terms such as repayment date, deferment period, 

amended maturity date and interest rate. 

Bill deferment. Many lenders, banks, and utilities provide bill 

deferment for businesses negatively affected by corona virus 

crisis. Small businesses should approach them to qualify for 

forbearance. 

Credit cards. Small businesses can call card issuers for 

existing programs or negotiate new terms for payment 

deferment. 

Utilities. Firms can approach municipal, electric, gas and 

other utility service providers requesting to reduce or defer 

monthly bills. 

Service providers. Businesses must try to get same service for 

lower price from automated email platforms, internet service 

providers, marketing services and facility providers. 

Suppliers. Businesses can negotiate better pricing or lower 

fees with distributors, wholesalers, manufacturers and office 

supply companies. They can purchase refurbished, recycled 

or sparingly used supplies and equipment instead of buying 

new items. Businesses can actively ask for discount. 

Leased equipment. Businesses should be able to renegotiate 

payments or return unused leased equipment such as 

company vehicles. 

Software. Firms can verify their software budget to explore 

means to save money. Non-essential programs can be put on 

hold. Most SaaS platforms cost by the seat, hence firms can 

save money by reducing surplus seats. Organisations can 

explore open source, free alternatives for current software. 

Companies can try free trials to save money without losing 

access to critical software. 

Capital improvement projects. Proposed capital investment 

projects must be postponed or cancelled. Companies should 

renegotiate renewed terms with contractors. 

Nonessential spending. Firms must find ways to work as lean 

as necessary during COVID 19 crisis. This means cutting 

nonessential work and also reducing spending not relevant to 

operations. 

Energy cost. Energy efficiency will cut cost by switching to 

LED lighting and smart thermostat. 

Travel. Some companies still need people to make essential 

travel. Check whether same work can be achieved remotely. 

Reserve travel only for most critical work. Limiting travel 

will reduce travel related expense and also keep employees 

safe. 

Reduce pay. Most companies are making staff accept 

temporary pay cuts. 

Suspended benefit payments. Firms should think of 

temporarily stopping benefits such as overtime, allowances 

and membership fees. 

Part-time work or limited days. Firms can curtail staff hours 

or work on alternate days to reduce staff cost. 

Remote work. Firms whose staff is working remotely from 

home can save on utility, energy, office cleaning and other 

cost. 

Move sales online. Businesses should consider moving sales 

online thereby reducing marketing and overhead cost. 

Invest in affordable marketing. Email marketing and social 

media are effective and reasonable marketing strategies. 

Businesses must invest in marketing through these channels 

with value added and useful content. 

Promote with public relations. Businesses may get free 

publicity by offering sources for media members and 

journalists seeking insider insight on effect of crisis on 

industries and markets. 

Prioritise what works best. Businesses should consider 

marketing strategies that are working and focus on those 

areas. Badly performing campaigns must be suspended to 

improve efficiency. 

Seek cheaper options. Businesses must exercise frugality and 

find money saving ideas. 

Partner with other businesses. Businesses can work with other 

firms to lower marketing expenditure. Local businesses can 

join together to mail a coupon flyer or promotional postcard 

to each household in a target locality to receive a promotional 

spot at a small cost of individual mailing. 

III. RESEARCH QUESTION AND HYPOTHESIS 

In this paper we look at various ways to manage cost in a post 

COVID 19 era for firms in different industries. 

RQ1 We ask ourselves how have firms managed their cost 

during Coved especially in light of supply chain, demand 

disruption. On the one side, demand has increased while 

supply chain disruption has impacted cost negatively thereby 

affecting profitability. 

RQ2 We hypothesise that firms with better resilience and 

agility have managed their cost better in a Covid world. We 

examine the above questions by studying firms across sectors 

and industries for change in revenue, cost and impact on 

profitability. 

IV. METHODOLOGY 

Given that the current crisis is very recent (less than a year 

old) the methodology and framework that we follow in this 

paper is to mainly discuss with key persons in various 

industries and organisations, get their input and organise all 

information into a congruent whole setup. We have studied 

revenue and profitability for a sample of 229 Indian firms. We 

have used standard statistical techniques including regression 

analysis to perform our study. 

V. ANALYSIS 

Of the 229 firms under analysis, 150 are manufacturing firms 

while 79 firms belong to Service industry. All 229 firms 
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together cover more than fifty sectors ranging from 

Automobile to Banking, Information Technology to 

Consumer Goods, Pharmaceuticals to Telecom. We have 

examined and analysed change in revenue and profitability 

for these 229 firms from the financial year 2019-20 to 2020-

21. We expect our investigation to throw light on impact of 

Covid on change in revenue and profitability for these sample 

firms. 

VI. RESULTS 

As discussed earlier, some of the significant, useful and 

practical cost reduction measures and strategies adopted by 

Indian firms are putting salary hike on hold, reducing travel 

cost, cutting down on rent paid for premises, eliminating 

administration cost, easing up on various perks and facilities 

and moderating all non-essential cost. 

Of the 229 firms, two thirds (150) are manufacturing while 

one third (80) are service sector. Of the 150 firms in 

Manufacturing, 78 that is about half of the firms have 

declining sales, while the remaining half have had a positive 

sales growth; thus we see that contrary to expectations, a 

reasonable percentage (50%) of firms have actually increased 

their sales figure. This is equally true for services sector too. 

A surprising result is that irrespective of industry 

(manufacturing or service), half of the firms in our sample 

have posted positive sales growth even during Covid. So the 

impact of Covid has not been so negative after all. 

The next question is, yes, revenue may have risen but what 

about profitability? Further analysis shows that more than 

half the firms in both manufacturing as well as services 

industry posted profits. Thus we infer that regardless of Covid 

a sizeable percent of firms (more than half) have managed to 

remain profitable, which is commendable and is mostly the 

result of better cost and supply chain management. 

Going further, the next logical question is, yes, half of the 

firms have posted positive revenue growth as well as profits, 

but are the firms the same? We find very interesting results 

here: 38 firms that is 17% of the firms managed to remain 

profitable in spite of loss in revenue; on the contrary, 29 firms 

that is 13% of the firms could not make profits even after 

rising sales. We surmise that this could be due to resilience 

and agility (or a lack thereof). 

Table 1: Revenue and Profitability Analysis 

 Manufacturing Services Total 

Sample 150 79 229 

Declining 

Sales 

78 36 114 

Rising Sales 72 43 115 

Loss making 70 34 104 

Profitable 80 45 125  

 Manufacturing Services Total 

Declining 

Sales but 

Profitable 

26 12 38 

Rising Sales 

but Loss 

making 

19 10 29 

 

Figure 1: Change in Sales Revenue 

 

 

Figure 2: Change in Profitability 

 

VII. DISCUSSION AND CONCLUSION 

We have examined a few cost management measures in the 

light of corona virus in select industries in this paper. Though 

the paper does not assert to be comprehensive, we hope that 

these measures will aid and assist people in these and other 

industries to manage cost successfully and pass through the 

corona virus crisis without serious losses. 

From the above analysis we find that though most Indian 

firms have been negatively impacted by Covid (as is to be 

expected), there are a few firms which have actually gained 

in revenue and profitability. These are firms that exhibited 

resilience and agility in times of crisis. 

VIII. LIMITATIONS AND FUTURE SCOPE  

This study is limited to a sample of Indian firms and as such 

we may get different results if we widen our scope. Also, we 

may in future study more aspects such as change in assets, 

liabilities as well as cash flow. 
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Abstract — This paper presents a combined approach based on   

the Analytical Hierarchy Process(AHP) with criteria structured in 

blocks and objective weighting of criteria with Entropy for improving 

the methodology of Multi-Criteria Decision Making (MCDM) for 

selecting laptop computers. A structured approach allows optimizing 

the combination of professional experts' opinions and objectivity of 

data-driven entropy methods. The hybrid method is applied on a real 

dataset of 11 evaluation criteria and 12 alternatives from 4 major 

manufacturers of personal computers (PC) with a simulation 

reflecting the needs of individual users and small education 

organizations under conditions of COVID-19.  

Keywords —  multi-criteria decision making (MCDM), entropy, 

TOPSIS, AHP 

I. INTRODUCTION 

Since 2020 the social containment measures related to 
COVID-19 imposed serious changes in the traditional format of 
several   social activities. The necessity for the creation of 
decentralized working areas and mobile working places has to 
consider multiple factors such as technical performance, 
security, reliability, costs, security, and other factors. Multi-
Criteria Decision Making (MCDM) is a discipline in operations 
analysis and thanks to the development of computer hardware, 
software, and data science the support for the decision-making 
process becomes more accessible and effective in a larger 
number of areas [1-2]. Computer Science and Economics are 
areas with an important number of publications related to 
MCDM [3-4]. One of the most challenging tasks in laptop 
selection is the balanced aggregation of subjective perception 
for users’ needs with the abundant technical data [5-6]. The 
competition of PC manufacturers increases the need for  
facilitating the direct integration of users in the MCDM process. 

In previous studies was introduced an approach for 
structuring the subjectivity of experts with the Analytical 
Hierarchy Process (AHP) [7-9]. The systematization of 
evaluation criteria in blocks allows to frame and enhance the   
professional expertise of Decision Makers in their area of 
specialization and to combine it with an objective and   data-
driven approaches. Taking into account the complexity of 
modern computer technology this study combines the 
objectivity entropy with the AHP method and integrates them 
with  a popular assessment approach such as the Technique for 
Order of Preference by Similarity to Ideal Solution (TOPSIS) 
[10-12].  

This paper follows a step-by-step algorithm including all 
main steps in MDCM process - collection and systematization 
of raw data, subjective and objective criteria weighting, final 
evaluation, comparative analysis of results. The purpose of the 
methodological research and practical experiments is to improve 

the efficiency of AHP and the transparency of entropy and 
hierarchy approaches for providing flexible mechanisms 
applicable in MCDM  by a large number of users in the area of  
Information Technologies and other sectors. 

Assessing complexity and interactions in dynamical systems 
is a challenging process that requires logically defined methods, 
models, and algorithms. As a first step (Level-1), the primary 
data for parts “p” (relative weights of system elements or 
probabilities of events) are processed with some basic 
transformation function in terms of two alternative concepts: 
entropy “E(p)” as a representation of diversity and uncertainty, 
and, hierarchy “H(p)” – in the context of order and domination. 
As a second step (Level-2), the output results from Level-1 for 
all individual components are summed to obtain a cumulative 
value. To individualize the various indicators or models, we may 
use the first letter of the author's family name or the type of 
function: "SE" - for Shannon Entropy [13]; "HC" - for 
Herfindahl Concentration [14-16]. In symmetrical 
configurations, when the values of all elements’ weights or 

events’ probabilities are equal “�� = 1/�” (  ∑ �	 = � ∗ �
� =�	��

1) the entropy is maximal, while the concentration (hierarchy) 
is minimal. 

II. METHODOLOGY 
From a methodology point of view, the objective treating of 

raw data for defining the weights of criteria  can be achieved 
with two approaches based on  different  concepts: 1) Entropy - 
for measuring directly competition and uncertainty; 2) 
Concentration (Hierarchy) - for measuring  domination and 
certainty. Both these methods are essentially data-driven and the 
role of experts in them is related essentially with the selection of 
criteria and the list of alternatives, and the final decision making. 
This paper presents a comparison between the stand-alone 
objective method based on the traditional Shannon Entropy and 
a hybrid approach combining AHP with entropy for defining the 
weights of evaluation criteria. In our case study, the standard 
steps of the MCDM process have to be adapted for the selection 
of laptop computers and the specifics of the situation during the 
COVID-19 pandemics such as the unstable economic 
development, reduced incomes, needs for mobility in education, 
and office organization.  

A. Decision-makers,experts and users 

Step 1. The limited volume of this paper does not allow to 
explore the technical and organizational details of individual or 
group decisions, which are well discussed and developed in 
several publications [17-20]. For simplification purposes, this 
study presumes that the evaluation process is based on 
individual or already integrated group judgement. On this basis, 
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the MCDM selection in this study is performed from the point 
of view of 2 main groups of mass users who need laptop 
computers under conditions of COVID-19 for similar purposes: 
1) students and teachers for education  in  "distant learning" 
format; 2)  office employees for working in "home office" 
format. In both cases, the households, schools, universities, and 
companies are forced to invest unplanned financial resources to 
arrange additional working places that in addition should 
provide an adequate level of computing capacity in combination 
with flexibility, mobility, limited space and energy 
requirements. The traditional Shannon Entropy is a popular 
approach for measuring system complexity from the point of 
view of diversity and disorder. However, it has two major 
drawbacks: 1) on micro-level, its non-monotonic but hyperbolic 
and convex profile creates ambiguity in transforming primary 
data with overestimating small and underestimating big 
components; 2) on macro-level, it tends to produce unbalanced 
cumulative profiles for systems with a small and large number 
of elements; which are not in the universal dimensionless scale 
(0, 1). 

B. Evaluation criteria  

Step 2. The profiles of the users and their needs define the 
types of criteria to be used in the MCDM process. In this study 
11 criteria are retained to evaluate the most important technical 
and economical parameters related to the performance of laptops 
as shown  in Table I. 

TABLE I.  CRITERIA FOR LAPTOP SELECTION 

Criteria �  Modules & Parameters Type of criteria 

C1  CPU Speed (GHz) Benefit 

C2 CPU Cores (number)  Benefit 

C3 CPU Cache (MB) Benefit 

C4 RAM bandwidth (MHz) Benefit 

C5 RAM size (GB) Benefit 

C6 Solid State Disk space (GB)  Benefit 

C7 Display size (inches) Benefit 

C8 Battery work (hours)  Benefit 

C9 Battery capacity (Wh) Benefit 

C10 Weight Non-Benefit 

C11 Price (Euro) Non-Benefit 
 

All other important criteria such as guarantee period and 
payment terms are equal. To ensure maximum flexibility for 
users' preferences the Operating System and other software are 
not included in target configurations. Classification of "Benefit 
(Profit)" and "Non-Benefit (Cost)" criteria, depending on how 
they characterize the contribution or saving of resources. The 
optimization for Benefit (Profit) criteria is expressed in maximal 
values; for Non-Benefit (Cost) criteria - in minimal values. In 
our study, the set of 11 criteria are used in two scenarios: a) in 
the traditional approach regarding them as independent criteria; 
b) by dividing them logically  into groups for addressing the 
specific needs of individual users and small educational 
institutions for distance learning and home working under 
conditions of social containment related to COVID-19. 

C. Forming a representative set of target alternatives 

Step 3. Taking into account the needs of the users and the set 
of evaluation criteria the experiment in this study    includes a 
set of 12 laptop configurations proposed by 4 well established 
computer brands. To avoid brand preferences   the 
manufacturers’ names are masked as B1, B2, B3, and B4 and, 

there the alternatives are marked as A1(B1), A2 (B1), etc. All 
manufacturers are represented with low and middle class 
equipment in the cost range of 530-720 Euro reflecting publicly 
available market prices in the period October-November 2021 
in Bulgaria. 

D. Systematization  and normalization of raw data 

Step 4. The collection and preliminary normalization of 
primary data include the following steps:  

Step 4.1. Constructing of Basic Decision Matrix (BDM) 
comprising  "m"  target alternatives  �	  which  are evaluated 
with a set of "n"  criteria �  

����×� =  [�	�]�×� ; � = 1, …  �; � = 1, … , �    (1) 

The raw data for the 9 "Benefit" and 2 "Non-Benefit" criteria 
are displayed in Table II. As the different parameters are 
expressed in different units and scales, they have to be 
normalized into the dimensionless scale in the (0, 1) for being 
more suitable for further use and comparisons. 

Step 4.2. Calculating the proportions of  relative parts �	�  

for each value of  �	�  in  � and formation of  the Normalized 

Decision Matrix ��� = [�	�]�×�: 

�	� = �	�/ ∑ �	��	��  ,  (2) 

 ∑ �	� = 1�	��       (3) 

Step 4.3. Non-linear normalization of �	�  to obtain 

“normalized performance ratings �	�  “ in equation (3) and 

forming of Normalized  Performance  Matrix ( � � =
[�	�]�×�: 

�	� = �	�  / !∑ �	�"�	��  #$"
 (4)  

E. Entropy transformation of raw  data   

Step 5(SE). - Shannon Entropy transformation. 

Step 5.1. (SE). Individual entropy "se" for each component: 

%&	� =  −��	  . log,(�	�)              (5) 

Step 5.2. (SE). Nominal cumulative entropy SEnom, in our 
case for the data of different alternatives in each criterion: 

/0�1�� = ∑ %&� =  − ∑ �	�  .�	���	�� log"!�	�#   (6) 

Step 5.3. (SE). Maximal cumulative entropy "SEmax" for a 
set of "m" alternatives: 

/0�2�(�) =  − ∑ (1/� .  log"1/�) =  log" ��	     (7) 

Step 5.4. (SE). Normalized cumulative entropy: 

/0�1��� = &� = /0�1��//0�2�(�)     (8) 
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TABLE II.  BASIC DECISION MATRIX (BDM) 

# C1  C2  C3  C4 C5  C6  C7  C8  C9  C10  C11  
Type B B B B B B B B B N-B N-B 

Parameter CPU 
(GHz) 

CPU 
(cores) 

CPU 
(cache MB) 

RAM 
(Mz) 

RAM 
(GB) 

SSD 
(GB) 

Display 
(inches) 

Battery 
(work hours)  

Battery 
(Wh) 

Weight 
(kg) 

Price 
(Euro) 

A1B1 3.5 2 4 2133 16 256 15.6 8 41 1.74 538 
A2B1 3.6 4 6 2133 16 512 15.6 10 41 1.74 707 
A3B1 4.0 4 8 2133 16 512 15.6 10 41 1.69 666 

A4B2 4.1 2 6 2666 8 256 14.0 8 42 1.4 487 
A5B2 4.2 4 6 3200 8 512 15.6 8 42 1.8 671 
A6B2 4.3 8 8 3200 8 512 15.6 8 42 1.8 692 

A7B3 3.5 2 4 2133 12 256 15.6 6 36 1.9 487 
A8B3 4.0 4 4 2133 16 512 15.6 6 36 1.9 692 

A9B3 4.2 4 8 2400 12 512 14.0 10 48 1.7 717 

A10B4 3.4 2 4 2400 8 500 15.6 6 36 1.85 564 
A11B4 3.9 4 8 2400 8 500 15.6 6 36 1.85 717 
A12B4 4.0 4 8 2666 8 500 15.6 6 36 1.85 717 

 

Step 5.5. (SE). Definition of  "criteria weights in the 
variant of "real entropy weights �&3�”: 

�&3� = &� / ∑ &�)�	��   (9) 

Step 5.6. (SE). Defining "differed entropy 4� " and   

"differed entropy  weights 4&3�”: 

4� = 1 −  &�  (10) 

4&3� = 4�/ ∑ 4� = !1 − &�# / ∑ (1 − &�)�	���	��     (11) 

The results of Steps 5.1-6 are displayed in Table III. 
Step 6. (SE): Calculation of “normalized weighted values 

(ratios) “5" with real weights (�	� . �&73� =  �5	�)  and with 

differed weighs ( �	� . 4&73� =  45	�)  for  constructing the 

Normalized Weighted Matrices (�8�): 

�8�(9)� : � = [�	� . �&73�] � : � =  [�5	�]� : � (12.1) 

�8�(�)� : � = [�	� . 4&73�]� : � =  [45	�]� : � (12.2)  

F. Real and differed weights in entropy  

The more balanced distribution of weights in "real entropy 
weights “rew" reflects the true state of very active competition 
between the manufacturers of laptops for proposing well-

balanced configurations at attractive prices. From this point of 
view, the data-driven "real entropy" approach is more logical 
than the simplistic allocation of equal weights for all criteria.  
The "differed entropy" produces important perturbation of 
weights: 51.8% of the genuine information is expropriated 
from the majority of key criteria for being concentrated in only 
2 criteria - "CPU core numbers" (33%) and RAM size 
(18.8%). In fact, such treatments enhance the importance of 
criteria with the lowest levels of nominal and normalized 
entropy -  in other words, for the criteria with less active 
competition. Unfortunately, most discriminated are the 
parameters with a key role in the system and with the most 
aggressive competition among suppliers.  

In our case, these losers in the variant with “dew” are CPU 
speed (1.1%), RAM speed (4,3%), Display size (0.3%), and 
Price (3,8%). The transformation of the original "real entropy 
weights rew" into artificial objectivity with "differed entropy 
weights dew" can produce substantial distortion of results. 
DMs and experts should consider what is the real content in 
the "differed entropy criteria weights", and how to ensure the 
objectivity of MCDM process. The DMs, experts, and 
scholars are not in a position to create, produce or invent 
objective information using simplistic arithmetic operations. 
Criteria should not be neglected even if they have a high level 
of entropy, except in the case when all alternatives have equal 
parameter values. The role of normalization should not be 
underestimated, since its different formats contribute to the 
perturbation of results in the different evaluation techniques.  

TABLE III.  ENTROPY TRANSFORMATION  

# C1  C2  C3  C4 C5  C6  C7  C8  C9  C10  C11  
A1B1 0.280 0.203 0.228 0.272 0.309 0.210 0.302 0.258 0.22 0.312 0.253 

…            
A12B4 0,304 0,314 0,347 0,311 0,240 0,320 0,302 0,258 0,277 0,307 0,320 

SEnom 3,581 3,459 3,527 3,568 3,514 3,536 3,584 3,556 3,579 3,581 3,571 
SEmax 3,585 3,585 3,585 3,585 3,585 3,585 3,585 3,585 3,585 3,585 3,585 

SEnorm=e< 0,9988 0,9650 0,9837 0,9954 0,9801 0,9864 0,9997 0,9918 0,9982 0,9989 0,9960 

=>?@A 0,092 0,089 0,090 0,091 0,090 0,091 0,092 0,091 0,092 0,092 0,091 

4�=1-&� 0,0012 0,0350 0,0163 0,0046 0,0199 0,0136 0,0003 0,0082 0,0018 0,0011 0,0040 

BCDEF 0,011 0,330 0,154 0,043 0,188 0,129 0,003 0,077 0,017 0,011 0,038 

 

III. SUBJECTIVE CRITERIA WEIGHTING: CLASSICAL AHP  & 

AHP IN BLOCKS 

One of the most popular approaches to defining criteria 
weights is AHP and this is because it provides a transparent 
structure which includes intuitive understanding and 
accessible tools for quantification of preferences in 
comparisons between criteria. In the conventional AHP 
approach (without any grouping of criteria in blocks) such 

preference judgements are expressed under the form of 
exhaustive pair-comparisons for all criteria. In our approach, 
the grouping of criteria in blocks reduces substantially the 
number of pair-comparisons and allows to frame the 
subjective opinions of experts in the areas of their professional 
competence [21]. Eliminating completely the opinions of 
experts cannot be a legitimate aim, as they are expected to 
reflect the professional knowledge about the MCDM problem 
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and to adapt it to users' needs. The conventional AHP is a 
convenient option for cases with a limited number of criteria, 
alternatives, and experts. However, its application in 
situations with numerous experts and criteria produces an 
exponential increase of computing efforts and inconsistencies 
between pair-comparisons.  To solve this problem, it is 
proposed to group the evaluation criteria in logically 
structured blocks or groups while the calculation of the 
hierarchy importance of blocks is defined on the same 

principles as the standard AHP pair-comparisons whose total 
number is defined as n(n-1)/2: 

As shown in Table IV, the grouping of 11 criteria in 4 
blocks reduces the number of comparisons made by one DM 
more than 9 times (from 55 to 6, or 55/6=9.17), representing 
an important quantitative and qualitative improvement of the 
MCDM process. 

TABLE IV.  NUMBER OF CRITERIA/BLOCKS AND PAIRS OF HIERARCHY COMPARISONS IN AHP 

Number of criteria or blocks “n” 2 3 4 5 9 10 11 20 

Comparisons for 1 DM: n(n-1)/2 1 3 6 10 36 45 55 190 

Comparisons for 2 DMs: 2n(n-1)/2 2 6 12 20 72 90 110 380 

Comparisons for 4 DMs: 4n(n-1)/2 4 12 24 40 144 180 220 760 

Legend: DM – Decision Maker 

TABLE V.  SYSTEMATIZTION OF EVALUATION CRITERIA IN BLOCKS 

Computing capacity Memory Usability Cost 

CPU 
(GHz)  

CPU 
(cores) 

CPU 
(cache)  

RAM 
(GB) 

RAM 
(Mz)  

SSD  
(GB)  

Display 
(inches)  

Battery 
(hours) 

Battery 
(Wh) 

Weight 
(kg) 

Price 
Euro 

C1  C2  C3  C4 C5  C6  C7  C8  C9  C10  C11  

TABLE VI.  CRITERIA WEIGHTING IN  BLOCKS WITH  AHP: HIERARCHY REFERENCE MATRIX (HPM) 

# Computing Memory  Usability  Price G∏ ℎ�JK��L
  

Block weights (bw)  

Computing 1 1 3 2 1.565 0.355 

Memory 1 1 3 2 1.565 0.355 

Usability 1/3 1/3 1 2 0.687 0.156 

Price 1/2 1/2 1/2 1 0.595 0.135 

Consistency 0.8%    4.411 1 

TABLE VII.  HYBRID DEFINITION OF CRITERIA WEIGHTS: SUBJECTIVE AHP(BLOCKS) WITH OBJECTIVE  ENTROPY 

Blocks  
Weights (bw) 

Computing 
0.355 

Memory 
0.355 

Usability 
0.156 

Coats 
0.135 

 C1  C2  C3  C4 C5  C6  C7  C8  C9  C10  C11  

rew 0,1202 0,1162 0,1184 0,1192 0,1174 0,1182 0,0390 0,0387 0,0390 0,0390 0,135 
dew 0,0081 0,2367 0,1100 0,0428 0,1851 0,1269 0,0043 0,1117 0,0240 0,0157 0,1348 

Legend: rew - real entropy weights; dew- differed entropy weights. 

 

The laptop parameters can be structured in blocks or 
groups in several ways. For demonstration purposes, the 11 
criteria from the basic dataset of this study (Tables I and II) 
are split into 4 blocks:  "Computing capacity", "Memory 
space", "Usability", and "Costs", as shown in Table V. 

The logical structuring of criteria in blocks allows to fully 
exploit other important advantages of AHP: a) to model 
flexibly experts’ opinions by adjusting the hierarchy 
preference values "hp" according to users’ preferences; b) to 
monitor the consistency of the matrix HPM for avoiding 
controversies in subjective judgements about the importance 
of criteria. Theoretically, the procedure of "block grouping" 
can be performed at one or several levels, taking into account 
that usually more empiric data may be available for some 
alternative aspects.  For example, technical criteria may be 
divided into several sub-blocks -  for hardware components, 
this could be CPU, RAM memory, disk storage, and where 
each sub-block can handle a reasonable number of key 
parameters. The importance of the blocks and their weights 
are defined according to the classical AHP approach - the 
calculations are performed in a traditional Hierarchy 
Preference Matrix (HPM): 

ℎ�3KK = M∏ ℎ�KKNK��
O / ∑ M∏ ℎ�KKNK��

ONK��            (13) 

 where & = 1, … , P.;  

∑ ℎ�3KK = 1NK��   (14) 

For simulation purposes, the values of the hierarchy 
preferences for the pair-comparisons are defined by the author 
of this paper as shown in Table VI. An indication of the 
possibilities of the AHP-block method and the quality of its 
application in this research is the very low value of 
Consistency Ratio (0,8%), while the maximal reference value 
for acceptance is 10%. Based on the results of the block 
systematization, the weights of criteria are calculated 
objectively in the variants of   "real entropy weights (rew)" 
and "differed entropy weights (dew)” as shown in  Table VII. 
According to the AHP(blocks) weights "bw" each block is 
allocated some "quota" of importance. The blocks which 
contain only one criterion do not participate in entropy 
transformation as their importance is already defined. 

Thanks to the preliminary systematization of criteria in 
blocks the objective weighting with the entropy method is 
framed on the level of each block and the redistribution of 
weights does not affect the criteria from other blocks. 
Logically, this approach allows reducing the drastic 
reallocation of weights in the variant of "differed entropy". In 
other words, the preliminary AHP systematization of criteria 
in blocks frames the distribution of information about 
preferences on the level of each block. At block level the 
"differed entropy" still provokes perturbations and produces 
two "differed leaders" among criteria:  C3 (CPU cores) - 
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0.2367; and C5 (RAM GB) - 0.1851. Their gains are limited 
within the respective blocks (“Computing” and “Memory”), 
while the weights of the other two blocks (Accessibility and 
Security) remain intact. Such a combined approach has 
several advantages compared to the conventional AHP and the 
stand-alone  Entropy methods: 

- experts' judgements and entropy analysis are integrated 
into a combination of professionalism and objectivity; 

- criteria from one block do not compete with criteria from 
other blocks; 

- increased accessibility of the MCDM process, which is 
important for mass users under the conditions of COVID-19; 

- the perturbations due to "differed entropy" are limited in 
scale and within the fixed weights of respective blocks. 

IV.  MDCM EVALUATION AND RANKING IN TOPSIS  

In the Technique for Order of Preference by Similarity to 
Ideal Solution (TOPSIS) evaluation technique [22-23], the 
evaluations and rankings of alternatives are based on 
comparing their minimal and maximal Euclidean distances 
from the respective positive and negative ideal solutions.   

A. TOPSIS evaluation algorithm  

Step 7. Evaluation and ranking of results. 

Step 7.1.  Identification of TOPSIS "Assessment Value 
best rating"  (25�Q) and the "Assessment Value worst rating" 

(25�$)  for all target alternatives in all criteria on the basis of 

normalized weighted values (25	�Q)  defined  in Step 6 in the 

algorithm for entropy transformation 

Step 7.2.  Calculation of  TOPSIS Euclidian distances  

(&4) for each  alternative  as worst and best Separation 

Measures /�	$ and best /�	Q  in each criterion “Cj”: 

/�	$ = R∑ !25	� − 25	�$#"�	�� S$"       (14) 

/�	Q = !∑ (a5	�Q − av	�)"�	�� #$"
        (15)  

Step 7.3. Similarity value of ideal worst solution "/�	∗": 

/5	∗ = /�	$/(/�	Q + /�	$)                (16)  

STEP 8.  Ranking the results for "/�	∗" from the point of 
view of  optimization for maximal values. TOPSIS is a very 
logical and structured method, but in some situations its 
Euclidean logic can produce  assessments values with higher 
spreads of extreme values (“Max-Min”) and, respectively, 
lower levels of entropy. As a result, by enhancing the 
advantages of leaders and the disadvantages of losers it tends 
to present a view with a relatively lower competition among 
competitors. To mitigate this effect in applied research cases 
TOPSIS may be used in combination with other methods 
containing different assessment logics (MOORA, SAW, 
WPM, etc.). 

B. Assessments and rankings in TOPSIS 

After the procedures of data collection and normalization 
the assessment of the target alternatives (A1...A12) is 
performed with TOPSIS in 4 variants: "stand-alone real 
entropy", "stand-alone differed entropy", combined 
"AHP(blocks) & Real entropy", and combined "AHP(blocks) 
& Differed entropy" as displayed in Table VIII. 

In the variant of stand-alone entropy, the results for real 
and differed entropy are least correlated. This perturbation is 
due to the unlimited redistribution of information when the 
criteria are considered to be independent from the point of 
view their functionality. In the “hybrid variant” the behavior 
of the differed entropy is brought to a more normal reality 
which confirms that the proposed hybrid approach is well 
designed and produces consistent results with different criteria 
weighting methods in TOPSIS.  

TABLE VIII.  TOP-10 COMPANIES IN THE SEMICONDUCTOR COMPONENTS MARKET (1993-2020) 

Metods# A1B1  A2B1 A3B1 A4B2 A5B2 A6B2 A7B3 A8B3  A9B3 A10B4 A11B4 A12B4 
AHP(blocks) & SErew 9 4 23 12 8 1 11 6 3 10 7 5 

SErew 9 4 2 12 5 1 10 6 3 11 8 7 
AHP(blocks) & SEdew 9 3 2 11 8 1 12 4 5 10 6 7 

SEdew 9 3 2 11 8 1 12 5 4 10 6 7 

Legend: rew - real entropy weights; dew- differed entropy weights; AHP - Anarchy Hierarchy Process\ SE - Shannon Entropy.  

TABLE IX.  FINAL  EVALUATION VALUES 

# AHP & SErew  SErew  AHP & SEdew SEdew 

A1B1 0,283 0,298 0,200 0,259 
A2B1 0,480 0,503 0,405 0,450 
A3B1 0,524 0,538 0,422 0,462 
A4B2 0,184 0,206 0,110 0,151 
A5B2 0,431 0,435 0,342 0,350 
A6B2 0,715 0,695 0,785 0,740 
A7B3 0,215 0,236 0,093 0,119 
A8B3 0,443 0,418 0,387 0,422 
A9B3 0,492 0,523 0,391 0,417 

A10B4 0,238 0,231 0,116 0,153 
A11B4 0,442 0,417 0,361 0,357 
A12B4 0,443 0,417 0,361 0,357 

Max 0,715 0,695 0,785 0,740 
Min 0,184 0,206 0,093 0,119 

Max-Min 0,531 0,489 0,693 0,621 
Mean Arith. 0,408 0,410 0,331 0,353 
Legend: rew - real entropy weights; dew- differed entropy weights; AHP - Anarchy 

Hierarchy Process\ SE - Shannon Entropy. 

The practically identical results based on “real entropy 
weights rew” for the top 4 ranking results (A6>A3>A9>A2) 
can be considered as more reliable than the results based on 
“differed entropy weights dew”.  

C. Assessments and rankings in TOPSIS 

In a more enhanced approach the final results are 
compared on the basis of the values of Alternative 
Assessments “AAi” and their main descriptive statistics - 
maximal, minimal, spread (Max-Min), and arithmetic 
average. The results of assessments values and their 
descriptive statistics are presented in Table IX. 

The hybrid approach of "AHP(blocks) & Entropy " in the 
variant of real weights “rew” produces assessment values 
with larger spread values (Max-Min) than the traditional 
stand-alone Entropy. In other words, the combined application 
of the logically structured professional expertise in 
AHP(blocks) with the data-driven objectivity in the Entropy 
method can produce more reliable and balanced results which 
at the same time are very consistent in terms of numeric values 
and ranking results. The consistency of the assessment values 
in the variants with real entropy weights is confirmed by their 
practically identical mean arithmetic values. From this point 
of view, the behavior of the same statistics in the variants with 
differed entropy weights “dew” is very different. The 
maximal, minimal and spread values (Max-Min) produced in 
the variant of differed entropy weights “dew” higher than in 
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the variant with real entropy weights “rew”. The possibility 
for potential perturbation of information is reflected by the 
larger spreads values (Max-Min) and by the lower values of 
arithmetic averages of the evaluation results. 

The results of Spearman correlation analysis between the 
different variants of criteria weighting presented in Table X 
confirm, in our view, the advantages of the proposed hybrid 
approach based on the AHP(blocks) approach and its 
application with real weights defined with the entropy 
methods. The lowest similarity of results based on the   stand-
alone entropy for in the variants of “rew” and “dew” confirm 
that the treatments of data should be performed with care and 
consideration of their impact of the MCDM process since 
even limited deviations in the assessment values may create 
an uncertainty in the MCDM process. 

TABLE X.  CORRELATION OF RANTING AND ASSESMENT VALUES  

Correlation Pairs Spearman Correlation 

Results Rankings Assessment Values  

Rew (AHP-SE & SE) 0,944 0,990 
Dew (AHP-SE to SE) 0,993 0,993 

Hybrid AHP & SE  (rew & dew) 0,944 0,981 
Stand-alone SE (rew & dew)  0,923 0,964 

Legend: rew - real entropy weights; dew- differed entropy weights; AHP - Anarchy 
Hierarchy Process\ SE - Shannon Entropy. 

CONCLUSIONS AND FUTURE RESEARCH  

This paper presented specific considerations concerning 
the improvement of  the MCDM process. The systematization 
of criteria in logically structured blocks with the AHP method 
improve the framing of professional experts' opinions and 
allow to optimize the usage of computational, human and time 
resource. The analysis of the role of real and differed entropy 
confirmed the advantages of the research based on real 
parameters. The methodological findings were applied in a 
case-study for selecting laptops. Thanks to the flexibility of 
the combined "AHP-block & Shannon Entropy" approach the 
original data-set was rearranged and adapted for reflecting the 
needs and preferences of individual users and small 
organizations in the field of distance learning and home 
working under the conditions of COVID-19. 

Future work will include further improvement and 
comparative testing of the combined "AHP(bocks) & 
Entropy" approach with other  weigthing methods and 
evaluations techniques. Regarding the aspect of objectivity, it 
also is possible to explore the weighting of evaluation criteria 
in the context of concentration and hierarchy as a supplement 
to the traditional entropy approach. 
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    Abstract: There are no two opinions on the prediction that 

work as we know it today will change dramatically in the 

upcoming years. Technology is progressing at tremendous 

pace, and this will change not only the nature of work but also 

how people around the world live and work. The future has 

already arrived in the developed Western countries, and it is a 

matter of time before it hit the Indian shores. India is still in the 

3G phase, and its urban centers are on the cusp of embracing 

4G. However, the dual economy of India is composed of the 

unorganized sector as well. In fact, the unorganized sector is 

close to 90% of the Indian industry. This mostly migrant labor 

needs to be upskilled for the new type of jobs that will emanate 

from the new technologies. The old hazardous jobs like that in 

the construction sector or the low productivity jobs in the 

agricultural sector will give way to the new methods. While the 

urban centers will try to catch up with the Western developed 

countries with platform economy emerging in India, the vast 

rural economy and the unorganized sector will be a big 

challenge for the country. The government will not only have to 

protect the welfare of labor, but also focus on reskilling and 

upskilling a large part of this migrant labor force. The young 

and educated will have tremendous opportunities but they will 

also have to juggle between multiple jobs and perform tasks 

more than a full job as we know it today. So, we need to prepare 

ourselves from now on in order to be ready when the future  

arrives. 

 

Keywords: Technology, Future of Work, Economy, Labor, 

India, Education.  

INTRODUCTION 

Let us first try to define what is meant by ‘Future of Work’. 

While there are many definitions and many explanations, let 

us take a definition produced by Deloitte, which seems to 

be quite contemporary and adequate in capturing the present 

as well as the impending future. It goes like this: ‘The 

growing adoption of artificial intelligence in the workplace, 

and the expansion of the workforce to include both on- and 

off-balance-sheet talent’. There is no doubt in anybody’s 

mind that the current changes taking place in technology, 

socio-economic and cultural life and other associated 

aspects of our everyday life, will most definitely usher in a 

very impactful change in the way we work – and much 

faster than what we think or anticipate. The changes are 

being accelerated, according to International Labor Office 

(ILO) in their ‘Literature Review on the Future of Work’, 

by the following five factors: Job creation and destruction, 

quality of jobs, social protection, wage and income 

inequalities, social dialogue  

 

 

 

and industrial relations. The structure of the jobs will 

change in such a way that mundane physical work may be 

completely taken over by machines while human beings 

will be required to do work requiring social, emotional and 

more cognitive skills like logical reasoning and creativity. 

Gig work will increase tremendously and will become a 

significant portion of the economy. This will lead to more 

and more of household income inequalities and altogether 

new models of work will emerge. So, upskilling and 

reskilling of the workforce will become important while 

emphasis will be on continuous learning. The key will be to 

build a robust organizational culture. 

In an event of youth members, from across the world, held 

in Panama in June 2018 (Callegari, Augustina), it was found 

that there were some aspects, except of course Education, 

that the youth of the world is concerned about. This is 

primarily because the opportunities available across the 

spectrum are highly unequal. The Institutions, 

organizations and the Government, according to the youth, 

must take the following steps: Boosting digital skills by 

scaling initiatives, Develop skills that endure for life, 

Developing capacity for critical thinking rather than 

memorizing, Building capacities in rural communities, and 

Quality education. 

978-1-6654-7886-1/22/$31.00 ©2022 IEEE 
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LITERATURE REVIEW 

 

 

Work/Technology 2050: Scenarios and Actions is a 

report on a three-year international study. 30 national 

workshops were organized in 29 countries. Hundreds of 

futurists and other related experts from 50 countries 

assessed the actions that resulted from these workshops. 

All the actions generated were then grouped in to 93 main 

action points. A massive project called The Millennium 

Project was derived from this study and they then came 

out with three scenarios. The core problem of jobless 

growth needs to be addressed and this remained the core 

issue of this project. The scenarios drawn are for 2050 

with some intermediate time periods considered. 

Scenario 1 is complicated and is sort of mixed results. 

This will be a multi-polar world with irregular 

absorption of technology and corporations becoming 

very powerful and controlling a lot of our lives. 

Government will be there but still there will be very high 

unemployment in this virtual world. 

Scenario 2 is of political, social and economic turmoil, a 

future of despair, as they describe it. Unemployment will 

explode in 2030 leading to all round turmoil in 2050. 

Governments will underestimate the impact of modern 

technology including that of artificial intelligence 

leading to social polarization with mega corporations 

and governments on the one side and local militias, 

terrorists and organized crime on the other side. 

Scenario 3 is that of a Self-Actualization economy, 

where humans are really free. In this scenario, the 

governments have been able to understand and act on the 

impacts and changes that modern technology is going to 

usher in. The governments have accordingly drawn out 

effective long-term strategies on universal basic income 

systems and has also successfully promoted self-

employment. The other stakeholders of modern society 

like media, artists etc. would have brought in cultural 

changes which fruitfully encouraged the formation of a 

self-actualization economy instead of dependence on 

employment. 

In an article (Grijpink, Ferry, et al; Reliably connecting 

the workforce of the future, which is now; April 14, 

2021) the authors talk about how the present set of 

devices are inadequate to handle the work and the 

workforce of the future. This article is a joint research 

effort by McKinsey’s Technology, Media & 

Telecommunications (TMT), Internet of Things and 

Advanced Electronics practices along with the 

McKinsey Center for Advanced Connectivity, based in 

USA and Europe (Amsterdam). According to them, 

cellular-enabled mobile computing devices will become 

the norm as more and more workers will work from 

home with enhanced requirement of networking with 

people all around the globe. The devices are improving 

at a very fast pace. The total cost of ownership also is 

expected to come down considerably within a short span 

of time. Alongside that, the total cost of migration for the 

enterprise will also come down – and the benefits of the 

new devices and the new system will far outweigh the 

costs. 

Another article (Lund, Susan; Madgavkar, Anu, et al; 

The future of work after COVID-19, February 18, 2021) 

takes a close look at how the world of work will change 

after this pandemic is over. The article has been written 

by partners in McKinsey Global Institute and by 

members of its various offices in USA and Europe 

(London and Paris). There is no doubt that post-

pandemic changes in the way people work is a certainty. 

Much more digitization, much more work from home, 

flexible workspaces are only a few. There will, first of 

all, be a major change in the composition of industries 

per se. For example, business travel will come down 

considerably while tourism may not get affected that 

much. This will have implications for the airline industry. 

Work requiring physical proximity will get affected first 

with automation and AI taking over fast. Jobs requiring 

higher set of skills will grow whereas jobs requiring low 

skills will get eliminated. This is true of most countries 

around the world as the research has been carried out in 

several countries – developed as well as developing. So, 

governments will have to take steps to upskill and reskill 

a large percentage of the workforce engaged in low-

skilled jobs right now. 

MIT SMR-Deloitte carried out a survey on the future of 

the workforce (Altman, Lizabeth J. et al; Workforce 

Ecosystems: A new strategic approach to the future of 

work; April 13, 2021). They have defined the future 

workforce in the following manner: ‘We define a 

workforce ecosystem as a structure focused on value 

creation for an organization that consists of 

complementarities and interdependencies. This structure 

encompasses actors, from within the organization and 

beyond, working to pursue both individual and 

collective goals’. The survey finds that the definition of 

the workforce is changing. The managers do not 

consider only their employees as their workforce. They 

consider their external workers also as part of their 

workforce. These external workers maybe the 

contractors or any other service providers, the app 

developers, and the gig workers etc. So, workforce 

management is getting complicated and calls for an 

overall integrated approach. The external workers are 

now increasingly doing more quantum of work. 

Moreover, they are doing more important work as well. 

As a result of all this the response of the workforce and 

their relationship with the corporate entity is also 

changing very fast. So, organizational culture will play 

a very important role in the management of the future 
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workforce. 

EMERGING JOB PROFILES 

 
The emerging job profiles are what is being termed as 

‘hybrid’ jobs and ‘super’ jobs. Hybrid jobs are a 

combination of technical and analytical skills with soft 

skills. These jobs cannot be automated at this point in 

time and are high in demand with consequent high pay. 

Super jobs take this concept a little further and integrates 

productivity gains and efficiencies with hybrid jobs. 

These jobs are mostly done by professionals who uses 

smart machines, data, and algorithms to get even better 

results. The focus here is on mastering multiple areas so 

that the focus remains on problem-solving across the 

business or any other activity. Many other skill sets also 

become important – creativity, imagination, curiosity, 

social and emotional intelligence etc. So, an integrative-

disciplinary curricula becomes very important. The 

subject-wise departmental silos will have to give way to 

collaborative integrated learning. Then only will the 

students become multi-skilled problem solvers. 

Realizing this, what is happening now is that students 

are not just restricting themselves to the curricula of the 

educational institutes and their degrees. They are 

continuously upgrading themselves with some 

certificate or the other where they are learning 

comparatively short-term modules in areas that are likely 

to be in demand in the near future. The students believe 

that educational institutes as well as businesses are 

responsible to train and skill them enough to make them 

future ready. The students surveyed in India seemed to 

be more positive in outlook than those in the developed 

countries. The students in India believe that new 

technology will not only augment their jobs, but also 

generate more diverse jobs in the economy. Industry also 

will be enthusiastic in collaborating with educational 

institutions and other organizations in their effort to 

prepare the faculty and particularly, the students. 

Deloitte gives an example of NASSCOM (National 

Association of Software and Service Companies – which 

is the trade association of Indian Information 

Technology and Business Process Outsourcing 

Companies). They have developed a program called 

Futureskills where they focus on more than 150 skills 

encompassing more than 70 roles in emerging 

technologies such as artificial intelligence, cloud 

computing, blockchain, big data analytics, cyber 

security and robotics etc. So, a concerted effort is 

required from all concerned to address this issue of the 

changing nature of work, if we are to tackle this 

challenge effectively and comprehensively. 

 

 

 

 

FUTURE WITH 5G 

 
It may not be impertinent here to discuss what the 

developed world is thinking now about the future of 

work and what the trends are kind of predicting about 

the imminent changes that are going to influence and 

take over our lives, especially our work lives. Center for 

The Future of Work, a department of Cognizant, has 

collated a vast array of thoughts on this area with 

reference to USA or the developed world. The primary 

focus of this project report is the technological changes 

that are going to impact and may forever change the way 

we think about and go about our work. This will impact 

not only our work and the way we work or the way our 

organizations work, but also the everyday lives of all 

individuals in this world, sooner or later. The center has 

the following to say about the phenomenon of 

continuously morphing nature of work: “Though the 

future of work will always be in the future, the future of 

your work has never been closer. The rise of robots, 

machine intelligence, distributed ledgers, quantum 

physics, gig labor, the unexaggerated death of privacy, a 

world eaten alive by software – all these trends point to 

a new world that’s shaping up quite differently from 

anything we have ever seen, or worked in, before”. 

 
Organizations and workers are changing as they realize 

that their performance is not about individual excellence 

but more about collective collaboration. The traditional 

hierarchical system is giving way to what is now called 

‘wirearchies’, which are nothing, but dynamic networks 

connected to different nodes through the platforms of the 

modern technology. So, the future of organizations will 

be a combination of hierarchies as well as ‘wirearchies’. 

This will require skills which are also a combination of 

technology and analytical skills with that of a high dose 

of soft skills. Moreover, jobs will get replaced by tasks. 

The repetitive parts of the job will be automated and the 

composition of the tasks to be performed by the workers 

will be of a higher level. The jobs will also become much 

more fluid – meaning, it will no longer be time bound. 

Jobs will be coming to us at all times of the day and night 

and there will be no fixed hours of work like the present-

day factories or offices. RPAs or robotic personal 

assistants will become the order of the day. Ownership 

is already losing its appeal. Younger workers will find it 

more beneficial to invest their money in experiences 

rather than in buying fixed assets which does not add 

much value to their lives. So, instead of owning a car, 

they will rent it whenever required. 

As a consequence of all these developments, it is 

important that the control of robots or intelligence 

machines remain with human beings. We need to 

monitor that from the design stage itself, the intelligent 

machines understand human values and ethics and takes 

their decisions accordingly. The future gadgets will all 
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be voice- activated, and we will soon be using 

appliances which will not have any screens and will be 

touchless. Much more data and information will be 

generated and will be available to us at much higher 

speeds. One set of data will interact with another set of 

data and will not only be comprehensive but will give 

much more clarity for easier and robust decision making. 

This will also create tremendous number of jobs of the 

newer variety. New platforms are also emerging which 

works on the principle of low-to-no code. So, functional 

professionals will also be able to develop apps which 

will make the silos disappear and make work much more 

transparent and simpler to understand. Cyber security 

will become extremely important and will not only 

become a major profession but will also generate lots of 

jobs in the new economy. 

 

 

COMPUTATION POWER OF THE FUTURE 

 
Breaking the frontier of speed is also what is expected 

soon. Exascale computing is going to be 1000 times 

faster than today’s petascale machines – breaking the 

quintillion threshold which is a billion billion 

instructions per second. Also, hopefully, scientists will 

be able to understand how our brain works. Added to this 

is the advent of 5G which will be transmit data 100 times 

faster than 4G. Fusing 5G with artificial intelligence will 

scale up Internet of Things in an unprecedented manner 

and in unimaginable ways. The business side of all these 

developments, mainly in the area of machine language, 

already has many benefits like drastic cutting down of 

costs or easier decision making. Supply chains will 

become much more responsive and faster and will 

deliver immense value to the organization. On the 

general front, things like face recognition etc. will 

become a reality. So, the discussion is about artificial 

general intelligence or AGI – which is of course far off 

in the horizon. Decentralized platforms will enable one-

to-one communications and transactions which will 

eliminate the middleman and has the potential to 

minimize the role of government and businesses as well. 

So, software will have to be of a completely different 

quality and coding will be replaced by integration and 

maintenance of large complex systems. What will be 

required are functional specialists with deep knowledge 

of their domains and not generalists. 

The long scientific theory of quantum computing as 

opposed to binary computing, is emerging fast. What it 

will achieve is, at this point, beyond the realm of our 

imagination. Edge analytics will take over from cloud 

and this will give rise to geo distributed machine 

learning (GDML). Companies will be able to process 

data generated at geographically dispersed locations 

simultaneously and the speed of streaming will be even 

faster by a wide margin. At the same time, the first phase 

of internet is coming to an end. 

Now it is the splinternet with three major powers – 

namely, USA, Europe, and China – wants to control the 

internet. This because the control of the internet will be 

the key to win this technology led round of the second 

phase of the internet. The governments will be back in 

the drivers’ seat and a failure to reach a global agreement 

may not be very beneficial for the world at large. The 

gadgets and appliances will “know” everything about us 

and will provide a solution that is what we exactly need 

and want. In the computer world, containerization will 

replace hardware and computing costs will be reduced 

drastically. In the business world, creative mavericks 

focused on innovation will be in demand. There will be 

no need to conform to any particular idea. 

For workers, the work from home component will 

definitely increase, but one is not sure whether 

collaborative work is productive enough in the work 

from home ambience. Similarly, downtown is seen as 

thriving places of work instead of the suburbs. In the 

bigger cities of West, derelict industrial areas are now 

being reclaimed and are being rebuilt into posh working 

places, residences, and places to just chill for the 

younger generation. Information Technology was 

considered support function to the overall business. 

Now, IT is the business and there is a tremendous 

amount of interest and demand in it. 

Along with all this, comes the question of “deepfakes”. 

Many a times we do not know whether something is 

true, real or is it just a fake. Virtual Reality (VR) will 

also redefine our belief systems in reality and the all-

pervasive digital world may want us to yearn for an 

escape. Surveillance capitalism will have its backlash 

and people will want their privacy back. Soon, 

technology will be imbedded in us, in our minds and in 

our bodily upgrades – what is now being called cyborgs. 

So, the definition of a human being may also change 

altogether. In the office space or elsewhere, simple and 

clear communication will be able to cut through the 

clutter and hence will be able to help the organization to 

focus. Speaking our minds will be valued. 

NATURE & COMPOSITION OF WORK IN THE 

FUTURE 

 

The time will come when people will look forward to 

office or to work itself. This is because of the simple 

realization that what makes us human is work. The 

experiences will be really valued, and people will get 

better experiences using these modern technologies. 

There will also be a lot of career choices and people will 

have multiple careers – continuous upgradation of skills 

will be the norm. Business will start valuing recycling 

and will undertake sustainable business practices and 

many green business initiatives. 3D printing made 

available with individuals will change the way we go Page 365
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about our lives. The circular economy will ensure an 

environment free of waste. This will be both – a 

technological as well as a cultural change. The cost 

saving and value added will be understood by one and 

all, including big businesses. The information/data 

business is going digital and part of it will be 

free. However, organizations and institutions will have 

to pay far more if they want specialized content. At this 

point in time subscription services have been able to 

revive the information business. 

People will start living longer, but with higher living 

costs. This raises the question of affordability to which 

the answer seems to be gig work. Already a very high 

percentage of the population is involved in gig work – 

across many countries, though the reasons may be 

different. Women participation in the workforce will be 

equal to men and will be equally remunerative. The 

workplace has to be more than just diverse – it has to be 

inclusive and give everybody a sense of belonging. Each 

one will be secure in their belief that they are worthwhile 

contributors to the organization and are hence a valued 

member of the organization. As is well known, the 

prediction is that data is the new oil and that there is 

every likelihood that east will regain its supremacy over 

the West in the near future. 

 

 

SOME MORE PREDICTIONS FOR THE FUTURE 

 

According to ILO, 4IR is composed of various 

technological developments like advanced robotics, 

machine learning, artificial intelligence, cloud 

computing, autonomous transport, and cloud computing 

among other things. They are of the opinion that these 

technologies will change the nature of work 

completely. The production processes, business 

models, and service delivery mechanisms are going to 

change completely. Technology has always changed 

very fast. However, the prediction is, that this time the 

speed of change will be much faster than what we have 

witnessed so far. Consequently, as it usually happens, 

some jobs will be lost while some jobs will be created 

new. However, what needs to be kept in mind is that 

India is still only in the beginning of 4IR. So, even if the 

potential for change is high, the real change or the 

adaptation of technology in the India context may not be 

that fast. This is because the adaptation of technological 

changes is dependent on a lot of factors including the 

political, cultural and socio-economic environment of 

the country. However, it is still expected that these 

technological innovations and consequent changes will 

have some profound implications for India primarily 

because this time around, the technological changes are 

going to be spread all over the country. This high 

penetration of the new technologies will be markedly 

different from 3IR which was sort of localized at only a 

few urban centers. 

In the developed countries, there will be a ‘hollowing 

out’ of some kind of jobs. These are of course jobs which 

require low to middle level skills. Also, these are jobs 

which can be easily automated. So, a ‘bank tellers’ job 

may go, but the financial advisor’s job will grow in 

numbers and importance. In the Indian context, since 

more than 80% of the work and workers are in the 

informal or unorganized sectors, this is not a major 

threat. This is because these jobs are mainly in the 

organized sector which employs only 10-15 percent of 

the workers. However, the upward mobility of workers 

in the unorganized sector will get reduced. Earlier, the 

migrant workers and other similar segments would 

aspire to these low to middle skilled jobs in the organized 

sector. Now, this option will get minimized in scope. 

This also has ramifications for the skilling of the 

workers. The skilling opportunities to be given to the 

workers in the informal sector now must be specifically 

guided towards the kind of jobs that 4IR will generate. 

This brings in the role of education. Unless a worker is 

educated in the basics, he will find it very difficult to 

work in the technology-oriented jobs that 4IR will 

generate. Ultimately, the opportunities will be in the 

manufacturing and service sectors of the economy – and 

that too, only in small segments of these industries. 

Service sector will continue to grow in India and there 

will be job opportunities in sectors like financial and 

legal services. So, the organized sector, with the rise in 

4IR implementation, will not have too much scope of 

upward mobility for the migrant workers. So, education, 

training, and skilling of workers must be specifically 

targeted towards the industries and jobs that are going to 

be generated by 4IR. 

 

 

THE FUTURE OF WORK IN INDIA 

 

 
India faces a big dichotomy at least as far as work and 

overall development of the economy is concerned. The 

dual economy or even multiple fragmented economies 

that are being discussed now has created a dilemma for 

the country. This is because while one part of the 

economy, the large urban centers primarily driven by 

technology and professionals, and the rest of the country 

which is in varied levels of development, are worlds apart 

in their attitudes and expectations. Overall, India is in the 

initial stages of the Third Industrial Revolution (3IR) 

while the urban centers are busy thinking about 

implementation of the Fourth Industrial Revolution 

(4IR). The urban agglomerations are deeply aware of the 

developments in the developed countries of the world 

and wishes to catch up with them in the not-so-distant 

future. This gap between the reality and where the 

country intends to go, is creating dissonance and driving 
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fissures within the society. It will not be possible to 

bridge this gap overnight. 

The solution is to take cognizance of the fact that 

different strata of the society will continue to be in 

different levels of development for quite some time to 

come. The policies must be structured in such a way so 

as to hasten the process of growth and development 

across the economic divide and allow all levels of the 

population to grow and prosper at their own speed. For 

a large and diversified country like India, this will not be 

easy. This is because a comparatively small section of 

the society will be able to derive all the benefits of 

growth and development while the other section will still 

be struggling to emerge out of the shadows of a 

subsistence economy. The key here will be to usher in 

technological advances in all sectors of the economy. 

This also needs to be done judiciously as technology 

has to be utilized for better productivity and should not 

become a substitute of manual jobs. While percolation 

of advanced technology across the various segments of 

society is inevitable and a matter of time, it needs to be 

guided in a way such that it does not increase the gaps 

further – instead utilization of technology to bridge the 

current gaps should be the objective. While the 

developed countries are now discussing the Fifth 

Industrial Revolution (5IR) and the advent and usage of 

the ‘platform economy’, India needs to harness all its 

resources to fully implement 3IR across the country and 

encourage the comparatively well-developed urban 

centers to go ahead with 4IR. 

 

 

PREDICTION FOR INDIA 

 
It is predicted that India is going to take the leading role 

in the ‘platform economy’. This has its pros and cons. 

The worker will have more opportunities in the platform 

economy, but simultaneously he must be technically 

sound and educated and also must possess soft skills as 

well as entrepreneurial skills. Now, the worker may have 

to work in multiple jobs which is of course not new to 

him as he has been in the gig economy for quite some 

time. The worker now has to be prepared for working 

multiple shifts or jobs. Moreover, organized industries 

will now start preferring contractual labor to permanent 

labor because the obligation and costs incurred in 

employing contractual labor is much less. 

So, in the platform economy, job security will come 

down further, but the opportunity to get into the 

mainstream especially for the migrant worker is high. As 

seen in India, the scope of augmenting the income will 

become higher, but skilling for middle or high-level 

skilled jobs will become a requirement. Moreover, the 

worker may have to work multiple jobs and hence the 

work pressure and time pressure on him will go up 

considerably. As a result of all this, workers may try and 

shift towards entrepreneurship and self-employment 

may become a preferred mode of occupation for them. 

However, those workers, who has the social and 

financial capital and has the required skills, only will 

succeed in entrepreneurship. 

At the same time, we must remember that technology 

and technological developments has the power to divide 

as well. The digital divide today with internet 

penetration at only 35% so far, may become very well 

entrenched in the social and work environment of India. 

The prediction of a time frame regarding the complete 

absorption of 4IR practices in the work scenario of India, 

is difficult at this point in time. We need to get many 

things right before we can even think of such a scenario. 

Till such time, the divisions will remain in the socio-

economic and work life of India. 

One such domain is the participation of women. Only 

30% of the women workforce is digitally savvy. On top 

of this, participation of women in the workforce is 

steadily declining over the last few years. This is because 

women face many challenges in the workplaces of India. 

The social support of working women is steadily waning 

with the result that women in many cases are 

withdrawing from the workforce, even if they do not 

want to do so. This is a good opportunity for the country 

to encourage women to become technology savvy and 

then to take up technology- oriented jobs which should 

be available even in the comparatively smaller towns of 

India. These jobs are relatively safe and socially 

acceptable for women by their families. Women, on a 

large scale, then can engage themselves even in the 

technology or automated jobs which are middle level 

skilled jobs. This is already seen in the apparels and 

textile, software and other similar industries in India 

where participation of women is very high. This way, 

through the maximum spread of education and proper 

skilling/training, not only gender but, other barriers of 

society can also be brought down in course of time. 

BALANCING ACT FOR INDIA 

 
In the short run in India, large scale displacement of labor 

is unlikely. However, opportunities for upward mobility 

of labor, i.e., probability of securing decent jobs are also 

not very high. The emerging segments of new job 

profiles like data analytics or big data, cloud computing, 

and cyber security etc. requires high degree of education 

and matching skill sets. This, obviously, is out of bounds 

for the low skilled migrant labor, but are highly suitable 

and apt opportunities for young, educated people. A 

particular segment of the educational system, especially 

technical and business management segments, will do 

well to align their systems and processes in this 

direction. This then will happen in a comparatively 

easier fashion given the experience of India as a major 

software supplier to the world. ILO (2018), in its report, 
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has the following warning to give: “The political and 

social consequences of having a workforce that is young 

and aspirational but unable to move across the fissures 

that separate the informal from the formal, urban from 

the rural, manual from the mechanized, and high-caste 

from low-caste work, are likely to be serious”. 

What seems inevitable is that contractual work is going 

to increase. We can already see that happening in the 

Indian economy. Self-employment will also increase 

proportionately, and so will multiple jobs. The trend is 

clear – but what this means for us is that the government 

needs to protect the workers more. The experts are of the 

opinion that with platform economy arriving, this should 

not be a very difficult job. This is not about employer 

versus employee or the bargaining power of the 

traditional trade unions. This is about social protection 

of the marginalized, yet productive arm of the economy 

and more specifically, the industry. It is the common 

good that we are pursuing, and it will hardly have any 

negative impact on the Indian industries competitiveness 

in terms of costs or anything else. In fact, in the long run, 

it is going to be of benefit to the industry, manufacturing 

or service, as well. Recently, Bill Gates suggested that 

robots should be taxed. This is a good idea where the 

industry will be encouraged to accept full responsibility 

of their workers. This money can also be used to upskill 

the workers who have the capacity and are willing to 

migrate to better jobs after their skilling or training is 

over. The skills imparted need not only be technical or 

oriented towards manufacturing. In fact, the service 

industry will require workers with high level digital, or 

humanistic or interpersonal skills as well. Technology 

can be used to spread and impart relevant skills to the 

younger workers who has considerable working life 

ahead of them. 

In terms of technology as well, one must keep in mind that 

all technologies are not necessarily 

 
relevant or useful in the Indian context. Technology 

trajectories can be created where, on one side, it directly 

benefits the low skilled workers, while on the other side, 

allows innovation and implementation of high-tech 

products and solutions. For example, the factories of 

automobile companies may be fully automated, or 

research can be guided towards space science or 

technology. At the same time, we need technology to be 

used in the hazardous tasks in the construction industry 

or in the agricultural jobs where it will help us to 

increase productivity of labor. So, overall, this is 

interesting times as also uncertain times for a lot of us. 

A lot will depend on the speed with which we are able 

to assimilate and adapt to the new technologies and are 

able to use them to our benefit. 

 

 

WAY FORWARD FOR EDUCATION 

 
In April 2019, Deloitte conducted a Deans Summit in 

India. In this summit, Deans, Directors and Principals of 

63 top tier educational institutions participated. The 

topic was the future of work in India. Deloitte also 

conducted a survey at the same time on 900 alumni 

members and almost 3000 current students of the same 

institutions. 42% of the employees believed that 

technology is going to change the nature of work in the 

next five to ten years. The educational institutes need to 

ramp up and reorganize in order to produce the multi-

skilled workforce of tomorrow. The lab sessions 

confirmed that India is in a unique position as it has a 

pool of young talent, and the economy is all set to 

transform itself with the technological changes taking 

place. Simultaneously, gig economy is growing, and 

hence multi-skilling is necessary for the future 

workforce. The skills in demand will be related to the 

jobs connected with the technological changes which 

are expected to take place in India also very soon. 

Artificial Intelligence (AI) and automation is already 

changing the nature of work and it is expected that 65% 

of the four million jobs currently in IT and ITES industry 

is likely to change. 

For students and the educational institutes, it is time to 

realize that domain knowledge and technical skills are 

not sufficient anymore. Soft skills which cannot be 

substituted by AI or other forms of technology needs to 

be learnt. Skills which will be in demand will be critical 

thinking, negotiation, problem solving, and ethical 

judgement with an entrepreneurial mindset. So, multi-

skilling becomes very important for the future of the 

workforce. For the educational institutions, curricula 

and teaching methods need to be changed – they must 

create and offer integrative-disciplinary courses in order 

to prepare their students for the future, primarily future 

job market. Preparing students for the present job market 

will not be enough anymore. At the same time, the 

educational institutes and the industry needs to come 

much closer and work in a collaborative fashion such 

that the institutes understand the requirements of the 

industry much better. For all this to happen effectively, 

proper Faculty Development Programs need to be put in 

place; the faculty as well as the students need to be 

convinced of the concept of life-long learning – simply 

because the technology is expected to change at a rapid 

pace thus accelerating the rate of change of future work 

as well. 

 

 

CONCLUSION 

 
The future of jobs is going to be considerably impacted 

by the impending changes being brought about by 

technology. The Western developed world is much 

ahead of us in this aspect. They will be able to harness 
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the useful part of this technological changes and will be 

ready when it happens. In fact, they have already started 

their preparations for 5G and are drawing up strategies 

on how to cope with this phenomenon which is going to 

change our lives and the way we work drastically. India 

is far behind this as we are still in the 3G domain. 

However, it does not matter so much as to where we 

stand now and here. What matters is our preparation – 

whether we are able to anticipate the impending changes 

and then how do we use it to our advantage. India will 

have to, first of all, realize that both, the changes and the 

speed of change, is going to affect everybody in this 

planet. We have to solve our problems through the use 

of technology to a large extent. India has a dual economy 

and hence many kinds of jobs like in the IT and ITES 

sector will be generated in due course of time. The 

country will soon get in to the 4G economy and 

correspondingly, the nature of jobs will change 

considerably. The existing jobs will be there, but the 

repetitive parts of the jobs will get automated. So, the 

nature of jobs will also change with modern technology. 

Tasks will become more important rather than whole 

jobs that we understand today, and gig work will become 

commonplace. The workforce of the country will have to 

be trained and skilled accordingly. India is hamstrung 

because it has a dual economy. The large urban centers 

will keep pace with the world in terms of technological 

development while the rest of the country will still lag 

behind. We have to prepare this unorganized sector 

primarily to cope with the loss of jobs and must have a 

plan in place to upskill and reskill them. India must also 

find a way to optimally balance out this phenomenon of 

dual economy in order to make further progress. The 

educational institutions also need to bring in major 

changes in order to prepare their students for the 

unprecedented changes that technology is about to usher 

in. The education system should also be able to create 

opportunities for workers in the unorganized sector in 

terms of skill-based education so that they are easily 

absorbed and utilized productively in the new 

technological age. 
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Abstract—The paper discusses the performance of different 

machine learning models and a deep learning model in 

forecasting annual Gross Domestic Product (GDP) per capita 

(PPP) data of 33 OECD countries using past year variables. It 

focuses on creating a universal forecasting model. For the 

analysis, the paper uses cross-country panel data consisting of 

262 time-series variables with annual periodicity, including 

various growth, development, health, energy, finance, and 

social indicators and their lag terms for five years. The paper 

shows that the Artificial Deep Neural Network performed the 

best among the considered machine learning and deep learning 

models, followed by Gradient Boosted Regressor, whereas 

Ridge Regressor performed the worst. This paper gives insight 

into the application of machine learning and deep learning in 

forecasting GDP per capita. It shows how the further 

improvement of these computational methods and data 

availability would improve the forecast accuracy and precision. 

Keywords— Time Series, GDP per capita (PPP), Machine 

Learning, Deep Neural Network, Forecasting 

I. INTRODUCTION 

The Gross Domestic Product (GDP) of a country is the 
one most dominant indicator to measure a country's 
economy. GDP is the total value of all finished goods and 
services produced within a country's border over a specific 
period of time.  GDP per capita tells us how much of the 
economic output of the country could be attributed to the 
individuals of the country. In contrast, GDP per capita (PPP) 
tells us about the standard of living of individuals in the 
country. The ability to forecast GDP accurately is crucial. 
The effective forecast gives policymakers information about 
the current economic system because there is a lag in the 
publication of key variables, and it also helps them 
understand how the economy is moving, which helps them 
formulate effective government policies. It is also crucial for 
monetary policymaking as well as monetary policies are set 
with reference to expected growth. Further, It helps the 
private sector to predict the expected demand based on the 
forecast and plan their operating activities, investments, 
hiring, and supply chains as per the requirement. 

Various works of literature have focused on different 
methods for forecasting GDP data. Initial literature used 
basic Autoregression (AR), Vector Autoregression (VAR), 
and Autoregressive Integrated Moving Average (ARIMA) 
statistical models for forecasting. With time works of 
literature started using more complex models like Chow–Lin 
related series technique (Abeysinghe & Rajaguru, 2004), 
automatic leading indicator model (Camba‐Mendez et al., 
2001), alternative factor models (Schumacher & Breitung, 
2008), and Bridge models (Baffigi et al., 2004) for 
forecasting. Pieces of literature have also focused on the use 
of alternate datasets for this purpose, like the use of business 

tendency surveys data for forecasting short-term GDP 
growth for Sweden (Hansson et al., 2005). 

In this paper, we have used various advanced machine 
learning models and deep learning models to forecast the 
annual GDP per capita (PPP) using past years' GDP and 
other time-series data of 33 Organization for Economic Co-
operation and Development (OECD) countries. We have 
used cross-country panel data consisting of considered 
OECD countries and their 262 time-series variables with 
annual periodicity and five lag terms for each of the variables 
from 1996 to 2017. Organization for Economic Co-operation 
and Development (OECD) is an intergovernmental economic 
organization with 37 member countries working towards 
promoting economic growth, prosperity, and sustainable 
development. It was founded in 1961 to stimulate economic 
progress and world trade. Members of OECD are generally 
high-income economies with a very high Human 
Development Index (HDI). OECD is currently using the 
NIGEM global model and short-term indicator models for 
the GDP forecast. They are considering domestic 
expenditure, employment, wages, prices, output gaps, 
foreign trade, and balance of payment as key variables.  

The use of machine learning models and deep learning 
models is not a new thing in economics. It has been used a 
lot for forecasting various economic parameters like U.S. 
real house price index (Plakandaras et al., 2015), inflation in 
the U.S (Medeiros et al., 2019), crude oil price (Zhao et al., 
2017), and demand estimations for firms (Bajari et al., 2015). 
In our context for forecasting GDP using machine learning 
models, (Tkacz 2001) has used neural networks to forecast 
Canada's GDP growth. Our analysis adds to these works of 
literature and tries to analyze the forecasting capabilities of 
advanced machine learning and deep learning models. 

Fig. 1. GDP per capita (PPP) for the considered OECD countries over the 
year 
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a.
 Source: World Bank Open Data Initiative 

II. DATA AND METHODOLOGY 

A. Data 

In this paper, we are using cross-country panel data with 
262 time-series variables and their lag terms for five years 
for 33 OECD countries gathered from the open data initiative 
of the world data bank for the period of 1996 to 2017. These 
variables include various growth, trade, development, health, 
energy, financial and social indicators for the considered 
countries. We focus on finding internal relationships from 
underlying data and making a universal forecasting model. In 
the creation of the dataset, we have merged the data of all 
OECD group countries except Poland, Latvia, Lithuania, and 
Ireland due to the sparsity of data points for many considered 
variables. We are not forecasting the data for the years 2008 
and 2009 because most of our considered countries were 
suffering due to the global financial crisis, which originated 
from financial markets in the U.S. Our considered models 
will not be able to forecast GDP per capita (PPP) during a 
financial crisis effectively as financial crises are usually rare 
and we are doing an annual forecast, so our models cannot 
learn effectively over such a small dataset for the financial 
crisis. The final generated dataset is normalized using a 
standard scalar normalizer by removing mean and scaling to 
unit variance to avoid wild variability of raw data points. We 
randomly divided the data into training and testing datasets 
for testing and training of our considered machine learning 
and deep learning models. Out of the total dataset, 80% is 
used for training, while the remaining 20% is used for 
testing, with each country contributing equally to both 
training and testing datasets. We have further explored and 
analyzed the goodness of fit using the coefficient of 
determination. To observe the performance of our models, 
we have used mean absolute error, the standard deviation of 
errors, and the maximum error value of forecasts of the 
models on the testing data. 

B. Models 

1) Artificial Deep Neural Network 

The Artificial Deep Neural Network concept is 
inspired by the cognitive working behavior of the 
biological animal brain. Its computational structure 
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consists of nodes as neurons and edges connecting 
nodes to form the network. Each artificial neuron is 
a basic computational unit having inputs and 
outputs. Inputs are connected through the edges, and 
each edge has a weight that decides inputs' 
importance. The output is computed as the nonlinear 
function of the sum of weighted inputs. 
A single artificial neuron is represented as follows: 
 

                   
0

( )
n

i i ii
Y f x w

=
=                          (1) 

 
Here ( , ,..., )1 2X x x x

i n
=  are inputs to the neuron 

( , , ..., )1 2W w w wi n= are weights of the inputs, 

( , , ..., )1 2Y y y yi n=  are outputs of a neuron, and f  is a 

nonlinear function. 
 

Fig. 2. Model of single artifical neuron 

  

b.
 Source: Drawn by authors 

 
The neural network requires training before being 
used for the problem. In the training phase, sample 
input data is fed into it, and output is generated from 
the neural network. The loss function is used to 
determine the deviation between the expected and 
actual output. The computed loss is then used to 
adjust the weights during training. For the GDP per 
capita (PPP) forecast, our model architecture is 
made up of 9 layers of fully connected layers. The 
first layer has the same size as input to the network; 
the following layers have sizes 2048, 2048, 1024, 
512, 256, 128, 64, 1, respectively. The Softplus 
function is used as an activation function for each 
layer except the last layer, which provides the final 
forecast. The activation function acts as a gate 
between the input and output and decides whether 
neurons should be activated. 
 

         ln(1 )xSoftplus e= +                      (2) 

 
RMSprop is used as the neural network optimizer. 
Neural network optimizer algorithms are used to 
change the attribute of weights and learning rate in 
order to reduce the losses. RMSProp is represented 
as below: 

                   1 2[ ]
t t iW W g

E g

η
+ = −                  (3) 

Here tW represent weights at instance t  and η  

represents the learning rate of deep neural networks. 
 

2) Random Forest Regressor 

Random Forest Regressor is the ensemble machine 
learning method used for forecasting and 
constructed as a combination of multiple decision 
tree predictors. Each decision tree is constructed 
using the C4.5 algorithm, where each node of the 
tree represents the decision calculated using 
information gain, and the leaf of such generated 
trees represents the final prediction. 

     ( ), ( ) ( | )Information gain H T a H a H T a= −       (4) 

Here ( | )H T a  is cross-entropy of tree T  given 

the value of an attribute a . 
 

                ( ) { | }a aS v x T x v= ∈ =                   (5) 
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a

a
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=           (6) 

 
In the Random Forest Regressor, the decision trees 
are modeled on an equally distributed random 
sampled dataset, and the forecast is computed as a 
mean forecast of individual trees. The random 
sample helped the error rate of split nodes to be 
favorably better than AdaBoost (Freund and 
Schapire). For the GDP per capita (PPP) forecast, 
we used a cluster of 13 trees where each tree had a 
maximum depth of 6. 
 

3) Gradient Boosted Regressor 

The Gradient Boosted Regressor is an ensemble 
machine learning method used for forecasting. It is 
a prediction model comprised of weak Decision 
Tree Regressors. By allowing optimization by an 
arbitrarily differential function, the model is built 
and generalizable in a stepwise fashion. 
How well the model is trained is represented by 
objective function as follow: 

  

 ( ) ( )

0 0
ˆ( , ) ( )

n ti t

i ii t
Obj l y y f

= =
= + Ω                (7) 

 

Here iy  represents expected output, ( )ˆ ty represents 

predicted output by t  trees, t represents the 

number of trees and ( )ifΩ defines model 

complexity. For our forecasting problem, we have 
used a maximum length of the tree as three and 
step size shrinkage as 0.3 to prevent overfitting. 
 

4) Ridge Regression 

Ridge Regression is a method in which the target 
value is expected to be a linear combination of 
dependent variables, as shown in equation 8. 

0 1

n

i p pi ip
Y Xβ β

=
= + + ∈                   (8) 
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In the case of multiple regression, data may suffer 
from multicollinearity and overfitting. In such 
cases, Ridge Regression acts as a savior by 
imposing a penalty on the size of coefficients. The 
ridge coefficients minimize a penalized residual 
sum of squares: 
 

             2 2

2 2
min || || || ||Xw y wα− +                        (9) 

 
The complexity parameter α<0 controls the amount 
of shrinkage: the larger the value of α, the greater 
the amount of shrinkage, and thus the coefficients 
become more robust to collinearity. In our solution, 
we have used α=0.01 as a complexity parameter to 
control the amount of shrinkage. 

 
5) K Neighbor Regressor 

K Neighbor Regressor is a non-parametric, 
instance-based learning method. In this method, the 
input consists of k nearest neighbor examples 
amongst the complete fleet of vectors plotted in the 
feature space. The target is predicted as the mean 
of the targets associated with the selected k nearest 
neighbor using Euclidean distance formulated as 
follows. 
 

2

0

( , ) ( )
n

i i

i

d X Y x y
=

= −      (10) 

 

Here 2( , ,..., )i nX x x x= and 1 2( , ,..., )nY y y y=  

are features of two points in the Euclidean space. In 
our problem result of GDP per capita forecast, we 
have used two closest neighbors for queries in 
feature space and final forecast in generalized 
based on these neighbors. 

III. RESULT 

We forecast the gross domestic product (GDP) data for 
the OECD countries using four machine learning models and 
one deep learning model. This section covers the result of 
our analysis. Table I gives the coefficient of determination 
(used as a measure of goodness of fit) of our considered 
models for the training and testing set. 

TABLE I.  COEFFICIENT OF DETERMINATION FOR TRAINING AND 
TESTING DATA ALL THE MODELS 

 

Model 

Training Set 

2
R  

Testing Set 
2

R   

K Neighbor regressor 0.99850 0.99627 

Ridge regression 0.99999 0.99659 

Gradient boosted Regressor 0.99975 0.99736 

Random Forest Regressor 0.99876 0.99758 

Artificial Deep Neural Network 0.99973 0.99809 
c.
 Source: Calculation done by authors 

 

We observe from Table I that Artificial Deep Neural 
Network has the best fit amongst all the considered models 
on both the training data and testing data. Further, table II 
gives the mean, maximum, and standard deviation values of 

absolute error (| |)observed predictedy y− for our forecasting 

model on the testing dataset. It shows that all our considered 
models performed very well as the mean absolute error of the 
forecast is very low. Even though the mean absolute error is 
low for all the models, but the very high maximum error 
value for Ridge Regression and K Neighbor model models 
raises questions about the precision of these models. We 
observe that amongst all the considered models, the Artificial 
deep neural network is the best model to forecast. 

TABLE II.  MEAN, MAX AND STANDARD DEVIATION VALUE OF 
ABSOLUTE ERROR ON TEST DATA 

Model 

Mean 

error 

(%) 

Stand

ard 

Devia

tion  

Max 

error 

(%) 

K Neighbor Regressor 1.976 0.0241 13.615 

Ridge Regression 2.136 0.0267 15.167 

Gradient Boosted Regressor 1.482 0.0131 8.406 

Random Forest Regressor 1.753 0.0169 9.252 

Artificial Deep Neural Network 1.180 0.0124 7.794 
d.
 Source: Calculation done by authors 

GDP data from a multi-country dataset using various 
macroeconomic time series parameters. It is followed by the 
Gradient boosted regressor and the Random forest regressor 
models. The absolute error value of the forecast for these 
three models is much lower than the rest of the models. The 
lower standard deviation values for Artificial Deep Neural 
Network and Gradient boosted regressor (XGBoost) 
compared to other models show the higher precision in their 
forecast. The higher precision in their forecasts can also be 
affirmed by the lower value of the maximum error value of 
their forecast compared to other models. Ridge regression 
performed the worst in terms of mean absolute error and had 
lower precision compared to other models, as can be 
affirmed by its standard deviation value and the maximum 
error value. 

Fig. 3. Country-wise mean absolute error value for the considered models 
on test data 
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 Source: Calculation done by authors 

 

 

Fig. 3 gives country-wise mean absolute error value for 
our models. The first thing we observe from the figure is the 
varying accuracy for K Nearest Neighbors and Ridge 
Regression for the considered countries. Although very 
inconsistent and performs worse than the rest of the models 
on the test data, the mean absolute error value for Ridge 
regression for all the countries (except for Chile and Estonia) 
is less than 5%. We also observe that Artificial Deep Neural 
Network, Gradient Boosted Regressor have a much more 
consistent and lower mean absolute error as compared to 
other models. When we analyze the country-wise 
performance of Artificial deep neural networks, we see that 
country-wise mean absolute error is lower than 3% for all the 
countries except Norway (mean error: 3.18%) and Estonia 
(mean error: 3.12%). If we observe more carefully, we find 
that except for Norway, South Korea, and Estonia, the mean 
absolute error for the rest of the countries is lower than 2%. 

Similarly, for Gradient Boosted Regressor (XGboost), the 
mean absolute error value is lower than 3% for all the 
countries except for Estonia. For Luxembourg and Turkey, 
the mean error value for the rest of the countries is less than 
2.5%. For the Random Forest Regressor model, we observe 
much more inconsistent results and higher mean error values 
from table II and fig. 3 as compared to Artificial Deep 
Neural Network and XGboost. Even with higher 
inconsistency, it performs well as its mean absolute error for 
all the countries except for Poland, Estonia and Poland are 
below 3.5%. Finally, in the case of K Neighbor Regressor, 
we observe that its forecast is not precise as its mean error 
value fluctuates a lot. However, the model works well for 
most countries as its mean absolute error value is below 4% 
for all the countries except for Estonia, Greece, and Poland. 

Fig. 4. Country-wise maximum absolute error value for the considered 
models 

 

 

 

a.
 Source: Calculation done by authors 

 

Fig. 4 gives the maximum absolute error values for the 
forecast of our model for the considered OECD countries. It 
helps us to understand how worse a considered model can 
perform. We already got an idea about it from table I, but 
looking at it country-wise gives more insight into the 
performance of the models. We first see that Ridge 
regression has the maximum absolute error value upward of 
15%, and it has this high error value for Estonia. We have 
already seen from fig. 3 that Ridge regression does not 
perform well for Estonia. The maximum absolute error 
value for Ridge Regression goes upwards of 10% for four of 
the considered OECD countries, which shows the low 
precision of forecast done by the Ridge Regression model. 
We also observe similar inconsistencies in the forecast for 
the K Nearest Neighbor model, where the maximum 
absolute error value is above 10% for two of the considered 
countries. 
     Table II shows that the maximum absolute error value for 
Random Forest Regressor, Gradient Boosted Regressor, and 
Artificial Deep Neural Network is never above 10% and is 
infrequently above 5%. The maximum absolute error value 
for the Random Forest Regressor has gone above 5% for six 
of the considered OECD countries, while for the Gradient 
Boosted Regressor, it has exceeded 6% for four of the 
considered countries. We also observe that the Random 
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Forest Regressor and Gradient Boosted Regressor have 
higher inconsistency compared to the Artificial Deep Neural 
network model as the maximum error values for their 
forecasts are higher than the latter for most of the considered 
OECD countries. In the case of the Artificial Deep Neural 
Network model, we see that the maximum absolute error 
value is above 5% only for South Korea, Estonia, and 
Norway. These results show the higher precision of the 
Artificial Deep Neural Network model’s forecast. 

 

IV. CONCLUSION 

 In this paper, we have used the cross-country panel data 
consisting of 262 time-series variables with an annual 
periodicity which include various growth, development, 
health, energy, finance, and social indicators and their 
available lag terms for five years gathered from the world 
data bank open data initiative for 33 OECD countries for the 
period of 1996 to 2017 for the purpose of forecasting next 
year GDP per capita (PPP) with the aim of developing a 
universal forecasting model. 

Considering the forecasting proficiency of machine 
learning and deep learning models in different fields, we 
have used different machine learning and deep learning 
models. These models are Random Forest Regressor, 
Gradient Boosted Regression, Ridge Regression, K Neighbor 
Regressor, and Artificial Deep Neural Network. We have 
used the coefficient of determination and percentage error 
matrix to validate the performance of our models. We trained 
these models on our randomly selected dataset consisting of 
80% of our dataset with an equal number of data points for 
each of our considered countries. After training, we tested 
our models on our testing data set (20% of our data) and 
found out the Artificial Deep Neural Network performs best 

with an 2
R score of 0.9980 and a mean absolute error of 1.18 

%. It also had the best precision as it had the lowest standard 
deviation of the error (0.0124) and max absolute error of 
7.8% amongst the models used. Ridge Regression performed 

worst with an 2
R score of 0.9797 and a mean absolute error 

of 2.14%.  It also had the least precision as its standard error 
value (0.0267) and maximum error value (15.17%) were the 
highest. Our analysis shows the forecasting capabilities of 
modern machine learning and deep learning models in the 
macroeconomic scenario and how a cross-country panel data 
for this purpose. In the future, with the availability of more 
data on the political and social conditions of the country, the 
country-specific performance of these models will improve. 
With time we will have needed data for most of the 
countries, which will allow us to make a bigger dataset and 
have a more global forecasting model. 
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Abstract—Thought process outsourcing is an important 

aspect in organizations across sectors regarding decision taking 

and its effective execution. This concept is to ensure that the 

thought process of the leadership team be implemented the 

way it is envisioned by them so that the set objective is 

achieved. Though it is an important concept, studies regarding 

this are limited. The present article has looked into the factors, 

namely communication, organizational culture and structure, 

and manpower planning, that this process is dependent on and 

tried to explain the importance of each of these elements in the 

successful implementation of thought process outsourcing in an 

organization. This paper also looks at the important elements 

required for the successful execution of the concept through a 

model framework consisting of three stages. This will help 

organizations to ensure that the thoughts of the senior 

leadership team are consistent with the executions happening 

at the ground level so that the overall objective of the 

organization is achieved. 

Keywords—thought process outsourcing, communication, 

organizational culture, organization structure, manpower  

I. INTRODUCTION 

An organization’s performance is driven by the objective 
or the goal that it has set for itself. These are mainly related 
to three domains of the organization’s outcomes namely 
financial performance, product performance, and shareholder 
return [1]. Organizations achieve their set goals mainly 
through planning, decision-making, and organizing.  

One of the ways that organizations look at improving 
their performances, be it financially or product-wise is 
through outsourcing. Outsourcing can be defined as an act 
where an external organization performs a previously done 
in-house operation that requires the transfer of the planning, 
administration, and development of activity to a third party 
[2]. In organizations, ideas and concepts are sometimes 
taken from external sources by a person or group of persons 
from the senior leadership teams and then try to implement 
them in the organization to achieve or better the targeted 
goals. As here it’s not a product or specific activity that is 
being outsourced but a “thought” is being, so we are 
considering it as “Thought Process Outsourcing”. This term 
is relatively new and not much research into the concept has 
been done to date. Yet it remains a very important aspect of 
organizations’ decision rollout. 

In this paper, the authors have tried to put in a process 
for the “thought process outsourcing” activity so that its 
execution in business and academic institutions can bring 
rich dividends and help in achieving their set targets. 

II. METHODOLOGY  

This is an exploratory study where the paper tries to 
identify the planning, decision making and execution process 
of organizations through literature reviews. Next, it looks 
into identifying ways and processes which can be 
implemented and things that should be avoided by the 
organizations so that “thought process outsourcing” can be 
practised effectively and desired results can be obtained by 
them. 

III. IDENTIFICATION OF FACTORS 

A. Communication and its barriers 

Communication is an integral part of the functioning of 
any organization. It is the process of transmitting information 
in a way that is understandable by the targeted recipients [3]. 
Be it planning and organizing or leading and controlling, 
people in organizations need to communicate with others, 
who may be subordinates, peers, or higher up in the 
organizational hierarchy. So, it’s logical to conclude that 
every person’s communication skill will affect both 
organizational and personal effectiveness ([4], [5]) or in 
other words, one of the main reasons for organizations’ 
ineffectiveness is lack of effective communication [6]. So, 
“effective communication” is one of the pillars of “through 
process outsourcing”.  So, when the top management or 
someone senior in the professional hierarchy in an 
organization puts forth their thoughts, vision, and ideology 
and expects it to be carried out in the way they envisioned, it 
needs to be shared with all concerned through effective 
communication. 

Communication barriers can be classified broadly into 
two segments – personal and environmental, and both can 
distort, filter, or block the transmitted message leading to a 
break in effective communication.  

Environmental barriers are related to the organization 
and its environmental setting. These include the managerial 
philosophy of the organization, the hierarchal levels in the 
organization, and the relationship in terms of power and 
status between the sender and receiver [3]. Personal barriers 
happen due to an individual’s characteristics like his or her 
belief, values, and culture. In an organization, there are 
people from different cultures and upbringings which might 
result in differential receipt of a particular communication. 
Besides all these, another major personal barrier is a lack of 
empathy. Research has shown that lack of empathy can be 
considered a major hindrance to effective communication 
[7]. So, while communicating, the top management or senior 
members of the organization must ensure that their 
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communication is free from the above-mentioned hurdles. 
The communication barriers can lead to skewed outcomes 
and unrealized project deliverables. So, here lies the 
emphasis on effective communication which is free from 
“barriers”. 

B. Organizational structure and culture 

Organizational structure and culture both have an impact 
on the way the members of the organization behave [8]. 
Organizational culture can be defined as “a system of 
assumptions, values, norms, and attitudes manifested through 
symbols which the members of an organization have 
developed and adopted through mutual experience and which 
help them determine the meaning of the world around them 
and the way they behave in it” [9: pp. 72].   Organizational 
structure is an extrinsic factor that impacts people’s 
behaviour through limitations set by the organization like 
authority distribution/ hierarchy, departmentalization, 
division of labour, and coordination [8].  

So, here comes the second important aspect of 
“outsourcing the thought process” which is that it percolates 
through the levels and more the number of levels between 
decision making and implementation to execution the higher 
the chances of distortion as is evidenced by many a research 
literature on communication and channel management. There 
can be short-term, medium-term, and long-term 
repercussions of the same too. The lower the term and time 
taken, and the more closed the loop, the higher is the 
propensity that the execution will be carried out as expected.  

There are different types of organizational culture like 
“Power culture or family culture”, “Role culture”, “task 
culture” and “people culture” [8]. Each type of culture will 
have its impact on the type of communication from the top 
and how it’s received by the members of the organization at 
different levels. Similarly, the different organizational 

structures like “simple organizational model”, “bureaucratic 
model”, “professional model” or “adhocracy model” [8] will 
have different centralization of powers which will impact the 
thought process outsourcing capabilities.  

C. Manpower 

An organization is made of people and each people has 
an important role to play in the success of the organization.  
Hence the choice of the right person at the right time for the 
right job with the right skill set is of paramount importance. 
Herein comes the judicious choice which is dependent on 
prudence, the clear thought process, understanding of the 
controllable and uncontrollable, and selection of the people 
based on their strengths and capabilities. Non-availability of 
the resources at a time when it is highly required is another 
concern. 

The fitness of purpose and the strategic intent too play a 
stellar role in the outsourcing process. An individual can't 
carry out all that needs to be done by self, hence the 
requirement of a “Team”, who can be relied on and who can 
deliver the same with utmost sincerity. Thus, building this 
team, nurturing and guiding the team in the organization 
plays an important role to garner dividends through “thought 
process outsourcing”. 

IV. THE SUGGESTED FRAMEWORK  

The identified factors for successful implementation of 
thought process outsourcing have paved the way for 
developing a framework (Figure 1) for successful 
implementation of the concept in organizations. The model 
consists of three stages namely Formalizing, Decimating 
and Closing. 

 

FIGURE 1 THE CONCEPTUAL FRAMEWORK 
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A. Formalizing stage 

Normally the initiating of this process happens as a top-
down approach. So considering the basic premise that the 
selection of the manpower has been done keeping in mind all 
the parameters which have been discussed earlier, the next 
important steps are listed below;  

1) Clarity of thoughts: This is essential because if the 

source is having issues then down the line at the execution 

stage the impact will be severe, as whatever precautions be 

taken, communication barriers will exist. So, adequate and 

systematic planning on the part of the initiator(s) is required 

which has to consider the objective and also the attitudes of 

the receivers or executioners. Also, introspection with 

respect to the communication must be done by the 

originator(s) to clearly understand the purpose of the 

communication. Without this clarity, the top brass cannot 

expect the desired result from the people who will actually 

put into action the thoughts of the senior management of the 

organization. 

2) Taking note of the environment: The communicator(s) 

need to be aware of the settings and not only the verbal 

communication. It’s the total package of the words and 

external factors like timing, context, expectations to name a 

few, bring out the effectiveness of the communication and 

thus the achievement of the desired objective. Also, the tone 

and the language of the message need to be noted as they 

too have a substantial impact on how the communication is 

accepted by the receivers.  

3) Pre-testing can be beneficial: Depending on the 

importance of the message, it's always better to test the 

effectiveness of the message by sending it to a selected few 

and obtaining their feedback. One thing that is important to 

note here is that the segment which is selected for pretesting 

the effectiveness of the message must be a “true” 

representation of the target receivers of the message or else 

it will be a futile exercise. Based on the feedback, the 

message could be changed, modified, reworded so that it 

brings out the desired impact, thus saving overall time and 

money for the organization. So, the resources sent for 

pretesting will far outweigh the benefits that one can expect 

from this activity. 

B. Decimating stage 

1) Being observant, a good listener, and proactive: Post 

the communication has been initiated, the senior leadership 

team needs to be attentive to gauge the reaction of their 

communication. Whenever required they need to extend 

their support and clear any doubts or misapprehension or 

uneasiness among the people that are the receivers. This 

action of the top management will help in allaying any fear 

or doubt in the minds of the receivers which in turn will help 

in successful implementation or having the desired output of 

the communication. Listening is an important aspect of 

effective communication, so the sender of the message must 

also be a patient listener to pick up “feedback” which has 

been discussed in the next section. 

2)  Continuous follow-up: “Feedback” plays an 

important role in any process. This can be considered as an 

effective tool to measure the effectiveness of the process, 

which in this case is communication. This follow-up needs 

to be an ongoing process so that the management would be 

aware of the ongoing actions due to the communication and 

if these are leading to the desired goal. If there seems to be 

an anomaly, the originator(s) of the message can relook and 

take corrective actions, so that there is no wastage of time, 

effort, and other related scarce resources. The importance of 

this action lies in its process where small investments in the 

form of regular follow-ups, have the potential to give rich 

dividends in terms of saving of resources if at a later stage 

top management discovered that things were not moving as 

per their thoughts. 

3)  Actions speak louder: Persuasive communication is 

not what is said or written in a memo or notice by the top 

management, but the actions of the people in the top brass of 

the organization. Thus it’s important that the actions of the 

sender of the communication need to be in line with the 

message that has been sent across to the team. Inconsistency 

between the two will not be taken well by the receivers of 

the message thus leading to unfulfillment or partial 

fulfilment of the objective of the message that was initiated.  

C. Closing stage 

1) The declaration: In organizations, the final result of 

the communication is many a time not shared with all the 

concerned teams except if the result is substantial. Either the 

result gets discussed among a few members, mainly 

belonging to the top management, or gets suppressed under 

the deluge of other communications. The authors believe 

that all communications need to have a logical closure, how 

small or insignificant be the result. This will act as an 

impetus for the team to perform better in future activities as 

they will know that their actions are being observed, 

evaluated, and playing a part in building the organization. 

Organizations can think of different ways to recognize the 

works done by their teams and this can boost the morale of 

the members, below the top-level hierarchy, so that better 

performances are in an improving trajectory. 

V. CONCLUSION 

The basic ideology and the rationale behind “thought 
process outsourcing” are to get the cherished outcome as 
expected in a scheduled time frame in a way as wanted. 
Thus there are lots of aspects as regards the competence of 
the outsourced and the expertise, the number of levels down 
it would be delivered at actuals, the clarity of 
communication, and the transparency in expectation. The 
role of teamwork and collaborative rather than a directive 
approach plays a significant role in the same. This leads to 
ownership of the job assigned as the idea/ vision can only be 
impeccably done if there is availability, approachability, 
accessibility, encouragement, enthusiasm, and sense of 
purpose. The above elements have been put together to 
develop a conceptual framework. The three stages namely 
formalizing, decimating and closing along with the 
identified steps in each stage will lead to the successful 
execution of ‘thought process outsourcing’ 
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Abstract— Dividends are considered to be one of the most 

important management decisions from the point of views of 

investors, however in the area of corporate finance it still 

remains a controversial issue [1]. Despite the existent literature 

on dividends and stock market relationships, little focus is found 

on media events and its impact on Indian stock market 

outcomes. This article uses neural network theory to examine 

the quantitative relation between news, dividend payouts and its 

determinants. Further the research focuses on understanding 

whether different sectors and industries relate to stock market 

outcomes post event impact. Using a sample of 1362 companies 

listed on the National Stock Exchange of India Ltd between the 

periods of 2001-2015, we find that variables of net sales, profit 

after tax, cash balances, total reserves, previous year dividends, 

net block of assets and forex revenue earnings and expenses are 

significant in determining the payout decision across the nine 

sectors examined. The results from random forest regression 

score above the other neural models used in the study. Lastly, 

inflation, gold prices, US federal interest rates, ECB interest 

rates and dollar exchange rates carry significant influence on 

the determinants of dividend payout decision and eventually the 

payout. 

Keywords— Dividends, Neural networks, Random Forest 

regression, World finance, News 

I.  INTRODUCTION 

Income from investments can accrue in many forms, 
including profits, interests or appreciation. Investing refers to 
long term commitment, as opposed to trading or speculating, 
which are short term and often deal with heavy turnover and 
hence a higher amount of risk. Common equities, Mutual 
funds, Real Estate, Commodities, Bonds, Fixed Deposits, 
among others, are instruments designed to suite diverse 
investment strategies. Common stock holders realize dual 
returns, both in form of price appreciation in the stock and 
dividend income as a share of residual corporate profits. The 
dividend rate is quoted in terms of the dollar amount each 
share receives i.e., dividends per share or DPS.1 Corporate 

                                                
1 DPS is the ratio of total dividends issued by a company to 
total number of shareholders.  
2 Walter’s model recognized the inter-linkage between 
dividend and investment policy of a firm and theorized that a 
firm with greater (lower) return on investment then it’s cost 
of equity capital would retain (payout) profits and hence 
affect the market value of firm. According to Gordon’s 
model, the market value of a firm’s share will be equal to the 

managers often suffer a decision dilemma of either 
distributing the profits to its shareholders or to retain it for 
business expansion. The right ratio influences the financial 
management objective of maximizing shareholder wealth. As 
shareholder wealth impacts the value of firm, link between 
dividend payout-firm value has been empirically contested in 
literature.  There exist conflicting opinions regarding the 
impact of dividends on the valuation of firms. While the 
Walter’s and Gordon’s model argue in favour of dividend 
policy affecting the value of firm, Modigliani and Miller 
(MM) hypothesis rejects it.2 In either way, news of dividend 
announcements would cause some friction to share prices. 

 News can be spoken about as a collection of information 
about events taking place in present or have occurred in the 
recent past such that it may or may not affect the lives of the 
people reading it. Common news relates to topics generally 
surrounding politics, business, war, disasters, government 
related events, taxes, health, crime and sports. Presently, 
news travels through various media including word of mouth, 
print, broadcast and internet. News just like everything else 
can be segmented and categorized considering sector, place, 
and size. Sector news is segmented as per the sector to which 
it belongs or the sector that it affects the most. The place 
classification categorizes national and international or world 
news so as to assist readers to easily separate news that might 
affect them directly rather than the news that is happening at 
some other place. The size of news is an important criterion, 
it is basically dependent on the size of the event which in turn 
is dependent on the number of people affected by the 
occurrence of the event.  

II. LITERATURE REVIEW 

 Evidence exists for firms to adjust their dividend policies 
in response to the crisis [2-3]. In times of uncertainty, 
economic news lays effect on expectations of future 

present value of future stream of dividends payable for that 
share. The MM hypothesis provides the arbitrage argument 
for irrelevance of dividend theory, they argue that market 
prices of share decrease upon payment of dividends, hence 
the terminal value pre and post dividend would be identical. 
The wealth thus is not affected by current or future dividend 
decisions and is purely dependent upon the expected firm 
future earnings. 
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monetary policy which in turn affects the financial and non-
financial costs of businesses.  Such events mandate adjusting 
corporate action, thus highlighting the need to constantly 
explore the influence of not only firm, industry but also 
economy wide factors on dividends and its determinants. 
Often firms with poor board governance, high 
insider/director ownership tend to pay higher dividends 
during periods of increased uncertainty. This motivation 
stems from managers intentions to extract value from the 
shareholder. Moreover, demand shock owing to crisis 
diminishes firm growth opportunities, with greater payouts 
and low fund retention. On the contrary, uncertainty caused 
by an adverse event raises the precautionary cash demand and 
reduces the level of payouts in favour of cash retentions. [4] 
attempted at solving the complications related to dividend 
policies of companies by evaluating the determinants of 
dividend policy as per behavioral models along with 
examining the management's perception of signaling and 
clientele effects. The results showed earnings and profits 
were prominent determinants of dividend payouts. Managers 
further possessed the tendency to keep dividends closer to 
payouts of preceding years.  

 [5] show evidence for industry influence on the dividend 
decision after controlling other firm specific determinants 
affecting pay-outs. Possible explanations for such industry 
effect include commonalties in investment opportunities, 
availability of internal funds and stability of earnings 
prevalent for firms within an industry. Often newspaper 
coverage frequency is used as a proxy to capture uncertainty 
about economic decisions both in near and long-term. [6] find 
that political uncertainty, caused by a change in party chief at 
municipal level elections, reduces the level of dividend 
payments. Furthermore, state-owned firms adopt a prudent 
cash dividend policy vis-à-vis privately-owned firm.  

 Most research decrypts the news-dividend nexus by 
tracing the price movements caused in financial markets in 
response to news [7-8]. [9] used an event study approach to 
find that firms experienced higher (lower) stocks returns 
when they announced increased (decreased) dividends. The 

dividend announcements convey information to be market 
which changes the cash-flow expectations initiating buying 
and selling of the stock in the market. This approach however 
fails to yield insights into firms’ payout decision. 

  In a different view [10] show that while existence of high 
policy uncertainty weakens the response of oil and equity 
markets to macroeconomic news and strengthens in interest 
and U.S dollar exchange rate. [11] note that in uncertain 
economic environment banks reduce lending due to liquidity 
constrains. The immediate outcome of cut off in bank funding 
raises cost of capital, induces higher financial market 
volatility and causes ripple effects on the industries and on 
firms in particular. With bank funding cut-off corporates 
reduce dividend payouts so as to plough it back on probable 
growth opportunities. The review of studies thus highlights a 
possible link between news generating beyond the firm and 
its impact on payout decision, though the evidence seems 
mixed. However, there is a need to examine how external 
news could possibly influence the determinants of dividend 
payout. The aim of this study is to explore the quantitative 
relation between news and determinants of dividends and 
further to explore to what extent news pruned global 
parameters effect sectoral dividend payment decision. 

III.  METHODOLOGY 

A.  Data 

 The data for the purpose of this study comprises of 1362 
companies listed on the National Stock Exchange of India Ltd 
between the periods of 2001-2015. Data was collected from 
Sushil Finance, a registered stock brokerage firm with 
National Stock Exchange of India Ltd. Information of each 
such company on sector/industry classification, listing date, 
net sales, profit after tax, total debt, forex revenue earnings, 
dividend paid, dividend payout ratio, profit before interest 
depreciation and tax, return on capital employed, gross block 
of assets, cash/bank balances, reserves & surplus, Indian/total 
promoter holdings, traded price, and market capitalization 
was recorded across nine sectors (TABLE I). 

TABLE I.        DATA VARIABLES 

Variable Description 

Net Sales represent the total revenue in rupee terms earned by the company in a given financial year 

Sales Growth reflects the percentage change in total sales. 

Profit after Tax (PAT) 
derived from the Net Sales by subtracting the fixed and variable costs incurred by the company along with 
the depreciation, interests and taxes. 

PAT Growth percentage change in profit after tax over preceding year. 

Total Debt 
sum of all short- and long-term debt in rupee terms raised by the company. Debt raised at low interest rates 
increases likelihood of paying higher dividends to shareholders. 

Forex Revenue earnings (Fx_rev_ear) 
corporate earnings emerging from international trade transactions. Revenue from appreciating (depreciating) 
foreign currency increases corporate profits (losses) and hence lead to higher (lower) dividend payment. 

Forex Revenue expenses (Fx_rev_exp) 
corporate expenses emerging from international trade transactions. Expenses emerging from appreciating 
(depreciating) foreign currency decreases (increases) residual company to be paid out as dividends. 

Net Block 
net block is the gross block less accumulated depreciation on assets. Gross block is the sum total of all assets 
of the company valued at their cost of acquisition. 

Cash & Bank Balance 
proxy for liquidity position of the company. Larger the cash reserve greater is the scope of the company 
announcing dividends to its shareholders 

Total Reserves reserves which are available for distribution as dividend as per the latest audited balance sheet of a company. 

Previous Dividend (Pr_dividend) refers to the rate of dividends paid in preceding years by the company. 
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The data was divided into several sectors and industries so as 
to group industries that behave alike and could work with 
similar trends (see TABLE II for sector/industry classification). 
Most companies of a sector progress and deteriorate together 
and hence the movement across a sector is uniform whereas 
there could appear a lot of difference between companies of 

different sectors. The primary cause for this difference is that 
companies of different sectors use different raw materials, 
have different sales cycles, serve different clients in different 
countries and also witness a lot of difference in the demand 
of their products.

 
TABLE II.        SECTORS/ INDUSTRY CLASSIFICATION 

Sector Industry 

Automotive Automobile industry, Auto Ancillary industry, Tyres, Farm equipment 

Banking Banks, Financial Services, Non-Banking Financial Companies, Stock/Commodity Brokers 

Engineering and Capital Goods 
Engineering, Ship Building, Power Generation & Distribution, Capital Goods-Non-Electrical 
Equipment, Capital Goods - Electrical Equipment, Textiles 

Healthcare Pharmaceuticals, Healthcare 

Information Technology IT-Software, IT-Hardware, Computer Education 

Manufacturing Plastic products, Castings, Forgings & Fastners, Packaging, Glass & Glass Products, Paper 

Metals and Mining Steel, Mining & Mineral products, Non-Ferrous Metals 

Oil Petrochemicals, Oil Drill/Allied, Crude Oil & Natural Gas, Gas Distribution, Refineries 

Services Shipping, Hotels & Restaurants, Air Transport Service, Logistics 

For the purpose of this study, news and events are selected 
which represent a wide range of events from different 
categories to allow us to view the difference caused due to 
their occurrence. It is important to note that news and events 
are synonymous in nature when talked about in terms of their 
effects or the ripples it creates while disturbing its 
surroundings. The severity of an event or news highly 
depends on the people involved, time of occurrence, scale, 
place and the time for which the after effects are felt. News 
for the purpose of this study has been divided into two main 
categories, which are financial news and non-financial news. 
Financial news is those which are created due to the 
happening of a finance-based event which would affect the 
performance or future well-being of companies and 
individuals on the financial front. These include change in 
taxation policies, change in commodity prices, and inflation 
rates of countries, among others. On the other hand, non-
financial news includes news related to social, political and 
societal events which do not have a direct impact on the 
financial state of the state or the corporations involved, for 
instance, terrorist attacks, natural disasters, etc. The study 
enclosed news emerging from financial (changes in interest 
rates, tax rates, and inflation numbers), one-of events (Dot 
Com bubble and housing bubble of year 2000 and 2008 
respectively), new government regime in India (Indian 
National Congress in 2004 and 2009, while Bharatiya Janata 
Party in year 2014), movements in commodity prices in year, 
changes in Dollar exchange rates, US Fed rates and European 

                                                
3 Decision Tree regression minimizes the data set into small 
subsets while attributing unique qualities as identifiable with 
a set of parameters. Every stage (outcome) of the decision 
tree is known as a node (leaf). It has branches at every node 
finally resulting to give the computer a leaf to identify the 
unique entry.   
In Random Forest Regression the algorithm is trained to 
provide the user with multiple classifiers, hence generally 
giving the best fit line and curve to the computed data over 

Central Bank interest rates. Multivariate panel data 
regression model is used to draw inferences from the data. 

B.  Neural Networks 

Neural network as a computing system composed of 
several highly interconnected calculating and processing 
units are capable of processing information and compute it 
based on the dynamic state response to inputs provided by the 
user. A computation neural network operating on an 
electronic processing unit is known as an Artificial Neural 
Network (ANN). Neural networks have an excellently built 
ability to derive meaning and insights from the otherwise 
complicated, jumbled and totally confusing data (news as in 
this case). This can be used to extract patterns and recognize 
trends that are complex and nearly impossible to recognize 
by humans or alternative computing techniques. Three 
different neural network models have been practiced and 
implemented on this financial model for the purpose of this 
research. These are decision tree regression, random forest 
regression and extra trees regression.3 In each of the cases, 
dividend declared by a company were taken as the dependent 
variables where as other company parameters were taken as 
the independent variables (TABLE I). The regression analysis 
has been done using scikit libraries from the python database. 
The given methods utilized 60% of the data for training 
purposes and the remaining 40% of training and predicting 
values. 

which the system is trained. Through the algorithm, random 
forests generate a series of decision trees as vast as possible 
and end up testing the accuracy of each of these vigorously. 
Extra Trees regression composes of more than one decision 
tree and provides the computing over a range of different yet 
similar decision trees. After it has tested the accuracy on each 
of these, it provides the training results from the best possible 
decision. 
 

Page 382

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



 

Variable 

IV. RESULTS AND DISCUSSION 

 As in TABLE III, PANEL A represents the firm set of 
regression weights from the decision tree regression for each 
of the nine sectors with the dividend being the dependent 
variable and each of the given parameters as expressed in 
TABLE I being the independent variable(s). The second set of 
regression weights (PANEL B) denote the extra trees 
regression model and the third set (PANEL C) of values 
represent the random forest regression Model. In decision 
tree model, net sales, profit after tax, cash balances, total 
reserves and previous year dividends hold higher weights in 

explaining dividend distribution decision of the company.  
Net block of assets and forex revenue earnings and expenses 
are again factors influencing dividend decision according to 
extra trees and random forest weight methods. Although each 
of the models provides different weights of the parameters, a 
common trend is recognized in all three of them. The 
importance of the parameters for each sector are more or less 
in sync with each other and all the models depict the same 
parameters to be important by providing with higher synaptic 
weights for those parameters.

  
TABLE III.        RESULTS FOR REGRESSION WEIGHTS USING THREE NEURAL REGRESSION MODELS 

Dependent Variable: Dividend 
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PANEL A: DECISION TREE REGRESSION WEIGHTS 

Net Sales 0.07 0.15** 0.00 0.00 0.04 0.00 0.00 0.12** 0.00 

Sales Growth 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

PAT 0.15** 0.76** 0.10** 0.16** 0.29** 0.14** 0.24** 0.01 0.32** 

PAT Growth 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total Debt 0.00 0.03 0.01 0.00 0.00 0.00 0.00 0.00 0.00 

Fx_rev_ear 0.00 0.00 0.00 0.00 0.10* 0.00 0.00 0.00 0.00 

Fx_rev_exp 0.01 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 

Net Block 0.03 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Cash & Bank 0.00 0.01 0.00 0.00 0.44** 0.00 0.00 0.01 0.00 

Total Reserves 0.12** 0.01 0.00 0.13** 0.05 0.00 0.21** 0.00 0.00 

Pr_dividend 0.60** 0.03 0.88** 0.70** 0.03 0.85** 0.54** 0.85** 0.66** 

PANEL B: EXTRA TREES REGRESSION WEIGHTS 

Net Sales 0.17** 0.14** 0.01 0.04 0.04 0.01 0.01 0.01 0.06 

Sales Growth 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

PAT 0.12** 0.51** 0.01 0.28** 0.08 0.08 0.15** 0.09 0.13** 

PAT Growth 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total Debt 0.01 0.05 0.00 0.01 0.00 0.01 0.00 0.02 0.01 

Fx_rev_ear 0.03 0.00 0.02 0.21** 0.10** 0.02 0.00 0.00 0.00 

Fx_rev_exp 0.02 0.02 0.01 0.02 0.09 0.03 0.00 0.01 0.00 

Net Block 0.13** 0.03 0.00 0.01 0.07 0.03 0.01 0.01 0.02 

Cash & Bank 0.00 0.02 0.01 0.02 0.53** 0.03 0.07 0.25** 0.11** 

Total Reserves 0.11** 0.14** 0.01 0.06 0.07 0.06 0.23** 0.08 0.07 

Pr_dividend 0.42** 0.08 0.92** 0.36** 0.01 0.72** 0.52** 0.51** 0.60** 

PANEL C: RANDOM FOREST REGRESSION WEIGHTS 

Net Sales 0.10** 0.11** 0.02 0.00 0.02 0.05 0.00 0.11** 0.00 

Sales Growth 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

PAT 0.14** 0.41** 0.15** 0.36** 0.27** 0.27** 0.28** 0.04 0.51** 

PAT Growth 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total Debt 0.00 0.02 0.01 0.00 0.00 0.01 0.00 0.00 0.00 

Fx_rev_ear 0.00 0.00 0.00 0.06 0.06 0.02 0.00 0.00 0.00 

Fx_rev_exp 0.01 0.03 0.00 0.00 0.10** 0.03 0.00 0.01 0.00 

Net Block 0.06 0.00 0.00 0.00 0.03 0.02 0.01 0.00 0.00 

Cash & Bank 0.00 0.02 0.00 0.00 0.41** 0.09 0.02 0.12** 0.00 

Total Reserves 0.10** 0.08 0.00 0.21** 0.03 0.09 0.10** 0.00 0.00 

Pr_dividend 0.58** 0.31** 0.81** 0.36** 0.07 0.43** 0.58** 0.71** 0.47** 
 

** Higher synaptic weights denoting the strength or amplitude of a connection between two nodes. 
PAT = Profit after Tax, Fx_rev_ear = Forex Revenue earnings; Fx_rev_exp = Forex Revenue expenses; Pr_dividend = Previous year dividend
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A. Error Analysis 

 To establish correctness of results derived from the three 

neural network models as summarized in TABLE III, error 

analysis was conducted based on three parameters, namely 

Mean Squared Error, Absolute Mean Error, and R-square 

regression score.4  As from TABLE IV, since the mean square 

error and absolute mean error is lowest and R-square are 

closer to 1 in PANEL C as compared to results of PANEL A and 

PANEL A, Random Forest Regression is the best suited due to 

smaller errors and higher R-square scores. Hence the study 

proceeds with independent variables influencing dividend as 

suggested by Random Forest Regression. 

TABLE IV.        RESULTS OF ERROR TESTS FOR REGRESSION WEIGHTS USING THREE NEURAL REGRESSION MODELS 
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PANEL A: DECISION TREE REGRESSION 

Mean Squared Error 0.00 0.00 0.01 2.06 0.00 0.00 0.02 2.53 0.03 

Absolute Mean Error 0.00 0.00 0.03 0.16 0.01 0.01 0.04 0.43 0.04 

R-square 0.68 0.72 0.71 0.78 0.84 0.76 0.75 0.58 0.76 

PANEL B: EXTRA TREES REGRESSION 

Mean Squared Error 0.00 0.00 0.01 2.06 0.00 0.00 0.11 2.95 0.04 

Absolute Mean Error 0.00 0.00 0.03 0.16 0.01 0.01 0.08 0.51 0.05 

R-square 0.87 0.82 0.77 0.74 0.81 0.79 0.88 0.83 0.81 

PANEL C: RANDOM FOREST REGRESSION 

Mean Squared Error 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.43 0.01 

Absolute Mean Error 0.00 0.00 0.01 0.01 0.01 0.00 0.03 0.21 0.02 

R-square 0.85 0.84 0.81 0.79 0.91 0.89 0.84 0.78 0.82 

B. External factors & sectoral dividend response 

Companies are impacted not only by the internal factors 
but also by external shocks. Such external factors may be 
looked upon as events emerging in firms’ external 
environment beyond controllable limits of the company. 
Upon occurrence of such events, for instance changes in 
corporate tax rates, interest rates, inflation, commodity 
prices, US federal interest rates, European Commercial Bank 
interest rates, dollar exchange rates, news is created and such 
news leads to ripple effects, finally affecting all economically 
integrated economies. Basically, news from each event 
impacts one or more of the internal parameters of the 
company which further impacts the dividend decision of the 
company. To examine the importance of these factors and as 
to how they impact the internal parameters of the company 
(as those mentioned in TABLE I) calculated earlier, we 
perform a regression test using the random forest regressor 
and compiler. Since the aim is to understand how the global 
markets parameter(s) affect the company specifically, the 
results in TABLE V are confined to the top four company 
parameters. The regression results in TABLE V presented 
sectors-wise. As the overall impact created by a global 
parameter would depend on the synaptic weight by which it 
would affect the company parameters, gold prices, US fed 

                                                
4 Mean squared error is defined as the mean of squares of the 
individual values tested by subtracting the predicted value 
from the actual real value. Lower the quantity of mean 
squared error, better is the functioning of the model. 
Absolute mean error is defined as the mean of individual 
errors obtained by predicting the results of the given 

rates, ECB (European Central bank) interest rates, and Dollar 
exchange rates consistently influence factors which further 
affect the dividend decision of the company. The results 
suggest that the nine sectors, inflation gold prices, US federal 
interest rates, ECB interest rates and dollar exchange rates 
carry significant influence on the determinant of dividend 
decision. Corporate tax rates seem to carry the least weight. 
The outcome suggests corporate managers track global 
parameter/news/events as these impact company financial 
numbers, more specifically its profits and eventually the 
dividends paid to shareholders.

algorithm and subtracting it from the real value so to observe 
the error of prediction. 
R-square is a measure of the smoothness and fitting of the 
predicted curve and as to how well it encompasses the data. 
Values closer to 1 are best results for future predictions from 
regression models. 
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TABLE V.        REGRESSION RESULTS FROM EFFECTS OF GLOBAL PARAMETERS ON SECTORAL DIVIDEND PAYMENT DECISION 
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AUTOMOTIVE 

Net Sales 0.03 0.06 0.04 0.05 0.14 0.23** 0.17** 0.26** 

Profit after Tax 0.03 0.17** 0.07 0.18** 0.09 0.13** 0.09 0.24** 

Net Block 0.02 0.08 0.04 0.04 0.14** 0.23** 0.18** 0.28** 

Total Reserves 0.02 0.10** 0.05 0.04 0.12** 0.21** 0.24** 0.23** 

BANKING 

Net Sales 0.01 0.06 0.11** 0.04 0.18** 0.19** 0.15** 0.26** 

Profit after Tax 0.01 0.07 0.03 0.02 0.14** 0.07 0.18** 0.48** 

Fx_rev_exp 0.03 0.05 0.29** 0.05 0.14** 0.32** 0.04 0.10** 

Total Reserves 0.01 0.11** 0.05 0.04 0.12** 0.26** 0.16** 0.25** 

ENGINEERING AND CAPITAL GOODS 

Net Sales 0.06 0.15** 0.05 0.06 0.21** 0.12** 0.06 0.30** 

Profit after Tax 0.05 0.23** 0.10** 0.04 0.09 0.19** 0.08 0.22** 

Total Debt 0.02 0.06 0.05 0.05 0.12** 0.10** 0.26** 0.34** 

Net Block 0.03 0.11** 0.05 0.07 0.14** 0.16** 0.19** 0.25** 

HEALTHCARE 

Profit after Tax 0.01 0.10** 0.03 0.04 0.10** 0.19** 0.16** 0.37** 

Total Debt 0.05 0.10** 0.03 0.06 0.29** 0.08 0.15** 0.25** 

Fx_rev_ear 0.03 0.07 0.12** 0.03 0.06 0.50** 0.07 0.13** 

Total Reserves 0.03 0.11** 0.04 0.06 0.27** 0.10** 0.14** 0.24** 

INFORMATION TECHNOLOGY 

Profit after Tax 0.02 0.08 0.08 0.07 0.08 0.28** 0.19** 0.19** 

Fx_rev_ear 0.02 0.18** 0.06 0.06 0.10** 0.28** 0.10** 0.20** 

Fx_rev_exp 0.03 0.10** 0.06 0.13** 0.08 0.22** 0.09 0.29** 

Cash & Bank 0.01 0.06 0.02 0.02 0.09 0.20** 0.25** 0.36** 

MANUFACTURING 

Net Sales 0.01 0.05 0.03 0.03 0.22** 0.10** 0.14** 0.41** 

Profit after Tax 0.08 0.37** 0.07 0.10** 0.21** 0.03 0.07 0.08 

Cash & Bank 0.01 0.09 0.04 0.08 0.17** 0.09 0.10** 0.42** 

Total Reserves 0.02 0.06 0.07 0.06 0.25** 0.10** 0.11** 0.34** 

METALS AND MINING 

Profit after Tax 0.02 0.10** 0.08 0.06 0.23** 0.11** 0.11** 0.27** 

Net Block 0.01 0.08 0.08 0.06 0.18** 0.31** 0.11** 0.18** 

Cash & Bank 0.04 0.10** 0.02 0.06 0.25** 0.13** 0.15** 0.25** 

Total Reserves 0.02 0.07 0.07 0.03 0.28** 0.15** 0.17** 0.22** 

OIL 

Net Sales 0.02 0.11** 0.04 0.04 0.12** 0.33** 0.15** 0.19** 

Profit after Tax 0.04 0.16** 0.03 0.15** 0.14** 0.18** 0.11** 0.20** 

Fx_rev_exp 0.02 0.16** 0.06 0.16** 0.19** 0.31** 0.04 0.05 

Cash & Bank 0.06 0.16** 0.05 0.09 0.27** 0.20** 0.06 0.10** 

SERVICES 

Net Sales 0.03 0.12** 0.05 0.05 0.09 0.23** 0.22** 0.23** 

Profit after Tax 0.03 0.13** 0.05 0.07 0.09 0.18** 0.16** 0.30** 

Fx_rev_ear 0.05 0.30** 0.07 0.16** 0.15** 0.21** 0.01 0.06 

Fx_rev_exp 0.02 0.16** 0.11** 0.08 0.16** 0.33** 0.01 0.13** 

 
** Higher synaptic weights denoting the strength or amplitude of a connection between two nodes
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V. CONCLUSION 

Dividends are considered being the most important 
management decision and a controversial issue in the area of 
corporate finance. The present study used a neural network 
theory to examine the quantitative relation between news, 
dividend payouts and its determinants. Furthermore, the 
research focuses on understanding whether different sectors 
and industries relate to stock market outcomes post 
event/news impact. Using a sample of 1362 companies on the 
National Stock Exchange of India Ltd between the periods of 
2001-2015 the findings of the study can be summarized as 
follows. First, as results of decision tree regression, extra 
trees regression, and random forest regression find significant 
higher synaptic weights for variables of net sales, profit after 
tax, cash balances, total reserves, previous year dividends, net 
block of assets and forex revenue earnings and expenses 
which affect dividend payout outcome, the results of random 
forest regression model hold an advantage as supported by 
small errors and higher r-squared values. Second, though 
corporate tax rate changes show weak evidence, gold prices, 
US fed rates, ECB (European Central bank) interest rates, and 
Dollar exchange rates exert significant influence of the 
dividend payout determinants. Third, such influence is 
prudent for all nine sectors of automotive, banking, 
engineering & capital goods, healthcare, information 
technology, manufacturing, metals & mining, oil, and 
services. The limitation of this study is that limited to nine 
sectors which could be enhanced by detailed analysis of each 
industry within a sector. The extension of time period to more 
years could track the effect of wide range on events, both 
economic and non-economic, on payout decision.  

The immediate implication of this study for corporate 
managers and investors is to track world news/event and its 
effect on the determinants of dividend payouts, for such an 
analysis would help mangers strike the optimal balance of 
payout-retention and aid investors to undertake informed and 
profitable stock investments. 
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Abstract— The paper uses the ARCH and GARCH models 

to estimate volatility in returns and further evaluates the 

difference in such conditional variances (volatility) in ex-ante 

and ex-post period of national lockdown imposed due to 

COVID-19 in India. The results from banking stocks being 

constituents of NIFTYBANK index reveal positive 28 basis 

point returns to investors after the national lockdown came into 

force as compared to the negative returns in pre-period sample. 

Also, both sub-sample periods confirm the presence of volatility 

clustering. Interestingly, the magnitude of GARCH coefficients 

rose in eight out of 12 stocks in the post-lockdown period. 

Furthermore, it was noted that volatility appears to be quite 

persistent as the sum of ARCH/GARCH coefficient sum up to 

one. These finding suggest that increased volatility, on an 

average, generated positive returns to investors on their 

investments and such effect would continue in the ex-post 

period. 

Keywords— Banking Stock Returns, Volatility, COVID-19, 

GARCH Model, Risk Return 

I. INTRODUCTION 

The year 2020 witnessed a gamut of emotions as the 
human race bore witness to an unprecedented once in a 
lifetime pandemic that whiplashed the stronghold of global 
economies humbling them. This unprecedented impact of the 
pandemic christened as Covid-19 sent shockers round the 
globe disrupting economies and the daily livelihood of 
millions of people. Taking cognizance of initial pandemic-
imposed disruptions, the Managing Director of International 
Monetary Fund (IMF) at the G20 Ministerial Call on 
Coronavirus Emergency highlighted to the scenario on how 
the COVID-19 pandemic brought the entire globe close to 
financial crises which was deemed to be even more hazardous 
than the Global Crises 2007-08 (IMF Communications 
Department, 2020) [1]. The disruptions to global economies 
led visible effects on stock markets, India too witnessing gut 
churning fluctuations and sharp rise in volatility. Volatility, a 
tendency of stock prices to fluctuate, is absorption of new 
information or even some expectations on economic 
fundamentals by financial markets. Heighted volatility has 

                                                           
1 Semi-strong form of efficient market hypothesis postulates 
that asset prices absorb and reflect all publicly available 
information. 

potential to effect investor wealth adversely. Investor returns 
thus are a function of volatility at least under the semi-strong 
form of efficient market hypothesis under which stock 
markets operate1. Trade-off between return and volatility is 
an important aspect of asset valuation. Besides, investment 
banks and portfolio managers actively track stock volatility 
to perform hedging and portfolio diversification functions. 

Amid rising concerns of spread of COVID-19 virus, the 
sovereign government of India imposed national lock-down 
beginning March 24, 2020. BSE Sensex, a broad-based 
equity index, witnessed biggest downslide of 3934.72 points 
on March 23, 2020 in anticipation of looming lockdown. 
With economic activity at standstill and blurred picture on 
resumption, another broad equity market index, NIFTY 50 
tanked 23.25 percentage points in all of March, highest since 
index inception in year 1994. Investors’ wealth loss rose to a 
whopping 33.38 lakh crore rupees and outward foreign 
portfolios of 61,972.75 crore rupees further dampened 
investment sentiments. NIFTYBANK, an index of most 
liquid and capitalized banks in India, slummed by over 30 
percent, with IndusInd bank collapsing 68 percent highest in 
all of NIFTY 50 Index stocks (Vasudev, 2020) [2]. Besides, 
sector heavy weights namely State Bank of India, HDFC 
Bank, ICICI Bank, IndusInd Bank, and Axis Bank fell at an 
all-time low amid lockdown woes coupled with nightmares 
of rising non-performing assets. Institutions like IMF 
projected this as the worst recession since the global financial 
crisis way back in 2008.  

In an attempt to recover from crisis and restore confidence 
in stock markets, given the crucial role played by banks, 
sovereign governments were expected to work with its 
monetary institutions to align the fiscal and monetary policy. 
Banking sector across countries took the initiative devising 
policies aimed at infusing trillions of dollars into economies 
to keep them from crumbling. Banks in India, likewise most 
other countries, offered moratorium on loan repayments to 
prevent its borrowers from possible immediate bankruptcy. 
From interest rate cuts to stimulus packages, the banking 
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sector has played a formidable role in providing relief to 
many affected while aligning the crumbling economy back 
onto the path to economic growth. With the pandemic 
offering a once in a lifetime opportunity to study its effects 
on stock markets, this paper makes an attempt study the 
pandemic-imposed lockdown and its effects on stock market 
returns and volatility with focus on the banking industry.   

This paper is divided into five sections. Section 2 outlines 
the literature review. Section 3 presents the data and 
methodology. Section 4 discusses the estimated results and 
finally, Section 5 provides the conclusion.  

II. LITERATURE REVIEW 

The global pandemic is incomparable to any economic 
crisis purely because of the risk it entails. Be it the strong 
holds of developed economies or the developing or the 
underdeveloped economies all have been affected in 
economic or non-economic terms. The closure/lockdown by 
countries to curb the spread of the COVID 19 virus led to an 
economic price which became an imperative question 
between life and livelihood (Chaudhary, 2020) [3]. The 
global financial risk multiplied substantially with reference to 
the challenges posed by the pandemic (Zhang et al., 2020) 
[4]. Baret et al. (2020) [5] in their report on banks and 
financial markets observed a sharp downfall in the volumes 
of oil, equity and bonds throughout the world as a 
consequence of the COVID-19 pandemic. Igwe (2020) [6] 
was of the opinion that the tremors of the pandemic could 
intensify volatility which could destructively affect the 
economic and financial system of any or all countries. These 
observations were in line of the findings were most of the 
developed and developing countries’ financial markets were 
already been adversely affected by the shocks generated by 
the pandemic. Shehzad et al. (2020) [7] find evidence of 
COVID-19 substantially harming market returns in US and 
Japan. Further they observed that pandemic exposed 
countless sway on financial volatility of European and US 
markets as compared to the global financial crisis. However, 
the authors found Asian markets as prospects for portfolio 
optimisation.  

The study of the financial asset and its imbued volatility 
is among core topics in modern financial research. Among 
others, Green and Figlewski (1999) [8] noted that volatility is 
the principal risk indicator and an unfailing prediction of 
volatility helped reduce up to a fraction of trading losses in 
the stock market as volatility input increased by one-quarter. 
The volatility feedback hypothesis states that unpredictable 
stock volatility leads to higher future risk. Higher volatility 
indicated by a significant variation in stock price in the short 
run induces increased market risks. On the contrary, a lower 
volatility indicates that the stock prices do not show high 
variation in the short run and price changes remain stable rate 
over a certain period of time (Glosten et al., 1993) [9]. A 
higher volatility corresponds to a likelihood of a having a 
bearish market while a lower volatility relates to a greater 
chance of a observing a bullish market (Ang and Liu, 2007) 
[10]. At the firm level stock return volatility at times does 
affect business investment expenditure (Gertler and Hubbard, 
1988) [11]. 

Schwert (1989) [12] analysed the relation of stock 
volatility with real and nominal macroeconomic volatility, 
financial leverage, economic activity, and stock trading 
activity using monthly data from year 1857 to 1987. Key 
noting of the paper was that stock return variability was 
remarkably high during the 1929–1939 period of Great 
Depression. Moreover, despite aggregate leverage being 
significantly correlated with volatility, it explained only a 
relatively small part of the movements in stock volatility. 
Turning attention to research on volatility in India, Roy 
(2013) [13] researched on the behaviour of stock prices and 
volatility during the pre- and post-recession period of 2008 
global financial meltdown. The evidence from intraday and 
interday data from Nifty50 and Sensex index showed higher 
volatility during the phase of 2008 economic recession. 
Panda and Deo (2014) [14] examined volatility-spillover 
effect among stock market and foreign exchange during 2008 
financial pre-crisis, in between crisis and post-crisis periods. 
Beyond just finding proof of volatility spillover, they found 
higher asymmetry and volatility-spillover effect during the 
post-crisis period as compared to the pre and in between 
period. Kumar (2007) [15] examined stock market volatility 
in three distinct economic phases of successive-decline 
(1996-1999), recession (2000-2002) and growth (2003-
2005). The study observed high volatility during decline and 
recession periods and moderately less volatility during the 
economic growth period. Such asymmetric volatility was due 
to investors’ response to economic aspects. Batra (2004) [16] 
in his paper examined volatility in the Indian stock market 
during the years of 1979-2003. The GARCH model results 
pointed to the fact that the sudden shifts in volatility and the 
possibility of coincidence of these sudden shifts were due to 
significant economic and political events both at the domestic 
and global level. In addition, stock markets cycles were also 
researched for variations in amplitude, duration and volatility 
of the bull and bear phases during the reference period of 
study. The results showed that in the post liberalization 
period in India longer and higher amplitude bull phases meant 
higher volatility in bull phases in comparison to bear phases. 
Gahan et al. (2012) [17] used Moving Average, GARCH, 
EGARCH, and IGARCH models to gauge volatility in 
Sensex and Nifty in pre, during, and post derivative period in 
India. The influence of financial derivatives on the Sensex 
and Nifty index volatilities was found to be significant under 
all the models. Furthermore, it was concluded that the daily 
volatility during the post derivative period was lower in 
comparison to the pre derivative period and the whole period. 

Statistical measures of standard deviation, skewness, and 
kurtosis provide for evaluating volatility. One challenge with 
the primary measure of evaluating volatility (standard 
deviation) is its limitation as it is based on the assumption that 
stock prices are normally distributed. Skewness on the other 
hand considers extremes in the data set rather than 
concentrating on the average return (Chang et al., 2013) [18]. 
Kurtosis alike skewness is synonymously used as another 
measure when the data contains extreme values (Mei et al., 
2017) [19]. During periods of financial crisis or meltdown, 
the volatility in returns cannot be modelled accurately by 
normal measures. Instead, time-varying volatility models 
shall be used (Rastogi, 2014) [20]. The use of the auto 
regressive conditional heteroscedasticity (ARCH) model to 
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assimilate the fluctuating nature of volatility over time was 
first propounded by (Engle, 1982) [21]. Later generalized 
autoregressive conditional heteroscedasticity (GARCH) 
models were consequently developed by Bollerslev (1986) 
[22] to reduce the shortcomings of the ARCH models. Once 
major limiting case of ARCH Model is in specifying the 
number of lag (past) error terms determining the conditional 
variance. Moreover, higher the parameters (lag error terms) 
in the conditional variance equation estimating volatility, 
greater the likelihood of model generating negative estimated 
values. The GARCH models have been shown to yield the 
most accurate and reliable results and for this reason the 
GARCH system has essentially become the standard method 
for modelling volatility in financial time series data (Brooks 
and Rew, 2002) [23]. 

In the midst of the pandemic as the Indian stock market 
witnessed sharp volatility, this paper explores the reaction of 
banking stocks to the pandemic and examines its return 
volatility. With an array of literature emerging there has not 
much research done with reference to the Indian banking 
sector specifically. We predict volatility to increase post 
imposition of national lockdown owing to economic 
uncertainty. The results of the study will provide insights to 
investors, and portfolio managers so as to make informed 
investments decisions. 

III. DATA AND METHODOLOGY 

A.  Data 

The sample for the study consists of stocks included in 
Nifty Bank Index as on December, 31, 2020, an index traded 
on National Stock Exchange of India Ltd (NSE). 12 banks 
include Axis Bank Limited (AXISBANK), Bandhan Bank 
Limited (BANDHANBNK), Bank of Baroda 
(BANKBARODA), The Federal Bank Limited 
(FEDERALBNK), HDFC Bank Limited (HDFCBANK), 
ICICI Bank Limited (ICICIBANK), IDFC First Bank 
Limited (IDFCFIRSTB), IndusInd Bank Limited 
(INDUSINDBK), Kotak Mahindra Bank Limited 
(KOTAKBANK), Punjab National Bank (PNB), RBL Bank 
Limited (RBLBANK), and State Bank of India (SBIN). 
Historical daily closing prices for each banking stock are 
amassed from NSE website (www.nseindia.com) for the 
period June 13, 2019 – December 31, 2020. The data consists 
a total of 387 observations for each stock (194th observation 
being March 24, 2020 – the day nation-wide lockdown came 
into force), which is further subdivided into two equal sub-
samples (June 13, 2019 - March 23, 2020 and March 25, 2020 
- December 31, 2020; 193 observations each) of pre and post 
national lockdown brought into effect from March 24, 2020 
due to the spread of Covid-19 virus. 

B.  Methodology 

Daily return (��) on stock � is computed as the difference 

in log stock prices as in equation (1). �� and �� are stock 
closing prices at current and preceding trading day.  

�� = 
����) − 
����)                                    �1) 

The study captures stock volatility, an indicator of 
uncertainty of returns, by ARCH and GARCH (Generalised 
Autoregressive Conditional Heteroscedasticity) Model. As 

variance of volatility may be time variant (also referred to as 
conditional variance), ARCH and GARCH model suggested 
by Engle (1982) [21] and Bollerslev (1986) [22] allow us to 

estimate the conditional variance of error ����)  for each 

stock. The errors (��) are derived by fitting a regression of 
stock return on NIFTYBANK index return. Augmented 
Dickey-Fuller (ADF) test is used to satisfy stationarity pre-
condition of ARCH/GARCH models. Equation (2) & (3) 
represent ARCH and GARCH Model respectively in 
symbolic form. ARCH model permits conditional variance 

����) to vary with lagged squared error term ������ ) at � lags, 
while GARCH model lets it depend on both lagged squared 

error term ������ )  and previous time period conditional 

variance (����� ) at � lags. 

��� = �� + � �������
�

���
                                        �2) 

��� = �� + � �������
�

���
+ � �������

�

���
                �3) 

The study estimates the volatility coefficients �� and �� 

by setting lags � and � in equation (2) and (3) at one. These 
estimates are obtained for the entire sample period as well as 
for the two equal sub-sample periods of pre & post national 
lockdown. 

Volatility coefficients from 12 banking stocks obtained 
from ARCH and GARCH model are compared between the 
two sub-sample periods using multiple mean difference tests 
namely two-sample t-test, Anova F-test, Satterthwaite-Welch 
t-test, and Welch F-test. Combination tests provide for 
comparing the mean difference while satisfying assumption 
of both equal and un-equal variances in volatility coefficient 
dataset. 

IV. RESULTS 

A.  Summary Statistics 

Descriptive statistics of the 12 banking stocks is provided 
in TABLE I. The mean return for the entire sample period is -
0.098 percent. All stocks except KOTAKBANK and 
ICICIBANK earned less than mean NIFTYBANK index 
return of 0.002 percent. The median returns too exhibit 
similar distribution as that of mean returns for the entire 
sample period. In the pre-Covid-19 lockdown period 
investors, on average, incurred return losses to the extent of 
0.480 percent. Again, KOTAKBANK (-0.156) and 
ICICIBANK (-0.200) reported less percentage mean losses 
vis-à-vis the NIFTYBANK index return (-0.313). The mean 
return in this sub-sample was in the range of -0.798 and -
0.156 percent. The median returns too were smaller than 
benchmark bank index. 

Interestingly, post-lockdown sample generated, on 
average, 0.280 percentage return to the investors. 
AXISBANK, BANDHANBNK, HDFCBANK, 
IDFCFIRSTB and INDUSINDBK reported higher than mean 
index return (0.312%). Besides in comparison to negative 
mean returns in pre-lockdown period, stocks mean returns (as 
well as median returns) turned positive for all stocks in the 
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period after the lockdown was imposed. Results of t-tests 
testing the difference in mean ex-ante and ex-post lockdown 
announcement date returns confirm the excess returns at 5 
percent level of significance. Further in seven out of 10 cases, 
standard deviation of returns increased in post-lockdown 

period vis-à-vis pre-lockdown sample. Thus, these 
preliminary observations lend support to the hypothesis of 
investors demanding a return premium when exposed to 
increased levels of risk, increased variability of returns 
(volatility) in this case.

TABLE I.        SUMMARY STATISTICS OF DAILY STOCK RETURNS 

 

Stock Symbol 

(1) 

Entire Sample 

(N = 387, Figures in %) 

(2) 

Pre-COVID-19 Lockdown 

Sample 

(N = 193, Figures in %) 

(3) 

Post-COVID-19 Lockdown 

Sample 

(N = 193, Figures in %) 

(4) 

Change in 

Post-Pre-Mean 

Return (%) 

Mean Median Std. Dev. Mean Median Std. Dev. Mean Median Std. Dev.  

AXISBANK -0.070 0.067 3.453 -0.502 -0.214 3.267 0.371 0.431 3.591 0.873** 

BANDHANBNK -0.083 -0.204 4.508 -0.602 -0.455 4.165 0.474 0.123 4.758 1.076** 

BANKBARODA -0.176 0.000 3.059 -0.421 -0.103 3.097 0.054 0.109 3.010 0.474* 

FEDERALBNK -0.118 -0.057 3.314 -0.499 -0.292 3.285 0.294 0.449 3.287 0.793** 

HDFCBANK -0.136 0.036 4.154 -0.594 -0.082 5.314 0.325 0.295 2.454 0.918** 

ICICIBANK 0.064 0.278 2.957 -0.200 -0.074 2.648 0.306 0.557 3.217 0.506* 

IDFCFIRSTB -0.036 0.000 3.200 -0.443 -0.119 3.172 0.343 0.000 3.174 0.786** 

INDUSINDBK -0.145 -0.116 4.694 -0.798 -0.264 4.179 0.545 0.105 5.064 1.343** 

KOTAKBANK 0.077 0.182 2.505 -0.156 -0.006 2.191 0.284 0.374 2.758 0.440* 

PNB -0.226 -0.150 2.896 -0.417 -0.158 2.900 -0.049 0.000 2.888 0.369* 

RBLBANK -0.271 0.090 4.513 -0.798 -0.136 4.926 0.207 0.362 3.960 1.005** 

SBIN -0.058 0.137 2.856 -0.331 -0.179 3.070 0.210 0.251 2.613 0.541* 

NIFTYBANK 0.002 0.152 2.377 -0.313 -0.053 2.245 0.312 0.451 2.473 0.626** 

 

TABLE I provides summary statistics of 12 sample banking stocks and benchmark bank index NIFTYBANK. ** {*} denote significance at 5% {10%} level 
of significance.  Std. Dev. = Standard Deviation; (1) Pre-COVID-19 lockdown sample {June 13, 2019 - March 23, 2020} and (2) Post-COVID-19 lockdown 
sample {March 25, 2020 - December 31, 2020}. (4) reports difference in pre and post lockdown date mean returns and its significance using t-test. 

 

Fig. 1.        Daily Returns on banking stocks for June 13, 2019 - December 31, 2020 
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Mean stock return in x-axis & number of days in y-axis. Observation 194 coincides with date of national lockdown (March 24, 2020) due to COVID-19 in 
India.

Fig. 1. shows plot of return time series for each sample 
banking stock across the study period. Evident spikes around 

and after the 194th observation (March 24, 2020), the date at 
which COVID-19 national lockdown came into effect, 
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suggest significant volatility in the banking stocks. In 
comparison to the pre-lockdown sample, post lock-down 
sample show pervasive levels of volatility with many large 
positive and negative returns being observed. These 
observations motivate us to examine the return-volatility 

behaviour in the sub-sample periods. 

B.  Stationarity Test Results 

Significant ADF test statistics in TABLE II rule out the 
possibility of unit root presence in the stock return series and 
elude possibility of obtaining spurious regression 
ARCH/GARCH coefficients.2 All return series are integrated 
to order zero, hence we proceed with estimates the 
coefficients of volatility. 

TABLE II.        RESULTS OF STATIONARITY TESTS 

Stock Symbol 
ADF test 

Statistic 
Stock Symbol 

ADF test 

Statistic 

AXISBANK -19.53*** IDFCFIRSTB -19.20*** 

BANDHANBNK -18.04*** INDUSINDBK -17.32*** 

BANKBARODA -20.93*** KOTAKBANK -19.98*** 

FEDERALBNK -18.53*** PNB -20.09*** 

HDFCBANK -21.12*** RBLBANK -18.07*** 

ICICIBANK -21.07*** SBIN -20.80*** 

Test Critical 
Values 

-3.44 (1%) -2.86 (5%) -2.57 (10%) 

 

Level of significance {l.o.s} in parenthesis ( ); *** Significance at 1% l.o.s; 
ADF = Augmented Dickey-Fuller. 

C.  Volatility Coefficients 

Results measuring volatility with ARCH and GARCH 
model are reported in TABLE III. ARCH (1) symbolises 
conditional variance to depend on one period lagged squared 
error while GARCH (1,1) allows conditional variance to vary 
with lagged squared error and previous time period 
conditional variance. Significant ARCH (1) and GARCH 
(1,1) coefficients for banks (except HDFCBANK) in the 
entire sample indicates volatility to be occurring in bursts i.e., 
trend of larger (smaller) returns being followed by large 
(small) returns. 

In the pre-lockdown subsample, ARCH (1) and GARCH 
(1,1) coefficients are significant except for FEDERALBNK 
and HDFCBANK. Evidence of conditional variance 
collecting significant stimulus from its past shock is 
confirmed by post-lockdown GARCH (1,1) coefficients in all 
stocks. Also, in eight out of 12 cases, the magnitude of 
GARCH rose after the announcement of the lockdown with 
BANKBARODA, ICICIBANK, KOTAKBANK and PNB 
being an exception. Moreover, persistence of volatility effect 
(sum of ARCH and GARCH coefficients approximating to 
one) is true for all stocks in the post announcement period 
which is not the case for FEDERALBNK and HDFCBANK 
in the corresponding previous period. 

TABLE III.        RESULTS OF VOLATILITY ESTIMATES USING ARCH/GARCH MODELS 

Dependent 

Variable � !"# ) 

 

Stock Symbol 

Entire Sample 

(N = 387) 

Pre-COVID-19 Lockdown Sample 

(N = 193) 

Post-COVID-19 Lockdown Sample 

(N = 193) 

Constant 
ARCH 

(1) 

GARCH 

(1,1) 
Constant ARCH (1) 

GARCH 

(1,1) 
Constant ARCH (1) 

GARCH 

(1,1) 

AXISBANK 
0.000** 
(2.66) 

0.126** 
(6.28) 

0.838** 
(30.33) 

0.0000 
(1.13) 

0.252** 
(3.30) 

0.694** 
(4.69) 

0.000** 
(2.56) 

-0.053** 
(-2.69) 

1.025** 
(50.05) 

BANDHANBNK 
0.000** 
(3.58) 

0.306** 
(5.29) 

0.612** 
(11.58) 

0.000** 
(2.45) 

0.542** 
(3.57) 

0.220** 
(1.19) 

0.000** 
(3.57) 

0.066* 
(1.93) 

0.813** 
(22.58) 

BANKBARODA 
0.000** 
(3.10) 

0.082** 
(3.91) 

0.876** 
(29.76) 

0.000** 
(2.15) 

0.116** 
(2.73) 

0.860** 
(16.16) 

0.000** 
(1.99) 

0.029 
(1.14) 

0.846** 
(13.52) 

FEDERALBNK 
0.000** 
(2.52) 

0.132** 
(2.97) 

0.657** 
(6.13) 

0.000* 
(1.79) 

0.088 
(0.96) 

-0.314 
(-0.49) 

0.000** 
(16.90) 

-0.108** 
(-6.64) 

1.031** 
(64.33) 

HDFCBANK 
0.001 
(0.69) 

-0.004 
(-0.51) 

0.579 
(0.95) 

0.002 
(0.77) 

-0.008 
(-0.59) 

0.594 
(1.13) 

0.000** 
(5.68) 

-0.112** 
(-2.77) 

1.035** 
(29.42) 

ICICIBANK 
0.000* 
(1.70) 

0.105** 
(2.86) 

0.801** 
(9.95) 

0.000 
(0.90) 

0.074* 
(1.75) 

0.873** 
(8.53) 

0.000 
(1.15) 

0.084 
(1.28) 

0.794** 
(5.70) 

IDFCFIRSTB 
0.000* 
(1.89) 

0.033** 
(2.98) 

0.905** 
(21.03) 

0.000** 
(2.57) 

0.162** 
(2.26) 

0.717** 
(6.77) 

0.000 
(0.50) 

0.008 
(0.28) 

0.772* 
(1.74) 

INDUSINDBK 
0.000** 
(2.78) 

0.263** 
(5.45) 

0.679** 
(12.20) 

0.000 
(1.24) 

0.255** 
(2.83) 

0.675** 
(4.88) 

0.000** 
(3.81) 

0.062 
(1.48) 

0.804** 
(20.45) 

KOTAKBANK 
0.000** 
(2.69) 

0.124** 
(5.56) 

0.805** 
(20.96) 

0.000 
(0.73) 

0.097** 
(2.02) 

0.798** 
(4.24) 

0.000** 
(2.72) 

0.144** 
(3.69) 

0.717** 
(12.93) 

PNB 
0.000** 
(1.99) 

0.125** 
(2.68) 

0.774** 
(8.43) 

0.000 
(0.87) 

0.105** 
(2.31) 

0.857** 
(8.89) 

0.000* 
(1.97) 

0.159* 
(1.89) 

0.715** 
(6.02) 

RBLBANK 
0.000** 
(2.78) 

0.233** 
(5.43) 

0.749** 
(19.24) 

0.000* 
(1.68) 

0.233** 
(3.64) 

0.765** 
(13.55) 

0.000* 
(1.72) 

0.174** 
(3.47) 

0.766** 
(11.47) 

SBIN 
0.000** 
(2.73) 

0.177** 
(4.80) 

0.755** 
(14.85) 

0.000 
(1.55) 

0.277** 
(3.91) 

0.736** 
(10.27) 

0.000* 
(8.00) 

-0.111** 
(-4.49) 

1.030** 
(42.59) 

z-statistic in parenthesis ( ); ** {*} denote significance at 5% {10%} level of significance. Conditional variance of error for stock � at time $ �����) is a 
function and is obtained from mean equation �� = �� + ���% + ��, where �� (�%) represent log return on stock � (NIFTYBANK index) and �� are 
disturbance terms.

                                                           
2 Presence of unit root conditions a data series to depend on 
its lag value and hence the mean, variance and auto-

covariance are time variant. Refer Dickey and Fuller (1979) 
[24] for more details. 
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D. Comparison of Volatility  

Results of mean difference tests are given in TABLE IV. 
T-statistic and Anova F-test find the pre and post 
lockdown ARCH volatility coefficients are significantly 
different assuming that both time series follow equal 
variances. Likewise, GARCH estimates too are 

significantly dissimilar in both case assumptions of equal 
and unequal variance of volatility data series used for 
these tests. Greater GARCH volatility coefficient of 
0.8624 in post-COVID-19 lockdown period suggest 
increased variability in banking returns vis-à-vis before 
the announcement of lockdown.

TABLE IV.        RESULTS OF SAMPLE TESTS COMPUTING DIFFERENCE IN VOLATILITY COEFFICIENTS 

Particulars Mean t-statistic 
Satterthwaite

-Welch t-test$ 
Anova F-test 

Welch 

F-test$ 

Pre-COVID-19 Lockdown ARCH 0.1827 -2.9997** 
(0.006) 

-2.9997** 
(0.007) 

8.9987** 
(0.006) 

8.9987** 
(0.007) Post-COVID-19 Lockdown ARCH 0.0286 

Pre-COVID-19 Lockdown GARCH 0.6232 2.2597** 
(0.034) 

2.2597** 
(0.040) 

5.1062** 
(0.034) 

5.1062** 
(0.040) Post-COVID-19 Lockdown GARCH 0.8624 

 

$ Test accounts for unequal variances in data. ** {*} denote significance at 5% {10%} level of significance 

 
V. CONCLUSION 

Volatility estimates are actively pursued as tools of risk 
management and to forecast stock prices. Increased volatility 
in response economic or financial shock for instance induces 
investors to raise return expectations. This study uses ARCH 
and GARCH models to analyse the conditional variance, an 
estimate of volatility. Further, the study makes an attempt to 
understand whether the March, 2020 national lockdown 
owing to spread of COVID-19 virus caused changes in 
volatility of banking stocks in India.  The results from the 
entire sample and in each of two sub-samples confirm the 
presence of volatility clustering. Not only was there a rise in 
volatility but also volatility appears to be persistent in the 
post-lockdown period. These findings combined with results 
of t-tests on significant excess return in the post period 
sample suggest that investors, on average, generated returns 
from their investments into banking stocks and such returns 
would continue owing to persistent volatility. These findings 
lend support to the theory of investor expectation of excess 
return as compensation for the additional volatility of returns 
over and above the risk-free rate (Fama and French, 1992) 
[25]. 

This paper is a preliminary analysis of the change in stock 
volatility in banking stocks which may be extended to include 
other sectors of the economy. Further scope lies in 
undertaking a cross country analysis examining the factors 
which cause such change in the magnitude of volatility. The 
study can be used by banks to understand credit worthiness 
of countries in the global banking domain by understanding 
the response to the pandemic. Banks can look forward to 
build their operational resilience and remain hyperactive 
learning from this study. The study can also be used as a point 
of decision making for both investors and portfolio managers.  
Diversifying a portfolio for investors during abnormal 
periods may prove to be an unattractive assignment for 
managers. It requires regular monitoring of the volatility and 
understanding the trends it entails. As banking sector is the 
nerve center for all other industries, playing the role of 
creating credit, it definitely impacts performance of other 
sectors as well. Therefore, it becomes important to keep a 
track of the banking sector stocks while investing or 
preparing portfolios of other sectors.  The research indicates 

that depending upon the longevity of an event, volatility 
perseverance may alter. Strategists could focus their attention 
on the basic nature of shock to diversify the portfolio and 
minimize the risk exposure of the investor. Further, multiple 
event analysis could be undertaken based on politics, 
restrictions trade practices, trade linkages during such crisis. 
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Abstract-—This study is to understand investor’s 

preferences, financial objectives, factors affecting 

decision making behavior, risk taking behavior for 

different investment alternatives available in market. 

By design this study tries to understand the different 

factors that help investors make sound financial 

decisions. 

Statistical tools like SPSS software is used to derive Chi 

Square test that measures how expectations compare 

to actual observed data. Findings of the study give a 

good idea on the trends that are visible in the sample 

population which may or may not represent the entire 

total population. Recommendations from study are 

point towards new initiatives that can be taken up for 

us to move towards financial literacy and stable 

economy. This study may benefit financial firms to 

capture the pulse of the investor by focusing acutely on 

various investor parameters. 

Keywords—Investments, Investors, Financial security, 

Interest, earnings. 

I. INTRODUCTION 

Investment – When an item or asset is acquired with 
the goal of generating income or appreciation, then 

that item or asset is an Investment. 

Investor - An investor can be any individual, firm or 
organization who has the potential of engaging one’s 
capital for a long-term period (usually more than a 

year) to earn profit or wealth in future. 

Types of investment are as follows - 

1.Ownership Investments, 

2.Lending Investments 

3.Cash Equivalents  

4.Funds 

5. Alternatives 

 

II. RESEARCH METHODLOGY 

PRIMARYDATA: Primary research includes a 

collection of original primary Data collected by the 

researcher 

In this research primary data has been collected 

directly from the respondents by the way of 

questionnaire. The target audiences are there 

spondees who in vesting different financial plans. 

Sample Size: 

We followed Cochran’s formula to arrive at sample 

size that is need for our study. We assumed that half 

of the population are active investors while 

remaining half do not invest.so value of p = 0.5. We 

wanted 90%confidencelevel and precision 

valueof10%.At905confidencelevel, value of Zips 

1.645. 

As per Cochran’s formula: n0 = (Z*Z*P*Q) / (e*e); 

sample size of 68 in our target population is good 

enough to give confidence levels of entire 

population. 

The value of n0 is Cochran’s sample size 

recommendation and the minimum number required 

for the study. However, based on responses we 

received, the adjusted sample size used in the study 

was (n=) 120. 

III. STATISTICALANALYSIS 

Hypothesis1: 

H0: Investment Type preferred by respondents are 

independent of age for respondents 
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H1: Investment Type preferred by respondents are  

Dependent of age for respondents 

TableH.1: Cross tabulation of Hypothesis 1 

 

Which type of Investment do you prefer*Age 

 Age  
 

Total >40 18-25 26-40 

Which type of 

Investment do you 

prefer 

Long Term [>10 years] 13 7 14 34 

Medium Term [ 5 years -

10years] 

13 8 24 45 

No Investment 1 4 2 7 

Short Term [ <5years] 4 10 20 34 

Total 31 29 60 120 

Table H.2: Chi-Square Tests of Hypothesis 1 

Chi-Square Tests 

  
Value 

 
Df 

Asymptotic 

Significance(2-sided) 

Pearson Chi-Square 11.432a 6 .076 

Likelihood Ratio 11.205 6 .082 

No of Valid Cases 120   

3cells (25%) have expected countless than5.The minimum expected countis1.69. 

  

INTERPRETATION 

• Theabovetableshowstherelationbetweendif

ferentinvestmenttypesandageoftherespond

ent. 

• CalculatedValueofthechi-squareis11.432. 

• Abovetableofchi-

squareshowsthesignificancevalueis0.076w

hichislessthan0.05sothatalternativehypothe

sis is accepted. 

• FromaboveweconcludethatH0i.e.NullHy

pothesisisrejected.InvestmentTypeprefe

rredbyrespondentsis dependent of their 

• Respective age. 
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TableH.3: Cross tabulation of Hypothesis 2 

Annual Income*What is the level of risk you are ready to undertake for your 

Investment Cross tabulation 

 What is the level of risk you are ready to 

undertake for your Investment? 

 
 
 

Total 1 2 3 4 5 

Annual 

Income 

<Rs. 1,00,000 8 3 2 1 1 15 

>Rs. 15,00,000 2 4 7 6 1 20 

Rs.1,00,000 -Rs. 

5,00,000 

5 10 8 2 1 26 

Rs.10,00,000 -Rs. 

15,00,000 

0 4 6 6 1 17 

Rs.5,00,000 -Rs. 

10,00,000 

5 12 14 11 0 42 

Total 20 33 37 26 4 120 

TableH.4: Chi-Square Tests of Hypothesis 2 

Chi-Square Tests 

  
 

Value 

 
 

Df 

 

Asymptotic 

Significance(2-sided) 

Pearson Chi-Square 28.719a 16 .026 

Likelihood Ratio 29.798 16 .019 

N of Valid Cases 120   

The minimum expected count is.50. 

 

 

INTERPRETATION: 

• The above table shows the relation between 

level of risk-taking behavior and annual 

income for the respondents. 

• Calculated Value of the chi-square is 

28.719. 

• Above table of chi-square shows the 

significance value is 0.26 which is more 

than 0.05 so that alternative hypothesis is 

rejected. 
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• From above we conclude that H0 i.e. Null 

Hypothesis is accepted. The level of risk- 

taking behavior for an investment is 

independent of the annual income of the 

respondent. 

Page 397

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



 

 

HYPOTHESIS 3:  

H0: The monitoring activity of Investment Portfolios 

independent of the age factor for respondents 

 

H1: Them on it oringactivity of Investment Portfolio is 

dependent of the age factor for respondents 

1. TableH.5:Crosstabulation of Hypothesis 3 

 

 

            TableH.6: Chi-SquareTestsofHypothesis3 

 

Chi-Square Tests 

  

 
Value 

 

 
df 

 
Asymptotic 

Significance(2-sided) 

Pearson Chi-Square 14.407a 4 .006 

Likelihood Ratio 13.537 4 .009 

N of Valid Cases 120   

The minimum expected count is4.83. 

 

 

 

 

 

 

i. Age*Do you monitor your investment portfolio Cross tabulation 

2.  a. Do you  monitor your investment portfolio 3.  
 
 
 
 

4. Total 

5.  

6. No, I do 

not 

monitor 

my 

investme

nts. 

7.  
8. Yes, I monitor 

my investment 

at regular 

intervals. 

9. Yes, Monitory 

investment but 

not at regular 

intervals. 

10. Age 11. >40 12. 5 13. 10 14. 16 15. 31 

16.  17. 18-25 a. 1
1 

b. 9 18. 9 19. 29 

20. 26-40 21. 4 a. 26 22. 30 23. 60 

24. Total a. 2
0 

b. 45 25. 55 26. 120 
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Chi-Square Tests 

  

Value 

 

Df 

 

Asymptotic Significance(2-sided) 

Pearson Chi-

Square 

48.194a 42 .237 

Like LaHood 
Ratio 

53.189 42 .115 

N of Valid Cases 120   

The minimum expected count is.18. 

 

 INTERPRETATION: 

 

• Abovetableofchi-

squareshowsthesignificancevalueis0.237whichism

or ethan0.05so that alternatively prosthesis is 

rejected. 

• From above we conclude that H0i.e. NullHy 

prosthesis is accepted. Investment activity status 

for investors are independent from online broker 

firms for their investment portfolio activities. 

 

HYPOTHESIS 5: 
 

H0: The risk-taking behavior on investment is independent of 

the occupation for all respondents 

 

H1: The risk-taking behavior on investment is dependent of 

the occupation for all respondents 

 

 

            TableH.10:Chi-SquareTestsofHypothesis5 

 

 

Chi-Square Tests 

  
Value 

 
df 

Asymptotic 

Significance(2-sided) 

Pearson Chi-Square 31.424a 16 .012 

Likelihood Ratio 33.396 16 .007 

N of Valid Cases 120   

The minimum expected count is.23.  
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INTERPRETATION: 

 

• Theabovetableshowstherelationbetweenrisk-

takingbehavioroninvestmentandoccupationforall 

respondents. 

• CalculatedValueofthechi-squareis31.424. 

• Abovetableofchi-

squareshowsthesignificancevalueis0.012whichisle

ssthan0.05sothatalternativehypothesis is accepted. 

• FromaboveweconcludethatH0 

i.e.NullHypothesisisrejected.Therisk-

takingbehavioroninvestmentis dependent of the 

occupation for all respondents

HYPOTHESIS 6: MARITAL STATUS 

H0: The tenure of the investment is independent from the 

marital status for respondents. 

H1: The tenure of the investment is dependent on the 

marital status for respondents 

 

 

TableH.11: Cross tabulation of Hypothesis 6 

 

Marital Status*Which type of Investment do you prefer Cross tabulation 

 Which type of Investment do you prefer  
 
 
 

 
Total 

 
 

Long 

Term[>10year

s] 

Medium-

term[5 

years - 

10years] 

 
No 

Investment 

 
 
Shortterm[<5years

] 

Marital 

Status 

Married 22 28 2 18 70 

Un-married 12 17 5 16 50 

Total 34 45 7 34 120 

 

TableH.12:Chi-SquareTestsofHypothesis6 
 

Chi-Square Tests 

  

Value 

 

df 

Asymptotic 

Significance(2-

sided) 

Pearson Chi-Square 3.806a 3 .283 

likelihood Ratio 3.799 3 .284 

N of Valid Cases 120   

2cells (25%) have expected countlessthan5.Theminimumexpectedcount is2.92. 
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• CalculatedValueofthechi-squareis3.806. 

• Abovetableofchi-

squareshowsthesignificancevalueis0.283whichism

orethan0.05sothatalternativehypothesis is rejected. 

• FromaboveweconcludethatH0i.e.NullHypothesisis

accepted.Thetenureoftheinvestmentisindependent

of the marital status for respondents. 

IV. CONCLUSIONS 

Salaried individuals with medium annual salary 

range (500000-1000000) are inclined actively 

towards investments but in majority cases financial 

literacyisless. With ease faccessto information, 

investors are regular referring to Company per for 

minces and outlooks to make financial decisions.  

Financialgoalsfortherespondentsaremediumtermg

oallike Marriage, buying acre but they have every 

conservative view for investment where losses 

ratio is given priority before investing. 
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Abstract— In this research, a compact patch microstrip 

antenna is considered that is utilized in applications of satellite 

communication and wireless local area network. In the wireless 

communication systems advancements, several bands like as 

multi-band wideband and wires are famous all across the globe. 

Commonly, a wireless communication system that is utilized 

these days is wireless local area network. This research 

comprised of creating the projected microstrip patch antenna of 

dimensions is 37mm x 51mm and with1.6mm thickness. This 

patch antenna has sufficient gain and operated on one band. The 

ground is copper and material can be used for feedline and for 

substrate it is (lossy) FR-4. The polygon antenna shaped 

covering frequency range 2.4GHz and simulation work is 

completed with assistance of CST student edition tool. The 

extracted simulation results of the proposed patch antenna 

offered outstanding performance and displayed to be 

appropriate for wireless local area network applications. 

 

Keywords— wireless local area network, radiation pattern, 

bandwidth, frequency band, dielectric constant, high selectivity, 

wireless communication systems, CST (Computer Simulation 

Technology) 

 

 

I. INTRODUCTION 

In this wireless local area network, there are mainly two 
important components which are filter and antenna. Firstly, 
the duty of antenna is to transmit and reception of several 
signal, whereas on the flip side of fence the bandpass filter 
(BPF) that is capable to select the signals in operating band 
and rejected the false signals. [3] With the rapid increase in 
usage all across the globe, it is crucial merge the filter and the 
antenna into one design. This method can assist to gain 
radiation and filtration functions of antenna at similar time 
and these both actions can be forwarded as as filtering 
antenna “filtenna”. This can help to reduce the basic filtering 
needs  and  assists  to  improve  the  performance  of  system‟s 
noise. Moreover, there are distinct type of filtering antennas 
topologies that are created with the help of synthesis filter 
method. In this technique, the antenna provides the recent 
resonator in the filtering. There are several forms of filter 
antennas like as Γ-shaped antenna, rectangular patch, 
dielectric resonator antennas, Yagi antenna, inverted-L 
antenna, circular patch, patch array, waveguide slot antenna, 
a monopole antenna and slot dipole. Filter antenna is utilized, 
mainly in  today‟s  wireless systems  because, in this system, 
the radiation antenna pattern and the filter responses are used 
simultaneously. 

Moreover, requirements are Dependent on the patch of 
microstrip antenna which is created as rectangular, square, 
triangular, circular, elliptical, or some other normal shapes. 

There are distinct types of wireless local area network 
standards like as 802.11 b, 802.11 g and 802.11 a, but the 
802.11 a is commonly used in the business network area due 
to its higher cost. The network standards 802.11 group 
recognized has some WLAN frequencies which are 2.4GHz, 
5 GHz, 4.9 GHz, 3.6 GHz, and 5.9 GHz respectively. 

Benefits of micro-strip antenna are given below: - 

• It has less profile. 

• The Cost of fabrication microstrip antenna is quite low while 
comparing with other antennas. 

• A common microstrip antenna‟s feed offers accurate circular 
and linear polarization. 

• On these micro-strip patch antennas the compatibility of 
MIC is easier and less complex. 

 

Figure: 1. Basic structure of microstrip patch antenna 

 
II. LITERATURE REVIEW 

 

A micro-strip antenna is utilized in number of distinct areas 

like as military, satellite and healthcare applications. In 2005, 

the autor Saed and Khatun [13] (2005) projected one single 

feed aperture combined with micro-strip antenna patch 

contains a 2.4 GHz band having bandwidth of 80MHZ and 

the antenna playing crucial role in wireless local area network 

applications. [13] This patch antenna is located on the specific 

slot so that there would be higher coupling. In this research, 

move the patch antenna related to the slot in this direction H-

plane that has tiny effect whereas combined level can be 

reduced to move the patch antenna according with the E-

plane slot. Moreover, the feed position line can put at right 

angle to the centroid point of slot to gain the experience high 

coupling. 

Moreover, author Chen and Yu (2007) [5] proposed an 

antenna that has band removal features that is created for 
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WiMAX, IEEE802.16a/d/e/2004 applications and covering 

the band 2.690 GHz to 2.495 GHz. [5] The patch antenna has 

Omni-directional radiation pattern and a compact size as 

displayed below in fig 2. This provides a complete coverage-

radius around 30 miles and responsible to achieve usage data 

rate upto 75Mbps for mobile broadband and internet access 

wireless. 
 

 

Figure: 2 Triple band rhomb-shaped microstrip patch antenna 

(Chen & Yu 2007) 

 
Bhardwaj and Rahmat-Samii (2012) [4] proposed designed 
four different types of slotted antennas: U-slotted, double C- 
shaped, C-shaped and E-shaped while comparing their 
bandwidth and size, cross-polarization level, radiation 
patterns and RF operation of few years. 

 
Aziz et al. (2012) designed impedance wave match to plan a 

micro-strip Xcircular antenna polarized and X- polarized 

linear patch microstrip antenna while using one port while 

combining of four patches. CST tool can be used to create the 

antenna. The constant di-electric in antenna is εr= 4.3, 

thickness substrate is 1.6mm, and the constant dielectric is 

tanδ = 0.19. The simulation analysis constraints like as 

directivity, bandwidth, gain, return loss and polarization. The 

gain of these both antennas can be assessed to between 6 dB 

and 8 dB based on the conclusion. 

 

In 2015, Patil, Kanphade and Ratnaparkhi (2015) described 

GSM dual-band filtenna based on Invert Printed F Antennas 

approach. This has specific slot on antenna of ground plane 

and covering the 90 MHz and 180 MHz antenna bands, 

though their filtenna serving as stop band filtering at high 

frequency. This filtenna can be capable of overwhelming the 

diode's vocal signals upto 8.5 GHz, while prevents them from 

radiating. 
 

Figure 3 Microstrip patch antenna to detect brain cancer 

(Raihan et al. (2017) 

In 2017, Raihan et al. (2017) proposed Wearable Patch 

Micro-strip Antenna for Brain Cancer detection which was 

proposed as a bless to the healthcare community. This Patch 

Micro-strip antenna detects brain tumours to operate in the 

ISM range of 2.4 GHz and 2.4835 GHz. With the use of the 

ISM band, more flexibility in terms of bandwidth can be 

attained. 

 

Al-Yasir et al. (2020) proposed filter-antenna consists of 

operation frequency of 2.4GHz. [1] There is high-band 

bandwidth impedance of antenna is 1.22 GHz and fractional 

bandwidth is 50%. The changes of their different types of 

substrate material FR-4, Rogers RO3003 and Rogers RT5880 

that implemented and observed with the assistance of the 

similar property configuration. 
 

Figure: 4 Compact Wide-Band Microstrip Filter-Antenna 

Design (Al-Yasir et al. 2020) 

 

(Khoomwong & Phongcharoenpanich 2020) [8] proposed a 

patch antenna consists of four switches having the options  of 

reconfigurable options for the radiation patterns. This antenna 

offers the dual broad- bandwidths of 1.17 GHz and 

2.05 GHz, which includes the requisite frequency bands.  At 

2.45 GHz and 5.5 GHz, gains of the conical beams are 3.05 

and 5.91 dBi respectively. 

 

 
III. RESEARCH PLAN 

 
The research topic is exceedingly extensive, and there are 
many of prospects for this article into varied facets of the 
issue. The main focus of this study is to make a compact 
microstrip patch antenna. Consequently, factors must be 
described to state many lines of the research primary areas 
and other extents that are assumed to be a good use for 
advancements and forthcoming work. This antena was built 
with the help of CST microwavestudio, that operates with few 
great engineering businesses and technologies worldwide. 
This application has an analysis of electro- magnetic, that is 
counted for the thermal impact in high- power devices, 
performance of filter and antena, electromechanical impacts 
in generators& motors, and electro-magnetic meddling and 
flexibility. 

• The main aim of this research is to design the antenna 
which is most vital to refine several characteristics such 
return-loss, gain, and radiation pattern that playing an 
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important role to improve the several features properties 
such as gain , radiation pattern and return loss. 

• This research also dealing to remove the undesirable 
frequency and distortion that only pass the accurate frequency 
which is capable to combine the filter having an antenna 
together known as filtenna. 

 
IV. PROJECT METHODOLOGY 

 

The research topic is exceedingly extensive and additionally 
offering a exclusive opportunity for analysis into many facets 
of the issue. The aim of this research is to build a small 
microstrip-planar patch antena that reverberates at frequency 
rate of 2.4 GHz, moreover it involves the contemplations of 
varied properties of antenna. 

Data-Collection: the choices of material of design for Feed- 
Line,substrate, ground, and patch should be considered 
before because designing has an important role in attaining 
standard result. 

Antenna-Dimension: this is a crucial stage is to decid & 
inspect the satisfactory antenna‟s measurements. 

Material-Selection: Other essential segment is the choice of 
materal for antena design. Based on the necessity, the 
material should be copper, Rogers RO3003, FR-4 and Rogers 
RT5880. 

Antenna-Design: Basically, the antennas are made in the 
work-space using CSTStudioSuite that is in top enginering 
corporations in entire world. 

Performance-Evaluation: This article also involves a testing 
or assessment of the advised design. Moreover, various 
procedures must be opted for better gain quality and its 
radiation patern. 

 
 

EXPECTED OUTCOMES 

There are some proposed results of this research after 

successfully completion of this: 

• When the antenna is designed successfully that offers 

outstanding performance in order to attain the gain, return 

loss, bandwidth and directivity which is commonly described 

as the antenna power capacity between output and input. 

• After obtaining the preferred outcomes, the antenna can be 

fabricated easily in limited cost because of material and 

utilized while designing the antenna. [7] 

• By analyzing far-field and return loss of antenna that can 

be specified which displays performance of antenna will be 

WLAN network applications and significant for local area. 

 

V. PROPOSED ANTENNA DESIGN AND PERFORMANCE 

 

 
The measurements of a micro-strip antenna planar are 

designed to activate at 2.4GHz frequency is to obtain with the 

assistance of the mentioned equations below (Balanis 2016): 

- 

 

 
(1) 

Note: The efficient dielectric constant of this patch antenna is 

continuous for less frequencies but for higher frequency, the 

efficient dielectric constant could be measured with 

assistance of equation mentioned below: 
 

(2) 

 

 
(3) 

 

 

(4) 
The correct length (L) could be attained by deducting ∆L 

and as below:- 

 
(5) 

According to mentioned equations, the measurements of the 
antennas are � and � can be measured. The common 

antenna design of measurements that operated at 2.4GHz 

frequency. 

 

The main motive this research is to create the microstrip 

antenna planar compact. [6] In outcomes, several 

improvements are completed in the designing of antenna that 

including the reduction of width and length, change of shape, 

considering four cross keys and two vertical of the 1mm 

width. 
 

 

Figure: 5. Antenna design with specific measurements 

 

The projected patch antenna contains microstrip antenna 

planar which is modeled on the proposed design of Raihan et 

al. (2017) antenna. [3] Above Fig 5 displays the projected 

structure of antenna, whereas highlighting on the ground, 

slots, substrate and dimensions of feedline. Copper is utilized 

for the ground and feedline, whereas Rogers (lossy) RT-5880 

is selected for substrate, within dielectric constant of 
2.20(��). 
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Figure: 6 Front view of the antenna showing substrate and 

feedline 
S Para 

meter 

s 

Abbrevi 

ation 

Dimens 

ions(m 

m) 

1 Ls Length of 
substrate 

102 

2 Lcs Length of 
cross slot 

1 

3 Lf Length of 
feedline 

16 

4 Lvs Length of 
vertical 
slot 

44 

5 L1  

 

Dimensio 

ns of 

polygon 

78 

6 L2 110 

7 L3 24 

8 L4 52.4 

9 L5 50 

1 
0 

Ws Width of 
substrate 

82 

1 
1 

Wcs Width of 
cross slot 

6 

1 
2 

Wf Width of 
feedline 

2 

1 

3 
Wvs Width of 

vertical 
slot 

3 

 
 

Table 1: Dimensions of antenna 

 

The Rogers RT-5880 provides less isotropic electrical 

properties, moisture absorption and electric quality which is 

stable across frequency. The planned antenna‟s design deals 

as a central feed, that improves in patch matching while doing 

the effectiveness. The substrate and ground have the similar 

sizes, calculating 82mm x 102mm having 1.6mm thickness 

and 0.0175mm gap between the substrate and the feedline. 

The coupled thickness is 1.6175mm of the patch. The micro-

strip feedline is symmetric fitted on the substrate having input 

impedance of 50Ω with measurements of 2mm x 16mm. This 

proposed antenna contains polygon shaped having two 

different types of slots. These two different types of slots 

contain two vertical lines with 9mm space between four 

cross-keys with 1mm space between them. The different slot 

contributes to efficiency of antenna, and the measurements of 

separate slots in these antennas are capable for obtaining the 

accurate radiation pattern, frequency band, antenna efficiency 

and return loss. [7] A wave-guide port is implemented to 

inter-connect the feedline to ground surface because of EM 

waves and EM distribution transferred are both described by 

the selection boundary around the waveguide port. 

VI. SIMULATION AND OBTAINED RESULTS 

After allocation of wave port to proposed antenna, the 
simulation process in the time-domain work has been started. 
The patch antenna is deployed as prototype, and its several 
features are examined and processed. This simulated antenna 
is run in Computer Simulation Technology studio suite tool, 
and obtained conclusion is examined in the 1D outcome 
under S-parameter. This shows the observed frequency drop 
between 2.40GHz and 2.48GHz that is within the Wireless 
Local Area Network frequencies band's standards which has 
low coefficient reflection is ˗14dB The slots assisted to attain 
reactance that has a feature which has dependency on the 
width of the slots. In consequences, return loss of upper band 
is slowly applies the intend optimization and then starts to 
determine as length and width of the increased slots. 

 

 

Figure: 7. S-parameter of the designed antenna 

 

 

Figure: 8. Change of S-parameter by changing the width and 

length of the slots 

 

We found significant move of 1 GHz in the frequencies curve 

if we reduce or increase the values of L5, L1, and Wf to 

perform the „parameters sweep‟ in CST tool. This slight move 

has an effect on the radiation pattern of antenna, as the 

projected directivity of antenna declined to 165.4 dBi that is 

inadequate for the essential results. 
 

Figure: 9 S-parameter displaying curves of different values 

and  
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Figure: 10 Radiation pattern of proposed antenna affected by 

ripples 

 

 
7.1 Radiation pattern of proposed antenna in 3D 

To adjust the measurements of projected polygon of antenna 
and reduce the size of the dual vertical slots, the earlier 
qualified ripples are eradicated. The projected radiation 
pattern of antenna subsequently removes ripples that is 
appropriate for wireless local area network applications. The 
several zones of patterns radiation are called as lobes. The top 
part of the radiation antenna pattern is called as main lobe that 
is described as radiation lobe along with direction of highest 
radiation. Moreover, these lobs contains distinct type of 
radiation intensity depends upon requirements. Thus, 
recognized gain of main lobe is 5.677 dBi and moreover, the 
value of overall and efficiency radiation of this suggested     
antenna     can   be   ̠1.736dB      and   ̠1.244dB respectively. 

 
 

Figure: 11 Radiation pattern of projected antenna in 3D 
afterwards removing ripples 

 
 

7.2 Gain, Directivityand realized gain of the proposed 
antenna 

 
 

The recognized gain of the projected antenna is thoroughly 
related    with    antenna‟s    directivity.    The    attained    gain 
explanations for the efficiency of antenna along with that 
directional capability. The directivity of antenna is described 
as ratio of radiation intensity of antenna in single direction to 
radiation intensity of antenna in different directions as 
displayed in equation 7 (Balanis 2016). 

 =              (7) 

Outcomes in 1D realized gain, directivity and gain of 
projected antenna via its frequency band. Both gain and 
directivity are practical higher at 2.41GHz that is around 7.6 
dBi and 7.2 dBi respectively, 

 

Figure: 11. Directivity, gain and realized gain of the proposed 
antenna 

 
 

7.3 Radiation pattern of the proposed antenna in 1D showing 
bandwidth 

When the simulation results obtained, figure 11 illustrated the 
calculated radiation far-field patterns at 2.4 GHz frequency. 
At Phi = 90 and Phi = 0, this outcome displays two pattern 
radiation in 1D. [9] The angular portion in two same points in 
reverse direction of pattern radiation can be described as 
radiation beamwidth pattern. There have several beamwidths 
in radiation pattern of the antenna. First-Null Beamwidth 
(FNBW) and Half-Power Beamwidth (HPBW) are common 
two beamwidths establish in antenna patterns. 

 

 
Figure: 12 Radiation pattern of projected antenna in 1D at Phi 
= 0 and Phi = 90 

 
 

First-Null Beamwidth is the angular separation in the first 
nulls patterns of the antennas, while Half-Power Beamwidth 
is an angle between both sides of antenna pattern as well as 
radiation intensity is partial of full value of the antenna beam. 
In this proposed antenna beamwidth is practical to be 88.6d 
eg. The degree of the major lobe is 7.19 dBi and its direction 
is 12.0 deg with the level of the side lobe -18.7dBi. The 
outcomes are stable with experimentations, and the antenna 
holds the similar radiation pattern with higher directivity in 
direction broadside within the occupied bandwidth. 
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Table: 2 simulated outcomes of projected antenna 

 

 

 

 

 

 
 

Table: 3 Comparison with recent studies of antenna design 

 

 

 

 

 

 

 

 

 

 

 

 
Table 3 depicts the comparison of the values observed from 
the recent studies conducted on the antenna design. From the 
table, it can be found that the proposed antenna design is 
better than Patil, Kanphade and Ratnaparkhi (2015), and 
Raihan et al. (2017) in terms of gain, directivity and VSWR. 
In addition to this, the radiation efficiency of the proposed 
antenna is better than Patil, Kanphade and Ratnaparkhi 
(2015) and Banwari et al. (2017). [9] 

 
VII. CONCLUSION 

A small microstrip planar patch antenna is presented in this 
study. This antenna is designed in the shape of a polygon, 
with vertical and cross key slots to provide a lower band of 
2.40 GHz–2.48 GHz. The ground and substrate are the same 
sizes, measuring 102mm×82mm with a thickness of 1.6mm 
and a gap of 0.0175mm between the feedline and the 
substrate. The feedline is symmetrically fitted on the 
substrate. The feedline's dimensions are 16mm×2mm. 
Furthermore, there is no significant difference between the 
calculated and simulated results. The material of the ground 
plane is copper whereas the material of the substrate is (lossy) 
Rogers RT- 5880. The feedline is prepared with copper and 
has input impedance of 50Ω. The radiation pattern far-field 
facilitated in representing the suitable directivity of antenna. 
The smallest coefficient reflection of 

VSWR of 1.02, antenna is -14dB, the realized gain of 6dBi 
and the directivity of 7.87dBi. The radiation efficiency and 
overall of antenna are 79% and 72% respectively that is 
suitable comparatively. The main focus of research is on 
efficiency and compact size that are both meet in according 
with the terms. Consequently, microstrip antenna patchs are 
perfect for wireless local area network applications and can 
also be used in healthcare applications. In conclusion, it is 
mentioned that the performance of antenna is substantial in 
the field of satellite and wireless communication by 
determining efficiency and return loss for closed position. 
The combination of filter and the usage of another antenna 
5.8 GHz, should be covered in future work for this research. 
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S. No Parameters Values 

1. Gain(dBi) 6.36 

2. VSWR 1.02 

3. Directivity(dBi) 7.87 

  Studies Conduct 
ed 

   

S Parameters Patil, 
Kanphade 
and 
Ratnaparkhi 
(2015) 

Banwari et 
al. (2017) 

Raihan 
et al. 
(2017) 

Paga, 
Nagaraj 
and 
Rukmini 
(2018) 

My 
research 
work 
results 

1 Gain(dBi) 4.65 5.98 5.32 7.07 6.36 

2 VSWR 1.42 1.02 1.05 1.24 1.02 

3 Directivity(dBi) 4.92 Not 
mentioned 

5.36 6.98 7.87 
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Abstract—The study has been conducted to understand the 

impact of upward feedback on employee motivation. Total 19 

variables have been studied to find the relation between 

employee motivation, work culture, and employee feedback.  The 

data is collected using an online survey form to gain insights 

from people working in various industries. For the analysis, 

structural equation modelling and the SPLS tool are used. The 

model fit has been checked for reliability and validity of the data 

collected before the analysis. The findings show that upward 

feedback has a significant and positive impact on employee 

motivation. Also, evaluative work culture is created due to the 

upward feedback process, positively impacting employee 

motivation. These results can be significant while formulating 

organizational policies. Including and optimizing the upward 

feedback process can enhance employee motivation.   

Keywords— Employee motivation, upward feedback, evaluative 

work culture, structural equation modelling 

I. INTRODUCTION 

Human resources in an organization are considered a 
critical asset. Hiring and maintaining the right talent within the 
organization is a crucial requirement to maintain a competitive 
position in the market. To ensure retention of employees for 
longer periods and gain maximum from their potential, it is 
essential to have motivated employees. 

Employee motivation can be defined as the energy that the 
employee brings to their work. It highly impacts the creativity 
and commitment of the employee towards their work. A 
motivated employee would concentrate on the work, try to 
bring in innovations, complete tasks quickly and efficiently for 
themselves and the organization. Organizations believe that 
employee motivation can increase their productivity and 
enhance their overall performance [1]. Employees are more 
work performance-oriented and committed when highly 
motivated [2].  

Organizations often try to keep their employees motivated, 
considering the benefits of having motivated employees. 
Upward feedback can increase the self-determination of an 
employee [3]. It has been found that self-determined 
employees are intrinsically motivated towards their work [4]. 
Organizations are increasingly adopting the upward feedback 
approach. This paper studies the direct and indirect impact that 
upward feedback can have on increasing employee motivation. 
The paper discusses if upward feedback creates an evaluative 
work culture within an organization, and this impact on culture 
increases employee motivation. 

II. THEORETICAL FRAMEWORK 

A theoretical framework has been developed to analyze the 
impact of upward feedback on employee motivation. We have 
considered the direct and indirect impact through evaluative 
work culture.  

 

Fig. 1. Theoretical Model 

Upward feedback is the process of subordinates evaluating 
the performance of their managers [5]. A formal feedback 
channel is a mechanism to evaluate employees in an 
organization [6]. Subordinates are best to evaluate a manager's 
performance for some parameters [7]. The evaluations done by 
the subordinates can result in changes in an organization's 
culture. Multiple studies have been conducted to study the 
cultural change resulting from upward feedback. In a study, it 
has been found that upward feedback can lead to an improved 
supervisor's performance [8]. Similarly, it has been suggested 
that behavioral change can be observed in individuals after 
upward feedback [9].  

From such studies, we can infer that the evaluations done 
for upward feedback can impact the work culture of an 
organization. Therefore, we hypothesize the following: 

Hypothesis 1: Upward feedback can help create an evaluative 
work culture in an organization.  

When an organization has an evaluative work culture, 
employees will be rewarded based on their performance and 
efforts. This culture may be created from feedback processes. 
This can motivate the employees to perform better due to 
various reasons. On providing upward feedback, an employee 
may feel more empowered and have the feeling of creating an 
impact in the organization. The evaluative work culture may 
motivate the employee to perform better to receive a better 
evaluation. As per the Goal-Setting Theory of motivation, 
willingness to accomplish better evaluation can motivate 
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employees [10]. Therefore, the following hypothesis has been 
made: 

Hypothesis 2: Evaluative work culture increases employee 
motivation 

Few studies have implied a relationship between upward 
feedback and employee motivation. Feedback is a driver for 
motivation and trust in individuals [6]. Feedback can lead to 
career motivation as previous studies have closely related 
employee motivation with self-determination [11, 12, 13]. 
Providing upward feedback can increase self-esteem and job 
satisfaction.  The behavioral changes due to a supportive 
feedback environment can increase the organization's 
efficiency [14]. A study on feedback-friendly culture supports 
evidence for role clarity, job satisfaction, and career motivation 
[11, 12]. An upward appraisal can motivate individuals to 
change their workplace behavior [8, 15]. Based on the past 
studies, we will evaluate the direct and indirect impact of 
upward feedback on motivation in employees.  

Hypothesis 3: Upward feedback can help in increasing 
employee motivation. 

Hypothesis 4: Upward feedback has a significant indirect 
impact on employee motivation through evaluative work 
culture. 

III. METHODOLOGY 

The study was conducted through a questionnaire to 
measure the perception of the quality of upward feedback and 
its impact on a five-point Likert scale. It consists of 19 items in 
three parts: 

• Part 1 discusses the quality of the upward feedback. 
The responses are collected to understand if the 
subordinates provide feedback based on the 
supervisor's work.  

• Part 2 aims to find if employees believe that their 
organization has an evaluative work culture due to the 
upward feedback process and if it increases their 
motivation for work.  

• Part 3 of the questionnaire finds if employees feel 
more motivated by providing feedback to their 
superiors. The questions assess whether employees 
have increased self-determination and self-esteem due 
to upward feedback facility. 

The sample consisted of N= 103 respondents. Over 60% of 
the respondents are from the IT industry, around 11% from the 
educational, 6.5% from the food industry, and 5% from the 
manufacturing industry. The survey was conducted by sending 
the questionnaire by e-mail to subjects working in various 
industries.  

Structures Equation Modeling (SEM) has been used to 
understand the relationship between upward feedback (UF), 
evaluative work culture (WC), employee motivation (EM), and 
its observed variables. It is a statistical modeling technique for 
multivariate data analysis. A structural model is created to 
understand the relationship between latent variables (UF, WC, 

and EM). The measurement model is studied to understand the 
relationship of latent variables with the observable indicators. 

IV. FINDINGS 

Based on the responses collected from the survey, the 
model has been evaluated. 

A. Measurement Model Evaluation 

For measurement model evaluation, four items: UF2, UF6, 
UF8, EM6, were removed due to low factor loadings  [16]. We 
have used Cronbach's alpha and composite reliability (CR) to 
test the reliability of the constructs. All the Cronbach's alpha 
values were in the range of 0.70 to 0.95 [17]. The CR's were 
higher than the recommended value of 0.700 [18]. The 
Average Variance Extracted (AVE)  values show convergent 
validity of the model as all the values are above 0.5  [19]. 
Table I shows the values of factor loadings, reliability, and 
validity. As per the Fornell-Larcker criterion, the square root of 
each construct's AVE should be higher than the inter-construct 
correlation [20]. The values to assess discriminant validity as 
per the Fornell-Larcker criterion can be seen in Table II. 

TABLE I.  LOADINGS 

 
Loadings 

EM-1 0.691 

EM-2 0.597 

EM-3 0.794 

EM-4 0.809 

EM-5 0.639 

UF-1 0.759 

UF-3 0.764 

UF-4 0.715 

UF-5 0.764 

UF-7 0.653 

WC-1 0.647 

WC-2 0.691 

WC-3 0.805 

WC-4 0.834 

WC-5 0.783 

TABLE II.  RELIABILITY AND VALIDITY 

 

Cronbach 

Alpha 

Composite 

Reliability 
AVE 

EM 0.751 0.835 0.506 

UF 0.783 0.852 0.536 

WC 0.809 0.868 0.571 

TABLE III.  FORNELL-LARCKER CRITERION  

 

Employee 

Motivation 

Evaluative 

Work Culture 

Upward 

Feedback 

Employee 
Motivation 

0.711 
  

Evaluative 
Work Culture 

0.67 0.756 
 

Upward 
Feedback 

0.67 0.561 0.732 
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B. Structural Model Evaluation 

The structural model is assessed based on R2, Q2, and the 
significance of paths to test the hypothesis. The value for R2 
should be equal to greater than 0.1 [21]. As per the results 
shown in Table IV, the value of both R2 is over 0.1. This 
implies that the exogenous variables explain statistically 
significant variance in the endogenous variables. As the Q2 
value is greater than 0, the model presents predictive relevance. 

TABLE IV.  R2 AND Q2 VALUES  

 
R2 Q2 

Employee Motivation 0.575 0.278 

Evaluative Work Culture 0.315 0.174 

 
For assessing hypothesis H1, we study the impact of 

upward feedback on evaluative work culture. The result are 
shown in Table IV (β = 0.561, t= 7.308, p< 0.001). H1 is 
supported. 

For H3, we are studying the impact of upward feedback on 
employee motivation. H2 is supported as shown in Table IV 
(β= 0.429, t= 5.532, p< 0.001). 

For H2, we assess if the evaluative work culture impacts 
employee motivation. From the Table IV we can see H3 is 
supported (β= 0.429, t= 5.341, p< 0.001). 

TABLE V.  HYPOTHESIS VALIDITY  

 
β 

STDE

V 

T 

Statist

ics 

P 

Value

s 

2.50% 
97.50

% 

Upward 
feedback -> 
Evaluative 
Work Culture 

0.561 0.077 7.308 0.000 0.379 0.683 

Evaluative 
Work Culture 
-> Employee 
Motivation 

0.429 0.080 5.341 0.000 0.234 0.566 

Upward 
Feedback -> 
Employee 
Motivation 

0.429 0.078 5.532 0.000 0.263 0.575 

 

C. Mediation Analysis 

Evaluative Work Culture has a mediating effect on the 

linkage of upward feedback and employee motivation. The 

results for the mediation analysis are in Table VI. The impact 

of upward feedback on employee motivation in the presence of 

a mediating variable (evaluative work culture) is significant (β 

= 0.561, t = 7.308, p < 0.001). The indirect effect of upward 

feedback on employee motivation through evaluative work 

culture is also significant (β = 0.241, t = 4.162, p < 0.001). This 

shows that the relationship between upward feedback and 

employee motivation is partially mediated by evaluative work 

culture and hypothesis 4 is partially valid.  

 

TABLE VI.  MEDIATION ANALYSIS 

Direct effect (UF-> EM) 

Coefficient T Value P-Value 

0.561 7.308 0.000 

Indirect effect of UF on EM 

Coefficient T Value P-Value 

0.241 4.162 0.000 

V. CONCLUSION 

 Employee motivation can have a significant impact on 
increasing employees’ productivity. This finding is confirmed 
by multiple studies [22, 23, 24, 25, 1]. Further, it has been 
suggested that a significant positive impact of employee 
motivation can be seen on employee commitment [27]. 
Various steps can be taken to enhance employee motivation 
and dedication towards the organization. Providing upward 
feedback can be a motivational and team development function 
[3]. The outcomes of this study showed that upward feedback 
improves employee motivation. Providing upward feedback 
can help employees feel self-determined and an equal 
communication partner. It can boost the motivation of 
subordinates to suggest improvement in leadership practices. 
Providing upward feedback can create an evaluative work 
culture within the organization. All the employees may feel 
more empowered as their performance is evaluated based on 
their work. The employees have increased commitment to their 
work as they think their productivity is crucial in influencing 

their rewards and recognitions. 

 With the changes in work culture due to the recent 
COVID-19 situation, keeping the employee motivated is 
essential. Providing subordinates an opportunity to evaluate 
their supervisor's performance can motivate them to increase 

efficiency and effectiveness.  

 Certain limitations can be identified in this paper, which 
can be explored for future research avenues. First, the study 
was conducted on subjects working in varied industries. 
Surveying a sample from the same industry and organization 
can provide more focused insights on the effectiveness of 
upward feedback on employee motivation. Second, this study 
only investigated one mediating variable that is evaluative 
work culture. Future research may consider multiple 
dimensions for a comprehensive understanding of the 
mediation effect between upward feedback and employee 
motivation. Further, this study considers only the impact of 
upward feedback and evaluative work culture on employee 
motivation. This study can be extended to include other factors 

training, colleagues, and work nature.  
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APPENDIX 

TABLE VII.  QUESTIONNAIRE 

EM-1 The evaluation of an employee impacts the quality of work done. 

EM-2 
Providing feedback to the manager helps me feel like an equal 
communication partner 

EM-3 
I feel my participation has increased in the organization due to the 
upward feedback process. 

EM-4 I feel motivated after providing feedback to my supervisor. 

EM-5 Providing feedback to my manager increases my self-esteem 

EM-6 
Providing feedback to my manager increases my self-determination 
and motivation 

UF-1 
I can provide honest feedback to my manager based on evaluating 
his/her performance. 

UF-2 
I provide the ratings to reflect the actual performance of the 
supervisor as per my opinion. 

UF-3 
I believe through upward feedback, I can impact the current 
practices of the leadership. 

UF-4 I believe that my organization has an evaluative work culture. 

UF-5 
The feedback I provide to my manager is based on evaluation of his 
work. 

UF-6 I give feedback to my manager based on empirical information 

UF-7 
I feel that employees in the organization work considering their 
evaluation. 

UF-8 
I believe that regular upward feedback in the organization creates an 
evaluative culture within the organization 

WC-1 
I feel more motivated when my rewards are decided based on 
performance evaluation. 

WC-2 
I feel my behaviour in the organization is impacted by the upward 
feedback culture. 

WC-3 I feel more empowered due to the upward feedback mechanism. 

WC-4 
I feel more empowered when my rewards are decided based on the 
evaluation of my work. 

WC-5 
To receive a better evaluation of my work, I am motivated to 
perform better in the organization. 
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Abstract—Long-term implications of COVID-19 have yet 

to be determined and analyzed, but its current and immediate 

impact has been highly significant. As the retails sector 

directly affects most of human life hence exploration of this 

topic is much needed in addition to research in emerging 

fields of investigation. Retailers involved in the selling of 

essential goods, such as food, drinks and healthcare, are 

seeing improved business opportunities as home-based 

customer services are on the rise. Retail stores keeping non-

essential goods, such as clothes and footwear, are 

experiencing a substantial decline in sales and revenues. 

Online grocery shopping and home delivery, for example, is 

expected to rise and become more popular, a survey study 

revealed. Retail shops with non-essential goods, such as 

clothes and footwear, are facing major sales declines and need 

to accept and learn creative forms of attracting and 

entertaining customers who shop from home, just to sustain 

themselves. Some manufacturers and retailers are also 

shifting their focus and changing their product mix to meet 

the demands of the COVID-19 crisis. This paper discusses the 

effect of Covid-19 on the retail industry. The study also 

explores the effect of COVID-19 on Indian retailers. For the 

purpose of primary research, quantitative method of surveys 

has been used for measuring and analyzing various factors 

associated with the impact of COVID-19 on the retail 

industry. 

Keywords— COVID-19, Retail Industry, Essential and 

Non-essential goods, Indian retailers  

I. INTRODUCTION  

Due to the emergence of the novel coronavirus, COVID-

19, in only a few months the environment has changed 

drastically. This pandemic has changed the lives of people 

and has brought catastrophe to the world economy. 

Although the long-term consequences of COVID-19 are 

yet to be determined, their immediate retail influence is 

important to study. Retailers selling essential products such 

as food, beverages, and healthcare are seeing expanded 

market prospects to service customers at home, thus 

addressing procurement pressures, supply chain logistics, 

distribution, and ensuring a healthy atmosphere for their 

factory. On the other side, non-essential products stores, 

such as clothing and footwear, are experiencing a major 

decline in revenue and need to embrace innovative forms 

of attracting and entertaining consumers who are ordering 

from home and conclusively buying, only to support 

themselves [1]. Some manufacturers and retailers are even 

shifting their focus and adjusting their product mix to meet 

the demand stemming from the  
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COVID-19 crisis (e.g., factional shoe makers, liquor 

manufacturers who are innovatively using the same alcohol 

component to manufacture and sell essential hand 

sanitizers during the current crisis) [2]. 
Consumers are expected to get used to different ways of 

shopping, too. Online grocery shopping and home 

delivery, for example, is expected to become a more 

popular mode and venue. What's more important to notice 

is that some customer habits and past experiences can 

change. Therefore, prospective empirical studies would 

aim to recognize the pandemic's short-term and long-term 

effect on customer behavior and offer advice about how 

retailers can deal with such shifts. The outcome of the 

pandemic would have been a new economic fact. 

Employment cuts are increasing, and markets across the 

globe are shrinking. Consumer income declines with 

employment cuts, which in turn leads more industries to 

struggle and more workers to risk their work. This 

condition is likely to favor retailers selling value-oriented 

products at discount stores, at least during this economic 

crisis, whereas high-end and premium retail stores are 

inclined to lose. It will be crucial for marketers to consider 

what customers see as necessary, and what they consider 

as a luxury product or service. Continuing to develop their 

identity and connect with consumers digitally is important 

for certain nonessential or premium retailers [2]. 

Moreover, it is going to be extremely essential for retailers 

to consider what sorts of interactions consumers are going 

to enjoy in a post-pandemic market. In the pre-pandemic 

world, many consumer encounters in-store have been 

focusing on providing enjoyable, exciting, and interactive 

experience. Consumers may judge their experience in a 

supermarket during the pandemic depending on how clean, 

nice and tidy the shop is, maintaining social distancing not 

needing to touch a computer or any good and whether the 

supermarket is large enough to encourage social 

distancing. They would most likely prefer disposable 

menus in restaurants along with seating in enormous 

rooms, or even plastic barriers between tables [2]. 

Objectives 

a. To study the impact of covid-19 on the retail 

industry as a whole, including the respective 

impact on various categories as well as impact on 

Indian retail. 

b. To study challenges faced by the retail industry 

and measures to improve business and demand 

substantially 
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II. REVIEW OF LITERATURE 

Retail is probably the most affected industry of the 

COVID-19 pandemic. Nearly all new businesses working 

in the shopping center are unable to do their business, 

unless the shopping mart is locked for long enough to 

prevent the spread of the pandemic. Expenditure is stable 

but revenue is almost zero which has forced Indonesia’s 

optical retailer to follow a competitive crisis approach to 

live[3]. This study aims to see how an optical retailer 

business in Indonesia’s strategic strategy that runs its store 

in the shopping mall can thrive against the COVID-19 

pandemic. This analysis technique utilized a holistic 

approach to assessment, survey and evaluation of literacy. 

The study object is an eight optical company, which ran its 

store in Indonesia's shopping center. The outcome of this 

study shows some relative strategies to be adopted, 

including minimizing costs by halting an employee's 

operating cost and generating revenue by online and off-

line transactions. [3]. COVID-19 has influenced ordinary 

life for all. At least 316 million people were requested to 

remain home in 42 states to slow down the pandemic. 

Companies are vulnerable to major changes in that regard. 

Managers may respond to the market's digital 

transformation to restore revenues after COVID-19, or 

even further raise them higher [4]. 

[5] essayed the effect of COVID-19 on the performance 

and aspirations of small companies. Small companies, 

according to them, recruit about 50 per cent of American 

employees. Their findings, however, illustrate the financial 

fragility of many small companies, and the effects on them 

of the global recession. While ding the study, they 

discovered that 43 percent of businesses that benefitted the 

retail sector had been briefly suspended, and subsequently 

the amount of working people had fallen by 40 percent. [6] 

analyzed COVID-19’s effect on the grain and oilseed 

market.  

[7] proposed an article on the Effect of COVID-19 on 

Canada's grocery market and food service. [2] studied 

Changes in Market Models: Covid-19 effects. They 

conclude that no study of crystal balls will allow one to 

recognize in a particular way the complete effect of the 

Covid-19 (C-19) situation on market organizations. [8] 

highlighted the market and analysis results of COVID-19; 

The COVID-19 virus is a clear warning that pandemics 

have happened in the past, as catastrophes have been 

seldom happening in the past, and will continue to occur in 

the future. [9] conclude that the realignment of the supply 

chain of fresh produce would have the biggest short-term 

effect of the COVID-19 pandemic, leading to the closing 

of almost all food service outlets. [10]. primarily analyzed 

the effects of COVID -19 pandemic and its influence on 

using digital marketing to sustain businesses. The national 

shutdown has especially affected the corporates and small 

business houses in different areas of the economy. From 

the above discussion, the research hypothesis is proposed 

as follows: 

H0: There is no significant impact of covid-19 on 

the retail industry 

H1: There is significant impact of covid-19 on the 

retail industry 

III RESEARCH METHODOLOGY 

This paper consists of primary as well secondary research 

conducted for the purpose of understanding how 

substantial the impact of covid-19 has been on the retail 

industry. For the purpose of primary research, quantitative 

method of surveys has been used for measuring and 

analyzing various factors associated with the impact of 

COVID-19 on the retail industry. The aim of the survey 

conducted is to understand the problem of decline in retail 

industry in a much greater depth. The platform used for 

construction of the survey is Google Forms with responses 

in the form of Likert scale ranging from 1 as most unlikely 

to 5 as most likely which was adopted from Malouke Esra 

Kuiper’s paper on The Intelligent Lockdown.  

The survey has been conducted over a period of one month 

across different geographies with respondents panning 

every state of India between the age group of 20-45 years 

of age. The participants were contacted through emailers 

and instant messenger platforms. The sample size of the 

survey is 239 respondents. The survey consisted of 21 

questions that the respondents had to answer along a 5-

point Likert scale 

Additionally, for the purpose of secondary research, an in-

depth study has been conducted via various articles and 

papers written on the particular topic and past research, to 

dive deeper into the problems faced by the retail industry 

due to the novel coronavirus across the globe.  

IV. STATISTICAL ANALYSIS AND RESULT  

Factor Analysis has been done to reduce and simplify the 

data for more accuracy and to convert a large number of 

variables into fewer variables for better understanding. 

Factor Analysis has also been used to uncover and possible 

clusters of data responses that might have happened. 

Table I. Respondent Profile 

 

S.no Criteria Items in 

criteria 

No. of 

Respondents 

Percentage of the 

respondents 

1 Age 20-25 152 63.59 

  26-30 43 17.99 

  31-35 12 5.02 

  36-40 

41-45 

10 

22 

4.18 

9.20 

2 Gender Male 188 78.66 

  Female 

 

51 

 

21.33 
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Table II. Total Variance Explained 

 
 

 

 
Table III.  KMO and Bartlett’s Test 

 

Kaiser-Meyer-Olkin Measure of Sampling 

Adequacy. 

.699 

Bartlett's Test of 

Sphericity 

Approx. Chi-Square 2134.29

3 

df 190 

Sig. .000 

 To test the adequacy for sampling, KMO and Bartlett’s 

Test was conducted and appropriate result was obtained. 

KMO determines if the factor analysis for a given 

particular set of data is reasonable to be conducted. The 

adequate value should be approximately between 0.5 and 

1, which shows that the data is adequate and no more 

remedial actions need to be taken to sort or add to the data. 

The KMO test for this study shows 0.699 approximately 

0.7. We can see that the variables meet the demanded 

requirement perfectly to conduct factor analysis. Also, 

Bartlett’s test of sphericity depicted a significant value of 

0.00 which indicates that there is a strong relationship 

amongst the constructs. 

 

 

 
The scree plot helps to determine more significant and 

correct number of components for the study.  

The eigenvalue of each component in the initial solution 

has been plotted on the graph and depicted as the scree 

plot. Components of the steep slope are extracted as the 

ones on the shallow slope add very little to the solution for 

the analysis. The last drop occurs at almost the 15th 

component and hence taking the first 15 components is 

optimal. The rotated components matrix shows what the 

various components represent. This shows all the 

components that are correlated together. The Principal 

Component Analysis method has been used for extraction 

Compon

ent 

Initial Eigenvalues 

Extraction Sums of Squared 

Loadings Rotation Sums of Squared Loadings 

Total 

% of 

Variance 

Cumulative 

% Total 

% of 

Varianc

e 

Cumulative 

% Total % of Variance 

Cumulative 

% 

1 5.017 25.085 25.085 5.017 25.085 25.085 4.735 23.676 23.676 

2 2.850 14.249 39.335 2.850 14.249 39.335 2.278 11.390 35.066 

3 2.190 10.949 50.284 2.190 10.949 50.284 2.224 11.122 46.188 

4 1.514 7.568 57.852 1.514 7.568 57.852 1.918 9.589 55.777 

5 1.155 5.775 63.628 1.155 5.775 63.628 1.326 6.631 62.408 

6 1.052 5.261 68.888 1.052 5.261 68.888 1.296 6.481 68.888 

7 .896 4.480 73.368       

8 .784 3.918 77.286       

9 .699 3.497 80.783       

10 .598 2.991 83.774       

11 .516 2.578 86.352       

12 .468 2.340 88.692       

13 .458 2.290 90.982       

14 .416 2.081 93.064       

15 .309 1.545 94.609       

16 .296 1.482 96.091       

17 .256 1.281 97.372       

18 .217 1.086 98.457       

19 .181 .907 99.364       

20 .127 .636 100.000       
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of various factors along with varimax rotation with Kaiser 

Normalization and rotations converged in 25 iterations. 

Next, the factor analysis was conducted to get the rotated 

component matrix and therefore, the factors and their 

loadings so as to determine the relevance of impact of 

COVID-19 on the retail industry.  

Variable U showed no correlation with either of the other 

variables and hence has been removed  

The table below depicts the results and shows all the 

factors in accordance with relevance of impact of covid-19 

on retail industry. We can see that 6 factors have been 

formed taking in all the components and their respective 

correlation. This accurately shows how the factors correlate 

and significant impact on retail industry and its different 

categories.  

The 6 factors that have been formed are namely  

a. “Current impact of COVID-19” which depicts the 

impact COVID-19 has had on the overall retail industry 

including shutting down of the stores and further impact in 

the future in regards to this aspect. It also depicts 

substantial impact on sales and revenue as well as growth 

which has declined barring the essentials of food items and 

personal care. Employees have also been impacted with 

staff cut in most cases. 

b. “High Impact” which depicts the variables that have 

had the highest impact because of COVID-19. 

c. “Consumer behavior post COVID-19” which shows 

the patterns and behavior of consumers in the current 

scenario towards retail shopping and change in behavior 

patterns post COVID-19. 

d. “Fashion category” which has had impact in terms of 

physical stores but have picked up sales via online stores. 

Ever since surge of COVID-19 cases and lockdown being 

implemented, the online retail industry for fashion has seen 

a relatively better growth as compared to other sectors and 

categories. 

e. “Recovery and support” which shows overall retail 

recovery rate statistics post COVID-19 and whether support 

in terms of financial linkages, business training, etc. would 

be required and beneficial for faster recovery. Due to the 

heavy impact of COVID-19 crisis on the retail industry, 

learning how to pick their businesses back up is going to be 

of high importance and relevance to the retailers so as to get 

back in the games once the pandemic is over. They need to 

have enough knowledge about financial linkages and what 

offerings they can get so that they are able to get the 

maximum benefits out of them. 

f. “High end-low importance” which depicts the 

products that are marketed as high end and hence don’t 

have much importance during the COVID-19 pandemic 

since customers are demanding and need more essential 

items, which has further led to decline of the category. In 

present scenario, customers have been saving and stocking 

up on essential good and items, incase another sudden 

lockdown were to be announced, rather than splurging on 

high-end products and services. 

Hence, there has been a significant impact of COVID-

19 on the retail industry with current and immediate impact 

on the sales and revenues of the stores and business with 

shutting down of several retail business including employee 

reduction among the many categories of retail. 

Table IV. Loadings of factors and Descriptive Statistics of the Variable 

pertinent to Impact of Covid-19 on Retail Industry 

Variable Name Factor 

Loadings 

Mean Standa

rd 

Deviat

ion 

Current Impact of covid-

19 

 3.58 1.137 

Covid-19 impact on retail .844   

Closing of retail 

businesses 

.767   

Negative impact on sales 

and revenue 

 

.764 

  

Negative growth due to 

lockdown 

Permanent risk of 

shutdown 

 

  .754 

  .745 

  

Impact on employees 

Food and grocery 

Beauty, wellness, personal 

care 

.672 

.652 

576 

  

High Impact  3.35 826 

Sports, entertainment .800   

QSR, Restaurants .783   

Furniture and furnishing .711   

Consumer behavior post 

covid-19 

 3.595 .985 

Expenditure increase post 

covid-19 

 

.804 

  

Shopping trend post 

covid-19 

 

.720 

  

Current retail shopping 

trend 

.577   

Fashion category  4.02 0.848 

Apparel and clothing .871   

Footwear .852   

Recovery and Support  3.74 0.871 

Recovery post covid-19 

Support for retailers post 

covid-19 

.743 

.509 

  

High end-low  3.62   1.034 
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importance 

Consumer durables, 

electronics 

Jewelry, watches 

.782 

.556 

 

V. DISCUSSION 

Impact of Covid-19 on Indian Retail 

The government's shutdown to deter the nation from 

transmitting COVID-19 has adversely affected the retail 

sector. Much of the shops, excluding the Important Food & 

Grocery shops, have been shut down throughout the 

country. Nearly all stores are closed. Clothes, Saris, 

Appliances, Mobile Phones, Chairs, Hardware etc. Non-

grocery / food stores record revenue down from 80 per 

cent to 100 per cent. Also, sellers with essential items face 

losses because they are not allowed to sell non-essential 

products, which would lead to higher profits for them. 85 

per cent of store expenses are fixed costs, placing financial 

strains on consumers on many levels. The sector poses 

serious funding problems, which may contribute to large-

scale joblessness. The industry's cash inflow has paused 

and come to a standstill, while the fixed operating costs 

remain constant and unchanged, according to a small 

survey conducted by India's Retailers Association (RAI) 

across India. 

Effect on Non-Food Retailing and Retailers: Over 95 per 

cent of Non-Food Retailers see their shops closed in the 

lockdown and aim for essentially no sales until the 

lockdown is in operation. Non-Food Retailers expect to 

earn 40 per cent over last year's sales in the next 6 months. 

Effect on Food Retailing and Retailers. In the shops, the 

non-food sector has come to a standstill resulting in decline 

in the sales. In addition, 25 percent of these companies 

have closed non-food outlets contributing to more declines. 

Food Retailers expect to earn 56 per cent over last year's 

sales in the next 6 months. 

VII. CONCLUSION AND MANAGERIAL IMPLICATIONS 

 This pandemic has changed people's lives, and it has 

devastated the world economy. Retailers of vital products, 

such as food, beverages and healthcare, are seeing 

increased market prospects for home-based customer 

service, addressing the pressures of procurement, supply 

chain logistics, distribution and ensuring a healthy 

atmosphere for their factory. Online Retail has boomed a 

significant amount with people finding more convenience 

ordering from home in just a click. Retailers need to adapt 

to online ordering to provide convenience and ease to the 

customers. On the other hand, non-essential goods stores, 

such as clothing and footwear, are experiencing a 

significant decline in revenue and need to embrace 

innovative ways of attracting and entertaining consumers 

who buy from home, only to support themselves. COVID-

19 has indeed impacted the retail industry and led to 

decline in sales, revenues and overall growth of the 

business. A significant number of employees have had to 

leave work in retail industries and search for other means 

of livelihood, which has in turn increased the current 

unemployment rate. Many retail stores are at the brink of 

shutting down and it has been proposed that many may 

shut down in the future as well due to this crisis. Even 

though the retail industry has not been impacted as much 

compared to other sectors, mainly because they provide 

essentials and important sources for livelihood, even then 

in accordance with the number of store and businesses, it is 

a substantial decline which could be impacted any minute 

and result in further decline. People has started perceiving 

it as the new normal and demand proper hygiene and 

sanitization of the stores before stepping into the physical 

structure. Hence it is important to follow what the 

customers demand, along with implementing proper 

strategies to gain customers back and boost up the presence 

in the market and respective sales. This paper explored the 

Impact of COVID-19 in the Retail Industry. It also 

investigated the impact of covid-19 on Indian retail. 
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Abstract— The study aims to find the various COVID-19 

strategies implemented by Flipkart and understand the factors 

impacting the corresponding consumer buying behavior. 

Research helps find the behavior of Flipkart customers and 

prospects in accepting the new method of Flipkart and related 

elements influencing their purchase preferences during the 

Covid-19 crisis. Timely Delivery of goods, Product Availability 

on the website, Safe product delivery, Quality Products to 

reduce the exchange and return, and Easy Navigation of 

products on the app to save their precious time and efforts are 

the most important factors considered by the customers while 

buying using the Flipkart platform. The research results 

indicated a positive relationship between Delivery factors and 

Customer Satisfaction Factors, and consumer buying behavior 

while shopping online from Flipkart during the COVID-19 

crisis. This study helps the retailers on the Flipkart platform 

understand their customer's buying behavior and the most 

critical factors to consider while selling products during the 

crisis period. 

Keywords— COVID-19, Flipkart, Consumer Behavior, 

Marketing Strategies, customer satisfaction, Pricing 

I. INTRODUCTION 

COVID-19 started to spread across the globe in 2019. It was 
declared as a pandemic soon after the havoc it created in the 
entire world. The spread of Covid-19 disease worldwide has 
impacted every sector, but the most impacted industry is 
retail, both online and offline stores [1]. Flipkart is no 
different, which is also experiencing a drop in casual 
shopping, a significant increase in the buying of essential 
daily goods, which includes groceries, toiletries, and many 
more similar category products, and there was a sudden 
disruption of the supply chain (Research and Markets 
Report). 
 
COVID-19 has opened an opportunity for online stores like 
Flipkart because of the social distancing and stay-at-home 
restrictions [2]. This will be helping Flipkart to get more 
consumers in their customer base. But every challenge 
comes with opportunities [3]. Flipkart faced the challenge of 
undetermined consumer demand, supply chain disruptions, a 
significant  
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  drop in casual buying, and increased purchases of essential   
 
daily goods. All the businesses, including online and offline, 
were facing a similar impact due to the spread of the 
COVID-19 and the resulting nationwide lockdowns. 
FLIPKART is no different in this respect. They were also 
severely impacted by the global pandemic and the 
nationwide lockdowns. They saw a significant drop in sales, 
increased losses, issues of maintaining their staff and 
customers' safety, managing delivery partners, disruption in 
the supply chain, etc. (Flipkart Stories). The leading factors 
driving the growth of the FLIPKART before the COVID-19 
crises were an increase in the number of internet users and 
consumers becoming aware of the perks of shopping 
products online, paying less price for branded products, an 
increase in the launch of new and exclusively available 
products on e-commerce platforms, etc.  As the COVID-19 
started spreading across the globe, people are staying at their 
homes & maintaining social distance from each other. This 
has further led consumers to buy products online to stay 
safe. [4]. Every company has a separate way and strategy to 
overcome any problem or crisis. Flipkart also has its way 
and techniques to deal with this unforeseen circumstance 
that came forward with the spread of COVID-19. 
The research paper helps to understand the various strategies 
adopted by the FLIPKART during the COVID-19 crisis 
corresponding to nationwide lockdown in India to handle 
the unprecedented times smoothly. The research studies the 
most important factors for the consumers while shopping 
online from FLIPKART during the crisis period of the 
COVID-19. 

II. LITERATURE REVIEW 

The existing research literature states that the retail industry 
in India has seen an upward growth over the past five years, 
and there is a significant opportunity for further development. 
As per the reports, the Indian e-retail market is expected to 
reach heights by cheap, ubiquitous mobile data availability, 
which will enable around 1 billion Internet users by 2030. 
This will help in growing online spending by digital natives 
and other supply-related innovations like vernacular-based 
user interfaces, voice assistance, and even visual search. 
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Products in the fashion category are expected to play a vital 
role in increasing the customer base. The Indian e-retail 
market is expected to reach up to 300-350 million buyers in 
the next five years, which will lead to a gross online 
merchandise value of around $100-$120 billion by the year 
2025 [5].  The crisis period of COVID-19 has completely 
changed consumers' lives as they deal with endless fear and 
uncertain times. Cleanliness is a priority for consumers these 
days, and they want to avoid crowded markets/stores and stay 
safe at home. Consumers are turning more towards 
immunity-boosting, personal hygiene, and nutrition and 
wellness products in the era of the COVID-19 crisis. 
Consumers prefer online modes of purchasing products in 
this covid-19 crisis period. The safety and hygiene concerns 
in brick and mortar stores have led to growth for the e-
commerce sector. Consumers are now fulfilling their needs 
for apparel or electronics and packed food items, groceries, 
medical needs, personal hygiene products, and many others 
[6]. Consumers have been pointing to the safety factor as the 
most critical factor to affect their buying decision in the 
offline world in the Covid-19 period. 
According to the survey titled "Time to Open My Wallet or 
Not?" 68% of respondents claimed safety at the store to be 
the deciding factor. Consumers in Tier-2 & Tier-3 cities were 
more inclined towards the UPI and wallet-based payments 
than those living in Tier-1 cities (KPMG Report). The Covid-
19 exacerbated the need for safety & convenience, leading to 
an increase in global e-commerce penetration, and online 
shopping is gaining importance in India too. The growth of 
India's e-commerce will empower both sellers and 
consumers. For consumers, e-commerce gives convenient 
access to a wide range of products across all the geographies 
and income categories. For sellers, e-commerce opens a 
fantastic opportunity by providing easy access to a large 
customer base across India and helping in keeping their 
stores running 24*7. E-commerce has changed the way of 
buying with access to more than 95% of pin codes in India, 
empowering small vendors to break the go-to-market barriers 
for insurgent and incumbent brands. E-commerce has helped 
millions of customers across India by giving them a great 
range of merchandise choices and price transparency while 
augmenting access and convenience, according to a report by 
Bain and Company published in association with Flipkart in 
2020 (Bain and Company Report). 
A recent study conducted by [7] regarding the Italian market 
in the wake of COVID 19 discussed the servitization during 
the pandemic scenario focussing on providing the customer 
more value-oriented services by responding proactively 
towards their more specific needs [8][9].[9] highlighted that 
manufacturing firms could look at servitization as a coherent, 
foreseeable, predefined path or new service growth prospects. 
It rests on the critical elements, namely Agility, Preparedness, 
Elasticity, and redundancy for Resilience. A similar study 
[10] was conducted for the B2B marketing response to 
COVID 19 in China. The research listed out around nine 
marketing responses based on existing literature and the 
objective of aligning the strategies with different cash flow 
effects. The paper also discussed Business process-based 
marketing strategies to accelerate and enhance cash flows and 
to minimize the volatility and susceptibility of the cash flows, 
namely product development management process (PDM), 
supply chain management process (SCM), and customer 

relationship management process (CRM)[11] . The supply 
chain management process is instrumental in creating the 
ecosystem for resource integration responsible for customer 
value co-creation[12]. The study discussed the response of 
the supply chain service ecosystem to COVID 19 by 
emphasizing competence, predictivity, and controlling 
inventories [13]. Customer behaviour has also witnessed a 
shift by stocking the supplies in anticipation of shortage[14], 
surpassing the supply chain's ability to cope[15] [16].  
The impact of the crisis has also shown the higher orientation 
of customers towards online buying and a major shift in 
existing online behaviour as well. A study conducted in 
Romania during COVID -19 outbreak[17] captures the pre 
and post COVID behaviour of consumers for buying 
vegetables. It reflected the level of awareness amongst the 
customers and the purchasing decision regarding fresh 
vegetables directly delivered from the producers. There was a 
huge shift in the %age (from 12% to 84%) from 16th March 
2020 to date.  Most of the research in the past has findings 
that consumers are inclined towards safety factors when there 
is a health crisis going on globally. Today's consumer focuses 
on Satisfaction factors and Price factors too along with Safety 
factors, while buying any product from online platforms. 
They have the tendency to check a product on various 
platforms and see the reviews and get the best price and then 
make a purchase decision. Also, they are very much focused 
on the Quality of the product being delivered to them and the 
ease of use of the platform to shop. So, for this research, the 
research question stands are to find out which factor (Safe 
Delivery, Pricing, satisfaction) consumers are more inclined 
towards while shopping from Flipkart during the phase of the 
crisis of COVID-19. 
Hypotheses proposed 

• H 1: A significant relationship is there between 
delivery and the consumer purchase pattern from 
FLIPKART   during    the    COVID-19    crisis. 

• H 2: A significant relationship is there between 
pricing and the consumer purchase pattern from 
FLIPKART   during    the    COVID-19    crisis.  

• H 3: A significant relationship is there between 
ease of use and the consumer purchase pattern 
from FLIPKART during the COVID-19 crisis. 

III. RESEARCH METHODOLOGY 

a. Sample size and data collection method 

A Primary Survey having 19 self-structured questions was 
conducted with a random sample population of 200 
respondents, consisting of existing prospects and non-users.  
The survey respondents included individuals from all age 
groups in today's digital world; everyone buys products 
online. The respondents belonged to cities and even from 
village areas, and all of the respondents were minimum  
educated till class 12th.  
b. Reliability 

The value of Cronbach Alpha was found to be 0.833, which 
validates that the questionnaire is reliable. The hypothesis 
testing was conducted using Factor analysis on the ten 
items & Multiple Regression Analysis was further 
performed using the IBM SPSS software, and the results 
were analyzed to test the hypotheses. 
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IV. RESULTS 

a. Reliability Analysis 

Cronbach's Alpha test came out to be .833, which accounts 
for the reliable questionnaire. 

b. Validity Analysis 

The value for Kaiser-Meyer-Olkin Measure is greater than 
0.5, i.e., .728. Bartlett's Test result is relevant as it has a 
value < 0.05 i.e. .000. Hence, the factor analysis for data 
reduction was successfully conducted. 

c. Factor Analysis 

Table I. Rotated Factor Matrix 

 
 
In the above factor analysis, rotation was performed 
(Varimax rotation). Using the varimax rotated factor 
loadings, the following factors are interpreted: 

• Timely delivery (0.679), Product Availability (0.962) and 
Safety (0.680) have positive loadings on Factor 1(Delivery 
Factor). 

• Discounts (0.760), Free Delivery (0.863), and Timely and 
Accurate information (0.495) have positive loadings on 
Factor 2 (Pricing factor). 

• Quality Products (0.777), Timely Delivery (0.362) 
and Easy Navigation on App (0.425) have positive loadings 
on Factor 3 (Customer Satisfaction factor). 

Hence, all three factors described above result in 0.56256 
or 56.256% of the variation in the collected data. 

d. Multiple Regression Analysis of Factors impacting 

Consumer Buying Behaviour 

The multiple regression analysis test was conducted to 
find the most relevant factors and to conclude the 
hypotheses that are formulated for the study. The model 
summary shows that the R-value for the model is 22.8%, 
and the standard error of the estimate is 32.7%. 

 

Table II: Multiple Regression Model Summary 

The P-Value of this model is .043, which is <0.05. And the 
F-value for the model is 2.778. 

Table III: Results of ANOVA 

 
Hence, in the table below, we can see that Delivery Factor 
and Satisfaction Factors have p-value > 0.05.  

 
Table IV: Multiple Regression Analysis of Factors impacting Consumer 

Buying behavior 

Model  t Sig. 

1 (Constant) .895 .372 

Delivery Factor 2.379 .019 

Pricing Factor 1.130 .260 

Customer Satisfaction 
Factor 

-2.571 .011 

 
The multiple regression analysis results from the above 
table identify that online shopping from Flipkart is 
positively related to Delivery and Satisfaction factors 
obtained from the factor analysis and negatively related to 
the Pricing Factor. Delivery and Satisfaction factors 
contribute to online shopping from Flipkart during COVID-
19 positively. 
As the p-value is found to be less than 0.05, hence the HA 
(alternative hypothesis) is accepted in these cases. As in the 
case of the Pricing Factor, the p-value is found to be more 
than that of 0.05, hence for the Pricing Factor, the H0(null 
hypothesis) is accepted, which means that no significant 
relationship is found between the Pricing Factor with that 
of online shopping adoption. 
 

Table V: Results of Formulated Hypothesis 

 
Multiple Regression Analysis of the Demographic Factors 

Demographic factors also impact consumer buying 
behavior a lot. Below is the analysis of the demographic 
parameters collected through the survey. The aim is to find 
out which demographic factors are most important while 
considering the consumer buying behavior from 
FLIPKART during the crisis period of COVID-19.The 
model summary table shows the R-value is 29.9% for this 
model, and the standard error is 32.4%. 

 

 Factor 1  
(Delivery 
Factor) 

Factor 2  
(Pricing 
Factor) 

Factor 3  
(Customer 
Satisfaction 

Factor) 

Importance of Safety .680 .123 .272 

Importance of Discounts .190 .760 -.095 

Importance of Product 
Availability 

.962 .262 .077 

Importance of Timely and 
accurate information 

.256 .495 .235 

Importance of Timely Delivery .679 .177 .362 

Importance of Free Delivery .139 .863 .226 

Importance of Customer 
Engagement Activities 

.051 .408 .100 

Importance of Customer Service .337 .345 .302 

Importance of Quality Product .316 .108 .777 

Importance of Easy Navigation 
on Website/App 

.221 .448 .425 

Model R R Square Adjusted  

R Square 

Std. Error of  

the Estimate 

1 
 

.228 .052 .033 .327 

Model  Sum of  

Squares 

df Mean 

Square 

f Sig. 

1 Regression .891 3 .297 2.778 0.43 

Residual 16.256 152 .107   

Total 17.174 155    

HYPOTHESIS NULL 

HYPOTHESIS 
ALTERNATIVE 

HYPOTHESIS 

Hypothesis 1 (Delivery Factor) REJECTED ACCEPTED 

Hypothesis 2 (Pricing Factor) ACCEPTED REJECTED 

Hypothesis 3 (Satisfaction Factor) REJECTED ACCEPTED 
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Table VI: Multiple Regression Model Summary for Demographic Factors 
 

Model R R 
square 

Adjusted R 
square 

Std error of 
estimate 

1 .299 .089 .053 .324 
 

Table VII: Results of ANOVA for Demographic Factors 

 
The P-Value of this model is .043, which is <0.05. And the 
F-value for the model is 2.433The Coefficient table shows 
that the "City" is impacting the consumer purchasing pattern 
the most. Rest other demographic factors have the least 
impact on the purchase pattern. Determined by the Sig. 
value < 0.05. 

 
Table VIII: Results of Multiple Regression Analysis of Demographic 

Factors 

The significant value for the city is found to be 0.003 which 
is less than 0.05 value.  Hence, null hypothesis(H0) is 
rejected and alternative hypothesis (HA) is accepted for the 
Demographic factor of the "City". So, a significant impact 
of the City on purchase behavior of customers in online 
shopping from Flipkart is found. 

V. DISCUSSION 

With the onset of the Pandemic, E-commerce has taken a 
giant leap as more and more people were forced to buy 
online. Specifically, it was phenomenal in the Indian 
context, where the E commerce was still in a nascent stage. 
Across the age groups, the platform's choice depended on 
the user-friendly OS, the trust, and the reference. The 
strategies adopted by different aggregators helped affect the 
decision-making of the customers. While having a 
discussion with various consumers through various 
mediums (calls, social media etc.) it was found that 
consumers are inclined towards the safe delivery of 
products, timely delivery of products, availability of 
products in sufficient quantity, delivery of quality products 
to reduce the exchange and return process, and timely 
delivery of goods as per promised timelines. None of them 
were ready to compromise on these factors. Also, 
consumers accepted that they tend to bulk buy or stock up 
things to feel better in the crisis period.  
In discussion with one of the consumers, it has been found 
that people were not interested in discounts and offers 
(which were of the utmost priority before COVID-19) 

during crisis time. They look for the availability of products 
and the timely delivery more than discounts and free 
delivery parameters. 
Also, consumers with lower income categories accepted 
that they shop from online platforms because they get 
branded products at a low price. 
Flipkart registered50% increase in new users' onset of 
COVID in 2020 during the initial lockdown. Also, it 
reported 35% new onboard retailers during the lockdown 
(Global retail report, 2021). Global data estimated India's e-
market growth doubled in 2020 ($60.5 billion), where the 
majority of market share was held by Flipkart and Amazon 
together.  

VI. PRACTICAL IMPLICATIONS FOR ASIAN BUSINESS 

The digitization in India is comparatively slower and more 
challenging than any other developing nation in the region. 
The different challenge is population density. The major 
segment of the population that can decide for buying is still 
apprehensive while using these platforms. The article 
intends to provide the viewpoint regarding the attitude and 
the perception of those customers to facilitate the 
practitioners in strategy formulations. Also, the competitive 
insight regarding other service providers helps determine 
the market orientation and the communication to that target 
segment. 

Indian market is dominated by cultural and regional 
diversity. Marketers must understand the customer 
psychology of different regions and formulate the strategies 
accordingly. For emerging economies, the scope is very 
vast, and segments are also varied in terms of demographic 
and economic perspectives. The study attempts to provide 
customer expectations from the brand and their satisfaction 
if targeted accordingly. 
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Education -.491 .624 

Income Category .520 .604 
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Abstract— The stock market is uncertain, volatile, and 

multidimensional. Stock prices have been difficult to predict 

since they are influenced by a variety of factors. In order to 

make critical investment and financial decisions, investors and 

analysts are interested in predicting stock prices. Predicting a 

stock’s price entails developing price pathways that a stock 

might take in the future. ANN and mathematical Geometric 

Brownian movement technique were employed in this study to 

forecast a stock market closing price of Indian companies. The 

comparative analysis indicates that the Geometric Brownian 

Method is better than ANN in giving better MAPE and RMSE 

Values. 

Keywords— Machine Learning, Stock Price Prediction, 

GBM, Artificial Neural network, Investment component. 

I. INTRODUCTION  

The stock market is dynamic, unpredictable, and non-
linear in nature. Predicting stock prices is a difficult 
undertaking since they are affected by a variety of factors, 
including but not limited to political situations, the global 
economy, financial reports and performance of companies, 
and so on. Thus, in order to maximize profits and avoid 
losses, approaches for predicting stock prices in advance by 
examining trends over the previous several years might be 
quite beneficial for making stock market moves [1]. 
Traditionally, two techniques have been offered for 
forecasting an organization's stock price. The technical 
analysis approach predicts the future price of a stock by using 
past data such as closing and opening prices, volume traded, 
neighbouring close values, and so on. The qualitative 
analysis is done on the basis of external variables such as 
corporate profile, market condition, political and economic 
considerations, textual material in the form of financial new 
articles, social media, and even blogs by economic analysts 
[2]. For forecasting stock prices, highly intelligence 
approaches based on either technical or fundamental analysis 
are being utilized. The data size for stock market analysis is 
particularly large and non-linear. To cope with this diversity 
of data, an efficient model that can detect hidden patterns and 
complicated relationships in this big data set is required. 
Machine learning approaches in this field have shown to 
increase efficiency by 60-86 percent when compared to 
previous methods [3]. The majority of prior work in this field 
has relied on traditional techniques such as linear regression 
[4] Random Walk Theory [5]  Moving Average Convergence 
/ Divergence [6], Autoregressive Moving Average (ARMA), 
Autoregressive Integrated Moving Average (ARIMA)[7],  
Recent research indicates that machine learning can improve 
stock market prediction. Support Vector Machine (SVM) and 
Random Forest (RF) techniques. Some neural network-based 
approaches, such as Artificial Neural Network (ANN), 
Convolutional Neural Network (CNN), Recurrent Neural 
Network (RNN), and Deep Neural Networks (LSTM), have 
also yielded encouraging results [8]. Two methods, ANN and 

mathematical Geometric Brownian movement (in the future 
GBM) technique were employed in this study to forecast a 
stock market price. The models employ a collection of new 
variables derived from a financial dataset containing the 
open and close prices and number of traded volumes of a 
specific business volatile stocks. These additional indicators 
will play a critical role in improving the models' accuracy in 
predicting the following day's closing price of a certain firm. 
The models' efficacy is evaluated using two performance 
measures: RMSE and MAPE. We believe that this technique 
will give numerous valuable pieces of information to stock 
market investors who are particularly interested in short-term 
profit investing. The remaining sections of paper are 
organized as follows: Section 2 describes review of literature 
– Related work Section 3, describes the approaches used and 
their methodology. Section 4 analyses the outcome, and 
Section 4 concludes the study. 

II.  RELATED WORK: 

Fama, E. F. (1970) proposed the Efficient Market 
Hypothesis (EMH), while Horne, J. C., and Parker, G. G. 
(1967) introduced the Random Walk hypothesis in early 
stock market prediction research [9,10]. Market prices are 
influenced by information other than past prices, according 
to these ideas, and hence market prices cannot be anticipated. 
Rendering to the EMH hypothesis, a stock's price is totally 
dependent on market information, and any new information 
will cause a price shift as a reaction to the newly revealed 
information. This theory also stated that stocks are always 
sold at their fair worth, with traders unable to purchase or sell 
equities at a discounted or inflated price, and that the only 
way a trader can enhance his /her earnings by taking on more 
risk. EMH addresses three possible market price variations: 
Weak Form, which only considers historical data, Semi-
Strong Form, which considers current public data in addition 
to historical data, and Strong Form, which considers private 
data. According to EMH, any price change is either the 
consequence of newly revealed information or a random 
move that would make prediction models fail. Horne, J. C., 
and Parker, G. G. (1967) [9,10] proposed the Random Walk 
Hypothesis, which says that stock values fluctuate at random 
and that previous price fluctuations are unrelated to present 
price changes. This differs from EMH in that it focuses on 
the stock market's short-term patterns. Diverse machine 
learning approaches have been applied to forecast stock 
prices in recent studies. Because of the approaches it 
employs in evaluating data and drawing generalized patterns, 
machine learning has shown to be a useful tool in price 
prediction jobs. Various machine learning models and risk 
techniques have been used to the stock market prediction 
problem, with the goal of predicting the price direction over 
various time periods and using various factors that impact 
market prices. In this study we have applied ANN and GBM 
Models for prediction. 
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A. Artificial Neural Network 

In the forecasting of stock prices, its proved that an 
artificial neural network (ANN) model can be trained to 
converge to an optimal solution while maintaining a very 
high degree of precision [11]. categories, each has a 
substantial impact on a company's share price [12]. The 
suggested technique was based on a multi-layer 
feedforward neural network model with back-propagation. 
Jordanian stock prices were forecasted using the 
algorithm. The authors showed MATLAB simulations 
performed on seven Jordanian firms in the service and 
industrial sectors. The model's accuracy in anticipating 
stock price movement was found to be quite high. A 
predictive model has proposed for anticipating stock price 
fluctuations on the Singapore Stock Exchange that 
combined neural networks with genetic algorithms 
[13].On the test dataset, the predictive model's forecasting 
accuracy was found to be 81 percent, indicating that the 
model was reasonably effective in its forecasting task. To 
anticipate inflation levels, back propagation-based neural 
network and a following set of econometric models has 
been proposed, (i) Box-Jenkins autoregressive integrated 
moving average (ARIMA) model, (ii) vector auto 
regression (VAR) model, and (iii) Bayesian vector auto 
regression (BVAR) model were among the econometric 
models presented by the authors. The three models' 
predicting accuracy was compared to that of a hybrid back 
propagation network (BPN) [14]. Through a self-learning 
method, ANN is capable of discovering hidden 
characteristics. These are good approximates that can 
discover the input- output relationship of a big, 
complicated dataset. As a result, ANN is an excellent 
choice for forecasting an organization's stock price. 
Selvin et al used a comparative examination of several 
Deep Learning methods to forecast the stock price of NSE 
listed firms. The iterative and directive approaches like the 
ANN model to experiment with multi-periodic stock 
market forecasting [15]. 

B. GBM Geometric Brownian movement 

The GBM technique is divided into two parts: a known 
segment and an unknown segment. The stock float, or 
return on investment, is a term used to describe the amount 
of money a stock gets over a set period of time. A 
stochastic interaction with inventory instability and an 
irregular unpredictability component is the problematic 
factor [16]. In this article, simulated price trajectories of 
financial assets are frequently utilised to produce price 
forecasts in order to make financial investment decisions 
[17] . A GBM is frequently used to predict stochastic price 
movements of financial assets using estimates of drift and 
volatility. There is already a wealth of historical financial 
data accessible for download, which may be used to 
estimate parameters and compare simulations to real-
world pricing. Data covering ten years of historical closing 
prices of Apple stock and the S&P500 index was collected 
from the NASDAQ stock exchange for this study, and 
predictions were made using simple statistical tests [18]. 
The mathematical Brownian movement (GBM) technique 
is used to replicate stock value paths in this study, and the 
results are compared to real stock returns. This study 
looks at the mathematical Brownian movement model for 
recreating stock value trends and offers three techniques 
for determining the model's validity. The most important 

technique establishes the link between re- enacted and 
genuine stock costs. The mean total rate error (MAPE) 
technique is the next strategy that was used. MAPE was 
discovered to have the lowest yield over seven-day, 
fourteen-day, and thirty-day leisure periods. Through its 
dubious segment, the GBM model consolidates this 
perspective of erratic changes in stock costs, as well as the 
potential that stocks would retain value patterns 
throughout time. The problematic portion of the GBM 
model is depicted as part of the stock's unpredictability 
and stochastic interaction termed the Weiner measure, 
which further consolidates arbitrary instability over time 
[19]. If the GBM model is to be effective, it must be 
inferred that: An organisation is a continuous concern, and 
its stock costs are non-stop as expected and valued, and 
Permitted Stocks follow the Markov cycle, which implies 
just the current stock cost. Each of these assumptions has 
an impact on the GBM technique and its data sources [16]. 
Despite the fact that the GBM contact is vigorously 
defended, the focus is on the validity and precision of the 
numbers based on Brownian movement. For example, use 
GBM to estimate possible closing costs for small Bursa 
Malaysia organisations. Because the expenses of capital 
for individual financial donors are smaller and more 
moderate, the study concentrates on small-calculated 
organisations [20]. The study investigates the accuracy of 
figures generated by the model on various skylines. 
Furthermore, the data utilised to contribute to the model 
comes from stock prices. GBM may be used to estimate a 
14-day shutdown cost limit. The data over several weeks 
was also found to be sufficient for calculating GBM 
supply costs. 

III. OBJECTIVES 

1. To estimate the simulated stock price of Indian 
companies using GBM and ANN. 

2. To ascertain the applicability and utility of Geometric 
Brownian model. 

 

IV. METHODOLOGY 

The suggested methodology is broken down into many 
stages, each of which is described in this section: The 
information sources that we used to create our system are 
described in Stage 1 (Raw data). The data pre- processing 
of the data sources is presented in Stage 2. The feature 
extraction described in Stage 3. The data was normalized, 
and the proposed models were discussed in section Stage 
4. 

A. Stage 1: Raw Data 

Past stock data is acquired at this step from 
https://www.quandl.com/data/NSE, and this historical data 
is utilized to forecast future stock values. Information has 
been compiled on the Nifty 50 Index for the Indian 
organizations. The Yahoo Finance data from the 1 January 
2020 to 31 December 2020 period have gathered daily 
stock value information. The start date of building the data 
was 1 January 2020, which was chosen to avoid any 
effects of inventory cost anomalies. Data for each stock in 
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the example in the Business region has been taken from 
the money management site and from the NSE, data 
collection have been taken on the current market 
capitalized for each stock. 

B. Stage 2: Preprocessing 

1) The pre-processing stage involves 

2) Data discretization: Part of data reduction 
but with particular importance, especially for numerical 
data 

3) Data transformation: Normalization. 

4) Data cleaning: Fill in missing values. 

5) Data integration: Integration of data files. 

C. Stage3: Feature Extraction 

Only the characteristics that would be given to the neural 
network and GBM model are chosen at this layer. The 
selected characteristic was from the list of Date, open, high, 
low, close, and volume  

D. Stage4: Model Development and Testing 

In this section, we trained and compared the 
effectiveness of Artificial neural networks (ANN), and 
GBM in predicting the direction of today's close price 
with respect to yesterday's close price using the features 
presented in Stage 3. For the data collected over a decade, 
we tested with the following stocks: Infosys, TATA 
Motors, HDFC Banks, Reliance Industries (four stocks 
that are equitably conveyed in the terms of their market 
capitalization. The four shares we centre around are the 
Reliance Industries, HDFC Bank, Infosys, Tata Motors). 

E. Application of Geometric Brownian Method 

 
The formula for the proportional return of a stock is 

given in equation 1 below: 

The first component illustrates the estimated return 
rate μ that the inventory can produce over a short period 
∆t, and that component is called the basic component. The 
second variable follows a random process in which the 
predicted inventory volatility is μ and the random 
volatility ε√∆t, which increases as the time increases. 

GBM presumes that the market prices are distributed in 
logs, as shown in equation 2 below, with a mean of the 
component and a standard deviation of the unknown 
component 

 

 

Where, SO is the stock price and ST is the T-time price. 
Notice that μ (μ- σ2/2) was substituted to overlay an 
unstable part in order to produce a fluctuating inventory 
price. Since T represents a time interval, the stock price 
can be determined at time t+∆t allot, provided its price at 
t, when ∆t total value is short, using the lognormal 
distribution as shown in the following equation: 

The final equation I used in our stock price 
simulations, as seen below, results from the reorganization 
of equation 3: 

 

To recap, St is the annual price of the stock at 
time t, ∆t is the expected annual rate of return, and μ is the 
expected annual volatility, and ε the number randomly 
drawn from the normal distribution is zero, and the 
standardized variation is zero, and random volatility 
represents a standard deviation 

 

The time interval for prediction we use is one 
day, as we are interested in predicting daily prices over the 
period 1 January 2020 to 31 December 2020. We used the 
capital asset pricing model (CAPM) to calculate the 
expected annual return for each stock using the following 
formula: 

 

Where  rf  -risk-free  return  rate,  βm – market beta 
and rm -the anticipated return portfolio of the market. 
CAPM is used as the input variable and it is easy to 
calculate. We used the comparable strategy to measure the 
annual instability of each stock in order to take day-by-
day returns for each stock over a period of one year. In 

simulation, from 1 January 2020 to 31 December 2020, 
we used the inventory value information. During our daily 
returns, we calculated the daily standard deviation from 

the formula below (Equation6) and used the inventory's 
annualized imperceptiveness where the daily standard 
deviation is discussed and τ the periods projected during 
years. As every day value information is utilized, we 
accept 252 exchanging days of the year, the time span 
utilized was 1/252. 

 

F. Comparing Actual and Predicted Prices 

In order to think about simulated prices, we have used three 
techniques. First calculate the direct relationship between 
actual and simulated costs the connective coefficient (r) is 
considered. The correlation coefficient provides the incentive 
for negative and positive relationships, where negative 
relationships are perfectly negative, zero is no connection 
and positive relationships are incredibly positive. The 
following recipe used where x and y are different variables 
and n are the number of perceptions: (stimulated versus 
genuine costs) 
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Second, the average cumulative error rate (MAPE) was 
calculated between the actual and stimulated values. MAPT 
predictions are considered to be high numbers of less than 
10%, strong numbers of 11 to 20%, sensitive forecasts of 21 
to 50%, and poor forecasts of more than 50%. In the 
following section we monitor our success to a similar 
degree. MAPE was described using an accompanying 
equation based on its true value, Ft is the estimated cost and 
n the prediction number 
 

 
Third, in the simulated price we are looking at the 
percentage of accurate directive estimates versus real prices 

V. ANALYSIS 

A. Descriptive statistics 

Table 1 reports the clear insights for each stock including 
the industry in which it has a place with, current market 
capitalization at the hour of composing, beginning stock 
price, anticipated yearly return, and anticipated yearly 
unpredictability. A sum of 50 stocks were broke down from 
thirteen diverse industry areas as characterized on the money 
control site. The biggest area by number of stocks was 
financials, with eleven stocks, addressing 20% of the 
complete example. Conversely, the areas with the least 
stocks were Power, Administrations and Media 
Communications. The biggest individual organization by 
market capitalization is the Reliance businesses with over 
13lakh crore in all out capital with 10.66% market 
weightage. This recommends that the dissemination of 
stocks as far as market capitalization is slanted towards the 
more modest stocks, a few huge stocks that increment the 
estimation of the mean and the least priced stock, the 
conveyance of beginning stock price among firms has a 
mean and a standard deviation which demonstrating a 
skewed distribution. The normal expected yearly return over 
the 50 stocks was 4.40 percent, which seems, by all 
accounts, to be very low. This is perhaps the consequence of 
a by and large low beta across all stocks, affecting the count 
of expected returns utilizing CAPM. The normal beta was 
0.9528, which gives occasion to feel doubted about some the 
count of beta given that the example is included the 
constituent supplies of the market record. Then again, as of 
now talked about, the stocks in the example give off an 
impression of being moved in few businesses and may not 
genuinely mirror the market portfolio. The outcomes got for 
the unpredictability of the stocks were to be low generally. 
Sengupta (2004) propose that stocks typically have 
volatilities in the scope of 20% to 60 percent; be that as it 
may, our example delivered a middle unpredictability of 
44% percent, and the most noteworthy instability noticed 
was just 87 percent. A potential clarification of this outcome 
is that the example comprises of just huge, grounded 
organizations that are for the most part at a later stage in 

their development cycle than more modest, more young 
firms 
 

TABLE 1. Descriptive statistics 

 

Company Name 

 

Market 

Capital 

 

Initial 

price 

Expected 

stock return 

(%) 

 

annual 

volatility 

Reliance Industries 
Ltd. 

1343724 1517.96 4.431 46.80% 

HDFC Bank Ltd. 784759 1254.9 4.429 52.80% 

Infosys Ltd. 536878 768.45 4.385 43.40% 

Housing Development 
Finance Corporation 
Ltd. 

 

462587 
 

2454.35 
 

4.461 
 

48.73% 

Tata Consultancy 
Services Ltd. 

1098773 2170.35 4.356 43.50% 

ICICI Bank Ltd. 364204 534.85 4.503 54.15% 

Kotak Mahindra Bank 
Ltd. 

395019 1617.9 4.429 46.19% 

Hindustan Unilever 
Ltd. 

561346 15417.25 4.333 34.00% 

ITC Ltd. 263145 241.9 4.341 40.19% 

Larsen & Toubro Ltd. 182097 1309.6 4.402 41.51% 

Axis Bank Ltd. 190729 727.2 4.532 64.81% 

Bharti Airtel Ltd. 281016 508.7 4.362 43.03% 

Asian Paints Ltd. 266177 1848.75 4.347 35.35% 

Maruti Suzuki India 
Ltd. 

232348 2454.35 4.436 47.36% 

HCL Technologies 
Ltd. 

257907 589.25 4.366 39.59% 

Bajaj Finance Ltd. 318181 4152.6 4.511 63.71% 

State Bank of India 249309 314 4.446 48.47% 

Dr. Reddy’s 
Laboratories Ltd. 

87152 3059.6 4.301 35.45% 

Mahindra & Mahindra 
Ltd. 

91114 567.2 4.417 49.29% 

Nestle India Ltd. 177897 15417.25 4.322 33.57% 

Sun Pharmaceutical 
Industries Ltd. 

 

143024 
 

449.45 
 

4.337 
 

38.40% 

Titan Company Ltd. 138370 1187.85 4.387 38.40% 

Tech Mahindra Ltd. 94570 778.2 4.385 42.79% 

UltraTech Cement 
Ltd. 

152686 4467.65 4.396 39.24% 

Wipro Ltd. 221727 248 4.345 39.03% 

Britannia Industries 
Ltd. 

85896 3110.45 4.356 36.16% 

HDFC Life Insurance 
Company Ltd. 

 

137027 
 

598.25 
 

4.427 
 

45.99% 

Power Grid 
Corporation of India 
Ltd. 

 

99112 
 

204.65 
 

4.326 
 

34.08% 

NTPC Ltd. 95997 118.25 4.343 37.69% 

Hero MotoCorp Ltd. 61905 2415.6 4.385 43.76% 

Cipla Ltd. 66649 480.15 4.297 39.08% 

Divi’s Laboratories 
Ltd 

102123 1892 4.320 37.13% 

Bajaj Auto Ltd. 100781 3103.7 4.373 37.58% 

Bajaj Finserv Ltd. 141227 9572.75 4.484 56.87% 

SBI Life Insurance 
Company Ltd 

89520 981.5 4.394 40.70% 

Eicher Motors Ltd. 69469 2136.51 4.383 43.61% 

IndusInd Bank Ltd. 68139 1331.95 4.551 87.03% 

Grasim Industries Ltd. 61416 772.8 4.438 47.52% 

 

B. Test one – Check on single/individual stocks 

 This test endeavors to demonstrate whether there is a critical 
contrast between actual stock price and those reproduced 
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utilizing the GBM model by taking the stocks individually. 
As a beginning stage, we take at simulation aftereffects of 
four stocks that are equitably conveyed in the terms of their 
market capitalization. The four stocks we center around are 
the Reliance Industries, HDFC Bank, Infosys, Tata engines 
Ltd. Table 2 shows the outcomes for the principal month of 
simulation, January 2020. We can see that the outcomes 
subsequent to Comparing the re-enacted/simulated and 
genuine/actual price toward the month's end yields various 
outcomes. Unmistakably the simulated price for each of the 
Four stocks for a one-month time span. Figure 1 gives a 
visual portrayal of the outcomes over any longer time 
prospect and what are right away perceptible are the 
likenesses in the conduct among simulated and real stock 
prices as far as volatility. In light of these four stocks, it is 
hard to construe whether there is a huge distinction between 
simulated and actual stock prices to mention any definitive 
observable facts, the entire example of stocks should be 
thought of. Table 3 gives a synopsis of the outcomes for test 
one utilizing every techniques to analyse simulated and 
actual stock prices. Board A looks at the relationship 
coefficient (r) between the two factors over the fluctuating 
time skylines. The mean connection over the present moment 
is somewhat negative and develops positive as the short 
period is expanded. This implies that for week and forecasts 
simulated price move the other way to that of the actual 
prices. This could be an aftereffect of the specific part of the 
GBM model making up for negative irregular changes, as 
stock costs will in general increment after some time. Taking 
a glance at the middle relationship prompts comparable 
outcomes as this is likewise negative for brief periods and 
get positive after one month. Indisputably the mean and 
standard deviation are most minimal for one- month 
expectations proposing that there is less fluctuation over this 
forecast viewpoint. 

 

TABLE 2. Presentation of Simulated and Real prices for four selected 
stocks 

 
  Reliance industries HDFC Bank Infosys 

Tata 

Motors 

  Actual Simulated Actual Simulated Actual Simulated Actual Simulated 

Date price price price price price price price price 

01-
01-

2020 
1518 1,501 1276 1290 735 722 185 186 

02-
01-

2020 
1512 1,437 1279 1200 739 746 185 180 

03-
01-

2020 
1533 1,485 1282 1329 734 710 193 191 

06-
01-

2020 
1520 1,549 1260 1205 746 745 191 188 

07-
01-

2020 
1519 1,538 1259 1355 738 765 187 192 

08-
01-

2020 
1515 1,519 1247 1272 725 712 180 185 

09-
01-

2020 
1539 1,533 1265 1361 722 733 185 184 

10-
01-

2020 
1552 1,594 1284 1299 740 749 192 190 

13-
01-

2020 
1545 1,579 1283 1246 760 778 195 185 

14-
01-

2020 
1540 1,615 1289 1206 770 765 196 191 

15-
01-

2020 
1536 1,548 1286 1248 774 775 195 188 

16-
01-

2020 
1529 1,513 1282 1302 771 780 200 209 

17-
01-

2020 
1554 1,520 1282 1233 771 763 197 202 

20-
01-

2020 
1609 1,652 1305 1345 772 777 198 191 

21-
01-

2020 
1529 1,537 1250 1280 768 788 196 197 

22-
01-

2020 
1544 1,506 1248 1212 768 766 192 192 

23-
01-

2020 
1537 1,516 1240 1238 777 782 187 197 

24-
01-

2020 
1527 1,553 1246 1236 776 763 188 197 

27-
01-

2020 
1515 1,475 1235 1212 779 774 186 190 

28-
01-

2020 
1509 1,453 1219 1207 781 810 184 195 

29-
01-

2020 
1474 1,431 1225 1170 787 783 179 186 

30-
01-

2020 
1479 1,442 1239 1210 790 803 191 191 

 
 

Table 4 Panel B presents the outcomes for the MAPE 
of the figures against actual price over the contrasting 
simulation periods. There is an obvious example arising 
where longer periods bring about a higher MAPE, obvious 
from both the mean and middle MAPE across all stocks. 
In light of the outcomes apparently, the GBM model is 
best at determining stock costs over a week and month 
beneath the 10% edge and qualify as exceptionally highly 
accurate forecasts, and dependent on mean MAPE, 
Perhaps periods as long as one-week to a half year are 
profoundly exact and a year time frame is as yet decent 
forecast. 

TABLE 3: Panel A- Summary of Results One 

Panel A 
Correlation 

1week 1month 6month 1year 

Mean 0.167 0.313 0.276 0.19 
Absolute 

Mean 
0.318 0.178 0.071 0.062 

Median 0.202 0.322 0.218 0.204 
Absolute 

Median 
0.294 0.16 0.051 0.048 

Range 1.618 0.973 0.374 0.309 
Min -0.738 -0.144 0.031 0.054 
Max 0.88 0.829 0.405 0.362 
Standard 

Deviation 
0.385 0.223 0.092 0.076 

 
 

TABLE 4: Panel B: Mean absolute percentage error 
(MAPE) 

 
  5days 1month 6month 1 year 

Mean 2% 6% 12% 29% 
Median 2% 6% 11% 29% 
Range 1% 1% 4% 36% 
Min 2% 5% 13% 14% 
Max 3% 6% 17% 50% 
Standard 

deviation 
0.00556 0.0131 0.02589 0.09946 

 
This test has yielded mixed results by analysing the 

accuracy of individual stock value estimates. The 
connection coefficient, on the one hand, gives the 
simulated stock prices a positive link shortly afterwards. 
On the other hand, MAPE precision technology helps to 
ensure that the GBM model is accurate over brief periods. 
The MAPE discoveries are however of greater value, 
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given that the GBM assumption is not tested in the light of 
different strategy for the daily shift in stock costs. 

C. Neural Network 

An artificial neural network (ANN) is a connectionist 
network composed of nodes and their interconnecting 
links, with the nodes organized in three levels: an input 
layer, one or more hidden layers, and an output layer. The 
predictor variables (i.e., characteristics) in the training 
dataset are represented by the nodes in the input layer. The 
inputs are supplied in parallel to the units that comprise        
the input layer. The input values are routed through the 
corresponding nodes in the input layer, weighted using the 
weights associated with the connections linking the nodes, 
and supplied concurrently to the second layer of nodes, 
known as the hidden layer nodes. The outputs of the nodes 
in the first hidden layer are weighted again using the 
associated link weights, and the resulting values are fed 
into a hypothetical second hidden layer, and so on. The 
weighted outputs of the last hidden layer are sent into the 
units that make up the output layer, which generates the 
network's prediction for given tuples. We employ the JMP 
Software's neural net menu feature. 

Table 4: ANN Results 
 

  Infosys HDFC 

Measures Training Validation Training Validation 

RSquare 0.998801 0.99868 0.994938 0.996746 
RASE 7.653721 7.971401 14.04273 9.808342 

Mean Abs Dev 5.674658 6.089713 9.572013 7.85184 
LogLikeliho od 689.2606 178.4871 794.3501 191.4486 

SSE 11774.47 3240.705 39636.86 4906.382 
Sum Freq 201 51 201 51 

  Reliance Industries Tata 

Measures Training Validation Training Validation 

RSquare 0.998176 0.999061 0.998157 0.99792 
RASE 19.81037 13.74988 1.914314 1.827937 

Mean Abs Dev 14.07965 10.06677 1.378142 1.438649 
LogLikeliho od 876.2514 200.1193 406.8045 102.8425 

SSE 79275.11 9452.963 740.249 167.0678 
Sum Freq 202 50 202 50 

 
The model fit values (R square) for all the companies in 
ANN prediction is good. The comparative analysis 
indicates that Geometric Brownian Method is better than 
ANN in giving better MAPE and RMSE Values 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig .1Tata Motors, HDFC, Reliance Industries and 
Infosys 

VI. RESULTS AND DISCUSSION 

Geometric Brownian Model -Comparing actual and 
simulated based on individuals 

• Four nifty 50 index companies were selected on basis 
on market capitalization, sector, popularity (known stocks to 
be the common individuals)- Reliance industries, HDFC 
Bank, Infosys, Tata motors for a period of one-month 
observation from 01-01-2020 to 30-01-2020 to simulate the 
results between the actual price and simulated price. 

• Both the test correlation and mean absolute 
percentage error was conducted for a period one year from 
01-01-20 to 31-12-2020 to validate the results that there is 
strong and positive correlation between the actual and 
simulated for longer term and short term (accuracy is weak). 

• MAPE- there is Forecast between the simulated price 
for one week and 1 month but good but its weak for longer 
term forecast values. 
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This test has yielded mixed results by analysing the 
accuracy of individual stock value estimates. The 
connection coefficient, on the one hand, gives the 
simulated stock prices a positive link shortly afterwards. 
On the other hand, MAPE precision technology helps to 
ensure that the GBM model is accurate over brief periods. 
The MAPE discoveries are however of greater value, 
given that the GBM assumption is not tested in the light of 
different strategy for the daily shift in stock costs. 

A. Artificial Neural Network Model 

• The graph displays a trend of good prediction of 
closing prices, almost mirroring the actual prices, 
resulting in a strong positive correlation over a 
twelve months period. 

• It’s evident that Mean Absolute Difference 
(MAD) between training and validation are 
similar in the behaviors between predicted and 
actual stock prices in terms of volatility. 

It is difficult to determine whether or not there is a 
substantial difference among both predicted and actual 
stock prices based on these four stocks. To make any 
concise observations, the entire stock sample must be 
considered. 

VII. CONCLUSION 

Due to constantly changing stock prices that are reliant 
on many criteria that generate complicated patterns, 
predicting stock market returns is a difficult process. The 
historical data set accessible on the company's website has 
just a few elements, such as high, low, close, volume of 
shares traded, and so on, which are insufficient. To obtain 
higher accuracy in the predict price value new variable 
have been created using existing variables. ANN and 
Geometric Brownian Method is used for predicting the 
next day closing price of the selected stock. The 
comparative analysis indicates that Geometric Brownian 
Method is better than ANN in giving better MAPE and 
RMSE Values 
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Abstract   

 

The world today is fast and forward so as the 

financial process with innovative technologies & 

advance banking products. Digital banking is a new 

concept in the area of E-banking, of using new 

innovative technologies& banking tools. Banking 

operations has transformed from Manual Ledgers to 

Advanced Ledger Posting Machines(ALPMS) to Core 

Banking system (CBS) during last two decades of the 

20th century & during the initial Phase of 21st 

Century. In this world of technology banking business 

will be very difficult without digitization as the 

cashless banking is the need of present era.  The study 

is focused to assess the customer awareness towards 

use of digital Banking products in India & to measure 

the customer satisfaction level towards the use of 

digital banking platform. The study found that 

various Digital Banking products has been used by 

customers with acceptable approach as well as it 

saves time & convenient too. 

 

Keywords: Cashless, Core Banking System, Digital 

Banking products, E- banking, Innovative 

Technologies. 

 

I. INTRODUCTION 

Prime Minister Shri. Narendra Modi launched 
Digital India campaign on 2nd July of 2015 with the 
intention of making India a cashless Economy but 
the actual growth in Digitization has been seen 
after demonetization which was imposed on 8th of 
November 2016, i.e. Ban on Currency Notes of Rs. 
500 & Rs. 1000, it actually opened the door for 
Economy to go digital. The government advocate 
and encouraged various digital payment modes to 
meet the problem of liquidity and cash crunch. The 
advancement in technology in this competitive 
environment have opened doors for banking to be 

digitized & become world class banking. The 
banking sector is the prerequisites of the people 
therefore the banking sector had introduced various 
contemporary methods of doing banking with a 
click & make it hassle free; from the basic 
transaction like transfer of money, payment of bills, 
getting mini statements, keep a check on cash flow 
etc. can be done with a single click. Development 
& use of Alternate delivery channel is a major 
contributor of Digital Banking. Adoption of digital 
channels can help banks to cut costs, intensify 
customer satisfaction, loyalty, drive long term 
relationships & increase overall profitability. 

Digitization Trends & Opportunities 

A sector like financial institution that too in 
banking, adoption of changes is typically difficult, 
to embrace a fully digital banking strategy, a bank 
needs to modernize its infrastructure end to end. 
The rapid growth of digital channel is 
revolutionizing underpinning this, is the growing 
access to Internet & penetration of Mobile phones a 
bank needs to understand its customer preferences 
& banking Priorities to be able to offer a relevant, 
Convenient & personalized product & services. 

• Consumer attitude is changing towards rapid 

espousal of digitization. 

• Demographic dividend is likely to create a 

large technophile customer segment. 

• The unpenetrated or financially excluded, 

along with Government of India initiatives, 

offer natural growth opportunities. 

• Increasing mobile penetration and 

smartphone usage. 

• Digital is preferred worldwide. 

• Digital channel is more accessible in terms 

of saving their efforts, cost & time. 
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Digital financial platform connecting people to their peers and a range of providers 

 

II. BRIEF REVIEW OF LITERATURE 

 

Importance of Digital Banking 

Anthony Rahul Golden S. (2017) the article 
entitled “An Overview of Digitalization in Indian 
Banking Sector”. In this article efforts have been 
made to study the overview of digitalization in 
Indian Banking sector. Banks are not just a part of 
doing financial transactions but they perform a 
significant role in our daily lives. As banks always 
try to adopt modern technologies to intensify 
customer experience. The study found that, due to 
the espousal of this digitalization, the banking 
sectors in India face some extraordinary changes as 
well as complications. The study also reveals, as 
we are in the digital stage, it is not possible to be 
escape from the growth and services or digital 
banking. 
 Dr. Malini Menon in the study explores about the 
revolution in technology in terms of Digitization 
and studied about the paradigm shift with reference 
to espousal of latest technology. As per the 
outcome of the study, most of the people in the 
banking sector to be of the opinion that the gesture 
of the future is digital banking. Banking is a fast- 
changing sector. The biggest prototype switch that 
has occurred in past few years is digitization in 
banking, which line up to provide a wide range of 
satisfaction for customers. 

Role of Demonetization in digitization 

Nayak (2017) in the study reported State Bank of 
India’s research department found that 
Demonetization has help the nation leapfrogged 
three years ahead in digitization and this trend is 
also expected to lower inflation. They had mainly 
reported total debit and credit card transactions 
through PoS (Point of Sale), between April’16 and 
April’17 it rose 88% and transaction took place 

through several prepaid instruments like – mobile 
wallet, PPI cards, and paper vouchers and mobile 
banking rebel 122% in the same period. 

Cashless Economy 

Kumari and Khanna (2017) in the study found 

that cashless economy gambit will be of relevant 
benefits to developing economy; therefore, the 
cashless system will be considerate in the brawl 
against corruption and money laundering. One 
most noteworthy contribution of the cashless 
economy is that it is anticipated to reduce the risk 
correlated with carrying cash like loss of cash, theft 
and armed robbery, which will considerably 
reduce. They have also put a wrangle about 
positive relationship between cashless economy 
and economic growth. 

Radcliffe, Daniel and Voorhies, Rodger, A 

Digital Pathway to Financial Inclusion 

(December 11, 2012) in the study explains how the 
cash-digital divide creates obvious inequities in the 
financial lives of poor households, how digital 
financial inclusion would look like and present a 
growing body of affirmation which put forward 
that connecting poor people to an integrated digital 
financial system will generate substantial welfare 
benefits. Wealthy households live their financial 
lives sink in a digital financial system which 
“greases the wheels” of their economic activity by 
making it economical and easy for them send and 
receive payments. Their money sits in a virtual 
account as ones and zeroes on a server where it can 
be devolved with the click of a button. In contrast, 
2.5 billion people – most of them poor – are cut off 
from that system. 

E- banking & customer Satisfaction Kumbhar 

in 2011 in the study performed a study to inspect 
and studied the benefaction of a variety of service 
quality dimensions in customers ‘satisfaction. The 
study reveals that all 13 variables were found 

 
Source: A report from KPMG on Role of digital banking in furthering financial inclusion 
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remarkable and were good forecaster of overall 
satisfaction in E-banking. Perceived value, Brand 
perception, ease of use, trouble shooting, Security 
implementation and receptiveness are essential 
factors for calculating customer satisfaction in 
online banking system. The researcher in the study 
is also using this model for testing customer 
satisfaction in Delhi/NCR region. 
Rajeshwari in the research paper establish that 
digital banking increases the conjecture of 
customers from banks. With the help of secondary 
data, they analyses that digital banking become the 
turning point in Indian banking system. It 
intensifies the growth and progression of Indian 
banking. It found that due to digital banking the 
operating cost of banks has been diminished 
rapidly. Lower operating cost means more revenue 
for the banks. According to the study digital 
banking has a power to change the overall Banking 
structure. 
Vishal G, Pandey US, Sanjay B. studied 
perceptions and opinions of urban mobile banking 
users for mobile banking in India engrossing on 
practices, challenges and security issues related to 
it.  By Using quota sampling method where 50 
users and 50 non-users of Ghaziabad city have been 
contemplate & the study revealed that ‘mobile 
handset operability’ was a crucial issue in mobile 
banking due to obtainability of various handset 
models supporting different type of technology in 
the market. 
Jagannathan in the study found that with the 
growing stabbing of internet connectivity and smart 
phones, the numbers of digital wallet users have 
escalated. Digital wallet is becoming swiftly 
trendier among consumers. Digital wallet is 
becoming sought after among young generation 
lots, such as students and employees. 
 

III. IDENTIFICATION OF RESEARCH GAP 

 
After going through with the literature keeping in 
view the limitation it becomes clear that the study 
basically reveals that- 

1. Cashless economy inventiveness will be of 

consequential benefits to developing 

economy like ours. 

2. Demonetization has assist the nation 

leapfrogged three years forward in 

digitization and this trend is also 

contemplating to lower inflation. 

3. Banks always tried to embrace modern 

technologies to magnify customer 

experience. 

 

4. Brand sagginess, ease of use, trouble 

shooting, Security implementation and 

receptiveness are imperative factors for 

quantifying customer satisfaction in online 

banking system. 

 

 

IV. SCOPE AND LIMITATION 

 

1. The scope of the study is very extensive 

and also of up sloping changing scenario 

as the theme is very broad, it encompasses 

financial literacy, financial inclusion, 

cashless economy, paperless economy. 

The technology had modified every aspect 

of human life, so how could the banking 

sector be untouched. 

2. The study is limited to customer 

supposition towards digital banking. For 

the purpose of conducting research Pune 

city has been considered for survey & the 

questionnaire circulated accordingly there 

were 74 respondents in total, the study 

was limited to the use of digital banking 

products as well as it measures the 

satisfaction level of customers towards 

services provided by banks & to find out 

whether consumers prefer Public or 

private sector banks. 

 

V. OBJECTIVES 

 

• To explore awareness of customers 

towards digital banking products. 

• To study customer satisfaction level 

towards digital banking. 

• To explore the substantial factors 

accountable for the use of digital banking. 

• To study whether there is any 

demographical impact on use of digital 

banking. 

 

VI. RESEARCH METHODOLOGY 

 
The study is Exploratory in nature & a mix of 
primary & secondary data. The secondary data has 
been uprooted from various sources like research 
articles, publications from Government of India, 
various bulletins of RBI and authenticated 
websites. The Primary data has been collected 
through a structured questionnaire, the sample 
method was convenience sampling method, 
circulated through Google form, the sample size 
was 74. 
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This study will focus on Pune region to understand 
whether the usage of digital banking has providing 
consumer contentment or not. Also, study will crisp 
on overall customer satisfaction with reference to 
various factors like the category of digital products 
they use, the mode of payment preferred for day to 
day transactions, reasons for preferring Digital 
banking, security of transactions, innovation, 
reliability and customer friendly experience in 
context with digital banking. Digital Banking is a 
contemporary & entail era that explores the new 
vista of success and evolution to ease and intensify 
society and open the door to banking industry 
development and to supplement business 
operations. 

 

VII. DATA ANALYSIS AND 

INTERPRETATION 

 
The primary data collected through Google form 
was analyzed for null values and appropriate steps 
were taken to either drop the record or fill it with 
mean values depending on the type of data. After 
performing data cleaning the researchers found 
total 74 records which were further analyzed. Using 
MS Excel, boxplots where plotted and the data was 
studied for outliers, if any. As no outliers were 
identified in the data the researchers went ahead 
with further analysis.  Categorical data was 
encoded using sklearn preprocessing. 
OneHotEncoder available in python. After 
encoding all the categorical variables, the 
researchers had overall 32 features which were 
again manually rechecked and then analyzed 
through IBM SPSS for reliability test. 
 
The responses collected is analyzed through IBM 
SPSS Version 20 software to estimate 

 

A. Reliability Test of Research Mechanism 

 

Case Processing Summary 

 N % 

Cases 

Valid 67 90.5 

Excludeda 7 9.5 

Total 74 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

 

Case Processing Summary | N or the number of 

valid data is 67 units, while the missing data 

(Excluded data) is 7. This means that 90.5% of the 

data is processed.  
 

Reliability Statistics 

Cronbach's 

Alpha 

N of Items 

.947 10 

 
Reliability Statistics | from the output of Reliability 
Statistics obtained Cronbach’s Alpha value of 
0.947 > 0.600, based on the basis of decision-
making in the reliability test can be concluded that 
his research instrument is highly reliable. 
 

B. DESCRIPTIVE ANALYSIS  

Some of the interpretation of descriptive data 
analysis using SPSS and Excel: 

1. Responses indicates that various digital 

banking products are used by customers. 

To be precise digital banking products like 

Debit Card, UPI and Mobile Banking are 

more popular with the customers. Nearly 

87 to 88% of them are using them. While 

Wallets are least used (around 55%) 

digital banking product compared to other 

digital banking products. This also 

construct clear that the customers are 

apprised about all the available digital 

banking products.  

2. 54% of the respondents preferred 

Scanning QR Code while making any sort 

of payments, while only 16% said they 

would prefer CASH payments, if given a 

choice.  

3. The researchers asked the respondents to 

rank the reasons for using digital banking 

products on the scale of 1 to 9. Using the 

weighted average, it was found that ‘Saves 

Time’ was the top ranked reason, followed 

by ‘Convenience’ at second position, 

‘24X7 Banking’ at third, ‘Personalized 

Service’ at fourth, ‘Cash Flow 

Management’ at fifth, ‘Real Time 

Assistance’ at sixth, while ‘Data Security’ 

ranked seventh followed by a tie between 

‘Door Step Service’ and ‘Discount Offers’ 

at eighth position.  

4. Around 62% prefers interacting with 

banks digitally, while some 26% preferred 

face to face interaction. Very few i.e. 12% 

preferred telephonic interactions. 

5. 64% of the respondents say security is a 

major issue, followed by 55% indicating 
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that connectivity is an issue. Looking at 

the responses we can say that even though 

the customers are using digital banking 

regularly they still feel that security is a 

concern this indicates that security should 

always be the top focus and concern for 

the banks. 

6. Nearly 51% of the respondents narrated 

that digital banking “Meets the Need”, 

while around 30% finds the experience of 

using digital banking “Enjoyable”, which 

indicate that more than 80% of the 

respondents are satisfied with the digital 

banking services / products which they are 

utilizing. 

7. It was also observed that 58% of the 

respondents use digital banking daily and 

around 38% uses weekly followed by only 

4% using monthly. This further confirms 

that the customer satisfaction level of the 

customers is very high. 

8. It was also a surprise that no one felt that 

digital banking is not secure. 51% said 

digital banking is secure while 49% where 

not sure about the security issues. This 

indicates that customers are using digital 

banking more often than before and are 

highly satisfied. 

 
 

 

VIII. GRAPH 

 

 

 

IX. CONCLUSION 

 
With the Indian Government’s vision of a cashless 
economy and rapid development in improving 
internet availability throughout the nation, Digital 
banking users in India is expected to reach 150 
million by the end of 2020. Transaction value this 
year (adjusted for the impact of COVID) for India 
in 2020 is US$ 74,036 million as per Tavaga 
Research Statista. The scope of Digital banking is 
very wide, looking at all the benefits & consumer 
preferences towards digital banking it is concluded 
that cashless baking is the need of Present era. The 

customers enjoy hassle free banking where they 
don’t need to go to bank branches with a click they 
can do basic banking transactions like transfer of 
money, payment of bills, Mini statement etc. while 
making payments, the consumers prefer wallets 
above cash as a secure paying mechanism. 
Convenience is the major factor which promotes 
consumers to use digitized mechanism of banking 
whereas with digitized platform banks can also 
save money & provide extraordinary service 
leading to customer delight.  

 

 
Fig. 1 Preferred Mode of Payment. 
The graph clearly indicates that nearly 54% of them prefers scanning QR CODE for payments. 
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Abstract—The Dark Web  has become home to malicious, 

illegal, and exploitative activities. Due to the nature of the Dark 
Web and the browsers used to reach it, uncovering these activities 
presents grave challenges to digital investigators or law 
enforcement agencies. In this work, we seek to use state of the art, 
closed-source Digital Forensics software to extract predefined 
Dark Web activities from a mobile device.  

Keywords—Deep Web, Dark Web, Digital Forensics, Open- 
Source, Closed-Source 

I. INTRODUCTION  
 The rise of the Digital Age has revolutionized the 
productivity and connectivity of humanity. Technology has 
created new channels of communication and has allowed for 
businesses to realize new potentials. Business models have 
moved from the traditional brick and mortar to an integrated or 
exclusively online model. Ecommerce and the emergence of 
cryptocurrency is reshaping business strategies for 
organizations. Individual startups have more advantages than 
before with the ability to reach a global market and receive 
online payments. The Web is the driving force behind the 
connectivity, and it houses volumes of information readily 
available to individuals with a simple click of a button. 

 While the technical revolution is beneficial, it has some 
unintended consequences attached to it. The Web gives 
individuals the ability to startup companies. It also gives 
individuals to connect with networks of other individuals. In 
certain spaces of the Web, the interconnection of individuals, or 
their entrepreneurial endeavors can be realized in malicious 
ways. In the Dark Web, criminals can operate illicit hidden 
marketplaces under the shelter of anonymity [1]. Drugs, 
weapons, stolen credentials, exploitative content, and other 
illegal materials can be bought and sold in Dark Web markets 
[2, 3]. The Web provides criminals another avenue to operate in, 
and with the adoption of technology, more illicit activity will 
operate in Dark Web markets. 

 Before the creation of hidden Dark Web markets, evidence 
left by criminals would be more physical. Forensics would be 
employed by law enforcement to gather and examine evidence. 
With more criminal activity taking place in a newer 
environment, traditional forensics methods used by law 
enforcement is not as applicable to crimes. Law enforcement 

needs digital tools to analyze evidence from cybercrime scenes. 
Digital Forensic (DF) toolkits have been created for law 
enforcement to collect and examine digital evidence left by 
criminals. DF toolkits have proven to be capable for giving law 
enforcement the ability to solve criminal activity, but an area DF 
software seems unvetted is its ability to track criminal activity 
on the Dark Web. The purpose of this paper is to measure a DF 
software toolkit used by law enforcement agencies, Paraben E3, 
ability to find activities performed on the Dark Web. 

 The rest of the paper is structured as follows. The second 
section will review research in DF and gathering information 
from the Dark Web. The third section will discuss background 
information of the Web and DF software. The fourth section will 
present the experiment conducted. The fifth section will display 
the results. The sixth section will discuss the results and 
implications. The seventh section will present some potential 
limitations of our research, followed by future work to be 
conducted. The paper will close with a summary conclusion of 
the materials covered. 

II. LITERATURE REVIEW 
The volume of activities taking place in the Dark Web is 

continuing to grow. New sites are consistently appearing and as 
one site gets shut down, it gets repackaged on a different 
domain to continue. The field of Digital Forensics continues to 
expand to keep up with the innovation in technology. As more 
devices are used for criminal activity and these devices evolve, 
more advanced measures will be needed to gain access to the 
information the devices hold. More resources are being utilized 
to advance the field of Digital Forensics and to trace activities 
on the Dark Web.  

A. Digital Forensics Considerations 
When performing DF investigations, different aspects to be 

considered. Quick and Choo [4] points to the potential issue of 
the quantity of data created by devices and how this can impact 
DF investigations. An open question Quick and Choo [4] seek 
to address is: can the amount of data involved in DF become 
too much for DF software to handle in a timely manner? The 
solution proposed is to take the data from devices to be used in 
investigations, and to perform data reduction on larger volumes 
of data. The data is reduced to DF subsets and handled by 
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different commercial DF software, such as EnCase or NUIX. 
The reduction of data into subsets brings a new potential issue 
centering around the ability of different data subsets to undergo 
cross-case analysis in an efficient manner. Quick and Choo [4] 
use the process of semi-automated scanning (Data Reduction 
by Selective Imaging method) of data subsets for expediency to 
find relevant facts for cases. The software used in the study is 
Bulk Extractor software, and data was taken from M57 corpus 
to provide large volumes from a range of different devices to 
mimic traditional forensics investigations. Forensic image 
source data from the data set was used and ran through Bulk 
Extraction software. The results found it is possible to observe 
data subsets in a timely manner, and it is possible to load these 
data subsets into DF software. These findings show it is 
possible to expediate the DF process by demonstrating a 
method for handling large data sets to prepare for DF analysis. 
In the era of big data and the need to efficiently navigate 
through data sets for investigations, methods to reduce the data 
found on a variety of devices need to be examined to further the 
field of Digital Forensics.  
 

Another aspect to be considered for Digital Forensics 
investigations is the environment in which the investigation will 
be taking place. Open-source forensic software offers a variety 
of options for investigators, and it offers the flexibility to 
customize the software used for investigating cases in a way 
closed source software does not. One of the most popular and 
widely used open-source software packages for Digital 
Forensics is The Sleuth Kit (TSK). TSK is a command line 
driven toolkit released by Brian Carrier in 2005 that focuses on 
the forensics of file systems for devices. TSK is maintained, but 
no significant updates to the software has been released, 
meaning it may not be as effective for analyzing newer file 
systems as technology advances Hilgert [5].  
 

With TSK being open-source, other software tools can be 
added to it to grant TSK the ability to analyze more modern file 
systems. Hilgert [5] demonstrate how to update TSK to make it 
applicable to modern devices. TSK works on a “one file system 
is assigned to one volume.” Newer file storage systems can 
utilize the pooled storage system, which does not follow the one 
for one model. In order for TSK to remain a relevant Digital 
Forensics tool, it needs to be extended to handle newer storage 
systems. Hilgert [5]  studied the extension of TSK to handle the 
ZFS pooled file storage system. TSK is updated to detect the 
different members in a pooled storage file system, analyze 
different volumes of data and identify which pool it is stored in, 
gain access to all of the file system’s metadata, and have the 
ability to handle incomplete pools. In the extended TSK model, 
the functionality to analyze pooled storage systems between the 
volume and file system storage analysis are added. The new 
structure is titled “TSK_POOL_INFO.” The 
TSK_POOL_INFO is used to analyze ZFS pools by scanning 
for particular items and parsing them. The model also 
demonstrates the ability to recover deleted files by analyzing a 
configured pool with five disks and a file system. The model 
was able to recover deleted files as long as the files had not been 

overwritten. The model was able to analyze the ZFS pool file 
system. The model did have its limitations, as it was not tested 
against other pooled file systems and its capabilities outside of 
a lab environment was not determined. More research using this 
model could provide a powerful tool for investigators 
employing open-sourced Digital Forensics tools. 

B. Dark Web Examination 
Much of the application of Digital Forensics will go towards 

activities performed over the Dark Web. Developing a targeted 
approach for Dark Web Forensics will provide investigators 
tools to expediate examinations into illicit behavior. A method 
to analyze the Dark Web is to target the path to getting there. 
Tor is the most common way to get on the Dark Web. It offers 
criminals a degree of anonymity and provides a way to reach 
onion domains. In conjunction with Australian’s Minister of 
Justice, Dalins [6]  sought to address this by creating a crawler 
for law enforcement to investigate the Tor network. The web 
crawler seeks to improve upon the current models presented 
before by addressing the “gap between holistic studies and 
those targeting illicit activity” Dalins [6]. A main weakness in 
current web crawlers  are category errors presented by creating 
broad categories, lumping legal and illegal activity together. An 
example of this cited by Dalins [6] is creating a category called 
“pornography” and sorting lawful adult pornography, unlawful 
adult pornography, and exploitative materials of minors all 
within the category. This can cause results to be cluttered and 
hinder investigative abilities due to lawful material being 
combined with unlawful content. Law enforcement would be 
required to sort through the broad categories, slowing down 
investigations and unnecessarily expending resources.  
 

In the examination of materials, Dalins [6] found  there are 
more instances of duplicated content than on the surface web. 
Of the 15,503 unique Onion domains searched, around forty 
percent were of no interest to law enforcement. Uninteresting 
and unclear content combined for around fifty percent of the 
domains. The most prevalent categories present that are of 
interest is the Finance category. Illicit pornography was around 
a quarter of the size Finance category. Drugs were around half 
of the size. The web crawler created and tested by Dalins [6] 
does have limitations. Research with permission of the 
Australian’s Minister of Justice, so legal guidelines were 
carefully followed in regard to material studied. Extra care was 
given dealing with exploitative material. The crawler did not 
crawl robots.txt files. The crawler did not attempt to create 
login credentials. These restrictions in the research could have 
limited the findings, and if the crawler is applied in cases 
reviewing the material not studied, the crawler could be 
insufficient.  
 

Another method to guide law enforcement in investigations 
is the standardization of categories to place Dark Web contents 
in. Dalins [6] highlighted this point, and Takaaki [7] further it. 
Takaaki [7] create categories in which Dark Web sites fall 
under. The authors populate these categories by collecting 
different onion domains and scraping them for the text on the 
top pages. The top pages are downloaded and the text on the top 
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pages goes to sorting the Onion domains into the preset six 
classification categories. The six classification categories used 
by the authors are hacking, drugs, develop, porn, news, and 
casino. Once the pages are all sorted, graphic depictions are 
created to analyze the data. The authors use Naïve Bayes 
statistical analysis to categorize the Onion domains based on 
the text scraped from the top pages. The graphical 
representations allow for an organized and expedient search to 
find a category of sites relevant to the investigation instead of 
having to sort through  a variety of pages to find relevant ones. 
The interconnection between the nodes in the graphic 
depictions are likely to be blogs used to distribute information 
about different sites. A clearer connection between 
marketplaces and blogs could be displayed. 
 

A limitation of the authors’ research is it does not allow for 
keywords in other languages to be discovered and graphed. 
Only key words in the English language are able to be analyzed. 
Another limitation of the authors’ research is the multiple 
definitions of English words producing false results in graphs. 
An example of this presented by the authors is the occurrence 
of medical references in the drug category because of the 
multiple meaning of the word “drug.” Since this word can mean 
both an illicit substance and a legal medicine, a category error 
is present. The research needs to be refined to address both of 
these limitations before it can be used in a serious way.  
 

Another method law enforcement should consider for 
examining activity on the Dark Web is the high traffic time 
periods for illegal cryptomarkets.  Hiramoto [8] highlights the 
high traffic time periods by applying three principles from [9] 
to measure activity. The authors seek to study how Bitcoin 
transactions are recorded, the transaction addresses to show the 
location of the ownership of the marketplace (if it is housed on 
the Darkweb), and discrepancies of the end point of the 
transaction leading to the location of the marketplace. The 
application of these three principles is argued to be optimal to 
current methods of web scraping to gather forensic evidence. 
The authors analyzed the traffic from six Dark Web 
cryptomarkets and concluded there is a pattern of activity in 
these marketplaces with respect to time of the day. The authors 
used statistical analysis to study the marketplace transactions. 
 

Hiramoto [8] found outside of very few cryptomarkets, there 
is not a relatively high number of transactions in one central 
marketplace. They found certain marketplaces are more popular 
than others, but transactions seem to be spread across a wide 
number of marketplaces. The authors found that in European 
and North American countries, more transactions take place in 
the evening or at night. The authors also found more 
transactions take place at the beginning of the week, Monday-
Wednesday, than on weekends. The authors conclude this is to 
ensure drugs being purchased will be available for personal 
days, i.e. the weekends, for personal consumption. The authors 
cite higher overdose averages on weekend days than during the 
week. The authors also found most transactions on Dark Web 
cryptomarkets are for personal consumption and not for 

reselling. The authors found buyers are more likely to purchase 
products domestically rather than foreign. Finally, the authors 
found the intervention by law enforcement did not have a 
significant impact on users. Users were displaced from certain 
cryptomarkets, but they were not deterred from continuing to 
purchase illegal substances. 

III. BACKGROUND 

A. The Deep Web  
The Internet is divided into two sections: the Surface Web 

and the Deep Web. The Surface Web is the portion of the 
Internet available by traditional means. The pages of the 
Surface Web are typically registered with and are able to be 
crawled by search engines [1, 7]. Surface Web pages are static, 
meaning the pages can be indexed by web crawlers. The other 
side of the Internet that cannot be reached by traditional web 
crawlers is the Deep Web. It is comprised of unindexed web 
pages that are not registered with search engines. Deep Web 
pages are typically created from databases from various sources 
thus, giving web pages their dynamic nature. It is estimated the 
Deep Web makes up anywhere from 90-95% of the Internet 
[10].  
 

The Deep Web has to be accessed through Onion Routing. 
The concept of onion routing was first studied by employees at 
the US Naval Research Laboratory (NRL) in the 90’s [11]. The 
objective of the researchers was to create a model for internet 
connections with the ability to be secure from surveillance. In 
2002, the Tor network was made available and has become the 
most famous router for reaching the Deep Web [12]. In order to 
keep traffic anonymous, Tor employs rely on nodes with fixed 
connection cycling [7]. The cycling of these nodes is not 
predictable, so paths remain random [12]. Connection over Tor 
is not direct; traffic is hops between intermediate nodes or 
proxies, making traffic more difficult to monitor.  
 

Tor was originally designed to address the need for privacy 
and security with web browsing. The idea of anonymous 
communication over the Internet to unindexed pages was 
extended. Within the Deep Web lies a hidden space referred to 
as The Dark Web. The pages that make up this portion of the 
Deep Web network can only be reached through special 
browsers such as Tor or Freenet [7]. The Dark Web is home to 
both legal and illegal actors. The term “Dark Web” is 
referenced to the structure of the space, the need for specialized 
browsers to reach contents and the anonymity provided, 
creating a lights out environment. While being in the dark, 
criminals take advantage of the structure to pursue illicit 
activity. Sites hosting the buying and selling of drugs, stolen 
credentials, cyber-attacks, weapons, exploitative material, and 
other illegal activity find their home in this corner of the web.  
 

The Dark Web does have legitimate sites that use 
anonymity for ethical purposes. Whistleblowers utilize the 
anonymity to communicate to news outlets. However, the 
notorious reputation of the Dark Web is well earned. As it 
continues to grow in conjunction with new technology, 
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investigators face challenges moving forward. Rooting out 
illicit activity can be difficult and time consuming; it takes 
investigators with a working knowledge of technology to gather 
all the specific information needed to analyze devices for 
evidence. With more digital devices being adopted, the 
difficulties of collecting and analyzing devices will continue to 
grow. 
 

B. Digital Forensics 
Forensics is the scientific process utilized by law 

enforcement to gather evidence in criminal matters. This 
evidence, whether it is inculpatory or exculpatory, is used to 
build a case for prosecution of wrong doers. As the Information 
Age and the Digital Revolution continue to evolve, more 
advances in technology become reality. While this benefits 
consumers by giving them access to more tools, it also grants 
criminals more avenues to pursue illicit activities. In the world 
of forensics, traditional methods for gathering data is becoming 
more obsolete due to the lack of physical evidence needed to 
perform a number of crimes. Electronic mail and computer 
created documents has taken the place of physical documents. 
Communications can be carried out over digital devices and 
through encrypted applications. Traditional forensics methods 
are not always suited to recover evidence found in technology. 
 

Digital Forensics is the application of forensics principles to 
technology. The purpose of digital forensics is to “collect, 
examine, analyze, and report” evidence through different tools 
in order to gain evidence for cybercrimes [13, 14]. Digital 
Forensics investigations sort through devices to find, analyze, 
and document evidence in criminal cases where technology was 
used. The tool kit in the digital sphere is different than that of 
the traditional forensics methods. Investigators are required to 
understand the tools used and the technology being analyzed. 
Investigators need to have a working knowledge of the 
operating software devices used, the file system of devices, the 
storage partitions of devices, and other varying factors. Special 
care needs to be taken when using software analyzing devices 
to maintain data integrity.  
 

When creating the environment in which Digital Forensics 
will be employed, different factors need to be considered. In 
Digital Forensics, there are two types of software available to 
investigators. The first is closed-source Digital Forensics 
software. For software that is closed-source, the source code is 
kept hidden by the creator, and it typically cannot be modified 
by users. Creators or vendors may offer specialized software 
packages, but any changes to the source code is performed by 
the vendor. Closed-source software can be expensive, so 
individuals or smaller investigation firms may not have the 
resources to acquire them.  
 

The second type of Digital Forensics software is open-
sourced. Open-source software is an option for individual or 
smaller investigation firms because of its low to no cost nature. 
Open-source refers to the user's access to the source code of the 
software, not the cost of it. Closed-source software may be free 

to download but the source code is unalterable. Aside from 
being cost-efficient, open-source software affords investigators 
the flexibility to customize the software to fit the needs of the 
investigation. A potential limitation to open-source software is 
while the source-code is usually maintained, it may not receive 
updates regularly in the same way closed-source software 
provided by vendors do. Investigators might find the tools in 
open-source to be outdated or limited in ability, but time can be 
spent amending tools. 

 

IV. EXPERIMENT 

A. Introduction 
The objective of this experiment is to examine the 

capabilities of closed-source DF software to measure Dark Web 
activities. The closed-source DF software that will be used is 
Paraben Electronic Evidence Examiner (E3). E3 is one of the 
industry leading DF software suites, giving investigators and 
law enforcement expansive capabilities to analyze data from 
electronic devices. Investigators can use this powerful tool to 
examine devices directly or extract necessary data from the 
cloud. 

B. Methodology 
The device used to host the Tor browser is a Ulefone Note 

7. The device’s memory and storage was wiped clean of all files 
before the experiment to maintain the integrity of the findings. 
The Tor browser was application was downloaded and installed 
on this device. Another application, BitTorrent, was 
downloaded to the phone as well. The phone was used to search 
specific sites using the Tor browser on a network hosted in a 
local lab. These sites were predetermined in advance to measure 
the efficiency of both DF software in tracking Dark Web 
activity. After searching the predetermined sites, the Note 7 was 
connected to a laptop hosting the E3 software via USB 
connection. Its contents were uploaded into E3 for analysis. 
Following this, a forensic image of the Note 7 was created for 
analysis. This was done after uploading the content into E3 to 
prevent potential noise from being mixed in with the Dark Web 
activities.  

C. Search Sites 
Every site was searched using the Tor browser with the 

standard security level selected. The predetermined sites were 
selected using ethical precautions. While the purpose of this 
experiment is to measure the abilities of DF software to track 
Dark Web activities, we did not want to interact with dangerous 
or illicit content.  
 

The activities done in this experiment, such as searches and 
file downloads, were performed for two reasons. The first is to 
measure the ability for these tools to track illegal activity by 
using the legal mirror of those activities. Benign content was 
downloaded off of sites to simulate criminals downloading 
malicious content, such as exploitative material. Benign 
message boards were interacted with to simulate interactions 
with malicious message boards.  
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The second reason the activities were performed was to 

measure the ability of the tools to trace actions done on devices. 
To measure this, we ranked the activities Tiers 1-3. Tier 1 
actions are actions performed to simulate normal actions of 
users, such as benign searches and viewing webpages. Tier 2 
actions are actions that are more involved than basic web 
searches, and typically require multiple searches or interactions 
with content. Tier 3 actions are actions that involve more 
interaction with content and uploading or downloading that 
content. The tier of the action is noted in the chart. 
 

 
Fig. 1. Chart of activites performed on the Dark Web 

As shown above, two separate files were downloaded from 
the Dark Web into BitTorrent. The first was a Deep Web radio 
station titled DeepBanjo taken from the Deep Web Radio site. 
The second downloaded file was the album Paranoid by Black 
Sabbath. This item was selected because the researchers had a 
physical copy of the album. It was downloaded through The 
Pirate Bay’s Dark Web site. Both of these downloads mimic a 
criminal downloading exploitative or illicit material from 
different sources to give the researchers the ability to measure 
the efficacy of E3 to trace device activity with both the site 
hosting the material and finding the material on the device.  

D. Paraben Case 
After content was generated from activities on the Dark 

Web, the Note 7 was connected to a laptop hosting the E3 
software via USB connection. The device was recognized by 
the computer and the File Transfer option was selected on the 
Note 7. A new case titled DarkwebCase was opened in E3 and 
the content on the Note 7 was extracted into E3. The Logical 
Acquisition Wizard option with default settings was used. The 
Note 7 was also rooted in the E3 software using the Root Engine 
Wizard. The Note 7 was selected by its device ID and all 

parameters were selected. The content of the Note 7 was visible 
in E3 and a report was generated from the data. 

 

V. RESULTS 
The data from the Note 7 was imported into E3 for analysis. 

The case DarkWebCase was created and displayed in Figure 2: 
 

 
Fig. 2. DarkWebCase in E3 

The files were expanded, and E3 was able to show both 
Tor and BitTorrent were downloaded to the Note 7. The User 
Activity Timeline folder for the Note 7, E3 was able to show 
both Tor and BitTorrent were used with timestamps, shown in 
Figure 3: 
 

  
Fig. 3. User Activity Logs 
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E3 was able to show both the DeepBanjo and Paranoid 
downloads on the Note 7 with the last modified timestamp, as 
shown in Figures 4, 5, and 6: 
 

 
Fig. 4. DeepBanjo Station Download 

 

 
Fig. 5. Paranoid Album Download List 

 

 
Fig. 6. Paranoid Album Information 

The findings of E3, however, were limited. While E3 was 
able to show the usage of the applications, it was unable to show 
what activities were performed on the applications.  
 

Activity Level Success 
Tier 1 No 
Tier 2 No 
Tier 3 Partial 

 
The browser history of the Note 7 was blank. Figure 7 

displays the case of the Note 7, expanded in order to highlight 
the search history in the experiment. Tor was the only browser 
used by the Note 7 from the onset of the experiment until the 
data was uploaded into E3. 
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Fig. 7. History Files Expanded 

 
Fig. 8. URL History Displayed 

 
Fig. 9. Search History Displayed 

As shown in Figures 8 and 9, E3 was unable to find Tier 1 
and 2 activity. None of the sites requested or searched over Tor 
were recorded in the Note 7’s history. E3 was able to find the 
results of Tier 3 activities, but it was unable to display the 
source of the downloads.  It was also unable to track the 
activities performed on the source sites to get to the 
downloadable files. Another result found during the experiment 
was the structure of Tor does not allow for a device using it to 
take screenshots.  

VI. DISCUSSION 
E3 is a closed-source DF software that is used by law 

enforcement agencies. It is positive to find E3 can track 
application usage with timestamps, and it has the ability to track 
downloads on the device. E3 does lack the ability to trace the 
activity performed by the device on the Dark Web. E3 was 

unable to find the sites searched on the Dark Web, any links 
clicked on, and the source sites of the downloaded materials. 
For criminals, if a device is examined by E3 where illicit 
activity was performed, law enforcement would be able to see 
when and which applications  used, but law enforcement would 
be unable to use logs to trace what the criminal was doing. For 
law enforcement, having the timestamp of when applications 
were used could be paired with other inculpatory evidence, such 
as illegal transactions or downloads, to build a case. It is also 
useful for law enforcement to be able to find downloaded files 
with the last modified timestamp from devices. The usage of 
timestamps with evidence is crucial for examining evidence. If 
the files downloaded were illicit material, having the ability to 
find the files with the last time the files were modified, tied in 
with the activity timestamp of application usage could give law 
enforcement the ability to indict a criminal. However, not being 
able to see the activity of the criminal on Dark Web sites is not 
beneficial for law enforcement. While seeing when Tor was 
used on a device can help build a case, if no files are 
downloaded from the Dark Web, the activity is more difficult 
to prove. If a criminal uses Tor to consume illicit or exploitative 
material without actually downloading a file, law enforcement 
agencies using E3 would be unable to verify this activity. The 
cycling of nodes by Tor appears to be able to bypass the abilities 
of E3 to determine what is done while using the browser. While 
it is beneficial for law enforcement that Tor does not allow for 
users to take screenshots of activities on the browser. This 
forces criminals to download files and not to take screenshots 
of illicit materials. If the criminal does not elect to download 
files, building a case appears to be an uphill task considering 
evidence is not there for analysis. 

VII. LIMITATIONS 
While our research shows E3 is unable to trace activities 

performed on Tor, these results may not be applicable to other 
closed-source DF software. Other DF software packages used 
by law enforcement, such as EnCase or Forensic Toolkit (FTK), 
were not tested. These DF tools may yield different results than 
the ones shown in this study. Another potential limitation of this 
study is the device used to access the Dark Web. The results 
shown by examining Ulefone Note 7 may differ from results if 
other devices were used. Devices using iOS or Windows OS 
were not examined in this study. A final limitation of this study 
is the only browser examined in this study was Tor. It was 
selected because it is the most popular browser to access the 
Dark Web. Other browsers with this capability, such as I2P, 
were not examined in this study, so different results could be 
found using E3. 

VIII. FUTURE RESEARCH 
Each of the limitations could be addressed with future 

studies along the lines of this one. EnCase and FTK could be 
studied to test the results of tracking Dark Web browsing. 
Open-source DF toolkits, such as TSK or Autopsy, could be 
used to study the ability to track Dark Web browsing and 
compared to their closed-source counterparts. Future studies 
could be performed to test the ability to track Dark Web 
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browsing using different browsers. Different OS could be 
examined as well to show if results differ. Much work is needed 
to be done in this area to find optimal options to collect and 
examine evidence against Dark Web criminals. 

IX. CONCLUSION 
This paper aims to display the ability of DF software to 

track activity done on the Dark Web. As the Dark Web 
continues to grow and more criminals exploit the structure of it 
for malicious activity, the need to be able to collect and examine 
evidence stemming from the Dark Web will  be necessary. The 
Dark Web provides criminals channels to perform illicit 
transactions, and as the Digital Age continues to evolve, more 
criminal activity will migrate into the cyber sphere.  
 

The results of this paper show the closed-source DF 
software E3 is able to find certain results from Dark Web 
activity but is unable to completely show actions performed. 
Application lists and logs with timestamps are visible, as well 
as the content downloaded from them. The downloaded content 
is visible with last modified timestamps. However, E3 lacks the 
ability to show specific actions performed over the Tor browser, 
and more broadly, E3 was unable to show any browser history 
from the Dark Web. E3 was also unable to show the source of 
the downloaded files on the device. For criminals using the 
Dark Web, this potentially means, for the time being, activities 
performed on the Dark Web that does not involve downloading 
files is not traceable by law enforcement agencies. 
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Abstract— The field of Cybersecurity methods and 

algorithms looks like a huge ocean. The selection of suitable 

methods is a challenging job based on the application.  In the 

light of emerging new technologies, the selected cryptographic 

algorithm should be compatible with the new technology. 

This study helps in the selection of the appropriate key 

exchange cryptography method for a given application which 

requires secured communication. The strong, efficient, fast 

and quantum safe method chosen should further be analyzed, 

tested and verified for providing the desired throughput 

under heavy load conditions.  The vulnerability of major 

cryptography algorithms to security attacks by Quantum 

algorithms is discussed in this study. The security level status 

of a few popular cryptography methods are compared with 

the post quantum resistant method of cryptography.  

Keywords— Security, RSA, ECC, NTRU, cryptography 

I.     INTRODUCTION  

Cryptography and Cyber Security are the oldest and 
critical fields in the digital world. Various cryptographic 
mechanisms are used to secure the data and provide 
confidentiality, integrity, and availability. Although 
cryptography [1] was known from the ancient days, the 
invention of the computer led to large scale use of the 
digital security concepts. The oldest ARPA communication 
Network [2] did not have security cover. The security 
algorithms and services were focused in the digital world 
after 1970. With the rapid development in the field of data 
network, the vulnerability to the security attack increased. 
Researchers and Scientists were continuously under 
pressure to find cryptography methods to protect the data 
and the communication channels including security in the 
latest threat posed by quantum computing.  

 Cryptography using symmetric keys and asymmetric 
keys along with hashing algorithms provided the basic 
digital security. In order to improve the protection, key 
exchange methods had to be developed. This study 
discusses some popular cryptography key algorithms and 
introduces the quantum safe NTRU algorithm.  

A. Key Exchange methods: 

Key exchange is an essential process basic to cryptographic 
where digital keys are exchanged between two or more 
participants using cryptographic algorithm. Diffie Hellman 
[3] proposed the oldest Key exchange algorithm which 
involved  the establishment of key agreement between 
sender and receiver using discrete logarithmic function. 
Although this was the oldest method, found suitable for 

symmetric key cryptography, there was the need to invent 
various asymmetric cryptography algorithms such as RSA 
(Rivest–Shamir–Adleman) public-key cryptosystem, ECC 
(Elliptic Curve Cryptography). Even these new 
cryptosystems were not resistance to quantum computing 
attacks. 

B. Quantum Computing: 

The recent invention of quantum computers has changed 
the concept of cryptography significantly. The use of 
quantum bits(qubits) phenomenally increases the speed and 
efficiency by the several orders. The public and private 
keys used in the conventional cryptography depends on the 
complex mathematical relationship between the two 
making it difficult to break. However with the use of the 
quantum computers, the hackers who have access to the 
quantum computers may be able to break the code.   This 
cryptoanalysis possibility has been discussed by Peter Shor 
and Grover in the literature. Peter Shor has threatened the 
hacking of asymmetric cryptography using quantum 
computer. Another threat to hash value cryptography 
because of the Grover’s algorithm. 

C. Symmetric key cryptography: 

Symmetric key cryptography is the fastest method for 
encipherment when sender and receiver are using the same 
key. This method is applicable for large amount of data 
encipherment and is also referred to as session key, shared 
key or secret key.  Most popular methods are DES (Data 
Encryption Standard), 3-DES and AES (Advanced 
Encryption Standard). AES is more powerful than the other 
methods, and so is very popular in the present time where 
there is need of symmetric cryptography. AES provides the 
best security level against quantum computing attacks. 

D. Hashing Algorithms: 

Hashing algorithms ensure the integrity of the data 
whereas symmetric and asymmetric algorithms ensure 
confidentiality with use of the both the algorithms 
authentication of the user and data is achieved. Although 
there are many hashing algorithms, SHA particularly SHA3 
is a very popular hashing algorithms in addition to Keccak 
used in Ethereum. 

The symmetric and hashing algorithms can be broken 

using the amplitude amplification technique of Grover’s 
algorithm.  Security level reduces drastically as the number 

of items increases to N requiring search of √N times. 
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E. Asymmetric key cryptography: 

This is generally used for key exchange without third 
party involvement or using digital certificate as in a group 
of small numbers of trusted members. These algorithms are 
used for small messages, because complexity and cost of 
execution is more due to complex mathematical functions 
comparative to symmetric algorithms. 

There are many asymmetric key cryptography 
algorithms [4]. This paper discusses the different 
asymmetric key cryptography algorithms in order to choose 
the better option. 

II. DISCUSSION ON KEY EXCHANGE ALGORITHMS  

A. RSA Algorithm:  

The popular algorithm used in various protocols and 
applications was invented in 1977[5] by researchers Rivest, 
Shamir and Adleman and was named as RSA algorithm. In 
this algorithm, the public keys are distributed to the senders 
and private keys are generated by the receiver based on 
integer factorization and arithmetic modulation method. As 
A wants to send the message to B, B should generate the 
public and private keys using RSA key generation 
algorithm and send public key of B to A through secure 
channel like VPN, SSL or TLS to protect the key and 
communication and no one can interfere the message. Once 
public key is received by A, A uses RSA encryption 
algorithm to encrypt the message or session key to transfer 
to the B and send through the communication channel. At 
the other end, B uses own private key to decrypt the 
message. The secret key or secret message can be 
transferred safely. Key generation, encryption and 
decryption processes are explained below: 

1. Key Generation: 

Receiver B generates keys by assuming two large numbers 

P and Q to calculate one of the components of public keys 

i.e. N=P*Q, also calculate ɸ = (P-1) (Q-1) to generate 

keys. The integer e (public key) is selected in such a way 

that e is between 1 and ɸ and GCD of e and ɸ should be 1. 

Now d (private key) is calculated in such a way that d is 

between 1 and ɸ and e*d ≡ 1(mod ɸ). So public key is (N, 

e) and private key is (d, N). 

2. Encryption: 

Sender A will do the encryption using public key (N, e) of 

B. The plaintext P that A wants to send to B has to be 

converted into the ciphertext C using formula as C = P^e 

(mod N).  

3. Decryption: 

The ciphertext C received by receiver B is converted 

into plaintext P using private key (d, N) because P = C^d 

(modN). 

Presently the RSA key size is 2048 bits, but this will not 
be adequate in the future due to vulnerability to quantum 
computing attacks[6].  Shor’s algorithm of factorization 
impacts RSA algorithm. 

B. ECC Algorithm: 

Elliptic Curve Cryptography (ECC) is another popular 
asymmetric cryptography algorithm. Elliptic Curve was 
invented by Koblitz and Miller in 1985. Elliptic curves have 
been extensively studied for over a hundred years and 
research in this area of cryptography is being actively 
pursue. ECC is based on algebraic structure of elliptic 
curves[7] over finite fields using integer factorization 
problem. The infeasibility of obtaining discrete logarithm is 
the source of ECC's security. Elliptic curve cryptography 
generally works on the equation:     

xy + x =  + x +  

Elliptic over real number of Goliath field (GF) uses special 
form of equation as 

 

This equation uses nonsingular curve with 3 distinct 
root as complex or real numbers or singular curve. It uses 
Abelian property to find out root points. Using GF(2n) 
elliptic curve points public and private keys can be 
generated for encryption and decryption.  

For the same modulus size ECC provides better security 
than RSA algorithm. In other words, for the same security 
level, the number of bits require for RSA algorithm is larger 
than that for ECC. For example, RSA will need n = 1024 
bits for the same security level provided by ECC with n = 
160 bits.  

Elliptic Curve Cryptography is suitable for tiny 
environments where key exchanges and digital signatures 
are required. It uses either of the two fields (i) Fp where p is 
large prime number or (ii) Binary field. Key generation, 
encryption and decryption processes for ECC are explained 
below: 

1. Key Generation:  

Consider Elliptic Curve E, Points on curve are P & Q, n 
is maximum limit and choose C within range of n[(1-(n-
1))]. Hence public key is generated as G = c*Q                                    
and private key is c. 

2. Encryption:  

Sender is sending message represented on the curve. 
Randomly select j from 1 to (n-1).      

C1 = j * Q 

C2 = M + j * G 

3. Decryption:  

Decryption takes place as 

M = C2 – c * C1 

Where M carried out as  

C2 - c * C1 = (M + j * G) – c * (j * Q) = M + j * c * Q – 
c * j * Q = M 

Quantum Computing Algorithms: Classical 
Cryptographic algorithms can be easily broken by applying 
any of the many Quantum Computing Algorithms. 
Basically, Grover’s and Shor’s algorithms are used to check 
the Quantum resistance of classical algorithms. The 
quantum resistance of hashing and symmetric algorithms 
can be verified using Grover’s Algorithms by deriving the 
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unstructured search in quadratic run time. The use of 
Grover’s algorithm leads to the collapse of the collision 
property of hash function. 

Shor’s algorithm was the first non-trivial quantum 
algorithm which displayed the potential of 'exponential' 
speed-up over classical algorithms. It was used to find 
integer factors in polynomial time. Shor’s algorithm 
directly solved the problem of period finding whereas 
classical algorithms generally used Euclidian algorithms to 
find the prime factors in super-polynomial or exponential 
time. The factoring problem can be turned into a period 
finding problem in polynomial time and the efficiency of 
period finding algorithm can be considered for factor 
finding. The circuit design for Shor’s algorithm is based on 
initialization of Quantum computing qubits to zero position 
as superposition and then Hadamard gate is applied in 
parallel to each of the qubits. Then to control the qubits, a 
function is generated using unitary operator on eigen values 
to meet eigen states. Finally, the Quantum Fourier 
transform is applied to derive the measurements. The 
iteration is continued until the final results are satisfactory. 
Quantum computing using Shor’s algorithm is known to 
have broken the widely used and powerful asymmetric 
algorithm. Use of RSA algorithm results in large number of 
bits leading to long execution time and higher cost. 
Quantum computing has adverse effect on ECC also. 

It may be seen from the above discussion that while 
public key exchange is possible using asymmetric key, all 
the classical asymmetric key algorithms are vulnerable to 
security attacks using quantum computing. This situation 
makes the development of quantum resistance algorithm on 
fast-track mode in order to secure the digital operations. 
One such algorithm which is promising to be future proof 
against quantum computing, is NTRU algorithm. 

C. NTRU Algorithm:  

The threat of quantum computer to digital security has 
forced many organizations in the area of cryptography to 
develop the quantum resistant cryptosystems, known as 
post-quantum cryptography or quantum-safe cryptography. 
The standardized post quantum algorithms of NIST are 
categorized as (i) Lattice-based, (ii) Code-based, (iii) 
Hashbased, (iv) Multivariate Quadratic-based, and (v) 
Supersingular Isogeny-based cryptography [8]. The lattice 
based algorithms use the principles of Closest Vector 
Problem (CVP) and Shortest Vector Problem (SVP), with 
SVP providing quantum resistance solution for major use. 

The NTRU[9] algorithm which uses the concept of the 
lattice-based SVP is widely preferred because of its high 
security, speed and less implementation complexity. As per 
the available data NTRU is much faster than RSA 
algorithm due to its smaller and secured key size, large 
scale deployment, minimum power consumption, less CPU 
utilization and better security against quantum attacks [10]. 
The advanced versions of NTRU have shown appropriate 
performance level free from security attacks[11]. As the 
validity of the NTRU patent has ended, aggressive research 
is continuing to find effective alternatives.  

NTRU stands for Nth degree Truncated polynomial 
Ring Units and was introduced by three mathematicians 
Jeffrey Hoffstein, Joseph H. Silverman and Jill Pipher to 
discussed attacks proof algorithm in their paper[12]. 

Another mathematician Daniel Lieman founded the NTRU 
Cryptosystems. Later in 2009, NTRU Cryptosystem was 
standardized by the Institute of Electrical and Electronics 
Engineers (IEEE). 

NTRU is based on the concept of shortest vector in 
lattices and its operations are based on truncated 
polynomial convolution ring with integer coefficient of 
maximum degree N. The ring R of Z polynomial with 
variable X and degree is truncated upto N-1 is represented 
as follows:   

R=Z[X]/(XN-1) 

Variables: NTRU polynomials make use of binary, 
ternary or product forms. Ternary and product forms 
provide better security as compared to the binary form. For 
this discussion variables polynomials named f, f_poly, 
g_poly, r_poly, rand_poly are considered. Variables used in 
NTRU algorithm are shown in the table I:   

TABLE I.   NTRU VARIABLES  

Variables Description 

N Polynomial ring dimension with maximum degree N 

p Small modulus 

q Big modulus 

f Private Key 

h Public Key 

f_poly Polynomial that is used to calculate the value f 

g_poly A provisional polynomial used in the key generation process 

r_poly Blinding polynomial use in encryption   

rand_poly Random ring equation generation  

h_poly Polynomial of Public Key 

f_p_poly Polynomial Multiplicative inverse of (f mod p) 

f_q_poly Polynomial Multiplicative inverse of (f mod q) 

msg Plaintext message 

Key generation, encryption and decryption processes for 
NTRU are explained below: 

1. Key Generation:  

Since NTRU is Asymmetric key cryptography 
algorithm, there is a need to generate two keys, (i) private 
key i.e. f and (ii) public key i.e h in polynomial forms.  
Assuming f_poly and g_poly are polynomials generated 
randomly, as shown in Table I, the f_p_poly and f_q_poly, 
are generated from multiplicative inverse of f with mode p 
and q. This is a truncated(trunc) function and not a 
modular(mod) function.       

 All calculations ARE DONE WITH MODULUS (X
N - 1

) as 

F * f_p mod (X
N - 1

) 

which is computed in result format 

            [(f_poly * f_p_poly) % r_poly].trunc(p)                    
and                                                          

           f * f_q mod (X
N - 1

)                   
     computed as 

[(f_poly * f_q_poly) % r_poly)]. trunc(q) 

Further, the public key h is computed as follows: 

p_f_q_poly = [ (p*f_q_poly) . trunc(q) ]   -----------------(1) 

h = [(((p_f_q_poly * g_poly) . trunc (q)) % r_poly). trunc 
q)]----------------------------------------------------------------(2) 

Page 447

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



 

 

Hence the public key h is computed with private key f 
using various random values. 

2. Encryption:  

Sender encrypts the message (msg) as a polynomial taking 
into account the public key h of receiver and other 
parameters mentioned in the equation below. Hence 
encryption takes place.  

enc_poly = [(((rand_poly * h).trunc(q) + msg) % 
r_poly).trunc(q)] ---------------------------------------------(3) 

3. Decryption:  

Receiver gets the encrypted message as enc_poly. After 
applying the following equations, the encrypted message 
sent by sender is decrypted by receiver. 

a_poly = [((f_poly * enc_poly) % r_poly). trunc(q)] -----(4) 

b_poly = [(a_poly) trunc(p)]  --------------------------------(5) 

dec_msg = [((f_p_poly * b_poly) % r_poly).trunc(p)] --(6) 

Decryption process is verified in the following manner: 

Decryption takes place as 

a_poly = [((f_poly * enc_poly) % r_poly). trunc(q)] 

Substituting for enc_poly  from equation (3) above,  

a_poly = ((f_poly * ((rand_poly * h).trunc(q) + msg) % 
r_poly).trunc(q))) % r_poly). trunc(q) 

a_poly = (f_poly * ((rand_poly * h). % r_poly). trunc(q) + 
(msg % r_poly).trunc(q)) 

Substituting for h from equations (1) and (2),  

a_poly  = (f_poly * ((rand_poly * (([(p_f_q_poly * g_poly) 
trunc (q)] % r_poly) trunc q)) % r_poly). trunc(q) + (msg 
% r_poly).trunc(q)) 

a_poly = (f_poly * ((rand_poly * (([((p*f_q_poly) 
trunc(q) * g_poly) % r_poly). trunc(q) + (msg % 
r_poly).trunc(q)) 

As f_poly * f_q_poly = =1 trunc(q) then  

a_poly = (rand_poly * p * g_poly) % r_poly). trunc(q) + 
(msg % r_poly).trunc(q)) ------------------------------------(7) 

Hence from equation (5) and (6), 

dec_msg = (f_p_poly * b_poly) % r_poly).trunc(p)      

dec_msg = (f_p_poly * (a_poly) trunc(p)) % 
r_poly).trunc(p)    

Applying equation (7), 

dec_msg =  (f_p_poly * ((rand_poly * p * g_poly) % 
r_poly). trunc(q) + (msg % r_poly).trunc(q))) trunc(p)) % 
r_poly).trunc(p)     

dec_msg =  (f_p_poly * (rand_poly * p * g_poly) % 
r_poly). trunc(q) + f_p_poly * (msg % r_poly).trunc(q)) 
trunc(p) % r_poly).trunc(p)   --------------------------------(8) 

This may be written as  

dec_msg = 0 + 1 * msg trunc(p) 

to directly get result from f_p_poly * p =0 and f_p_poly 
trunc (p) =1 

The final outcome is  

dec_msg = msg trunc(p) 

It may be seen from the above discussion that the 
decrypted output is equivalent to the original message. All 
that is required is to retrieve the original message, without 
decryption failure, by carefully choosing q value to be 
between - q/2 and + q/2 so that the trunc p is properly 
related to trunc q. 

III. PERFORMANCE EVALUATION OF CRYPTOGRAPHY 

ALGORITHMS RELATED TO NTRU 

All the discussed algorithms are implemented using 
Python language and performance is evaluated using 
Apache JMeter as the testing tool. This type of analysis is 
not commonly seen in literature. The major libraries used to 
implement the algorithms NTRU are numpy, sympy, panda 
and flask. The evaluation was done using the device 
configuration: Intel(R) Core(TM) i7-8550U, CPU speed at 
1.80 GHz with processor operating under windows 10, 64-
bit operating system.  

JMeter is helpful in evaluating the throughput under 
load conditions. The throughput is measured in requests per 
second/minute/hour. The time unit is chosen so that the 
display rate is 1.0 considered as better value. When the 
output is observed directly on JMeter, it is in KB/Sec which 
indicates the amount of data downloaded from server 
during the performance test execution. In short, it is the 
throughput measured in Kilobytes per second. When the 
throughput is saved to a CSV file, it is expressed in 
requests/second, i.e., 30.0 requests/minute is equal to 30 
requests/60 seconds which is equal to 0.5. So that the unit is 
common as Requests/unit of time. This figure is saved in 
the CSV file as throughput. As the number of the users is 
increased the throughput will vary for the different 
algorithms. Larger throughput indicates better performance. 
It is found that at a given time the throughput for NTRU 
algorithm is better than for RSA and ECC algorithms as 
explained in the barchart below fig1: 

 

Fig1. Throughput comparison for various algorithms 

Although several papers have discussed the 
performance of the RSA, ECC and NTRU algorithms 
operating with conventional security levels, an attempt is 
made in this paper to evaluate the performance under 
quantum resistant security levels for various quantum bit 
strengths and compare them with the conventional security 
(Table II).                                                                                                      
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Table II. Comparison of Conventional and Quantum Security levels of 
RSA, ECC, NTRU 

Algorithm Key 

Length 

Security Level 

 

Conventional 

Computing 

Quantum 

Computing 

RSA 1024 bits 80 bits 0 bits 

RSA 2048 bits 112 bits 0 bits 

ECC 256 bits 128 bits 0 bits 

ECC 384 bits 256 bits 0 bits 

NTRU 251 bits 80 bits 80 bits 

NTRU  4411 bits 112 bits 112 bits [6] 

NTRU  5929 bits 192 bits 128 bits 

NTRU 8173 bits 256 bits 128 bits 

 

In the light of discussions so for on the structure, 
category, throughput and security level of algorithms, key 
size a comparison of RSA, ECC and NTRU is shown in 
table III along with a brief analysis of the algorithms in 
summarized form. 

 Table III. Summarized comparisons 
 

 RSA ECC NTRU 

Secured 
Key Size 
above bits 

1024 1024 251 

Structure of 
Algorithm 

Modular 
Multiplication 

Elliptic Curve 
addition 

Convolution 
Production 

Based 
method 

Integer 
Factorization 

Algebraic 
structure of 

elliptic curves 
over finite fields 

Lattice based 

Invented by Ron Rivest, Adi 
Shamir, and 

Leonard 
Adleman 

Neal Koblitz 
and Victor S. 

Miller 

Hoffstein, 
J.Pipher and 

J.H. Silverman 

Invention 
year 

1977 1985 1996 

Analysis Dissimilar 
public and 

private keys 
carried out for 
encryption and 

decryption, 
respectively, 

using factoring 
of large prime 

numbers, 
choose p and q 

for 
given mod n is 

easy 
but the reverse 

is 
difficult, but 
vulnerable 

to small 
integers. 

Based on the 
elliptic curve, 
apply discrete  
logarithm to 

points 
on the elliptic 

curve, uses 
smaller, faster, 

and more 
efficient 

cryptographic 
keys with less 

computing 
power, but 
expensive.  

Faster and 
simpler 

implementation 
for encryption 
and decryption 

with less 
arithmetic 

computation, 
key generation 

takes more 
time, proving 

quantum 
computing safe 

and most 
powerful 

algorithm.  

Throughput Good  better Best 

Quantum 
resistant 
Security  

Weak Medium Strong 

 

                      

IV. CONCLUSION 

Cryptography is a critical need of today’s digital world. 
Building strong, secure and easy to access algorithms is an 
argent requirement. For key exchange mechanisms various 
asymmetric key cryptographic algorithms are used. Here 
the discussion was on the popular algorithms RSA and ECC 

along with upcoming Quantum resistance algorithm NTRU. 
The throughput analysis of the three algorithms is carried 
out using Apache JMeter testing tool for various number of 
users. It has been found that the NTRU algorithm has better 
performance meeting the security requirements of even the 
post quantum era.   

It is expected that in the near future the blockchain 
technology embedded with the NTRU algorithm will 
provide the idea solution for healthcare data management 
needing high privacy protection. 
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Abstract— Today, in the busy life of an urban citizen in India, 

hospital expenses are increased dramatically. As well as unhealthy 

life and stressful lifestyle lead to becoming the victims of many 

diseases. So, health insurance will be the best option to bear the 

hospital cost during an emergency. Still, the percentage of 

subscription rate of health insurance in an urban area is less. This 

study aims to understand the determinants of the non-subscription 

of health insurance schemes. An online survey form was created 

and circulated online through social networking sites and emailed 

to the non-subscribers of health insurance. The questionnaire 

floated online to the 396 respondents selected through judgment 

sampling and snowball sampling to ensure the accuracy and 

efficiency of the data. The study observed that low salaries, 

negligence of health insurance, and the cover of diseases and 

linkages with small hospitals were the main reasons for the 

unwillingness of health insurance subscriptions.  

Keywords— Health Insurance, Stress-free life, Healthy life, 

Hospital Expenses 

I. INTRODUCTION 

 The life of Indian Urban citizens is deteriorating day 
by day though externally, it looks bright and shines. There 
might be various reasons for this—pollution, work pressure, 
conflicts, the greed of progress, personal reasons etc. Now 
stress-free life and healthy life in urban areas are becoming 
very rare. So, chances of becoming victims of diseases are 
more [1]. The cost of medical expenses increasing like 
anything and It’s very hard to predict when someone will fall 
ill. Hence, health insurance has become today’s necessary 
that helps to bear hospital expenses [2]. But it has been 
observed that a very low percentage of people subscribe to 
health insurance in rural and urban areas. Insurance reduces 
the price of treatment a household faces and hence may lower 
the burden of out-of-pocket health expenditures on the 
household and the risk of impoverishment associated with 
illness [3]. Available evidence on the impacts of Indian health 
insurance on household economic outcomes is nascent, partly 
because there were no insurance schemes with large enough 
coverage to be of policy interest [3].  
 
 Although, health insurance is rising in India at a rate 
of 24%. With the government push, it has further increased 
by 34 to 50 percent of the growth in the last two years (2018-
2020) [4]. Still, only 25 percent of Indian people have health  
insurance. One possible reason for that is the lack of proper 
marketing strategies to attract customers. Though there are 
many channels to market health insurance products, they 
have not made inroads in small towns [2].  

 As per one estimate, every year 40 million of Indian 
consumers pushed to the poverty due to high medical 
expenses, that lead to the emergence of health insurance. The 
health insurance not only needed for inpatient tertiary care 
but also outpatient primary care and wellness [17].  
 
Though peoples are well aware of the health insurance 
advantages, there are still lots of reluctance in the people that 
led the academician to explore the problems in the health 
insurance sector from the consumer front. Hence, this study 
attempts to uncover the underlined reasons for not availing 
health insurance. Subsequently, the study also analyzes the 
impact of various factors on health insurance purchase 
intention and the actual behavior. This study will be useful 
for entry-level health insurance companies to capitalize on 
this highly potential sector after addressing the potential 
barriers that restrain people from availing themselves of 
health insurance, especially in urban consumers. 
 

II. OBJECTIVES OF THE STUDY 

 
The study will be carried out based on the following 
objectives: 

1. Understand the awareness of health insurance 
among the urban citizens in Maharashtra  

2. Examining the factors affecting the consumer 
willingness to avail health insurance 

3. Analyzing the cause-and-effect relationship of the 
factors affecting the consumer’s unwillingness to 
avail health insurance and their purchase intention 
 

III. REVIEW OF LITERATURE 

The health insurance sector has a very good potential in 
the Indian insurance market, and penetration can be done by 
various marketing practices like reimbursement policies, 
micro-insurance and competent service agents [5]. According 
to this research, 57 percent of respondents were unaware of 
health insurance. Due to the easiness of cashless facilities, 
consumers prefer to use cashless facilities to avail health 
insurance. Also, the role of third-party administrators and 
hospitals in the implication of good health insurance practices 
is critical [6]. 

Researchers show a great concern on the challenges of 
health insurance like increased healthcare costs, emerging 
diseases and the role of government in providing easy access 
to healthcare services, including health insurance [5]. A 
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comparative study between life insurance and health care 
insurance suggested that the factors such as period of 
coverage, an obligation of insured, Premium’s benefit payout, 
taxation etc. are the main differentiators pointed out [7]. The 
researcher shows the importance of health insurance to senior 
citizens [8]. 

Policyholders preferred public sector policy instead of a 
private insurance plan. People give importance to insurance 
premium as maximum policyholders' premium ranges from 
Rs. 500 to Rs. 2000 per month. Risk coverage, protection 
against unpredicted and high medical costs and tax-saving are 
the factors that impact the policyholders' purchase decision 
[9]. The administrative cost of operating the health insurance 
program in various countries varies. In India, both Private and 
Public insurance companies operating cost is very high [10].  

Economics studies of health insurance purchase 
determinants have been extensively investigated [11], yet 
rarely has it been studied from the behavioral side. For 
instance, the study of [11] identifies macroeconomic factors 
on demand for health insurance. They address national 
income, government spending, inflation, and demography as 
important factors in inducing health insurance demand. [12] 
also conclude that household demand for health insurance 
relies on the demographic profile and economic factors. 
Similarly, [13] indicated that parenthood profiles are a 
significant factor in the purchase of health insurance.  

[14] addresses company profile, product variability, and 
the complexity of insurance as the important factors to induce 
health insurance demand. The findings of recent studies 
conducted by [15] are consistent with the results derived by 
[14], who found that microeconomic factors play an important 
role in inducing insurance demand. Nevertheless, those 
rational-based model papers cannot explain the phenomenon 
of the health insurance market in Indonesia. Given the good 
pace with which the economy is growing and improvements 
to the level of education in the country, health insurance 
demand is decreasing, contrary to the evidence presented by 
the aforementioned research papers [16].Keep your text and 
graphic files separate until after the text has been formatted 
and styled. Do not use hard tabs, and limit use of hard returns 
to only one return at the end of a paragraph. Do not add any 
kind of pagination anywhere in the paper. Do not number text 
heads-the template will do that for you. 

Propositions 

Proposition 1: Cost of health insurance, negligence and 
unavailability of health cover in nearby hospitals are 
important determinants of non-subscription of health 
insurance among the urban citizens. 

Proposition 2: Cost of health insurance, negligence and 
unavailability of health cover in nearby hospitals are 
positively associated with citizens' intention to not subscribe 
to health insurance among urban citizens. 

IV. METHODOLOGY 

 This research accomplishes the study's objectives by 
choosing exploratory and descriptive research. The earlier 
studies failed to highlight the determinants.  For this study, 
both Primary and Secondary data were used. Primary data 
was collected through a self-developed questionnaire, and 
secondary data was collected through different research 
papers, reports and books. The target sample size for the 

current study was 559. After circulating the questionnaire 
through social networking sites and emails, we have received 
396 responses completed in all aspects. The respondents for 
this study were customers who had not subscribed to health 
insurance but were well aware of the health insurance. These 
samples were conveniently selected from various cities of 
Maharashtra such as Pune, Solapur, Satara, Solapur and 
Mumbai etc. After data collection, the data was cleaned, 
processed and entered into SPSS for further analysis. The 
reliability test was performed by checking the Cronbach 
alpha value. After that, the factors were extracted by applying 
exploratory factor analysis, and the effects were measured by 
performing multiple linear regression analysis.  
 

V. DATA ANALYSIS 

 
 The primary aim of this study is to identify the 
determinants responsible for the non-subscription of health 
insurance policy among Maharashtra customers. Exploratory 
factor analysis is used to extract the factors with the help of 
the principal component analysis method. Later, the cause-
and-effect analysis between these determinants and intention 
to not subscribe for the health insurance is done by step-wise 
regression analysis.  

 Before applying factor analysis, the reliability of the 
scale item was tested with Cronbach’s Alpha. The value of 
Cronbach's alpha of 21 items is 0.867, which shows greater 
internal consistency. Each item Cronbach's alpha also lies 
more than 0.7, so all the items qualify for EFA without 
removing any item from the scale.  

Table 1 Reliability test 

Cronbach's Alpha 
Cronbach's Alpha Based 
on Standardized Items 

N of Items 

.867 .870 21 

 

a) Exploratory Factor Analysis (EFA) 

 EFA is conducted to extract the factors from the 
questionnaire's items. The principal Component Analysis 
method was used to extract the factors. According to the EFA 
result, five factors were extracted from the data that explains 
72.226 variances of the overall factors. The first factor 
explaining salary, hidden cost, and employers’ duty explains 
19.352 percent variance. Accordingly, the second factor 
explains 16.945 percent variance that comprises lack of fund, 
difficult process, and lack of coverage of health problems. 
Subsequently, the third factor that explains 15.931 percent 
variance comprises process difficulties and the bad behavior 
of the insurance agent. So as the fourth factor that talks about 
the customer negligence in taking health insurance explains 
13.264 percent variance and the last factor that is fifth factor 
covering the awareness about health insurance and the cost of 
insurance explain 6.734 percent variance. In total all the 
factors explain 72.226 percent variance which is considered 
satisfactory in understanding the determinants.  

 As reported in EFA, the most important barrier 
reported after the analysis is the customer doesn’t have 
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sufficient earning to buy the health insurance, they also getting 
into the fear of hidden cost that they shall pay later and 
considered that the providing health insurance is an employer 
duty. Lastly, the customer doesn’t fall sick, so they thought 
buying health insurance is unnecessary and considered an 
additional burden on them. The second important barrier 
identified from the analysis comprises of lack of local hospital 
coverage, lack of sufficient fund, process difficulties and lack 
of coverage of health problems.  

 The third important barrier identified from this 
analysis covering the bad behavior of insurance agent and too 
much paper works during buying process means document 
requirements. Mostly people are not satisfied with the 
behavior of insurance agent then the tedious documentation 
process involved during health insurance buying process.  

 The fourth important barrier that makes the customer 
not buy health insurance is covering the broad aspects of social 
influence as part of the influencing factor. Mostly people are 
not very serious about their health and the health is not their 
utmost priority so they show the negligence towards buying 
the health insurance. Consequently, in their social strata, if 
people don’t have health insurance, they will also not be 
motivated to buy it. Hence, it shows that companies can 
address social influence as an important barrier.  

Table 2 Summary of the factors extracted by EFA 

Facto

r 

Varianc

e in % 

Interpretation 

of factor 

Variables included 

in the factor 
Loadings 

F1 19.352 

Insufficient 
Salaries, 
Hidden Cost, 
Employers 
Duty 

Insufficient Salary 0.767 

Lack of Reliability & 
Flexibility 

0.825 

Contribution should 
be Employer Made 

0.926 

Never Feel a need of 
Health Insurance 

0.967 

Hidden Cost 0.897 

F2 16.945 

No Sufficient 
Fund,  Difficult 
Process,  
Uncover of all 
health 
problems 

Difficult Process 0.689 

No sufficient fund 
availability 

0.808 

Not Cover all health 
problems 

0.602 

Nearby Hospitals are 
not linked 

0.819 

F3 15.931 

Tedious 
Process with 
unsatisfied 
agents 
behaviour 

Too much Paper 
work involved 

0.743 

Unsatisfied behavior 
of insurance agents 

0.904 

F4 13.264 

Negligence in 
Health 
Insurance 
Subscription 

Not taken by 
Friends/Relatives 

0.602 

Negligence for health 
insurance 

0.741 

F5 6.734 

Unawareness 
of health 
insurance and 
Cost of Health 
Insurance 

Don’t Know so much 
about Health 
Insurance 

0.559 

Costly Health 
Insurance 

0.444 

I Believe it’s the 
governments job to 
provide health 
insurance 

0.562 

 Lastly, the fifth factor addresses the awareness about 
the health insurance and the cost of health insurance. Although 
this factor explains only 6.734 percent of variance. The 
possible reasons for this are that the majority of people are 
already aware of health insurance, so they don’t give much 
weightage to the awareness as a barrier and also the cost of 
health insurance is not very concerning to the customers. Once 
the customer felt the need to take health insurance mostly buy. 
Hence cost is not a big barrier. However, hidden cost is still 
considered to be the concerning factor to buy health insurance.   

 So, from the above factor analysis, it can be 
concluded that low earning, hidden cost, employers’ duty, 
insufficient fund, lack of hospital coverage, and health 
problems coverage are the most important barriers that restrict 
the customers from buying health insurance.   

b) Descriptive analysis 

From the study following observations were made. 

a) Male respondents (67%) were observed more than 
female (33%) respondents in the study. 

b) 23% of the respondent’s salary was up to 3 lacs 
whereas 37% of the respondent's salary was up to 5 
Lacs and others were observed from more than 5 
Lacs salary per year. 

c) Awareness of health insurance was good enough 
among urban citizens. 

d) Investigates that around 85% of the respondents go 
to the Doctor, followed by Traditional Medicine with 
18% of the respondents, Self-medication 12% and 
see the chemist i.e. 9% respondents. 61% people 
approach the Doctor and get the treatment. This time 
health insurance always becomes necessary. This 
shows the greater potential for health insurance in 
Pune city as most respondents approach the doctor. 

e) There were 33% of respondents whose 
hospitalization expenses fall up to or under Rs. 
10,000 per year. There were 10% of respondents said 
that their hospitalization expenses occur in between 
Rs. 11,000 to 20,000 and 16% respondents replied 
that their hospitalization expenses observed between 
Rs. 21,000 to 30,000 in a year. 9% of respondents 
said that their expenses on hospitalization were very 
high i.e., from Rs. 31,000 to 40,000. The major 
portion of the respondents was observed in the latter. 
This shows that there were 32% whose 
hospitalization expenses were in between Rs. 41,000 
and above. This statistic shows that the major portion 
of the population is having a high cost of medical 
treatment. 

f) Cost of premium plays an important role in buying 
health insurance as 62% of the respondents says that 
due to the high premium, they hesitate to subscribe to 
it. 
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g) Negligence and reluctance also observed as major 
barriers in purchasing health insurance. 

c) Multiple Regression Analysis 

 Multiple linear regression used to determine the 
effect of multiple independent variables to the dependent 
variable. In this study all five factors considered as an 
independent variable and purchase intention as a dependent 
variable. A step-wise method regression helps to take only 
those factors that significantly impact the purchase intention 
and remove any other factors that do not significantly impact 
the purchase intention.  

Table 3 Model summary 

Model R R Square 
Adjusted R 

Square 
Std. Error of the 

Estimate 

1 .588a .346 .339 .66228 
2 .654b .428 .415 .62286 

3 .739c .546 .531 .55779 

a. Predictors: (Constant), Factor1 

b. Predictors: (Constant), Factor1, Factor2 

c. Predictors: (Constant), Factor1, Factor2, Factor3 

 

Table 4 ANOVA 

Model 
Sum of 
Squares 

df 
Mean 
Square 

F Sig. 

1 

Regression 22.275 1 22.275 50.784 .000b 

Residual 42.107 96 .439   

Total 64.381 97    

2 

Regression 27.526 2 13.763 35.476 .000c 

Residual 36.856 95 .388   

Total 64.381 97    

3 

Regression 35.136 3 11.712 37.644 .000d 

Residual 29.246 94 .311   

Total 64.381 97    

a. Dependent Variable: PI 

b. Predictors: (Constant), Factor1 

c. Predictors: (Constant), Factor1, Factor2 

d. Predictors: (Constant), Factor1, Factor2, Factor3 

 As suggested by table 3 and Table 4, step-wise 
regression extracted three models, out of that, model three 
explained 54.6 percent variance. All three models are 
significant as suggested in table 4 at 1 percent significant level.  

 

Table 5 Coefficient table 
Coefficientsa 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 
B Std. Error Beta 

3 

(Constant) .722 .442  1.632 .106 

Factor1 .535 .108 .411 4.966 .000 

Factor2 .613 .117 .448 5.235 .000 

Factor3 .436 .088 .362 -4.946 .000 

a. Dependent Variable: PI 
 

As per table 5, factor1, factor2 and factor3 significantly 
influencing the customer’s purchase intention to buy health 

insurance. Out of three significant factors, factor3 influencing 
purchase intention more, followed by factor1 and factor3.  

VI. FINDINGS 

The present study is conducted to determine the factors that 
influence the customer attitude of not buying health insurance. 
The study was conducted on respondents who are aware of the 
health insurance but do not buy the health insurance. The study 
analyzed that more than 30 percent respondents spend more 
than Rs. 30000 health expenditure which is a great concern. 
85 percent respondents visited doctor, out of that 61 percent 
visited doctor for serious illness. Hence felt need for health 
insurance. The findings of the EFA suggested that the five 
factors extracted which explained 72.227 percent variance of 
overall health insurance barriers. The first factor explaining 
salary, hidden cost, and employers’ duty explains 19.352 
percent variance. Accordingly, the second factor explains 
16.945 percent variance that comprises lack of fund, difficult 
process, and lack of coverage of health problems. 
Subsequently, the third factor that explains 15.931 percent 
variance comprises process difficulties and the bad behavior 
of the insurance agent. So as the fourth factor that talks about 
the customer negligence in taking health insurance, explain 
13.264 percent variance and the last factor that is fifth factor 
covering the awareness about health insurance and the cost of 
insurance explain 6.734 percent variance. In total all the 
factors explain 72.226 percent variance which is considered 
satisfactory in understanding the determinants. Step-wise 
regression was applied to determine various factors' impact on 
health insurance purchase intention. The result suggested that 
the three factors, factor1, factor2 and factor3, significantly 
influence the non-subscription of health insurance. However, 
factor4 and factor5 don’t significantly influence health 
insurance purchase intention.  

VII. CONCLUSION 

Study concludes that urban citizens are aware enough of health 
insurance. But still, negligence of health issues, reluctance in 
buying health insurance, cost of premium of health insurance 
were observed as the major barriers in subscribing the health 
insurance. Covering maximum diseases and nearby hospital 
cashless facilities were observed as few more barriers in this. 
This can be overcome by adapting proper strategies by 
companies. The health insurance companies should work on 
customer centric approach and introduce the products and 
services that not only minimize the risk but also scalable. The 
study can also suggest that the health insurance companies 
should work with the small and medium size companies which 
are the biggest employers of the poor urban people and ensure 
that each and every employee should have health insurance 
mandatory as part of their compensation plan. In addition to 
that the insurance companies should ensure complete 
transparency about the hidden cost and expand the coverage 
of hospitals and deceases. Lastly, to expand the reach of health 
insurance, the process should be kept easy with minimum 
documentation, fast and agents should be trained to treat the 
people empathetically. This study would help the health 
insurance companies to overcome the barriers addressed in 
this study and design the marketing efforts to better serve and 
create value to the customer. 
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        Abstract: Micro and small scale Fish Farmers play a 

crucial role in the inland Fish farming Industry. Fish farmers 

in this segment face certain unique problems. One of which is 

the diseases affecting the fishes being cultured on their farm. 

Maintaining sustained Health of the fishes is essential, failing 

which, these farmers are liable to suffer heavy losses. Manual 

observation by the trained farmers, plays a key role at present, 

to maintain sustained observation to detect the onset of a 

disease in the fish farming pen or pond. This method has a 

severe drawback, in that it has an inherently high level of 

error and also a higher time lag between observations that is 

practically possible.  In order to remove these drawbacks and 

increase overall efficiency in timely detection of the onset of 

diseases in the fishes, in any given pen or pond, an AI-based 

disease detection system is envisaged.  This system covers 

periodical optical monitoring of the fishes in the farm, 

detecting the onset of any disease, with a minimum time lag 

and sending instant messages to all the stakeholders to enable 

them to initiate remedial action. This approach is bound to 

pre-empt suffering of financial loss by the farmers, due to the 

death of the fish. 

 

      Keywords: Computer vision; Pattern recognition; Image 

processing; Fish disease detection; AI in aquaculture. 

 

I. INTRODUCTION 

 

One of the major challenges facing the World today is 
meeting and securing the food and nutritional needs of the 
teeming billions. In the backdrop of ever increasing 
population, this challenge turns into a complicated one. 
World population, which is around 7.6 billion today, is 
expected to increase to 9.2 billion by 2050 [17]. This 
situation, if not explicitly handled, is bound to give rise to 
huge gap between demand and supply of food. Food 
production needs to  be increased by about 60-70 percent 
from the current level.[6],[7]  Achieving this kind of 
growth, without further aggravating the load on the 

resources such as land , irrigation facilities and adversely 
impacting the environment, is a big challenge. The Food 
and Agricultural Organization of the United Nations (FAO), 
chalks out the road map for ensuring Food security, 
improving nutrition, to defeat hunger and making available 
a healthy diet for the entire population of the World. Every 
member Nation is encouraged to work towards this common 
goal. [6] 
 
The goal committed by the World is to end hunger, food 
insecurity and all forms of malnutrition by 2030. This 
commitment calls for transformative approach 
encompassing efficient, resilient, inclusive and sustainable 
food production, storage and supply chain management. In a 
bid to explore all possibilities to meet the above challenge 
all possible avenues of food production, both conventional 
and non conventional needs to be considered. It is widely 
accepted fact that ‘Aquaculture’ can play a significant role 
in achieving food security.[6] Aquatic animals are highly 
nutritious and are the cheapest animal food sources, which 
serves as the valuable supplement in diet by providing 
essential vitamins, minerals, Omega 3 fatty acids apart from 
being rich source of protein. Among the animal-based food 
basket, farmed fish requires the lowest land use and less 
resource intensive, as compared to Poultry, Beef, sheep and 
goat meat. It is estimated that Aquaculture production needs 
to be more than doubled meet the projected demand in fish 
consumption[21]. This is envisaged to be achieved by 
addressing fish farms’ current environmental challenges and 
leveraging Technology to meet many of the challenges 
affecting the Aquaculture Industry.[15]  Presently fish 
contributes to 17 percent of the animal-based protein. It is 
expected to rise by 58 percent. Currently there is a 
widespread trend in marine overfishing, which has caused 
marine fish depletion all around the World. The expected 
rise in the demand for fish and marine fish depletion, calls 
for giving high importance to fish farming, especially inland 
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Aquaculture or fresh water aquaculture.[15]  Aquaculture is 
playing a prominent role in developing countries in national 
economic development and global food supply. FAO has 
also identified the potentiality of Aquaculture sector in 
contributing to economic development of developing 
nations as well as contribution towards food basket of the 
world to ensure food security.[6] 
 
Even in India this thinking has been echoed back by the 
policy makers and the Government. This is well reflected in 
the fact that in 2020 the Government has created a separate 
ministry of animal husbandry, Livestock and fisheries. 
National fisheries policy Draft 2020 has proposed a 
provision of Rs.20,500 crores, for the development of 
fisheries, which include inland fisheries as well as 
aquaculture. 
 
Currently, India ranks third position in the world in fisheries 
and second position in aquaculture. Indian fresh water 
inland aquaculture Industry contributes about 55% of the 
total Gross value of Fish production. Fresh water 
aquaculture covers about 2.36 million hectares, Pond and 
tank aquaculture covers an area of 1.07 million hectares, 
Other resource such as Reservoirs (3.15 million hectares), 
Upland lakes (0.72 million hectares) and Canals (0.12 
million KM) contributes towards the rest of the inland 
fisheries landscape. 

 

II. EXISTING DATA SCIENCE APPLICATIONS IN 
THE INDIAN AGRICULTURE SECTOR: 

 

Artificial Intelligence has already been playing crucial role 
in many areas of fish farming. Artificial Intelligence is 
being leveraged by the Global Aquaculture Industry to 
increase efficiency in production as well as moving towards 
sustainability. The increased importance given on reduction 
of load on resource as well as the environmental impact has 
give rise to adoption of modern improved methods of fish 
farming, replacing the traditional methods of fish farming. 
In the traditional method, which was hitherto followed in 
India, fish farming was done in natural habitats like ponds, 
lakes and canals, without creating any controlled 
environment. Because of this method it was difficult to 
implement advance technological solutions in this sector. 
[14] Thrust given by FAO & commitments made by the 
member Nations have resulting in wide scale adoption of 
modern controlled methods of fish farming both inland and 
marine, which includes Biofloc[3] system and Cage culture. 
This radical change in the Aquaculture Industry has resulted 
in huge scope for application of advanced technological 
solutions to monitor and control various aspects of the fish 
farming.  Underwater camera with suitable lighting systems, 
IOT, communication networks and AI based applications 
are  beginning to be accepted widely. Some of the 
application areas where AI is being leverage is briefly 
discussed below: 
 

 

III. REDUCING FISH FOOD WASTAGE: 

 

Fish food is the major component of the overall cost of fish 
farming. Artificial Intelligence can be leveraged, effectively 

to optimize fish feeding to reduce cost of feeding as well as 
reduce wastage being released in to open environment.  In 
this area of fish farming[20], Artificial Intelligence 
applications are fast replacing traditional methods which 
solely relied on people. Efficient food pellet dispersion, 
using Artificial Intelligence systems economizes on the 
consumption of food pellets, while at the same time 
reducing the impact on the environment, by eliminating 
wastage to a large extent. This leads to substantial cost 
saving to the farmers. [4]  
Goals adopted by such Artificial Intelligence systems 
include:[5] 
A. Systems that provide farmers empirical and objective 
guidance on how much and when to feed. 
B. Systems that use sensors to detect hunger level in fish for 
controlling the food dispensers, which release just adequate 
amount of food pellets to prevent both under feeding as well 
as wastage. 
C. Data driven food dispensers, with food feeding 
schedules. These systems include learning systems which 
improve as more and more data is gathered and underlying 
model is optimized. 
 

IV. DISEASE DETECTION: 

 

Traditional systems of disease detection call for continuous 
attention of the farmers to keep a frequent watch on the 
fishes to detect the onset of diseases in the fish and then to 
take proper remedial action to treat the disease 
appropriately, so that the disease does not spread to the 
whole stock, which may result in huge loss. [9] [10] 
Artificial Intelligence based disease detection systems [10] 
enable timely intimation to the concerned farmer, without 
any person being in constant watch over the fish farm.[4] 
This hugely impacts the work-life balance of the farmer in a 
positive manner. Apart from this a well trained system 
would be more accurate than an average farmer, who may 
fail to detect[19] in time, the onset of any disease because of 
either ignorance or fatigue. Such systems can also be 
integrated with treatment triggering systems, which will 
automate disease management of the fish farm holistically. 
Methods adopted for disease detection can include the 
following approaches: 
A. Image based detection[8] system which relies on the 
images gathered from a given fish pen to collect images of 
the fishes from time to time and then score to classify, based 
on the pre-trained Machine learning models to detect 
diseases. Such information can automatically be passed on 
to the stake holders for taking remedial action.[4] 
B. In the advanced systems video based detection can be 
adopted to detect the diseases and then to automatically 
trigger dispensation of required chemicals to regulate the 
spread of disease in the pen, as well as the surrounding pens 
situated in the same habitat. 
C. Integrating motion detection along with image 
processing may constitute more advanced system.  Sensors 
may also be utilized to gather information related to onset of 
disease. These kinds of systems also provide scope for 
adopting treatment triggering approaches as soon as any 
disease is detected, while at the same time intimating all the 
concerned stake holders. 
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V. IN SITU PARAMETER MONITORING IN THE 
AQUATIC ECOSYSTEM: 

 

For a healthy and optimal yield of fishes it is very essential 
to monitor various aspects of the given fish farm ecosystem, 
like water quality, oxygen, Nitrogen and phosphorous  
levels in the water, presence of other types pollutants, 
presence of pro-biotic and disease causing bacteria etc.  
While optimal oxygen level is beneficial, high levels of 
Nitrogen and phosphorous is known to trigger algal and 
cyanobacterial bloom leading to reduced oxygen content in 
water, which is not conducive to health of the farm fishes.  
 
 Artificial intelligence along with sensor based devices can 
go a long way in fulfilling these functions without elaborate 
intervention of trained professionals.[4] Such approaches 
are being adopted to improve the quality of environment in 
which fishes are bred and farmed.  Even in India some 
companies are doing some good work in this area.  
 
A. Yield Management: 

 

Presently, fish farmers assess the growth of their fishes 
through personalized intuitive methods of experienced 
farmers. This may not be the best scientific method. 
Adopting methods based on Artificial Intelligence, farmers 
can easily control the feeding cycles and schedules and 
quantum so as to be able to predict exactly when their fish 
will be ready for harvesting so as gain optimum yield. Such 
systems are being adopted both in India as well as global 
level. Non intrusive methods of assessing the weight of each 
fish are available, which is very helpful to the fish farmers. 
 
B. Price movement data: 

 

Even after putting in all the efforts fish farmers are not 
assured of remunerative price for their product in the 
market. Fish being a perishable item it has short shelf life   
after harvesting[17]. There are many risk factors beyond the 
control of the fish farmers that may affect the realization of 
good price for their harvest. To mitigate some of the risks 
involved in fish farming Artificial Intelligence can play a 
crucial role.[4] Practically Artificial Intelligence is being 
leveraged to  collect market data and predict in advance the 
possible   gate price of fishes, so that farmers can decide on 
the schedule and quantum of fishes to be harvested to fetch 
the maximum returns on their investment. Based on the 
historical data the fish farmers can be in a situation to make 
important decision as to when to start the breeding process 
and how much quantity to plan for periodical yield, based 
on the information provided by the Artificial Intelligence 
systems[17].  
 

C. Application proposed to be developed by us: 

 

Though there are some players providing all of the services 
mentioned above it is noticed that Micro and small Farmers 
are a marginalized segment with insufficient financial 
capacity to subscribe to the services presently available. So 
we are intending to provide Niche service specifically 
targeted towards these segments. Our goal is to develop a 
system based on Artificial Intelligence to detect Fish 
disease. The system by leveraging image processing 
technology [11] will be able to detect disease as and when 
afflicted within a reasonable time and intimate all stake 
holders including the concerned Fish Farmer. In turn the 
Farmer can take appropriate step to contain, the spread of 
disease. This will help the farmer from incurring heavy 
losses in case of affliction of any of the Fish disease. [4] 
The salient feature[18] of our solution is that the service is 
provided at a very low cost, keeping in mind the financial 
status of Micro and Small Fish Farmers, prevailing in India. 
Else, the Fish Farmers in this segment will not be able to 
make use of such Technology. Keeping the cost low is 
intended to be achieved even without expecting incentives 
from Government agencies. In case of receipt of incentives 
the same can be utilized to provide additional extended 
facilities for efficient and economical management of the 
Fish farms. 
 
Our proposed system will consist of Underwater camera 
with suitable system of Lighting to obtain quality images 
from time to time, which will be passed on to Azure 
Cognitive Services on cloud, for processing, scoring and 
classifying based on the Trained model that has been put 
into place by us initially by training with data obtained from 
Government and other agencies dealing in the field. Once 
classified and if fishes are found to be afflicted by disease, a 
suitable, predetermined message will be passed on to the 
stake holders, including the concerned Fish Farmer. This 
will enable the concerned Fish Farmer to take immediate 
steps to contain the further spread of diseases both by the 
Fish Farmers and all the other concerned stake holders. By 
adopting this system Fish Farmers are expected to be 
protected from incurring of losses due to the onset of any of 
the Fish diseases.  
 
Our proposed Business model will work on Multi Tenancy 
Subscription Model. The Fish Farmers will not be required 
make any kind of initial investment to benefit from the 
system. All the benefits will be available through a low 
monthly subscription.  
 
The financial details and Logical set up, Process flow and 
Business model concepts are depicted in the table and 
diagrams appended at Appendix 1 to 3  below. 
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VI. APPENDIX  

 

Appendix – 1: Business Plan (Financials): Microsoft Azure Services -Estimate (Region: Central India) 

 

Service 

type 

Description 
Estimated 

monthly cost 

Estimated 

upfront cost 

Azure 

Cognitive 

Services 

Computer Vision, Pay as you go, S1: 1 thousand Tag, Face, Get 
Thumbnail Colour, Image Type transactions; 0 thousand OCR (printed), 
Adult, Celebrity and Landmark transactions; 0 thousand Describe and 
OCR (handwriting) transactions. ₹ 74.40 ₹ 0.00 

Storage 

Accounts 

Block Blob Storage, General Purpose V2, LRS Redundancy, Hot Access 
Tier, 100 GB Capacity - Pay as you go, 10 x 10,000 Write operations, 10 
x 10,000 List and Create Container Operations, 10 x 10,000 Read 
operations, 1,00,000 Archive High Priority Read, 1 x 10,000 Other 
operations. 1,000 GB Data Retrieval, 1,000 GB Archive High Priority 
Retrieval, 1,000 GB Data Write 

₹ 234.23 ₹ 0.00 

Azure 

Functions 

Consumption tier, 128 MB memory, 100 milliseconds execution time, 
10,000 executions/month ₹ 0.00 ₹ 0.00 

Azure 

Cosmos DB 

Standard provisioned throughput (manual), Single Region Write (Single-
Master) - Central India (Write Region); 400 RU/s x 729 Hours; 0 GB 
transactional storage, 2 copies of periodic backup storage; Dedicated 
Gateway not enabled ₹ 1,974.18 ₹ 0.00 

Support Support ₹ 0.00 ₹ 0.00 

  Total ₹ 2,282.81 ₹ 0.00 

 

The above cost is factored for up to 100 customers (or 500 pens/cages). Operations above 100 customers (500 pens) would 
proportionately increase some costs. Overall would work out to be cheaper than indicated above. Cost per pen works out to 
Rs.22.81 excluding manpower costs. This will enable the company to keep the subscription rates to the most affordable level. 

 

 

 

Appendix – 2: Solution At A Glance – Technical architecture 
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Abstract— There are different compensating devices which 

are generally used in the case filtering system of the active 

part, balancing of the load as well as the correction in the case 

of the power factor while the regulation of the voltage can also 

be possible. The active power filters are used for the purpose of 

the elimination of the harmonics system and used for the case 

of the connection for the series as well as the shunt system. The 

present work is related to the electrical distribution system 

where the increasing condition for the single phase is very 

sudden as well as the loads considered to be linear as well as 

the non-linear. The voltage stabilizer when used for the case of 

the overcoming certain drawbacks related to the distribution 

system then the development of the active power filter has very 

crucial role to be played. The objectives of the present work 

consisting evaluation of the performance related to the voltage 

stabilizer for the different conditions of the active power filter. 

Keywords—active power filter, harmonics, voltage stabilizer 

and power devices 

I. INTRODUCTION  

The power quality is a kind of consideration when 
waveform for the quality of the voltage or the supply voltage, 
sometimes in the case of quality of the current or load current 
which is most of the time varying from the waveform which 
is sinusoidal in nature . In this case the amplitude is to be in 
terms of the rated value of RMS in the case of three phase 
system and also for all the three phases having the frequency 
just to be rated and have the amplitude. There can be the 
disturbances in the quality of the power and that includes 
because of different situations and the variation like 
transients which can be either impulsive or sometimes 
oscillatory while there can be sag in voltage there can be 
interruptions like deviation in the steady-state. Jharkhand the 
disturbances related sometimes with the supply voltage 
quality as well sometimes with the current of voltage 
considered by the load.  

That can be reduced in the voltage as well as sometimes 
interaction can occur and the causes related to it are for the 
case of false in the system of power. Responses are related 
with the tracking system when the equipment which is 
electronic is sensitive and sometimes has consequences 
particularly with the power plants. The tripping operation 
sometimes faults in the equipment which are critical and 
because of which the total production system can be stopped 
there off of the cost it is also to be borne. Sometimes it is 
said that that could be the disturbances in the load because of 
the source. This kind of losses can be avoided the customer 
want to install some kind of equipment which are the 
mitigation purpose so that the could be less chances of the 
disturbance and plant can be protected. 

The phenomenon related to the second class is because of 
the very poor quality in the case of current which is to be 
considered because of the load. In such cases the load is 
responsible for the disturbances in the source. The current 
harmonics the kind of example where there is to be the 
rectifier of the diode sometimes the currents which are 
usually not balance and they are drawn by loads that also not 
balanced. The customers really do not have any problem 
related to the loss in the production directly when there could 
be ocurrence in the case of power quality.  

It is observed that the electrical distribution system have 
the cases related to the increasing single phase system as 
well as the load related to the nonlinear available in three 
phase system. the present study deals with the voltage 
stabilizer with the help of series active power filters which 
out to be considered so that the problems related to the 
disturbances can be overcome. The objective of the present 
work consists of the summarisation related to the problem 
power quality as well as its solution. Some of the objective 
also involves evaluation of the performance related to the the 
voltage stabilizer which is to be modelled using the software 
consideration of the active power filters. 

II. LITERATURE REVIEW 

The authors studied a combined system related to the 
passive filter system as well as active filter system which are 
han rated with the small intensity and the connection is to be 
connected with the series. It is observed that the passive filter 
have considerable removed the load which is obtained 
because of the harmonics in the similar way like the 
conventional system works. Wild the active filter produced 
and improved the characteristics related to the passive filter 
with proper filtering system. 

The work has been carried out related to the different 
trends in the case of active power line conditioners. This 
terminology related to the active power line with the 
conditioners where it is having the similar conservation 
dislike the active power filter. Search kind of active power 
line conditioners behaves in the similar way just like the 
active power filter. Author studied the shunt active power 
line conditioners where it have observed that it can be 
expanded from the regulation of the voltage or even in the 
case of compensation of liquor in the terms of a good 
improvement for the case of stability of power.  

Characteristics of the case of active power filter which is 
three phase system as well as the performance related to it 
which is to be operated in the case of frequency which is to 
be switching type and need to be fixed have been observed 
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and studied by the author. The proposed system consists of 
pwm inverter source with the voltage and have the important 
characteristics in two numbers. 

The active power filter on certain new trend which have 
been identified in the case of power conditioning and have 
studied by the author. It is observed that when there is the 
regulation of the voltage in the case of compensation for the 
balance of the flicker of the voltage in that case the reactive 
current which is fluctuating the nature or the compensation 
of the current which is negative sequence have been studied. 
The compensation for the case of harmonic and even 
isolation in the case of harmonic and damping in the case of 
harmonic have also been studied by the author.  

Enquiry of the electric power and its improvement have 
been studied with the help of of series active filter as well as 
the shunt passive filters. It's observed that to the help of 
simulation switch off win obtained through the the software 
of matlab. When there are loads and the variation have been 
carried out for the case of the impedance in the source. 
Where is the development for the case of prototype obtained 
through the analysis on the matlab software. Results obtained 
through the simulation process of experimentation process 
have been studied by the author. 

The researcher have performed the quality of the power 
and improvement related to it with the help of active power 
filter which is hybrid in nature and it is in series. When there 
is a white noise which is additive in nature and  the losses 
related to the switching while the distortion is also observed 
when there is a source current as well as the voltage of the 
load. It is observed that the method of SRF is very good in 
the case of generation. The main feature which is observed it 
is the the the method of controlling the structure which 
radiation it is found that the reduction in the distortion error 
can be tracked, chatting can be surprised as well as noise can 
be suppressed. 

 

III. POWER QUALITY AND CUSTOMER POWER 

Issue related to the quality of power can be defined that 
manifestation for the occurrence in the case of current or 
voltage or even frequency with the divisions involved in it 
and finally the results of third in terms of the failure or 
sometimes damages and kind of malfunctioning which is the 
latest place in the equipment. The power quality issues in 
terms of the field of power electronics and that consists of 
applications related to industry as well as domestic and 
commercial. Equipment when used with the effect of power 
electronics and that kills there are appliances like TV and 
PC, etc. Power electronics is related to the causes in terms of 
harmonics the notches as well as in the harmonics and apart 
from that currents which are neutral. The harmonics are 
usually observed because of rectifier soft starters power 
supplies which switch mode case. 

 
Fig. 1. Harmonic problems at Source side 

The critical problem related to the harmonics in the case of 

power system which are electrical in nature are generalized. 

The distribution system of the power have the harmonics and 

that are related to the voltage as well as current considered to 

be have the frequency with the fundamental nature and 

integer multiplies related to it. It is found that there is no 

distortion as well as no harmonics in that case the pure 

voltage or the current is obtained while the wave which is not 

sinusoidal in that case the distortion as a less harmonics is 

present.  
 

A. Modelling of series active power filter 

Reliability e is generally used for the case of utilities as 
well as the customers while when the company which are 
operating for the competition then this reliability is very 
important as this is responsible for the profit of the business 
and considered as the driving energy in the industrial plants. 
The system of transmission system as well as the distribution 
system is considered to be having a good reliability while 
there are a very few disturbances present. Active power filter 
in series is considered to be the device having the good 
quality of the power and usually this protect from the 
disturbances like sacs in the voltage as well as swell as in the 
voltage which are related for the faults of a remote system. 

B. Principle of operation 

The active power filter is considered to be a good story 
so that the improvement in the quality of the power for the 
case of distribution network in the electrical system is 
improved. The series active power filter system how the 
function related to the protection against the the loads which 
are coming out from the supplying of harmonics or voltage 
swell or voltage sag. The schematic diagram of the series 
active power filter is shown in the figure number 2. 
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Fig. 2. Schematic diagram of series active filter 

The control scheme of the series APF for the case of 
transient stability where the improvement in the power 
system is obtained and it is shown in the figure number 2. 

 
Fig. 3. Control Scheme of Series APF for transient stability improvement 

of power system 

IV. REFERENCE VOLTAGE GENERATION AND HYSTERESIS 

VOLTAGE CONTROLLER 

The supply voltage is considered to be not balanced and 

mostly it is distorted and therefore phase locked loop is very 

important for achieving the synchronisation in related to the 

supply. This process is related to the conversion of the input 

voltage which is distorted into the pure supply which is is 

with the three phase system having sinusoidal nature why the 

RMS value for the every phase is equivalent to the 

fundamental value.  

   

 

    

The relay function parameters have been simulated in the 
matlab software and it is shown in the figure number 4. 

 
Fig. 4. Relay function parameters 

The obtained respect to pulses for the case of a upper 
switch leg1 of SAPF as shown in figure 5. 

 
Fig. 5. Error signal & PWM pulses generated for the 1st top leg of SAPF 

 

V. PROPOSED MATLAB SIMULATION MODEL 

The series active power filter generally ne how the 
configuration and approach is is related to the principle based 
on the injecting voltage which are in series and also inline for 
the case of transformer injection so that the cancellation of 
the disturbances in the voltage is obtained so that the voltage 
sinusoidal becomes load side.  

The figure number 6 shows the proposed complete 
matlab simulation model. 
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Fig. 6. Proposed complete matlab simulation model 

Figure number 7 shows the three phase 6 pulse inverter 
sub-system with the matlab simulink model. 

 
Fig. 7. Three phase six pulse inverter subsystem matlab simulink model 

VI. SIMULATION RESULTS FOR NORMAL RL LOAD 

A. Case 1 voltage sag 

Figure 8 shows the three phase transmission line in 
voltage or source side voltage during voltage sag. 

 
Fig. 8. Three phase transmission line send end voltage or source side voltage 

during voltage sag 

Figure 9 shows three phase transmission line sending end 
current or source side current during voltage sag. 

 
Fig. 9. Three phase transmission line sending end current or source side current 

during voltage sag 

Figure 10 shows; three phase transmission line receiving 
end voltage or load side voltage during voltage sag. 

 
Fig. 10. Three phase transmission line receiving end voltage or load side voltage 

during voltage sag 

The figure 11 shows the three phase transmission line 
receiving any current or load side current during voltage sag. 

 
Fig. 11. Three phase transmission line receiving end current or load side current during 

voltage sag 

The following figure 12 shows sending in transmission 
line voltage FFT analysis for the total harmonic distortion 
during voltage sag. 
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Fig. 12. Sending end transmission line voltage FFT analysis for Total 
Harmonics Distortion (THD) during voltage sag 

Following figure 13 shows receiving and transmission 
line voltage FFT analysis for total harmonic distortion during 
voltage sag. 

 
Fig. 13. Receiving end transmission line voltage FFT analysis for Total 

Harmonics Distortion (THD) during voltage sag 

B. Case 2 voltage swell 

Following figure 14 shows three phase transmission line 
send in voltage or source voltage during voltage swell. 

 
Fig. 14. Three phase transmission line send end voltage or source side voltage 

during voltage swell 

The following figure 15 shows three phase transmission 
line receiving end current or source side current during 
voltage swell. 

 
Fig. 15. Three phase transmission line receiving end current or source side current 

during voltage swell 

Following figure 16 shows three phase transmission line 
receiving end voltage or load side voltage during voltage 
swell. 

 
Fig. 16. Three phase transmission line receiving end voltage or load side voltage 

during voltage swell 

 
Fig. 17. Three phase transmission line receiving end current or load side current 

during voltage swell 
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Fig. 18. Sending end transmission line voltage FFT analysis for Total Harmonics 

Distortion (THD) during voltage swell 

 
Fig. 19. Receiving end transmission line voltage FFT analysis for Total 

Harmonics Distortion (THD) during voltage swell 

C. Case 3 short duration fault 

The following figure 20 shows three phase transmission 
line receiving end current or source side current during short 
duration LG fault. 

 
Fig. 20. Three phase transmission line receiving end current or source side current 

during short duration LG fault 

 
Fig. 21. Three phase transmission line receiving end voltage or load side voltage 

during short duration LG fault 

 
Fig. 22. Three phase transmission line receiving end current or load side current during 

short duration LG fault 

 
Fig. 23. Sending end transmission line Current FFT analysis for Total Harmonics 

Distortion (THD) during short duration LG fault between phase A and Ground. 
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VII. SIMULATION RESULTS FOR RECTIFIER LOAD 

 
Fig. 24. Series active power filter system with rectifier load 

TABLE I.  PARAMETER SPECIFICATION OF MATLAB SIMULATION 

MODEL WITH RECTIFIER LOAD 

Sr No. Name of simulation 

block 

Specification 

1. Three phase 

programmable source 

(Generator) 

Phase to phase rms voltage = 11 

KV,  

Supply frequency = 50 Hz 

2. Line model-1 Line resistance = 0.5 Ohm, 

Line inductance = 0.5 mH 

3. Three-phase transformer 

(Two winding) 

Primary winding Star connected 

with ground and Secondary 

winding Star connected with 

ground,  

MVA rating = 100 MVA; Supply 

frequency = 50 Hz; Primary 

winding voltage V1 =  11 KV 

Secondary winding voltage V2 = 

415 V 

Primary winding inductance L1 = 

0.00030 H 

Secondary winding inductance L2 

= 4.3857e-7 H 

Primary winding resistance R1 = 

0.00242 Ohm 

Secondary winding resistance R2 =  

3.4445e-6 Ohm 

Magnetizing resistance Rm = 605 

Ohm 

Magnetizing inductance Lm = 

1.9258 H 

4. Ripple capacitor  Resistance = 6 Ohm, 

Ripple capacitor = 6 Micro-Farade 

5. RL Load Load Resistance = 50 Ohm, 

Inductance = 10 mili-Ohm 

6. Universal bridge 

(Rectifier load) 

Number of bridge arm = 3, 

Snubber resistance Rs = 1e5 Ohm, 

Contact resistance Ron = 1 Mili-

Ohm 

 

A. Case-1 Voltage sag 

Table 2 shows source voltage parameter for 3 phase with 
voltage sag condition 

TABLE II.  SOURCE VOLTAGE PARAMETERS 3-PHASE FOR VOLTAGE 

SAG CONDITION 

Time (second) Voltage (pu) Load 

0 to 0.1 1  

R = 50  Ohm,  L = 1 

mH 

0.1 to 0.4 0.7 (Sag) 

0.4 to 1 1 

 

 
Fig. 25. Three phase transmission line sending end side three phase rms voltage 

during voltage sag (0.7) pu with rectifier load 

 
Fig. 26. Receiving end or load side transmission line current of phase B FFT 

analysis for Total Harmonics Distortion (THD) during sag condition with rectifier 

load condition. 
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B. Case-2 Voltage swell 

 
Fig. 27. Three phase transmission line sending end side three phase rms 

voltage during voltage swell (1.3) pu with rectifier load 

 
Fig. 28. Receiving end or load side transmission line rms current of phase C 

FFT analysis for Total Harmonics Distortion (THD) during voltage swell 

condition (1.3 pu) condition with rectifier load condition. 

C. Case-3 Short duration of fault 

 
Fig. 29. Three phase transmission line sending end three phase rms voltage during 

short duration of fault (LG-AG) 

 
Fig. 30. Figure 31: Receiving end or load side transmission line rms current of 

phase A FFT analysis for Total Harmonics Distortion (THD) during short duration 

of fault LG-AG. 

VIII. CONCLUSION 

series active power filter phase lock look system for the 
reference case of voltage generation system have been 
designed using the matlab simulation software. Hysteresis 
PWN best app on the controller for the case of inverter 
system have also been designed using the matlab simulation 
software. 3 phase pulse MOSFET which is based upon the 
inverter system have also been designed using the matlab 
simulation software. The transmission line sending end as 
well as receiving end which is also called as load side 
voltage have also been analysed for the case of voltage sag 
condition voltage swell condition and short duration LG 
fault. Result analysis of the simulation for the series active 
power filter can be stated that the there is presence of the 
compensation related to the voltage sag, voltage swell and 
harmonics. 
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Abstract - Private and Public sector banks have significance role 

in the economic growth of every country. Therefore, the present 

study is concerned about two major public sector banks and two 

major private sector banks, which includes ICICI, HDFC, Bank 

of BARODA, SBI. It is taken into account since it is considered 

to be the top two private and public sector banks. Seven 

important ratios are taken into account to analysis the rankings 

and performance and the statistical tool of covariance and anova 

is used.  To review on the basis of their financial characteristics 

and to assess their financial performance in terms of Net Profit 

Margin, Return on Net worth, Return on Assets, Interest spread, 

Credit deposit Ratio, Cash Deposit Ratio, Total Assets Turnover 

ratio, Liquid assets to demand deposit ratio during Covid 19. The 

performance of bank has been taken for the past 5 years.  The 

study concentrates on the analysis of quantitative data. The 

qualitative aspects of performance of banks have not been 

adequately emphasized. All of the selected ratios have an impact 

on the financial performance of private and public sector banks, 

according to the findings. 

Keywords—Bank, ratio, performance and returns 

I. INTRODUCTION 

The banking sector is the bedrock of the economy and 
critical to the country's long-term viability. It provides a wide 
range of financial services, including a bank account, a 
checking account, an ATM, a store, a credit card, a Visa, 
web banking, speculation, financial advice, and other 
financial services. The expansion of the financial industry is 
reliant on the public's traditional administrations, such as 
stores and advancements. The primary function of the 
financial sector is to collect funds from investors and lend it 
to those who are in need. Banks are the most recognizable 
participants in the monetary and securities markets. The 
funds are used for both business ventures and financial 
events.It is one of the main money related columns in the 
financial area, and it assumes a fundamental part in the 
working of an economy. It is basic for a country's money 
related advancement that its financing prerequisites for trade, 
industry, and agribusiness are happy with a more significant 
level of liability and commitment. Thus, the development of 
banking is inseparably connected to the advancement of a 
country. In a state of the art economy, banks ought to be 
viewed as progress pioneers as opposed to cash providers.  

 

II. OBJECTIVES OF THE STUDY 

1. To investigate the monetary presentation of private and 

public area banks. 

2. To dissect their monetary presentation as far as Net Profit 

Margin, Return on Net Worth, Return on Assets, Interest 

spread, Credit Deposit Ratio, Cash Deposit Ratio, Total 

Assets Turnover proportion, and Liquid Assets to Demand 

Deposit Ratio during Co-vid 19. 

III. REVIEW OF LITERATURE 

Ashish Bagewadi, Devang Dhingra (2020) Here the author 
has analyzed and compared the banking sector in India pre 
and post Covid -19. The assessment was conducted using 
both essential and auxiliary data. Bobade, P., & Alex The 
author looked into the changes made by the RBI as a result 
of COVID-19, as well as what COVID-19 has meant for the 
Indian financial system as a whole. People's revenue sources 
came to a standstill as a result of business closures. The 
Demirgüç-Kunt, A., (2021) To break down the effect of the 
COVID 19 pandemic on the monetary business, the creator 
analyzes bank stock costs all through the world. Devanand, 

H. N., & Prasad, T. R. (2015). The importance of business 
banks in the course of financial development has been raised 
by monetary researchers and progressive investors in the 
country on several occasions. Dev, S. M., & Sengupta, R. 

(2020).The creator has shown the situation with the Indian 
economy preceding the Covid-19 shock, just as the shock's 
likely impact on a few areas of the economy.. Gujrati, S. K. 

(2016) The author looked at the major banks in India and 
compared them. Top 5 banks, based on their net profits have 
been taken up for study. The author also finds that the final 
position of each bank has been prepared from the 
summarization of marks received on each parameter. 
Haque, A. (2014) in this study the author has evaluated the 
the simultaneous presentation of picked not many 
significant Indian banks. Joshi, D., Thakkar, S., Machi, 

R., & Chauhan, D. (2021). The inventor learns about the 
monetary implications of India's two largest private and 
state banks in this video. Kaur, G. (2015) The author has 
developed an insight into the economic performance of the 
business, is of paramount importance from the view point of 
investment decisions. The review intends to survey and look 
at the general presentation of India's primary banks. 
Malhotra, D. K., Poteau, R., & Singh, R. (2011). In this 
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study the author has the exhibition of business banks in 
India .The period covers the pre-credit emergency and the 
emergency time span. The observational outcomes show 
that opposition in the Indian financial industry has escalated. 
Mishra, A. K., Patel, A., & Jain, S. (2021) By building 
and breaking down the world's most finished data base, 
cosmology (Covid19-IBO), to assemble semantic 
information, the maker of this assessment examinations the 
Covid-19 in the introduction of the Indian monetary 
industry..N. S. Nagarkar, J. J. (2015). Here in this paper is 
an endeavor to break down execution of five significant 
public, private and unfamiliar area saves money with rule 
segment investigation on the monetary boundaries. The 
loads are allocated based on significance of the boundaries 
on monetary. Both qualitative and quantitative analysis 
issued. Ozturk, E., & Coskun, A. (2014). In this study the 
author has revealed about the Adjusted Scorecard rehearses 
in the writing. Perwej, D. A. (2020). The author intended to 
demonstrate the impact of the pandemic Coronavirus on the 
banking and monetary sectors. The coronavirus epidemic in 
India, according to the Indian bank, threatens a years-long 
clean-up of the country's financial system. Sharma, S., 

Kothari, R., Rathore, D. S., & Prasad, J. (2020) The 
author conducted research on the work done to determine 
the link between NPAs and bank benefit, taking into account 
critical public and private sector banks that are managing 
growing  
 

IV ANALYSIS 
Research Design 

Annual reports and revenue flow statements were 
obtained from the government's official websites of banks for 
the past 5 years and the analysis is made to perform the 
objectives. The exploration is altogether founded on optional 
information on several banks to compare the financial status.  
The review incorporate 2 public area and 2private area banks 
working in India. The following banks were considered in   
the study. 

 

PUBLIC SECTOR    PRIVATE SECTOR  

SBI BANK HDFC BANK 

BANK OF BARODA ICICI BANK 

 
Auxiliary information was utilized to accomplish the 
previously mentioned concentrate on targets to assess 
execution. The data was gotten from the monetary records 
of the banks, which were uncovered in their yearly reports 
(2017 to 2021). To contrast the banks' monetary exhibition 
with that of other private and public area banks, monetary 
and factual instruments are used to assess and comprehend 
the information obtained. Proportion investigation was one 
of the monetary techniques used in the review. The 
proportions were picked for this examination. Individuals 
use words like revenue spread, net overall revenue, and 
return on total assets to clarify how much cash they make. 
Turnover of all out resources as a level of absolute resources 
Investment return The proportions of fluid resources for 
request stores, credit stores, and money stores are 
immeasurably significant. The factual techniques utilized in 

the review were mean, standard deviation, coefficient of 
fluctuation, and ANOVA. 

 
Table 1: PRIVATE SECTOR BANKS AND PUBLIC SECTOR BANKS 

PARAMETER 
 

 

 

BANKS/RATIO HDFC ICICI SBI BANK OF 

BARODA 

NET PROFIT 

MARGIN 

22.53 21.06 20.99 19.93 

RETURN ON 

NET WORTH 

17.008 14.392 16.51 13.112 

RETURN ON 

ASSEST 

1.82 1.5 1.71 1.06 

INTEREST 

SPREAD 

7.993 7.303 8.091 6.722 

CREDIT 

DEPOSIT 

RATIO 

84.709 106.818 99.552 72.812 

CASH 

DEPOSIT 

RATIO 

6.51 6.42 5.94 5.37 

TOTAL 

ASSEST 

TURNOVER 

RATIO 

9.15 6.87 8.3 8.1 

LIQUID 

ASSEST 

DEMAND 

DEPOSIT 

RATIO 

39.698 110.136 62.674 50.976 
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Fig 1: Private sector banks and Public sector banks parameter 

 
In this table, we can see that HDFC bank has a higher 
average net profit margin than the remaining private and 
public sector banks ICICI, SBI, and BANK OF BARODA. 
In comparison to the other banks, HDFC bank has the 
greatest average return on net worth, followed by ICICI, 
SBI, and BANK OF BARODA. The average value of assets 
appears to be higher than the other relevant banks in the 
table, indicating ICICI's low position in terms of asset 
return.  It is clear that SBI has the highest average interest 
spread ratio whereas HDFC and ICICI lie in the same line 
and BANK OF BARODA seems to have the less interest 
spread ratio.  It also shows that ICICI has the highest credit 
deposit ratio compared to other bank respectively.  HDFC's 
average cash deposit ratio is higher than that of the other 
banks.  The total assets turnover ratio of HDFC and SBI lie 
in the same scale with minor difference.  The average liquid 
assets demand deposit ratio of ICICI bank rank first with the 
comparison of banks. 
 
ANALYSIS OF VARIANCES 

 

TABLE 2: ANALYSIS OF MEAN STANDARD DEVIATION, COEFFICIENT OF 

VARIANCE OF NET PROFIT MARGIN 

 
PARTICULARS HDFC ICICI SBI  BANK OF 

BARODA 

MEAN 20.63 19.92 20.433 19.97 

SD 2.122  2.047 2.217 0.751 

CV 0.051  0.103  0.106 0.034  

 

In comparison to other banks, HDFC has the highest mean 
value of net profit margin (20.63) as shown in the table. In 
comparison to other banks, SBI has the largest standard 
deviation of net profit margin (2.217) and coefficient of 
variation (0.106), followed by ICICI Bank, HDFC Bank, 
and BANK OF BARODA. 

TABLE -3 ANALYSIS OF MEAN, STANDARD DEVIATION, COEFFICIENT OF 

VARIANCE OF RETURN ON NET WORTH 

 
PARTICULARS HDFC ICICI SBI BANK OF 

BARODA 

MEAN 18.001 13.293  16.57 13.11 

SD 1.208  1.445 1.196  1.636  

CV 6.762 10.876  7.220 12.486 

 
In comparison to other banks, HDFC Bank has the highest 
Mean Value of Returns on Net Worth, as seen in the table. 
Bank OF BARODA has a greater standard deviation and 
coefficient variance, as well as a higher return on net worth, 
than other banks. On Return on Net Worth, ICICI Bank has 
a moderate Mean Value (13.293), which is lower than 
HDFC and SBI Banks, as well as a moderate Standard 
Deviation (1.445) and co-efficient variance (10.876), which 
are lower than HDFC, SBI, and Bank of BARODA, 
respectively. 
 

TABLE-4 ANALYSIS OF MEAN, STANDARD DEVIATION, CO-
EFFICIENT OF VARIANCE OF RETURN ON ASSET 

 
PARTICULARS  HDFC ICICI SBI BANK OF 

BARODA  

MEAN  1.4 1.857 1.67 2.091  

SD  0.172 0.094 0.05 0.195 

CV  11.554 5.082 3.571 9.421 

From the data, it is clear that Bank of BARODA's return 
on assets has the greatest mean value (2.091) when 
compared to the other banks. In comparison to HDFC 
bank, Bank of BARODA's standard deviation of Return 
on Assets (0.197) is the greatest, followed by ICICI and 
SBI banks. 

 
 TABLE 5: ANALYSIS OF MEAN, STANDARD 

DEVIATION, CO-EFFICIENT OF VARIANCE OF 
INTERESTS SPREAD 

 
 

PARTICULARS  HDFC ICICI  SBI  BANK OF 

BARODA 

MEAN  8.091 7.303 8.787 7.205 

SD  0.527 0.321 0.649 0.642 

CV  6.524  4.412 9.015 7.316 

 
 In Comparison to other banks SBI has the greatest interest 
spread (8.787), as seen in the table. In respect to other banks 
SBI has the highest standard deviation (0.649) and the 
coefficient of covariance (9.015) of the interest spread, 
followed by BANK OF BARODA, HDFC and ICICI 
 

TABLE 6: ANALYSIS OF MEAN, STANDARD DEVIATION, CO-

EFFICIENT OF VARIANCE CREDIT DEPOSIT RATIO 

 
PARTICULARS  HDFC  ICICI  SBI   BANK OF 

BARODA 

MEAN  83.805 106.817 130.433  82.551 

SD  3.232 4.287 13.949 6.605 

CV  3.855 4.012 10.695 8.001 

 
In comparison to other banks, SBI Bank has the highest 
Mean value (130.433), Standard deviation (13.949), and 
Coefficient of variance (10.695) of Credit Deposit. 
 

TABLE 7: ANALYSIS OF MEAN, STANDARD DEVIATION, 
COEFFICIENT OF VARIANCE OF CASH TO DEPOSIT 

 

PARTICULARS  HDFC  ICICI  SBI BANK OF 

BARODA 

MEAN  6.50  6.677 5.941 5.36 

SD  1.337  0.637 0.315 0.655 

CV  20.546 9.558 5.308 12.250 

 
In comparison to other banks, ICICI bank has the highest 
mean value (6.677) of cash to deposit, as shown in Table. 
HDFC has the highest standard deviation (1.337), and Bank 
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of BARODA has the highest coefficient of variance 
(12.250) for cash to deposit. 
 

TABLE -8 ANALYSIS OF MEAN, STANDARD DEVIATION,  CO-

EFFICIENT OF VARIANCE OF TOTAL ASSETS TURNOVER 

RATIO 

PARTICULARS  HDFC  ICICI  SBI BANK OF 

BARODA  

MEAN  9.25 6.86 10.35  8.2 

SD  0.1 0.13 0.42 0.21 

CV  2.159 2.037 4.150 2.649 

According to the table, SBI bank has the highest mean 

value (10.35), biggest standard deviation, and highest 

coefficient of variation (4.150) of total assets ratio. 

Following HDFC, ICICI, and Bank of BARODA, the 

other banks have moderate valuations. 

TABLE 9 ANALYSIS OF MEAN, STANDARD DEVIATION, 
COEFFICIENT OF VARIANCE OF LIQUID ASSETS TO DEMAND 

DEPOSIT 

 

PARTICULARS  HDFC  ICICI  SBI  BANK OF 

BARODA 

MEAN  51.76 111.135  62.672 50.974 

SD  8.250  12.6  11.95 12.186 

CV  15.92  11.48  19.09  23.89  

 
In comparison to the other banks, ICICI Bank (111.135) has 
the greatest mean value, Standard deviation (12.6), and 
Bank of BARODA has the highest coefficient of variance 
(1.160) of liquid assets to demand deposit. The position of 
ICICI Bank is clearly superior to that of HDFC, SBI, and 
Bank of Baroda, since high liquid assets indicate a higher 
ability to meet urgent and short-term deposits. 
 

V FINDINGS 
 

From the ratio analysis it is evident that the overall total 
profit margin of HDFC financial institution is higher also 
average return on net worth seems to be higher.  HDFC has 
the higher average return on asset.  The average interest 
spread of SBI bank has the higher ratio. The credit deposit 
ratio of ICICI bank is high. HDFC bank has the highest cash 
deposit ratio. HDFC bank's total asset turnover ratio is also 
higher. 
The data clearly shows that HDFC has the highest mean net 
profit margin and interest spread ratio, whereas Bank of 
Baroda has the highest average mean return on net worth. 
SBI has the greatest average rate of return on assets and 
total asset turnover ratio. The ICICI Liquid Asset to 
Demand Deposit Ratio has a higher mean value. 
 
The Standard deviation of net profit margin, interest spread, 
credit deposit ratio, total asset turnover ratio of SBI is higher 

compared to other private and public banks. Bank of Baroda 
has the highest standard deviation of return on net worth, 
return on asset, liquid asset demand deposit ratio.  It is 
evident that HDFC has the highest cash deposit ratio. 
 
The Covariance of net overall revenue, premium spread, 
credit store proportion and complete resource turnover 
proportion of SBI is higher contrasted with different banks. 
The bank of Baroda has the highest coefficient of 
covariance for the ratio return on net worth and liquid asset 
demand deposit ratio.  The HDFC has the highest coefficient 
of covariance for return on asset and the cash deposit ratio. 
 
 
 
 
SUGGESSION: 
 
The public sector has to increase the ratio rate of the banks 
because the average ratio analysis clearly explains that 
maximum of private sector banks has the highest ratios even 
during the co-vid outbreak.    The credit and money store 
proportion of private sector banks has great position. In this 
way, the bank needs to proceed in similar strategy and 
standard to victories.  It's significant for the banks to prepare 
the money adequately in transient speculations.  For both 
private and public area banks, it is basic to embrace a top to 
bottom monetary assessment of sufficient capital with its 
opponents to overcome the co-vid 19 economic outbreak. 
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Abstract – Energy plays a vital role in the 

manufacturing process in packaging films industries to 

produce high-quality products. Consumption of energy 

plays a key role in the cost of polyester film products. 

In manufacturing industries, optimal energy leads to a 

higher production volume of products. Currently, the 

plant is facing high energy consumption at various 

times which is leading to increased power consumption 

and turn into higher cost of production. It leads to 

frequent breakdown of maintenance activities which 

causes an impact on productivity. This paper aims to 

analyze and identity machines that are consuming 

abnormal power in the manufacturing process in the 

given period. Also, this paper will perform future 

production of power consumption for a machine. 

Keywords: BoPET, BOPP, Film Manufacturing, 

Energy Consumption, Crystallization, Polyester Film  

I. INTRODUCTION 

Power Energy plays a key role in manufacturing process in 
package films industries to produce with high quality 
product. The early research, headed by W.H. Carothers, 
centered on what became nylon, the primary fiber [1]. 
Nowadays, there are two predominant types of polyester, 
PET (polyethylene terephthalate) [2] and PCT (poly-1, 4-
cyclohexylene-dimethylene terephthalate). Biaxially-
oriented polyethylene terephthalate (BoPET)[2] is a 
polyester film made from polyethylene terephthalate. The 
film is heat-set under tension in the stretching oven at 
temperatures which are typically above 200 °C. BOPP 
films (Biaxially Oriented Polypropylene Films) [3] are 
produced by stretching polypropylene film in both machine 
direction and transverse direction. BOPP film is used in 
many applications comprising packaging, labeling and 
lamination. BoPET Film manufacturing process involved 
below steps: 
a) Feeding 

b) Crystallization 
c) Drying 
d) Extrusion and Die 
e) Casting 
f) Machine Direction Orienter  
g) Transverse Direction Orienter  
h) Take up and transfer 
i) Winder 
 
In this paper, we will be predicting the power consumption 
of the machinery tools which are used in polyester film 
manufacturing industry based on historical data which has 
been collected from the respective machinery over the 
period of time. 

 
Since the 1950s, many previous studies can be found in the 
literature on melting and thermal issues in polymer 
extrusion till 1990. Post 1990, researchers are focused on 
power energy consumption in polymer manufacturing 
process. Many industries are spending more cost for power 
energy in few decades. Hassan, Mohamed Ket al (2013) 
researched [4] on real-time stress-strain birefringence 
measurements to interpret the sequence of mechanism that 
occur during biaxial stretching of PET films. The 
measurement of above research results in four ordered way 
that determines the relationship between stress and 
birefringence. The First 2 results have a positive linear 
relationship between stress and the ‘Rays of 
lights’(birefringence) whereas third resulted in a non-
linear relationship. The fourth stage, the stress is highly 
increased while the birefringence reaches the plateau and 
this stage is called finite extensibilities. The initial linear 
stress test coincides with the onset of the stress induces 
crystallization by the offline measurements.  
 
Nisticò, Roberto (2020) has published an article [5] on 
Polymer Testing using Polyethylene terephthalate (PET). 
The PET is 3rd most widely used polymer in the packaging 
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industry. The PET is primarily derived from fossil sources 
and it is nonbiodegradable in the environment. The 
research identifies there is a possibility of manufacture the 
PET material using biodegradable material in a more 
sustainable way. This allows the environment safe and re-
use /recycle of PET material and makes indefinitely use of 
PET material in the manufacturing industries. Author has 
discussed more on PET usage in the food packaging and 
analyze advantage and disadvantage of the PET material. 
 
In manufacturing process, temperature is key factor for 
producing high quality of product. Nowadays, it is 
challenging to maintain both melt and energy efficiency in 
same time. There are three type of screws BF, GC and RC 
in the machine and speed of these screws helping to reduce 
power consumption of machine. If speed of screw 
increases, thermal fluctuation also increases [6] [7]. 
 
In all lines, the company continues to optimize constantly 
the possibilities for energy savings. The development of 
the fast-running high-speed extrusion (HSE) single screw 
extruder, especially as co-extruder for film stretching lines, 
is aimed to achieve the performance of several larger 
conventional extruders with considerably smaller screw 
diameters. The HSE extruder is easy to operate and less 
expensive to service and requires smaller installation area. 
With regards to energy consumption a small extruder also 
provides advantages because it has lower radiation and 
convection losses. The direct drive contributes to the lower 
energy consumption since there are no energy losses 
resulting from the reduction gear. With regards to the 
process technology, the new extruder concept also leads to 
shorter dwell times of the melt in the extruder. This enables 
improvement of the film characteristics, purging and 
changeover times can be reduced. 
 
According to research paper done by Girish Kant [8], build 
Artificial Neural Network(ANN) and Support Vector 

Regression(SVR) models to predict the model for power 
consumption of the machine which resulted that there is 
close correlation between predicted power and actual 
experimental power consumption. ANN is performed well 
to predict power consumption when compare to SVR 
model prediction. The predictive models are expected to 
help in arriving at fine-tuned optimum machine parameters 
so that power consumption during machining can be 
reduced. 
 
Mel Keytingan M.Shapi published the paper [9] which 
stats that power consumption can be predicted using K-
Nearest Neighbor, Azure ML, Support Vector Machine 
(SVM), ANN which resulted 90% accuracy and lower rate 
of bias. Since they recommended for further analysis with 
more powerful system or platform to run the SVM 
algorithm. Also, more data variables to increase the 
performance of the model. 

II. MATERIALS AND METHODS 

A. Data Acquisition and Pre-processing 

 
The dataset has been collected for below listed machine at 
various stages in film manufacturing production machine 
unit.  

 

a. Chilled Water  
b. Cooling Water Pump 
c. Cooling Tower Fan  
d. Air Compressor  
e. AHU 6 & 7 
f. HVAC Panel Room No.1 
g. HVAC Panel Room No.2 
h. HAVAC Panel Room No.3&4 

 
TABLE 1: LIST OF ATTRIBUTES FOR WHICH DATA COLLECTED FOR THE ABOVE MACHINES 

 
S. No Attributes Description 

1 Date The machine operated date 

2 Dry Bulb Ambient Temperature Outside 

3 Wet bulb How much precipitation in the atmosphere 

4 RH% Relative humidity calculated based on Dry bulb and web 

Bulb 

5 Number of pumps running Number of pumps used 

6 Screw Chiller 1,2,3 & 4  There are four screw chiller machine and each machine 

having two compressors 

7 Running Hours How long each compressor is running in a day. 

8 Power Consumption How much power each screw chiller type machine 

consumed per day. 

9 Header Pressure Pressure of Chilled water at the outlet 

10 Supply Temperate Temp of the Chilled water at the outlet 

11 Return Temperate Temp of chilled water at the Inlet of the Chiller 

12 Supply header flow Flow of the Chilled water 

13 Chiller load TR Only Load % Range in which Chiller if working 

14 Booster pump discharge pressure Pressure of chilled water going through machines 

15 Total Energy Consumption It’s an overall energy consumed by all screw chiller machine 

1, 2, 3 & 4 
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Feature attributes for this prediction will use electrical 
power data consisting of Date, Dry/Wet bulb temperature, 
Header pressure to inlet and outlet and power consumption, 
in which the power consumption would be the targeted 
output. 
 
 
Most of the time, raw data is not complete and it cannot be 
sent for processing (applying models). Here, preprocessing 
the dataset makes it suitable to apply analysis on. This is an 
extremely important phase as the final results are 
completely dependent on the quality of the data supplied to 
the model. However great the implementation or design of 
the model is, the dataset is going to be the distinguishing 
factor between obtaining excellent results or not. 
 

• Pre-processing steps like impute missing values, 
handling outliers, one-hot encoding the categorical 
variables and scale features using standard scalar. 

• Impute Missing values with zeros in the independent 
feature. 

• Check out for time exceeding max limit of 24 hours 
/day in the independent features for each machine 
running hours. 

 
The training and test data are preprocessed with the above 
methods. Once the preprocessing steps applied, the data is 
ready to be used in model.  
 
The imputation method was evaluated to determine its 
performance. The resultant data which has been cleaned then 
further pre-processed using Z-score normalization. It is a 
transformation to change the observed data to have 
characteristics of standard normal distribution in which the 
mean is 0, and the standard deviation is 1. This transformed 
the data to be equally distributed above and below the mean 
value by using the formula in equation. 
 
z = (x – mean) / standard deviation 

 

Where z is scaled value and x is a feature 
 
B. Feature Extraction 

 

After loading the data into data frame, an extensive 
feature extraction method was applied, and this features 
extraction technique narrowed down the features 
necessary for building regression model. As it is time 
series, we concreate the independent and dependent 
variables with window size 3. Last 10 days data 
considered as test set and remaining data considered as 
training set.  
 
C. Model 

 
This research paper uses time series algorithm to predict 
the power consumption. After data is pre-processed, it is 
then applied to build a predictive model. Before using the 
data to train the model, data partitioning was done to 

separate the data into two groups – a training group and a 
testing group. 
 
The research was performed using 3 types of time series 
ML algorithm [10] – Long short-term memory (LSTM), 
Autoregressive integrated moving average (ARIMA) and 
Facebook Prophet. 
 
LSTM algorithm [11][20] is used in time series predictions 
due to its sequential prediction methodology. The LSTM 
helps in mitigate exploding and vanishing gradient. The 
LSTM algorithm gives  a better prediction compared to 
other basic algorithm like linear regression.  
 
Each time step of the test dataset will be walked one at a 
time. A model will be used to make a forecast for the time 
step, then the actual expected value from the test set will be 
taken and made available to the model for the forecast on 
the next time step. 
 
The prediction on the test dataset will be collected and an 
error score (RMSE and MAPE) calculated to summarize 
the outcome of the model. 

 
For this research, LSTM algorithm is used by considering 
“DATE” as independent feature and “Power 
Consumption” as dependent feature.  From the dataset, last 
10 days data is used as test set and remaining data as 
training set.  

 
LSTM algorithm was used to predict power consumption 
for all 8 machines and the resultant model from the testing 
with the lowest MAPE value was chosen for final results. 
 
ARIMA algorithm[13][14] is widely used for predicting 
future trends on time series data. Before applying ARIMA 
algorithm, the data should be verified for non-stationary 
and seasonal component. In this research, the data for last 
5 months has non-stationary and seasonality in it. We use 
an ARIMA(p,d,q) model for time series data yt, where p is 
the number of autoregressive lags[12], d is the degree of 
differencing and q is the number of moving average lags as 
shown in equation   

 

∆��� =   ∑ ∅	

	��  ∆���	 + ∑ ∅�����

�
��� +  ��  ……(1) 

��  ~ � (0, �� 

The appropriate lag is obtained through autocorrelation 
plot and same has been used in ARIMA model to the latent 
variable estimates and forecast power consumption of a 
polyester film machine for next 10 days. The ARIMA 
model summary and residuals are captured and the latent 
variables are analyzed. 
 
The third methodology used in this research for power 
consumption is Facebook Prophet [15] [19]. The advantage 
of using Prophet is that it works best with time series that 
have strong seasonal effects and several seasons of 
historical data. Prophet is robust in handling missing data, 
shift in the trend and handle outliers well. Works well 
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with time-series data having non-linearity in trends as well 
as holiday effects. 

 
The input to Prophet is always a dataframe with two 
columns: ds and y. The “DATE” feature is defined as ds in 
a format YYYY-MM-DD and the “Power Consumption” 
feature is considered as y which must be numeric and 
represents the measurement we wish to forecast. 

 
The hyper parameters can be tuned with the help of 
“ParameterGrid” function to find best parameter value to 
find the prediction accurately. The hyperparameter tuned 
for this research are ‘number of changepoint’, ‘seasonality 
mode’ and ‘changepoint prior scale’. We can get a suitable 
dataframe that extends into the future a specified number 
of days using the helper method ”make_future_dataframe”. 

In this research we have used different methodology and 
used different set of training and testing data. For the 
LSTM model, the data was partitioned into two groups 
whereby 80% of the dataset was used for training and the 
other 20% was partitioned as testing data groups. For the 
ARIMA and Prophet model, the last 10 days data was used 
as test set and remaining data as training data. 

The training groups of data were used to train each machine 
learning algorithm and generate a predictive model that 
could output value that matches with the recorded 
maximum data while the remaining data was held back to 
be used to test the trained predictive model.  

 
During model training, various models were created with 
different tuning parameters. In which ‘learning rate’ and 
‘optimizer’ was adjusted for LSTM model; parameters 
‘p’,’d’,’q’ values are adjusted for ARIMA model[16] and 
‘number of changepoint’, ‘seasonality mode’, 
‘changepoint prior scale’ parameters are adjusted for 
Prophet model. 

 
After the repeated tuning finished up to its respective 
maximum parameters, each model was evaluated based on 
Root Mean Square Error (RMSE) [17], R-Squared (R2) 
and Mean Average Error (MAE) [17]. The formula is as 
shown in equations, given that At is the actual recorded 
values of maximum demand data, and Ft is the predicted 
values. Although 3 evaluations were made, only RMSE 
and MAPE [18] result was acknowledged as the best model 
for each method. 

 
After the predictive model using each machine learning 
algorithm was developed and prediction data was 
generated, they were then evaluated to determine their 
performance and accuracy. Two methods of evaluation 
were used which were Root Mean Square Error (RMSE) 
and Mean Absolute Percentage Error (MAPE). The 
formula for RMSE and MAPE are shown in equation. 
 
 

��� = !∑ ("�  #�$%&�'(
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�� = ∑ ("� #�$%*
∑ ("� "̅$%  *

 ;  - .  =  �
) ∑ -�)���     ……………  (3) 

�- =  �
)  ∑ |-� − 1�|)���      …………………...   (4) 

�-2  (�, �3$ = �
)456789:  ∑ |;*;3* | $

<=>(∈,|;*|$
)456789:�
	�@   .. (5) 

III. RESULTS 

The results of the experimentation were discussed in this 
section based on the steps of the predictions’ framework. 
The findings regarding power consumption prediction 
were reviewed for each machine and performance 
comparison was provided for the prediction result 
of LSTM, ARIMA, Prophet and Linear regression. 

The MAPE metrics was used to evaluate the model 
performance and accuracy. Power consumption for each 
machine derives a different result based on algorithm used. 
Facebook Prophet and ARIMA algorithm derives best 
accuracy and prediction of power consumption. 

TABLE 2: MODEL MAPE VALUE 

   

Machine Name Model MAPE 

Chilled Water Facebook Prophet 6.02 

  ARIMA 7.55 

  LSTM 7.69 

  Linear Regression 8.57 

Cooling Water 

Pump 
Facebook Prophet 2.87 

  LSTM 3.18 

  ARIMA 4.43 

Air Compressor Facebook Prophet 1.94 

  ARIMA 3.47 

  LSTM 3.73 

Cooling Tower ARIMA 10.33 

  Facebook Prophet 11.15 

  LSTM 14.15 

HVAC-1 ARIMA 2.27 

  Facebook Prophet 2.54 

  LSTM 3.58 

HVAC-2 Facebook Prophet 3.24 

  LSTM 3.62 

  ARIMA 4.27 

HVAC-3 & 4 ARIMA 3.64 
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Machine Name Model MAPE 

  Lagged linear 7.95 

  LSTM 22.45 

AHU Facebook Prophet 1.77 

Machine Name Model MAPE 

  ARIMA 2.29 

  LSTM 2.92 

 

 

 

Pictorial representation of power consumption prediction for each machine in the polyester film manufacturing process. 

 
             Fig. 1       Fig. 2 

 
 

 

 

 

  Fig. 3       Fig. 4 
 

   
   
  

 

 

  Fig. 5      

 Fig. 6 

 

 

 

 

 

 

 
  Fig. 7       Fig. 8 

 

 

 

 

 

Fig. 1 Chilled Water Actual vs Predicted Power Consumption 

Fig. 2 Cooling Water Pump vs Predicted Power Consumption  

Fig. 3 Air compressor Actual vs Predicted Power Consumption  

Fig. 4 Cooling Tower Machine Actual vs Predicted Power Consumption  

Fig. 5 HVAC-1 Actual vs Predicted Power Consumption 

Fig. 6 HVAC-2 Actual vs Predicted Power Consumption 

Fig. 7 HVAC-3&4 Actual vs Predicted Power Consumption 

Fig. 8 AHU Actual vs Predicted Power Consumption 
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IV. DISCUSSION AND CONCLUSION 

 

This research has focused on developing a power 

consumption predictive model for eight machine types that 

are being used in polyester film manufacturing industry. 

The power consumption data collected from the polyester 

film manufacturing plant has been analyzed and pre-

processed for training and testing of the predictive models. 

 

A statistical analysis of the data collected was made to 

determine the power consumption per hour. From this 

analysis, a new feature was identified as “Total Running 

hours” for each machine. As part of predictive model 

development, imputation of missing data was carried out 

in the data collected from machines in the manufacturing 

plants. 

 

In this research, three time series machine learning 

prediction regression methods namely LSTM, ARIMA 

and Facebook Prophet were chosen as the algorithm for the 

predictive model. These methods were successfully 

compared in terms of their prediction performances  The 

consequence of the model training and testing shows that 

each method performed differently for every machine 

types. In this research Facebook Prophet algorithm 

provided better accuracy when compared to other time 

series algorithms. 

 

There are a few improvements that can be done to improve 

this research. There was a challenge in collecting real-time 

data with sufficient attributes from polyester film 

manufacturing industry. The model accuracy would be 

derived better if good amount of real-time data with 

sufficient attributes is provided. 
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Abstract 

A decade has passed, regarding the usage of 

artificial intelligence in the process of talent 

acquisition and this particular usage as gaining its 

incremental track as the process and practices of 

hiring people are evolving. The adaptation of 

artificial intelligence is significantly being tied up to 

the benefits provided by AI which significantly 

considered to be centering revolving around making 

the process of recruitment more easy, efficient and 

more accurate in comparison to the past. Artificial 

intelligence enables the recruiters and managers of 

hiring for assessing the interview and its respective 

candidates with much more easy in comparison to 

the traditional methods. Researches done in the past 

has shown that approximately 96% of the managers 

of HR are preferring artificial intelligence because 

they are having believe that AI can be improving the 

process of talent acquisition and retention in a 

significant manner. Last several years, choosing the 

appropriate candidate has been high in demand, so 

talent pools are significantly highlighting as one of 

the biggest obstacles for attracting the top talents all 

across the world and artificial intelligence evolving 

in accordance with it for helping in solving this 

problem. The implementation of artificial 

intelligence in the process of talent acquisition  

 

KEYWORDS: artificial intelligence, HR, talent 

acquisition, HR managers, recruiting, hiring 

practices etc.  

 

INTRODUCTION: 

Artificial intelligence is defined as a branch of 

computer science, and it is specifically referred to 

words the area of simulation for human intelligence 

by those machines that are already programmed. 

Artificial intelligence is having abilities for taking a 

larger volume of data which, on the other hand, 

human will not be able to process possibly and 

tending that particular data into the form of 

actionable information (Bev Campling, 2019). Some 

of the major use cases of artificial intelligence in 

recruitment and talent acquisition are:  

 

Candidate sourcing: 

Artificial intelligence can be sophisticating the 

complete process and the specific outcome 

pertaining the sourcing of candidates. Because of its 

respective abilities for processing the data at the 

scale level and the reach of this scale is much 

broader and the process for building the talent pool 

in a faster manner. According to researchers of 

previous years, approximately 300 million profiles 

can be crawled online in a fair quick manner. Hence, 

artificial intelligence is having the ability to words 
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contributing to the removal of difficulty and tasks 

that are time-consuming quicker. 

 

Candidate screening: 

Recruiters considered it very much easier than they 

can be missing out some of the talented people 

because of the dealing process occurring to 

thousands of people. In this case these applicants 

might be in the pool but because of the less volume 

it's very much difficult forgetting and finding out 

single prospect of the people which is strong (R. 

Maurer, 2017).  

 

Posting Jobs: 

Artificial intelligence is defined to give permission 

for the employers towards running there more 

targeted advertisements which will specifically be 

yielding better results. Programmatic advertising is 

being specifically used in today's generation for 

displaying the targeted advertisements for the right 

candidate of the audience (Edwards, D.C.,2016). 

That what is means which are basically targeted 

highly is specifically made possible by making use 

of prospects professional interest such as LinkedIn, 

cookies and some of the demographics. 

 

Hiring remote workers: 

The adaptation of remote working is on the boom 

pace for last one decade. If we talk about the US, for 

instance example, approximately more than 4 

million people are working on a remote basis. When 

running a fully remote process of recruiting the 

candidate's companies have abilities for leveraging 

the tools of artificial intelligence for assessing the 

skills, personality and competency of that particular 

candidate. 

 

Diversity Hiring: 

The solutions of artificial intelligence for being used 

in recruiting process is basically contributing 

towards the diversification pertaining to the process 

of hiring with the process of reducing biased factors 

which any human will almost be subconsciously 

sustaining. Artificial intelligence will be configured 

for ignoring the gender, race, age at the time of 

assessing the profiles; hence it will be fairly 

screening the candidates (Nawaz, N., 2019). Widely 

well-known aspect that building process of diverse 

workforce will be providing some of the benefits to 

all the organizations spanning from the increment in 

the creativity including innovation for the 

productivity of employee including its retention 

process.  

 

Data Collection: 

Artificial intelligence recruiting chatbots, including 

the assistants basically provides a seamless and 

efficient method for gathering the data from all the 

candidates. The details of important applications and 

the screening questions will be collected via 

chatbots and instantly being shared along the 

recruiters and being saved towards the application of 

the job. The process of automating and simple 

screening questions will be saving the talent 

acquisition teams from big processes such as 

sending emails, texting, or calling to those people. 

All of which can be having a positive impact on the 

experience of the candidate. 

 

Onboarding: 

Some of the tasks of administration for offering and 

onboarding stage pertaining the life cycle of 

employee is having need for being conducted on a 

repeated basis and very similar to it, can we having 

requirement of HR bandwidth and all the resources 

available. Artificial intelligence is capable for 

helping in the automation process of mundane tasks 

such as creation of templates for offer letters, 

handling process of background checks and 
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delivering the on boarding paperwork (Gupta, P., 

2018). 

 

 

Four applications of AI to improve the talent 

acquisition process: 

Various applications of artificial intelligence are 

considered for playing various roles throughout the 

complete talent acquisition process. For attracting 

and hiring the best talent, employers are having need 

for processing along with strong experience of the 

candidates, including a partner who has expertise in 

that particular field for the identification of the best 

person suitable for the specific job (Guenole, N., 

2018). For accomplishment of this, it's very much 

important for understanding various applications of 

artificial intelligence and how these applications will 

be optimising each step for the journey of the 

candidate.  

 

Machine Learning: 

Machine learning is defined as the next step in 

artificial intelligence when the computers will be 

having the ability for learning the process of 

performing things without being programmed to that 

particular specific task. Machine learning will be 

developing algorithms that are specific procedures 

or processes for solving the problems. If we take 

example, Machine learning are everywhere. In the 

filter of emails, fans are learning for the 

identification of spam emails on the basis of context 

and subjects mentioned in those emails. The 

algorithm of photo tagging on Facebook is learning 

for recognising the faces on the basis of previous 

tags. When it comes to the process of application, 

machine learning technology will be helping in the 

creation of personalised experience for the candidate 

(Forman,2016).  

 

Natural language processing: 

Natural language processing is that particular 

method for the computer towards understanding and 

interpreting the human language. Specifically, 

various difficult aspects are there because the human 

language is so complicated and is never as uniform 

as simple as code. If we talk about sourcing, artificial 

intelligence tools is having need of natural language 

processing for searching of the quality candidates 

and having understanding regarding the information 

they share through the social media and other types 

of online resumes. For accomplishing this, and 

providing good experience to the candidate, natural 

language processing is necessary to be implemented 

(Dignum, V.,2017).  

 

Predictive Analytics: 

Predictive analysis will be finding out the patterns in 

terms of data and then making use of those specific 

patterns or models for attempting to predict the 

future. Predictive analytics will not be telling you 

what will happen, but it will be showing what is 

much more likely to happen on the basis of trends in 

the past. It basically works with the help of taking a 

larger amount of data and then applying artificial 

intelligence technology for observing the trends and 

patterns, which will be difficult, possibly impossible 

for the humans towards accomplishing alone. When 

it comes to the success of the candidate, predictive 

analysis can be using the assessment of the candidate 

for predicting how that candidate will be successful 

in the coming future and even how long they might 

be staying with that particular company in which 

they are currently working. Having armed aspects 

with the information, the organization will be 

suitable for making better decisions pertaining to the 

process of hiring (Rasmussen, 2015). 

 

Robotic Processing Automation: 

The robotic processing automation is defined as that 

process in which software is used for automating 
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simple task of businesses. In accordance with the 

report of Wall Street Journal, RPA works on some 

of the tools for mimicking the way people will be 

interacting with various applications of businesses. 

With the help of doing so, the technology is having 

ability for automating the process, which is manual 

currently and will be tedious and time-consuming 

for that worker. RPA can be automating so many 

administrative tasks that can be taking a lot of time 

of the recruiter (Tambe, P., 2019) . Robotic 

processing automation is suitable for playing the 

very important role after the acceptance is made by 

the candidate for that offer. The technology can be 

automating the majority of the activities after the 

acceptance of candidate for hiring, such as a 

collection of more information from the candidates, 

submission of the forms and the processing of pre-

employment checks.  

 

LITERATURE REVIEW: 

Basically, all the companies are looking forward 

towards adaptation of automation processes which 

starts from hiring to the exit function. Hence, both 

the companies and HR shall be in a ready state for 

identification of correct tools and specific platforms 

for the completion of the hiring process without any 

hassle. The volume in us demand pertaining the data 

of artificial intelligence for finding out candidate 

who is suitable for the job.  

(Upadhyay, 2018) usage of social media in the form 

of platforms, and unbiased filtration process Will be 

done in the hiring process and giving equal weight 

to all the candidates who applied for it. The 

effectiveness pertaining to the implementation of 

tools for artificial intelligence has been transforming 

the role of HR from the manual activity process 

repeatedly for the conventional methods along with 

taking help of the technology. Artificial intelligence 

hence redefines the process of HR.  

The roles and responsibilities of HR has been 

becoming more proactive in the identification of 

culture of the candidate fit and improving their 

respective relationship with the usage of different 

available data for the measurement of key 

performance indicators. Hence, the adaptation of 

tools on the basis of artificial intelligence is basically 

considered for improving the process of hiring and 

suitability of the candidate and will be helping in the 

development of a stronger relationship with the 

employees and the engagement between employee 

and organization. (Kane Partners, 2019) 

With the worldwide use of information systems and 

a rise in business process knowledge, companies are 

continuing to seek methods to enhance decision-

making, predictions, and execution (Hekkala, S., 

2019).  The usage of AI, recognized as one of the top 

technological trends by the Human Resource 

Management Association (SHRM), is a major driver 

of HRM as in the future. However, to effectively use 

AI to assist HR, hotels must understand both their 

core business and how technology and data can 

improve decision making.  

AI offers three areas of business operating assistance 

(Kane Partners, 2019). First, AI can improve the 

automation of business processes via the provision 

of software cognitive capabilities. For example, 

companies use AI to increase automated decision-

making activities such as lending processing as well 

as supply chain management and to offer cognitive 

insight into consumer buying behavior. 

Cognitive insights that assist decision making may 

be provided by AI. This type of AI utilizes 

algorithms and machine learning to analyze large 

quantities of data, in search of hidden patterns not 

previously discovered by companies. In this way, 

organizations have utilized AI to anticipate the 

behavior of customers, detect fraud and develop 

personalized advertising. For example, during the 

past two presidential election cycles, politicians 
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utilized AI to target messages to single specific 

groups to optimize the effect of each publicity and 

to minimize expenses (Michael Stephan,2017). 

 

 

OBJECTIVES: 

To know about the artificial intelligence in detail and 

how it is being used in the candidate hiring process. 

To know about the process with the help of which 

AI made the process of hiring automated. 

To know about the detailed aspect of Organizations 

using AI for the hiring process and challenges faced 

by them. 

To know the methods of using AI with different HR 

practices for making it automatic.  

 

RESEARCH METHODOLOGY: 

Method of content analysis for the study of existing 

literature with comprehensive knowledge of the use 

of artificial intelligence in the talent acquisition 

process. Different study papers and prior analyses 

and literature were taken into account that had 

previously been retrieved with the assistance of 

keywords. 

 

Challenges with AI in recruitment: 

 Technology is that particular aspect which is having 

both the ages as harmful as right so everybody 

should be having awareness about the negative 

outcomes pertaining to usage of technology. So, the 

HR managers are having need for being tech-savvy 

while making use of different kinds of HR tools such 

as artificial intelligence. 

Dealing with the people is very much different from 

dealing with the data or any other variable. So, a 

larger amount of data is in the requirement list for 

understanding the psychology of the people and 

mindset which is always been complicated 

(F.Gementi, 2018) .  

It is very much critical for dealing with the physical 

aspects and motivate the physical aspects of the 

employees rather than in technical form with the 

usage of artificial intelligence dealing with the 

emotions of employees which is not equal with the 

interaction made directly. 

In every case, the tools of artificial intelligence are 

in a nascent stage, so specific data stored in tools of 

the company is very much reliable on and the 

conclusion deriving out of the aspect leads 

sometimes towards process of inconsistency (Gupta, 

2018)  .  

 

FINDINGS: 

Changing role of HR professionals in the hiring 

process 

In a competitive world, each business is having a 

choice for getting best and most productive by the 

side of their employees. For achieving these types of 

goals, companies are performing the process of 

attraction of candidates in different methods which 

add value to the company. For achieving this, the 

role of HR in employee branding is very much equal 

important for achieving the goal of the organization. 

"The best method for retaining the employee is for 

making them happy always. So, HR is having 

responsibility for setting up and the management of 

social relations, encouragement of the workers for 

engaging them in a productive manner. If we talk 

about recent years, a dynamic shift is there in 

existence pertaining to the role of HR from 

traditional functions for digital transformation and 

making them in a much more strategic partner in the 

process of decision-making. In accordance with the 

report of KPMG recently which was taken over 1200 

H are at global level from 64 countries, 

approximately more than 39% respondents 

responded that organization is looking for all the 

analysis and digital applications and artificial 

intelligence in all the applications of HR." Hence, 
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HR of the modern generation is having the need for 

being accustomed to words the latest digital 

technologies and digital tools for performing 

different kinds of tasks in the world of business. So, 

it is very similar to the technologies, we are on the 

face of reshaping the businesses with the help of 

various kinds of devices. Artificial intelligence is the 

branch of computer science which mainly make use 

of suitable algorithms and other types of cognitive 

functions where is similar to the Humans for 

leveraging the HR managers in the process of hiring 

candidates who are suitable for the job.  

 

 

CONCLUSION: 

Artificial intelligence is defined as a branch of 

computer science, and it is specifically referred to 

words the area of simulation for human intelligence 

by those machines that are already programmed. 

Artificial intelligence is having abilities for taking a 

larger volume of data which, on the other hand, 

human will not be able to process possibly and 

tending that particular data into the form of 

actionable information. Various applications of 

artificial intelligence are considered for playing 

various roles throughout the complete talent 

acquisition process. For attracting and hiring the best 

talent, employers are having need for processing 

along with strong experience of the candidates 

including a partner who is having expertise in that 

particular field for the identification of best person 

suitable for the specific job. The algorithm of photo 

tagging on Facebook is learning for recognizing the 

faces on the basis of previous tags. When it comes 

to the process of application, machine learning 

technology will be helping in the creation of 

personalized experience for the candidate. For 

accomplishing this, and providing good experience 

to the candidate, natural language processing is 

necessary to be implemented. When it comes to the 

success of the candidate, predictive analysis can be 

using the assessment of the candidate for predicting 

how that candidate will be successful in the coming 

future and even how long they might be staying with 

that particular company in which they are currently 

working.  

 

RECOMMENDATIONS: 

AI may assist to remove distortions: Many 

vendors use AI as a means of reducing their 

prejudice in the recruitment of future workers 

instead of maintaining the previous homogeneity in 

the fields of race, ethnicity, gender, gender, color, 

and more. Furthermore, a non-biased software 

program may assist in removing biases originating 

from other factors, such as regional accent, 

socioeconomic position, and parental status. 

AI is the basis for HR bots: For example, RPA 

utilizes bots to mimic human behaviors in dealing 

with time-consuming inquiries and tasks. The 

growing usage of these natural language chatbots 

whereby some of them comprehend and react to both 

written and spoken information, in human capital 

management technology, including tools for 

acquiring talents, is becoming de rigueur. Users 

nowadays are acclimated to bots as information 

sources and directions and are utilized in many 

online and telephone transactions to engage in a 

natural way with bots (Dignum, V., 2017). 

AI makes screening for applicants more efficient: 

As in the case of screening, data may vary and may 

include previous or present employee resumes; 

competence or skills models related to a certain 

sector or job; incoming job applications or records 

of the success or longevity of employees based on 

skills, education, or even place. These are all 

examples of what type of data a machine-learning 

software may use to discover rules and patterns. 

AI can expedite the procurement of candidates: 

It is not anticipated that recruiters grasp everything 
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about the intricacies of job request language, 

particularly rookie recruiters or highly technical 

employees. This is where a smart, AI-based motor 

comes into play. Beginning with the phrasing of 

requirements in the application, the search may be 

extended into the corresponding industry-specific 

terminology and keywords beyond the precise text 

of the application. In contrast to a basic word 

matching algorithm, AI-enabled sourcing allows for 

search by purpose or meaning (Rasmussen,2015). 
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Abstract— Centralized power plants like Coal-fired, 

nuclear, gas, and hydroelectric stations are traditionally used 

and they transmit electric power over long distances to 

substations. Distribution networks are normally radial type for 

simplicity of operation. Radial distribution systems (RDSs) are 

fed by only one substation i.e., no alternative for back up. The 

end users of electricity accept electric power from the substation 

via RDSs which are passive networks. Thus, in RDS, electric 

power flows unidirectionally and due to high R/X ratios, low 

voltage stability, large voltage drops and large power losses 

occur. Under severe loading conditions, issues like voltage 

collapse also appears. A good solution is to place DG in the 

distribution network, but DG requires proper installation to 

optimize the appropriate location and capacity of it. Numerous 

methods are used for DG allocation are classified into three 

groups, namely analytical, classical and heuristic approaches. 

The analytical approach has ease of implementation, but it 

provides near optimal solutions. The classical approach is 

adequate for small distribution networks but becomes 

complicated for bigger networks. Meta-heuristic techniques, 

like GA and other practical heuristic algorithms are rapid and 

alteration can be simply done. Only a single optimization 

technique cannot solve all type of optimization problems. Their 

performance varies from problem to problem. There is always 

a need to test different optimization techniques for various 

practical engineering problems. A review on optimal location 

and capacity of DG installation has been pursued in this article. 

The various solution techniques applicable for the solution of 

DG integration in distribution system are discussed and 

compared in this paper. 

Keywords— Distributed Generation, Radial Distribution 

System, Power Losses, DG placement, Voltage profile 

I. INTRODUCTION 

With a growing population and a heavy reliance on 
contemporary technologies and infrastructures, the global 
energy demand is continuously expanding. According to the 
United States Department of Economic and Social Affairs [1], 
the world population reached 7.713 billion in 2019 and is 
anticipated to hit 10.9 billion by 2100. As a result, current 
energy supplies and systems need be improved in order to 
satisfy future energy demand. According to the World bank’s 
study in 2017 about sustainable energy for all, included 264 
nations around the world [2], has described that approximately 
14.67% of the world population is facing power and energy 
scarcity problems. Almost 3 billion people around the world 
has non-availability of the clean and modern energy resources 
for the purpose of heating, cooking and agriculture needs. 
These zones are still depending on conventional fuels such as 
wood and biomass, diesel and kerosene [3] and thereby also 
rising the overall carbon footprints. Now, the prime object of 
ascendance authorities across the globe is to fulfil the world’s 
rising energy demands and minimize the carbon footprints. In 

Dec 2019, a report by United Nations about climate change 
[4] has reported that the CO2 gas emissions has risen 20% 
during 2015 to 2019 in the last five years. Therefore, these 
non-renewable energy resources are going to extinct in near 
future and are badly affecting the environment, so it is now 
compulsory to move towards renewable technologies, like 
solar, wind, etc. The contribution of renewable sources is day 
by day accelerating to a level but it is still less than 2% of total 
primary power sources of the world [5]. International Energy 
Agency has done market analysis and published a report [6] 
forecasting that the capacity of global renewable energy 
generation is expected to grow by 50% between 2019 to 2024 
where solar generations will achieve the highest rank by the 
estimated growth of about 60%. By the year 2050, it has been 
estimated that renewables will play a major role and fulfil 
about 80%  of the global energy demand if favourable policy 
and sustainable infrastructures are adopted appropriately 
across the world. 

Currently, the continuously increasing global energy 
demand is not fulfilled by centralized power stations. While in 
distribution side, complications in distribution of electric 
power are day-by-day increasing and therefore traditional 
planning strategy is failing due to the rise of population 
demand. In this point of view, Distributed Generation (DG) 
has turn out as feasible alternative where electric power is 
generated nearby the load venues [7]. There are numerous 
technologies for DG exist: Renewables such as photovoltaic 
(PV) and wind turbine (WT), and micro-turbine (MT), fuel 
Cell (FCs) and battery energy storage system (BESS), etc. [8]. 
The electric power infrastructure gets changed by 
implementation and operation of DG by electric utilities 
and/or customers. 

II. DISTRIBUTED GENERATION DEFINITION  

IEEE defines DG as "The generation of electricity by the 
facilities that are sufficiently smaller than central generating 
plants to allow interconnection at nearly any point in a power 
system". Distributed generation is a modular based technique, 
increases the generation capacity as per demand on the  
distribution sites. DG stands for Distributed Generation, on-
site generation, or Embedded / Dispersed / Decentralized 
generation is the electric power production performed by a 
variety of small grid-connected or distribution network 
connected devices. A generalised definition for distributed 
generation [9,10] is a source of electric power which is 
connected directly to the distribution network or on the meter 
side of the customer. 

DGs could be the major source of electric power including 
both dispatched and non-dispatched DGs. Here, ‘dispatched’ 
refers to a generating source where power can be controlled as 
per request by utility. Its examples are micro-turbine (MT), 
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diesel generator (DE), fuel cell (FE), and various technologies 
of energy storages such as battery energy storage system 
(BESS), flywheel energy storage (FES), super-capacitors, 
super-magnetic energy storage (SMES), pumped hydro 
energy storage (PHES), etc. [11]. Once the availability of 
electric vehicles (EVs) for a period of time is confirmed, they 
can also be referred as dispatched. ‘Non-dispatched’ refers to 
the generation powered by natural resources i.e., wind, 
hydropower, solar and geothermal which are considered to be 
undetermined. Wind turbines (WTs) and photovoltaics (PVs) 
are considered as Non-dispatched DGs as their power 
generation is a random like output. Solar and wind energy are 
clean, free, and abundant available resources, but pose a 
number of grid-related challenges due to their fluctuating, and 
undetermined generations [12]. There are considerable 
financial and technical issues associated with these 
technologies [13]. Among the related issues, one is solar 
power is highly unavailable during the year. The utilities and 
stakeholders still prefer solar power because of its consistent 
operation, modular design, highly availability and irradiations 
during maximum demand hours in day time. Due to 
integration of DGs in distribution systems, technical, 
environmental and economic benefits are achieved. The 
technical benefit objectives are reduced power losses, 
improvement in the voltage profiles and enhancement in the 
power quality. The emission and pollution levels in the system 
gets reduced, are environmental benefits. Economic benefits 
objective is to reduce the operational costs and to provide the 
profits to all system stakeholders. 

Due to the rapid growth of DERs /DGs, the consumer only 
image of traditional distribution network has thoroughly 
changed. The traditional systems were planned for 

unidirectional power flow topology and protection 
coordination schemes, therefore unable to favour large-scale 
integration of renewables / non-dispatchable for bidirectional 
flow of power [14]. Problems of over-currents, over-voltages, 
sub-station back-feeding and protection coordination schemes 
limit hosting capacity of the network. These networks are need 
to be upgraded that requires high cost of investment. This 
maximizes the ability of system to introduce placement of 
renewable DGs on a large-scale, and to fulfil the growing 
demands of load. For economics and improving performance 
of power delivery, the distribution systems have reformed a 
lot of times in the last few decades. 

In this context, the results of a non-optimal DG placements 
could not be beneficial [15]. The optimal collaboration of 
dispatched and non-dispatched less carbon emission 
technology can overcomes few of these resources' constraints 
while providing significant benefits to the system operators, 
consumers as well as stakeholders. Table 1 shows the benefits, 
problems, and issues connected with some of the prospective 
DGs. Because every technology / resource delivers a unique 
combination of benefits, issues and problems, it demonstrates 
that many attributes of various resources are complementary. 

III. DG CATEGORIZATION 

DGs are categorized on the basis of its Distributed Energy 
Resources (DERs), construction and application in this 
section. 

A. On the basis of Distributed Energy Resources 

The various distributed energy resources are compared 
with their benefits, issues and limitations of integration are 
discussed in Table 1. 
 

TABLE 1. COMPARISON SHOWING BENEFITS, ISSUES AND LIMITATIONS OF INTEGRATION 

OF VARIOUS DERs  

DERs Types of 

DG 

Technology 

used 

Integration Benefits Issues and Challenges Remarks 

Solar Power Non-
dispatched 

Photovoltaics 
(PVs) 

Long term investment, low 
operation cost, reduced 
transmission losses, negligible 
emissions, local exploitation of 
energy resources, competitive 
retail energy markets. 

Large area required, high 
initial investment cost, Low 
energy efficiency of 15-
20% and low grid inertia  

Easy deployment at rooftops, 
modular technology, easy 
integration to distribution 
systems, low maintenance cost, 
availability in peak demand and 
effective for peak load 
reduction. 

Concentrated 
Solar Power 
(CSPs) 

Effective for only bulk 
power generations, very 
high initial capital cost, 
non-availability during 
night time, lower 
efficiency, effective 
integration to transmission 
networks. 

Requires water resources and 
proximity access to 
transmission network, 
availability in peak demand and 
effective for peak load 
reduction, capacity factor can 
vary from 40 to 80%. 

Wind Power Wind Turbines 
(WTs) 

High initial investment 
cost, high power generation 
during light load demands 
i.e., night time, highly 
intermittent, off-shore wind 
energy is promising but 
require high initial 
investment and 
transmission as compared 
to on-shores ones. 

Modular technology, WT emits 
a relatively weak but 
characteristic noise, life threats 
to birds and noise pollution, 
higher efficiency than solar 
energy, offer grid inertia. 

Wave & Tides 
Power 

Tidal Power Long term investment, abundant 
availability, easy forecasting, 
higher energy density, low 
operation cost, clean energy 
source, reduced intensity of 

High initial investment, 
variable intensity of tides, 
poor sites availability, 
transmission line 

Energy efficient approx. 80 %. 

Wave Power Noise pollution, widely 
available, turbine efficiency 
varies from 50-60%. 
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dangerous waves, offer grid 
inertia. 

requirements, intermittent 
in nature, can affect sea life. 

Conventional 
and Natural 
Fuel based 

Dispatched Micro Turbines 
(MTs) 

Minimize the demand mismatch 
caused by intermittency of 
renewables, long-term reliability 
& negligible degradation, supply 
to critical loads, support ancillary 
services, assistance in islanding 
operations, economic operations, 
electricity to remote communities 
in harsh environmental conditions. 

Efficiency falls with 
increasing temperature, 
limited abilities of solid 
fuel utilization. 

Low installation & running 
costs and emission, high power 
density, fast ramping and low 
space requirement. 

Fuel Cells (FCs) Expensive manufacturing 
and fuel, lack of hydrogen 
supply and support system. 

High efficiency about 80%, 
compact size, minimum noise 
and clean energy. 

Diesel Engine 
(DE) 

High running costs and 
emission, inefficient for 
continue overloading, 
effective for small load. 

Low installation cost and no 
standby loss, compact size and 
simple design and operation. 

Energy 
Storage 
Systems 

Pumped-hydro 
energy storage 
(PHES) 

Increase renewable hosting 
capacity, enhance operational 
flexibility, fulfils reserve 
requirements, improve reliability, 
supply power to critical loads, 
load shifting, can support various 
demand response programs, 
supports various grid ancillary 
services, improve the power 
quality and inertia of the grid. 

High cost of initial 
investment, negative effect 
on environment, location 
specific 

Long-term investment 

Battery Energy 
Storage System 
(BESS) 

High initial investment, 
relatively short life, 
complex operation and 
control, safety issues.  

Modular energy storage system 

Flywheel 
Energy Storage 
(FES) 

Mechanical stress limits, 
less mature energy storage 
technology, safety issues 
due to highly rotating parts. 

High power and energy density, 
low dependency of life on depth 
of charge and cycles, fast 
charging, low maintenance, 
high charging and discharging 
rates. 

Supercapacitor 
(SCap) 

Gradual voltage drop, high 
self-discharge, low voltage 
cells, low energy-to-weight 
ratio. 

Fast charging and discharging 
abilities, support for abrupt 
changes due to its fast response, 
wide range of operating 
temperatures (-40℃ to 70℃). 

Super-magnetic 
Energy Storage 
(SMES) 

High magnetic field, 
handling of high currents, 
bulky cable increases the 
size, expensive cooling.  

Used for power quality 
improvement specially for 
manufacturing industries, 
provides grid stability, support 
for abrupt changes due to its fast 
response. 

B. On the basis of construction and application 

 Categorization of DG on the basis of its construction and 
application is shown in Fig. 1. 

 

Fig. 1. Categorization of DG on basis of its construction and application. 

IV. PROBLEM FORMULATION 

With the development of economy, people are more and 
more dependent on electricity. For the effectiveness and 
requirements of supplied electricity, the distribution networks 
need installation of distributed generation (DG) units, which 
is beneficial and should be done. It is necessary to place 
Distributed Generation (DG) units in appropriate locations so 
that there is no adverse effects on quality of power and 
operation of system. In the past few years, many methods for 
DG placement have been proposed. Some of these methods 
are reviewed in this paper. 

After a thorough literature review, a comparison showing 
various optimization approaches on DG integration in the 
distribution networks is presented in Table 2. 

V. VARIOUS METHODS FOR OPTIMAL PLACEMENT 

OF DISTRIBUTED GENERATION 

The various methods for optimal placement of DG are 
discussed in this section. 

A. Numerical Methods 

Numerical method can be used as an approach where object 
is to determine the position and size of DGs for allocating in 
the distribution network. Linear programming (LP) method 
proposed by A. Keane et al. [16] is used for solving the 
problem of maximum DG penetration. The Ordinal 
Optimization (OO) introduced by Zhu et al. [17] for 
determining the capacity and site for allocating DG with 
reduction of power loss. D. Singh et al. [18] proposed an 

Distributed Generation

Non-Traditional 
Generator

Electrochemical 
Devices

FC

Renewable 
Devices

PV

CSP

WT

Tidal & 
Wave 
Power

Storage 
Devices

BESS

FES

PHES

SCap

SMES

Traditional 
Generator

MT

DE

Page 490

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



 

 

Exhaustive Search technique to find the optimal placement of 
DGs in a radial distribution system having variable load. 

B.  Analytical Methods 

Analytical methods are the approaches which are primarily 
depends on loss sensitivity factor on the basis of the 
equivalent current injection. M. Shaaban et al. [19] combined 
the coefficient of voltage sensitivity, sensitivity index and 
exact loss formula for reducing the power loss and voltage 
profile improvement. Another analytical approach presented 
by Prem Prakash et al. [20] for optimum capacity and 
placements of DGs in the radial distribution systems along 
with an aim to reduce losses of the system. 

C.  Meta-Heuristic Methods 

Meta-heuristic methods are associated with Artificial 
Intelligence and are highly efficient techniques to solve the 
problems of complex power networks. In these methods, the 
iterative process is used for solving the optimization problems. 
Most of the recent research works are based on these 
approaches. Some of them are discussed here. 

a) Genetic Algorithm (GA): The technique was introduced 
by John Holland thinking about principle of natural evolution. 
This approach proposed by P. Gopu et al. [21] and the optimal 
placements for allocating DGs are obtained. An approach 
suggested by K. Vinoth Kumar, et al. [22] to identify points to 
allocate DGs and their capacity for placement in the 
distribution system. Multi-objective functions like power loss, 
voltage deviation and reliability have been accomplished 
using GA recommended by C.L.T. Borges et al. [23]. It has 
been recommended by H.A.M. Prasanna et al. [24] to reduce 
power loss and improvement in node voltage during 
maximum demands with the associated weights. Calculated 
the capacity of the DGs at various locations of a radial 
distribution network with minimum loss configuration using 
the method of loss sensitivity suggested by T.N. Shukla et al. 
[25].  

b) Ant Colony Algorithm (ACO): This algorithm is 
proposed by A.A. Ogunsina et al. [26] for providing the 
optimum siting and capacity of DGs in the distribution 
network. This approach is on the basis of the behaviour of ants 
who use pheromone, a chemical secreted by the ant's body, to 
determine the shortest path from their nest to food proposed 
by Dorigo M. et al. [27]. L. Wang et al. [28] proposed this 
algorithm for determining the optimal sites for allocating DGs. 

c) Particle Swarm Optimization (PSO): PSO is used to 
determine the optimal site and capacity of DGs with different-
different power factors in a variable load model developed by 
A.M.EI. Zonkely et al. [29]. An Improved PSO has been 
suggested by W. Prommee et al. [30] for injecting active 
power and absorbing reactive power in the systems. Another 
IPSO method proposed by Neeraj Kanwar et al. [31] is used 
for integration of DGs in RDNs for maximizing annual energy 
saving by lowering charges for annual losses. 

d) Elephant Herding Optimization (EHO): EHO is 
recently evolved swarm optimization approach for solving the 
global optimization problem. An EHO approach proposed by 
Sukhwal PB et al. [32] is tested on 33-bus and 69-bus radial 
distribution network with solving of optimal siting and sizing 
problem of DGs. A complicated real-life and multi-objective 
DG integration solution by the developed Improved EHO 
method by N.K. Meena et al. [33]. The objective is to allocate 
DGs for maximizing the benefits of stakeholders. 

e) Teaching and Learning Based Optimization (TLBO): A 
comprehensive teaching learning-based optimization 
(CTLBO) technique proposed by I.A. Quadri et al. [7] for 
optimal allocation of DGs in distribution networks to reduce 
energy losses, voltage profile improvement and annual 
saving. The TLBO approach proposed by G. Trivedi et al. 
[34] is to find the capacity and position of multiple DGs with 
an aim to reduce active power losses. A novel quasi-
oppositional teaching learning-based optimization 
(QOTLBO) developed by Sneha Sultana et al. [35] is used to 
obtain the optimum site of DGs to optimize the power losses, 
node voltage deviation and stability index of the radial type 
distribution systems. 

f) Water Cycle Algorithm (ACO): A Water Cycle 
Algorithm (WCA) is presented by Adel A. Abou El-Ela et al. 
[36] for optimal siting and sizing of CBs and DGs in the radial 
distribution systems. 

g) African Buffalo Optimization (ABO): P. Singh et al [37] 
proposed a Modified African Buffalo optimization (MABO) 
method for optimal allocation and management of wind 
turbine (WT) and battery energy storage system (BESS) in the 
distribution networks. 

D.  Hybrid Methods 

Hybrid methods are combination of more than one technique, 
that gain the capability to solve effectively the problems of 
optimal allocations of DGs. A novel combined genetic 
algorithm (GA) and Particle Swarm Optimization (PSO) was 
suggested by M.H. Moradi et al. [38] for the optimal siting 
and sizing of DGs on the distribution networks. The hybrid 
EHO-PSO technique proposed by P. Singh et al. [39] is used 
to solve a multi-objective DG integration problem which 
aims to minimize the electric power loss and node voltage 
deviation, as well as maximize voltage stability index (VSI). 
Various DG allocation strategies with their benefits and 
drawbacks are shown in Table 3. 

VI. CONCLUSION 

This paper provides a survey of the various approaches 
and optimization techniques for DG allocation. Several DG 
technologies and strategies are summarized in Table 1,2 and 
3. With this review article it is concluded that most of the 
researchers concentrate to reduce the power losses and voltage 
stability improvement of the system for the sites and sizes 
selections of DGs and its placement in the distribution system. 
Multiple DG placements are required in most of the models. 
Various approaches such as analytical, numerical, meta-
heuristic and the hybrid methods are discussed. Analytical 
methods have characteristics like ease to implement and fast 
computation, but not able to find global optima. Among all 
highly efficient and most popular approaches are Genetic 
Algorithm and other meta-heuristic algorithms. The newly 
proposed algorithms have been compared with their results. 
Shortcomings of those algorithms may be considered for 
future researches and to address some more difficult 
engineering optimization challenges. 
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TABLE 2. A COMPARISON OF VARIOUS OPTIMIZATION APPROACHES AND OBJECTIVES USED

Ref. Optimization 

Techniques 

Objectives Key contribution / Outcome(s) 

Minimization of 

Power Losses 

Minimization of 

Node Voltage 

Deviation 

Maximization of 

Voltage Stability 

Index 

F

i

n

a

n

c

i

a

l 

Others 

[7] CTLBO ✓ ✓ ✓ -          - Comprehensive TLBO with ϵ-C 

[11] GA - - - ✓ ✓ Community microgrid design 

[14] GA ✓ ✓ - - - Distributed ancillary services 

[15] GA ✓ ✓ - - - For allocation of WTs & BESS 

[16] NM - - - - ✓ Linear Programming (LP) method, a NM 

[17] NM ✓ - - - - Ordinal Optimization (OO) 

[18] NM ✓ ✓ - - ✓ Exhaustive Search technique 

[19] AM ✓ ✓ - - - Exact Loss Formula 

[20] AM ✓ - - - - Analytical Approach 

[21] GA ✓ - - - - Less computation time, may be applied for 
large distribution systems 

[22] GA ✓ ✓ - - - Hybrid GA/GP method 

[23] GA ✓ ✓ ✓ - - Hybrid GA/AM 

[24] GA ✓ ✓ - - - GA Approach for allocation during peak 
load 

[25] GA ✓ - - - - GA using Loss sensitivity approach 

[26] ACO ✓ ✓ - - - Created ETAP model 

[28] ACO - - - - ✓ Ant Colony search algorithm 

[29] PSO ✓ ✓ - - ✓ Variable Load model 

[30] IPSO ✓ ✓ - - - Improved PSO 

[31] IPSO ✓ ✓ - - ✓ Improved PSO 

[32] EHO ✓ ✓ ✓ - - With improvement in MOF 

[33] IEHO - - - - ✓ Improved EHO 

[34] TLBO ✓ - - - - Standard variant of TLBO 

[35] QOTLBO ✓ ✓ ✓ - - Quasi-Oppositional TLBO 

[36] WCA ✓ ✓ ✓ ✓ ✓ To allocate CBs also 

[37] MABO ✓ ✓ - - ✓ Modified ABO, two-layer method 

[38] Hybrid ✓ ✓ ✓ - - Hybrid GA-PSO 

[39] Hybrid ✓ ✓ ✓ - - Hybrid EHO-PSO approach 

[40] AM ✓ - - ✓ - Comprehensive optimization 

[41] MTLBO ✓ ✓ - - ✓ Modified TLBO, power quality 

[42] AM ✓ ✓ - - - 2/3 rule and rules of thumb 

[43] AM ✓ - - - - DG’s optimal power factor 

[44] AM ✓ - - - - Analytical approach for DG mix 

[45] IAM ✓ - - - - Improved AM  

[46] Hybrid ✓ - - - - Efficient Analytical OPF method 

[47] GA - - - ✓ - Hybrid Energy system planning 

[48] ITLBO ✓ ✓ - - - Improved variant of TLBO 

[49] Hybrid ✓ - - - - Hybrid HSA – Particle ABC  

[50] AM ✓ - - - - Net – benefit of Watt & VAr losses  

[51] GA - ✓ - ✓ ✓ Techno-economics of VAr in MG 

[52] GA ✓ ✓ ✓ - - Improved variant of NSGA-II (Non-
dominated Sorting Algorithm) 

[53] GA - - - ✓ - Multi-level energy scheduler 

[54] Hybrid - - - ✓ ✓ Reliability assessment 
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TABLE 3. VARIOUS DG ALLOCATION APPROACH WITH THEIR MERITS AND DEMERITS 

References Test System Number 

of DGs 

Objectives Optimization 

Technique 

Type of 

Approach 

Merits Demerits 

[6] 5 Bus Multiple Single Linear 
Programming 

Numerical 
Method 

Implementation is easy, 
fast response, high 
computational efficiency, 
effective and robust, 
consume less time to 
achieve goal, capable to 
directly calculate the 
changes. 

The system needs to be 
linear, tendency to get 
trapped 
in local optima and can 
able to find global 
optima, 
not efficiently work for 
the large number of 
load-flow 
computations. 

[7] 3 Inter-
connect 
circuit 

Single Single Exhaustive 
Search 

[8] 38 Bus Multiple Multiple Load model 
based 

[9] 13 Bus Multiple Multiple Exact Loss 
Formula and 
Exhaustive 
Approach 

Analytical 
Method 

Computation time is less, 
easy to implement, no 
iteration required. 

Not able to find global 
optima. 

[10] 33 Bus Multiple Single Developed 
Analytical 
approach 

[11] 33, 69 Bus Multiple Single Genetic 
Algorithm 
(GA) 

Meta-
heuristic 
Search 

Search technique like 
Genetic Algorithm (GA) 
is robust, not gradient 
base, less susceptible to 
local minima, quality to 
determine all possible 
combination, set search 
for various superior 
solution in parallel. 
 

GA does not provide 
accurate solutions 
when high-quality and 
précised solutions are 
required, tendency to 
premature and an 
excessive convergence 
time. 
 

[12] 25, 33 Bus Multiple Multiple 

[13] 8,21,43 
Hypothetical 
systems 

Multiple Multiple 

[14] 33 Bus Multiple Multiple 

[15] 33, 69 Bus Multiple Multiple 

[16] 30 Bus Multiple Multiple Ant Colony 
Optimization 
(ACO) 

Techniques like Ant 
Colony Optimization 
(ACO), Particle Swarm 
Optimization (PSO), etc. 
are non- rational and easy 
to analyze, simple, 
robust, highly efficient to 
find near optimum results 
in several different kins 
of practical optimization 
problems. 

PSO, ACO and others 
provides near optimal 
solutions, obtained 
results are not  
accurate, its 
computationally 
inexpensive. 

[18] 13, 33 Bus  Single Multiple 

[19] 30-bus 
Meshed, 38-
bus radial 

Multiple Multiple Particle Swarm 
Optimization 
(PSO) 

[20] 69 Bus Multiple Single 

[21] 33, 69 Bus Multiple Multiple 

[22] 33, 69 Bus Multiple Multiple Elephant 
Herding 
Optimization 
(EHO) 

Easy to operate and it 
receives widespread 
attention because of its 
few control parameters  

It provides solution 
having low accuracy 
and it suffers from 
slow convergence 

[23] 33, 118, 880 
Bus 

Multiple Multiple 

[25] 33, 69, 118 
Bus  

Multiple Multiple Teaching 
Learning 
Based 
Optimization 
(TLBO) 

Robust, efficient and free 
from algorithm 
parameters  

It provides a nearly 
optimal solution in 
limited iterations and 
have slower 
convergence for big 
non-linear 
optimization problems. 

[26] 33, 69, and 
East Delta 
Network 

Multiple Multiple Water Cycle 
Algorithm 
(WCA) 

Good convergence 
characteristics 

Near optimal solutions 
are obtained. 

[27] 33 Bus Multiple Multiple African 
Buffalo 
Optimization 
(ABO) 

Ease of implementation, 
capable to search 
efficiently, only a few 
parameters are used, 
Convergence rate is fast. 
Modified ABO can be 
applied for more complex 
problems to achieve 
global optimum solution. 

Standard ABO is 
unable to find global 
optimum solution for 
more complex 
problems. 
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Abstract - Digital payment in India is an effort to move 

towards a cashless economy by minimizing the use of physical 

cash. Phenomenal growth of ecommerce, penetration of smart 

phones, availability of payment bank and unified payment 

interface platforms drives the growth of mobile wallet user 

market in India. Though the mobile wallet industry is growing 

rapidly, concerns on security is still prevailing among the end 

users. Considering this fact, the researcher in this article has 

explored the factors that influencing the adoption of mobile 

payments. The data is collected by primary source through 

questionnaire from the people who are actively using digital 

payment service providers. The instrument is designed with 

seven constructs with 42 items. Customer opinion on these 

seven variables including security risks, reputation, perceived 

usefulness, ease of use, attitude, mobility and intention to use 

was collected list the factors influencing adoption of Mobile 

wallet payment system and feasible suggestion is given for the 

industry to overcome the issues raised by the consumer.  

Keywords—Mobile wallet payment system, intention to use, 

Perceived usefulness, ease of use, Mobility, Attitude  

I. INTRODUCTION  

This Cashless transactions pave way to a digital 
economy. Every individual consumer, retailers and many 
businesspeople prefer digital payments as it is easy to handle 
large amount of money easily.  Efforts taken by the 
government is one of the major factors which influences the 
end users to adopt digital payment. Further the 
demonetisation initiative introduced by the Indian 
government in 2016 leads to an immense growth in the 
adoption and of digital payments.  

Digital payments in India are growing at a compound 
annual growth rate (CAGR) of 12.7%, while the mobile 
wallet market is forecasted to continuously grow at a CAGR 
of 52.2% by volume between 2019-23. The mobile payment 
system in India is estimated to attained fastest growth in 
terms of value, with a CAGR of over 20 percent between 
2019 and 2023, Which includes reaching almost 660 million 
Indians. Paytm, Freecharge, Mobikwik, Oxigen, mRuppee, 
Airtel Money, Jio Money, SBI Buddy, itz Cash, Citrus Pay, 
Vodafone M-Pesa, Axis Bank Lime, ICICI Pockets, 
SpeedPay are the list of few popular mobile wallet services 
operated by private organisation exist in India. 

Though, people use cashless transactions, published 
sources also lists few pitfalls which makes the end users to 
step backward from using. It is important to study the 
preference of consumers and challenges they face to improve 
the ease of cashless transactions. This may help the country 
to avoid corruption and the flow of black money which result 
in an increase of economic growth. 

II. RESEARCH OBJECTIVE 

1.To identify the factors influencing the usage of mobile 
payment and explore the challenges faced by the consumer 
in using digital payment system  
2. To provide feasible suggestion to the Mobile wallet 
industry to overcome the concerns and challenges raised by 
the customers. 

III.  LITERATURE REVIEW 

S Singh, R Rana (2017) has explored to understand 
consumer perception on digital payment mode” The 
researchers have carried this study in Saudi Arabia found 
that there is a bright future for m-payment based on the data 
collected from 200 respondents. The researchers further 
stated that concerns related with safety aspects and the 
possibility of others to unauthorised user to use the mobile 
phone is the major challenge which prohibit the adoption of 
digital payment. H Akhila Pai (2018) Sanaz ZarrinKafsh 
(2015) has conducted research to list the factors influencing 
the adoption of mobile wallet. Based on the data collected 
from 530 respondents it was found that perceived usage, 
perceived ease of use, and perceived security plays vital role 
in influencing the usage of digital wallets. 
 

H Akhila Pai – 2018 SanazZarrinKafsh (2015), 
made a study on “Developing consumer Cashless 
Transactions in India” examined the factors influencing the 
cashless transactions and attempt is made to find out the 
challenges faced during those cashless transactions. The 
findings presented based on the survey conducted with 195 
respondents reveal that convenience is one of the major 
factors that influences adoption of cashless transaction.  
 

Basamak(2019) stated mobile payment is dynamic  
and adoption of mobile payment system is truly depending 
on the existing situational factors and other challenges 
which an end user faces with all other prevailing payment 
system. Sanghita Roy, Dr. Indrajit Sinha (2014) Stated that 
E- payment system in India, has shown tremendous growth, 
but still there has lot to be done to increase its usage as still 
90% of the transactions are cash based. Rakesh H M & 
Ramya T J (2014) stated that Internet banking is influenced 
by its perceived reliability, Perceived ease of use and 
Perceived usefulness.  

 
Kunjal Sinha, Dhruvit Joshi and Gopal 

Kamani(2017)found that convenience is the most important 
reason for consumers to go cashless.  Ms.V.Kokila and 
Dr.R.UshaDevi(2017) found the socio- economic factors 
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influences the behaviour of consumers towards the cashless. 
Further the researchers stated that the lack of awareness and 
trust of digital payments are high among women than men. 
The authors suggested to consider few problems faced by 
the consumers such as security issues, Lack of Convenience, 
Internet Traffic, Lack of Trust and POS Availabilities for 
further development of cashless economy. Dr. K. A. 
Rajanna (2018) cited that security problems, internet cost, 
network problems are the major factors prohibiting adoption 
digital payment. 
 
Dr S. Vasantha (2020) explored various factors which may 
influence the consumer to adopt mobile wallet payment 
system. By analysing various literature, the author has 
recommended mobile wallet companies to address many 
aspects under security, trust, risk. Jamie Mew (2021) have 
explored the key drivers influencing the adoption of mobile 
wallet payment system. The researcher has involved both 
quantitative and qualitative study and the data has been 
collected in UK. Through further analysis the researcher has 
concluded that the variable attitude is the strongest predictor 
of behavioural intention. the variable social influence is 
found to be the second dominant factor which influences the 
consumer adoption. P.Jayanthi (2021) has explored the 
consumer preference towards mobile wallet payment system 
during covid pandemic &specifically explored the factors 
influencing the mobile adoption at times of covid pandemic. 
The researcher has collected data from 90 respondents 
through structured questionnaire. With further analysis the 
researcher has concluded that covid pandemic has positively 
influences many users to adopt mobile payment as this 
essentially facilitates the contactless payment. 

 

IV. RESEARCH METHODOLOGY 

A. Research Design  

The research design used in study of Customer insight 
towards Digital payment system is Descriptive. The 
researcher has collected both primary and secondary data. 
Primary data has been collected through the well-defined 
questionnaire and the journals, newspapers and websites 
were referred for the purpose of collecting secondary data. 
Security risk, reputation, perceived usefulness, ease of use, 
mobility, attitude, and intention to use are the list of seven 
variable used in designing the questionnaire. All variables 
are measured on a five-point Likert scale where 1 implies - 
Strongly disagree, 2- disagree, 3-neutral, 4- agree, and 5 – 
implies strongly agree. Almost 42 items were used to 
measure all the above said variables. Researcher has used 
convenient sampling method for collecting data from 102 
respondents using mobile wallet payment system actively.  
 
B Proposed Model 

 

 
 

1. Security Risks  

Intended to understand the customer opinion on potential 
loss of control over personal information while using digital 
payment system 

2. Reputation  

Intended to measure consumer opinion on various service 
and brand aspects which is associated with the service 
provider  

3. Perceived usefulness  

Measures the degree to which the user believes that using 
specific technology specifically digital payment system aids 
in improving their productivity. 

4. Ease of Use 

Measures the user comfort in using the digital payment 
technology  

5. Mobility  

Measures consumer opinion on the ability to access 
digital payment services and initiate transactions from 
anywhere at any time without any hurdles.  

6. Attitude  

Measures the behavioural intentions and beliefs of the 
end user in adopting mobile payment.  

7. Intention to use  

Intended to measure the consumer’s opinion about 
preferring mobile payment in present and near future and 
encouraging others to adopt the mobile payment system. 

C.Measurement of Reliability 

TABLE I.  RELIABILITY ANALYSIS 

S. No Constructs Cronbach Alpha Number of items 

1 Security risks 0.688 5 

2 Reputation .0897 7 

3 Perceived Usefulness 0.944 6 

4 Ease of Use 0.874 6 

5 Mobility 0.774 6 

6 Attitude  0.800 6 

7 Intention to use 0.754 6 

 
The table 1 shows the reliability test results of each 
construct designed under study. The Cronbach value of the 
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constructs ranges from 0.688 to 0.944 which indicates that 
the data is reliable and consistent. 
 

V. ANALYSIS AND DISCUSSION 

A. Demographic profile of the respondents 
  

TABLE II.  SOCIO ECONOMIC PROFILE OF THE RESPONDENTS 

S.No Particulars  Frequency  Percentage  

Distribution of age  

1 Below 20  02 02 

2 20-25 81 80 

3 25-30 12 12 

4 30 - 40 06 06 

5 Above 40 01 01 

Gender 

1 Male 74 72.5 

2 Female 28 27.5 

Educational qualification  

1 Up to Higher Secondary 1 1 

2 Diploma/Graduate  48 47 

3 Master’s/Professional  53 52 

Occupation 

1 Student  60 57.8 

2 Employee  36 37.3 

3 Business  5 4.9 

 

The table III describes the socio-economic profile of the 
respondents participated in the survey. most of the 
respondents participated in the survey represent (80%) the 
young age group between 20 – 25 in the age. The percentage 
of male participant (72.5%) seems to be higher than the 
female respondent. Majority of the respondents are educated 
holding either graduate (47%) or professional degree (52%). 
58% of the respondents took part in this study represent 
student community and the remaining 42% represents 
employees working in private and public organization and 
employers. 
 
B Exploring Study constructs 

TABLE III DESCRIPTIVE STATISTICS OF  STUDYCONSTRUCTS 

S.No  Construct Mean  Std 

1. Security  3.37 0.642 

2. Reputation  3.47 0.723 

3. Perceived usefulness  3.82 0.805 

4. Ease of use  3.66 0.814 

5. Mobility  3.47 0.700 

6. Attitude  3.53 0.667 

7. Intention  3.45 0.630 

 

Table III implies the average score obtained for all the items 
listed under each construct.  The average mean value ranges 
from 3.3 to 3.8. From the descriptive analysis it is found that 
the construct “Perceived Use” and “Ease of use” has got the 
comparatively highest mean values of 3.82 and 3.66 
respectively. However, all the variables have scope for 
further improvement providing opportunities for industry to 
innovate attributes as the mean value is just above average. 

C Test of Correlation 

TABLE IV CORRELATION ANALYSIS – TEST FOR MAGNITUDE OF 

RELATIONSHIP BETWEEN CONSTRUCTS AND INTENTION TO USE DIGITAL 

PAYMENT 

      CONSTRUCTS  Security 
risk  

Reputation  Perceived 
usefulness  

Ease 
of 

use  

Mobility  

Security 
risk  

Pearson  
Correlation  

1     

Reputation  Pearson  
Correlation  

0.567 1    

Perceived 
usefulness  

Pearson  
Correlation  

0.499  0.647  1   

Ease of 
use  

Pearson  
Correlation  

0.495  0.626  0.689  1  

Mobility  Pearson  
Correlation  

0.480  0.620  0.577  0.562  1 

Attitude  Pearson  
Correlation  

0.569  0.550  0.521  0.473  0.620  

Intention 
to use  

Pearson  
Correlation  

0.571  0.530  0.453  0.465  0.616  

 

Table IV provides the results of correlation analysis. The 
statistically significant linear relationship between construct 
and future intention to use digital payment of consumers is 
tested by using Bivariate Pearson Correlation Test. The 
variable Future intention found to have significant 
correlation with Security risk, Reputation, Perceived use, 
ease of use, Mobility, Attitude.  The variable Attitude (71%) 
and mobility (62%) found to be a highly influencing factor. 
 
 
D Multiple Regression 

 

Multiple Regression test has been executed to understand 
whether the factors like security, reputation, perceived use, 
ease of use, mobility, and attitude predicts the future 
intention of consumer using digital payment. The Future 
Intention of consumers to use digital payment is considered 
as dependent variable and all other six constructs are 
defined as independent variable. 
 
TABLE V REGRESSION ANALYSIS – COEFFICIENT VALUES 
 

Challenges Unstandardized 

Coefficient 

Standardized 

Coefficient 

 

t 

 

Sig 

B Beta 

(Constant) 0.552  2.065 0.042 

Security 0.188 0.192 2.169 0.033 

Reputation 0.044 0.051 0.499 0.619 

Perceived use -0.058 -.074 -0.726 0.470 

Ease of use 0.039 0.051 0.510 0.611 

Mobility 0.211 0.235 2.426 0.017 

Attitude 0.414 0.438 0.438 0.000 

 
TABLE VI REGRESSION STATISTICS 
 

Particular  R  R Square  Adjusted R Square  

Challenges  0.762  0.601  0.554  

 

TABLE VII TEST OF ANOVA 
 

Model  Sum of 

Squares  

Df  Mean 

Square  

F  Sig.  

 Regression  23.298  6  3.883  21.874  .000b  

Residual  16.864  95  178   

Total  40.163  101     

 

Table V implies that the independent variables security, 
mobility and attitude are significant in influencing mobile 
wallet payment adoption The Regression statistics table VI 
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provides R and R square value. The R value is 76.2% which 
represents simple correlation. It indicates moderate degree 
of correlation. The R Square value implies that 61% of 
dependent variable (future Intention) can be explain by the 
independent variables (security, reputation, Perceived use, 
ease of use, mobility, attitude). The R and R square value 
and significant value of ANOVA (Table VII) implies that 
the model applied can statistically be significant in 
predicting the outcome variable.  
 
 1 Multiple Linear Equation for Future Intention 

  
Future intention = 0.55 + (0.188) security + (0.044) 
reputation + (-0.058) Perceived use + (0.039) Ease of use + 
(0.211) Mobility + (0.414) attitude 
 

VI. MAJOR FINDINGS AND SUGGESTION 

Results of correlation (Table 5.3) implies that all the six 
variables taken for study including Security Risks, 
Reputation, Mobility, Perceived usefulness, ease of use and 
Attitude influences consumer intention to use significantly. 
Further the descriptive analysis (Table 5.2) executed for all 
the constructs implies larger scope for the industry to 
innovate new aspect to improve and strengthen the service in 
all the above key areas. Steps need to be taken to improve the 
security and safety of the consumer doing transaction. 
Incidents of breaches even for singly customer may damage 
the organisation reputation and image. Further Consumer 
will also lose their hope, and which may ultimately prohibit 
the others to adopt digital payment system. Industry also can 
take initiatives and execute campaigns to create general 
awareness among all other segments more specifically 
different age groups from rural as well as urban segment. 

Many applications used in mobile wallet payment system 
is compatible with only higher end models more specifically 
IOS and android phones. The service providers can explore 
the possibilities to improve the product further and can 
ensure compatibility across all the platforms. In order to 
compete with the existing competitors and differentiate them 
from other steps can be taken to offer other service along 
with the core services. 
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Abstract—Developing scholars who are well-equipped to 

undertake research is one of the duties of a well-rounded 

university. Usually, Ph.D. students break new ground and 

produce the bulk of publishable academic research at such 

universities. Nevertheless, such students are often the 

recipients of faculty and institutional investments in the form 

of advisership/mentorship, and research engagement. 

However, in institutions with no Ph.D. programs, faculty are 

left to  engage with masters and/or undergraduate students, 

who are often thought to be an ineffective investment by both 

faculty and institutions when it comes of advancing 

knowledge. This work carries out a bibliometric analysis of a 

university where masters is the highest degree of graduate 

studies attainable. For this particular case study, the findings 

demonstrate that faculty engaging with students produce no 

less eminence  works than single-authored works by faculty 

members  in terms of citation-based impact and  quality of 

journals where articles are published. Additionally, this case 

study credits the increased engagement to three foundational 

programs within the institution that aim to empower student 

engagement.  

Keywords—Student engagement, mentorship, single 

authorship, undergraduate research 

I. INTRODUCTION 

One of the primary directives of graduate schools is to 
mentor the next generation of researchers, professors, and 
scholars. A student’s advisor is said to be one of the most 
important, if not the most critical, person with whom 
graduate students develop a mentor-mentee relationship 
during the graduate life [1]. Such relationship engages 
ongoing conversations while looking out for the student's 
interests where mentors provide encouragement, 
constructive support and feedback. 

The mentor-mentee relationship has been enshrined 
within higher education through the allocation of significant 
resources and organization efforts [2]. In the United States, 
millions of dollars are spent on the McNair Scholars [3] and 
the National Science Foundation Graduate Fellowships [4], 
both of which enshrine mentor-mentee relationships. ABET 
for one emphasizes the need for sufficient faculty to 
accommodate adequate levels of student-faculty 
interactions [5]. Literature on mentor-mentee relationship in 
graduate school has been primarily focused on doctoral 
students [6]. Particularly, due to the fact that doctoral 
students are those who: (1) will rise to become the next 
generation, (2) reside within the institution for a long period 
of time, and (3) those who’s interest are geared exclusively 
towards academic and scholarly achievements [7]–[9]. With 
such focus on doctoral students’ engagement in research it 
is no wonder that masters students and undergraduates 

receive much less supervision or mentorship from their 
faculty [10]. The costs and benefits ratio of investing in 
graduate and undergraduate students is often thought of as 
riskier and negligible when compared to that of doctoral 
students [11].  

Masters and undergraduate students are often seen as 
bad investments from research perspective primarily due to 
their lack of the three primary components of doctoral 
students. Consider that masters programs are often two 
years program. For a student to become adequately versed 
in the publishing process and self-sufficient to the point of 
imitating their own research endeavors would require well 
over a year of training [12]. By that time the graduate 
student would have already applied for PhDs or industry and 
will soon leave [13]. Therefore, the investment made by 
both the institution and faculty would not materialize a 
return, whether in terms of publication volume or lab 
leadership, relative to the five- or four-year doctoral student. 
Much of the same can be said about undergraduate students 
who have the added burden of extensive studies during the 
semester [14].    

The literature leads us to believe that faculty in 
institutions with doctoral programs are much more likely to 
invest in doctoral students. Often rendering Master students 
the recipients of less faculty attention [15]. However, what 
about faculty in institutions where Master degrees are the 
highest form of graduate studies? Very little work has been 
done on to realize the benefits or drawbacks of investing in 
Masters-level graduate students. Should faculty members 
abandon the primary directive of graduate schools and elect 
to publish works without students  instead of training 
graduate students or undergraduates? Or is there merit to 
take on graduate or undergraduate students to conduct 
research?  

To answer these queries, this work will adopt a 
bibliometric analysis of a university without a doctoral 
program. This work is conducted on the Lebanese American 
University (LAU), a medium-sized American charted 
university within the middle east. LAU is the ideal subject 
for this case study for: (1) the relatively low number of 
faculty members, but a sizeable student body, (2) faculty 
members cover a broad range of topics with little to no 
overlap, and (3) the adoption and expansion of three 
research-oriented programs that target both graduate and 
undergraduate students to engage in research.  

This paper is organized as follows: Section II presents 
the methodology; Section III shows our findings; While 
Section IV provides a discussion of the findings; and finally, 
our conclusions in Section V.  
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II. METHODOLOGY 

A. Dataset 

The dataset used in this paper is extracted from SciVal, 
a research performance assessment tool that allows analysis 
of the data from Scopus. In particular, published works by 
the Lebanese American University for the year of 2021 were 
exported. The particular importance of 2021 is that it marks 
the graduation of the first cohort of Graduate Program 
Scholarship (GPS) for the Lebanese American University. 
A program that was built to extend fully funded scholarships 
with scholarly research as a cornerstone requirement. 
Additionally, 2021 also marked the year of the expansion of 
the undergraduate research course, a long running staple of 
the engineering program, to other schools at LAU. Both the 
school of arts & sciences, as well as the school of business 
adopted the course as part of their undergraduate degree.  

To adequately study the impact of publishing with 
students both graduates and undergraduates we identified 
three primary types of publications of use in this study: (1) 
Single author publications, where the faculty member is the 
only author; (2) Publications with students who are 
engaging in scholarly publication for the first-time, i.e., this 
publications serves as the students initial exposure to 
scholarly publishing; and finally, (3) publications with 
students who have previously published. This work 
excluded all other types of international, national, and 
institutional collaborations as to focus an answering the 
aforementioned queries. 

Additionally, we use bibliometric analysis to compare  
published works. The most utilized metrics when assessing 
scholarly impact is based on the number of citations an 
article receives [16]. However, per the Leiden manifesto 
“the best practice uses multiple indicators to provide a more 
robust and pluralistic picture” [17]; consequently, this work 
employs a qualitative analysis on two different dimensions. 
The first dimension is that of Field-Weighted Citation 
Impact (FWCI) is the ratio of the citations received by an 
article’s output and the average number of citations received 
by all other similar outputs in the same year and field of 
research. Whereas the second dimension is that of the 
journals in which the works are published in. Leveraging 
both Scimago’s Journal Rank (SJR) and Elsevier’s 
CiteScore (CS) as proxies of the journal’s prestige or 
quality. Where CS of an academic journal is a measure 
reflecting the yearly average number of citations to recent 
articles published in that journal; and SJR indicator is a 
measure of the scientific influence of scholarly journals that 
accounts for both the number of citations received by a 
journal and the importance or prestige of the journals where 
the citations come from 

B. Student and faculty assignment 

To properly establish the three types of collaborations 
under study in this work. The authorship’s metadata was 
sourced from the Scopus database. Single authorship papers 
were papers that had one faculty author, these were 
identified by comparing the author’s name with that of the 
LAU faculty database. Whereas in terms of students, they 
were identified by cross-referencing their names with the 
internal database maintained by the Office of Graduate 
Studies and Research of publishing students within LAU.  

Only papers with student collaborators and LAU faculty 
were considered in this study. Publications with external 

collaborators, such as peer-faculty in national or 
international institutions were excluded. The exclusion’s 
purpose is to only focus on publications that combined LAU 
students and faculty. Allowing this work to demonstrate the 
benefits or drawbacks of taking on student researchers by 
faculty members relative to single authorship.  

Within the context of student and faculty collaborations, 
this work identified two types of students. The first is the 
student who is engaging in research for the first time and as 
such this published work is his first real engagement in the 
publishing process. While the second is the student who has 
published before (back in 2020 or 2019) and is now 
continuously collaborating with the same or other faculty 
members. The purpose of segregating these two types of 
students is to measure the immediate impact of mentoring 
students, i.e., first-time students and its long-term impact 
i.e., published students.  

III. RESULTS 

In 2021, LAU published 625 works indexed in Scopus. 
Applying the outlined methodology results in 90 works to 
be taken under consideration (refer to appendix A for a full 
list of works considered); of which 37 works were published 
by first-time students collaborating, 31 were single author 
faculty members, and 21 were of published students 
collaborating with faculty. Fig. 1 below illustrates the 
distribution by formation type.  

 

Fig. 1. Distribution of publications by formation type 

Judging from the illustration above, it would appear that 
LAU faculty tend to engage with students in general far 
more frequently than they engage in single authorship. 
Combining both type of student publications yields 65% of 
the total published works considered compared to that of 
35% single authorship.  

Additionally, the average SJR, CS and FWCI for each 
cluster of formation were calculated. The results of these 
calculations are summarized in Table 1. 

TABLE I.  SUMMARY OF METRICS FOR EACH FORMATION TYPE 

Formation Type 
Metrics 

Average FWCI Average CS Average SJR 

First-Time Student 0.99 73.53 71.74 

Published Student 0.86 77.56 76.17 

Single Faculty 1.85 74.50 75.00 

 

The table above shows that the average FWCI of 
publications made by faculty through single authorship is 

First-Time 

Student

42%

Published 

Student

24%

Single 

Faculty

34%
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the highest out of the three formations at 1.85 , 
approximately 86% higher than that of first-time student 
which averaged 0.99 , and finally the lowest average of 
FWCI were articles by published students at 0.86 . 
However, in terms of journal quality, both average CS and 
SJR of published student works 77.56 & 76.17 were higher 
than that of single authored works by faculty 74.5 & 75, and 
followed by first-time students with 73.53 & 71.74 , 
respectively.  

IV. DISCUSSION 

Several reflections can be made from the results section 
about the decision-making and status of student engagement 
by faculty within LAU:  

Reflection One:  The results section shows that faculty 
within the Lebanese American university are engaging in 
scholarly publications with students at a higher frequency 
than single authored works. In particular, there are more 
first-time student publishers than there are published 
students engaging in research. This reaffirms that the newly 
adopted programs of GPS, MEPI tomorrow’s leaders 
graduate program, and adoption of undergraduate research 
courses in other schools within LAU have had a positive 
impact on scholarly student engagement. Additionally, most 
of the students that have engaged in first-time publishing are 
students that were enrolled in one of the three programs. 
Whereas published students were predominantly 
engineering students who had taken part of the 
undergraduate research course within the school of 
engineering.  

Reflection Two: Faculty single authored publications 
outperform student-collaborations in regard to FWCI. This 
might imply that the merit or likelihood of citation for 
faculty single authored works; however, that is not the case 
when investigated closer. The database contains an outlier 
article that of [18], which boasts an FWCI of 38.24 that has 
a drastic skewing effect on the data. When excluded from 
this work the average FWCI’s tell a drastically different 
story. 

TABLE II.  AVERAGE FWCI EXCLUDING OUTLIERS 

Formation Type Average FWCI 

First-Time Student 0.99 

Published Student 0.86 

Single Faculty 0.64 

 

Table II. shows the new FWCI averages per formation 
type when the outlier is excluded. Single authored 
publications by faculty fell from 1.85 to 0.64, thus making 
them the publication cluster with the lowest average FWCI 
with first-time publishing students and published students 
ranking higher, respectively. This indicates that 
collaborating with students in general yields more citations 
and higher FWCIs.  

Reflection Three: The results of both CS and SJR 
averages were consistent. Students with previous 
publication experience target, on average, higher quality 
journals than faculty single authored and first-time student 
publications. This is in line with literature, collaborative 
publications tend to appear in higher quality journals than 
single authored publications [19]. However, the added 

component by dimension two is the fact that experienced 
students elevate the work and as such qualify it to appear in 
higher publications than their unexperienced counterparts. 

V. CONCLUSION 

This work has assessed the impact of student-faculty 
collaborations on the FWCI and journal quality of published 
works. We found that students provide a positive impact on 
published works FWCI in general with the most benefit 
provided by first-time students. Whereas in terms of journal 
quality, published students showed the highest averages. 
While these findings rely on a small dataset sourced from 
LAU. They are pertinent to any medium sized institution 
with no doctoral program. The three programs highlighted 
throughout this study have greatly increased student-
engagement and provided a beneficial and positive impact 
to LAU’s scholarly publications. Therefore, we conclude 
that investing in undergraduates and graduate students 
remains a viable and beneficial undertaking for both faculty 
and institutions to pursue.  

APPENDIX A: 

TABLE I.  FIRST-TIME STUDENT AUTHORED PUBLICATIONS 

Works 
Citation 

Count 
CS Percentile SJR Percentile FWCI 

[20] 1 82 73 1.2 

[21] 1 91 79 1.23 

[22] 1 53 62 1.43 

[23] 3 90 80 3.01 

[24] 0 91 93 0 

[25] 0 69 70 0 

[26] 4 80 81 6.27 

[27] 0 0 0 0 

[28] 0 63 67 0 

[29] 4 21 15 3.59 

[30] 0 44 25 0 

[31] 0 88 74 0 

[32] 0 57 53 0 

[33] 1 98 94 0 

[34] 3 81 70 1.9 

[35] 0 82 68 0 

[36] 1 53 51 0.7 

[37] 5 81 81 4.75 

[38] 0 79 71 0 

[39] 1 57 45 0.53 

[40] 0 72 73 0 

[41] 0 90 85 0 

[42] 1 21 85 0.49 

[43] 1 94 98 0.55 

[44] 0 87 89 0 

[45] 1 82 80 1.57 

[46] 0 66 51 0 
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[47] 0 78 85 0 

[48] 5 74 77 3.25 

[49] 2 79 70 1.91 

[50] 2 83 84 2.01 

[51] 1 60 60 0 

[52] 1 73 83 1.02 

[53] 0 94 90 0 

[54] 0 0 0 0 

[55] 0 0 0 0 

[56] 2 87 77 1.06 

 

TABLE II.  PUBLISHED STUDENT AUTHORED PUBLICATIONS 

 

Works 
Citation 
Count 

CS Percentile SJR Percentile FWCI 

[57] 0 61 78 0 

[58] 1 84 75 0.82 

[59] 0 28 55 0 

[60] 0 57 45 0 

[61] 1 84 82 1.26 

[62] 0 92 93 0 

[63] 1 63 69 0.88 

[64] 2 76 93 2.15 

[65] 4 97 93 2.2 

[66] 0 99 85 0 

[67] 0 - - 0 

[68] 0 - - 0 

[69] 0 - - 0 

[70] 0 92 92 0 

[71] 6 74 74 3.46 

[72] 0 97 72 0 

[73] 5 98 84 5.26 

[74] 0 67 63 0 

[75] 2 87 86 1.57 

[76] 0 75 75 0 

[77] 1 65 57 0.52 

TABLE III.  FACULTY SINGLE AUTHORED PUBLICATIONS 

Works 
Citation 
Count 

CS Percentile SJR Percentile FWCI 

[78] 0 98 94 0 

[79] 1 18 47 0.79 

[80] 0 87 84 0 

[81] 1 84 82 2.28 

[82] 0 75 90 0 

[83] 0 36 42 0 

[84] 0 36 42 0 

[85] 4 36 32 2.74 

[86] 0 96 93 0 

[87] 0 56 59 0 

[88] 0 0 0 0 

[89] 1 86 89 0.39 

[90] 7 81 85 6.38 

[91] 0 64 53 0 

[92] 0 89 85 0 

[93] 0 69 60 0 

[94] 0 77 86 0 

[95] 3 74 79 1.04 

[96] 0 93 94 0 

[97] 0 88 88 0 

[98] 0 33 60 0 

[99] 0 90 87 0 

[100] 0 72 54 0 

[101] 1 90 81 1.69 

[102] 1 82 80 1.57 

[103] 0 93 96 0 

[104] 0 87 83 0 

[105] 0 97 93 0 

[106] 3 92 83 0.52 

[107] 1 74 85 1.7 
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Abstract— Lenders decide for the approval or rejection of 

debt proposals by following a credit rating procedure. The 

complex nature of existing rating process leads to unpleasant 

decisions by lenders and borrowers. Therefore, lenders are 

struggling to find flexible and simple rating methods which are 

widely acceptable, comprehensive, objective and modifiable as 

per the lender’s requirement [1]. Credit rating reflects the 

creditworthiness of borrowers [2]. A model based on financial 

data can provide more objectivity and flexibility to determine 

such creditworthiness. We have developed a model based on 

financial data of 100 companies from India. This model is 

developed in R and Neural network. This model can be used to 

predict whether the company will default in future or not. By 

training the model on 70% of the data we obtained an accuracy 

of 70.58%. Testing the model using remaining 30% of the data 

generates an accuracy of 68.75.  The use of advanced techniques 

such as R and Neural networks coupled with financial data, 

makes this model comprehensive. Furthermore, this model 

saves time and sources while ensuring the accuracy of 

prediction. The proposed model could help to build, a 

reasonable system that can predict creditworthiness. This study 

provides a feasible future research scope. 

Keywords— Creditworthiness, Credit Rating Model, Neural 

Networking, Debt Default 

I. INTRODUCTION 

Recent years have witnessed important reforms related to 
credit rating and creditworthiness of borrowers. In developing 
countries such as India, the credit default rates are becoming 
representative of credit environment [3]. The default rate in 
India is still high at 33.2% in year 2021 [4]. To address the 
concern of debt default, lenders rely on credit rating agencies 
(CRAs). CRAs through credit scores convey the 
creditworthiness of borrowers [5]. Availability of adequate 
debt is crucial element in development of business activities. 
It was evidenced by [6] that an availability of debt, plant, and 
labor are taken for granted by the businesses and this 
ignorance may lead to the failure in operations and revenue 
generation. A quick solution to concern of debt availability is 
existence of prominent sources of funds and a company 
should be very keen in selecting these sources [7]. The capital 
structure must be mapped or inclined towards company's goal 
to create a successful business and a significant realizable 
value for the company [8]. If costs of such capital is lower than 
the organization’s rate of return, then only an organization is 
considered to be earning profits and may not default on debts. 
As default propensity is less of profitable companies, such 
companies have increased probability of getting capital from 
lenders [9]. We have considered debt as one of the factor in 
this study to determine the chances and behaviour of default. 
Performance of a firm gets affected due to availability of 
capital and firm’s relationship with lender such as banks [10]. 

It is important for lenders to ensure the ability of borrower to 
repay the debt, and this ability of repayment reflects the 
creditworthiness of borrowers. Lenders approve the debt to 
borrowers with acceptable creditworthiness. Reference [11], 
studied 145 companies and found significant relationship 
between creditworthiness and access to capital in capital 
market. Borrowers with unacceptable credit rating are termed 
to have lower creditworthiness. The probability of such 
borrowers to default the debt is more.  

Lenders ensure the creditworthiness of borrowers while 
approving debt. This makes the assessment of borrower's 
creditworthiness as a most crucial activity. Lenders are 
dependent on Credit Rating Agencies (CRAs) for this 
assessment. Literature in this domain revealed that even after 
assigning higher credit rates by CRAs, the propensity to 
default exists. Therefore, there is need of a robust credit rating 
mechanism based on modern techniques. In this study, we 
have developed a model using R and Neural Networking. 
Lenders including banks can use this model to access the 
creditworthiness of borrower. Traditional techniques used to 
develop credit rating model includes Weighted Averages [12] 
[13], Markov Chains [14] [15], Monte-Carlo simulations [16], 
Rough Set Theory [17]. Advanced techniques to predict 
creditworthiness or to develop a credit rating model include 
Artificial Intelligence [18] [19], Neural Network [20], Novel 
Algorithm [21], Discriminant Analysis [22] [23], etc. A 
logistic regression was used to model the determinants of 
credit default propensity [24]. Due to dynamic nature of credit 
rating, models developed using traditional techniques will be 
replaced by models developed using advanced techniques. 
Advanced techniques like R and Neural Network provide 
concrete infrastructure to determine creditworthiness and 
helps to predict default possibilities [25]. 

In this study, we have derived a model based on advanced 
techniques to determine the creditworthiness in terms of 
default status. By analyzing 100 companies from India for 
their financial data, we have developed a model which will 
predict whether the company will default or not in the future. 

II. 2. LITERATURE REVIEW 

Existing literature provides seminal understanding to 
conduct a sound research [26]. To support this study, we have 
referred literature available in the domain of credit rating. The 
limited and incomplete financial information along with 
constraints such as small sample size, variety in operations of 
the businesses, and difficulties in getting financial information 
which is sometimes confidential, leads to a poor data analysis 
and inconsistent results. Relevant and supporting literature for 
the development of model based on quantitative techniques is 
reviewed and summarized in subsequent sub-sections. The 
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contribution made by researchers in this domain was reviewed 
and categorized as follows: 

a. Creditworthiness 
b. Model development and Credit Rating 
c. Identification of gaps 
These sub-sections are elaborated in following paragraphs: 

A. Creditworthiness 

Creditworthiness of the client is a buzzword now and this 
will emerge as mediator in successful financial transactions to 
determine the level of credit risk. Assessment of the 
creditworthiness is crucial exercise in granting loans to the 
borrowers. This assessment has its own cost and should also 
be measured because the behaviour of lenders depend on this 
cost [5]. Assessment of the borrower's creditworthiness is one 
of the ways to prevent the credit risk. It is necessary to 
supplement this assessment with financial and non-financial 
indicators [27]. Various models are developed to help the 
decision making regarding lending value, interest rates, and 
lending terms. These models are used to study the 
creditworthiness of the borrower and should be supplemented 
with latest technology [28]. In this paper, we have developed 
a model using latest techniques such as R and Neural 
networking to access the creditworthiness of clients. Financial 
factors considered in this study are identified from the 
literature available in the domain of credit rating and 
represented in Table 1. 

B.  

C. Model development and Credit Rating 

Methods such as regression, artificial intelligence, and 
neural networking are being successfully applied to credit 
rating for many years [29]. Review of the literature on 
construction of credit rating model is undertaken to explore 
the techniques suggested by researchers to determine the 
creditworthiness and their observations on existing credit 
rating systems. It was observed that multiple techniques such 
as Markov Chains [14] [15], Monte-Carlo simulations [16], 
Multi-objective Programming, Multi-criteria Outranking 
Modelling, Bagging-DT, Logistic Regression [30], Artificial 
Intelligence [18] [19], Neural Network [20], Novel Algorithm 
[21], Data Mining, Probit Analysis, Discriminant Analysis 
[22] [23], Default probabilities, Distance to Default, K-S test 
and Regression Analysis were used to develop a credit rating 
model by different researchers. Credit rating models 
developed using these techniques have limitations in terms of 
non-availability of data, sample size constraints, acceptability 
by lenders, validation of the model, etc. Therefore, researchers 
suggested further modifications in the models so proposed by 
addressing these concerns. We have considered financial data 
to develop a model using the modern techniques used so far, 
such as R and Neural Networks. We have studied the existing 
literature on model development to explore the techniques 
used and to understand the gap in existing research. Summary 
of such literature is given in following section. 

To develop credit rating models, methodologies including 
statistical analysis was common [31] because statistical 
techniques result into synergetic output in linear system. In a 
nonlinear system, the accuracy of these models based on only 
statistical techniques decreases [32]. Research conducted in 
Taiwan on 45 credit rating models suggest that the model 
based on Bagging-Decision Tree (Bagging-DT) technique is 
efficient up-to 83% [33]. Use of advanced techniques such as 
neural networking and advanced regressions to develop credit 

rating model is current trend. Since these techniques have 
better predictive ability, we have developed a model using R 
and Neural Network to predict the default status of a company. 

D. Identification of gaps  

Credit rating models should be based on advanced 
techniques. [34], advocated the requirement of improvements 
in existing credit rating models by considering advanced 
techniques to develop the model followed by validation. In the 
situations of increasing number of non-performing loans and 
competition in the financial market, lenders are reluctant to 
use data mining tools to support credit decisions. Artificial 
neural networks represent a new family of statistical 
techniques and promising data mining tools that have been 
used successfully in classification problems in many domains 
[35]. Reference [36], advocates the requirement of a model 
based on neural network for credit admission evaluation and 
also for monitoring the ongoing health of credit customers. In 
this paper, we have extended the use of advanced techniques 
such as R and Neural Network to develop the prediction model 
to determine creditworthiness. Following section describes 
the methodology followed to develop such model. 

III. RESEARCH METHODOLOGY 

Research methodology indicate the approach adopted to 
undertake the study. It reflects the set of activities completed 
to achieve desired results [37]. 

A. Target population 

The population for this study was companies rated by 
credit rating agencies of India. We have considered the 
companies rated by these CRAs in year 2021 as population for 
our study. We have identified 506 companies in the first 
screening as population for this study. 

B. Sampling 

From the population of these 506 companies, 165 
companies have defaulted and 341 have not defaulted in year 
2020-21. Fig. 1 represents the way these 506 companies were 
filtered to get the final sample of 100 companies. This sample 
is designed using simple random sampling technique as we 
have selected the companies based on two criteria: listing 
status and non-zero instrument size [38]. The total sample size 
of 100 companies is selected using simple random sampling 
technique and also by elimination method to remove 
companies that were not listed within the period covered by 
this study [39]. 

 

Fig. 1: Sample Construction 

• In primary screening, the data from websites of 07 
Indian credit rating agencies are collected for the 
companies that have defaulted and non-defaulted with 
non-zero instrument size. For this, the period 
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considered is year 2020-21. We got 506 such 
companies in this screening 

• Out of these 506 companies, only 203 companies are 
listed on National Stock Exchange, India. We have 
applied this filter to increase the possibility of data 
availability through secondary sources 

3. Off 203 listed companies, 86 have defaulted during the 
period of year 2020-21 and 117 have not defaulted. We 
have selected 100 companies as sample using simple 
random sampling. 

C. Data collection and partition 

Financial data are collected from the website of National 
Stock Exchange and respective companies. Financial factors 
against which the data is collected given in Table 1. 

Table 1: Identification of Financial Factors through Literature 

Sr. 

No. 

Financial 

Variable 

Abbreviation Authors/Ref

erence 

1 

Gross 

Income/Other 

/Income/Total 

Income 

GI/OI/TI [40] 

2 
Total 

Expenditure 
TE [2] 

3 Earning after Tax EAT [40] 

4 
Earnings per 

Share 
EPS [41] 

5 Current Assets CA [42] [43] 

6 
Current 

Liabilities 
CL [42] [43] 

7 Fixed Assets FA [43]  

8 Equity Equity [44] [45] 

9 
Reserves and 

Surplus 
RandS [9] 

10 Amount of Debt Debt 
[46] [47] [48] 

[44] [45] 

 

Data for these factors are collected from the website of 
stock exchanges. Fig. 2 represents the data frame with six 
representing rows. In R studio, head (df) generates first six 
rows as default representative rows. 

 

 

Fig. 2: Data frame 

D. Partition of data 

In this study, we have used Neural-net package to build 
neural network to derive results. Splitting a dataset into 
training and testing sets is a central part of assessing data 
mining models. Normally, when a data set is divided into a 
training set and testing set, the highest portion of the data is 
used for training and a smaller fraction of the data is used for 
testing. In this paper, the Neural Network algorithm is trained 
using 70% dataset and tested with 30% dataset [49].   

 

Fig. 3: Data Partition 

The partition as in Fig. 3 is done using packages of R 
programming because they provide higher accuracy. 

IV. DATA ANALYSIS AND DISCUSSIONS 

To develop a model for prediction of creditworthiness or 
default chances, we have written an R code using “Neural-net” 

package available in R Studio (package ‘neural-net’ was built 
under R version 4.1.1). In Neural-net package, the model is 
trained to predict the probabilities based on which the default 
status can be understood. Probabilities of default are 
calculated for each company and, if the same is more than 
50%, the company is categorised as default and vice versa. 
These probabilities for first ten companies is shown in Fig. 4. 

 

Fig. 4: Default Probabilities 

This model considered all parameters and correlated them 
with default status. These iterations were repeated for all the 
train data set and recurrently assigns weights to these 
parameters. These weights were modified until the desired 
result is obtained [50]. The Neural Network model with these 
iterations is shown in Fig. 5. First layer of 12 circles represents 
the input layer. In this layer, all 12 input variables are listed; 
arrows proceeding towards second layer contains respective 
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weights assigned to the variable. Second and third layers are 
called hidden layers. Last layer in Fig. 5 is called as output 
layer. The model predicts whether company will default or not 

through last layer called as output layer. Number on each 
arrow indicates the weights assigned to respective variable 
[51]. 

 

Fig. 5: Neural Network Model 

Confusion matrix is used to assess the accuracy of 
automatic classifications [52] and suggests the way the model 
understood the data [53]. Fig. 6 represents the confusion 
matrix generated on processing the data as per code 
developed. The confusion matrix contains all necessary 
information to determine metrics which are used to evaluate 
the performance of a model [54]. 

 

Fig. 6: Confusion Matrix for train data 

The accuracy of the model can be calculated using 
following formula [54] [55]: 

Total correct predictions/Total predictions made) * 100 

Accuracy = {(TP + TN) / (TP + TN + FP + FN)} * 100 

Accuracy = {(32 + 16) / (32 + 16 + 05 + 15)} * 100 

Accuracy = 70.58%  

Model developed using Neural-net package of R Studio 
[56] can predict the creditworthiness with 70.58% accuracy. 
The model further applied the code to test data of remaining 
32 companies and generated the result shown in Fig. 7. 

 

Fig. 7: Confusion Matrix for test data 

From Fig. 7, the accuracy of the model developed can be 
calculated as 68.75%. Our model has significantly predicted 
the accuracy of default. In this study we have trained the 
model to categories companies as default if the probability of 
default is more than 50%. To interpret the results, Fig. 4 can 
be referred. In Fig. 4, the companies having default 
probabilities more than 50% are categorized as default. For 
instance, in train data, company 1 and in test data, company 2 
will be categorized as default as the probability of default is 
more than 50%. Fig. 5 suggest the input as values of financial 
parameters and output as default status. The diagram in Fig. 5 
is called as Neural Network Model. Such models are best used 
when there is a significant experimental data exists and the 
objective is to develop some predictive relationships [57]. 

V. CONCLUSION AND SCOPE FOR FUTURE RESEARCH 

Using financial data of 100 companies listed on Indian 
stock exchanges, a model which can predict about the default 
vis-à-vis creditworthiness of a company. We have developed 
a code in neural network and R. the output of model suggests 
that the default can be predicted with an accuracy of 70.58% 
using this model. The neural network diagram suggested the 
way these financial variables contribute in determining default 
status of the company. By way of adjusting the weights to all 
these financial factors we have trained the model on 70% of 
the data and tested the results on 30%. Researchers can take 
this piece of work forward and can add more financial 
variables to the list to make the model more lucid in terms of 
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coverage. Model validation can be done in the future using 
other sample companies. The model can be used by lenders to 
assess the default status of their clients. This model can also 
be used by companies to self-evaluate the credit default status 
using their financial data. The model developed in this 
research paper is limited to the factors considered. However, 
more factors can be added and the model can be improved 
with large sample size.  Our results indicate that neural 
networks offer a promising avenue if the data provided to the 
model is correctly classified and adequate. The performance 
of generic models was not as good as the customized models, 
particularly when it came to correctly classifying bad loans 
[58], therefore the model developed in this paper gained an 
advantage of customization as per the data availability. 
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Customer satisfaction compares the performance expected by 
the customer to the actual performance in the field. The Online 
Shipping Transportation Information System (SIAPOL) is an 
application at the East Java Provincial Transportation Service 
that aims to provide better-licensing services initially offline to 
online. Every year this application is developed to improve 
performance services, but the service quality has never been 
evaluated. So it is necessary to analyze customer satisfaction 
related to service services through SIAPOL. This study aims to 
analyze the performance of SIAPOL services in providing 
customer satisfaction. This research is a confirmatory exploratory 
study using ServQual variables. Data processing using Smart PLS 
(Partial Least Square). The results showed that consumer 
expectations in this licensing service research are highest in the 
Empathy variable sequentially followed by the Responsiveness, 
Assurance, Reliability, Tangible variables. Variables that have not 
satisfied consumers are Assurance and Tangible related to 
timeliness and availability of infrastructure that consumers feel 
directly.     

Keywords: Service Performance, Consumer Satisfaction, 
SIAPOL 

I. INTRODUCTION 

The development of information technology causes a 
cultural shift. This is felt by the community, companies, and 
organizations. This fact is a challenge for the government and 
the Department of Transportation to create better public 
services. Service quality is one of the determinants of success 
that affects people's satisfaction. The new adoption of service 
quality is web-based service quality. The Online Shipping 
Transportation Information System (SIAPOL) is an 
application that has a function as a service media for 
requesting recommendations in the field of sea transportation 
in the work area of the East Java Provincial Transportation 
Service. According to [1], satisfaction is a person's feelings of 
pleasure or disappointment that come from comparing his 
impression of the performance or results of a product and the 
results of a product and his expectations. Quality 
measurement commercial services through web applications 
are measured using online service quality indicators, including 
website functionality, design, personalization, security, speed, 
interactivity, usability, responsiveness, and reputation [2]. 
Another study on E-Government was also conducted by [3] in 
the Philippines to measure the quality of public services using 
the 5-dimensional ServQual method with indicators of 
Tangibility, Reliability, Responsiveness, Assurance, and 
Empathy. 

II. CONCEPTUAL 

A. Consumer Satisfaction 

Consumer satisfaction is a consumer's evaluation of a 
product or service in terms of whether the product or service 

meets the needs and expectations of consumers [4]. [5] states 
that consumer satisfaction is a condition where a product or 
service meets or exceeds customer expectations so that 
customers feel satisfied; it is said that there is a relationship 
between quality, service, and satisfaction. This difference 
becomes more evident by considering that customer 
perceptions determine quality and service, and customer 
satisfaction is the perception of customers whose expectations 
have been met. Meanwhile, according to [6], consumer 
satisfaction is the overall way consumers show attitudes 
towards service providers or emotional reactions to 
differences between what consumers expect and what they 
receive. 

B. Service Quality 

The definition of service quality is centered on efforts to 
meet consumer needs and desires and delivery provisions to 
balance consumer expectations. [7] stated that service quality 
is a dynamic condition associated with products, people, 
processes, and the environment that meet expectations, 
including the level of perfection expected and control over that 
perfection to meet consumer needs. In other words, two 
factors affect quality, namely the desired service and the 
unexpected service. E-Servqual, according to [8], can be 
measured from features, performance, reliability, aesthetics, 
storage capacity, comfort and system integrity, serviceability, 
trustworthiness, differentiation, responsiveness, web policies, 
warranties, reputation, and empathy. [9] measure E-Servqual 
of reliability, privacy/security, website design, and customer 
service. Meanwhile, [10] estimate the E-SQ of the website, 
design, reliability, responsiveness, trustworthiness, and 
personalization. 

III. METHOD 

The research design used in this research is quantitative, 
that is, a study whose data is processed and tested with a 
statistical approach with the help of Smart PLS tools. From 
this research, consumer satisfaction with the service 
performance of the Prov will be known. Transportation 
Service. East Java through the SIAPOL application as 
measured by the Servqual variables, namely Reliability, 
Responsiveness, Assurance, Empathy, and Tangible. 

A. Research Variables 

The research variables used are sourced from previous 
research by [2] on Online Service Quality (E-Service 
Quality), which is adjusted to the activities and service 
characteristics shown in the following Table 1. The Table 
also presents the indicators for each variable, including 
independent variables (X) and also dependent variable (Y). 
The description of each indicator is presented. 
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TABLE I.  RESEARCH VARIABLES 

 Variables Indicator Indicator Description 

Reliability (RL) 
  

RL1 
When SIAPOL users face problems, the 
Team from the Service will help quickly 

RL2 
The team is reliable for solving 
problems within the promised time 

Responsiveness 
(RV) 
  

RV1 
The service team responds positively to 
every user who consults 

RV2 
The Service Team can adequately 
handle user complaints 

RV3 
The team is always ready to help 
consumers get what they want when 
using SIAPOL 

RV4 
The solutions provided by the team are 
by what consumers need 

Assurance (AS) 
  

AS1 
The service guarantees the fulfillment of 
requests according to applicable 
regulations 

AS2 
The office guarantees the completion of 
recommendation permits on time 

Empathy (EM) 
  

EM1 
Clarity of information on consumer 
needs when using SIAPOL is important  

EM2 
The Service Team understands 
consumer problems 

Tangible (TA) 
  
  

TA1 
Good service provides reasonable and 
adequate infrastructure (computer) 

TA2 
Good service provides convenient 
service facilities (WIFI availability) 

TA3 
SIAPOL can be easily understood in 
terms of the language and function of 
the module 

Customer 
Satisfaction (Y) 
  
  
  
  

Y1 
This SIAPOL application helps you in 
taking care of licensing sea 
transportation recommendations 

Y2 
This SIAPOL application improves the 
service quality of the Service 

Y3 
The service information presented at 
SIAPOL is complete 

Y4 
The process for managing the 
recommendation application has met 
your expectations/has been satisfactory 

Y5 
The SIAPOL technical officer has done 
an excellent job 

  

B. Model 

 
Fig. 1. Modeling on Smart PLS 
 

C. Respondent 

After collecting data from 20 September 2021 to 30 October 
2021 using a questionnaire survey to SIAPOL users (license 
applicants), 56 questionnaires were collected. 

IV. RESULT 

The characteristics of SIAPOL users from the 
questionnaire results can be seen in Table 2. The research 
results based on descriptive analysis data obtained from the 
questionnaire survey found that the total average value of the 
gap between perceptions and expectations is 0.46. A positive 
value (expectations minus perceptions) obtained from all 
dimensions of the Servqual variable means that service quality 
has not met consumer expectations, as shown in Table 3. 

TABLE II.  CHARACTERISTIC OF RESPONDENT 

Characteristics Description Percentage 

Gender 
  

Male 58.93% 

Female 41.07% 

Age 
  
  

21 - 30 26.79% 

31 - 40 37.50% 

41 - 58 35.71% 

Position 
  

Staff 55.36% 

Leader 44.64% 

 

TABLE III.  EXPECTATIONS VALUE 

Variable 
Average 

Expectations 
Average 

Perceptions 
Gap 

Ranking 
Gap 

Reliability 4.38 4.06 0.32 5 

Responsiveness 4.45 4.06 0.39 4 

Assurance 4.38 3.81 0.57 2 

Empathy 4.48 4.01 0.47 3 

Tangible 4.34 3.77 0.57 1 

Total Average 4.41 3.94 0.46  

Variable Reliability is the closest service to consumer 
expectations, with the smallest gap value of 0.32. This 
variable includes services that can be trusted and relied on. By 
entering the loading factor data from Smart PLS and 
calculating the mean of the respondent's data into the 
quadrant, an Importance Performance Analysis is carried out 
with the results shown in Table 5.  

TABLE IV.  IMPORTANCE PERFORMANCE ANALYSIS 

 Load Factor Value 

A
ve

ra
ge

 v
al

ue
 

Quadrant II: Quadrant I: 

Low Loading Factor,  High Loading Factor,  

High average score High average score 

Status: Possible overkill  
Status: Keep up the Good 
Work  

Quadrant III: Quadrant IV: 

Low Loading Factor,  High Loading Factor,  

High average score Low average score 

Status: Low Priority  Status: Concentrate Here  
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TABLE V.  POSITION OF EACH INDICATOR 

No Indicator Mean 
Load 

Factor 
Quadrant 

Status 
Description 

1 RL1 4.054 0.958 I Keep up the good work 

2 RL2 4.071 0.960 I Keep up the good work 

3 RV1 4.107 0.949 I Keep up the good work 

4 RV2 4.125 0.955 I Keep up the good work 

5 RV3 4.000 0.939 I Keep up the good work 

6 RV4 4.054 0.934 I Keep up the good work 

7 AS1 4.054 0.951 I Keep up the good work 

8 AS2 3.607 0.942 IV Concentrate here 

9 EM1 4.018 0.960 I Keep up the good work 

10 EM2 4.018 0.960 I Keep up the good work 

11 EM3 4.071 0.954 I Keep up the good work 

12 TA1 3.750 0.941 IV Concentrate here 

13 TA2 3.768 0.967 IV Concentrate here 

14 TA3 3.946 0.911 IV Concentrate here 

15 Y1 3.661 0.933 IV Concentrate here 

16 Y2 3.696 0.926 IV Concentrate here 

17 Y3 3.589 0.907 IV Concentrate here 

18 Y4 3.536 0.894 IV Concentrate here 

19 Y5 3.571 0.851 IV Concentrate here 

Notes:  Mean < 4 (If point 4 is stated to be satisfied in the 
questionnaire, then for values below four it is categorized as 
not satisfied) 

 From Table 5, several indicators representing the Servqual 
Variable are located in quadrant IV, including AS2, TA1, 
TA2, and TA3. In addition, all indicators that reflect customer 
satisfaction (Y1-Y5) are also found in Quadrant IV. 

It can be seen in Table 6 that the Assurance and Tangible 
variables significantly affect customer satisfaction, while the 
other variables are less significant. Moreover, in this variable, 
the service is still considered lacking, as evidenced by the 
analysis results in Table 5 Quadrant Locations for each 
indicator. These indicators are in quadrant IV “concentrated 
here. 

TABLE VI.  EFFECT ON CUSTOMER SATISFACTION  

Variable Effect 
T 

statistics 
P 

values 
Result 

Assurance ˗˗˗˃ Consumer 
Satisfaction  

2.035 0.042 significant 

Empathy ˗˗˗˃ Consumer 
Satisfaction  

0.148 0.882 Not Sig. 

Reliability ˗˗˗˃ Consumer 
Satisfaction  

0.767 0.443 Not Sig. 

Responsiveness ˗˗˗˃ 
Consumer Satisfaction 

0.41 0.682 Not Sig. 

Tangible ˗˗˗˃ Consumer 
Satisfaction  

2.313 0.021 significant 

 

V. DISCUSSION 

The average respondent's answer for the AS2 indicator is 
3,607. At the same time, the respondent's expectation is 4.29. 

Empirical conditions support this wherefrom the SIAPOL 
application; there is a delay from the predetermined schedule. 
The guarantee that the permit at SIAPOL is completed within 
14 days is not always by the contract; the 14-day warranty is 
a complete and fulfilled file record. This kind of thing does 
not reach consumers with incomplete and ineligible files. In 
the analysis of respondent data, the AS2 indicators have not 
met consumer expectations. [1] states that satisfaction is a 
person's feeling of pleasure or disappointment after comparing 
the expected product performance (perception) to the 
expected performance or results (expectations). So it can be 
said that AS2 has not met customer satisfaction. 

The research results by [12] regarding management 
perceptions of service quality practices in organizations 
carried out at the One-Stop Service Institute in Southeast 
Sulawesi using the Servqual method and 116 respondents 
concluded that assurance is an assurance, not a significant one 
variable. Effect on consumer satisfaction. This is different 
from the research here because this research is based on 
consumer perceptions and expectations, which are different 
according to practice and empirical conditions, as evidenced 
by the mean value of perception. Variable assurance in [12] 
research has the highest value compared to other variables, 
which is 4.01, while research on consumer satisfaction on the 
quality of this licensing service is 3.81. 

In implementing SIAPOL licensing, the agency only 
provides 1 PC and one printer (TA1). Some permit applicants 
who visit the office bring hardcopy files and hope to process 
permits immediately; some difficulties can be handled 
directly. However, because they did not get adequate facilities 
such as PCs, printers, scanners, and the convenience of online 
management, these expectations were not fulfilled. It is 
evidenced by the average value of the respondent's data for 
expectations on the TA1 indicator of 4,393. While the 
perception of 3750. 

From observations on field conditions, wifi (TA2) 
facilities are available for official guests but with limited 
bandwidth, so it is caused that the process of uploading the 
documents is not smooth. This causes a feeling of 
disappointment in consumers because, according to 
consumers, the Department should prepare adequate 
infrastructure for the benefit of the community. This condition 
is supported by respondent data showing the average value of 
expectations for the TA2 indicator is 4,375, while the average 
value of perception is 3,768.  

In the TA3 indicator, it is found that consumers are less 
able to understand the SIAPOL language, which may be too 
formal, rigid and the explanation of the information in the 
licensing process is not clear. This is supported by the fact that 
in the field, there are still users who ask directly or via 
telephone to officers related to the use of SIAPOL. Conditions 
as above indicate that consumers still face difficulties when 
operating SIAPOL. This supports the results of the 
questionnaire data processing of respondent data showing the 
average value of expectations for the TA3 indicator is 4,429, 
while the average value of perception is 3,946. This means 
that there are still problems in terms of the language and 
function of the SIAPOL module. 

Tangible in customer satisfaction research here has the 
smallest average perception value equal to the analysis of [13] 
has the smallest average perception value of 1.97. From the 
two studies above, tangible is a variable that affects consumer 
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satisfaction, but the implementation in the field does not meet 
consumer expectations. In [14] research which aims to 
measure the quality of higher education services in Thailand 
with the Servqual method by calculating the gap in consumer 
expectations and perceptions using the same research variable 
as research on consumer satisfaction on the quality of 
licensing services, it shows that the tangible variable has the 
most significant gap compared to the variable. The other 
meaning is that the implementation of services in the field has 
not met the expectations of the 350 student respondents he 
studied. Still, in this study, the significance of the direct 
influence on consumer satisfaction was not analyzed. The 
similarity between the two studies is that consumer 
satisfaction has not been fulfilled intangible variables related 
to the fulfillment of infrastructure that consumers can feel 
directly. Completing satisfaction with this variable requires 
further studies related to the priority needs of facilities and 
infrastructure needed by consumers. 

VI. CONCLUSION 

The study results concluded that consumer satisfaction 
with the quality of licensing services at the Department of 
Transportation of East Java Province with the SIAPOL 
application met consumer expectations on Variable 
Reliability, Responsiveness, and Empathy. Meanwhile, 
Variable Assurance and Tangible have not met customer 
satisfaction regarding the accuracy of licensing completion 
and the availability of infrastructure that consumers feel 
directly. 

VII. LIMITATION 

The research focuses only on licensing services with the 
SIAPOL application (the stage of issuing licensing 
recommendations) in determining service quality. However, 
many other factors affect the service level of the Service; 
besides that. The research variables are also relatively few 
and can be expanded to obtain better results, so further 
research is needed to improve this research. Improvement 
efforts need to be evaluated and further researched in 
improving the quality of licensed services so that customer 
satisfaction can be met. 
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Abstract—The primary voltage control can be obtained 

when the voltage kept varying while the measurement is to be 

carried out at the terminals in the case if the generators which 

are large capacity. The control if the voltage can be done when 

the current can be varied which is flowing in case of the field 

for the machine having synchronous nature while the voltage 

regular must be automatic for the generator. In the present 

work the distribution system is studied for the case of the D-

STATCOM based voltage sag and the S-STATCOM based 

voltage well conditions through the MATLAB software. The 

simulation results shall be obtained for these cases through the 

software. The three phase voltage as well as the current for the 

case of transmission line having at the bus bar have also been 

obtained for the different cases. The receiving end bus bar 

measurement for the cases shall be obtained as the graphical 

format. 

Keywords—D-STATCOM, MATLAB, transmission line and 

voltage sag  

I. INTRODUCTION 

The transmission system as well as in the distribution 
system is observed that the there are different nonlinear loads 
because of which the quality of the power has been the issue 
and which is to be solved. It is also observed that in the 
power is polluted in that case that may of the performance 
parameter as well as the life of the the particular case, 
therefore power quality is very important parameter apart 
from voltage and to address for the effective system. Because 
of the voltage variation as well as the power factor which is 
also considered to be very poor this leads to to less effect on 
eyes in the quality of the power which is to be considered not 
only the utilities but also by the customers.  

The power system which are now generally electrical in 
nature and got generated since 150 years which have become 
now the very e big network and that is to be supported and 
give the power through the generators which are having a big 
capacity. In earlier days there used to be the power station 
which have the fuel related to the nuclear as well as fossil 
fuels. There used to be the connection of the transmission 
system to the power station or some kind of substation 
because of which the performance of the system is to be 
carried out. 

The new technology which is considered to be the smart 
grid which basically consists of the networks which are semi 
autonomous and have a terrific capability to generate their 
energy when there is a proper connection as well as working 
condition effectively. It is found that there is increase in the 
network system particular distribution network while the 
importance has become lesser for the case of transmission 
system.  The objective of the present work is to get the 

quality related to the power supply with the help of 
technology that is D- STATCOM. 

II. LITERATURE SURVEY 

The performance of the system have been carried out 
with the help of compensation in the case of reactive current 
and it is achieved when the the reactance related to the 
capacitive as well as inductive has been varied properly. The 
author also study the control which is computational related 
to the feedback type system as well as for the system of feed 
forward.  

The study has also been carried out related to the 
measurement of reactive power as well as the calculation 
related to the compensation when the the harmonics is 
observed in the case of power system having the distorted 
three phase as well as there is negligible sequence current. 
The approach for the case of reactive power which is 
considered to be instantaneous has been studied by the 
author. (1) 

The innovative technology related to the control methods 
which have the vector method as well as active method and 
considered to be very instantaneous while the condition is 
considered to be transient. The innovative method related to 
the control and consisting of the feeder called shunt has been 
studied by the authors so that the harmonics can be 
controlled very effectively while the unbalanced harmonics 
have also been studied considering the effect of component 
related to the reactive current as well as the active current 
which is instantaneous.(2) 

The review of of various method related to the control 
considering the effect of reactive power as well as active 
power study by the author. Free study related to the converter 
which are cell committed as well as defect of thyristor its 
analysis design and application have also been studied.(4) 

The hybrid system consisting of BES and STATCOM 
system which is very good in the effectiveness and to 
improve the system stability wiley the quality of the power is 
also maintained effectively. The proportional integral 
controller which is used for the effectiveness as well as 
controlling the input current which SHPF & DC voltage of 
the bus system have been investigated. (6) 

The Innovative technique related to the proportional 
integral and based on the control system which is nonlinear 
and have the DC bus voltage as well as SHPF  input current 
have been studied by the author effectively. There is the 
generation of the sinusoidal current in the face which have 
the system related to the voltage but the state is steady 
condition apart from the condition of the dynamic. 
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III. PROPOSED APPROACH 

The theory of conventional P-Q has been used for the 
case of the real power theory instantaneous and please Siri 
consisting of the calculation related to the algebraic 
operations. 

 
Fig. 1. Connection Diagram for the system 

In this case the operation can be carried out in the case of 

steady state or even in the case of transient state and this can 

also be used in the case of the system which is having 

generic voltage or the system which is having the current 

power. The system will have the control related to the 

printers which are active power and that's too in the case of 

realtime database. 
 

 
Fig. 2. Block diagram for the subsytem related to the controller 

There should be supply by the active filter related to the 
ocean which is having the effect of oscillation for the case of 
load having the effect of active current instantaneous because 
of which there is the duration of the current which is having 
the nature of sinusoidal. 

A. Instantaneous power theory for D-STATCOM controller  

This theory is derived based upon the p-q theory which is 
conventional and the concept regarding the instantaneous 
power theory. In this theory instantaneous source voltage 
which are vsa, vsb and vsc have been transformed to the α −β 
coordinate’s having the voltage of vα , vβ with the help of 
the Clarke Transformation. 

(1) 

The instantaneous source content like isa, isb and isc 
have also been transformed to the α −β coordinate’s current 
with iα ,iβ Clarke transformation. 

(2) 

Here α & β axes are considered to tbe the coordinate 
which are orthogonal, the α-axis consist of Vα and iα while 
β-axis consisting Vβ and iβ. 

IV. MATLAB MODELS AND RESULT 

The bus subsystem IEEE5 model has been mentioned in 
the following figure number 3. 

 
Fig. 3. The model of matlab simulation software for the IEEE5 bus system 

From the figure it can be observed that connection of the 
transmission line between the every bus bar why the 
capacitance inductance as well as the resistance related to the 
transmission line have also been mentioned. The connection 
of the two generators with the bus bar 1 and 2 tu and there is 
also the connection of RL loads for the system of the bus. 
There should be the improvement in the case of voltage 
profile for substation when there is a connection in between 
the bus before and D-STATCOM. 

TABLE I.  SIMULATION DATA FOR IEEE5 BUS SYSTEM 

Line 

Number  

From 

Bus  

To 

Bus  

Line impedance (pu) Line 

charging Resistance 

(pu) 

Inductance 

(pu) 

1  1  2  0.02 0.06 0+j0.03 

2  1  3 0.08 0.24 0+j0.025 
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3  2  3  0.06 0.25 0+j0.02 

4  2  4  0.06 0.18 0+j0.02 

5  2  5  0.04 0.12 0+j0.015 

6  3  4  0.01 0.03 0+j0.01 

7  4  5  0.08 0.24 0+j0.025 

 

TABLE II.  MATLAB MODEL DATA USED FOR THE GENERATOR AND 

IEEE5 BUS SYSTEM (PHASE DIFF (PU)=0) 

Bus 

bar 

No 

Bus 

voltage 

(pu)  

Generation (pu)  Load  

Magnitude 

(pu)  

Real 

power 

(MW)  

Reactive 

Power 

(MVAR)  

Real 

power 

(MW)  

Reactive 

power 

(MVAR)  

1 1.060 0 0 0 0 

2 1 40 30 20 10 

3 1 0 0 45 15 

4 1 0 0 40 5 

5 1 0 0 60 10 

 

The figure number 4 states that then the model which 
have been developed in the matlab simulation related to the 
power controller with cheese shunt active in nature. This 
system is act like an inverter and considered to be the 
universal bridge that is used for the conversion of the supply 
which is DC link into the output of AC and then it eventually 
need to be fed in the line of transmission. Since there is firing 
pulse related to the inverter because of which current have 
been controlled for the case of transmission line as the 
controller system is very effective. 

 
Fig. 4. The model with controller sub system having D-STATCOM 

Since the condition of the high loading the voltage drops 
occur for the case of transmission line because of which the 
time controller is responsible for the case of absorption of the 
current in the case of transmission line so that the pulse rate 
get decreases for the case of inverter. While it can also be 
observed that there is increase in the high voltage as the the 
capacitive load is very high and at such time controller make 
the process of insertion of the current in the line of 

transmission so that the pulse rate get increases in the case of 
inverter. 

 
Fig. 5. Clarke transformation system for the case of Valpha calibration and the 

calibration of V-Beta 

 
Fig. 6. The sub system model related to hysteresis for the Imean current condition 

and Ireference current condition 

A. Simulation results without D-STATCOM 

Figure number 4.4 mentions related to the transmission 
line having the end voltage as well as current and this 
consists of the condition related to the voltage sag as well as 
voltage swell. 

 
Fig. 7. Sending end three phase voltage and current of transmission line 

with voltage sag at bus bar 1 

The simulation time required is only one s where the the 
occurrence of the voltage sag observed for the time of 
simulation from 0.1 to 0.5 sec. It is observed that the 
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fluctuation in the voltage of been presented for the case of 
transmission line having the case sending end voltage. 

 
Fig. 8. Receiving end three phase voltage and current of transmission line 

without voltage swell at bus bar 4 

B. With voltage swell condition 

a) Sending end bus bar measurement (Bus 1) 

 
Fig. 9. Sending end three phase voltage and current of transmission line 

with voltage swell at bus 1 

a) Receiving end bus bar measurement (Bus 4) 

The figure shows that the transmission line with the 
condition of receiving the n voltage as well as the current 
waveform. This figure the x-axis is related to the simulation 
time and the y-axis is related to the voltage magnitude and 
magnitude of the current. From the figure it can be observed 
that the receiving condition of the end voltage for the case of 
transmission line or in the case of the lord side have been 
observed even in the case of disturbance for the voltage sag 
having the same value. 

 
Fig. 10. Receiving end three phase voltage and current of transmission line with 

voltage swell at bus 4 

C. Simulation Results with PI Controller D-STATCOM 

system (with voltage sag) 

a) Sending end bus bar measurement (Bus 1) 

 
Fig. 11. Sending end three phase voltage and current of transmission line 

with voltage sag at bus 1 with PI Controller based D-STATCOM 

b) Receiving end bus bar measurement (Bus 4) 

 
Fig. 12. Receiving end three phase voltage and current of transmission line with 

voltage sag at bus 4 with PI Controller based D-STATCOM 
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D. Simulation Results with PI Controller D-STATCOM 

system (with voltage swell) 

a) Sending end bus bar measurement (Bus 1) 

 
Fig. 13. Sending end three phase voltage and current of transmission line 

with voltage swell at bus 1 with PI Controller based D-STATCOM 

b) Receiving end bus bar voltage (Bus 4) 

 
Fig. 14. Receiving end three phase voltage and current of transmission line 

with voltage swell at bus 4 with PI Controller based D-STATCOM 

E. Simulation Results with Fuzzy Controller D-STATCOM 

system (With voltage sag) 

a) Sending end bus bar measurement (Bus 1) 

 
Fig. 15. Sending end three phase voltage and current of transmission line 

with voltage sag at bus 1 with Fuzzy controller based D-STATCOM 

b) Sending end bus bar measurement (Bus 4) 

 
Fig. 16. Receiving end three phase voltage and current of transmission line with 

voltage sag at bus 4 with Fuzzy controller based D-STATCOM 

F. Simulation Results with Fuzzy Controller D-STATCOM 

system (With voltage swell) 

a) Sending end bus bar measurement (Bus 1) 

 
Fig. 17. Sending end three phase voltage and current of transmission line with voltage 

swell at bus 1 with Fuzzy controller based D-STATCOM 

b) Sending end bus bar measurement (Bus 4) 

 
Fig. 18. Receiving end three phase voltage and current of transmission line with 

voltage swell at bus 4 with Fuzzy controller based D-STATCOM 

G. Conclusions 

In the present work the study have been carried out 
related to the literature survey for the case of FACT 
controller with the different types of it apart from the 
controlling techniques to the FACTS controller. The standard 
set data set of IEEE have been used to design the bus system 
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of IEEE5, the data set is related to the power system with 
real time condition. The design process related to the 
controller which is hybrid in the case of controlling the 
system of D-STATCOM in the case of controlling the 
voltage profile have been successfully carried out. 

Analysis of the result for the case of system which have 
been worked in the condition just like normal condition as 
well as abnormal condition and that includes voltage swell 
condition apart from voltage sag condition. The calibration 
of the power loss having carried out when the controller is 
considered to be system of the fuzzy logic and the design of 
such system have also been successfully carried out. 
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Abstract: Skin Cancer is seen as one of the most hazardous forms 

and common types of cancer in the world. Each year there are 

approximately more than 10 million new cases of skin cancer 

recorded globally – this number is alarming. The survival rate is 

very low if diagnosed in later stages. Artificial Intelligence can 

play a very important role in using Medical Image Diagnosis to 

detect this disease in early stages. However, the AI systems for the 

classification of different skin lesions, are still in the very early 

stages of clinical application in terms of being ready to aid in the 

diagnosis of skin cancers. Moreover, there are not many players 

who are doing research in this direction for conditions specified 

in the Indian subcontinent. The present paper focusses on  

advancement in  AI solutions in digital image based computer 

vision   for the diagnosis of skin cancer, Some of the challenges 

and future opportunities to improve the ability to diagnose skin 

cancer in early stages have also been discussed. Using the HAIS 

AI tool, we present a computer-aided method, using computer 

vision and image analysis algorithms for Skin Cancer diagnosis, 

with improved accuracy. Our solution is focused on the Indian 

sub-continent and envisions catering to varied business needs that 

provide flexibility on its adoption and use. 

Keywords: Artificial Intelligence, Healthcare, DCNN, Skin Cancer, 

Image classification 

I. INTRODUCTION 

Cancer is the out-of-control growth of abnormal cells. Cancer 
of skin is manifested by such growth in the epidermis, caused 
by unrepaired DNA damage that triggers mutations. These 
mutations lead the skin cells to multiply rapidly and form 
malignant tumours. The main types of skin cancer are Merkel 
cell carcinoma (MCC), melanoma, squamous cell carcinoma 
(SCC), and basal cell carcinoma (BCC). Very high exposure to 

sun’s harmful ultraviolet (UV) rays and the use of UV tanning 
beds[3] are the two main factors which increase the possibility 
of having skin cancer Fortunately if skin cancer is caught early, 
it can be treated with little or no scarring and it may even be 
eliminated entirely. The doctor may even detect the growth 
before it has become a full-blown skin cancer or penetrated 
below the surface of the skin. 

During a skin cancer screening, a dermatologist makes use of 
a dermatoscope to check your moles as well as check through 
the medical history of the patient. Skin biopsy is the main test 
needed to diagnose and determine the extent of skin cancer.[1] 
Biopsy needs removing either a small amount of tissue from 
the suspected skin lesion or removing the entire suspicious 
mole and examining it under a microscope to determine if it’s 
cancerous.. However, it is shown in a cited reference that even 
a  trained dermatologist has an accuracy of less than 80% in 
correctly diagnosing the skin cancer.[4] .In addition to this 
inaccuracy, there are not many skilled dermatologists available 
globally in public healthcare. [5] 

The potential discovery of artificial intelligence (AI) to 
improve skin care detection has led to an increasing application 
of AI techniques such as deep learning, computer vision[18], 
natural language processing, and robotics. However, the use of 
AI algorithms in Indian healthcare context is limited to certain 
specialised treatment and therefore we see a huge prospect in 
terms of technology adoption, especially in early detection of 
skin cancer in patients. Since the cost of diagnosis is very high, 
image based predictive model will be very useful for doing the 
initial prediction and initiating a need to seek expensive and 
specialised doctor treatment. Saving time and reducing latency, 
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will be the best solution to the problem. More than 60% of the 
diagnosis is based purely on pathological study, the use of 
Computer Vision and Convolution Neural Networks may be 
used even for processing images of samples. The use of 
machine learning in general and deep learning in particular 
within healthcare is still in its infancy, but there are several 
strong initiatives across academia, and multiple large 
companies are pursuing healthcare projects based on machine 
learning. Not only medical technology companies, but also 
technology giants like Google Brain [6], DeepMind [7], 
Microsoft [8] [25] and IBM [10] are working in this direction. 
Also, there are plethora of small and medium-sized businesses 
coming forward in this field.  

Deep Learning became an important tool in skin cancr imaging 
with the advent of convolutional neural networks (CNNs), a 
powerful way to learn useful representations of images and 
other structured data. As the use of Convolutional neural 
network (CNN) has made possible to use features learned 
directly from the data, many of the handcrafted image features 
were typically rendered obsolete as they turned out to be 
ineffective as compared to feature detectors found by CNNs.  

In effect Computer Vision approach is now being widely used 
for skin cancer detection. For segmentation of skin lesion in 
the input image, existing systems either use manual, semi-
automatic or fully automatic border detection methods. The 
features to perform skin lesion segmentation used in various 
papers are: Shape, colour, texture, and luminance are being 
used as the features to perform skin lesion segmentation..  
Histogram thresholding, global thresholding on optimised 
colour channels followed by morphological operations, hybrid 
thresholding are also being used as methods to depict.Different 
image processing techniques have been used to extract such 
features like the ABCD rule of dermoscopy, which suggests 
that asymmetry is given the most prominent among the four 
features of asymmetry, border irregularity, color and diameter.  

 

II. CNN Methods 

In simple terms, a Convolutional Neural Network 
(ConvNet/CNN) is a Deep Learning algorithm which can take 
in an input skin image, assign importance (learnable weights 
and biases) to various aspects/objects in the image and be able 
to differentiate one from the other. [11] A CNN has multiple 
layers of convolutions and activations, often pooling layers are 
interspersed within these. The network is trained using 
backpropagation and gradient descent as for standard artificial 
neural networks. CNNs typically would have fully connected 
layers at the end whence the final outputs will be computed. 

A. Convolutional layers:  

In the convolutional layers the activations from the previous 
layers with skin images are convolved with a set of small 
parameterized filters, collected in a tensor W(j,i), where j is the 

filter number and i is the layer number. Each filter sharing the 
exact same weights across the whole input there is a drastic 
reduction in the number of weights that need to be learned. The 
motivation for this weight-sharing is that features appearing in 
one part of the image likely also appear in other parts.[9]. The 
tensor of feature maps is produced by applying all the 
convolutional filters in all locations. 

B. Activation layer:  

Through  the nonlinear activation functions the feature maps 
produced in previous step are fed. This makes it possible to 
detect Skin cancer to approximate almost any nonlinear 
function by the entire neural network[12]. The activation 
functions are generally the very simple rectified linear units, or 
ReLUs, defined as ReLU(z) = max(0, z), or variants like leaky 
ReLUs or parametric ReLUs. Feeding the feature maps 
through an activation function produces new tensors, typically 
also called feature maps.   

C. Pooling:  

Each feature map produced by feeding the data through one or 
more skin cancer convolutional layer is then typically pooled 
in a pooling layer. Pooling operations take small grid regions 
as input and produce single numbers for each region. The 
number is usually computed by using the max function (max-
pooling) or the average function (average pooling). Since a 
small shift of the input image results in small changes in the 
activation maps, the pooling layers gives the CNN some 
translational invariance[15].   

 Removing the pooling layers simplifies the skin care network 
architecture without necessarily sacrificing performance.  

D. Dropout regularization:  

It is an averaging technique based on stochastic sampling of 
neural networks. Neurons are randomly removed during 
training which ends up in slightly different networks for each 
batch of training data. The weights of the trained network are 
tuned based on optimization of multiple variations of the 
network[18].  

E. Batch normalization:  

Typically activation layers are placed before the batch 
normalization layers producing normalized activation maps.  
Inclusion of normalization forces the network to periodically 
change its activations to zero mean and unit standard deviation 
as the training batch hits these layers, which speeds up training. 
This also  makes it less dependent on careful parameter 
initialization.  [13] 

III. HAIS SOLUTION 

HAIS (Health Care AI Solutions) is in the business of 
providing intelligence and solutions to business, which can 
save time and cost using transformational technology. We are 
a team of people who believe that AI can bring a world of 
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change in various fields, with the culmination of technology 
and domain expertise. We plan to venture into un-tapped 
potential in various business domain including healthcare, 
where artificial intelligence can be used to resolve various 
health care problems. 

A. HAIS IT Platform for Early Detection of Skin Cancer 

Our solution is focused on early detection of skin cancer with 
precision for Indian sub-continent and envisions catering to 
varied business needs that provides flexibility on its adoption, 
for example –   
1. Embed AIML capabilities within existing hospital solution,   
2. Deploy HAIS IT platform as a separate solution,   
3. Provide mobile interface to enable remote medical 
counselling.   
The steps followed are  
 
 In the primary-care setting were used in large skin section 

of images. The images acquired are wide-field image, 
acquired with imaging devices, scanners, cameras, etc. 

 Pigmented skin lesions are detected, extracted, and 
analyzed by an automated system.  

 A pre-trained Deep Convolutional Neural Network 
(DCNN) determines the suspiciousness of individual 
pigmented lesions and color maps them (green= safe, 
yellow = consider further inspection, red = requires further 
inspection or referral to dermatologist).  

 Further assessing was done using pigmented lesions  
 

DCNN AI algorithm will be trained on a powerful computer, 
and trained model will be deployed on the HAIS IT Platform. 
Then new images are collected on HAIS IT Platform, the 

model will perform classification of new data and the model 
prediction takes place.   
 

 Fig.1. HAIS High-level solution design and process flow 
  
B. HAIS Process Flow for interaction between User and 

Application 

The step wise process flow is as below: 

1. Patient visits to the hospital 
2. Patient profile is created along with past medical reports 

and records 
3. Doctor captures patient’s skin image  
4. Skin images are uploaded on HAIS IT platform 
5. HAIS IT platform reads medical reports via robotic 

process automation module and associates these additional 
details as a meta-data to the images  

6. Transformed images are fed into the AIML image 
processing module 

7. AIML image processing module returns the outcome of 
the skin cancer prediction, along with risk levels  

8. Doctor analysis the outcome to provide more accurate 
feedback to the patient 

 

C. HAIS Solution Architecture  

 
Fig.2. HAIS multi-layered Solution Architecture 
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The various layers of function as below: - 
  

1. Data Collection Layer: This will be entry point of HAIS IT 
solution, wherein hospitals and doctors can submit 
pathological reports, skin images, medical reports, etc using 
medical or handheld devices.  

2. Data Pre-processing Engine: After collecting unstructured 
data from the data collection layer which may be in one of the 
following formats, this module will convert it to the required 
structured dataset for further processing..Irrelevant and 
redundant data, that can affect the accuracy of the dataset will 
be removed also..  

• Text document, PDFs 

• Wide-field images 

• Clinical trial data 

3. AIML Image Processing (DCNN Algorithm): HAIS 
Solution will leverage Deep CNN techniques which is a proven 
technique in image classification. However, applying high-
capacity Deep CNN in suspicious pigmented lesions (SPLs) 
analysis has always been a challenge because of scarcity of 
labelled data. To overcome it, HAIS solution includes two 
primary methods:  

• First, using Deep CNN and Data Augmentation. a 
classification model will be prepared to improve 
performance of classification of skin lesion  

• By using Image data augmentation can alleviate the 
problem of data limitation will. Influence of different 

number of augmented samples on the performance of 
different classifiers will be examined. 

Our HAIS solution is going to be built on extensive study 
conducted with our 20+ certified dermatologists for 
classification and differentiation of skin cancers. Three main 
types of modalities will be used for the skin lesion 
classification and diagnosis in our solution: clinical images, 
dermoscopic images, and histopathology images. The dataset 
that is publicly available skin lesion has been analyzed  to 
provide different sub-sections dedicated to the artificial 
intelligence solution related to each type of imaging modality, 
like: 

• International Skin Imaging Collaboration (ISIC) 

Archive - consists of clinical and dermoscopic skin lesion 
global datasets  

• Interactive Atlas of Dermoscopy - has 1000 clinical 
cases, each with at least two images: dermoscopic, and 
close-up clinical  

• Asan Dataset - collection of 17,125 clinical images of 12 
types of skin diseases found in Asian people  

• Cancer Genome Atlas - one of the largest collections of 
pathological skin lesion slides with 2871 cases[14, 23] 

The classification systems available have been evaluated using 
the large public skin lesion testing dataset, containing approx. 
11000 testing images, and 24000 training images, and has 
obtained performance result with AUC around 89.1%. Our 
plan is to further refine the DCNN model to enhance its 
effectiveness. The AI algorithm will be trained on AWS 
Sagemaker cloud platform and the trained model will be 
deployed on the HAIS IT Platform.   

 

 
TABLE 1. SUMMARY OF SKIN CANCER CLASSES & SCORE 

Skin Cancer Classes  No. of Images  Evaluation Metric  Algorithm Score  

mel, and nv  1500  Avg. Precision  0.637  

mel, nv, and sk  2800  AUC  0.874  

akiec, bcc, bkl, df, mel, nv, 
and vasc  

12500  Balanced Multi-class Accuracy  0.885  

akiec, bcc, bkl, df, mel, nv, scc, 
and vasc  

35000  Balanced Multi-class Accuracy  0.891 

 
Abreviations - akiec is Actinic Keratosis, bcc is Basal Cell Carcinoma, bkl is Benign Keratosis, df is Dermatofibroma, mel is 
melanoma, nv is Nevi, sk is Seborrheic Keratosis, scc is Squamous Cell Carcinoma, and vasc is Vascular Lesion [16] 
 

4. Visualization and Dashboard: This visualization layer will 
provide user friendly dashboard view of the DCNN prediction 
model confirming malignancy or benign nature of the subject 
under observation to the end-users viz. doctor, patient, etc. 

 

IV. CONCLUSION AND FUTURE DIRECTIONS 

In this paper we have discussed a computer-aided diagnosis 
system for skin cancer. It can be concluded from the results that 

the proposed system can be effectively used by dermatologists 
to diagnose the skin cancer more accurately. This tool is more 
useful for the patients in Indian subcontinent. The tool is made 
robust and user friendly so as to  serve the purpose of faster 
diagnostics of the skin cancer. 

HAIS plans to provide advanced solutions using technology in 
Indian healthcare, where artificial intelligence is used to 
resolve various health care problems. As a company, HAIS 
focuses to enable disease diagnosis to happen early so that 
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people lead a healthy life. Further to it, HAIS plans to create a 
digital platform for medical health records for every Indian 
citizen, that works as a repository for patient health conditions 
records and can be used as a resource to conduct further 
research and analysis. As a company we would like to be an 
integrated solution provider for healthcare industry, where 
analytics is the key.  

V. APPENDIX 

Appendix A: Process Flow for Interaction between users and 
the application 

 
Fig.3. HAIS Solution Process Flow – How it works 

 

Appendix B: Business Plan 

Factors  HAIS - IB  HAIS - LB  HAIS - SS  

Group  Hospitals  Labs  Skin specialist  

Plan  Fixed  Fixed  Pay as you use  

License  3  1  1  

Registrat
ion  

User ID  User ID  User ID  

Annual 
fee  

12,00,000  4,00,000  Na  

Monthly 
Fee  

-  -  5000  

Max No. 
of Free 
Reviews    

800  200  Na  

Addition
al fee per 
review  

2000  3000  4000 

 

Appendix C: Application development and maintenance cost 
(Unit = No. x 12months) 

 

 

 

 

Cost Centre Cost Unit Total 

Development cost       

Manpower       

SME 4,00,000 24 96,00,000 

Dermotologist 1,00,000 240 2,40,00,000 

Data engineers 1,00,000 72 72,00,000 

Data scientist 2,00,000 24 48,00,000 

RPA & Data 
developer 1,50,000 24 36,00,000 

Devops 2,00,000 24 48,00,000 

Business head 5,00,000 12 60,00,000 

Model Test SME  1,00,000 36 36,00,000 

Visualization SME 1,00,000 12 12,00,000 

Data cost 20,00,000 1 20,00,000 

Sub Total A     6,68,00,000 

Infrastructure       

Hardware cost       

Desktops/PCS 1,00,000 30 30,00,000 

Printers 50,000 3 1,50,000 

Dermoscopic 
Scanners  3,00,000 2 6,00,000 

Local server 
(development) 1,50,000 1 1,50,000 

Cloud infra       

Cloud Container 
and IP (EC2) 50000 6 3,00,000 

Data Storage 
(Aurora, S3) 40,000 6 2,40,000 

Sage-Maker 25,000 6 1,50,000 

AWS Lambda 
Functions 15,000 10 1,50,000 

Security Services 
(Macie) 20,000 6 1,20,000 

Software cost 
(Licence) 50000 30 15,00,000 

Sub Total B     63,60,000 

Administrative       

Management Cost 5,00,000 12 60,00,000 

Training & Support 2,00,000 12 24,00,000 

Implementation cost 10,00,000 1 10,00,000 

Marketing cost 1,00,00,000 1 1,00,00,000 

Miscellaneous cost 5,00,000 12 60,00,000 

Sub Total C     2,54,00,000 

Total      9,85,60,000 

 

Note: All values in INR 
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Abstract— All through the epidemic, cooperative 

banks all throughout the world offered great service, 

overcoming the challenges posed by COVID-19's 

propagation. The reaction was good and put clients at 

ease by continuing to provide financial services. 

COVID -19 has had an influence on the day-to-day 

operations of all financial institutions, their clients, 

borrowers, and agricultural/farming activities in a 

number of countries. The second wave of Covid-19 

appears to have had a particularly detrimental impact 

on urban cooperative banks, according to RBI financial 

stability statistics. The goal of this research is to see 

how nonperforming assets affect cooperative and 

urban cooperative banks in Maharashtra. The study's 

goal is to see how the Covid-19 outbreak has affected 

Maharashtra's cooperative banking business. In this 

study, the secondary data collection approach is 

adopted. According to the report, the gross non-

performing assets ratio of all urban cooperative banks 

grew to 15.4 percent in September 2021, up from 11.7 

percent in March 2021 and 10.6 percent in March 

2020. Bad loans amounted for 12.4 percent of 

scheduled UCBs in September, up from 10.3 percent 

six months earlier. As a result, the epidemic's impact 

has been amplified. Finally, the study discusses some 

of the future crisis management action plans. 

 

Keywords— Pandemic, Banking, Co-operative, Lending, 

  Priority 

I-INTRODUCTION  

In India, there are various types of cooperative 

credit institutions. Agricultural and non- 

agricultural institutions are the two broad divisions 

of these institutions. Before the commercial banks 

appeared on the scene in a big way, cooperatives 

were the only institutions offering institutional 

credit to agriculture. Cooperative banks have taken  

 

 

various forms throughout the country, 

depending on local needs and conditions. Co-

operative credit societies were the only formal 

provider of rural (agricultural) credit until 1969. 

Rural co-operative banks fund agriculture, goats, 

milk, hatchery, personal finance etc. 

During the pandemic, cooperative banks all 

across the world provided excellent service,  

overcoming the hurdles created by the spread of 

COVID-19. By continuing to provide financial 

services, the response had excellent outcomes 

and put clients at rest. The quick actions made 

by governments and regulators helped to limit and 

manage COVID-19's harmful impact on 

cooperative bank operations. Cooperative banks at 

all levels were able to maintain their usual 

operations with appropriate personnel, cash, and 

other facilities thanks to special efforts undertaken 

by regulators and bank management teams. 

COVID -19 has impacted the regular operation 

of all financial institutions, their clients, borrowers, 

and the continuance of agricultural/farming 

operations in numerous nations. COVID-19's 

consequences are unevenly dispersed across 

households, employees, companies, and 

communities due to the obligatory shutdown of 

non-essential enterprises and the confinement of 

individuals to their homes. Cooperative banks have 

worked hard to maintain their banking channels 

open throughout the lockdown, while adhering to 

health advice such as social distance, face masks, 

and sanitization, as well as all regulatory, 

supervisory, and statutory requirements. 

In comparison to scheduled commercial banks, 

India's cooperative lenders, which are distributed 

across the country's semi-urban and rural areas, are 

experiencing greater asset quality stress. According 

to RBI financial stability statistics, the second 

wave of Covid-19 appears to have had an 

especially negative impact on urban cooperative 

banks. The purpose of this study is to determine 
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the impact of nonperforming assets in cooperative 

banks and urban cooperative banks in Maharashtra. 

According to the study, the gross non-

performing assets ratio of all urban cooperative 

banks grew to 15.4 percent in September 2021. 

According to statistics from the study, the gross 

NPA ratio was 11.7 percent in March 2021 and 

10.6 percent in March 2020. Bad loans increased 

to 12.4 percent of scheduled UCBs in September, 

up from 10.3 percent six months earlier. Over the 

same time period, non-scheduled UCBs witnessed 

a far higher increase in bad loans, jumping from 

12.8 percent to 18 percent. 

 

                                   II-REVIEW OF LITERATURE 

These banks provide most offerings to private 

and corporate clients, such as savings and current 

deposits, safe deposit boxes, and loans or 

mortgages. Internet banking and phone banking are 

not so relevant to middle-class customers who 

need a bank to save their income. Since they do not 

offer as many services as private banks, their 

interest rates are very low. (Venkatesulu, 2018) A 

co-operative bank is run for the group of co-

operative members. A cooperative bank distributes 

only a limited portion of its earnings as dividends, 

keeping the majority of it in the company. There 

are also private sector cooperative banks, the 

majority of which are non-scheduled. Within a 

province, there are also State Co- operative Banks 

and District Central Co-operative Banks at the 

district level, beginning from the state capital. Co- 

operative Societies are part of the District Central 

Co-operative Bank. (Diva Rai & Goel, 2019) 

Central banks have implemented a variety of 

protective measures in response to the COVID19-

related financial tension. These initiatives are 

aimed at increasing system liquidity and restoring 

financial market stability. The steps taken would 

help to improve monetary transfer by ensuring 

liquidity flows on favorable terms to institutions 

impacted by pandemic- related conditions, as 

well as enhancing dynamic market functioning, 

reducing repayment burdens, and improving 

access to working capital. 

In 2019-20, the Indian financial system, 

especially banks, showed resilience, with asset 

quality, capital positions, and profitability 

improving. The impact of the COVID-19 epidemic 

may affect the health of banks, cooperative banks 

and (NBFC) non-banks in 2020-21, as 

governmental assistance is scaled down. Around 

40% of existing loans in the financial sector (banks 

and NBFCs) had been granted a moratorium as of 

the end of August 2020. The stress, hidden by the 

asset quality halt with associated financial stability 

consequences, has yet to be reflected in bank data 

on gross non-performing assets (GNPA). 

(Bobade & Alex, 2020)Due to the COVID-19 

Pandemic, the Indian banking system has 

implemented a number of initiatives to make it 

more efficient and effective. NPA, non- recovery of 

loans, consumer frauds, bad loans, and other issues 

plagued most Indian banks, and COVID-19 has 

hastened the demise of the Indian banking 

industry. Without a doubt, banks have been 

formed in India. Sectors and client segments 

should be reprioritized depending on their growth 

and risk profiles. The government is encouraging 

people to build novel business models for the new 

industry environment as the scenario changes as a 

result of the COVID-19 epidemic. Focused on 

developing a strong digital ecosystem employing 

cutting- edge technologies. 

(Mateev et al., 2021)Banking concentration 

and credit risk have a strong and favorable 

influence on bank capital ratios, but competition 

has a constraining effect on bank capital levels. 

When adjusting for ownership structure, regulatory 

and institutional environment, as well as bank-

specific and macroeconomic variables, the results 

remain consistent.(RBI, 2021)According to the 

research, the consolidation effort has resulted in 

136 mergers as of March 2021, with more than 

three-quarters of them occurring in two states: 

Maharashtra and Gujarat. The merger process was 

accompanied by license cancellations, with 44 

UCB licenses being terminated between 2015 and 

2016. The number of scheduled UCBs (SUCBs) 

has stayed relatively steady, despite the majority of 

mergers and closures being in the non- scheduled 

category. StCBs and DCCBs have over 78 percent 

of their branches in rural/semi- urban regions, and 

agricultural loans account for approximately 40% 

and 50% of their outstanding loan portfolios, 

respectively. In comparison to SCBs, StCBs and 

DCCBs were able to manage the pandemic in more 

favourable geographies and industries. Co-

operative banks' proportion of ground-level loans 

to agriculture has been steadily shrinking. 

However, the former's proportion grew in 2020-

21 due to a strong rise in new loans, with 94 

percent of StCBs and 88 percent of DCCBs14 

reporting profits in 2020-21, compared to 97 
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percent and 83 percent, respectively, in 2019-20. 

On March 27, 2020, the Reserve Bank agreed to 

cut the CRR of all banks by 100 basis points to 

3.0% of net demand and time liabilities as a one-

time measure to help banks cope with the 

disruption created by COVID-19 (NDTL). 

 

        III-Research Objectives 

1. To examine the impact of the Covid-

19 pandemic on Maharashtra's cooperative 

banking industry.  

2. Analyze the information during the 

COVID-19 pandemic, cooperative banks' 

nonperforming assets or stress assets were of 

poor quality.  

3. To give a solution to cooperative banks for 

future crisis management. 

 

     IV-Research Methodology 

This study is descriptive type in nature and 

completely based on secondary data. To collect 

secondary data various websites, books and news 

articles were used. The statistical and accounting 

tools which are used for financial analysis are 

CAMEL model 

     V- Data Collection Methods 

The data for this study is gathered from 

secondary sources. For the study, secondary data is 

acquired from magazines, newspapers, books, 

journals, and other sources. It might be either 

published or unpublished information. 

Table No. 1: Cooperative Bank Structure in 

Maharashtra 

No. of Schedule 

cooperative banks 

42 

No. of DCC Bank 31 

No. of Branches of 

DCCBs 

3667 

 

 

 

 

Members of PACS 10927235 

Borrower Members 4839106 

No. of Urban Co-op. 

Banks 

502 

No. of Branches of Urban 

Co-op. Banks 

5713 

Source: Maharashtra state cooperative society; 

www.mscbank.com/history 

 

Source :RBI 

Figure 1 .1 

 

Maharashtra is assisted by a three-tier 

cooperative credit structure, with the MStCB at 

the helm, District Central Cooperative Banks in the 

center, and Primary Agricultural Cooperative 

Societies at the village level. MStCB is the apex 

organization for all Maharashtra State District 

Central Cooperative Banks. The MStCB's Central 

Financing Agencies Department helps District 

Central Cooperative Banks meet their financing 

needs by offering agricultural and non-agricultural 

advances through NABARD's various refinance 

schemes. Via Primary Agricultural Cooperative 

Societies and District Central Cooperative Banks, 

funds are used to rehabilitate distressed farmers. 
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VI- Data Analysis and Interpretation 

From the above table it shows that The majority of co-

operative banks are awkwardly positioned within the 

diverse banking structure. While large banks continue to 

receive all of the attention, cooperative banks, which play 

an important role in loan distribution to the rural people 

and contribute to financial inclusion, remain in an 

unglamorous position. Despite the cooperative sector's 

critical function, its asset size was only roughly 10% of 

that of scheduled commercial banks (SCBs) at the end of 

March 2020. Furthermore, it was shown that rural 

cooperative lending's share of overall agricultural 

financing has decreased significantly over time, from 64 

percent in 1992-93 to 11.3 percent in 2019-20. This 

suggests that cooperative banks' position is becoming 

eroded, with small financing banks and commercial banks 

receiving the most weight. Another issue is the rise in 

non- performing assets (NPA). According to the RBI, the 

share of gross non-performing assets (NPA) held by 

urban co-operative banks increased to 11.3 percent in 

FY21, up from 10.8 percent in FY20 and 7.3 percent in 

FY19. 

Deposits are one of the most significant components 

of any bank since they represent a low-cost source of 

money for the bank when compared to other market 

sources. As a result, in the case of cooperative banks, 

deposits are drastically deteriorating. Second, credit 

demand continues to be weak. UCB loans and advances 

nearly stalled in 2019-20, after expanding at an 

average pace of 7.8% since 2015-16. The health of 

cooperative banks is anticipated to deteriorate in the 

aftermath of Covid-19. 

Short-term cooperatives, which include State Co-

operative Banks (StCBs), District Central Co- 

operative Banks (DCCBs), and Primary Agricultural 

Credit Societies (PACS), accounted for 95 percent of 

all rural co-operative assets as of the end of March 

2019. Over time, this percentage has risen steadily.  

FIGURE 2: COMPARATIVE STATUS WITH DEPOSITS, 

BORROWINGS, LOANS AND INVESTMENT 

Source: https://www.mscbank.com/ 

 

Deposits are the major sources of funds for 

StCBs and DCCBs. On the other hand, PACS rely 

more heavily on borrowings from StCBs and 

DCCBs and owned funds, even though the share of 

deposits has inched up over the period of time. 

(Banking, 2020b) 

 

Figure 3:Gross NPA of Maharashtra state cooperative 

banks 

Source: https://www.mscbank.com/(Maharashtra State 

co-operative banks, n.d.)The asset level of StCBs 

improved slightly throughout 2018-19. Technical write-

offs and improved recovery rates, especially from state 

governments following the introduction of loan waiver 

schemes, helped to keep loss assets under control. 

(Reserve Bank of India, 2020) 

 

Table No. 2: Capital Adequacy Ratio 

Year Ratio 

2017 9.50% 

2018 8.90% 

2019 8.50% 

2020 7.10% 

2021 7% 

 

The above table illustrates that the capital adequacy 

ratio trend of cooperative banks in Maharashtra is 

declining, implying that banks lack the capacity to 

absorb losses and hence face a high risk of future 
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exposure under BASEL rules. As a result of the 

significant amount of risk exposure assets, the asset 

quality of cooperative banks has also deteriorated. 

Table No.3 Debt Equity Ratio 

Year Ratio 

2017 0.9 

2018 1 

2019 2 

2020 2.5 

2021 3 

The 'Debt to Equity Ratio' compares the bank's 

ownership in the company to the company's external 

term liabilities. A increasing debt-to-equity ratio means 

increased interest costs, and over time, it may lead to 

more debt. Debt is made up of both deposits and 

borrowings, whereas own capital is made up of paid-up 

capital and other reserves. Because it indicates possible 

financial risk, this ratio is considered a crucial financial 

statistic. The bank's debt to equity ratio stayed in the 

range of 0.9 to 3.0, which is quite variable and outside 

the safety zone. The Debt to Equity Ratio was rising as 

of March 31, 2019, and it now stands at 3. 

Table No.4 Advance to Asset Ratio 

Year Ratio 

2017 0.8 

2018 0.7 

2019 1.54 

2020 2.61 

2021 2.85 

The total loans outstanding as a percentage of total 

assets is calculated using the loans to assets ratio. The 

higher this ratio is, the more a bank's loan book is 

depleted and its liquidity is low. The higher the ratio, the 

more vulnerable a bank is to default. The above table 

illustrates that the year- on-year ratio is increasing 

rapidly, especially during the pandemic year, affecting 

cooperative bank liquidity and putting them at greater 

risk in the near future. 

Table No. 5 - Net NPAs To Total Assets: 

Year Ratio 

2017 11.25 

2018 12.25 

2019 13.7 

2020 17.2 

2021 19.42 

 

A high level of nonperforming assets (NPAs) 

indicates a significant likelihood of a big number of 

credit defaults, which can hurt a bank's profitability and 

net worth while also wearing down the asset's value. 

According to the data in the table above, the average Net 

NPA to total assets ratio is increasing year after year. 

This indicates that the earning or profit capacity of 

cooperative banks is dwindling. This issue has arisen as 

a result of rising defaults in agriculture and related 

company financing, which has resulted in significant 

credit default. 

Table No. 6 Net NPA to Net Advances: 

Year Ratio 

2017 9.75 

2018 10.5 

2019 10.6 

2020 10.9 

2021 11.27 

The ratio of Net NPA to Net Advances is known as 

the Net NPA to Advances ratio. It assesses the 

institution's loan quality as well as its overall soundness. 

The limited number of provisions for overdue debts 

causes net NPA. A higher level of Net NPA has an 

impact on the bank's liquidity and profitability. The 

number of non-performing assets in a country is the best 

indicator of that country's banking industry's health 

(NPAs). According to the report, a larger percentage of 

Net NPAs to Net Advances indicates that the quality of 

loans in cooperative banks is poor, indicating that the 

banks are in poor condition. 

Table No. 7 Total Investment to Total Asset 

Year Ratio 

2017 5.53 

2018 4.43 

2019 4.23 

2020 4 

2021 3.9 

 

Apart from offering loans to customers, the ratio 

measures the entire resources of the bank that are 

dedicated to investment and are not included in the 

bank's principal income. The ratio here has a mixed 

tendency, indicating that the bank is profitable. 

 

 

Page 534

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



Table No. 8 Gross NPA to Total Advances 

Year Ratio 

2017 5.53 

2018 6.32 

2019 6.52 

2020 7.26 

2021 7.81 

During the study period, the ratio showed an upward 

tendency. The ratio was 5.53 at the start of the period and 

climbed to 7.81 by the end. This will have a negative 

impact on the bank's long-term viability. 

        

VII-Findings and Conclusion 

Throughout the study period, the bank must maintain 

the appropriate Capital Adequacy Ratio. For its 

business, the bank mostly relies on debt funds, which is 

a risky proposition for a bank. During the study time, 

however, the bank is attempting to lower the debt 

component. The bank did not succeed in reducing the 

NPA level, which is increasing, although it did succeed 

in reducing the NPA level during the last year of the 

research period. Investments make for around a 

quarter of total assets, with government securities 

accounting for 99 percent of all investments. This 

improves the bank's stability, resulting in increased 

revenue from non-banking sources and, as a result, 

increased profitability. The bank is unable to advance 

more than 70% of its deposits, which has a negative 

impact on its profitability. The bank's profitability has 

not increased. However, in the final year of study, the 

bank may be able to boost its profitability. The bank 

must keep a sufficient amount of cash on hand. 

COVID-19 has affected the daily operation of 

all financial institutions, their clients, creditors, and 

agricultural/farming operations in many countries. 

COVID-19's consequences are unevenly dispersed 

among families, staff, industries, and 

neighborhoods due to the mandatory closure of 

non-essential businesses and the confinement of 

people to their homes. Cooperative banks' function 

and active presence at all levels were especially 

important in fostering reforms and reversing the 

pandemic's negative effects. 

All business operations in Maharashtra have 

been closed. Every few months lock-down causes 

decreases in the income generation and 

subsequently citizens' buying power too. Further, 

the agricultural produce, even in case of good 

harvests, finds it difficult to move to processing 

plants and from there to consumers; other kinds of 

industries face spiraling stocks of work in 

progress, cost of inventory of raw materials as well 

as finished goods, closed hospitality industry, 

services sector suffering from demand erosion, 

travel restrictions on both passenger as well as 

goods transportation, to prevent spread of virus and 

many such developments which have come to stay 

for an uncertain period of time contribute to 

decline in trade and commerce. 

As of March 2020: State cooperative banks had 

a bad loan ratio of 6.7%. Primary cooperative 

agriculture and rural development banks had a 

gross NPA ratio of 12.6%. District central 

cooperative banks had a bad loan ratio of 31%. 

Primary agricultural credit societies saw 33% of 

loans turn bad. State cooperative agriculture and 

rural development banks saw 43.1% of outstanding 

loans go bad. The cooperative banks have strived 

to maintain their banking networks open during the 

time of lockdown and ensure compliance with all 

regulatory, supervisory and legislative 

arrangements of health advisory systems such as 

social distancing, and sanitation. They were widely 

distinguished from government banks by their 

membership status, their contribution towards 

serving members, their reasonable financial 

success and honoring online business. 
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Abstract—The batteries are considered to be the good 

technology and this can be used in the electric vehicles very 

effectively. There are many advantages in the case of lithium-

ion batteries like energy is high, density is also high and life has 

been improved to the great extent. The Li-ion battery is 

comparatively costly than the lead-acid battery. The state of 

the charge is important parameter for the consideration of the 

battery performance. The determination of the SOC involves 

the measurement of the open circuit voltage. The estimation of 

the SOC is the parameter to be considered in the case of the 

battery of the electric vehicles. The monitoring should be very 

accurate so that the battery management system can be very 

effective. The present work is the methodology related to the 

estimation of the state of the charge in the case of the batteries 

which are generally used in the Electric vehicles. 

Keywords—State of the charge, electric vehicle, estimation 

and battery  

I. INTRODUCTION  

There are different energy resources and different 
researchers around the world are using it. The energy sources 
consist of conventional energy sources just like fossil fuels 
and it's considered to be difficult for using it longer (1). It is 
observed that the oil Wells need to be dug deeper and deeper. 
The different techniques in the case of fracturing as well as 
drilling are becoming popular (2). Because of the expensive 
techniques as well as the damages which are going to occur 
on the environment the different energy sources are to be 
considered (3).  

Electric vehicles are a technology which is considered to 
be a developing field since it can use to avoid the pollution in 
the air and could be another energy source as compared to 
Fossil energy (4). In the electric vehicle battery plays an 
important role so that the performance of this vehicle shall be 
improved in the case of driving skill acceleration as well as 
longevity (5). Lead acid batteries are considered in many of 
the electric vehicles in India so that the storage system can be 
worked into doubt as there are different advantages like the 
cost is low life span, low air pollution is controlled as well as 
there is a very low rate for self discharge (6). 

In the case of energy storage the battery, like lead acid, 
has been used in energy type batteries which ranges from 1 
kW to MW (7). Therefore these kinds of battery is usually 
how the applications in the case of resources are the energy 
consumption as well as power consumption is very high (8). 
Therefore the estimation of state of charge is to be very 
accurate and therefore that is responsible for the case of 

battery packing and it can handle discharging case or even 
the case of charging more than required (9).  

The present work is related to the monitoring as well as 
the accuracy in the case of state of charge as it is very 
important so that the battery management system can be very 
effective (10). The proper and good estimation of state of 
charge for the case of batteries and which are going to be 
used in the case of electric vehicle has been proposed in the 
present work (11). One of the major objective of the present 
work is for assessing the case of behaviour which are going 
to be observed for the case of V & I in the battery when the 
procedure of discharging is is going on (11). 

II. LITERATURE SURVEY  

 

Very accurate algorithm is very important for the case of 
estimating SOC since the battery is used in most of the 
industry related to the automotive as well as the energy 
sector (12). The Nova 2 technique has been developed for the 
case of state of charge which have been established and 
estimated for the castle battery this state of charge have been 
calculated with the help of sensing technology related to the 
voltage and have been formulated (13). 

 

It is very important to estimate the state of charge very 
accurately so that the charging as well as discharging in the 
case of battery is going to be the good indication so that the 
driver will be able to know the proper indications related to it 
(14). Different model which are based upon the state of 
charge to be estimated and the algorithm related to it have 
been formulated as well as compared. The comparison is has 
been carried out for the case of proper prediction of the 
accuracy and ability of knowing the error in the case of state 
of charge and the complexities involved in the formulation 
studies (15). 

 

The estimation of the state of the charge for the case of 
battery has been carried out for the case of voltage as well as 
the capacity in the case of battery which are related to the 
lead acid as well as the calculation of current. The proposed 
work related to the algorithm as well as the calculation is 
considered to have the the very limited errors and it has been 
found that this method is is more accurate when compared 
with other methods which are related to be circuit voltage 
(16). 
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Decimation of the state of the charge in the case of 
battery pack is considered to be just like kind of estimating 
the state of the problem for the system which is considered to 
be hybrid and that consists of characteristics of light non-
uniformity e as well as non-linearity and it varies with the 
time (17). The theory of uncertainty modelling has been used 
and the solution have been carried out where the 
identification theory have been used for the base of system 
and the theory of of controlling data driven has also been 
used (18). In this work it is observed that there are different 
factors which are responsible for estimation of the state of 
the charge as well as the different challenges involved in it so 
that there are certain recommendations have been given by 
the researcher for the proper estimation as well as the 
management system in the case of battery particularly for the 
case of electric vehicles. This is also applicable in the case of 
a storage system which is required for the system having a 
battery (19). 

III. THEORETICAL ASPECT 

The battery is considered to be the collection of the 
different cells there could be the reactions related to the 
chemicals can be undergone so that the creation of the 
electrons flow kind of circuit takes place. The cell is 
particularly related to the conversion from the energy which 
is chemical into the kind of energy that is electrical with the 
help of reaction which is reversible and related to the 
chemical because of that recharge express so that the current 
it passes and the kind of direction which is opposite to the 
direction of the discharge and this is a known as storage cell. 
Most batteries consist of the components that are anode as 
well as cathode and finally electrolyte. The circuit has been 
connected with the help of anode as well as cathode in 
particular of a battery where reaction takes place which is 
basically chemical in terms of electrolyte as well as anode. 
Because of such reaction there is a flow of electrons in the 
circuit and then it comes back to the point of cathode and 
there the reaction occurs which is the chemical in nature. 

 
Fig. 1. Components of battery 

IV. EXPERIMENTAL STUDY 

The connection diagram of hardware components have 
been shown in the below figure. The estimation in the case of 
state of charge have been trained through the method of 
neural network. In this particular study sensors related to the 
temperature current as well as voltage apart from arduino 
have been used for the purpose of experiment in the case of 
model related to the battery. The values of temperature 
voltage and current have been sensed when the module is 
connected to the computer with the help of cable which is 

USB. The process of simulating in the software of matlab 
has been successful. 

 
Fig. 2. Flow Diagram of the Data 

The connection of the hardware has been shown in the 
following diagram. There are different components related to 
the hardware that have been used that consist of sensors 
related to the voltage current and temperature, arduino Uno 
battery multimeter laptop and this software related to the 
simulation to matlab also used. Set up for the case of 
measurement has been shown in the following diagram. 

 
Fig. 3. Connection Diagram of SOC Calibration System 
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Fig. 4. Hardware Connection of the components 

The sensors related to the voltage current as well as 
temperature having the output related to the analogue have 
been connected to the case of pins related to the arduino 
analog. Then the port of output in the case of arduino has 
been connected to the personal computer which has the 
software related to the simulation in terms of matlab. The 
real time data related to the case of battery have been 
observed on the display screen and thereafter the 
visualisation process related to the waveform carried out in 
the software matlab. 

A. Neural network 

The flowchart in the case of neural networks which has 
been generalized for the proposed methodology shown in the 
following figure. Artificial neural network is the process 
where there are neurons which are particularly nonlinear and 
have been interconnected properly. Because of the 
nonlinearity function the neural network system is very 
important in the different applications. It is observed that the 
state of the charge where is nonlinearly in terms of 
temperature voltage as well as current and because of this it 
can be observed that the process of neural network is is 
effectively used so that the estimation related to the state of 
the charge particularly for the batteries have been carried out. 

 
Fig. 5. Flowchart for the ANN technique 

The proper data set is available so that the training is given 

for the network, the date of it used which consists of the 

different kind of data related to the discharge cycle in the 

case of battery. The proper limits are defined for the case of 

data and the in the feeding process of being carried out so 

that complexity can be avoided. Such kinds of battery data 

have been stored particularly in the workspace and because 

of which access has been given to the feature columns and 

because of this the proper training has been given to the 

neurons. Once the training has been given to the neural 

network the model is to be saved in a particular file and then 

it is to be used so that the prediction of the data which is not 

known in the case of estimating the state of the charge have 

been successfully carried out. The block diagram related to 

the training which has been given to the neural network has 

been shown in the following diagram. 

 

 
Fig. 6. Block Diagram of BP NN 

Proposed work related to the problems that have been solved 

in the case of techniques which have been used in the 

transmission line where the double circuit is used and 

classification related to the faults have been carried out. 

When there are two circuits and the condition is faulty in that 

case mutual coupling is generated and it is considered to be a 

terrific variable. To detect as well as classify the case of fault 

consideration the model of discrete wavelet transform is used 

along with artificial neural network. 

TABLE I.   DATA SET FOR BACK PROPOGATION ANN 

SOC VOLTAGE CURRENT TEMPERATURE 

100 12.7 0.4359 27 

100 12.7 0.3566 27 

100 12.7 0.3302 27 

100 12.7 0.3038 27 

100 12.7 0.2774 27 

100 12.7 0.2246 27 

95 12.6 0.3302 27 

95 12.6 0.3038 27 

95 12.6 0.2774 27 

95 12.6 0.251 27 

95 12.6 0.2246 27 

95 12.6 0.1189 27 

90 12.5 0.4887 27 

90 12.5 0.3831 27 

90 12.5 0.3566 27 

90 12.5 0.3038 27 

85 12.46 0.4359 27 

85 12.46 0.3302 27 

85 12.46 0.251 27 

85 12.46 0.2246 27 

80 12.42 0.3831 27 

80 12.42 0.3566 27 

80 12.42 0.3302 27 

80 12.42 0.2246 27 

80 12.42 0.1891 27 

75 12.37 0.3038 27 

75 12.37 0.3302 27 

75 12.37 0.2774 27 

75 12.37 0.251 27 

75 12.37 0.2246 27 
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75 12.37 0.1981 27 

70 12.32 0.251 27 

70 12.32 0.2774 27 

70 12.32 0.3566 27 

70 12.32 0.3302 27 

70 12.32 0.3038 27 

65 12.26 0.1981 27 

65 12.26 0.2774 27 

65 12.26 0.251 27 

65 12.26 0.3566 27 

65 12.26 0.3302 27 

65 12.26 0.3038 27 

60 12.2 0.251 27 

60 12.2 0.2246 27 

60 12.2 0.1981 27 

60 12.2 0.2774 27 

60 12.2 0.3038 27 

55 12.13 0.2246 27 

55 12.13 0.1717 27 

55 12.13 0.1981 27 

55 12.13 0.251 27 

50 12.06 0.251 27 

50 12.06 0.2246 27 

50 12.06 0.1981 27 

50 12.06 0.1717 27 

50 12.06 0.1453 27 

45 11.98 0.2774 27 

45 11.98 0.251 27 

45 11.98 0.2246 27 

45 11.98 0.1981 27 

45 11.98 0.1717 27 

40 11.9 0.2246 27 

40 11.9 0.251 27 

40 11.9 0.2774 27 

40 11.9 0.1189 27 

40 11.9 0.1717 27 

40 11.9 0.1981 27 

35 11.825 0.1453 27 

35 11.825 0.1981 27 

35 11.825 0.251 27 

35 11.825 0.2246 27 

30 11.75 0.1981 27 

30 11.75 0.1717 27 

30 11.75 0.251 27 

30 11.75 0.2774 27 

30 11.75 0.2246 27 

25 11.665 0.251 27 

25 11.665 0.2246 27 

25 11.665 0.1981 27 

25 11.665 0.1717 27 

20 11.58 0.251 27 

20 11.58 0.1717 27 

20 11.58 0.2246 27 

20 11.58 0.2774 27 

20 11.58 0.3038 27 

15 11.445 0.3038 27 

15 11.445 0.2274 27 

15 11.445 0.1981 27 

15 11.445 0.1717 27 

10 11.31 0.3038 27 

10 11.31 0.251 27 

10 11.31 0.2246 27 

10 11.31 0.2774 27 

5 10.905 0.2246 27 

0 10.5 0.2274 27 

 

V. RESULTS AND DISCUSSION 

A. Back-Propagation Neural Network and Results 

 
Around 95 samples have been considered for the case of 

training to the artificial neural network in the work. The 
following figure is related to the percentage selection in the 
case of data set which have in Trend along with the data set 
which have been validated and there in the data set which is 
required and used for the case of testing from all the total 95 
samples. 

 
Fig. 7. Training data set used in MATLAB software 

The figure 6 it is observed that it is related to the artificial 
neural network having the back propagation with the 
structure that is generalized one, there are three inputs related 
to the parameter of battery while the targets related to the 
state of the charge which have been considered in the 
percentage is mentioned. There is one hidden layer and that 
consists of around 10 neurons while there is a function 
related to the activation which is in the tangential nature for 
the case of neuron. There is one output layer of neurone and 
only consists of one neurone and that have the function in the 
case of activation. 
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Fig. 8. Training window of ANN 

Figure number 7 is related to the case of training which 
have been given to the artificial neural network in where 
there are total 95 data samples and out of that almost 67 
samples have been used so that the training is given. The 
remaining 28 samples have been used for the case of 
validation as well as the case of testing of artificial neural 
network. The figure 4.4 shows the performance related to the 
training which have been given to the artificial neural 
network. It is observed that around 92 epochs a required for 
the case of completion off the training to the neurones with 
the help of the algorithm that is this for back propagation. 
The performance which is considered to be best so that the 
validation can be carried out have been received for epochs 
of 86. 

 
Fig. 9. Parameters for the training in ANN 

The figure number 8 is related to the reservation which have 

been carried out in the neural network where the training 

function has been carried out. The relation r value which is 

obtained in this case and it is 0.9999 5. Regression value is 

considered to be the major and relates to the target as well as 

output relation. 

 

 
Fig. 10. Performance characteristics for the training in ANN 

 
Fig. 11. Regression in the training of data set 

 
The figure number 10 related to the model of neural 

network once the process of training for the case of 
estimation of state of the charge has been carried out. The 
input parameters consisting of temperature current as well as 
voltage in the case of battery while the state of the charge 
value has been updated for or output. The results of BP 
neural network for the case of output have been shown in the 
following table. 

TABLE II.  BP NEURAL NETWORK RESULTS FOR SOC ESTIMATION 

SOC% VOLT CURRENT TEMP BPSOC% 

NBPSOC_ 

Error% 

100 12.7 0.3566 27 99.77 0.23 

90 12.5 0.3566 27 88.46 1.54 

80 12.42 0.3566 27 80.49 -0.49 

70 12.32 0.3566 27 70.07 -0.07 

60 12.2 0.3038 27 60.02 -0.02 

50 12.06 0.251 27 50.46 -0.46 

40 11.9 0.251 27 39.85 0.15 

30 11.75 0.251 27 30.15 -0.15 

20 11.58 0.251 27 20.57 -0.57 

10 11.31 0.251 27 10.13 -0.13 

0 10.5 0.2274 27 0.04589 -0.0459 

550   SUM   550.016 -0.0159 

50   AVERAGE   50.0014 -0.0014 

 

B. Feed-Forward Neural Network and Results 

The neural network related to the feed forward which is a 
kind of tool used for the case of neural networking and it is 
especially used so that the estimation for state of the charge 
charge is obtained. In this kind of network first of all the 
training is given for the case of input why the regression 
value is obtained when the target data is also trained 
properly. The figure number 11 is related to the performance 
which have been obtained for the case of FF neural network. 
Value of validation which is obtained is 0.091 in the case of 
epoch one while the regression value obtained is  0.99989. 
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Fig. 12. Structure of FF neural network for training 

 
Fig. 13. Performance window for FF neural network 

For the estimation case the two related to the neural 
network which is Elman neural network used in the present 
study. First of all network have been generated then the 
training with the help of input as well as target data is to be 
given to the neurons and then the gradient value is to be 
obtained. The performance value which is obtained for the 
case of a epoch 69 is 0.092. 

 
Fig. 14. Regression window for FF neural network training 

C. Elman Neural Network 

Elman Neural network is considered to be one of the tool 
to estimate the desired results. In this structure the creation of 
the network is carried out then training is given for the input 
data and target data so that the least value is obtained for the 
case of gradient. 

 
Fig. 15. Structure of Elman neural network 

 
Fig. 16. Performance for Elman neural network training 

The best validation performance obtained in the case of 
the Elman Neural network is 0.092 and it is obtained for the 
case of epoch no 69. 

VI. CONCLUSION 

The estimation of state of the charge is very important so 
that the management system of the battery is properly carried 
out. The technique which is related to the artificial neural 
network used for the case of estimating the state of the 
charge is presented in the present study. The relationship 
between OCV and SOC has been carried out in the study. It 
is observed that when the relaxation time is particularly 
longer in the case of batteries in that case that would have the 
bad impact on the case of real time use. From the present 
study it can be observed that the artificial neural network is 
used and their effectiveness is particularly good for this 
study. The different methods of the neural network have 
been compared for the case of state of the charge. In the case 
of BP neural network the accuracy found for the estimation 
in the case of state of the charge is maximum as compared to 
the other neural network methods. 
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Abstract—Pharmaceutical companies and medical research 

centers are conducting intensive research on the effects of 

drugs on humans. As a result of these studies huge volume of 

statistical data is accumulated. To process this information 

various software tools are used ranging from Excel to such BI 

applications as IBM SPSS, Statistica, SAS e.t.c. However, the 

use of these applications requires the user to have knowledge of 

statistical methods and to be sophisticated user. In addition, 

these applications are proprietary and any changes of the 

software require special permissions from vendors. 

In this paper, we propose the specialized software is named 

SmartMed system for analyzing medical data for doctors and 

medical experts. To provide the economical viability the system 

is implemented using free and low cost software. 

The SmartMed system includes three main modules: 

* Descriptive analysis, 

* Bioequivalence, 

* Predictive models. 

Keywords—statistical methods, BI software, bioequivalence  

I. INTRODUCTION 

Every year the issue of high-quality and fast processing 
of medical research results is becoming more acute, as the 
volume of information for processing is growing, and the 
health of people around the world directly depends on the 
decisions made on the basis of the analysis. Employees from 
the medical field who do not have a deep 
mathematical/statistical base have to deal with several 
programs at once in order to fully perform the analysis they 
are interested in, because it is difficult to find all the 
necessary criteria, checks or tables in one program. In 
addition, all these programs are aimed at users with a deep 
knowledge of mathematics and statistics, which a researcher 
may not have. 

One of the tasks requiring the processing of large 
volumes of statistical data on the reaction of the human body 
to the drugs it takes. The "Bioequivalence" application 
allows the user to compare the test and reference drugs for 
bioequivalence (for the identity of the bioavailability 
properties of the original drug and the generic). 
Bioavailability is determined by the degree of absorption of 
the substance into the blood and the rate of absorption. It is 
possible to compare drugs with a parallel and cross-regimen 
of taking the drug. 

The questionnaire data were collected by distributing a 
google form to doctors and students on the Internet. 
Respondents were asked about their age(Age), specialization, 

assessment of their level of mathematical and statistical 
expertise(MathStatSkills), products(Products) and statistical 
tests they use(StatTests). Further, they were asked to answer 
the following questions: 

 

Fig. 1. Questionnaire from Google Forms 

The following tables are obtained by grouping the 
answers by the respondents' specializations. For answers 
with binary options, the null hypothesis of equality of 
proportions(alternative hypothesis that there is a significant 
difference between the two proportions) was tested for every 
group using the z-test. The remaining answers were tested 
using the Chi-squared test, the null hypothesis is that there is 
no difference between the four grops. 

Doctors of 
narrow 

practice (n = 
29) 

General 
practitioner

s (n= 23) 

Pharmacist
s (n = 8) 

Others 
(n = 21) 

Frequency (%) 

Age  1. 18-23 2 (6.9) 13 (56.5) 1(12.5) 7(33.3) 

  2. 24-29 4 (13.8) 0 (0) 2(25.0) 3(14.3) 

  3. 30-39 4 (13.8) 3 (13.0) 4(50.0) 4(19.0) 

  4. 40-49 12 (41.4) 2 (8.7) 1(12.5) 3(14.3) 

  5. 50-59 5 (17.2) 4 (17.4) 0(0) 3(14.3) 
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  6.  >59 2 (6.9) 1(4.4) 0(0) 1(4.8) 

            

StatTests 
1. Independent 
Samples t-test  

11 (37.9) 10 (43.5) 3 (37.5) 9 (42.9) 

  
2. Mann–Whitney 

U test 
6 (20.7) 5 (21.7) 1 (12.5) 6 (28.6) 

  
3. Kruskal–Wallis 

test 
3 (10.3) 2 (8.7) 2 (25.0) 3 (14.3) 

  
4. Chi-squared 

test 
5 (17.2) 3 (13.0) 0 (0) 6 (28.6) 

  
5. Independent 

two-sample t-test 
10 (34.5) 7 (30.4) 0 (0) 8 (38.1) 

  
6. Wilcoxon 

signed-rank test 
6 (20.7) 3 (13.0) 0 (0) 2 (9.5) 

  7. Friedman test 8 (27.6) 2 (8.7) 0 (0) 4 (19.0) 

  8. F-test 7 (24.1) 3 (13.0) 1 (12.5) 4 (19.0) 

  
9. Pearson's 
correlation 
coefficient 

7 (24.1) 8 (34.8) 1 (12.5) 5 (23.8) 

  
10. Kendall's rank 

correlation 
coefficient 

4 (13.8) 3 (13.0) 0 (0) 2 (9.5) 

  
11.  Spearman's 
rank correlation 

coefficient 
6 (20.7) 6 (26.1) 2 (25.0) 3 (14.3) 

            

  
Significance level 

P =  
0.9171       

            

Bioequivalence
IsLongTime 

1. Yes 6 (25.0) 6 (25.0) 5 (20.8) 7 (29.2) 

  2. No 3 (25.0) 2 (16.7) 3 (25.0) 4 (33.3) 

  
3. I have not done 
any such research 

13 (75.9) 7 (78.3) 3 (25.0) 9 (42.9) 

            

Chi-squared 
test 

Significance level P > 0.05       

            

OneSoftwareUs
age 

1. Yes 16 (55.2) 17 (73.9) 4 (50.0) 
12 

(57.1) 

  2. No 13 (44.8) 6 (26.1) 4 (50.0) 9 (42.9) 

            

 z-test 
Significance level 
P =  

0.5902 0.0213 1.0000 0.5212 

 Chi-squared 
test 

Significance level 
P =  

0.468        

Fig. 2. Survey results 

Among narrow practice doctors, 44.8% rated their level 
of mathematical and statistical training as medium. For 
general practitioners, 47.8% consider their level of training 
to be low, and 30.4% say that their level is medium. The Chi-
squared test showed that there is no significant difference in 
the responses of all 4 group with p = 0.5182 > 0.05.  

Doctors of 
narrow 

practice (n 
= 29) 

General 
practitioners 

(n= 23) 

Pharmacists 
(n = 8) 

Others (n 
= 21) 

Frequency (%) 

MathStatSkills 1. '1' 6 (20.7) 9 (39.1) 1 (12.5) 3 (14.3) 

  2. '2' 4 (13.8) 2 (8.7) 2 (25.0) 4 (19.0) 

  3. '3' 13 (44.8) 7 (30.4) 3 (37.5) 9 (42.9) 

  4. '4' 6 (20.7) 4 (17.4) 1 (12.5) 5 (24.8) 

  5. '5' 0 (0) 1 (4.3) 1 (12.5) 0 (0) 

            

  
Significance 
level P =  

0.5182       

Fig. 3. Survey results 

The Excel product is used by 78-93%, Statistica is used 
by 10-31% in each of the groups and testing with the Chi-
squared test showes that there is no statistically significant 
difference(P = 0.6389 > 0.05) between the responses of the 
different groups. 

Doctors 
of 

narrow 
practice 
(n = 29) 

General 
practitioners 

(n= 23) 

Pharmacists 
(n = 8) 

Others (n 
= 21) 

Frequency (%) 

Products 1. Statistica 9 (31.0) 3 (13.0) 0 (0) 7 (33.3) 

  2. Excel 27 (93.1) 18 (78.3) 7 (87.5) 18 (85.7) 

  3. SPSS 1 (3.4) 1 (4.3) 0 (0) 3 (14.3) 

  
4. Programming 
languages 

1 (3.4) 1 (4.3) 1 (12.5) 3 (14.3) 

  5. MedCalc 0 (0) 0 (0) 0 (0) 1 (4.8) 

  6. CRM 1 (3.4) 0 (0) 0 (0) 0 (0) 

  7. QV 0 (0) 1 (4.3) 0 (0) 0 (0) 

            

  
Significance level P 
=  

0.6389       

Fig. 4. Survey results 

 Difficulties in the work associated with a non-intuitive 
interface was stated by 72.4% of doctors of narrowed 
practice, this proportion is statistically significant according 
to z-test with P = 0.0178 < 0.05.  

Doctors 
of narrow 
practice 
(n = 29) 

General 
practitioners 

(n= 23) 

Pharmacists 
(n = 8) 

Others (n 
= 21) 

Frequency (%) 

InterfaceDifficulties 1. Yes 21 (72.4) 14 (60.9) 6 (75.0) 14 (66.7) 

  2. No 8 (27.6) 9 (39.1) 2 (25.0) 7 (33.3) 

            

 z-test 
Significance 
level P =  

0.0178 0.2914 0.1573 0.1192 

 Chi-squared test 
Significance 
level P =  

0.804        

Fig. 5. Survey results 

Also, there are statistically significant differences in the 
proportions for all groups except pharmasist (P = 0.4973) for 
the question about difficulties in interpretation of results of 
statistical tests with P < 0.05. Furthermore, Chi-squared test 
for with question (P = 0.098 > 0.05) indicates that there is no 
association between groups and answers. 

Doctors 
of narrow 
practice 
(n = 29) 

General 
practitioners 

(n= 23) 

Pharmacists 
(n = 8) 

Others (n 
= 21) 

Frequency (%) 

InterpretationDifficulties 1. Yes 22 (75.9) 19 (82.6) 3 (37.5) 15 (71.4) 

  2. No 7 (24.1) 4 (17.4) 5 (62.5) 6 (28.6) 

            

  z-test 
Significance 
level P =  

0.0051 0.0015 0.4973 0.0543 

 Chi-squared test 
Significance 
level P =  

0.098       

Fig. 6. Survey results 

Bioequivalence
IsLongTime 

1. Yes 24 (66.7) 

  2. No 12 (33.3) 

  z-test Significance level P = 0.0451 
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Fig. 7. Survey results 

Also, there are statistically significant differences in the 
proportions for all people who faced with the calculation of 
bioequivalence of medicines. Among them 12 humans did 
not experience difficulties, and the remaining 24 did (P = 
0.0451). 

The system is being tested in Russian pharmaceutical 
companies. The system was interested in an intuitive 
interface that takes into account all the basic properties and 
criteria that must be met for the bioequivalence of drugs. We 
will try to take into account the comments that will be 
received as a result of testing in order to improve our 
SmartMed. 

The comparison is based on the methods of mathematical 
statistics [1, 2, 3]. From a mathematical point of view, the 
concentrations of test and reference drugs are compared. 

II. PROBLEM STATEMENT 

Bioequivalence application must support various types of 
data analysis that are used for processing medical data [4,5] 
among doctors, medical experts of pharmaceutical 
companies, etc.  

For the above reasons, working with medical data 
requires a software product that can simplify the statistical 
processing of results. In our product thanks to the intuitive 
interface and the implemented recommendation system, a 
doctor, pharmacologist, researcher or researcher from outside 
the medical field can get the desired result. 

In the process of using the Bioequivalence application, 
the user will encounter two selection interfaces - radio 
buttons and checkboxes. In the case of radio buttons, the user 
can select only one option from those presented on the 
screen. In the case of a checkbox, the user can choose several 
options from the ones presented below. 

After the user selects all the necessary options, a tab with 
tables and interactive graphs will open in the browser 
window. Each table can be exported for further offline work 
in the “.xlsx "format, graphs - in the “.png" format. If you 
hover the cursor over the graph line, the values on the X-axis 
and Y-axis will be shown. Next to each graph is a legend and 
a description of the information contained in the presented 
graph. Each chart is equipped with a toolbar, which is 
located in the upper right corner. It contains buttons for 
uploading as png, zooming in and out, etc. When you hover 
over the icon, the name appears under it. 

- Bioequivalence analysis using a parallel and cross-
sectional scheme; 

- A full-fledged user interface has been created based on 
the layouts; 

- The modules are implemented as part of the software 
tool: Descriptive analysis, predictive models (multiple linear 
regression, logistic and polynomial regression, ROC 
analysis), bioequivalence analysis using a parallel and cross-
sectional scheme; 

- Implemented the user's ability to choose which tables 
and dashboards need to be demonstrated; 

- Interactive dashboards with the results of work in each 
module have been developed, which include graphs and 
tables with the ability to export results; 

- Each stage of the analysis is accompanied by a 
recommendation system of hints and theoretical 
explanations; 

- A version of the product has been created for Windows 
and macOS; 

- Convenient user documentation, developer 
documentation and installation instructions have been 
developed. 

not revise any of the current designations. 

III. METODOLOGY 

Methodologies for conducting the following analyses 
have been created [7]: 

1. Descriptive analysis; 

2. Predictive models: 

2.1. Multiple regression 

2.2. Logistic regression 

2.3. Polynomial regression 

2.4. ROC analysis 

A. Parallel analysis 

Define The comparison of the functions of drug 
concentrations in blood plasma is carried out according to the 
following indicators: 

AUC (Area Under Curve) - the area under the 
concentration curves; 

 - time to reach the maximum concentration; 

 - the value of the maximum concentration. 

For each patient, the area under the graph of the 
concentration function is calculated. 

Then the obtained areas under the graph are checked for 
normality and uniformity. Checking for normality allows you 
to make sure that the random variables are distributed 
normally. Checking for uniformity allows you to make sure 
that the variance of the dependent variable is constant and 
does not change when the independent variables change. 

If the random variables are not homogeneous, the data is 
logarithmed and checked for uniformity again. 

Next, the classical analysis of variance is carried out. It 
can be used to check whether the division of patients into 
groups has an effect on the concentration of the drug in the 
plasma. This step is necessary to obtain an estimate of the 
variance and compare the averages in the groups of test and 
reference drugs [9]. 

After that, it becomes possible to construct confidence 
intervals for the boundaries of bioequivalence and 
bioequivalence. The confidence interval for bioequivalence 
is calculated using (1). 

 (1) 
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where  are the average areas under the graph for 

patients from group T and R, respectively,  from the table 
of classical analysis of variance, the average square of the 

error   

 

is the critical value of the Student's distribution, - the 
degrees of error freedom (from the table of classical analysis 
of variance). The conclusion about bioequivalence can be 
made if the interval is completely located in the interval 

The confidence interval for the lack of the 
bioequivalence is calculated by (2): 

 (2) 

where - the average areas under the graph for 

patients from group T and R, respectively,  - from the 
table of classical variance analysis (the average square of 
the error), 

 critical value of the Student's 

distribution,  - the degree of freedom of the error (from 
the table of classical variance analysis). The conclusion 
about the lack of the bioequivalence can be made if the 

interval has no common points with the interval . 

B. Cross-analysis 

Us The comparison of the functions of drug 
concentrations in blood plasma is carried out according to the 
following indicators [8]: 

AUC (Area Under Curve) - the area under the concentration 
curves; 

 - time to reach the maximum concentration; 

 - the value of the maximum concentration. 
For each patient, the area under the graph of the 

concentration function is calculated. 

Then the obtained areas under the graph are checked for 
uniformity. Checking for uniformity allows you to make sure 
that the variance of the dependent variable is constant and 
does not change when the independent variables change. 

Next, a two-factor analysis of variance with repetitions is 
performed. It can be used to check whether the division of 
patients into groups has an effect on the concentration of the 
drug in the plasma. This step is necessary to obtain an 
estimate of the variance and compare the averages in the 
groups. After that, it becomes possible to construct 
confidence intervals for the boundaries of bioequivalence. 

In order to validate the Bioequivalence application, the 
results obtained in the program were compared with the 
example considered in the textbook of Stanton Glantz 
“Biomedical Statistics" [6], as well as from the website 
www.machinelearningmastery.ru. The comparison of graphs 
and calculated statistics with the textbook is shown in the 
Fig.8 below. The results of the program are reliable, they are 
completely similar to the textbook. 

 
Fig. 8. Result of the computer simulation 

For the bioequivalence module, calculations were 
performed using an algorithm in Excel. The results obtained 
manually and through the Bioequivalence application are the 
same. 

IV. THE BIOEQUIVALENCE MODULE 

IMPLEMENTATION 

The program is favorably distinguished by a structured 
analysis, where each step is accompanied by explanations, 
orientation to a wide range of specialists from the medical 
field, as well as an intuitive interface. 

As a result of familiarization of a qualified specialist in 
the field of working with medical data with the created 
software product, the demand for a program of this kind was 
confirmed. In the future, the product will be submitted for 
testing to higher educational institutions and research 
centers. Also, during the familiarization, it was proposed to 
jointly write a technical task that would fully satisfy potential 
consumers and include a wider range of available types of 
analysis. The next step in the development of the program is 
the preparation for operation. 

The Bioequivalence module allows the user to compare 
the test and reference drugs for bioequivalence (for the 
identity of the bioavailability properties of the original drug 
and the generic). Bioavailability is determined by the degree 
of absorption of the substance into the blood and the rate of 
absorption. It is possible to compare drugs with a parallel and 
cross-regimen of taking the drug. 

When choosing the module "Bioequivalence", the user 
will have to choose the research design being carried out - 
parallel or cross-sectional. User interface is presented at 
Fig.9. – Fig.12. 

 
Fig. 9. User interface (screenshot 1) 
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Fig. 10. User interface (screenshot 2) 

 
Fig. 11. User interface (screenshot 3) 

  
Fig. 12. User interface (screenshot 4) 

Examples of the Bioequivalence module dashboards are 
presented at Fig.13 and Fig.14. 

 

Fig. 13. Dashboard screenshot 1 

 

Fig. 14. Dashboard screenshot 2 

The Bioequivalence module is developed for various 
Windows and Mac platforms using the Python (open source) 
language, specialized libraries and tools. 

The product is completely written in Python 3.8, but is 
already being tested for moving to Python 3.9. PyQt5 [14] 
was used as the main technology for rapid development of 
the user interface for MVP. The standard data analysis 
stack:pandas, sklearn, numpy, scipy [10, 11, 12, 15] was 
used to write the mathematical component of product models 
and data processing. The plotly stack was used for 
visualization and layout of dashboards: plotly and dash [13]. 
The pyinstaller tool was used to build the application for 
macOS and Windows 

Working panels for displaying the results of medical data 
analysis are equipped with a large number of interactive 
dashboards, each resulting object (graph, table) is 
supplemented with comments for interpreting the results and 
an export function to standard applications (for example, 
Excel), and dialog boxes are accompanied by hints for users 
when choosing criteria, methods, and further steps, which 
creates convenience when working with the software product 
even for less experienced users. 

A number of recommendations for the development of 
the system. were formed, interest was expressed in 
participating in the preparation of the technical task for the 
development of additional modules of the system for solving 
an even wider range of tasks. 

V. CONCLUSION 

The choice of the concept of developing a software 
product “Smart-medicine " was made for several reasons. 
First of all, the shortage of products in the IT market, 
specialized in working with medical data, affected. The 
developed product "Smart-medicine" combines several 
methods of statistical data processing, thereby eliminating 
the need for users to use a large number of existing solutions. 
A significant innovation in the product is the automated 
process of comparing medicines for bioequivalence. The 
application also contains an intuitive interface equipped with 
a large number of recommendation comments that will help 
users of different levels of training in the field of 
mathematical statistics to make the necessary calculations. 
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Abstract—This paper explores the advancement of the 

Internet of Things (IoT) and Machine Learning in the field of 

Road Safety and accident prevention with a state-of-the-art 

review of various techniques adopted for implementing an 

intelligent road Safety System. In this review, emphasis is given 

on the behavior of drivers, the condition of vehicles (two-

wheelers, four-wheelers), health condition of roads and 

bridges, and theft-related issues using Radio Frequency 

Identification (RFID). It is seen that, with the help of IoT, the 

safety system can be updated on a real-time basis which can 

help to create a smart, intelligent, and highly efficient Road 

Safety system. Artificial Intelligence (AI) is applied to enhance 

the technology further for detecting the driver's behavior like 

drowsiness with the help of real-time camera feed or high-

resolution images. Additionally, the role of AI in detecting the 

condition of roads and bridges in preventing road accidents is 

also discussed. Though the paper provides a good insight into 

the application of IoT and Machine Learning in the smart 

Road safety system, certain limitations are highlighted. 

 

Keywords— Internet of Things (IoT), Artificial Intelligence 

(AI), Artificial Neural Network (ANN), Rasberry Pi (RPI), Radio 

Frequency identification (RFID), Global Positioning System 

(GPS), Intelligent Transportation System (ITS). 

I. INTRODUCTION  

With the exponential growth of urbanization in India, there 
is also an increase in traffic congestion in day-to-day life, 
and the traditional traffic management system is ineffective 
[1,2]. This makes road safety one of the prime importance 
because of the rise in deaths due to crashes or accidents on 
the road. With the number of vehicles on our roads 
increasing with every passing hour, it's vital to come up with 
an optimal solution that can be effective in maintaining the 
safety of the people on the road and thereby reducing the 
chances of deaths in the country. With the expeditious 
growth of technology, various methods of Road Safety have 
been developed all across the world using the Internet of 
Things and Machine Learning to make the analysis 
systematic and efficient [3]. Researchers as stated in [4,5] 
have extensively reviewed two main fields to prevent road 
crashes–(a) The behavior of driver under various conditions, 
(b) pieces of information like driving speed, frequency of 
application of brakes, diverse engine and transmission 
system parameters under different peripheral conditions. 
 
The majority of the methods developed involves three 
segments - Use of Machine Learning Model for analyzing 
the behavior of the drivers (First Segment), Collection of 
data from multiple sensors and connecting them to various 

servers, network devices for processing and transmission of 
data using Internet of Things (IoT) (Second Segment), 
Development of a user-friendly interface such as Android 
App for the users (Third Segment). IoT and Machine 
Learning are some of the booming technologies of today, 
helping in intelligent monitoring, reporting, and control of 
every aspect of our lives.  

The traffic safety system of a metropolitan city is a major 
parameter for urban mobility. This paper presents a review 
of application of IoT and Machine Learning in road safety 
and smart road system. Next part of the paper focuses role 
of IoT and Artificial Intelligence in detecting drowsiness, 
consumption of alcohol, over-speeding or missing safety 
gear such as seat belts, helmets by the driver thereby 
avoiding deaths or causalities. Finally, the limitations of 
such technology in road safety are described. This research 
produces a system proposal that can be used in further 
research and can be applied in terms of the development of 
smart cities, especially smart transportation. 

 

II. LITERATURE SURVEY 

With the rapid growth of modernization, there is a havoc 
rise of traffic, which increases congestion and leads to 
severe crashes and accidents, putting many lives in danger. 
Approximately 1.35 million people lose their lives every 
year due to accidents, and around 50 million suffer from 
severe injuries. With India focussing on building smart 
cities, this is a major concern for India to find an effective 
solution. The best way to implement IoT and Machine 
Learning techniques and make a smart Road safety system 
that will analyze the physical parameters of vehicles and 
study the drivers' behavior that will efficiently reduce 
congestion, reduce the time of travel, and help prevent 
crashes.  

IoT and Machine Learning are both the most booming 
technologies of today. IoT describes communication 
between various physical objects, embedded with sensors, 
software for analyzing and transmitting information between 
systems with the help of the internet. IoT makes it possible 
for users to collect and analyze data with minimum human 
intervention making the process cost-effective due to easily 
available sensors and efficiency. Devices and sensors are 
connected to an IoT Platform that integrates data and applies 
analytics to give the most valuable information. These IoT 
platforms make it easy to transmit useful pieces of 
information that can be used for detection and make 
recommendations for a particular problem. Another growing 
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technology is Machine Learning, a branch of artificial and 
computer science that focuses on using data and algorithms 
the way humans learn with accuracy. Machine Learning 
uses data, various algorithms, and statistical methods to 
understand, recommend, classify and detect different 
situations with high accuracy. Thus, we can use these 
booming technologies to make a highly efficient and user-
friendly road safety system. 

For example, as discussed in [6], to tackle the problem of 
traffic congestion leading to crashes and accidents due to the 
increase in population during the 2022 World Cup in Qatar, 
the naturalistic driver behavior is utilized to collect and 
analyze the data for traffic planning to maintain safety. An 
IoT-based solution is implemented, which collects vehicle 
data like - time of the trip, GPS location, maximum, 
minimum, and average speed to study the data and predict 
accidents and road infrastructure development to prevent 
crashes. The driver's behavior is also considered, including 
the driver's drowsiness level. The figure 1 from [7] 
describes the alarming situation in Road Safety due to 
Driver drowsiness. A framework and a deep learning-based 
application are implemented to check the drowsiness level 
of the driver to an accuracy of 82%. 

 

 
Fig-1 Accidents due to drowsiness 
 
In [8], a cost-effective, novel IoT architecture is made with 
robust computational methods in assessing road safety. This 
safety system approach to road safety is now adopted 
worldwide. However, the considerations are made for the 
medium-to-long term. This work implements the approach 
for a short-to-medium-term dynamic assessment of road 
safety. In addition, the use of machine learning in the design 
of the computational core is show-cased by using an 
application of Hidden Markov Models. The proposed 
architecture is demonstrated through an application to 
safety-based route planning.  

Machine Learning also plays a vital role in predicting 
accidents. Prediction of the automotive accident severity is 
important for an intelligent traffic system. In [9] some 
classification models like Logistic Regression, Artificial 
Neural network, Decision Tree, K-Nearest Neighbors, and 
Random Forest have been implemented to predict accident 
severity. A secure communication architecture model has 
been explained to exchange information among the devices, 
and a web-based alarm system is introduced that can alert 
the user for any accident. However, these techniques require 
a wide range of land data as input, reducing to a low 

resolution and losing detail. So, to solve this problem, a 
solution as stated in [10] has been proposed to use a high-
resolution data framework and the application of IoT is the 
deep learning architecture of Convolution Neural Network 
(CNN). It is found that high resolution of data provides a 
result with more accuracy. 

Several solutions have been presented to solve the problem 
of tackling traffic congestion [11]. One of these methods is 
to solve this problem through Artificial Neural Networks 
(ANN). Modeling Smart Road Traffic Congestion Control 
using Artificial Back Propagation Neural Networks 
(MSR2C-ABPNN) is proposed [12] with the help of ANN 
for road traffic regulation and control. The proposed 
MSR2C-ABPNN based model predicts the point of 
congestion using neural network and backpropagation 
algorithm. It is further divided into two sub-layers The first 
layer, i.e., prediction layer, backpropagation, is used to 
detect the occupancy. In contrast, the second layer, i.e., the 
performance layer, evaluates the prediction layer 
performance in terms of RMSE, Accuracy, and Miss Rate.  
Tab-1 from [13] shows the statistics of law-breakers in two-
wheelers and four-wheelers which is a major reason behind 
accidents. In [14], smart accident prevention and detection is 
proposed using V2V communication technologies, 
Raspberry Pi, various sensors, MEC architecture, etc. for the 
prevention of two-wheeler accidents.   This system detects 
accidents by vibration sensors, accelerometers. For 
detection, the GPS and GSM modules locate the accident 
site and correspondingly inform the person’s nearest ones 
and nearby hospitals through a text message. The system 
also requires the person that will be riding the bike to have a 
valid driving license using the already embedded RFID on 
the driving license. The RFID reader on the bike will have at 
most ten registered users, hence handling theft-related 
issues. The system is efficient in terms of both the 
parameters and performance. 
  
Table-1 Statistics of Law Breakers on two and four-wheelers 

 
Law breakers Two-wheelers Four-wheelers 
Signal jump 2,20,859 1,46,945 
Drunken drive 36,727 17,237 

 
Furthermore, to prevent accidents, an alerting system has 
been set up as proposed in the [15]. The prototype is 
designed using Raspberry Pi, Pi Camera, sensors for 
monitoring driver's eye movements, detecting yawning, 
detecting toxic gases, and alcohol consumption to prevent 
accidents and to provide safety assistance to the drivers. 
Thereafter the Internet of Things (IoT) and Machine 
Learning (ML) enabled system is implemented in vehicles 
for transmitting the behavior of the driver and his driving 
pattern to the cloud to take quick response under 
emergencies. Cloud services and machine learning are 
employed in identifying the fatigue of the drivers through 
the collected dataset. Various Machine Learning and IoT 
based algorithms work simultaneously to smoothly execute 
all the different prevention methods. The general 
architecture model is also shown below in the fig 2[13]. The 
device is experimentally tested, and the results show its 
efficiency and effectiveness.  
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Fig-2 General architecture of the model 

 
A model was proposed [16] to incorporate ITS context 
incorporating speed and pollution adaptive traffic control 
systems with weather advisories. The Scalable Enhanced 
Road Side Unit (SERSU) was developed for use as part of a 
comprehensive Intelligent Transportation System based on 
the Internet of Things (IoT) concept. It collects information 
using a variety of sensors and an onboard camera. The 
collected data can then be uploaded to a central server for 
speed limit adjustment, metering routes to reduce vehicle 
congestion and emissions, and issuing weather advisory 
warnings. Wireless cellular networks and RF modules are 
used for communication with all the devices.   

To prevent accidents on the road, Smart IoT cars are 
proposed in [17] in which we can control distinctive things 
or keep track of a vehicle for security, solace, and 
proficiency. Technologies such as ease liquor sensor, safety 
belt consisting of an inbuilt heartbeat sensor, and edge 
restrict are designed to prevent mishaps from occurring. All 
controls are accessible in auto proprietors' dashboard 
accessible both in auto and in a versatile application.  

Another prominent factor that contributes to fatal accidents 
is the behavior of drivers. Often due to driver drowsiness or 
drunken driving, major accidents are caused, which 
contributes to a large number of deaths. So it is of grave 
importance to solve this problem. With the help of the Q-
135 sensor [18], alcohol can be detected from the air, so 
whether the driver is drunk or not can be checked. The 
sensor sends the signal to ARM-7. If the driver is drunk, 
then vehicle ignition will not start until the driver is not 
changed. In case the car is already in driving condition, then 
the system alerts the driver using a buzzer. Another human 
behavior that contributes to road accidents is microsleep. 
This is due to the current trend of life like heavy workloads, 
long working hours, excess consumption of caffeine, and 
many others causing massive fatal accidents. The creation of 
SMART Vehicles in the IoT increases the technology 

capabilities in reducing the number of crashes on the roads. 
An integration with Artificial Intelligent (AI) [19] can be 
used to detect microsleep. While the image processing can 
see the face changes from normal to microsleep symptoms 
by tracking the eye degree, the head motion, and the mouth 
yawning.  

Another critical aspect leading to road accidents is low 
visibility [20]. It can also be caused by other accidents, 
work-in-progress on roads, excessive motorized vehicles, 
especially at peak times, and so on. Fixed traffic sensors are 
installed on roads that interact with drivers' mobile apps 
through the 4G network to solve this problem. This, 
however is not feasible on all roads. To make it work for 
non-highway roads, mobile traffic sensors can be installed 
in private and public transportation and volunteer vehicles. 
An IoT Cloud system based on OpenGTS and MongoDB is 
proposed to solve this problem and assist critical rescue 
vehicles such as ambulances, etc. It is also shown below in 
fig 3. Experiments run on this application show-case that 
this system shows the acceptable response time to be sent to 
drivers to mitigate this problem by avoiding accidents. 

 

 
 
Fig-3 IoT Cloud system for traffic monitoring and alert notification. 

 

III. SIGNIFICANCE OF SMART ROAD SAFETY SYSTEM 

As per the United Nations 2030 plan, there is a requirement 
for an enhanced transportation system with highly effective 
road safety. This can be accomplished with the assistance of 
IoT and Artificial Intelligence. The primary objective of IoT 
and Artificial Intelligence to be used in Road Safety is to 
connect the traffic system using real-time data, which helps 
all the traffic information be updated efficiently and 
simultaneously. IoT can play a significant role in collecting 
all the necessary data from the vehicle, such as trip details, 
speed limit, GPS, etc. This can help prevent crashes and 
enhance safety very efficiently. Similarly, with the help of 
Artificial Intelligence, we can track the driver's behavior and 
the pedestrian that can help us prevent accidents. These 
methods can be highly efficient for maintaining an advanced 
traffic system with effective road safety. In [21], a 
discussion is made on the effective implementation of these 
budding technologies to provide a reliable, intelligent, and 
smart experience to the users traveling along the highways. 
The study is divided into five categories- smart highway 
lighting system, smart traffic and emergency management 
system, renewable energy sources on highways, smart 
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display, and Artificial Intelligence in Highways. This study 
has also discussed the enhancement of Road safety and 
sustainable experience for travellers by integrating deep 
learning techniques in the edge-based vision node for 
studying the pattern of traffic flow, road condition, and road 
safety. 

Apart from these Internet of Things and Artificial 
Intelligence can also play an important role in detecting 
drowsiness, the behavior of drivers after consumption of 
alcohol, over speeding or missing safety gear such as seat 
belts, helmets can help us to avoid crashes and thereby 
avoid any serious deaths or injuries. Below are some reasons 
that cause crashes that have been discussed which can be 
optimised with the help of IoT and Machine Learning. 

Over Speeding:  

This is one of the common reasons behind crashes. Humans 
tend to Overspeed and often lose control, leading to fatal 
accidents. So to tackle this problem, a model can be used as 
stated in [22]. A micro-controller and a radio frequency 
identification system are used to limit the overspeeding of 
vehicles. Automatic speed reduction can be achieved with 
the help of the transmitter and receiver modules when the 
vehicles are in an accident-prone region.  

Driver's behavior:  

Another important reason behind fatal road accidents is the 
distraction of drivers or drowsiness. This problem can be 
tackled by a novel ensemble approach based on deep 
learning, as stated in [23], which can detect a distracted 
driver by detecting the objects involved in distracting the 
driver using Faster-RCNN. This has achieved a validation 
accuracy of 97.7%. Moreover, to reduce any false alarms, 
the pose points of the driver are also taken into 
consideration to make sure only those objects are detected 
which are directly associated with the driver's distraction. 
The proposed method is not only time-efficient, robust but 
cost-efficient as well. Apart from this, with the help of Deep 
Learning, we can also detect the drowsiness of driver as 
stated in [24] with the help of an architecture consisting of 4 
deep learning layers - AlexNet, VGG-FaceNet, 
FlowImageNet, and ResNet, which uses videos of drivers as 
input and detect drowsiness. Using a Soft-Max classifier, it 
also considers hand gestures, facial expressions, behavioral 
features, and head movements to detect drowsiness with 
almost 85% accuracy. 

Lack of Safety Measures: 

With the increase in the number of vehicles on the road and 
traffic congestion, the absence of safety gears like helmets 
and seat belts have become a prominent reason for an 
accident. The best way we can tackle this is with the help of 
IoT and machine learning, like a smart helmet system [25] 
in which IR and alcohol detection sensors are used to detect 
the presence or absence of a helmet. Similarly, a seat belt 
detection system [26], with the help of the YOLOv3 target 
detection algorithm and the lightweight network structure, 
can be used to prevent road accidents and thus decrease 
deaths.  

 

IV. ADVANTAGES OF IOT AND ARTIFICIAL INTELLIGENCE IN 

ROAD SAFETY 

The transportation authority is associated with a high 
maintenance cost, fatal accidents, injuries, and loss of life 
every year. For a developing nation like India, it is vital to 
find a solution. The best way to tackle this problem is with 
the help of the booming technologies of today like Machine 
Learning and artificial intelligence. These technologies can 
help optimize the maintenance cost and prevent fatal 
accidents, thus saving the lives of civilians.  

Detecting human behavior: 

One of the major reasons that contribute to fatal accidents is 
human behavior and their negligence to follow the traffic 
rules. IoT can play a proactive role in helping drivers adopt 
safety rules. With the help of IoT, the traffic management 
system gets updated with real-time data, thus increasing the 
efficiency of the safety system. With the help of Machine 
Learning and IoT, we can judge the driver's behavior and 
alert them simultaneously. For example, in [27], a deep 
learning model is proposed to explore the complex 
interactions between the driver's behavior and the road 
environment. The proposed model consists of an 
unsupervised Denoising Stacked Autoencoder (SDAE) that 
will provide output layers in RGB colors. The SDAE model 
is also shown below in the figure. With the help of the 
graphical outcome, the patterns of simple driving behavior 
and road environment complexity can be detected with 
better efficiency.  

Detecting Condition of Roads and bridges 

Another factor that influences road accidents is the poor 
condition of roads. With the help of IoT, we can 
continuously monitor the condition of roads so that 
maintenance can be done accordingly, which will help us 
prevent crashes. With the help of Machine Learning, we can 
identify cracks in bridges and that can help prevent any 
traumatic disasters. One such system can be an Intelligent 
speed breaker system as proposed in [28], which helps 
detect speed breakers that might get neglected by drivers 
due to bad visibility or over-speeding. In this system, an RF 
module is used that warns the driver about the existence of a 
speed breaker in proximity and also assists in automatically 
reducing the vehicle’s speed if no action is taken in time. 
Through the IoT, GPS location of speed breaker can be sent 
to the cloud using GPS and stored on the cloud to use it for 
future. Additionally, with the help of ML, we can also 
perform pothole detection as shown in [29], in which 
accelerator and gyroscope, which are usually available in all 
smartphones, are used to collect road status information and 
use Transfer learning for detecting the potholes. 

Shortly, IoT and Machine Learning can greatly assist people 
in preventing road accidents. These technologies will help 
develop a smart, efficient, and intelligent traffic system that 
will help the countries reduce their mortality rate due to road 
accidents and help the transportation authority reduce their 
maintenance cost and help them prevent disaster. Thus these 
technologies prove to be a boon in the field of road safety. 
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V. LIMITATIONS OF IOT AND ARTIFICIAL INTELLIGENCE IN 

ROAD SAFETY 

Although the concepts of IoT applying to road safety sound 
exciting and very much increase road safety, these 
applications are still not in use. This can be accredited for 
several reasons. The most important is the effectiveness [30] 
of the application not being considered. Most of the studies 
evaluating IoT technologies to prevent accidents on 
construction sites have not investigated their effects, which 
presumably prevents construction companies from adopting 
IoT technologies. The current body of knowledge lacks a 
method for quantitatively evaluating the effectiveness of 
such technologies, which probably is one reason why they 
have not been deployed widely. Secondly [31], 
infrastructural, issues such as road zoning, planning, & other 
construction-related concerns become significant problems 
for implementing this technology. Thirdly, high-speed 
Internet-oriented data transfer media is required to apply the 
IoT-based technology. In a country like India, the network 
unavailability or instability for any reason may disrupt the 
entire traffic control system. Therefore, overall data 
management would be a big challenge for this traffic 
management system. Lastly, many devices are accessing the 
central network, which increases the chance of hacking or 
malfunctioning the system. Hence, a top-notch security 
layer is necessary for making an impenetrable and hack-safe 
smart traffic application. In addition to this, [32] there is a 
loss of data when huge unconnected vehicles come between 
the connected vehicles and at building intersections. 
Because of more moving vehicles, Doppler effects, 
shadows, and multiple paths fading occur.  

VI. CONCLUSION 

The present study focuses on all the various researches 
made in road safety with the help of IoT and Machine 
Learning. It is seen that, with the help of IoT, the safety 
system can be updated on a real-time basis which can help 
to create a smart, intelligent, and highly efficient road safety 
system. AI is applied to enhance the technology further for 
detecting the driver's behavior like drowsiness with the help 
of real-time camera feed or high-resolution images. The true 
power of IoT in ensuring safe driving continues to be 
unleashed as cars move towards becoming fully autonomous 
and start interacting with their environment and making 
decisions on their own. This will prevent drivers from 
entering hazardous areas, assisting in avoiding collisions, 
selecting detours, and avoiding traffic congestions. Though 
research on IoT and ML has not yielded much development 
in Civil Engineering sector, present study definitely gives a 
major breakthrough in transportation Engineering 
particularly for road safety measures.  
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Abstract— An electric motor is the only prime mover 

employed for operating a pure electric vehicle. The overall 

tractive movement of the vehicle depends on the operational 

characteristics of the motor. The fuel efficiency also depends on 

the performance of the motor. The output parameters of a 

motor are usually torque and speed. These output parameters 

must be optimally controlled in order to meet the required 

demand/ drive cycle. So, a proper feedback control strategy is 

required in order to dynamically control the motor for the set 

reference. The proposed research investigation employs an 

optimized PI controller for tracking the set operational speed of 

the motor. The adaptive tuning of controller parameters 

yielding minimum error is obtained by using Modified Particle 

Swarm Optimization. The realistic specification or parameters 

of three phase induction motor are obtained from JMAG. 

Keywords— Electric vehicle, Particle Swarm Optimization, 

Induction Motor, JMAG, MATLAB, PID controller 

I. INTRODUCTION 

In the present scenario, the reserves for the non-renewable 
sources of energy are getting depleted day by day. The price 
of conventional engine fuel to is exponentially increasing and 
its import dependency amounts to Rs.6.59 lakh crore to import 
203.8 million tonnes of oil during 2018-2019 [1-2]. 

So, the trend of utilizing pure and hybrid based electrical 
vehicle topologies are considerably higher, creating a market 
for the same. An integral component in an electric vehicle is 
the motor, which provides the necessary tractive force for the 
vehicle to move. There are mainly three types of motors which 
are used in the electric vehicles. They are Induction motor, 
Permanent Magnet Synchronous motor and Brush Less DC 
motor [3]. 

 

 

Torque and speed are the major outputs from the motor. 
These outputs need to follow the set reference which in our 
case is obtained from the drive cycle. There occurs an error 
between the actual operating variable and the set reference, 
which requires to be minimised using a controller. An 
adaptive and optimised PI controller is proposed in this study. 
The controller variables are Kp and Ki. These variables are 
functioned via integral square error output which is linked 
with the objective function formulated in the PSO algorithm. 
This delivers the optimum value of controller variables for 
which the error signal is the least. 

MATLAB and JMAG are used as software tools for this 

study. MATLAB is a well-known simulation tool that aids to 

create our objective function and provides platform for 

implementation of PSO algorithm through it. Whereas JMAG 

is the modern practical machine design tool through which 

we can completely design our own machine with different 

kinds of input and its variation. Further, various electrical 

machine characteristics can be realised through JMAG. As 

JMAG offers to provide the design of commercially available 

motor, the output from it act as inputs to the objective 

function thereby validating it. So, the input parameters 

required for the PSO based optimization-based approach are 

taken from the JMAG. 

II. METHODOLOGY 

The proposed system with optimised tuning of controller 

gains is simulated in SIMULINK. The realistic internal 

design parameters of the considered motor are acquired from 

JMAG. The Induction motor employed in this present study 

is modelled as follows. 

 

Fig. 1 Variation of Oil and Natural Gas Price over the Years 
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A. The Simulink Model  

 

The three-phase induction motor is modelled with voltage 

in d-q reference frame as inputs and the speed in mechanical 

domain as output [3]. D-q model of induction motor is 

considered, to reduce the complexities in computing the time 

varying mutual inductances that occur between the stator and 

the rotor.             

 

The mechanical block converts torque output of the 

induction motor into angular speed in rotations per minute. 

The output variables of the induction motor are the electro-

magnetic Torque (Te), direct axis current component (Ids) and 

quadrature axis current component (Iqs). The value of Ids and 

Iqs are obtained employing equations (1) and (2). These are 

further employed to estimate the value The electromagnetic 

torque generated by the induction motor is modelled as seen 

in equation (5). The actual speed of the induction motor is fed 

to the comparator in which the set reference is the 

standardised drive cycle. The error signal is fed to the 

controller operating on particle swarm-based search. In 

accordance with the optimized values of Kp and Ki, the error 

signal can be reduced, and an effective control strategy is 

realised. 

 

Following are the equations which are used for the 

modelling of induction motor. 
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B. The JMAG simulation software 

 

JMAG is a versatile high-performance machine designing 

software. An electro-magnetic machine can be practically 

modelled, designed and solved. JMAG operates on finite 

element analysis approach. The interface of the JMAG 

software is very simple and easy to understand. Design 

parameters of an electrical machine can be altered, and the 

corresponding operational characteristics are made available. 

The design parameters include number of slots, number of 

poles, yoke radius, pole pitch etc. Provision for change in 

electrical inputs like rated voltage, rated torque, maximum 

speed, base speed etc can also be carried out. The parameters 

like magnetizing inductance occurring because of mutual 

inductance between the stator and rotor, rotor self-

inductance, stator self-inductance and stator resistance are 

obtained from JMAG for realistically simulating the 

induction motor model in the proposed study. 

 

C. Particle Swarm Optimization (PSO) 

 

PSO algorithm is inspired from the social behaviour and 

dynamic movements among of insects, birds and fish. This 

uses variables / particles that constitute the objective 

function. The particle in a defined boundary iterates its value 

in the search space looking for the optimum solution. Each 

particle has three parameters position, velocity and value of 

objective function which is considered as local best value. 

The algorithm terminates if the value of the local best value 

is equal to the minimum value of error which is set as global 

best position [4]. 

 

The following general parameters have been used for the 

simulation in this study is provided in Table1. The workflow 

of the algorithm is shown in Figure 2. 

  

TABLE 1 Values of parameters used in Particle Swarm Optimization 

 
Parameters Values 

No. of variables 3 

The velocity coefficients c1 and c2 1.5 and 2.0 respectively 

The inertia of each particle 1 

No. of iteration 20,40 and 60 

No. of population 50,80 and 100 

Lower bound 
Obtained from JMAG for a 

particular motor design 

Upper bound 
Obtained from JMAG for a 

particular motor design 

Stopping criteria No. of iterations specified 

Objective function Equation (1) 
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 The flowchart of the PSO algorithm which is used here 

in this study is shown in the Fig.2 below. 

 

 

        Fig. 2. Flowchart for PSO 

 

III. PROPOSED MODEL OF OPTIMISED CONTROL OF INDUCTION 

MOTOR IN ELECTRIC VEHICLE 

Figure 3 represents the proposed optimised control for 

tracking the set reference as per the drive cycle FTP75. 

 

The Simulink model consists of an abc-dq transformation 

unit, Induction motor, mechanical block, the feedback unit, 

and an optimized and adaptive PI controller with trained PSO 

algorithm [5-6]. The three-phase to two-phase transformation 

block converts the three phase voltage inputs into two phase 

voltages along the d-q reference frame. Vd and Vq are 

retransformed into currents along d-q reference frame which 

are further employed in estimating the torque generated by 

the induction motor as seen in equation (5) [7-8]. 

 

The error signal obtained in the model is converted and 

taken as integral square error shown in equation (6) which 

acts as objective function. 

 

2ISE u=   =  ∫(𝜔𝑠𝑒𝑡 − 𝜔𝑎𝑐𝑡𝑢𝑎𝑙)^2……. (6) 

 

Where 𝜔𝑠𝑒𝑡 represents the reference speed of the vehicle 

and 𝜔𝑎𝑐𝑡𝑢𝑎𝑙  represents the actual speed of the rotor in the 

motor or the vehicle. 

 

The mechanical domain gain blocks shown in Fig.3 

incorporate the values of J and B, whereas electrical domain 

gain includes Lm Lr and Ls where 𝐿𝑚  is the magnetizing 

inductance occurring due to mutual inductance occurring 

between the stator and rotor, 𝐿𝑟 is the rotor self-inductance 

and 𝐿𝑠 is the stator self-inductance [7]-[8]. So, these design 

values can be obtained from JMAG for the induction motor 

taken under consideration. J (Kg.𝑚2) and B represent the 

moment of inertia and frictional coefficient respectively. 

IV. RESULTS AND DISCUSSION  

 

The obtained results from the simulation for different 

cases are provided in figure 4. 

 

 

Fig. 3. Simulink Model of the overall Control Strategy of the Induction Motor 
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Fig. 4.  Results of the simulation for different values of PSO 

parameters 

 

 

       Fig. 5a.       Reference Drive Cycle Input     

 

 

 
  Fig. 5b.    Actual Motor Speed Output 

 

An optimum value of kp and ki are obtained for least value 

of error. A change in the number of population and iteration,  

yield a corresponding value of proportional and integral gain.  

A decrease in error is seen for increase in the number of 

iterations. Fig.5a. shows the variation of expected operational 

velocity with respect to time which is termed as drive cycle. 

An inbuilt drive cycle FTP75 is taken as the reference 

controller. 

 

Figure 5b represents the trackability of the controller to 

follow the set reference speed. This has resulted by 

appropriately optimising the controller gains for least 

possible error. As the number of population size increase, the 

value of variables 𝐾𝑝 and 𝐾𝑖 leading to least error changes. 

In other words, the algorithm searches for a new local 

minimum value of error function which becomes the best or 

the global minimum. 

 

Figure 6 represents that the controller is adaptive by 

minimising the error to the least value meeting our 

requirements. The corresponding values of Kp and Ki are 

shown in figure 4. 

 

 
        Fig. 6a.  Plot for Kp=10, Ki=10      

 

 

 
 

Fig. 6b.  Plot for Kp=20, Ki=20 

 S. No. No. of 
population 

No. of iteration Proportional 
Gain 

(Kp) 

Integral 
Gain 

(Ki)  

Operating 
speed 

(rpm) 

Error  
Signal 

Figure 
number 

1. 10 10 225.8446 19.426 1966 0.88 6a 

2. 20 20 133.970 14.341 2213 0.6 6b 

3. 30 30 172.92 27.4165 2355 0.32 6c 

4. 40 50 245.189 44.998 2411 0.02 6d 

5. 50 60 51.624 40.299 2456 0 6e 
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        Fig. 6c Plot for Kp=30, Ki=30 

                                                       

 

V. CONCLUSION AND FUTURE SCOPE 

 

An optimised control strategy for an induction motor 

driving an electric vehicle is proposed. Optimization of 

controller gains for minimum error input is performed 

using modified particle swarm optimization algorithm. 
The internal design parameters of the motor are acquired 

from a realistic design software JMAG. The proposed 

control strategy is efficient in tracking the set reference 

as shown in Figure 5, which is the main control objective 

of the motor in an electric vehicle.  

As justified from the obtained results, the proposed 

optimized PI controller is simple, optimal and robust for 

dynamic variations of operating speed provided by the 

drive cycle. 
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Abstract: 

During the post locked down period while doing 

internship it was observed that the interns were 

contributing to the new age start-ups as marketing 

engine and it has been noticed from the pattern of 

assignments that these interns are helping the host 

organizations in branding and marketing. Intern 

resources coming from different domains like HR, 

Finance, Sales, BA, and Operations etc  are assigned 

to the work which is intended to a  common goal of 

getting higher reach by the customer from different 

digital media rather than any other objective. So the 

subjective research that was performed in this area to 

find out the enforced objective of hiring interns in 

start-ups for their branding and marketing. The data 

thus obtained were sampled out using an appropriate 

exploratory research with the help of primary and 

secondary data. The primary data collected from G-

form responses, media observation, Personal 

Interview data and experienced based assignment 

analysis and the secondary data obtained from 

Digital media social media , Company Websites, 

Different Job Portals etc. 

 

We observed and tried to arrive at a pattern that this 

could be a planned strategy where intern resources 

are meant for brand building and marketing for the 

host organization as a start up. 

 

1.1 Introduction 
 

A   detailed   study  was  conducted on Intern 

resources how they are used as marketing engines 

in new age start-ups and their internship programs 

helping the hosts in brand building and marketing 

.The participation experience states that during the 

internship period the intern resources are randomly 

asked to Post the daily updates in social media, 

Transition promoting video, the workforce of 

getting likes and shares comments, to increase 

Followers   on  YouTube   promotion, Perks for 

inviting more interns, Commission  for  sales. 

Perks and benefits for hiring more interns, 

Instructions of getting higher customer reach 

throughout  different social and digital media 

platforms as the core part of their internship 

assignment. 

So the pattern of getting higher reach of the target 

audience with the help of hiring interns  could be 

the easiest strategy for any new age start ups for 

better marketing and branding. It leads to the 

conclusion of my research that the hiring interns as 

a part of human resource planning may be used as 

beneficial strategy by any start-up. My comparative 

study on the different strategies of marketing taken 

up by different start ups could be a very good 

reference to understand and pattern out how intern 

resources are used as very good sparks for host 

organizations’ branding and marketing 

theoretically. 

 

 

1.2 Objectives:  
 

In this study we considered few focal points to be 

the main objectives of our research. 

 How the intern resources are being used as 

a marketing engine? 

 How is this practice used as strategy of 

marketing with a pre-calculated Human 

Resource planning? 

 How does the utilization of the resources for 

promoting the Brand in  different digital 

media function as beneficial for the host 

organization as a start up? 

 How does the utilization of the resources for 

promoting the Brand in  different digital 

media so function as beneficial for the host 

organization as a start up? 

 How does the different assignment of 

traffic strategies o help the new age start- 

ups to get the better customer reach? 

 

1.3 LITERATURE REVIEW  
 

“An internship is a group effort of agency 

professionals and students working together to 

advance the field of recreation, introduction and 

invention. Without this passion for professional 

growth we believe the term internship would be 

nonexistent “(Future Business Journal volume 6, 

Article number: 2 (2020)  

The word internship is used  to  describe a number  

of different types of experiences. Despite of 
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inconsistent usage, internships are 

operationally defined as a single-term, off-

campus, job based learning experience (Ryan  

K.  Gower  &  Michael A. Mulvaney, 6 

LCCN: 2012942242). 

Preliminary studies suggest that student 

perception of the quality of their experience is 

greatly enhanced when they are fully 

immersed into an organization through a full-

time internship (Gower, 2008). While 

concurrent classes are not typically acceptable 

as they could be a distraction to the 

working/learning process, an orientation 

course is generally required before the onset of 

the internship experience (This is explained 

referencing the write up of Gower, 2006). Less 

common in practice are concurrent 

placements, where students complete a 

designated number of hours each day with the 

host work agency and then attend traditional 

courses (Linn, 1999). 

 

As per the data analysis (Benefits of Internships 

for Interns and Host Organisations by Zenobia 

Ismail) we see the most significant benefits 

agencies receive from hosting an intern is 

 

 The infusion of creativity you bring and 

your critical perspective. 

 Technology and social media expertise 

 Digital media skills 

 The talents and skills that they bring to the 

organization and the relatively low cost of 

securing their employment etc. 

 

A recent survey from the Pew Research Centre 

showed that in the 18-24 demographic, around 

75% use Facebook , Instagram , and Snapchat . 

Not only that, they’re informed about current 

events,   popular culture, and the best social 

media trends. 

Students often arrive with the latest information 

from the academic world, a better understanding 

of the technological tools to increase  efficiency 

and effectiveness, or an outside perspective that 

challenges conventional thinking (Gryski et al., 

1987). This may help organizations find new 

operational standards, maintain relevance, or reach 

new clientele (Morrow, 1995). 

 

By using internships and cooperatives as a pre 

screening tool, agencies are able to test the 

capabilities and fit of the individual before they 

extend a full-time offer and minimize the chance 

that the hire will be a poor one (Gualt et al 2000). 

 

1.4 Data Collection: The data thus obtained were 

sampled out using an appropriate exploratory 

research with the help of primary and secondary 

data. The primary data collected from G-form 

responses, media observation data, Personal 

Interview data and experienced based assignment 

analysis and the secondary data obtained from 

Digital media social media , Company Websites and 

different Job Portals etc. The working assignments also 

helped in finding conclusions. 

 

1.5 Literature Survey and Methodology:  
 

Method  of  research: Research methods are classified 

into two types (Ignou SLM and SOSS). 

 

 Primary and secondary research methods. 

There are various ways to differentiate various 

market research methodologies. The majority of 

techniques may be classified one of six categories: 

 

 Secondary research 

 Surveys 

 Focus groups 

 Interviews 

 Observation 

 Experiments 

 Field experience/trials. 

From the above methods we practiced in 

interviews, surveys and Observation methods and 

participation based data as the field experience 

1.6 Data Analysis & Findings:  

1.6.1 DATA CLASSIFICATION: 
 

Data analysis has been done in two segments: 

Segment 1 (Demographic interpretation) 

 Primary data was taken in questionnaire 

format through Google survey form to analyse 

about their internship experience. 

 Secondary data was collected from various social 

media, company websites and journals. 

 Interviewing interns from different industry 

 Few data has been analysed from assignment 

analysis and participation based experiences. 

           Segment 2 (Statistical Inference) 

 

Rest of the conclusion drawn based on the 

descriptive statistical techniques (SPSS and Chi 

square test) 

 

Note: Survey questionnaire is mentioned in 

appendix. 

 

SEGMENT 1 DATA INTERPRETATION  

DEMOGRAPHIC ANALYIS (Refer to Q4) 

Response recorded 
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Findings 1: Most of the start-ups offered internship 

especially in sales and marketing and most of them were 

indulged in social media marketing which shows that the 

utilisation of the resources for promoting the Brand in 

different digital media functions as beneficial for the host 

organization as a start up. 

 

Explanation: The root cause analysis says that the 

younger interns will have a unique thoughts and 

insight to the current social media trends. Due to 

which, they may handle your  social  media 

channels, if social media plays a key part in your 

company. In Addition with that, young interns are 

well versed about social media, having grown up 

with it and being used to with it in everyday life. 

Refer to Q6 

Response: 

 
 

 

 
 

Findings 2: 
 

 62.5 % Interns are instructed to post 

daily updates in their social media 

 40.3% Interns are been   asked for 

transition video 

 52.8%   Interns asked for increasing 

social media likes and followers 

 34.7 percent are asked for hiring more 

interns for the organization 

 

Explanation 2. 
 

These responses clearly conclude that this is a pre- 

calculated Human Resource planning for marketing 

and branding and the intern resources are utilized  

as social media reach stimulator by the start ups. 

 
Refer to Q9 

Response 

 

 
 

 
Findings 3: 

 

 63.9 % Interns are asked for hiring 

more interns 

 

Explanation 3: 
 

More    hiring    helps  to  increase visibility on 

college campuses. 

 

Increase  productivity  ,If 1 intern may help in 

increasing 2% (of total target ) of customer reach in 

one month and if he may hire at least 5 more intern 

then the total productivity will be 10% greater than 

the previous estimation. 

 

(Question 2 from interview) 

 

 

Response 

 
 

Findings 3: 74.3 % people agreed to  the  fact 

that intern resources are used  as  marketing 

engine,   especially used   in   increasing social 

media reach. 

Explanation 3: 
 

Since the beginning of the social media era  10 

years ago, new companies, industries, and fields of 

study   have   emerged  to make use of this 

revolutionary way of communication and 

interaction through social media and become the 

central focus thus interns are used as the tool of 

marketing is the start-ups to achieve business goals. 

 

( Refer Q3 from interview set) 
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Findings 4: 

 

74.3 % interns strongly supported that their 

engagement helped the host organization in 

branding. 

Explanation 4: 
 

Summer internships represent a win-win 

proposition – they provide interns with a golden 

opportunity to acquire experience they need, while 

helping to develop your employer brand in ways 

you may not have imagined and attract future 

talent. 

 

(Refer Q5 from interview) 

 
 

 

 

 

 
 

Findings 6: The report says that almost every 

interns has helped in generating some leads to the 

host organization 

If the host organization has hired 100 interns for 

summer internship project in 2021 then on an 

average each interns has helped in bringing 5-10 

leads to the host organization. 

Explanation: Generating    leads and   active 

followers  together  is  a combination of   strategic 

analysis, marketing, and  convincing  skill. 

Professionals in this area may participate in 

everything  from the  development  of   their 

employers’ products and services to the creation of 

marketing  strategies,   generation  of   sales 

opportunities leads, negotiating and closing deals. 

 

And most importantly if this work  could be done 

via hundred of interns through their personal 

contacts then it became so easy to  transfer  a 

random prospect to your future leads. 

And it clearly says that the intern resources are 

being used as a marketing engine by almost every 

start ups. 

 

(Please refer to Q9 and Q8 from interview) 

 

 

 
 

 
 

 

 

 

 
 

Findings 7: 
 

The above data clearly creates the impression 

almost every intern posted something through 

social and digital platform daily to get their task 

completed. 

 

Explanation 7: 
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The utilisation of the resources for promoting the 

Brand in different digital media functions as 

beneficial for the host organization as a start up. 

 

Conclusion drawn from Segment 1  
 

The frequent engagements of posts, likes, shares, 

comments in social media by the interns, this 

practice used as strategy of marketing. 
 

 Promoting the Brand in different digital 

media function as beneficial for the host 

organization as a start up 

 Pre-calculated Intern Resource planning 

helping the start-ups to grow their 

customer reach in a higher rate. 

 

Segment 2 

 
1.6.2 Analysis using Chi Square test 

Thus we showcased the significant relationships 

between the below mention properties considering 

the standardized value of (P at <.05) which will 

clearly able to signify the dependency between the 

variables. 

 

 
Relationship 

Between 

P Value 

Host organization 
and their 
strategy of utilising 
intern 
resources 

P=0.000336 

Start ups and 
promotion of their 
brand using intern 
resources 

P= 0.02907 

Host and 
assignments of 
interns as a tool of 
marketing 

P=0.00283 

Host Organization 
and their strategy of 
utilising intern 
resources to post 
daily in various 
social media 

P=0.0154 

Start ups and interns 
engagement for 
brand building 

P= 0.0008 

 

 

Here we identified that the relation between these 

variables are significant. 

1. The First cell value of P=0.000336 

signifies that intern resources are utilized 

as Social media traffic stimulator by the 

start ups specially. 

2. From the above test we may state that 

intern resources are utilized to promote 

their brand by almost every start ups (P= 

0.02907). 

3. Seeing the third relationship and the P 

value we may say that the assignments of 

the intern resources are utilized as a tool  for 

marketing by the start ups specially 

(P=0.00283). 

 
4. Here the P value (P=0.0154) helps us to 

understand that the intern resources are 

utilized to post in various social media by 

the start ups daily. 

 
5. Here, the value of P=0.0008. So P <.05 

which clearly signifies that the intern 

resources are utilized to boost the 

branding of the start ups. 

 

 

1.6.3 Participation Based Assignment analysis  

Findings: 

1. By analysing the instructions of tasks in 

different work assignments from the host 

organization, one may easily pattern out 

that the organization’s intention to take an 

immediate advantage from intern’s work. 

 
2. They are much more focused on their 

branding, promoting and customer reach 

rather than focusing on  something  which 

is purely for the benefit of the interns and 

their academic curriculum. 

 
1.6.4 Media observation data  

 
Media observational data helps me to construct 

this   comparative chart between these most 

popular start-ups and their strategies  of  using 

intern resources as marketing engine. 

 
1.7 CONCLUSION:  

 
After    analysing    the   data    collected    from the 

questionnaire, interviews and observation we may 
conclude    that    almost    88.6%    of    interns has 

experienced that the new-age start-ups are much 

more focused in their social media presence and the 

interns are being used as the tool for marketing. 

The individual strategies of traffic making through 

different work assignments benefited the host 

organizations for better customer reach. 

 

This   pre-calculated Intern Resource planning 

programme helped them  for promoting the  Brand 

in different digital media which is beneficial for the 

growth of host organization as a start up? The 

utilisation of the resources for generating leads and 

increasing active followers was intended to make a 

strong platform in different digital media  which 

acts as a spark for the host organization as new 

comer to the industry. From the feedback and 

recommendations of interns sum up to the fact that 

to somewhere the culture and structure of the 

internship programs offered by new age start ups 
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intends to take immediate advantage from the work 

the intern does, and the academic content is getting 

ignored which is harming the basic platform of 

learning. The experience of mutual benefits is 

getting polarised to some extent, which could be 

harmful for the interns. 

 
1.8 Limitations:  

 
From the above study we came to realise that there 

were lot of discrepancies present in the internship 

programmes hosted by different start ups. Most of 

the start ups were basically concerned about taking 

immediate advantage from the work the intern 

does. 

 
 They were nowhere intending to look for 

mutual benefits. 

 
Limitation inputs by interns: 

 
 No proper structure of the programe was 

mapped. 

 Absence of Valid Evolution metrics 

 Quality of strategy is not up to the mark 

 Focused on one way advantages rather 

than mutual benefits 

 Missing of academic theoretical content 

for basic learning 

 Less skill enhancement content for interns, 

rather more focused on immediate 

consumer reach by various social media. 

 

 

 
1.8.1 Future Scopes:  

 
In future if we get some more  relevant  data from  

the interns then we may work on the below 

questions and it could be a very good scope for 

research in this post pandemic era of digital 

marketing. 

 

As of now some open ended future scope of this 

research which should be get highlighted are 

mentioned below. 

 

 How has the post Covid19 internship 

structure been reconstructed digitally? 

 Why did the social media presence of start 

ups become so important? 

 Which domain is helping the organizations 

for generating better leads? 

 How does the utilisation of the resources 

for promoting the Brand in  different 

digital media function as beneficial for the 

host organization as a start up? 

 To conceptualize why the re-construction 

of virtual internship platform via different 

digital media took a serious turn. 
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Abstract— The purpose of the current study is to find out 

the incremental validity of constructs which includes 

demographic variables, personality traits and positive 

psychological capital of bank employees. It is a cross-sectional 

study and the total samples considered for the study is 800 

employees working in both the public and private sector banks. 

The stepwise regression was used to find the incremental effect 

and the results revealed that the demographic impact on job 

satisfaction alone was (R2= 0.026). The effect which includes 

both the demographic variables and personality is (R2= 0.445). 

The effect which includes demographic variables, personality 

and positive psychological capital was (R2= 0.487). Step 2 

regression results has (R2Δ =0.419) which is due to the impact 

of personality factors on job satisfaction and Step 3 regression 

results has (R2Δ = 0.042) which is positive and hence psycap 

can also be used as intervention program which will have a 

potential impact on job satisfaction. The findings of the study 

are based on the samples taken from the Banks in Tamil Nadu. 

The study relies on the perceptions of the employees who have 

been working in Public and Private sector banks in Tamil 

Nadu. Personality factors has much higher validity over all 

other constructs and since R2Δ is positive in step 2, banks can 

also consider psycap as one of the predictor of job satisfaction. 

The outcome of the study would help bankers to use certain 

predictors of job satisfaction. The study has the intention of 

finding the incremental validity of each block using stepwise 

regression model which is first of its kind especially in banking 

sector. 

Keywords— Big Five Personality model, Positive 

Psychological Capital, Demographic variables, Step wise 

regression model, incremental validity 

I. INTRODUCTION 

The banking sector is a dominant player in the Indian 
financial industry which significantly contributes to the GDP 
and the economic development. A significant portion of 
India’s GDP comes from services sector which amounts to 
57% share of GDP in 2013-2014, where financial institutions 
mainly banks contribute (11.8%) which is a substantial share 
in the Indian service industry. On the other hand, the ever 
changing business settings is experiencing a turbulent 
situation and it is commented that "it becomes more pertinent 

to deliberately, consistently, strategically and innovatively 
develop, optimize and utilize their major value-adding 
resource, i.e., human resource" [1] as managing and 
engaging the employees is the creeping problem in the 
banking sector [26]. From the managerial perspective, 
attracting and retaining and keeping the employees satisfied 
is of prime importance today than ever before.  Hence 
studying employee satisfaction becomes inevitable as 
dissatisfaction affects the overall performance and 
productivity of banks. A research initiative at IIM-A has 
prepared a report titled, “Paycheck India” which revealed 
that dissatisfaction level among employees of India had gone 
up since 2009 which is the aftermath of an economic 
downturn.  

 According to the Annual compensation and benefits 
trend survey, India (2014-2015) the highest voluntary 
turnover rate found to be recorded at BFSI (14.0%) and ITES 
(16.4%). Another report titled "Talent trends in India, 2015" 
by Ernst and Young also states that employee turnover is a 
primary concern in almost all organization and especially 
service organizations like consulting, banking and insurance 
tend to capture a significant radar because the results 
indicated that highest employee turnover is seen in customer-
facing employees. Hence it becomes very significant in 
empirically analyzing the bank employee’s satisfaction and 
the determinants. 

II. LITERATURE REVIEW 

Studies connected with personality and employee 
satisfaction: 

Every individual possesses stable attributes called traits that 
make every person a unique one. Traits are dispositional and 
the behavior of the individual depends on his/her personality 
traits or characteristics. The personality of an individual has 
been considered as the best predictor of some range of 
attitudes and behavior especially employee satisfaction. 
Personality should not be isolated and detached from the 
attitudinal research and various works of literature affirmed 
that personality is considered to be a strong predictor of job 
satisfaction ([17]; [18]; [13]; [33]; [31]; [35]. A wide range 
of literature has acknowledged that personality is essential in 

Page 568

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



978-1-6654-7886-1/22/$31.00 ©2022 IEEE 
 

the employee satisfaction research of the banking sector 
([27]). A study which has been conducted in the banking 
sector has considered personality as a moderator factor 
between Organizational justice and employee satisfaction 
([21]).  An empirical study had confirmed that personality 
could act as a strong predictor of employee satisfaction 
([28]). 

Studies relating Positive Psychological Capital and 
Employee satisfaction: 

And recently, there have been many types of research based 
on the positive aspects of employee behavior through 
enhancing some psychological states which are based on the 
positive organizational behavior ([23]). According to the 
author, Psychological capital has its focus on positive 
strengths of the individual, and this construct has an essential 
influence on employee satisfaction. A significant finding in 
the area of psychological capital research insists that hope 
and efficacy are considered most important in influencing 
organisation-related constructs namely employee satisfaction 
and employee engagement ([23]) and attitudes ([6]). Psycap 
constructs have been researched in a wide manner and it is 
found that all the constructs are statistically significant in 
predicting the behavioural factors namely employee 
satisfaction, employee engagement. Psychological capital, 
shortly known as PsyCap exhibits a positive relationship 
with constructs like job performance and employee 
satisfaction ([23]). There exist very few studies in banking 
sector which uses psychological capital construct. A critical 
research has chosen three constructs and found the 
relationship among PsyCap, satisfaction in the job, intention 
to leave by taking bank employees as samples ([32]). 
Another study had included organizational identification as a 
mediating factor between positive psychological capital and 
job satisfaction and found that it mediated partially. Also 
they have confirmed that the residents, who are samples with 
high income had job satisfaction more strongly and it was 
influenced by organizational identification than with low 
income group [38]. As Psychological capital is considered as 
a state which appears to be somewhat a malleable personality 
construct, it would be quite impressive to study and confirm 
the relationship with employee satisfaction. It could also be 
very much useful to understand the relationship between 
stable traits called Big Five Personality traits and also the 
incremental validity of each block of construct in predicting 
the employee satisfaction of bank employees in Tamil Nadu. 

Studies related to Demographic variables and employee 
satisfaction: 

Recently there has been a renaissance in employee 
satisfaction research. Most of the investigations have been 
conducted which associates employee satisfaction with 
factors such as productivity, turnover, and absenteeism. 
Employee satisfaction is a significant entity which has 
attracted attention due to its immense impact on the 
accomplishment of any organization, and it is still more 
important especially in the service sector. In the service 
sector, banks play a significant role and act as a mainspring 
wherein economy's strength would be measured. Hence, this 
study is inevitable to find out the contribution of some 
predictor variables like demographic variables, static 
personality traits and dynamic states in predicting employee 
satisfaction.  

 Majority of the researches had confirmed about the 
statistical and significant relationship between employee 
satisfaction and employee performance with psychological 
well-being and these relationships were also checked for 
mediator and moderator relationships. Some results have 
even confirmed that relationship will even be stronger if 
employee’s psychological well-being is high. Hence 
analyzing employee satisfaction is very important in an 
organizational setting to identify the predictor factors. The 
predictors which are demographic variables might also be 
considered relevant in influencing employee satisfaction. A 
study had taken workplace into consideration because of its 
predictive nature on employee satisfaction ([14]). 

 [25] have found that the position of the workers in 
banks also acted as a predictor variable of employee 
satisfaction. In addition to that, employees from the higher 
hierarchy (bank managers) reported that they experience less 
employee satisfaction whereas clerks and sub staff's 
satisfaction on job is comparatively better than bank 
managers. [3] has researched 300 managerial and clerical 
level employees and found that personal achievement and 
career growth affected both employee satisfaction and 
commitment. [10] have recommended that employees 
working at branches have less employee satisfaction, 
involvement in the job, responsibility and they have role 
ambiguity and role conflict at higher levels than the 
employees in the central office. 

Today human resources [36] in organizations are playing 
different roles, and in today’s context human resource 
management and development is gaining more significance 
and there exists lots of changes in their demographic 
characteristics of the employees and its influence on 
employee satisfaction is much more when compared to that 
of the organizational factors. The demographic variables 
included in that study comprise age, educational 
qualification, working experience in years and its influence 
was calculated on two constructs namely employee 
satisfaction and motivation with 328 employees in 
telecommunication in Serbia. Another study had attempted to 
find the moderator effect of age on the relationship between 
conscientiousness and job satisfaction and found that the age 
is not a moderator between Big Five personality traits and 
job satisfaction and with respect one factor called 
conscientiousness, the younger and average age workers 
have job satisfaction and the relationship is statistically 
significant. Age acted as moderator and it was less 
significant for older employees [34]. 

For many decades, the research on personality has been 
into various dimensions which include biological 
perspectives, cognitive approaches, learning-based theories, 
trait aspects, psychodynamic analyses, and humanistic 
approaches. Many studies have studied the relationship and 
the impact of personality towards employee satisfaction ([5]; 
[39]; [4]. Equally another route of research identified 
positive psychological capital as a significant predictor 
variable in predicting employee satisfaction ([20]; [7]; [22]). 
The first approach which is personality-employee 
satisfaction interface and the second approach positive 
psychological capital – employee satisfaction interface have 
been analyzed separately, and it would be interesting to 
explore the extent to which both measures namely 
personality and positive psychological capital can improve 
the prediction of employee satisfaction. Thus the researcher 
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has attempted to explore the incremental effect through 
stepwise regression analysis by employing constructs such as 
personality, positive psychological capital and demographic 
variables with employee satisfaction as dependent variable 
among bank employees in Tamil Nadu. 

III. RESEARCH QUESTIONS & OBJECTIVES 

Research Questions: 

1. Does Big Five personality factors, Positive 
Psychological   capital and demographic variables 
has significant relationship with employee 
satisfaction? 

2. What is the incremental effect of the personality 
factors, positive psychological capital and 
demographic variables on employee satisfaction in 
banks? 

 

Research Objectives: 

1. Identifying the nature of relationships between Big 
Five Personality constructs and Positive 
Psychological capital with employee satisfaction. 

2. To scrutinize the incremental effect of personality 
construct over positive psychological capital in 
predicting employee satisfaction of bank 
employees. 

 

Subjects and Methods 

The cross-sectional study design was adopted in the current 
study, and it has followed an explanatory and descriptive 
research design.  The population of the study includes all 
branch level employees working in banks in Tamil Nadu 
who are at clerical and managerial cadres.  

Measures 
Big Five Personality Inventory: [11] 20-item personality 

tool which includes Extraversion, Agreeableness, 
Conscientiousness, Openness to experience and Neuroticism. 

Positive Psychological capital: [23] scale to measure 
Positive Psychological capital shortly called as PsyCap (12 
item scale) which include hope, optimism, resilience and 
efficacy has been used in the current study. 

Employee satisfaction Factors: [30] for measuring 
employee satisfaction has been used. Job security from 
Minnesota Satisfaction Questionnaire is yet another construct 
been used in the current study. 

Population 
The population comprises of all the employees working in 
Public and Private sector banks in Tamil Nadu. The 
population of the survey includes the employees of banks in 
Tamil Nadu. The sampling frame for the current study 
consists of six public sector banks out of 27 PSB’s, six Old 
Private Sector Banks, and six New Private Sector Banks out 
of 25 private sector banks operating in India. 

Sampling Procedure 

The researcher has chosen the respondents by adopting a 
multistage stratified random sampling technique. For each 
geographic zone, 200 questionnaires have been distributed. 
Totally 1000 questionnaires have been distributed, out of 
which 871 have been collected. Three hundred fifty-nine 
public sector bank employees have filled the questionnaire, 
and 512 employees from the private sector have given their 
opinions with the response rate of 87.1% in the current 

study. Out of proper cleaning and outlier detection, some 
data have been removed, and finally, 327 public sector bank 
employees responses are taken for the present study and 473 
from the private sector are included in the main survey 
which number to 800 employees. 

Sample 

The samples were asked their perception on personality 
traits, PsyCap and the several employee satisfaction facets. 
This study has been conducted to identify the potential 
strengths of various independent blocks namely 
demographic variables, personality factors, positive 
psychological capital on employee satisfaction of banking 
employees. In this study, a well-structured questionnaire has 
been administered to the respondents.  

Primary and Secondary Data                                                                                                   

The Primary Data has been collected during the period 
Dec.2015 to Feb 2016. Secondary sources like journals, 
articles, and databases like PROQUEST, SCOPUS, Emerald 
Insight, Ebsco and Google Scholar have been used to collect 
the review of the literature and other concepts for the study. 
 

IV. CONCEPTUAL FRAMEWORK 
The incremental effect of personality on Positive 
Psychological capital in influencing employee satisfaction 
was found by modeling a theoretical framework, and it is 
shown in the Figure A - 1. 

 

 
V. DATA ANALYSIS AND DISCUSSION 

 
TABLE 1. DEFINITIVE STATISTICS OF DEMOGRAPHIC 

FEATURES 
 

Age Frequency 

(%) 

Gender Frequency 

(%) 

20-25 177(22.1%) Male 549 (68.4%) 

26-35 292(40.3%) Female 251 (31.6%) 

36-45 162(23.2%)   

46 -55 93(15.4%)   

56 and above 76   

Total 800 Total 800 

Family 

members 

Frequency 

(%) 
Place of 

living 

Frequency 

(%) 

Less than 3 239 (29.8%) Urban 352 (43.9%) 

4 to 6 471 (58.7%) Semi- 303(37.7%) 
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Urban 

Above 6 90 (11.5%) Rural 145(18.4%) 

Total  800 Total 800 

Educational 

Qualification 

Frequency 

(%) 

Marital 

status 

Frequency 

(%) 

UG 309(37.5%) Married 422(52.8%) 

PG 294(37.5%) Unmarried 378(47.2%) 

Professional 127 (15.9%)   

Others 73(9.1%)   

 800 Total 800 

Income Frequency 

(%) 

Position Frequency 

(%) 

< than 
Rs.20,000 

182 (35%) Low-level 492 (42.7%) 

Rs.20,001-
Rs.30,000 

246 (37%) Middle-
level 

234 (48%) 

Rs.30,001-
Rs.40,000 

198 (25.6%) High-level 74 (9.3%) 

Rs.40,001-
Rs.50,000 

96   

>Rs.51,000 78 (2.4%)   

Total 800  800 

Experience Frequency 

(%) 

  

< than five 
years 

377 (53.4%)   

6-10 years 174 (25.9%)   

11-15 years 112(14.2%)   

16-20 years 83   

Above 20 
years 

54 (6.5%)   

Total 800   

 
From Table I, it is clear that the majority of the samples were 
male with 68.4% and female made up 31.6% of the samples. 
40.3% of the employees belonged to 26-35 years of age with 
316 respondents, and the most common age categories were 
respondents who fall in this range, and the next group of 
respondents belonged to 36-45 years of age. Regarding 
family members, most of the respondents, nearly about 59% 
had 4 to 6 family members, and the next sort of respondents 
(29.8%) had less than three family members. Concerning the 
place of living, 43.9% of the respondents belonged to the 
urban area, and 37.7% of the respondents were from the 
semi-urban area. Considering the level of education, 37.5% 
of the respondents were UG holders, and the same 
percentage of them was PG holders. With respect to marital 
status, 52.8% of the respondents were married, and 47.2% of 
the respondents were unmarried. Regarding monthly income, 
37% of the samples had earnings between Rs.20, 001 – 
Rs.40,000 and 35% of them earned below Rs.20, 000, 25.6% 
of the samples earnings lied between Rs.40, 001- Rs.60, 000. 
9.3% of the respondent’s employment position was at a 
higher level, and 48% of the respondents belonged to the 
middle level, and the remaining percentage of employees 
was at a low level.  Majority of the respondents (53.4%) had 
working experience varying from less than five years, 

followed by (25.9%) who has six to ten years experience and 
only 6.5% of the employees had above 16 years of work 
experience. 
A recent study which used dispositional approach by taking 
personality traits of national samples who belong to UK, 
investigated the impact of Big Five personality traits on job 
satisfaction by segmenting samples based on sex and age. 
The study found that the relationships between Big Five 
personality traits and job satisfaction are complex and the 
managers should use different approaches based on gender 
and sex to understand job satisfaction of employees [9]. 
Through this study, we could understand the importance of 
demographic variables on predicting job satisfaction. Hence 
current study included demographic variables in the first step 
of hierarchical regression analysis.  
 
Hierarchical multiple regressions are used to analyze the 
incremental effect of the control variables namely age, 
gender, type of bank, educational qualification, marital 
status, income, position and experience, personality factors 
namely extraversion, agreeableness, conscientiousness and 
positive psychological capital constructs namely hope, 
optimism, resilience, and efficacy. Demographic variables 
were entered in step 1 as the first block followed by 
personality factors as block two and finally PSYCAP 
constructs as block three. The incremental effect was 
measured and displayed in the following table, and it is 
proved by setting the hypothesis below. 
Hypothesis 1: Demographic variables will explain variance 

in job satisfaction  

Hypothesis 2: Personality traits will explain variance in job 

satisfaction above and beyond that accounted for by 

demographic variables. 

Hypothesis 3: Positive Psychological capital will explain 

variance in job satisfaction above and beyond that accounted 

for by Personality factors and demographic variables. 

TABLE 2: HIERARCHICAL MULTIPLE REGRESSION: 
PERSONALITY, POSITIVE PSYCHOLOGICAL CAPITAL AS 

PREDICTORS OF JOB SATISFACTION 

 

Models 

Standardized 

Coefficients 

T Sig. 

 

 

Model 

Summary Beta 

Step 
1 

Age -.011 -.028 .977 Adj.R2  = 

0.026 

F(8, 695) = 

2.284 

 

Gender -.005 -.124 .902 

Bank 
-.140 

-

3.738 
.000 

Educational 

Qualification 
.046 1.166 .244 

Marital status .036 .957 .339 

Income .011 .269 .788 

Position .016 .039 .969 
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Experience .045 1.059 .290 

Step 
2 

Age .208 .681 .496 Adj. R2 = 

0.445 

F(13,690)= 

42.526 

R Square 

change :  

Personality 

facets = 

0.419** 

Gender -.017 -.602 .547 

Bank .002 .068 .946 

Educational  

Qualification 
.014 .473 .636 

Marital status .005 .185 .854 

Income .036 1.173 .241 

Position -.188 -.616 .538 

Experience .015 .476 .634 

Extraversion .283 8.347 .000 

Agreeableness .181 5.365 .000 

Conscientiousness .307 9.634 .000 

Openness .106 3.649 .000 

Neuroticism .177 6.128 .000 

Step 
3 

Age .062 .210 .833 Adj. R2 = 

0.487 

F(17,686)= 

38.374 

R Square 

change : 

PSYCAP 

facets = 

0.043** 

Gender -.019 -.702 .483 

Bank .037 1.129 .259 

Educational  

Qualification 
.008 .288 .773 

Marital status .002 .059 .953 

Income .032 1.079 .281 

Position -.034 -.116 .908 

Experience .026 .827 .408 

Extraversion .207 5.812 .000 

Agreeableness .147 4.477 .000 

Conscientiousness .294 9.543 .000 

Openness .110 3.906 .000 

Neuroticism .154 5.464 .000 

Efficacy .137 4.017 .000 

Hope .091 2.520 .012 

Resilience .089 2.593 .010 

Optimism 
-.056 

-

1.672 
.095 

Dependent factor: Job satisfaction 
**. Regression is significant at the 0.05 level (2-tailed). 
 

The above table 2 explains the hierarchical regression results 
in three steps, which reveals that in step 1 the controlling 

variable type of bank was found to be statistically significant. 
Step 2 includes both the controlling variables (demographic 
variables) and the personality factors to predict job 
satisfaction. The explanatory power of the model has been 
enhanced in step 2, and the R square has been increased from 
.026 to .445. This means that 44.5% of the variance in the 
dependent variable was explained by both the demographic 
variables and the personality factors. Step 3 includes the 
controlling variables (demographic variables), the 
personality factors and positive psychological capital to 
predict job satisfaction. The explanatory power of the model 
has been enhanced in step 3 with a minimal increase, and the 
R square has been increased from .445 to .487. This means 
that 48.7% of the variance in the dependent variable was 
explained by all the demographic variables, personality 
factors, and positive psychological capital. 
 Demographic variables have played a minimal role 
in predicting job satisfaction since all the variables were not 
statistically significant in predicting job satisfaction. Hence 
Hypothesis I was rejected. 
With regard to the personality factors,  all the factors namely 
Extraversion, Conscientiousness, Neuroticism, 
Agreeableness and Openness to experience were found to be 
statistically significant and the highest beta value is for  
Conscientiousness (beta = 0.294; p<.05) which is the best 
predictor followed by Extraversion (beta = 0.207; p<.05). 
Neuroticism was found to be the next predictor of job 
satisfaction (beta = -0.154; p<.05). Hence Hypothesis II was 
accepted. 
About the Positive Psychological Capital factors,  all the 
factors namely Efficacy, Hope, Resilience, and Optimism 
were found to be statistically significant, and the highest beta 
value is for  Efficacy (beta = 0.137; p<.05). It is the best 
predictor, and the remaining factors were found to be highly 
negligible in their predicting capability since the beta value 
was very small but are statistically significant. Hence 
Hypothesis III was accepted. 
 

VI. DISCUSSION AND IMPLICATIONS: 
 

The relationship between demographic variables 
accounted only for 2.6% variance in explaining job 
satisfaction. From model 1, all the control variables are not 
significant, except the category of bank, which is public 
sector and private sector. This shows that the dependent 
factor, job satisfaction is based on whether the bank is in 
public sector or private sector and all the remaining control 
variables had no effect on determining job satisfaction.  
The combined effect of both the demographic variables and 
personality on job satisfaction was found out that (R square = 
0.445) there was an incremental effect because of the 
combined effects which include both the demographic 
variables and personality on job satisfaction. From model 2, 
the results show that conscientiousness is significantly 
positively related to job satisfaction (β = 0. 307 at p < 0.01), 
followed by extraversion (β = 0. 283 at p < 0.01), 
agreeableness (β = 0. 181 at p < 0.01), neuroticism (β = 0. 
177 at p < 0.01), openness (β = 0. 106 at p < 0.01), thus 
supporting H2, and all the control variables are not 
significant. Hence if the employees have conscientiousness 
as their personality trait by being organized, systematic, 
punctual they could be highly contented in their jobs. The 
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next higher correlation exists between extraversion and job 
satisfaction reveal that the bank employees who are handling 
customers should be highly extraverted to build a healthy 
relationship with the clients ([12]). The findings of the study 
were also corroborated with [8] with the specific outcome 
that extraversion play a very important role in predicting job 
satisfaction and [15] affirmed that extraversion positively 
affects intrinsic motivation and it also contributes to work 
performance ([19]).  A study by ([2]) also supported that 
extraversion played a significant role in predicting job 
performance of bank employees in Pakistan. The individuals 
who are outgoing, social and talkative can perform better in 
their jobs especially customer-facing jobs and will avoid 
having conflicts with others. 
The predictive capability of the model has also been 
increased slightly due to positive psychological capital with 
(R Square = 0.487). From model 3, all the control variables 
are not significant. But all the personality constructs 
remained significant in addition to all the positive 
psychological capital constructs except optimism. The 
employee who has high score in efficacy would have job 
satisfaction and hence the score of efficacy was found 
statistically significant. It also implies that when the 
employee has high hopes in carrying out their jobs in an 
efficient manner, then the amount of job satisfaction he could 
attain would be more. This has been proved in the study by 
[37]. The next construct was resilience which is the ability to 
bouncing back to his/her original position after some acute 
problems and if the employee found to be higher in this state, 
he could have higher job satisfaction. This finding 
corroborates with the study by [29] and the study affirmed 
that resilience is a powerful predictor of several work-related 
well-being constructs namely job satisfaction and 
engagement. 
 

Practical Implications: 

 The findings of the study have various practical 
implications in the banking sector concerning the recruitment 
and selection of candidates. Previously, personality tests 
have not been used in recruiting and selecting the persons 
whereas, nowadays, most of the organizations started to use 
personality as one of the metric to judge the person-
organization fit and person-job fit. In addition to the 
personality, positive psychological capital also has some 
incremental value in predicting job satisfaction of bank 
employees. Hence the construct PSYCAP could also be 
viewed as a potential source to enhance the human 
competitive advantage since this is state-based which could 
be developable through intervention programmes. 
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Abstract - Consumer preference is 

mostly subjective, and it is perceived based on 

the standard utilities. Customer choices and 

preferences are the foundation of demand. Due 

to globalization the lifestyle of the Indian 

customer has changed in many dimensions and 

particularly in the choice of channel for 

purchase. Consumers are growing more aware 

of how to eat well through the internet and 

social media, and they are looking for brands & 

options. So far, Technology is changing the way 

food is reaching the consumer. Snacking has 

become an integral part of our Indian lifestyle. 

Snacking plays always an integral part of our 

Indians’ lifestyle. The sea changes of the public 

towards the healthier living & food habits has 

increased the online purchase of snacking also. 

The Current study was based on the website 

quality and transaction quality evaluation on 

snack expert.com. Purposive random sampling 

is a method is adopted for the current study 

with a sample of 300 from Chennai city. The 

data collected has been analyzed by using  

Visual PLS tool and the structural equation 

model has been developed. The PLS model 

confirmed that the perception of Indian 

customers towards online snacking has an 

adequate model fit which is represented by the 

R2square Value of customer satisfaction (0.404) 

and behavioral intention of (0.925). 

Keywords - Consumer, Online Snack, Website, 

Transaction,Visual PLS, Structural Equation 

Model 

 

1. INTRODUCTION 

Consumer preference is mostly subjective, and it is 
perceived based on the specific utilities, values, 
quality, price, availability etc. Customer choices 
and preferences are the foundation of demand. Due 
to globalization, the lifestyle of the Indian customer 
has changed in many dimensions and particularly 
in the selection of a channel for purchase. The 

people have started changing the lifestyles and 
particularly in food consumption by having 
priorities with eating fast food, snacks, etc. 
Moreover, Internet evolution has broadened the 
scope of many businesses, and one such is the 
purchase of snacks through reviews in online i.e. 
electronic word of mouth. Online food ordering 
becomes popular in metro and cities. Preferences 
over crunching snacks have been changed over a 
period, and their choices are determined by several 
factors.Nowadays, customers have also started 
purchasing crunching snacks online after going 
through the reviews from other consumers by 
means of electronic word of mouth. Customer 
preferences for online snacking are influenced by 
lots of customer perceptiveness, service quality 
factors like delivery time, customization, quality, 
price, availability, variety, taste, comfort in making 
an order, etc. The proposed research model (figure: 
1) developed in the current study based on the past 
literature and tested empirically through PLS 
models. The model has considered the web quality 
and transaction quality of online snacking and the 
EWOM of the customers in the form of reviews. 
The significant societal change in the 21st century 
made the public more health consciousness, and 
they put many efforts towards the healthier lifestyle 
& food habits. Consumers are growing more aware 
of how to eat well and healthy through the internet 
and social media, and they are looking for brands & 
options. So far, Technology is changing the way 
food is reaching the consumer. Snacking has been 
an integral part of our Indian lifestyle. Snacking 
plays always an essential part of our Indians’ 
lifestyle. Traditional and greasy and food 
preferences have been replaced by the healthy new-
age diet snacks &foods that keep in mind and body 
with calorific values. The online food marketing 
creates a business opportunity,andsome food 
startups have emerged in the last few years through 
brick and mortar and online. The Internet is 
currently regarded as an essential communications 
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tool for businesses and is likely to become even 
more crucial for several activities in the future, one 
such application in online snacking. Due to this 
change of habit, the number of customers has 
increased in the online purchase of snacking also. 
Research relating to service quality is increasingly 
focused because understanding and evaluating the 
perception of customers and to enhance the 
outcomesby delivering a high-quality service. In 
any business-to-customer (B2C) satisfying a 
customer is the ultimate goal and objective of the 
business. A number of studies have undertaken in 
web service quality dimensions of banks [1], 
universities [2], libraries [3], hospitals and there are 
not many studies about the online snacking.So the 
current study analyzes the perceived Website 
quality and transaction quality dimensions of online 
snacking. Still,some web attributes, which is an 
essential aspect of web / internet applications,are 
entirely subjective, depending mostly on experts’ 
judgments or end-user perceptiveness. The factors 
that determine the perceived Website quality and 
transaction quality of an online snacking perceived 
Website has been chosen in the current study by 
analyzing the past literature [4], [5], [6]. 
 
II. THEORETICAL BACKGROUND & REVIEW 

 
The Website quality research [7], [8] are 

focuses on understanding and appraise the 
outcomes of delivering a superior quality service. 
The perceived Website quality and transaction 
quality end with customer loyalty, positive word-
of-mouth and performance of the company [9]. The 
study variables of web service quality such as 
tangibility, reliability, responsiveness, empathy, 
and assurance significantly predict customer loyalty 
and repurchase intention.  The global 
online markets have lots of challenges which affect 
customer satisfaction and loyalty. The one such 
challenge is perceived Website design quality anda  
number of studies have focuses on the perceived 
Website design, trust, customer satisfaction 
andloyalty. The study finding based on the 
attractiveness of perceived Website design 
concluded that Indian websites seemed to be more 
attractive than foreign websites because of 3D 
effects and flash [10]. [11] Cyr and Trevor-Smith 
(2004) analyzed various elements of perceived 
Website quality like symbols, colors, user-friendly 
layout and descriptive content differences among 
different countries (Germany, Japan, US) 
concerning culture.  
In the context of online transactions, security and 
trust have become distinctively important [12] 
factors.  The studies confirmed that trust can be 
ensured through various factors namely site 
reputation [13] accuracy of information [14], 
integrated company information, and user interface 
design & quality. The functionality aspect is also 

an influencing factor of perceived Website quality 
and it is studied in various researches from three 
dimensions namely usefulness of information, ease 
of use, accessibility, security and trust. Among 
various online business ventures the online food 
purchases involve trust, satisfaction, and loyalty 
from the perspective of customers. So the growth in 
the internet or web-based online marketing 
necessitated  to evaluate the web applications using 
the web quality evaluation tool.  

A number of organizations have started to 
communicate and network with consumers through 
the Web, and that is the crucial reason for the 
growth of internet marketing. So the proper web 
design and related specifications become the 
fundamental issue. Even for the online marketing 
the consumer pulling,maintaining and preserving 
the consumers necessitated a 
sensitiveunderstanding of the behavior 
requirements or intention of users and suitable 
tailoring of solutions is needed.  

The current study is an attemptofassessing 
the perceived Website quality and transaction 
quality of online snacking and to understand the 
attributes expected by the Indian online snack 
consumers towards electronic word of mouth 
(ewom). The methodology and systematic approach 
of the current study will help to assess the factors 
that determine the online snacking quality. So a 
quantitative model based evaluation is the needed. 
The analysis of web quality is a complex multi-
criteria decision problem. Moreover, it has been to 
be done with a logical approach tounderstanding 
the priorities based on the perceptiveness of 
customers. The domain IT is a multi-dimensional 
measure, so the online marketing strategies and 
process are challenging for the organization. [15]. 
 

III. STUDY PROBLEM AND OBJECTIVES 
 
The current study analyses the perceived Website 
quality and the transaction quality to the online 
snacks industry. The evaluation of startup business 
research [16] has significant growth in recent times. 
The startup companies are owned by the young 
professionals [17] from top institutions or by the 
people who have  work experience and have  
passion for becoming entrepreneur. Despite the 
various growths in the e business startup industry, 
perceived Website quality and transaction quality 
plays a significant role in determining customer 
satisfaction and EWOM. The current study has the 
following objective: 

• To analyse the customer’s perception of 
the factors determining the online 
snacking. 

• To study the effect of customer 
satisfaction towards online snacking and 
their EWOM 
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From the above objectives of the study, the 
following three broad primary hypotheses 

and eighteen sub-hypotheses have been 
formulated. A hypothesis [18] is a proposition 
that measures a significant difference or a 
relationship between two or more variables and 
in the current study following hypothesis have 
been formulated to understand the relationship 
between perceived Website quality, transaction 
quality and customer satisfaction & EWOM of 
online snacking. 
H1: There is a significant relationship between 
the demographic features of the customers and 
the factors determining perceived Website 
quality and transaction quality. 
H2: There is a significant relationship between 
the perception of customers towards perceived 
Website quality and transaction quality in 
determining the customers’ satisfaction 
towards online snacking purchase. 
H3: There is a significant relationship between 
customer satisfaction and the EWOM of the 
customers towards online snacking purchase. 

Based on the above objectives and hypothesis the 
following conceptual research model (Figure.1) is 
proposed. A deductive approach [18] is chosen 
for the current research based on the existing 
theories (web-qual) which have to be taken into 
consideration and based on that the theoretical 
framework is formulated and shown in Figure: 1 

 
FIGURE 1 PROPOSED CONCEPTUAL 

MODEL USED FOR CUSTOMER 
SATISFACTION &BEHAVIORAL 
INTENTIONS.                                                                                                          

IV. METHOD 
The aim of the current study is to 

scrutinize the impact of this perceived Website 
quality [19] and transaction quality (Shih, 2004) 
towards consumers' satisfaction & purchase 
intentions. For this purpose, a conceptual model 
was developed based on the integration of 
perceived Website quality and transaction quality. 
The study makes an effort to comprehend the 
Indian customers’ perceptions towards the service 

quality of online snacking using Partial Least 
Square(PLS) modeling. Therefore, this research 
focused on customer satisfaction and purchase 
intention of online snacking. The study highlights 
implications for marketers in online snacking of the 
food industry for improvement in the delivery of 
service quality. The study tried to expand the 
existing WebQual dimensions used by previous 
researches and validate it with a PLS Structural 
Equation Modeling (SEM) modeling in Indian 
context of online snacking which is a new 
dimension of the online business venture. Even 
though there has been wide-ranging research on 
service quality dimensions and consumer loyalty in 
the past, very little study has been carried out in 
this specific area of Indian customers 
perceptiveness towards online snacking.  
The Current study evaluated the perception of the 
customers on the perceived Website quality and 
transaction quality evaluation [19] through the 
perceived Website snack expert.com. According to 
[20] intentions are the factors that influence the 
behaviour. The customer behavior is an outcome 
action due to the satisfaction that can be observed, 
for example purchasing snack online. The initial 
pilot study was done with 30 samples that were 
collected randomly from both the users who are 
consuming the perceived Website snack expert’s 
product to check the reliability, and the Cronbach 
Alpha value is 0.78 which is acceptable for social 
science. Then the customer’s database was 
collected by the research scholar and then the 
questionnaire was given to them. Online consumer 
behavior differs from the regular customers. It 
depends on the customer's satisfaction towards 
perceived Website and transaction quality. The 
survey instrument developed for the study consists 
of factors that determine perceived Website 
&transaction quality viz-ease of use, information 
trust, function, design quality, privacy, order 
condition, timeliness and order accuracy and 
behavioral intention & satisfaction of the customers 
[19], [20]. These factors analyzed the level of 
customer perception towards the online snacking 
website, their behavioral intention towards reuse of 
the perceived Website and positive word of mouth 
to others.to study the online snack purchase 
behavior primary data collection through survey 
method was used[18]. The design of the 
questionnaire is based on the scale method called 
the Likert Scale Approach, which is a well-known 
approach to measuring attitudes.  

The sample method was used by the 
researcher considering time and budget efficiency 
[18]. The purposive random sampling method used 
in the current study because the researcher 
collected the database of the customer who is using 
the perceived Website and their details were 
collected.The collection of data has been done 
through online and through personal contact of 
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respondents. The sample size should be based on 
the research question and its objectives, to make a 
credible result [18].the sample size could be based 
on the statements used in the instrument in the ratio 
as suggested either 10:1 or 5:1 [21].The current 
survey tool has thirty-six statement to evaluate the 
perceived Website quality, and transaction quality 
and three hundred and sixty questionnaires were 
distributed in Chennai city after collecting it was 
found that three hundred and four were good with a 
response rate of 83%. Three hundred was taken for 
analysis. The reliability of the survey tool is 
checked by calculating Cronbach's alpha. The 
Cronbach's alpha values were (0.781), and it 
exceeds the minimum requirements, thereby 
demonstrating that the survey tool has a good 
internal consistency and acceptable reliability for 
the study in determining the perception of Indian 
customers towards the online purchase of snacks 
and the data collected has been analyzed by using  
SPSS software and Visual PLS software and the 
structural equation model has been developed 

V. DATA ANALYSIS AND RESULT 
The data processing and analysis was done for this 
research using IBM SPSS Statistics tool.In order to 
analyze the demographic attributes and online 
purchaser perception of the respondents, frequency 
analysis was conducted within SPSS.  
Out of the data collected 65.28% of respondents are 
male and the remaining 34.72% are female. Hence 
it is interpreted that the majorityof the respondents 
who purchase online snacks are male. 22.7of 
respondents are between 25-34 years of age, 37% 
are in the age group of 35-44 years of age, 38% are 
in the age group of 45-54 years, and 2.3% of the 
people are 55 and older years of age. 55% of 
respondents are Single, and 45% of the respondent 
is married. 12.3% of respondents are Under 
Graduate, 48.7% are postgraduate, and 39% are in 
School Education. 23.3% belongs to self-employee 
group, 24.7% are in the Public sector, 52% of the 
respondent is working in the Private organization. 
36% of respondents are above 50,000, 19.3% of the 
people between Rs.30, 000 – Rs.50, 000. 33% of 
the people earning between Rs.15, 000- Rs.30, 000. 
Moreover, 34% of the people are below 15,000. 
21% of respondents are from rural background, 
57.0 % of the people from an urban background, 
22.0% of the people are from Semi Urban 
background.  
 35% of respondents are ordering more than five  
boxes of snacks through online, 30.7% of the 
people are ordering less than 5 Boxes. 21.6% of the 
people are ordering more than five pockets per 
month. Hence it is interpreted that the majority of 
the respondents are ordering more than five boxes 
per month. 33.7% of respondents are purchasing 1-
3 times, 30.0% of the people are consuming 3-6 
times a month 36.3% of the people are consuming 
above six times in a month. Hence it is interpreted 

that the majority of the respondents are consuming 
above six times a month. 18% of respondents are 
ordering once in 15 days, 46.1% of the people are 
making order twice in 15 days. 23.2% of the people 
ordering their product once in a month and 10.5% 
of the people are making their order twice in a 
month and finally 3% of the people ordering thrice 
in a month. Hence it is interpreted that the majority 
of the respondents are ordering their snack items 
twice in 15 days. The above results concluded that 
the respondents started to consume more snacks 
and to use the online snacking method.  
            To test the formulated hypotheses, the 
Partial Least squares (PLS) approach using the 
Visual PLS has been used. In the current study.The 
bootstrapping method of Visual PLS has also been 
used as a part of the analysis in developing 
Structural Equation Modeling. With PLS-SEM, we 
can examine the associations that are present amid 
the variables of factors determining the perceived 
Website quality, transaction quality, customer 
satisfaction, and behavioral intention. PLS 
Structural Equation Modelling (SEM) is a second-
generation multivariate data analysis method used 
in contemporary management and social science 
research. Itis widely used because the model can be 
tested theoretically and it also supports the additive 
causal models [22], [23]. [24] reviewed path 
modeling and also  bootstrapping procedure. 
Hence, Visual PLS was considered as an 
appropriate path modeling, and so it has been used 
in the current research. The PLS approach is used 
for the relatively new problem in the changing 
phenomenon and for the study which needs some 
objectivity or prediction based on model 
formulation [25]. The PLS approach is a critical 
multivariate analysis method [26]. In the current 
study, the research model and hypotheses 
formulated has been analyzedusing visual PLS 
(1.8) software. Evaluation of the measurement 
model is carried out by assessment of both 
measurement model and structural model. 
Assessment of the Measurement Model 
 The research has calculated Composite Reliability, 
Cronbach alpha, Convergence Validity, Average 
Variance Extracted, cross-loadings are,and the 
results are shown in Tables 2 & 3. 

TABLE 2 - ACCURACY ANALYSIS 
STATISTICS- COMPOSITE RELIABILITY AND 

AVERAGE EXTRACTED VARIANCE (AVE) 
OF ONLINE SNACKING PURCHASE 

Construct 

Factor 
Loading
s 

Compos
ite 
Reliabil
ity AVE 

Cronb
ach  
Alpha 

Demogra
phy 

0.8616 

0.862 0.613 0.787 

0.7454 
0.8649 
0.6373 

Ease of 0.6404 0.849 0.587 0.768 
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use. 0.7696 
0.8822 
0.7523 

Informati
on trust 

0.8597 

0.876 0.640 0.815 

0.7037 
0.8470 
0.7808 

Function 

0.7245 

0.823 0.543 0.765 

0.5569 
0.8514 
0.7835 

Design 
quality 

0.8300 

0.802 0.594 0.663 
0.9433 
0.5006 

Privacy 
0.9283 

0.867 0.688 0.751 
0.8470 
0.6963 

Order 
condition 

0.5010 

0.762 0.531 0.684 
0.8277 
0.8369 

Timelines
s 

0.9041 

0.809 0.596 0.646 
0.8345 
0.5243 

Order 
accuracy 

0.904 

0.871 0.694 0.779 
0.7159 
0.8682 

Satisfacti
on 

0.8953 

0.603 0.502 0.368 

0.4561 
0.8734 
0.484 

Behaviora
l 
intentions 

0.7313 

0.760 0.524 0.459 
0.8806 
0.5129 

 
 The above table 2 shows the accuracy analysis 
which tests the convergent validity of the factors of 
the instrument that is used to determine the 
perception of Indian customers towards the 
purchase of onlinesnacks. The convergent validity 
is measured through the factor loadings of the 
construct used for the survey .The convergent 
validity of the current study confirms how all the 

constructs together measure the concept of 
customer perception towards online snacking [27]. 
All the factor loadings of the construct that 
determine the perception of customers towards 
online snack purchasebehigher than 0.5. So, it is 
concluded that the convergent validity is highly 
satisfactoryfor all the items measuring perception 
of customers towards online snacking and they are 
vital and significant. The subfactors “Design 
Quality” (0.94) followed by “Ease of use” (0.88) 
has the highest loading which confirms that the 
consumer preferences towards the online snack 
websites should be user-friendly and without 
complication. 

Table 2 also ensured the Composite 
Reliability (CR), and Average Variance Extracted 
(AVE) and Cronbach Alpha which determines 
internal consistency and reliability, and it is highly 
assured for the current study [28]. Referring to 
Table4 all the CR and AVE values are higher than 
0.5, and it confirms the recommended threshold. So 
it is also confirmed that Composite Reliability is 
good for the current study. 

The researcher tends to examine whether 
there exists a high level relationship between the 
variables.It is indispensable to confirm the level of 
correlation between each of the factors by 
formulating intercorrelation matrix of the final 
instrument which is used in assessing the 
perception of Indian customers towards the online 
purchase of snacks.The  Interconstruct correlation 
matrix was constructed through the PLS method, 
and it is apparent from the results of table 3 that 
higher level of inter-correlation exists. So it is 
evident that the instrument used to measure the 
outcome (i.e.) satisfaction of customers and 
behavioral intention towards online snacking is 
having a higher level of internalconsistency. The 
researcher also analyses the discriminant validity to 
confirm whether the factors discriminate among 
themselves. 

 
TABLE 3 INTERCORRELATION MATRIX 

 

Construct Demo F1 F2 F3 F4 F5 F6 F7 F8 Satisfaction Behavioral Intention 

Demography-Demog 0.8*                   
  

F1-Ease of use 0.69  0.7*                 
  

F2-Information Trust 0.56 0.78  0.8*               

  

F3-Function 0.27 0.58 0.54  0.7*             
  

F4-Design Quality -0.53 0.70 0.77 0.60  0.7*           
  

F5-Privacy 0.41 0.54 0.46 0.76 0.57  0.8*           
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F6-Order Condition 0.63 0.76 0.75 0.64 0.73 0.66 0.7*       
  

F7-Timeliness 0.21 0.31 0.36 0.69 0.36 0.76 0.56 0.7*     
  

F8- Order Accuracy, 0.04 0.19 0.19 0.19 0.19 0.20 0.19 0.34  0.8*   
  

Satisfaction 0.05 0.15 0.24 0.25 -0.18 0.33 -0.03 0.30 0.07 0.7*   

Behavioral Intention 0.08 -0.20 -0.22 0.27 -0.17 0.33 -0.03 0.33 0.10 0.20 0.7* 

The discriminant validity [29], [28], has been done 
and the results are provided. We can state carefully 
that the measurement tool used for the current 
study fulfills the conditions of discriminant validity 
(Table. 5) because of the slanting values shown in 
(*) are √AVE of all the latent constructs, and it is 
the value of discriminant validity. It should be 
superior to other off-diagonal elements in the rows 
and columns. Thus the discriminant validity is 
confirmed for the current study of customers’ 
perceptiveness towards online snacking. This 
ensures that the set factors chosen to analyze the 
factors determining the customers’ service 
perception towards online snacking and its effect 
on the customer satisfaction and positive behavioral 
outcome discriminate very well, and it contributes 
to an excellent variance.   
The Goodness of Fit (GoF) of the Model 

The validation of the Partial Least Square 
model (PLS) globally is also necessary, andit was 
confirmed by the Goodness of Fit (GoF).GoFis 
calculated by the square root of the geometric mean 
of the AVE for the factors determining customers’ 
perceptiveness towards online snacking. It is 
calculated using the formula given below 
GoF=    √0.218X0. 609      = 0.305 
The GoF value for the current study is 0.305 which 
is highly substantial [30], (small =0.1, medium 
=0.25, large =0.36).  The study construct of 
determining customers’ perceptiveness towards 
online snacking has adequate Global Goodness of 
Fit (GoF), and it exceeds the baseline value. 
Assessment of the Structural Model 

After establishment and the appropriateness of the 
measurement model the next step is to assess the 
evidence supporting the Structural model [29] for 
the factors that determine the buying behavior 
online snacking of the Indian customers and their 
relationship towards satisfaction and the behavioral 
intention of the customers.. The structural equation 
model is shown in figure: 2.The causal relationship 
of determining the customers’ perceptiveness 
towards online snacking.The model results  are 
analysed using the R2 value and the results are 
shown in Table: 6 

Insert Figure 2 

 
 

FIGURE. 2. HYPOTHESIS TESTING -PLS 
STRUCTURAL MODEL 

 
               TABLE 6: R-SQUARE VALUE 
 

Factors R Square 
Value 

Website Quality   

Demographic Factors -> F1-Ease of 
use 

0.478 

Demographic factors -> F2-
Information trust    

0.310 

 Demographic factors -> F3-Function     
0.074 

Demographic factors -> Design 
quality       

0.281 

Demographic factors -> Privacy      
0.166 

Transaction service quality 
 

Demographic factors -> Order 
condition      

0.396 

Demographic factors -> Timeliness      
0.045 

Demographic factors -> Order 
accuracy     

0.002 

Perceived service quality factors and 
customers satisfaction 

0.404 

customers satisfaction and 
behavioural intention 

0.925 

 

The structural equation models (SEM) has been 
used to study the relationship between variables 
[31]. The overall fit of the model is evaluated by 
examining squared multiple correlation or R2 or the 
coefficient of the determination concludes the 
predictive power of the structural model. A causal 
model of the observed variables and latent variables 
has been usedfor hypothesis testing with a robust 
bootstrap analysis. The path analysis of the 
predicted model has a significant or an insignificant 

Page 580

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



978-1-6654-7886-1/22/$31.00 ©2022 IEEE 
 

impact. The acceptance and the rejection criteria 
for the stated hypotheses are also examined with 
the ‘t’ values.. The evaluation criterion decisions as 
recommended by Cohen (1992) for R2 value 
confirmed that 0.26 as substantial, 0.13 as moderate 
and 0.02 as weak.  
The current study has an excellent and substantial 
value of final result regarding the consumers’ 
behavioral intention (R2 value=0.925) in perceiving 
the online snacking based on the satisfaction. The 
overall satisfaction of the customers or the end 
users in perceiving the online snacking due to 
various factor determinants of perceived Website 
quality and transaction quality is R2 

value=0.404.The influence of demographic features 
towards various factors determining the perceived 
Website quality and transaction qualityare viz.F1- 
Ease of use (R2 =0.478), F2 - Information Trust (R2 

=0.310), F3 -Function (R2=0.074), F4 – Design 
Quality (R2=0.2810, F5 – Privacy (R2=0.166), F6-
Order Condition (R2=0.396), F7-Timeliness (R2 

=0.045), and F8- Order Accuracy ( R2=0.002). 
It is concluded that the demographic 

features of the respondents influence the perceived 
Website quality factors viz -ease of use, 
information trust, and functionality. The results 
coincide with the results of the previous study by 
[13], which stated that the degree to which an 
innovation is easy to understand or use could be 
considered as an essential factor in determining the 
perception of the consumer and it will directly or 
indirectly influence online purchase decision. The 
critical findings from the structural equation model 
is that the customer perceived for an excellent 
perceived Website quality (F1-Ease of Use, F2-

Information Trust, F3-Function, F4-Design 

Quality, F5-Privacy) in online snack purchase 
relating to the perceived Website qualityare 
supporting the results. 

 In online environments, trust and 
credibility are the crucial determinants of customer 
satisfaction, and in online snacking also it is 
considered as a vital factor because it is directly 
consumed by individuals who have an effect to 
health and life [32]. The perceived Website used 
for online purchases should contain the relevant 
mechanisms to meet the purpose of customers such 
as provision for ordering, details about the snacks 
varieties, the prices of snacks, information about 
the quality of snacks, available quantity, delivery 
time, most popular snack varieties purchased by 
consumers, etc is expected by the customers from 
the feature ‘functionality’ [33]. 
The factors design quality and privacy has negative 
values, and it does not have a direct influence on 
the purchase of online snacking. Number of studies 
which has  emerged recently based on the model 
such as  Technology Acceptance Model (TAM) has 
insisted about the importance of design quality 
which motivated the customer towards the repeated 

purchase  but with respect to online snacks the 
privacy and innovative design quality is not 
expected. It is also concluded from the results of 
table 6 that demographic factors also influence the 
transaction quality factors-order condition, order 
accuracy, and timeliness. The evolution of internet 
marketing with various websites and software 
application facilitate a number of business 
including online snacking. It is evident that the 
results are consistent with the number of the recent 
researches that online environment provides lots of 
choices towards personalized marketing like 
snacking, banking, ticket booking, etc [34]. The 
online marketing is also comfortable, interactive 
and has a more extensive variety. 
However, all the three factors about transaction 
quality are not supported in the current study which 
concludes that the Indian companies which 
engaged in online snacking should improve the 
order accuracy, timeliness, and order condition to 
enhance the level of customer trust. The results of 
the study confirm that the customer may be a one-
timers and the customer may also buy for lack of 
time.These factors should be identified by the 
online snacking companies for getting regular 
patronage customers. The study finding concluded 
the importance of online snacking towards 
customers [35]. Results coincide with the previous 
studies that the perceived Website information 
provided by an online store significantly affected 
customer satisfaction [36]. The results indicated 
that there is a significant positive relationship 
between perceived Website quality and online 
snack purchase. The results also indicated that 
formulated hypothesis does not support the factors 
determining the transaction quality. This is an 
essential findings and the Indian online companies 
should concentrate on the transaction quality which 
determines the long-term business relationship and 
it helps to retain the customers with delight.   

VI. CONCLUSION 
The objective of this study was to find the effect of 
perceived Website quality and transactions quality 
on customer satisfaction and behavioral intention 
[38], [39]. The data collected wereanalyzed with 
visual PLS software and the hypotheses developed 
was tested with a model. This study analysed  the 
factors determining the perception of perceived 
Website quality of online snacking and the level of 
customer satisfaction. The eighteen sub-hypothesis 
has been taken and analyzed using a PLS model 
and confirmed that the structural Model and from 
the study, it is concluded that the proposed model 
developed based on the previous studies facilitate 
to understand the Indian customers perceptions and 
it is confirmed by  the R square Value of customer 
satisfaction (0.404) and behavioral intention of 
(0.925).The R square Value of the behavioral 
intention of (0.925) confirms that the change in the 
purchase behavior of Indians with the interactive 
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online marketing and it is confirmed by that 
structural Model.The structural Model developed in 
the study has an adequate model, and it satisfies all 
the validity-Convergent, Discriminant and content. 
The analysis also confirmed that there is the 
noteworthy positive effect on the behavior of the 
customers. 
Finally, our results suggest that the online snackers 
not only concentrate on perceived Website quality 
but also on transaction quality. We see the 
contributions of this research paper along three 
dimensions. We have developed a conceptual 
framework that will help the researchers to 
articulate the choices and perception towards online 
snacking better. We have proposed a few 
methodological innovations to help researchers 
empirically analyze the perceptions of the 
customers towards online snacking through field 
survey from the customers of Snack experts.com in 
Chennai, which can be followed in other studies 
also. Finally, the study is first of its kind to analyze 
online snackers’ behavior using primary field data 
using the PLS approach gives a number of useful 
results. Even the results did not fully 
support transaction quality which indicated that 
some systematic effort needs to be done by the 
snackers to get an excellent quality transaction. 
 
The study also provides empirical evidence of the 
behavior of customers towards online snacking 
with interactive websites as an online marketing 
strategy. The results of the confirmed with a 
number of previous studies [37], [41]. The study 
has few limitations. The study did not consider the 
multi-culture sampling and so the generalization is 
limited.The study can be extendedto people of 
different languages, culture, age, and other relevant 
demographic factors. The study can also be 
extended to rural customers, and their perception 
can be analyzed. This study has wider managerial 
and practicalimplications. The study is highly 
useful to marketers, online service providers, and 
educators. They can formulate strategies to enhance 
perceived Website quality and transaction quality. 
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Abstract—Agriculture is one of the main factors that decides 

the growth of any country. India is an agricultural country which 

has the majority of the population dependent on agriculture as 

their main income source. Having diseases is quite natural in 

plants due to changing climatic conditions and environmental 

conditions. Diseases obstruct the growth of plants and affect their 

production. Due to this, it is very important to detect the diseases 

as it may infect other plants. In this paper, we aim to propose a 

solution to detect the diseases from various vegetables and fruits 

from the PlantVillage dataset using the ResNet algorithm. Out of 

the total 38 classes, plant leaves are classified into 26 diseased 

classes or 14 healthy classes. As a result,  test  accuracy obtained 

is  99.2% .  

Keywords—Plant leaf diseases, Detection, Classification, 

Segmentation, Image acquisition, Machine learning. 

 

  I. INTRODUCTION 

 

India is a country with a population of 1.39 billion 
people as per august 2021. According to this, the farmer 
population in India is approximately 100 to 150 million. As per 
the World Bank collection of development indicators, the land 
occupied in India for agriculture is 60.43% percent of the total 
land area. Also, it must be noted that the GDP procured from 
agriculture in India is 5445.03 billion rupees[6]. Hence, India is 
an agricultural country where the majority of the people rely on 
agriculture as their income source[7]. Agriculture is the 
backbone of the country’s development. The annual crop losses 
in India due to diseases or pests is 500 billion. And the main 
reason is diseases not  being detected  at the right time [2].  
 Diseases have adverse effects on plants and agricultural 
land which can be caused by  microorganisms, genetic disorders 
and infectious agents like bacteria, fungi and viruses[3][16]. 
Fungi causes diseases like early blight and late 

blight whereas bacteria causes common scab[10]. So, 
identifying these diseases is important as most of the economy 
of India depends on agriculture.  
 
 Traditional methods for detecting diseases in plants 
require manual inspection of the plant leaves by the farmers[4]. 
This process can be impractical in case of large acres of farms 
where plants are widespread all over the land. This process may 
require a lot of time or if the farmers appoint experts for the same 
task then the cost for the same will be worrisome for the 
farmers[9][18]. Hence, there is a need to automate the detection 
of the plant diseases where farmers can easily detect the plant 
disease by clicking the picture of the leaf.  

 
 Using the proposed solution, all the farmers and home 
planters can easily detect the diseases such as late blight, early 
blight, black rot, leaf curl in various vegetables and fruits. These 
diseases can be detected using ResNet by just clicking the image 
of the plant leaf and giving it as an input to the system. Hence, 
we can curb the spreading of diseases in many other plants by 
detecting it using an automated system which is much faster than 
manual inspection. 
  
 Fig. 1 represents the generalized diagram for disease 
detection, in which any leaf dataset can be used. The images in 
the chosen dataset need to be processed. Following it is the 
feature extraction step in which the prominent features of the leaf 
image are  extracted. After this, the dataset is ready to be used 
for training and testing purposes. The entire dataset is divided 
into training and testing data. 80% of the data forms the training 
part and the remaining 20% forms the testing part. The chosen 
algorithm is then trained by feeding the training data. After this 
step, the model is ready and tested for accuracy using the 20% 
testing data separated in the previous steps. Finally on achieving 
decent accuracy the model is deployed to classify whether the 
leaf is healthy or diseased. 
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Fig. 1. Classification diagram for leaf disease 
 

 

II. RELATED WORKS 

 
This section describes the various techniques used to 

detect the diseases in fruits and vegetables leaves by several  
researchers.The work carried by [4] and [6] have proposed a 
CNN architecture based method for the detection of diseases for 
potato, tomato and pepper from the Plant Village dataset with 
the accuracy of 98.029% and 88.80% respectively. The study 
proposed by [7] has used the AlexNet CNN architecture on the 
Plant Village dataset for the classification of the diseases. They 
have used SGD algorithm for the solver type hyperparameter and 
achieved the train accuracy of 96.5% and test accuracy of 90.5%. 

The work  presented by [18] have used a Convolutional 
Neural Network with Linear Vector Quantization algorithm  for 
the classification and detection of diseases in tomato leaves. The 
classification of the images was done in 5 classes which were 
healthy, bacterial spot, late blight, septoria spot and yellow 
curved. The average accuracy achieved was 86%.  

The implementation done in [13] uses various CNN 
architectures like LeNet, VGG16, ResNet50 and Xception for 
detection of diseases in tomato plant leaves. The test accuracy 
achieved using LeNet, VGG16, ResNet50 and Xception was 
91.50%, 99.11%, 97.55% and 97.11% respectively for the 
segmented images. It was concluded that the highest accuracy 
achieved was for VGG16 architecture.  
 Whereas the implementation in [10] has used VGG16, 
VGG19 and Inception v3 architectures of CNN for the detection 
of potato leaf disease with  KNN, SVM, Neural Networks and 
logistic regression as the classifiers. The best accuracy of 97.8% 

was achieved for the VGG19 model with logistic regression as   
the classifiers.  

The study [9] compared the accuracy of SVM, KNN, 
FCNN and KNN algorithms with the DL (Deep Learning) 
algorithm for the detection of diseases from the Plant Village 
dataset. The study  has presented the dominance of DL methods 
over classical algorithms. Highest accuracy of 99.3% was 
achieved for CNN architecture. Table 1 represents the summary 
of related works. 

 
TABLE 1 Summary of related works  

 

Author/year Dataset used Algorithms used Test accuracy 

M. A. Jasim 
et al. [4]  
(2020) 

Plant Village 
Dataset 

CNN 98.029% 

G. Shrestha et 
al. [6]  
(2020) 

Custom 
tomato 
samples 

CNN architecture 88.8% 

G. 
Madhulatha et 
al. [7] (2020) 

Plant Village 
Dataset 

AlexNet CNN 
architecture 

96.5% 

D.  
Radovanović 

[9]  
( 2020) 

Plant Village 
Dataset 

SVM, KNN, 
FCNN, CNN with 
GLCM feature 
extraction 

SVM- 91.7%, 
KNN - 78%,  
FCNN - 91.4%, 
CNN- 99.3% 

D. Tiwari 
[10]  

(2020) 

Plant Village 
Dataset 

SVM,  
KNN,  
Neural 
Networks(NN), 
Logistic 
Regression(LR) 
classifier for 
VGG16 model 

SVM - 99.3%, 
KNN - 98.7%,  
NN - 99.2%, 
LR - 99.7% 

A. Kumar et 
al. [13] 
(2019) 

Plant Village 
Dataset 

LeNet, VGGNet, 
ResNet50, 
Xception 

LeNet-96.27%, 
VGGNet-99.25%, 
ResNet50-
98.65%, 
Xception-98.13% 

M. Sardogane 
et al.[18] 
(2018) 

Plant Village 
dataset 

CNN with LVQ 86% 

 
III. PROPOSED WORK 

 

To overcome the problem of diseased plants, we have 
implemented a model which can detect the plant disease, and 
help farmers to grow better crops for their farm. The proposed 
system will help in increasing the efficiency of the crops so it is 
important to create awareness among the farmers about such a 
system. In the proposed system, the leaf image is acquired from 
the farmer and then it is  resized to appropriate format  after that 
it is fed to the  ResNet model which is implemented using Neural 
Networks and it will predict the disease that has affected the 
plant  if any.  
             The block diagram of the proposed system is as  shown 
in fig. 2. The plant village dataset is used here. The images in the 
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dataset cannot be used as it is. Hence, the pixel values of each 
image needs to be transformed (0-255) to 0-1 i.e. normalize the 
data because the neural network works best with normalized 
data. The complete array containing pixel values is converted to 
tensor form and divided by 255 to normalize them. Batch size 
tells how many samples are passed through the network. For 
example if we have 100 training samples and we decide to keep 
the batch size as 10 then the algorithm will take the first 10 
samples from the training dataset and train the network. After 

that it will take the next 10 samples and train the network again 
and this process continues till we pass all the data through the 
neural network.  
Finally after this we have our trained model ready for disease 
detection. Hence, In this way the proposed system  helps the  
farmers to detect the plant disease and increases  the production 
of crops.       
 

 
Fig. 2. Block diagram of proposed system     

                   IV. MATERIALS AND METHODS 

 

A. Dataset used 

 

For the proposed system we have used the Plant Village 
Dataset [1] ,[4] ,[7] ,[9] ,[10] ,[13] ,[15] ,[16] ,[18] ,[20]. The 
Plant Village Dataset which is taken from kaggle consists of 
about 87K RGB images of healthy plant leaves as well as leaves 
with different diseases. There are 38 different classes  in the 
dataset which includes disease as well as healthy,  across all the 
different plant leaves. Out of the entire dataset 80% images are 
for the training purpose and 20% are for the testing purpose. The 
38 different classes are spread across 14 different plants. The 
different plants that the dataset covers are : Tomato, Grapes, 
Orange, Soybean, Squash, Potato, Corn(maize), Strawberry, 
Peach, Apple, Blueberry, Cherry, Bell Pepper, Raspberry. There 
are 26 different diseases which occur across 14 different plants 
and the remaining are the healthy leaves. Figure 3 shows the 
sample images from the plant village dataset for each category 

of the leaves present. 

B. Data Analysis 

 
 Fig. 4 shows the pie chart for distribution of images 
present in the dataset for different fruits and vegetables. As 
evident from the diagram, the dataset contains images of 14 
unique plants (fruits and vegetables). The distribution of the 
number of images is represented in the form of percentage out 

 
 
Fig. 3. Sample Images from the dataset for each Category 

 

of which images of tomatoes have the highest percentage. 
 

Table 2 shows all the unique diseases covered in the 
dataset. As evident from the table, the dataset contains images of 
17 unique diseases. The table clearly shows the name of the 
disease , the number of images that the dataset contains for that 
particular disease and the reason or cause of that particular 
disease in plants. 
 

Fig. 5 shows the dataset visualization in the form of 
histogram. As evident from the figure, the dataset contains 38 
different classes that the model can predict. Out of the total 38 
classes 12 classes are of healthy leaves images and 26 classes are 
of diseases leaf images. The distribution and number of images 
for each class is shown clearly in the figure. 
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Fig. 4. Number of images for unique plants 
 

TABLE 2  Number of images for unique diseases 

 

Unique Diseases Number Of 

Images 

Caused By 

Late blight 3790 Fungus 

Citrus greening 2010 Infected insect 

Powdery Mildew 3419 Fungus 

Northern leaf 
blight 

1908 Fungus 

Early blight 3841 Fungus growth due to 

nutritional deficiency 

Septoria leaf spot  1745 Fungus 

Cercospora 1642 Fungus toxins 
activated due to 

excessive sunlight  

Isariopsis spot 1722 Fungus 

Mosaic virus 1790 Virus 

Leaf scorch 1774 Nutrient deficiency 

Apple scab 1026 Fungus 

Leaf curl 1961 Fungus 

Bacterial spot 3540 Bacterial growth due 
to nutritional 

deficiency 

Black spot 1987 Fungus 

Cedar apple rust 1760 Fungus 

Target spot 1827 Fungus 

Black rot 1888 Rotting due to severe 
nutritional deficiency 

 
 

 
Fig. 5. The number of images present for different plant leaves in the Plant Village Dataset  
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C. Implementation  

 This section presents the details of dataset collection, 
preprocessing, model building with feature extraction. Further 
the model is validated using evaluation measures. 

     a) Dataset Collection: In this paper, the Plant Village dataset 
is used for the detection of diseases. It is a large dataset which 
contains images of healthy and diseased leaves of fruits and 
vegetables. The dataset has to be processed to train the model. 

     b) Preprocessing: For preprocessing, all the images are 
loaded using torchvision.datasets. ImageFolder which is 
normalized ie. the pixel value of each image(0-255) is 
normalized to (0-1). This is done as neural networks work 
efficiently with the normalized data. For this, the array of pixels 
is transformed to tensor and is later divided by 255.  

     c) Model Training: CNN [1], [4], [6], [7], [9] is one of the 
most popular algorithms which are used for image 
classification. In this paper, ResNet (Residual Networks), 
which is a type of CNN architecture, is  used for leaf disease 
detection. In conventional neural networks, each layer feeds 
into the next layer of the neural network but this sometimes 
leads to overfitting. As the depth of the deep learning network 
increases, accuracy reaches a saturation point and can even 
decrease. These networks are hard to train because of vanishing 
gradient problems because while updating the weights, chain 
rule and backpropagation are used. This makes weights 
extremely small while reaching the initial layers. ResNets solve 
the vanishing gradient problem as it uses the concept of skip 
connections, since every layer feeds into the next layer and also 
into the layers that are two to three hops away. As some of the 
layers get skipped, weights will not reach a smaller value. Thus, 
ResNets are very efficient in training deeper networks. Feature 
extraction process is done internally in ResNet. We have used 
80% of the available data for training ResNet. 

 ResNet9 architecture contains 8 convolutional layers 
and 1 linear layer. The layers  are described below. 

1. Convolution layer: The conv2D class performs 
convolution operations on the 2-Dimensional matrix.  
A filter or a kernel in a conv2D layer has a height and 
a width which is smaller than the input image and so 
that it can be moved across the whole image. In our 
study, we have used 8 convolutional layers with 
increasing in channel and out channel in each layer. 
Kernel size used is 3*3, stride as 1*1 and padding as 
1*1. 

2. Batch Normalization: Batch normalization is a process 
that helps to standardize the inputs which are provided 
to a network. It makes the network fast and stable by 
normalizing the layers. Techniques like re- scaling and 
re-centering are used for normalization of layers. 
Normalization of the output of the previous activation 

layer is performed by  subtracting the batch mean and 
later dividing it by the batch standard deviation. 

3. Max Pooling layer: Max pooling is a pooling operation 
which selects the maximum element from the 2-
Dimensional region of the feature map covered by the 
filter. Hence, the output after max-pooling layer would 
be a feature map consisting of the most prominent 
features of the previous feature map. Kernel size used 
is 4 and stride as 4. 

4. ReLU activation function: ReLU is a non-linear 
activation function. The function returns 0 value if it 
receives any negative input, but for any positive value 
x it returns that particular value back. This adds non-
linearity to the data. 

5. Linear layer: Linear layer is responsible to apply linear 
transformation operation to received data. The input 
features are received by the linear layer from the 
convolutional layer in the form of a flattened 1-
dimensional tensor and are then multiplied by the 
weight matrix. This matrix multiplication produces the 
output features. The in feature parameter for linear 
layer used is 512 and out feature as 38. 

For ResNet we have used  some hyperparameters 
namely batch size, epochs, max-learning rate, weight decay, 
optimizer, momentum and gradient clip. These 
hyperparameters define the hierarchy of network structure and 
how the network has been trained. We can change these 
hyperparameters to get the desired results. Table 3 depicts the 
hyperparameters and their values used for training the ResNet 
model. 

TABLE 3  Hyperparameters used for training the model 
 

Hyperparameters ResNet 

Batch size 32 

Epochs 2 

Max Learning rate 0.01 

Weight decay 1e-4 

Optimizer  Adam 

Momentum 0.74 

Gradient clip 0.1 

 

    d) Classification: After completely training the model, the 
model is tested for classification on testing images. Unlabeled 
image is given as input to the trained model and the model 
compares it with the training images and the name of the plant 
is given as output along with the name of the disease if the leaf 
is not healthy.   
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TABLE 4  Model Summary 1 

 

TABLE 5  Model Summary 2 

 

  V. RESULTS AND DISCUSSIONS 

In this work, ResNet model is trained with 80% 
training images and tested on 20% images. The model has 
achieved 99.2% accuracy, 99.3% precision, 99.4% recall and 
99.37% F1 score. And Figure 6 shows how the accuracy varied 
with increasing epochs. We got the highest accuracy at 2nd 
epoch. Figure 7 shows the graph of batch no. against 
corresponding learning rate. Instead of using a fixed learning 
rate, we have used a one cycle learning rate policy. In this we 
start at a lower learning rate and slowly increase the learning 
rate with each batch till we reach 30% of the epochs then slowly 
decrease it to a low value till the end of epoch. Figure 8 shows 
how  the loss reduces with increasing epochs. 

 

Fig. 6. Accuracy vs Number of epochs graph 

 

Fig. 7. Learning rate vs Batch number 

 

Fig. 8. Loss vs Number of epochs graph 

         VI. CONCLUSION 

This project aims to detect plant disease using deep 
learning techniques in which the input will be provided to a 
deep learning network in the form of plant images. After proper 
computation the model will be able to identify the type of 
disease. It is a deep learning approach , targeted towards the 
agriculture field. To ease out the common problem in farming 
like disease detection. The performance measures for the 
system are accuracy, precision, recall and F1 score. We were 
able to get an accuracy of 99.2%, precision of 99.3%, recall of 
99.4% and F1 score of 99.37%. This  model will be helpful for 
the farmers to detect the disease at an early stage and help in 
preventing bigger losses in future. An extension to our work 
will be training the model on a variety of images from various 
different regions and across different seasons. This will make 
the model more accurate and robust. Manual collection of 
dataset can also be done for the same. Different algorithms can 
be tried with custom configurations and their accuracy can be 
compared to select the best out of them. 
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Abstract—This paper deals with the problem of collecting 

and updating information about railway traffic lights located 

on the territory of the Russian Federation. To solve this 

problem, a trained neural network is used that detects railway 

traffic lights and recognizes the text on the marking plates 

located on their masts in high-definition images. As a result, 

the architecture of the information system and its modules 

were developed, consisting of detection and recognition neural 

networks, as well as a database for storing and updating 

information about railway traffic lights. This system should be 

able to quickly search for information and use this data to plan 

the maintenance of railway traffic lights. 
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I. INTRODUCTION  

Currently rail transport plays an important role in 
ensuring the delivery of goods. The history of the Russian 
railway begins in the 1830s. Today the Russian railway ranks 
third in the world in length. Railways are a complex 
engineering object that includes various means of automatic 
control of railway transport. Railway traffic lights are one of 
the most important elements of railway traffic control. The 
variety of operated railway traffic lights, the difference in 
their technical characteristics leads to the need to develop an 
automated system for storing and updating information about 
railway traffic lights and their technical characteristics.  

In this paper, we consider the task of refining such a 
system [24], consisting of a module for processing 
information using computer vision methods and a module for 
storing and updating this information. The task was also to 
improve the algorithm for detecting railway traffic lights, 
building an algorithm for recognizing their marking and 
correctly processing the information received for the purpose 
of its further recording and processing. 

The work consists of four main stages. In the first step, 
train traffic lights are identified and cut from each frame. At 
the next stage, the marking plate of each detected traffic light 
is detected, after which the license plate of the marking plate 
is recognized. At the last stage, the characteristics of the 
traffic light are recorded in the created database. 

The problem of recognition of traffic lights as railway 
objects and their designations is actual. The development of 
algorithms for recognition of traffic lights and a system for 
storing information about traffic lights is of practical 
importance and can be used in transport companies. 

II. RELATED WORKS  

Currently, deep learning methods are used to solve the 
problem of detecting and recognizing objects in the image; in 
comparison with classical methods of computer vision, they 
are distinguished by their stability. Recently, neural networks 
have become very popular among other [1] machine learning 
methods. Like speech recognition [23], computer vision [2], 
computer vision [3] and many others. The reason for this is 
that neural networks perform better than other methods. 

The problems associated with recognition of traffic lights 
are considered in the works [4], where hidden Markov chains 
are used, and [5], where classical methods of computer 
vision are used. For traffic lights, machine learning detection 
techniques are used. For example, in the article vyah [6, 7], 
the authors solve the problem of determining the signal of 
traffic lights using the Adaboost algorithm. The classically 
used architectures are Faster R-CNN [12] and YOLO [13]. In 
addition to detecting objects in images, some have worked 
on detecting video objects [8]. Recognition of license plates 
of cars is also an important task for the solution, various 
methods for solving neural networks are used, such as 
YOLO [9] and SSD [10], as well as classical computer 
vision methods - the OpenCV [11] library for detection and 
the Tesseract OCR library for text recognition. 

III. PROBLEM STATEMENT 

Since the goal of this work is to develop a system for 
identifying railway traffic lights, we will consider a 
description of their characteristics. 

Railway traffic lights are classified by functional purpose 
as well as optical performance. Note also that one and the 
same railway traffic light can perform several functions. 

There is also a classification of railway traffic lights by 
location. They can be installed on bridges, walls or on the 
ground. 

The interest of this work is the classification of railway 
traffic lights by size, they are subdivided into dwarf 
(hereinafter - small traffic lights) and mast (hereinafter - 
large traffic lights). Their detection will be discussed below. 

There is a marking plate on the mast of each railway 
traffic light, by which you can find information about the 
type of traffic light. [14] 

Below is an image of a mast (large) traffic light with its 
marking plate. 
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Fig. 1. The railway traffic light with marking plate 

 

IV. NEURAL NETWORK MODEL FOR RAILWAY TRAFFIC 

LIGHT DETECTING  

This section describes a method for collecting and 
preprocessing real-world data in different weather conditions 
and geographic locations. 

A. Data 

The images were obtained using continuous shooting 
with cameras installed on the right along the route on a flaw 
detector car on long-distance and short-distance trains. The 
location of the camera installation is due to the 
infrastructure features of the railway: railway traffic lights 
are located at a distance of one meter from the tracks to the 
right in the direction of travel. 

Data for training and checking the quality of the neural 
network were obtained in the amount of 221418 images 
with a resolution of 1920 × 1080 and the system RGB color 
rendition. The dataset has been increased quantitatively and 
qualitatively, relative to paper [24]. 

Four augmentations were applied to the dataset, such as: 
reflection along the x-axis, hue and contrast regularization, 
and image quality change. It was these augmentations that 
were applied, which did not radically change the images, 
since in this work it is important to preserve the original 
orientation of the images. 

B. Preprocessing 

Among the images obtained, those were selected on 
which railway traffic lights and symbols on the marking 
plates are distinguishable. Thus, 1000 images were selected 
for marking. Three sets of images are needed to train and test 
the quality of a neural network. In this regard, 1000 images 
were randomly divided into three non-overlapping samples: 
training, validation, and test. Of which 688 labeled images 
were assigned to the training sample, 236 labeled images 
were assigned to the validation sample, and 76 unlabeled 
images of those that did not participate in training were 
assigned to the test sample. 

C. Neural network training 

 Comparison of neural networks: This section compares the 
SSD, YOLOv3 and Faster RCNN architectures, which are 
common in the detection task. To increase productivity and 
improve accuracy, it was decided to use transfer learning 
[17]. In this study, models were used pre-trained on the 
Common Objects in Context (COCO) dataset. Since it 
contains traffic lights that are similar to railway ones.   

TABLE I.  COMPARISON OF THE RECALL, PRECISION AND TRAINING 

TIME OF THE STUDIED ARCHITECTURES 

 Recall Precision Studying time 

Faster RCNN 84% 99% 8 hours 

SSD 78% 86% 2.5 hours 

YOLOv3 82% 89% 4 hours 

 

The table shows that the Faster RCNN architecture has 
the highest precision.  

Below in Fig. 2 is presented a graph of the loss function, 
which shows how accurately the neural network finds the 
object in the image. The graph shows the number of 
thousands of steps horizontally, and the classification error 
value vertically. 

 

 
Fig. 2. Classification loss function 

After training the model, its assessment was carried out, 
and the following quality metrics were obtained. 

mAP = 0.993, with IOU=50%; 

mAP = 0.970, with IOU=75%; 

Recognition of the label text: After the model was 
trained, all found traffic lights were cut out coordinate-wise 
from each image and new training and validation datasets 
were formed for further processing. 

It was decided to mark the new dataset for the 
localization of the marking plate and train it, then cut out the 
detected marking plates from the cut traffic lights. 
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Fig. 3. An example of a clipped detected traffic light. 

Then the Tesseract OCR library is used, which tries to 
find and recognize the text on the cut label. 

 

Fig. 4. An example of recognized text. 

Thus, we have a universal program that recognizes 89% 
of the text on the plates. Since the survey is carried out 
continuously, each label is transmitted to the OCR module 
several times. It is worth noting that the closer the traffic 
light is shot, the more chances of identifying the text. 

Since traffic lights are located at a considerable distance 
from each other in the near-path space, two consecutive 
images cannot contain different traffic lights. The final frame 
containing the traffic light is followed by many images 
without traffic lights. The absence of detected traffic lights in 
the image will be considered a sign of the end of the 
sequence of images of one object. However, the absence of a 
traffic light in one picture may also mean that the traffic light 
detection module is not working properly. Accordingly, for 
the stability of the system and fixing the end of the sequence 
of images of one object, eight images are needed, in which 
the program does not detect anything. 

V. TENTATIVE STAND FOR TESTING THE FRAMEWORK 

To build a system for detecting and classifying railway 
infrastructure objects from images, there is a dataset for 
checking and evaluating quality. However, in general, 
individual datasets do not take into account the computing 
resources of software and hardware platforms. To solve this 
problem, a software platform (framework) is proposed in this 
work, which includes a set of pre-trained computer vision 
models for solving typical tasks of intelligent image 
processing under various conditions (input data quality: 
photo / video resolution, color gamut, etc.), capable of 
functioning, including within the framework of limited 
computing resources: Internet of things devices, 
microcomputers, mobile onboard computing systems. 

The basic framework (software platform) is defined as a 
set of software classes and structures, definitions of how they 
interact, as well as requirements for hardware platforms for 
its use (video cameras, their location, computer processing 
platform, etc.). The framework contains extension points for 
connecting external functionality that is not implemented 
within the basic framework. An extension point is a 

framework element for which no implementation is provided 
and external libraries/APIs must be used. 

A set of tasks for developing the architecture and 
structure of the framework: 

• Base classes and structures that describe scope 
parameters: key anchor points, dimensions, 
coordinates, illumination, and so on. 

• Base classes and structures that describe object 
parameters: sizes, types, etc. 

• Classifiers and lists 

• Basic functionality for preprocessing images 
from photo/video cameras 

• Connection points for external libraries 

• Management of functionality (connected via 
extension points) for intelligent processing 
operations (detection, recognition, 
classification) using models based on well-
known architectures, such as (for example) 
SNN, YOLO, SSD, RCNN, FCN, UNet, 
SegNet, DeepLab, PSPNet and etc. 

A tentative stand is used to test both the basic operations 
of the framework and individual modules of the information 
system for railway traffic lights recognition [24]. 

VI. CONCLUSION  

This paper proposes a new solution to the problem of 
recognition of traffic lights on railways. To do this, we 
compared the three most popular neural network 
architectures SSD, YOLOv3 and Faster R-CNN. The study 
showed that the best quality is achieved by a neural network 
with the Faster R-CNN architecture. After that, with the 
chosen architecture, neural networks were developed and 
trained to detect railway traffic lights. On the basis of the 
detector, a module is built that cuts out the traffic light from 
the image and records its type. A label is then localized on 
the cropped image to improve character recognition. The 
text is recognized on the marker plate and written to the 
database. 
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Abstract— This study attempts to quantify the level of new 

media literacy of the rural people of Tamil Nadu, India. New 

media literacy is vital for the digital transformation, catering to 

the requirements of the latest technological era, to gain autonomy 

in accessing the new media. This study is based on quantifying 

the new media literacy from the perspective of the respondents' 

online video entertainment consumption. The study conducted 

among 230 rural respondents, is segmented into two parts. One 

measures the new media literacy of the rural people based on ten 

indicators extracted from the literature. It resulted that among 

ten indicators, Understanding, Consuming, and Analysis skills 

are high among the respondents, respectively. The respondents 

were found to have a lower level of skills for Production and 

Creation of content using new media technologies. The second 

part of the work is about the study of the relationship between 

demographic characteristics and new media literacy of the 

respondents. It was found that there is a significant relationship 

between Age, Education and Income on new media literacy, 

while Gender of the respondents does not affect the level of new 

media literacy. 

Keywords— Entertainment, New Media, New Media Literacy, 

Video 

I. INTRODUCTION 

Industry 4.0 is simply an era of technological developments, 
leading to social prosperity. This digital age has caused major 
shifts in the social, cultural, economic and political paradigms. 
While discussing entertainment, the trend has gone digital and 
online, driven by the internet and is advanced through the new 
media technologies. The computerization of media 
technologies is the foundation for the New media. 
New media technologies are referred to as socio-cultural digital 
avenues. Social media, video sharing sites, Virtual Reality are 
some of the examples of new media. New media is being ruled 
by images and screens [11]. It is to be noted that the users are 
able to ‘participate’ in the Web 2.0 environment [1]. These 
Over-The-Top (OTT) setup provides content on-demand, 
contains provisions enabling the users to consume, participate 
and create content [2]. The content created by the users is 
termed User Generated Content (UGC). In the marketing 
viewpoint, the customers add value to the companies through 
UGC by co-creating and co-communicating with the brands 
[3]. This has created a convergence between the creators and 
the consumers [12]. The ability to interact digitally, to 
creatively participate, to network among people are accounted 
as some of the distinct features of the new media [13].  
 

The rapid advancements in the new media technologies 
demand new media literacy for the people in leveraging 
technologies for learning, personal and professional 
applications. It is also exclaimed as the survival kit of this 
epoch [4]. New media literacy requires skills that constitute 
technical skills and cognitive skills. Maintaining a blog, using 
instant messaging mobile apps, creating vlogs and podcasts, 
online shopping, editing pictures, creating, uploading and 
watching videos in YouTube and other video streaming 
services require certain skills, which is termed as new media 
literacy. However, this paper focuses on the media literacy of 
the rural people with respect to their approach towards the 
online video entertainment.  
The study is planned to be conducted among the Indian rural 
people, more than two-third of the Indian population resides in 
the rural areas, and India is a country with more than 6,00,000 
villages [5]. It is obvious that the rural people constitute a huge 
market for the penetration of new media technologies. In order 
to have a good reception, consumption and participation rates, 
it is essential for the rural people to have acquired adequate 
new media literacy. Hence, this study is planned to assess the 
levels of new media literacy of the rural people of Tamil Nadu.  

This new media literacy study is focused on the perspective 
of online video entertainment consumption. Since the onset of 
the COVID-19 pandemic, followed by the worldwide curfew, 
online video-related entertainment had its boom. People were 
flocking to the contents in the OTT video streaming platforms 
[6], short-form videos in social media networking sites like 
YouTube, Facebook, Instagram, Snapchat, Pinterest, etc. [14]. 
So, it is of great importance to marketers to tap this growing 
potential and retain the customers.  

II. THEORETICAL BACKGROUND 

It can be inferred from the preceding discussion that the digital 
age and the environment caused by the COVID-19 pandemic 
has created massive opportunities for the players in the online 
video entertainment industry. Studying the levels of new media 
literacy in accessing these resources will provide significant 
insights for the marketers in upgrading the platforms or making 
them even easier to use them. This will help the people in 
making use of these platforms to the fullest.  
Media literacy makes a person a smart consumer of the media. 
It applies to any medium such as print and digital media. It is 
fundamentally the ability to access or get into the media 
content, decode, understand and analyze the meaning of what 
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the content intends to convey, evaluate the content and create 
content on its own using the media technologies [7]. The 
significance of being media literate lies in the gaining of 
autonomy with respect to the media. Since media contents are 
developed based on reality (media also develop reality), have 
political, ideological, cultural, and business implications, media 
literacy becomes vital for the consumers [8]. Media literacy 
should encourage people towards active participation rather 
than mere passive consumption [15]. A research study explains 
the concept through the Message Interpretation Processing 
(MIP) framework wherein the reach of the media content is 
influenced by the socio-emotional cognitive activities [16]. 
Researchers claim that media literacy is a skill set that can be 
inoculated [9]. 
With the advent of advanced and affordable media 
technologies, the media literacy is evolved into new media 
literacy. The advancements in Information & Communication 
Technologies have resulted in inclusivity and affordability, 
which in turn led to the growth of a recent phenomenon called 
new media literacy [17], [18]. Unlike the normal literacy 
wherein the instructions are provided externally, new media 
literacy is acquired. New media literacy is an array of know-
how that makes humans capable of facing the demands and 
challenges involved in today's highly digitalized smart 
environments. This concept has different dimensions, and more 
than just digital literacy; it involves cognitive, social and 
emotional competencies. It is necessary that people of all age 
groups acquire new media literacy [10]. It is a skill set required 
for this century that includes technical skills to access as well 
as create contents, troubleshooting skills, collaboration and 
communication skills, awareness and knowledge regarding 
safety, digital identity, active participation and well-being [19].  

III. RESEARCH METHODOLOGY 

A. Study Rationale 

This study is planned to be designed on the new media literacy 
framework developed by Lin et al. in 2013 [13]. In their study, 
new media literacy is classified into four types using ten 
indicators. These indicators were found suitable for studying 
the new media literacy of the rural people of Tamil Nadu, India 
and is adopted as the research framework for the study. The ten 
indicators are explained as follows; 

• Consuming: This basically indicates the accessibility 
skills of an individual. This means that the knowledge to 
operate several digital gadgets like computer, laptop, tablet PC 
and smartphones etc. it also involves the skill to search for 
contents like information, audio, video for personal, 
professional and learning purposes.  

• Understanding: It is the ability to decode and 
comprehend the meaning of the content that one consumes in 
any format like image, text, audio, video, meme, emoticons, 
etc.  

• Analysis: Understanding the context and relevance of 
the content like language, symbols and making a textual 

analysis. This implies that the content should be understood 
through the perspective of subjectivity and social process 
rather than just consuming with neutrality. 

• Synthesis: This means that one should be able to 
consume content from different sources and come up with own 
perception. One may not necessarily create own version of 
content, but be able to look for differences from each source 
and grasp the content. 

• Evaluation: All media contents are created by 
humans. This involves the critical thinking skills of the 
consumer to defy the credibility of the media content created 
by humans. This also involves interpretation of the content 
based on ideology, identity and power relation [20]. 

• Prosuming: It is the skill required to create contents 
using digital and internet technologies. Activities like creating 
an email address, creating audios, videos, etc. and creating 
digital contents include prosuming.  

• Distribution: Distribution is simply the sharing of 
media contents. Liking or disliking, writing a comment, 
forwarding or sharing the link of particular content to others 
fall under the distribution.  

• Production: This involves the duplication of media 
content or combining them using digital technologies. 
Scanning a paper document to create its soft copy is a 
production activity.  

• Participation: This involves actively participating in 
the media forum so that there is two-way communication 
between the creators and consumers and have the intelligence 
or critical thinking skill to deal with the context and sensitivity 
of the content. This is focused more on social networking 
among people. 

• Creation: Creation is involved with more initiation 
from the consumer's side. Replying, reacting or commenting on 
a content is participation, while making the first content is 
considered as creation. E.g., creating a blog, posting something 
on the Facebook wall. 

B. Research Gap 

For any country, uniform growth of people from all walks of 
life is essential. From that viewpoint, the new media literacy 
of the rural people is hardly studied by the scholars. In order 
to address this gap, this study is focused on the rural people of 
Tamil Nadu. This will provide implications to improve their 
autonomy in consuming new media contents. 

C. Research Objectives 

• To analyze the demographic characteristics of the 
respondents, which will provide useful insights regarding their 
level of new media literacy. 

• To study the levels of new media literacy of the 
people with the aforementioned ten indicators or factors, and 
find the skills acquired at higher and lower levels. 

• To find the relationship between demographic factors 
and the new media literacy level of the respondents. 

Page 597

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



D. Research Model 

Fig. 1 Research Model - A 

 

Fig. 2 Research Model - B 
 

E.  Hypothesis Development 

H1: There is a significant relationship between age and new 
media literacy of the respondents  

H2: There is a significant relationship between Gender and 
new media literacy of the respondents 

H3: There is a significant relationship between education and 
new media literacy of the respondents 

H4: There is a significant relationship between income and 
new media literacy of the respondents 

F. Data Collection methods 

The study was conducted among the rural people (above 18 
years) in Tamil Nadu, India, across all the districts. 
Convenience sampling was adopted for the study with a 
sample size of 230 respondents. An online questionnaire was 
administered for collecting data due to the prevalence of the 
COVID-19 pandemic. 

IV. DATA ANALYSIS AND RESULTS 

A.  Validation of the measurement models 

To check the reliability of the research questionnaire, 
Cronbach’s Alpha, Composite Reliability (CR) and the 

Average Value Extracted (AVE) were used. The average 
cronbach’s alpha value was found to be 0.871 for model A and 
0.862 for model B, respectively, which is above the critically 
acceptable value of 0.7 [21] The average CR value of 0.740 
(model B) was obtained, which above the widely accepted 
value of 0.7 [22]. And the average AVE value was 0.511 
(model B) greater than the accepted value of 0.4 [23]. (The 
alpha, CR and AVE values for each of the item was found to 
be higher than the acceptable range). While testing the 
discriminant validity, all the values were found to be <0.85, 
which is widely accepted. Data analysis was done using IBM 
SPSS Version 25. 

B. Results of Descriptive Analysis 

Table I shows that almost equal proportion of participation 
from men and women. 43.04% of people from the age category 
18-28 shows that the youngsters have shown greater 
participation. An average education of a respondent is 
graduation and generates an income of below ₹. two lakhs per 
annum. More than three fourth of people prefer to consume 
videos on smartphones. Nearly half of them prefers to watch 
videos on video sharing sites. 

TABLE I.  DEMOGRAPHIC CHARACTERISTICS OF THE RESPONDENTS 

 Demographics Frequency Percentage 

Gender 
Male 112 48.70 

Female 118 51.30 

Age 

18-28 99 43.04 

29-38 53 23.04 

39-48 15 6.52 

49-58 8 3.48 

59-68 30 13.04 

Above 68 25 10.87 

Education 

SSLC 10 4.35 

HSC 84 36.52 

UG 105 45.65 

PG 31 13.48 

Average annual 
income per 

annum 

< ₹1,00,000 8 3.48 

Between ₹ 1,00,101 to ₹ 
2,00,000 

98 42.61 

Between ₹ 2,00,101 to ₹ 
3,00,000 

85 36.96 

Between ₹ 3,00,101 to ₹ 
4,00,000 

24 10.43 

> ₹4,00,000 15 6.52 

Device 
preferred for 
online video 

entertainment 

Smart TV 8 3.48 

Smartphone 201 87.39 

Tablet PC 1 0.43 

Laptop 20 8.70 

Type of 
platforms 

preferred for 
video 

entertainment 

OTT sites (like Netflix) 55 23.91 

Video sharing sites (like 
YouTube) 

108 46.96 

Social Networking sites 
(like WhatsApp, 

Instagram) 
67 29.13 

Table II shows the weighted average score for the respective 
new media literacy indicators. It can be observed that based on 
the weighted average, the respondents collectively have high 
understanding and consuming skills, followed by synthesis and 
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analysis skills. Respondents have a relatively low skill level for 
production and creation skills.  

TABLE II.  NEW MEDIA LITERACY LEVEL OF THE RESPONDENTS 

Items Weighted Average Items Weighted Average 

CON1 75.5 PRO1 35.8 

CON2 76 PRO2 40.6 

CON3 74.3 PRO3 33.2 

CON4 72.6 PRO4 32.5 

UND1 76 DIS1 68.7 

UND2 75.2 DIS2 66.9 

UND3 74.5 DIS3 64.8 

UND4 74.9 DIS4 59.9 

ANA1 73.3 PROD1 20.8 

ANA2 72.6 PROD2 30.8 

ANA3 74.1 PROD3 27.2 

ANA4 74.9 PROD4 26.8 

SYN1 74.3 PAR1 55.4 

SYN2 70.1 PAR2 56.8 

SYN3 71.3 PAR3 49.6 

SYN4 72.4 PAR4 50.5 

EVA1 50.6 CRE1 18.9 

EVA2 45.9 CRE2 20.6 

EVA3 46.7 CRE3 21.9 

EVA4 42.8 CRE4 25.8 

C. Testing of Hypotheses 

Table III represents the relationship between the independent 
variables and the dependent variable. The R square value 
depicts a strong influence of 44.9% on the dependent variable. 

TABLE III.  MODEL SUMMARY  

Model R R Square 
Adjusted R 

Square 

Std. Error of the 

Estimate 

1 .670a .449 .426 .82943 
a- Predictors: (Constant), Income, Gender, Education, Age 

 

TABLE IV.  RESULTS OF REGRESSION ANALYSIS 

Model 

Unstand

ardized 

Coeffici

ents 

Standardized 

Coefficients 
t Sig. Decision 

Std. 

Error 
Beta 

Constant .386  5.640 .000  

Age .053 -.772 -8.194 .000** H1 - Supported 

Gender .172 .017 .219 0.827 H2 - Rejected 

Education .120 .504 5.657 .000** H3 - Supported 

Income .105 .289 3.213 .002** H4 - Supported 
** Significance level at 5% 

 

Table IV shows the results of the regression analysis. The 
dependent variable was set to be the new media literacy, and 
the independent variables were Age, Gender, Education and 
Income. Based on the obtained results, it can be understood 
that all the hypotheses are supported except H2. It means that 
there is no significant relationship between Gender and NML, 
while the relationship is significant for age, education and 
income. 

V. DISCUSSION AND CONCLUSION 

To begin with, the results of the first objective of 
understanding the demographic characteristics of the rural 
respondents have provided significant insights for the 
penetration of online entertainment avenues in the rural areas 
of Tamil Nadu. The results show that the respondents are 
moderately doing well as far as socio-economic development 
is concerned. The income and education of the respondents are 
found to be sizeable to a certain extent.  

Discussing on the device preference of the people, 
smartphones were found to be the prominent choice. This may 
be because of the developments in the recent ICT 
technologies. Especially, the introduction of affordable data 
plans and smartphone handsets perhaps have created the 
greatest impact. This shows that there is a good reception for 
affordable smart technologies in rural areas.  

The respondents prefer to consume videos through the video 
sharing sites like YouTube. This may be due to the popularity 
of video sharing sites. Other types of videos such as short-
form videos introduced in the social media sites and platforms 
like OTT services, are relatively new and have seen a surge 
during the pandemic period. 

It is convincing that the people are able to understand the 
content, know how to access and consume the content and 
make analysis on the contents consumed. However, this level 
of literacy still needs to get improved as the new media 
literacy is all about the creation of own content and increased 
participation using the technological avenues.  

People with relatively higher skills can encourage and educate 
other people living in the village to acquire skills like creation 
and production.  

Discussing on the testing of hypotheses, it is found that there 
is no significant relationship between Gender and the 
acquisition of new media literacy. This result is convincing as 
the technologies are created to eradicate any kind of disparity.  

These results provide valuable inputs for the marketers and 
content creators of the online video entertainment options to 
understand the rural market and tap the massive potential. 

A. Limitations of the study 

This study is made to quantify the new media skills of the 
respondents with a boundary based on the online 
entertainment videos consumption only. However, the new 
media literacy is much beyond the scope of online video 
entertainment.
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Abstract— A Frequency Selective Surface (FSS) with dual-

band bandpass response at 2.4 GHz and 5.2 GHz is proposed 

in this paper. The proposed FSS unit cell consists of two 

circular ring slots loaded with metallic splits for the purpose of 

fine tuning of the transmission poles. The FSS exhibits -3 dB 

bandwidths of 0.68 GHz and 0.63 GHz in the first and second 

passbands respectively. The FSS exhibits lower insertion loss of 

around 0.25 dB in both the passbands. A detail study of effect 

of the split gap on the response of the dual-band FSS is also 

presented in the paper. The FSS is suitable for various 

applications in the ISM band.   

Keywords- Dual-band, bandpass, frequency selective surface 

(FSS), ring slot, split, aperture. 

I.  INTRODUCTION 

Frequency Selective Surfaces (FSSs) are similar to the 
traditional filters that are used in radio frequency (RF) 
circuits, however in a wireless network. FSSs are periodic 
arrays of conducting patch or apertures on a metallic screen 
designed above a dielectric slab and are used for reflecting 
(patch) or transmitting (apertures) radio waves from any 
source of radiation or antenna at specific multiple 
frequencies or band of frequencies [1-2]. Since introduction, 
FSS is being used in sub-reflector, radome, polarization 
converter, satellite transponder etc. In recent years, research 
has been carried out in designing multiband FSS structures 
with both bandpass [19-25] and bandstop response for 
various wireless communication applications. The 
multiband response can be achieved by cascading multiple 
layers of FSS each exhibiting bandpass response. However 
such desired transmission/reflection level can also be 
realized by including multiple slots in the unit cell with 
different shapes and dimensions. In comparison to 
cascading multiple layers of FSS with air gap, inclusion of 
multiple slots of specific dimensions in the unit cell of a 
single layer makes the design simple, and easy to integrate.  

Over the years, various works [5-10], [12-18] on 
bandpass aperture type FSS structures with multiband as 
well as wideband characteristics have been studied. It is 
evident from the literature that FSS with band pass response 
can be designed in various ways with multiple methods 
from periodic elements array for first order band pass 
response to cascaded structure for multi band or wide band 
response. Generally multiband responses have more than 
one transmission poles and they are chosen sufficiently 
close to each other in order to achieve different bandwidths 
with band pass characteristics. H. Liu, K.L. Ford presented a 
miniaturized bandpass FSS [3] with lumped components”. 
The FSS uses inductors and capacitors to provide a 
bandpass response with a simulated unit cell size of λ/115 

Qunsheng Cao presented [6] a controllable miniaturized 
triband FSS. The design is based on the complementary 
structures. The effect of some important parameters on the 
transmission properties has been analyzed by full wave 
simulation and a stable frequency response of the proposed 
structure with different incident angels and polarization 
modes is observed.  

In this paper, design methods and analysis of structures 
related to present research work based on loop-shaped patch 
type FSS loaded with the slot on four sides (Loop with split 
ring-shaped slot) are discussed theoretically as well as 
practically in some cases. Some studies on band-stop 
frequency selective surface are presented, whereas the use 
of different FSS structures with band-reject filtering 
properties is also demonstrated. All the designs have been 
simulated with HFSS EM simulator that uses Finite Element 
Method (FEM) for analyzing the structures.  

II. DESIGN OF THE DUAL-BAND FSS 

In this section the design methodology of the aperture 
type FSS with two ring slots with the intent to achieve dual-
band bandpass response is discussed in detail.  

A three dimensional array of the proposed aperture type 
FSS is shown in the Fig. 1. The unit cell of the double ring 
slot loaded FSS is shown in Fig. 2 along with the 
dimensions (in mm).   

 
 

Fig. 1. A Three Dimensional view of the bandpass FSS with ring slots 
 

 
 

Fig. 2. Unit cell of the dual band FSS with dimensions (in mm)

978-1-6654-7886-1/22/$31.00 ©2022 IEEE
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The proposed aperture type FSS is designed based on a 
metallic screen above a dielectric substrate. Rogers TMM4 
is chosen as the dielectric material because of its low loss 
property that makes it suitable for bandpass applications. A 
circular ring shaped slot is then loaded on the metallic layer 
whose diameter is chosen on the order of λg/3 [2] as given 
by the following equation. 

 
 

2ro = 
��

�������	�
��/�
        (1) 

 
 

Where C0 is the speed of light in free space (3×108 m/s), fr is 
the desired resonating frequency and εr is the relative 
permittivity of the dielectric. The aperture type FSS is 
designed above Rogers TMM4 substrate as mentioned above 
has εr= 4.5 and loss tangent of 0.002. The diameter of the 
inner circle of the ring is calculated using (1) for 2.4 GHz of 
desired resonating frequency (fr= 2.4 GHz). The inner ring 
diameter is evaluated similarly using (1) for 5.2 GHz. The 
diameter of the outer circle in both the rings are chosen by 
keeping a ring width of w= 1 mm. The radius for the two 
rings are chosen as ro= 12.5 mm, ri= 5.9 mm as per the 
methodology mentioned above. The periodicity of the unit 
cell is kept equal in both the x and y directions as shown in 
the Fig. 1 with the value of Px= Py= 30 mm. A metallic 
section is included in the ring slot in order to induce a 
discontinuity. The ring slot with split makes the FSS 
polarization dependent; however with the split it becomes 
easier to tune the operating frequency by a small amount. 
The split gap in both the rings are maintained equally with 
go= gi= 2 mm.     

            
 

               (a) Similar orientation                   (b) Opposite orientation 
Fig. 3 Different orientation of the ring slots in the FSS unit cell 

 The ring slots with the introduction of the splits make the 
FSS polarization independent and as well as the unit cell 
becomes asymmetric. In order to investigate the effect of the 
position of the split on the ring slot, two different 
orientations of the FSS unit cell are studied by changing the 
inner ring orientation as shown in the Fig. 3. 

III. CHARACTERISTICS OF THE DUAL-BAND FSS 

The proposed aperture type FSS with multiple ring slots 
loaded with splits is investigated using ANSYS HFSS to 
observe the frequency response. Initially the FSS with only 
the outer ring slot loaded with split gap is analyzed using 
the simulator and the transmission (S21)/ reflection 
coefficients (S11) of the FSS are plotted in the Fig. 4. It can 
be observed that the outer ring slot exhibits a transmission 
pole and thus passband close to 2.4 GHz which is the 
desired resonating frequency.    

 
Fig. 4. Transmission/ Reflection coefficient of the FSS with single ring slot 
loaded with split 
 

The small shift in resonating frequency can be fine tuned by 
changing the split gap in the ring slot. The effect of 
variation in split gap on the response of the FSS is studied 
and the results are presented in the Fig. 5 for transmission 
and reflection coefficients. It can be observed that the 
resonating frequency is shifted by a small amount with the 
change in the split gap go. Such variation in resonance as 
well as bandwidth is listed in Table I.  

 
(a)  

 
(b) 

Fig. 5. Transmission/ Reflection coefficient of the FSS for the variation in 
split gap go in the outer ring slot 

TABLE I. CHARACTERISTICS OF THE FSS WITH SINGLE RING SLOT FOR 

DIFFERENT GAPS OF THE SPLIT 

Split gap (go) Resonance (GHz) -3 dB Bandwidth (GHz) 

2 mm 2.46 0.72 

1.5 mm 2.40 0.7 

1 mm 2.34 0.7 
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It may be observed from the table that a fine tuning of the 
resonating frequency is possible by changing the split gap. 
The desired resonating frequency of 2.4 GHz is achieved for 
the split gap of 1.5 mm.  
The FSS unit cell with both the ring slots loaded with the 
split gaps is then simulated and the transmission as well as 
reflection response is plotted in the Fig. 6.  
 

 
(a) similar orientation 

 
(b) opposite orientation 

Fig. 6. Transmission/ Reflection coefficient of the FSS with two ring slots 
for the variation orientation of the split gap in the rings 
 

It can be observed that the double ring slot loaded aperture 
type FSS exhibits a dual-band bandpass response with two 
transmission poles close to 2.4 GHz and 5.2 GHz. The small 
shift in the resonances can be adjusted by changing the split 
gap in the ring slots. The transmission as well as reflection 
response of the FSS does not change significantly by the 
change in orientation of the ring slots which makes the 
aperture type FSS more useful for dual-band applications. 
The two pass bands exhibit -3 dB bandwidths of 0.68 GHz 
and 0.63 GHz respectively. The insertion loss in both the 
bands lies between 0.22-0.26 dB which is not significant.     
 

   

(a) 2.42 GHz 

  

                                                       (b) 5.34 GHz 
Fig. 7. Surface current distribution in unit cell of the FSS structure 

The surface current distribution on the unit cell of the FSS 
with two ring slots loaded with split gaps is shown in the Fig. 
7 for the two resonating frequencies of 2.42 GHz and 5.34 
GHz respectively. It may be observed clearly that the outer 
ring slot has high surface current in its surroundings (in the 
metallic part of the unit cell) at 2.42 GHz whereas at 5.34 
GHz (i.e. in the second band) the current is concentrated in 
the metallic section surrounding the inner ring slot.  

IV. CONCLUSION 

       The design of an aperture type Frequency Selective 
Surface with two circular ring slots is presented in this paper. 
The ring slots are loaded with split gaps that help in fine 
tuning of the transmission poles. The FSS exhibits dual-band 
response of two transmission poles near 2.42 GHz and 5.34 
GHz which fall in the ISM band. The pass bands exhibit -3 
dB bandwidths of 28% and 11.6% in the first and second 
bands respectively. It was observed that with the change in 
orientation of the ring slots (split gap), the transmission as 
well as reflection response of the FSS are not affected 
significantly. The dual-band FSS is suitable of ISM band 
applications.   
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Abstract— Health concept is multi-faceted in which 

healthcare services analysis is an important issue that warrants 

multivariate approaches (Klomp and de Haan 2009). Hospitals 

have constraints such as buildings in dilapidated conditions, 

inadequate equipment, lack of emergency/ intensive care 

services, access to pharmacy and supplies, lack of qualified staff 

and inadequate maintenance of medical records (Indian Public 

Health Standards (IPHS) Guidelines for District Hospitals 

Directorate General of Health Services Ministry of Health & 

Family Welfare Government of India, 2012). The aim of the 

study is to identify relevant health care parameters by use of pca 

on response data of nurses revealing satisfaction. A cross-

sectional, descriptive study was conducted between May 2016 to 

December 2018. A simple random technique was used to obtain 

a sample of 450 clients. However, a total of 395 clients 

participated in the study. Government Hospitals were selected 

along with private hospitals of Goa. Ethical clearance was 

obtained from Director, Directorate of Health Services, Goa and 

Medical Superintendent of a private hospital. Further 

permission was obtained from respective Head of Department 

of the hospitals under study. Initially, a sampling frame of HCRs 

available in each ward was prepared. Selected wards included 

Department of Obstetrics/ Gynecology, Medicine, Surgery, 

Orthopaedic and General ward. On an average 25-30 clients 

were admitted in the wards of the hospital. Based on the weights 

in the PC1 component, we see that Empathy, Responsiveness, in 

service education and Equipment carry the maximum weight in 

the component that explains most of the variance, and are hence 

significant to us. 

Keywords— Principal component analysis, Perception, 

Nursing Care, Normality plot, Polychoric 

INTRODUCTION 

Hospitals have constraints such as buildings in 
dilapidated conditions, inadequate equipment, lack of 
emergency/ intensive care services, access to pharmacy and 
supplies, lack of qualified staff, and inadequate maintenance 
of medical record, Indian Public Health Standards (IPHS) 
Guidelines for District Hospitals Directorate General of 
Health Services Ministry of Health & Family Welfare 
Government of India, 2012). Clients having faith in their 
health care providers (HCPs i.e doctos / nurses) helps in 
better compliance to treatment and fewer complications 
(Elliot et al., 2011). Empathic congruity helps HCPs to ask 
timely questions to their clients, stay silent and respond when 
required. (Marhamati et al., n.d). Nursing personnel are in a 
better position to evaluate the influence of quality services 
provided by the health care providers (GÜR & EKICI, 2020). 
Health concept is multi-faceted in which healthcare services 

analysis is an important issue that warrants multivariate 
approaches (Klomp and de Haan 2009). Studies have 
revealed that even if the data component is meaningless 
(Silfen, 2006) it’s important not to discard the same. Most of 
the research studies involve more than two variables in which 
situation analysis is desired of the association between one 
criterion variable and several independent variables 
(Awantika et al., 2014). 

OBJECTIVE 

a. To identify relevant health care parameters by use of pca 
on response data of nurses revealing satisfaction 

b. To assess the impact of sociodemographic variables on 
each of the response parameter using logit model. 

c. To find the overall satisfaction perception index of the 
nurses. 

METHODOLOGY 

A cross-sectional, descriptive study was conducted 
between May 2016 to December 2018. A simple random 
technique was used to obtain a sample of 450 nurses. 
However, a total of 395 nurses participated in the study. 
Government Hospitals were selected along with private 
hospitals of Goa. Ethical clearance was obtained from 
Director, Directorate of Health Services, Goa and Medical 
Superintendent of a private hospital. Further permission was 
obtained from respective Head of Department of the hospitals 
under study. Initially, a sampling frame of nurses available in 
each ward was prepared. Selected wards included 
Department of Obstetrics/ Gynecology, Medicine, Surgery, 
Orthopaedic and General ward. On an average 3-4 nursing  
staff were posted in the wards during the morning and 
afternoon shift. A convenient slot was selected to collect the 
data  based on the input given by the ward incharges.The aim 
of the study is to construct validity of data using factor 
analysis, use logit model and  perception index of the  nurses.  

PRINCIPAL COMPONENT ANALYSIS 

To create a composite index of satisfaction perception for the 
nurses in goa, the dimensions considered are as follows: 

● Information on clients, Empathy, Responsiveness to 
clients, Physical safety, Continuing in service education, 
trained hospital personnel, drugs and consumables, 
equipment, infection control, support services, 
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administration, documentation & disaster management.  

The data for nurses is based on a 5-point Likert Scale (Ordinal 
Data) with 13 dimensions taken into account. With the data, 
we aim to study the construct validity of data using factor 
analysis (Olsson.1979a and 1979b) and (Merrifield 1969). 
Using the technique of principal component analysis, we 
work to reduce the multivariate data (Mardia, 1970) table into 
a smaller set of variables and to see the intercorrelation 
between variables. Since the data has different components 
under each ordinal parameter, we take the mean of each of 
the categories under any particular factor, and group it into a 
single variable for that particular category. 

NEED FOR THE USE OF POLYCHRONIC 
CORRELATION MATRIX (Jöreskog & Moustaki, 2001) 

Factor analysis, and specifically PCA uses correlation 
matrices (generally Pearson) to obtain factor solutions. In this 
context, it is advantageous to use polychoric rather than 
Pearson correlations, taking into account that the latter 
require quantitative variables measured in intervals, and that 
the relationship between these variables has to be monotonic 

(Holgado–Tello et al., 2008). 

Likert scale variables would imply ordinal scales, 
whereas Pearson correlations assume interval measurement 
scales. The use of Pearson correlations is used in this case the 
relationship between measures would be artificially restricted 
due to the restrictions imposed by categorization (Guilley and 
Uhlig, 1993). Therefore, when factor analysis is used to test 
the construct validity of a measurement instrument, it is 
important to take into account the measurement scale that is 
being used (Maydeu-Olivares & D’Zurilla, 1995, Jöreskog & 
Moustaki, 2001) to provide more valid measurement of the 
psychological constructs (Flora et al., 2003). 
 

BASIS OF POLYCHRONIC CORRELATION MATRIX 

Consider two variables, Z1and Z2 as ordinal items with m1 
and m2 categories. The sample distribution in this case would 
be given by:  
      

n11 n12 ··· n1m2 

n21 n22 ··· n2m2 

…………nij……. 
nm11 nm11 ··· nm1m2 

consider nij as the number of cases i and j of item 1 and item 
2 respectively. Let us suppose that there exists normality 
between the underlying items, and we assume for a normal 
bivariate distribution with a correlation ρ. The polychoric 

correlation is the correlation ρ in the bivariate normal 
distribution N (0,0,1,1,ρ) (Eq. 1) of the latent variables Z1and 
Z2. If m1=m2=2 then the correlation is tetrachoric. and can 
be estimated by maximizing the function of maximum 
likelihood of the multinomial distribution: 

 

 

 
 

 
ROTATED LOADING MATRIX 

 
Variable C1 C2 

Client_info 0.991 -0.131 

Empathy 0.984 -0.201 

Responsiveness 1.007 -0.251 

Physical Safety       0.731 0.096 

In service education 0.854 -0.002 

Trained Personnel       0.582 0.162 

Drugs Consumables       0.77 -0.033 

Equipment 0.858 0.06 

Infection Control       0.78 0.141 

Support Services       0.679 0.223 

Administration 0.046 0.817 

Documentation 0.056 0.842 

Disaster management    -0.052 0.908 

 
We hence look at a rotated loading matrix, which is 

cleaned in itself, where loadings below 0.30 are neglected. 
Looking at the inter component correlation matrix, we see 
that all the components have a significant correlation between 
each other.  

Based on the weights in the PC1 component, we see that: 
(1) Client information, (2) Empathy, (3) Responsiveness, (4) 
Physical safety, (5) In service education, (6) Trained 
personnel, (7) Drug & consumable, (8)   Equipment, (9) 
Infection control and (10) support services carry the 
maximum weight in the component that explains most of the 
variance, and are hence significant to us. These variables 
explain the maximum variance in PC1, and are therefore 
important parameters in the dataset. 
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TABLE 1.  LOGIT MODEL (CONVERTED TO NORMAL ODDS MODEL) KIM, 1997 

Variable 
Age Gender Education_level Years_Exp Income Clinical Area 

Estimate Sig. Estimate Sig. Estimate Sig. Estimate Sig. Estimate Sig. Estimate Sig. 

Administration 0.854 0.401 0.879 0.734 1.048 0.704 1.359 0.015 1.071 0.663 1.093 0.692 

Client Info 1.210 0.278 1.353 0.398 0.968 0.784 0.969 0.795 0.949 0.729 0.826 0.366 

Disaster Management 0.781 0.162 1.179 0.643 1.051 0.664 1.256 0.054 1.208 0.208 0.777 0.233 

Documentation 1.057 0.752 1.035 0.922 1.190 0.141 1.023 0.846 1.494 0.009 0.909 0.655 

Drugs_Consumables 1.001 0.994 1.678 0.141 1.040 0.727 1.075 0.53 1.122 0.431 0.835 0.388 

Empathy 1.323 0.111 1.364 0.383 0.800 0.057 1.052 0.663 0.703 0.02 0.729 0.133 

Equipment 1.138 0.452 1.278 0.482 0.953 0.673 0.999 0.994 1.063 0.672 0.822 0.343 

Infection_Control 1.226 0.243 1.218 0.576 1.093 0.437 0.994 0.959 1.009 0.951 0.654 0.043 

Trained_Personnel 1.081 0.655 2.496 0.009 1.296 0.024 0.965 0.762 1.368 0.034 1.444 0.077 

Physical_Safety 1.000 1 1.234 0.544 0.955 0.685 1.070 0.552 1.263 0.109 0.758 0.179 

Responsiveness 1.258 0.191 0.913 0.799 0.819 0.087 1.178 0.165 0.633 0.003 0.829 0.374 

Suppport_Services 1.080 0.667 1.147 0.706 1.133 0.293 1.136 0.29 1.044 0.773 0.960 0.854 

In_Service Education -0.455 0.435 -0.17 0.616 0.274 0.233 0.375 0.476 0.245 0.416 0.789 0.185 

 
Source data collection: Shashi Lata Yadav. from 2016 to 2018, Goa 
 

TABLE 1, logit model revealed that years of experience is 
significant and carries the maximum weight on the normal 
odds scale for the case of administration. None of the socio 
demographic variables are significant for client information. 
For disaster management, it is indicated that years of 
experience is significant with the maximum weight. Hence a 
unit increase in years of experience positively shifts disaster 
management on the higher scale. None of the socio 
demographic variables is significant for documentation, 
drugs and consumables. Education_level has a high impact 
on the parameter of empathy among nurses. Equipment is not 
significantly impacted by any variable. The area parameter is 
highly and statistically significant for the infection parameter. 
Trained personnel are positively affected by gender and 
education level among nurses. Physical safety, 
responsiveness and support services are not significantly 
impacted by the socio demographic variables. 

PCA INDEX- METHODOLOGY 

Use the first principal component of the principal 
factorisation which explains the maximum variance of the 
dataset. Thereafter, using this component create a weighted 
index. 

Steps for Computing Index using PCA 

Collection of data on relevant variables 
Normalization of variables based on the association with the 

objective of grouping 

Assignment of weights using PCA 

W i =∑│L ij │E j 

where, 

W i is the weight of i th indicator 

E j is the eigen value of the j th factor 

L ij is the loading value of the i th unit of grouping on j th 

factor 

i = 1,2,3,.....n indicators 

j = 1,2,.... Factors or Principal Components (PCs) 

Index formation 

I = ∑ X i W i / ∑W  

where, 

I is the index of each unit 

X i is the normalized value of i th indicator 

W i is the weight of i th indicator (R et al., 2017) 
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TABLE 2.   COEFFICIENTSa 

Variable 

Unstandardized 
Coefficients Standardized Coefficients 

Beta Standard 
error Beta t Sig. 

Constant 2.19 0.319 - 6.872 0 

Age 0.063 0.068 0.08 0.921 0.357 

Gender 0.131 0.137 0.048 0.954 0.341 

Education 
level -0.004 0.045 -0.005 -0.093 0.926 

Year of 
experience 0.031 0.045 0.06 0.688 0.492 

Income -0.014 0.058 -0.015 -0.236 0.813 

Area -0.117 0.081 -0.073 -1.44 0.151 

a. Dependent Variable: Perception Index 

 As regards Standardized coefficient Age (β =0.08) is almost twice more 

important than gender (β =0 .048). Education with beta 
negative (-0.005) clearly shows tendency of educated nurses 
to seek further improvement in health care facilities. Income 
(β= -0.015) and clinical areas (β=-0.073) negatively impacts 
satisfaction with the latter showing maximum dissatisfaction. 
Results on Unstandardized coefficient reveal clinical area 
negatively impacting satisfaction; whereas among positive 
indicators, gender (β=0.131) impacts the most. 

However, level of significance (p>0.05) indicates statistical 
insignificance, which should not mean, that these socio-
demographic variables are behaviorally, psychologically and 
institutionally non -significant. So these variables can have 
an important role to play in institutional and governmental 
level policy formulation and implementation. 

 

CONCLUSION 

Based on the weights in the PC1 component, it is observed 
that besides administration, documentation and Disaster 
management, other variables carry the maximum weight in 
the component that explains most of the variance. and are 
hence significant to us. Years of experience is significant and 
carries the maximum weight on the normal odds scale for the 
case of administration. None of the socio demographic 
variables is significant for documentation, drugs and 
consumables. Education_level has a high impact on the 
parameter of empathy among nurses. Physical safety, 
responsiveness and support services are not significantly 
impacted by the socio demographic variables. 
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Abstract—Handwritten character recognition of Bangla Script
is one of the most difficult and complex tasks in pattern
recognition, because of the complicated alignment and
similarity in the characters. This paper aims to explore the
usage of a Convolutional Neural Network to recognize
Handwritten Bangla characters. The classification stages and
feature extraction stages of any pattern recognition task are
responsible for accurately recognizing the patterns. The paper
proposes a novel low-cost CNN architecture for Bengali
Character Recognition over present well-known datasets
CMATERdb, BanglaLekha-Isolated, Ekush. Using
Convolutional Neural Network, the proposed model achieves
good accuracy and well generalizes over multiple datasets.
Overall Recognition accuracy obtained for datasets such as
CMATERdb, BanglaLekha-Isolated, Ekush is 87%, 89.6%,
83.1% respectively.

Keywords—Low Cost Convolutional Neural Network,
Handwritten Bangla Characters, Bengali Character Recognition.

I. INTRODUCTION

Over the last few years Convolutional neural networks have
attained popularity for handwritten character recognition,
due to its high performance while predicting images.
Convolutional neural networks have been used in a lot of
research on handwritten characters and digits. Image
classification algorithms gain a new level with CNNs, which
recognize visual patterns directly from pixel pictures with
minimum preparation. In the case of OCR, models must
give high precision while distinguishing between a large
number of classes [11]. As a result, the paper presents a
low-cost custom architecture for recognizing Bangla
handwritten characters in this study.

Bangla is the world's sixth most spoken language and the
Indian Subcontinent's second most spoken language. Bangla
is Bangladesh's mother tongue, as well as the official
language of India's West Bengal, Tripura, Assam,
Jharkhand, and Sierra Leone, a West African country [2].
Bangla is spoken by 250 million people on the Indian
subcontinent and nearly 300 million people worldwide [1].
Bangla belongs to the Indo-European language family, and
its major roots are in Sanskrit [1].

Bangla handwritten character recognition has a wide variety
of applications which includes OCR, License plate number
recognition of vehicles, ID number recognition, parking lot

management, banking, etc[7].Though not much research has
been done on the recognition of Bangla handwritten
characters. Languages like Devanagari, English, Arabic, and
Japanese, for example, have a lot of research done on them.
The reason for this is that the recognition of Bangla
characters is quite difficult. Distinct people write different
characters in very different ways. Bangla letters have a
complicated shape, and some of them can be distinguished
in Bangla by a "Matra" which is a single line stroke. It is
composed of 50 basic characters and 10 digits. Because of
the large number of classes, recognizing handwritten
characters is very difficult.

The fundamental purpose of this research is to provide a
low-cost custom architecture for handwritten Bangla
character recognition. This research examines three different
databases: cmaterdb, BanglaLekha, and Ekush, using this
architecture.

II. RELATED WORK

In recent years handwritten Bangla character recognition has
attained much popularity. Bhowmik et al.[2] introduced a
new technique that uses stroke features that form a feature
vector as input to MLP. A multistage approach based on
feature extraction is discussed[1]. Shaik et al.[3] presented a
new method for Bengali character recognition using a
layer-based and view-based approach with a KNN classifier.
A technique to recognize Bengali handwritten characters
using Euclidean distance measurement technique and
Fourier Transform(FT) measurement technique has been
discussed[8]. Later, authors started implementing CNN
models. Alom et al.[6] investigated the performance of
various DCNNs like CNN, ResNet, FractalNet, DenseNet
on CMaterDb dataset for bengali character recognition and
compared their performance. Rizvi et al.[10] have
implemented two approaches, a multiclass SVM classifier
for classification and a DCNN model - ResNet 18 is used
for CNN based methods. ResNet-18 includes 17
convolutional layers and one FC layer. CNN-based models
performed better than traditional classifier methods after
Analysing on their own dataset. Chowdhury et al.[9] have
accomplished 95.25% accuracy by data augmentation with
CNN model for Bangla character recognition using Bangla
Lekha dataset. An extended convolutional neural network

978-1-6654-7886-1/22/$31.00 ©2022 IEEE
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TABLE I. SUMMARY OF RELATED WORK ON HANDWRITTEN BANGLA CHARACTER RECOGNITION

Author/Year Methods Datasets Results - accuracy

Rahman et al.[1]
(2002)

Moment-based pattern
classifiers(MPC)

Self compiled 85.27%

Bhowmik et al.[2]
(2004)

MLP classifier Self compiled 84.33%

Shaikh et al.[3]
(2018)

KNN Self compiled 76.8%

Rabby et al.[15]
(2020)

Borno: Multiclass CNN Assembled (CMATERdb , BanglaLekha-Isolated
, Ekush , MatriVasha ,Bengali.AI)

92.61%

Das et al.[4]
(2021)

Extended CNN BanglaLekha-isolated 92.25%

Chakraborty et al.[14]
(2021)

Deep CNN NumtaDB 93%

Sayeed et al.[13]
(2021)

BengaliNet : CNN CMATERdb
BanglaLekha

Ekush

97.82%
96.09%
98.36%

Ghosh et al.[12]
(2020)

MobileNet  CNN CMATERdb 96.46%

Rabby et al.[5]
(2019)

BornoNet : CNN CMATERdb
BanglaLekha

ISI

98%
96.81%
95.71%

Rizvi et al.[10]
(2019)

SVM
CNN

Combined BanglaLekha and Ekush 87%
98.04%

Alom et al.[6]
(2018)

DenseNet CMATERdb 98.31%

Taufique et al.[7]
(2018)

ConvoNet : Inception CNN Handwritten Bangla Character Database 96.7%

Mukti et al.[8]
(2018)

Fourier Transform and
Euclidean Distance Metric

Self Compiled 98.88%

Chowdhury et al.[9]
(2019)

CNN with data augmentation CMATERdb
BanglaLekha

Ekush

93.37%
91.81%
95.07%

(CNN) model has been proposed to recognize Bangla
handwritten characters which is tested on “Bangla
Lekha-Isolated” dataset where the model shows the
accuracy of recognition as 92.25% for combined classes[4].
Chakraborty et al.[14] implemented a deep CNN model
using the numtaDB dataset and achieved an accuracy of
93% for Bangla digit recognition. Proposed architecture
consists of 6 convolution layers of 32, 32, 64, 64, 64, 64
respectively, and 3 dense layers.

Moreover, there have been some studies where the
authors have focused on developing low-cost Bengali
character recognition architectures. Rabby et al.[5] proposed
the BornoNet model which is a 13-layer convolutional
neural network with 2 sub-layers. It uses ADAM optimizer.
It is evaluated on Cmaterdb, Bangla lekha and ISI datasets.

Inception CNN architecture was introduced named
convonet, evaluated on a handwritten Bangla character
database achieving 95.3% accuracy[7]. Ghosh et al.[12]
accomplished 96.46% accuracy using Mobilenet CNN
architecture. Sayeed et al.[13] proposed a low cost CNN
model for Bengali character recognition named BengaliNet.
This architecture was aimed for using fewer parameters
without compromising high performance and achieved
96-99% accuracy for cmaterdb,bangla lekha, and ekush
datasets. Rabby et al.[15] implemented a multiclass CNN
model named Borno, and they evaluated their model with
thier assembled dataset of 1069132 images and reported a
model accuracy of 91.88%. In Borno, they used four
convolutional layers of 32, 64, 128, and 256 respectively,
followed by a batch normalization layer which is then
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connected with a max-pooling layer followed by a dropout
layer.

Although these methods have an assured future, more effort
needs to be taken for developing a system that is completely
capable of recognizing Bengali script for practical
application[11].

Table 1 summarises previous research, which covers work
done by several researchers using various approaches and
datasets.

III. MATERIALS & METHOD USED

A. Dataset Used

The primary goal of this study is to develop a low-cost
architecture for a variety of datasets. In this research, three
datasets are considered for the discussion:
CMATERdb[5],[6],[9],[12], BanglaLekha[4],[5],[9] and
Ekush[9]. The three datasets are compared in this research
based on the general architecture.
At the Center for Microprocessor Applications for Training,
Education, and Research (CMATER) research lab, the
pattern recognition database repository CMATERdb was
created. For this investigation, we used the CMATERdb
3.1.2 Handwritten Bangla Basic-Character Database. This
dataset is separated into two folders, each with 50 classes:
Train and Test. Each character contains 240 samples in the
train folder and 60 samples in the test folder, totaling
150000 samples.

Fig. 1: Sample images of CMATERdb dataset

A collection of isolated Bangla character samples makes
up the BanglaLekha-Isolated dataset. As examples, there are
50 Bangla basic characters, 24 selected compound
characters, and 10 Bangla numerals. Instead of a single
character, there are 84 character groups in this dataset. For
each of the 84 characters, 2000 handwriting samples were
gathered, scanned, and pre-processed. After removing errors
and scribbles, the final dataset had 166105 handwritten
character pictures. This preparation has previously been
completed in the isolated BanglaLekha dataset.

Fig. 2: Sample Images of BanglaLekha-isolated dataset

For handwritten Bangla characters recognition, Ekush is the
world's largest dataset containing 367,018 isolated
handwritten characters made by 3086 unique writers and

collected across Bangladesh, including Bangla modifiers,
numerical digits, consonants, complex letters, and vowels.
The Ekush dataset is divided into male and female
handwriting groups. Each folder contains 122 classes, each
of which contains approximately 15000 photos.

Fig. 3: Sample Images of Ekush dataset

B. Deep Convolutional Neural Network

We aim to create an application that will teach users how
to write fundamental Bengali characters on a digital canvas.
The system will educate the user on how to write the letters
through interactive video lectures and will give a canvas on
which the user practices the letter. Deep CNN models will
detect the letters drawn and inform the user whether or not
he drew them correctly. The input given to the system will
be in the form of an image and Convolutional Neural
Networks are found to be best suitable for 2D data like
image classification, object detection.

For training and building a model for image
classification, an input image will be passed through a
sequence of Convolution layers using filters that detect the
spatial patterns of an image like detecting edges, changes in
the intensity of the pixels; pooling layers which will reduce
the number of parameters and computation in the network;
then we apply fully connected layers, and the Softmax
function to identify an item with probabilistic values
ranging from 0 to 1.

IV. PROPOSED ARCHITECTURE

The proposed architecture of convolutional neural
networks classifies handwritten Bangla characters. The
architecture is trained and tested on 3 different datasets -
BanglaLekha, CMATERdb, and Ekush. The architecture has
convolutional layers and pooling layers for feature
extraction as a convolutional part which is then flattened
and connected to a dense layer with softmax function for
classification.

The proposed architecture consists of two tasks, the first
is the feature extraction which is achieved by convolution
using a sequence of convolution layers and the second is
mapping the features onto the given classification labels
using fully connected layers. The sequence of convolution
layers does the feature extraction while the max-pooling
layer helps to maintain the dimensionality of features.
Lastly, the dropout layer is used to prevent overfitting.

The convolutional block in Fig 4 (a) describes feature
extraction which contains 2 groups of a sequence of a
convolutional layer with 64 filters & kernel size 3 followed
by a max-pooling layer and is regularized with a 25%
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dropout layer. Lastly, there is one more convolution layer
with 64 filters and regularized with a 25% dropout layer
before sending it to a fully connected layer.

The output from the convolution block is flattened. The
output from flattening into a 1d array is fed into a dense
layer that has 512 nodes with ReLu activation and is
regularized with a 25% dropout layer. The final layer
contains softmax activation for classification. The full
proposed architecture in Fig 4 (b).

In Table 2, the layer-wise description of the proposed
architecture is given. The images in datasets are not of the
same size; each sample has a different dimension. The
images are resized into 32 X 32 format before feeding into
the model. The total parameters are only 713,182 which is
significantly lower compared to the predefined CNN
models.

The proposed architecture is used to train all the datasets,
CMATERdb, Bangla-Lekha Isolated, and Ekush. The actual
number of classes in datasets differs as each dataset has a
different character set. The number of classes are 50, 84 and
122 for CMATERdb, Bangla-Lekha isolated and Ekush
respectively.

Fig. 4: (a) Convolutional Block (b) Proposed Architecture

TABLE II: LAYER DESCRIPTION, OUTPUT SHAPE, NUMBER OF
PARAMETERS

Layer (Type) Output Shape Parameters

conv2d (Conv2D) (None, 30, 30, 64) 640

max_pooling2d
(MaxPooling2D

(None, 15, 15, 64) 0

dropout (Dropout) (None, 15, 15, 64) 0

conv2d_2 (Conv2D) (None, 13, 13, 64) 36928

max_pooling2d
(MaxPooling2D

(None, 6, 6, 64) 0

dropout (Dropout) (None, 6, 6, 64) 0

conv2d_2 (Conv2D) (None, 4, 4, 64) 36928

dropout (Dropout) (None, 4, 4, 64) 0

flatten (Flatten) (None, 1024) 0

dense (Dense) (None, 512) 524800

dropout (Dropout) (None, 512) 0

dense_1 (Dense) (None, Number of
classes)

113886

Total parameters: 713,182
Trainable parameters: 713,182
Non-Trainable parameters: 0

V. RESULTS & DISCUSSIONS

The proposed model architecture gives a satisfactory
performance on all 3 datasets on their respective train and
validation sets. Below is a detailed discussion of the
performance of the proposed architecture.

A. Train, Test & Validation Sets
For CMATERdb, the dataset has 12000 images and 50

classes from which 10% were used for validation purposes.
So the 10800 images were used for training and 3000
images for validation. The testing was carried out on 3000
test image data. For BanglaLekha-Isolated, the dataset has
116237 images and 84 classes from which 10% were used
for validation and 10% for testing. For Ekush, the dataset
consists of images classified based on gender i.e male and
female.
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TABLE III: NUMBER OF CLASSES & SPLITTING SETS OF
DATASETS

Dataset
Name

No. of
classes

Input
data

Train
size
after

splitting

Validation
size after
splitting

Testing
samples

CMATERdb 50 12000 9600 1920 2400

BanglaLekha 84 166105 132884 26577 33221

Ekush 122 178004 142403 28480 35601

B. Model Performance
The proposed model gets 88%, 89.3%, and 83.3%

validation accuracy respectively for CMATERdb,
BanglaLekha-isolated, and Ekush datasets. Fig 5 depicts
how the training and validation accuracy of our model
varies over epochs using the accuracy curve for three
datasets.

Fig.5: (a) CMATERdb

Fig 5 (a) shows the accuracy curve of the CMATERdb
dataset. It shows that the accuracy increases rapidly in the
first 5 epochs; afterwards the curve flattens. As the training
accuracy keeps increasing and later gets stable while the
validation accuracy also increases and later gets stable it is
showing a good fit.

Fig.5: (b) BanglaLekha-Isolated

Fig 5 (b) indicates that, for 20 epochs the accuray for
validation data showed significant increase in the starting
epochs. The proposed network is learning faster for
validation data. The Bangla-Lekha Isolated is a
preprocessed dataset & contains less noise in the data
compared to other datasets.

Fig.5: (c) Ekush
Fig 5 (c) shows the accuracy curve of the Ekush dataset.
The proposed network is learning faster for training data.

TABLE IV: OVERALL PERFORMANCE OF CMATERDB, BANGLA
LEKHA-ISOLATED, EKUSH

Dataset Name No. of
classes

Training
Accuracy

Validation
Accuracy

Testing
Accuracy

CMATERdb 50 95% 88% 87%

BanglaLekha 84 86% 89.3% 89.6%

Ekush 122 89% 83.3% 83.1%

Table 4, shows the results obtained from the proposed
architecture, the architecture well generalizes on all three
datasets. The architecture has been fed with the data which
has not been preprocessed as the dataset contains some
amount of noisy data. The accuracy of this model can be
further improved by preprocessing noisy input images.

VI. CONCLUSIONS & FUTURE SCOPE

In previous works, few studies focused on the
significance of low-cost architecture on Bengali handwritten
character recognition. We worked on various low-cost CNN
architectures for three datasets and selected one which gave
the best accuracy overall for all datasets. The proposed
model uses only 713,812 parameters and takes the input of
size 32 x32 only. The experimental results showed that the
proposed architecture achieves better testing accuracy over
multiple datasets.Recognition accuracy obtained for datasets
such as CMATERdb, BanglaLekha-Isolated, Ekush is 87%,
89.6%, 83.1% respectively. The aim of the paper is to
propose a low-cost novel CNN architecture that generalizes
well over multiple bengali datasets present. The datasets
used had noisy data, which may be cleaned to increase
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accuracy. This research can further be applied in different
applications for Bengali Character Recognition.
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Abstract - According to a study, driving while distracted 

accounted for more than 15% of fatalities in 2008 in the United 

States. In 65.5% of these cases, the driver was alone in the cab. 

As all accidents cannot be monitored, the actual number of 

incidents and fatalities due to driver distraction can be 

significantly higher than the accounted incidents and fatalities. 

Some vehicles now come equipped with advanced driver assist 

systems (ADAS) to provide automated safety. ADAS uses a 

combination of sensors such as LiDAR, IR cameras, Radar, 

ultrasonic sensors and Visual spectrum cameras to perform 

object detection ang get a situational awareness of the vehicle. 

Based on this, the ADAS system assist the driver or can take 

emergency action independently to avert a collision. Owing to 

the cost of ADAS systems, they are available only in premium 

cars. This paper explored design and development challenges to 

create an inexpensive, modular solution to monitor driver's and 

provide an alert when prolonged distraction is detected. This is 

not a substitute for a commercial ADAS system but a step 

towards low-cost driver safety options. Because of its modularity 

and use of commodity-class hardware, the system should be easy 

to retrofit in any car at an affordable price. 

Keywords – Distracted Driver, CNN, ResNet, Centernet, 

Keypoints 

I. INTRODUCTION 

This paper focuses on solution options for driver image 
segmentation and detection of key distraction indicators. This 
involves a combination of artificial intelligence and traditional 
coding techniques. We propose a real-time monitoring system 
to classify a drivers distraction level. The key performance 
indicator is the model accuracy in distinguishing safe driving 
from distracted driving behaviours. 

The IEEE paper on “Machine Learning and End-to-End 
Deep Learning for Monitoring Driver Distractions fDpaintrom 
Physiological and Visual Signals” [5] provides an analysis for 
the determination of which ML methods perform best in 
detecting various driving distractions. The paper includes 
which sensors and which data-capture methods were used with 
a focus on 

1. Physiological sensors (palm electrodermal activity 
(pEDA), heart rate and breathing rate) 

2. Video cameras (eye tracking, pupil diameter, nasal EDA 
(nEDA)) 

The statistical analysis showed that the most informative 
feature/modality for detecting driver distraction depends on 
the type of distraction. Overall, the video-based modalities 
were most informative and classical Machine Learning 
classifiers realized high performance using one of the video-
based modalities. In contrast, the Deep Learning classifiers 
require more modalities (either all modalities or pre-selected 
modalities) for the construction of useful classifiers [5]. 

 

Figure 1 - Multi Modality DL fusion [5] 

Using a Pre-trained ImageNet model (VGG-16 
architecture for applying transfer learning) and modifying the 
classifier for the task of distracted driver detection achieved an 
accuracy of 82.5% [6]. 

Other approaches [15] utilize combinations of pre-trained 
image classification models (CNN), classical data 
augmentation, OpenCV based image pre-processing[11][3], 
skin segmentation augmentation, VGG-16, GoogleNet, 
AlexNet, and ResNet. Experiments were conducted on the 
assisted driving test bed to evaluate the trained models [8] to 
achieve the following accuracies: 
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TABLE 1: COMPARISON OF VGG-16, GOOGLENET, ALEXNET, 
AND RESNET ACCURACIES. 

 

 

Systems [9] for detecting states of distraction in drivers 
during daylight hours using machine vision techniques, which 
is based on the image segmentation of the eyes and mouth of 
a person with a frontface-view camera achieved performance 
accuracies of 90%. A decision concerning the state of the 
driver is the result from a multilayer perceptron-type neural 
network with all extracted features as inputs [7][9]. 

A solution consisting of a genetically weighted ensemble 
of convolutional neural networks is also available [10]. The 
convolutional neural networks[14] are trained on raw images, 
skin-segmented images, face images, hands images, and 
“face+hands” images. On those five images sources, training 
and benchmarking was done on an AlexNet network, an 
InceptionV3 network, a ResNet network having 50 layers, and 
a VGG-16 network. An evaluation of a weighted sum of all 
networks’ outputs yielded the final class distribution[16] using 
a genetic algorithm achieving an overall accuracy of 90%. 

 

 

Figure 2 - Ensemble CNN Architecture [10] 

The paper “Detection of Distracted Driver using 
Convolutional Neural Network” describes using a CNN based 
system to detect distracted driver and to identify the cause of 
distraction [4]. VGG-16 architecture was modified for this 
particular task and several regularization techniques were 
applied to prevent over-fitting to the training data, thereby 
achieving a classification accuracy of 95.54% with the number 
of parameters reduced from 140M in original VGG-16 to 15M 
only. This study provides a peer reviewed benchmark to 
compare our model’s performance against. The original 
paper’s accuracy scores are: 

TABLE 2: CLASS-WISE ACCURACY FROM THE “DETECTION OF 
DISTRACTED DRIVER USING CONVOLUTIONAL NEURAL 
NETWORK” PAPER [4] 

 

 

II. DATASETS AND IMAGE PRE-PROCESSING 

 We started the study with the State Farm Distracted Driver 
Detection dataset obtained from Kaggle. The dataset consist 
of images grouped into the following 10 different classes: 

c0: safe driving 
c1: texting - right 
c2: talking on the phone - right 
c3: texting - left 
c4: talking on the phone - left 
c5: operating the radio 
c6: drinking 
c7: reaching behind 
c8: hair and makeup 
c9: talking to passenger 
c10: Eating 

 

 
Figure 3 - Sample Images from State Farm Data Set 

The above dataset was labelled by the authors with 
annotations (rectangular bounding boxes) using LabelImg 
tool. About 500 images from each category in the above 
dataset were segmented with the following labels: 

 
1:  lh (left hand) 
2:  rh (right hand) 
3:  steer_lh (left hand on steering wheel) 
4:  steer_rh (right hand on steering wheel) 
5:  phone 
6:  phone_lh (phone in the left hand) 
7:  phone_rh (phone in the right hand) 
8:  cup 
9:  cup_lh (cup in the left hand) 
10: cup_rh (cup in the right hand) 
11: head_front 
12: head_left 
13: head_right 
14: head_back 
15: head_down 

 

The following figures illustrate the original images against the 
labelled images. 

 

Figure 4 - Images labelled using LabelIng 

The Left hand image has the State farm dataset 
classification of c5: operating the radio. Our labels include 11: 
head_front as highlighted. The Right hand image has the State 
farm dataset classification of c9: talking to passenger. Our 
labels include 13: head_right as highlighted.  
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III. MATERIALS AND METHODS 

A. Exploratory Data Analysis (EDA) 

We have trained our solution models using the Kaggle State 
Farm Distracted Driver Detection dataset. Properties of the 
Kaggle dataset are: 
 

TABLE 3: TRAINING DATASET PROPERTIES 

 

Field Specification 

Image Size in pixels 480 X 640 

Training images count 22424 (Compete dataset) 
2000 (Custom labels) 

Image Colour encoding RGB 

 

The following were observed as the major sources of 
variance in the images: 

1) Left hand vs right hand 
In India, the steering wheel is on the right side of the car. 

Most of the image is the data set indicate the steering wheel on 
the left side of the car. The distortion can be corrected with a 
simple image flip as all images for training need to show the 
Indian standard. 

 

Figure 5 - Left hand to right hand image flip 

2) Ethnicity and Gender of driver 
The image set contains drivers of multiple ethnicities and 

genders. To generalize the model, the color of the drivers face, 
hair style, color and style of clothing and Head Gear following 
information in the image needs to be normalized. This 
information can be normalized using two techniques: 

1. Using a large dataset 

2. Using histogram normalization and comparing results 
of full colour images vs monochrome images 

 

 

Figure 6 - Ethnicity and Gender Variance 

As we can see, besides the sitting pose and human body form, 
the drivers in images 1,2,3 above have no other properties in 
common. The driver Image 3 is also wearing a barely 
distinguishable head gear. All these properties need to be 
generalized by the model. 

3) Image Distortion 
The location of the camera and driver in the vehicle is not 

consistent. As such the relative location of fixed components 
in the images varies. Examples of fixed components include 

the steering wheel, transmission control, windows, mirrors, 
etc. 

 

Figure 7 - Camera / Driver variances 

Image 1 – Set of keys is visible 
Image 2 – The rear window and passenger is visible 
Image 3 – The front dashboard is visible 
Image 4 – The support beam is obstructed by the driver 

 
All similar properties need to be generalized by the model 

which puts restrictions on the placement of the camera in the 
vehicle to ensure consistency. 

 
Figure 8 - Camera placement 

Note – Experimentation has revealed that inconsistent camera 
placement is the highest distractor to model accuracy. 

4) Image Background 
Several images in the data set appear to be staged. The 

driver window is padded with a sheet to block out the 
background. This is not the true with field applications where 
the background is constantly changing. 

Note – Experimentation study revealed that the model 
learns the background. Thus changing background can have a 
significant impact on model size. 

5) Image Size 
All images in the data set are VGA - 640x480 pixels. 

Depending on the CNN model used, we might have to change 
the size to a 1:1 aspect ratio (e.g., 244x244 pixels) 

The low image size impacts the models as there are less 
pixels that capture the objects of interest such as: 

1. Pixels for Human body parts such as Faces, hands, etc. 

2.   Pixels for objects such as mobile phones, cups, steering 
wheel, etc. 

NOTE – Implementation revealed that this does not have a 
significant impact on model accuracy 

Page 618

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



 

6) Image Color Distribution 
The colour histograms of a random sample of images 

indicate a tendency to have saturated colours as they are 
skewed to the edges. 

 

Figure 9- Colour Distribution 

All images will need to be normalized before training the 
models: 

 

 
Figure 10 - Image Normalization 

Normalization the images will spread the information 
across the spectrum, making the images gradients more visible 
for training. For better edge detection, we can apply various 
filters such as: 

• Edge and Thresholding 

• Histogram Equalization 

• Contrast Limited Adaptive Histogram Equalization 
 

Our solution used CLAHE because of the nature of the 
images. The images of a car cabin would have high contrasts 
because of bright outside light and dim interiors. Dimly lit 
images have digital noise. So while we want to get a better 
overall illumination, we do not want to increase the 
unnecessary noise. Hence CLAHE would be a better choice. 

7) Time of Day 
All training images are captured during daytime. So that 

solution can only operate in daytime. To make the solution 
weather independent, we need an Infrared spectrum Camera 
and illumination. 

B. Methodology 

Initial architecture and design were validated by Proof of 
Concept (POC). Based on the lessons learned from POC 
iterations, the architecture has been modified. The final 
solution architecture is shown below: 

 

Figure 11 - Final Architecture 

The solution architecture encompasses of three layers: 

1) Input Layer 
The objective of this layer is to take the images from 

different sources such as camera mounted on the dashboard of 
the vehicle etc.. The solution designed is also capable to 
process the image feed received from other sources such as 
stored video, database. The different building blocks of this 
layer are as below: 

1. Camera – process the feed from a USB or CSI camera. 
This is used for real time execution. 

2. Stored Video – process the feed from Local videos such 
as *.mp4 files. Used to evaluate on bench and get 
accuracy metrics 

3. Image Database – process the feed from Images stored in 
file system. Used to evaluate on bench and get accuracy 
metrics to compare against industry standards. 
 

2) Pre-Processing and Detection Layer 
a.  Image Pre-processing 

Image must be 3 dimensional. If converted to greyscale, 
the greyscale must be populated all three colour channels .The 
main operations performed here are: 

• Get the image from the pipeline 

• Apply filters such as CLAHE, Blurring, etc 

• Flip image based on left / right hand drive 

• Convert images to tensor for models and return the 
image tensor 

• Return raw image of visualization 
 

b. Dirty/Blocked Lens 

The image being read from the source can be of suboptimal 
quality because of factors such as ambient light, obstruction in 
the camera or blurriness because of a shaky camera or smudge 
on the camera lens. It is important that such images be 
prevented from being fed to the model because it would be a 
waste of the compute power. 

In order to identify the exposure level of the image, 
Contrast Limited Adaptive Histogram Equalization (CLAHE) 
is applied to adjust the exposure levels. Even after applying 
CLAHE, if the mean of the pixel intensity values is going 
beyond the threshold values then the image is marked as 
under-exposed or over-exposed (as the case may be). 

Camera obstruction can be considered as a sub-set of 
under-exposed image scenario. An obstructed camera would 

Page 619

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



 

have most of the pixels on the darker side of the histogram 
which would make the image disqualified (under-exposed).  

For examining the blurriness, a common method is using 
Fast Fourier Transform. It is a mathematical operation that 
changes the domain of a signal from time to frequency and is 
useful for decomposing a signal consisting of multiple pure 
frequencies. 

The image is a spatial matrix of pixel values. These set of 
values are converted from the spatial domain of images to the 
frequency domain. In this method, we get to know the 
frequencies present in the image. Thus, if there is a low amount 
of high frequencies, the image is said to be blurry. 

3) Key points Detection 
For key points detection, the Centernet HourGlass104 Key 

points 512x512 model was used. This model cannot be 
retrained based on Version-13 of the incremental builds. The 
output contains the following point detections: person, nose, 
left_eye, right_eye, left_ear, right_ear, left_shoulder, 
right_shoulder, left_elbow, right_elbow, left_wrist, 
right_wrist, left_hip, right_hip, left_knee, right_knee, 
left_ankle, right_ankle. This information can be overlayed on 
the image to get the following: 

 

 

Figure 12 – Point Detection using Centernet 

4) Custom Object Detection 
Retraining the ssd mobilenet v2 fpnlite 640x640 

coco17 model for custom object gives image segmented 
into the custom classes shown above. 

 

Figure 13 - Visualizations captured using Retrained Resnet 

The presence or absence of custom objects was used to 
determine the distraction level. 

 

 

5) Integrator 

 
The integrator overlays the images obtained from the 

following components: 

• F2.2 – Is the camera blocked? 

• F3.1 – Key points detection 

• F3.2 – Image Class Diductor 
 

Images from both models (Object detection + Centernet) 
are merged into one output. We overlay other information[19] 
such as image class and if lens is blocked. This gives us the 
final image. 

 

 

Figure 14 – Merged image from Integrator 

6) Face Redaction 
Certain applications require that the privacy of the user be 

protected. In this case we need to redact the users face. This is 
done by pixelating the box that contains any one of the 5 head 
detection classes. 

 

Figure 15- Image with head redacted 

We create a pixelated image of the original and apply a 
mask to keep only the head box. This masked image is then 
overlayed on the original so that we get only the head detection 
box pixelated out. 
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7) Image Class Detector 
Not each frame of the image will have detections by the 

models. It is possible there might a series of frames with no 
detections. In this case, we retain the last detection with the 
following parameters: 

 

1. Image Detection class and detection boxes are retained. 

2. The age of each detection in “frames since last detection” 
is maintained.  

The larger the age, the less accurate the prediction is. If we 
have trained our object detection models well, then this value 
should be as small as possible. The Head and Steer boxes are 
self-taught by the model. The basic idea is that: 

 

1. The model creates a list of all steer_lh and steer_rh 
detections 

2. Check if the current detections steer_lh and steer_rh of 
we have IOU lower than threshold[17] in the list of 
steering area boxes we have stored. If this is the first one, 
just store it and repeat this step 

3. If a detection has a lower IOU than the set threshold that 
all we have stored so far in the list, then it is added to the 
list 

4. The List size has a preset upper limit. If we have reached 
the maximum number of boxes allowed, stop this loop 

The IOU and number of boxes are hyper parameters. This 
leads to an incremental buildup of areas that isolate the head 
and steer area: 

 
Figure 16 – Steer and Head Area Self Training Detection  

 

8) Distraction Level 
An approach to determine the overall distraction has been 

taken in the solution. It is based on the combination of 
individual detections, e.g. head turned to left, phone or cup in 
hand, head turned behind etc. The DNN model’s output values 
(detection classes, bounding box coordinates and confidence 
scores) are the inputs to the distraction level computing 
module. The module returns the overall distraction level and 
the amount of overlap (IoU) between head and the hands[18]. 
The corresponding overall distraction level for a combination 
of individual detection classes is stored in a dictionary. 

These detection classes map to the distraction levels in the 
given combinations. 

 

TABLE 4: DETECTION CLASSES TO DISTRACTION LEVELS 
MAPPING 

Dictionary of detection classes Dictionary of distraction 
levels 

detection_classes = {1: 'lh', 

                     2: 'rh', 

                     3: 'steer_lh', 

                     4: 'steer_rh', 

                     5: 'phone', 

                     6: 'phone_lh', 

                     7: 'phone_rh', 

                     8: 'cup', 

                     9: 'cup_lh', 

                     10: 'cup_rh', 

                     11: 'head_front', 

                     12: 'head_down', 

                     13: 'head_left', 

                     14: 'head_right', 

                     15: 'head_back'} 

 

distraction_score_matrix = {'
3,11': 0 

                            '3,12': 2 

                            '3,13': 2 

                            '3,14': 2 

                            '3,15': 5 

                            '3,10,11': 2 

                            '3,10,12': 4 

                            '3,10,13': 3 

                            '3,10,14': 3 

                            '3,10,15': 7 

                            '3,7,11': 6 

                            '3,7,12': 8 

                            '3,7,13': 6 

                            '3,7,14': 6 

                            '3,7,15': 10 

                            '4,6,11': 6 

                            '4,6,12': 8 

                            '4,6,13': 6 

                            '4,6,14': 6 

                            '4,6,15': 10 

                            '4,9,11': 2 

                            '4,9,12': 4 

                            '4,9,13': 3 

                            '4,9,14': 3 

                            '4,9,15': 7 

                            '4,11': 0 

                            '4,12': 2 

                            '4,13': 2 

                            '4,14': 2 

                            '4,15': 5 

                           } 

The keys correspond to the 
combination of individual 
distraction classes. The 
values are the overall 
distraction score awarded by 
the module. 

 

This retains is flexible and scalable. It can be used to cover 
more detection classes and adjusting the corresponding 
distraction score. 

 

A secondary approach oonce we have the head and steer 
areas defined is to implement custom procedural logic to 
determine the classes of the output using the following legend 
and logic: 

• ol_head - Check if the left or right wrist (from 
centernet model) overlap with the head area 

• ol_steer - Check if the left or right wrist (from 
centernet model) overlap with the steering wheel area 

• rw_behind -  Check if the right wrist (from centernet 
model) is BEHIND and BELOW the steering area, where 
the dash board is 

• rw_absent - Check if the right wrist (from centernet 
model) is absent from the image 
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TABLE 5: IMAGE CLASSIFICATION TRUTH TABLE  

 
 

9) Output Layer 
The purpose of this layer is to output the result and capture 

logs. The different building blocks of this layer are as below: 

1. Composite Video Out - Displays the final video having 
bounding boxes on hands, face and steering wheel (all with 
labels) and the final distraction level (low, medium or 
high) for each successive frame. 

2. Log File - Logs the following data in a csv file for each 
image being predicted from the test video: 

• Timestamp 

• Time Difference between two images 

• Image Class (between c0 to c9) 

• Distraction Level (1 to 10) 
 

C. Implications 

1. Higher model accuracy can be obtained using a 
consistent location in the car. It is ideal if the training images 
are of the same car that is being targeted for production. 

2. Image pre-processing can be integrated into the camera 
physics. If we use a Infra-red spectrum camera with Infra-red 
illumination, then the image will be environmentally agnostic 
and monochrome. This will reduce the computational 
overhead of pre-processing the images. 

3. Using an Object detection model is not recommended in 
future iterations. Using an image segmentation model that 
relies on the know location of the camera and vehicle interior 
can easily sperate out the driver. We can then run a model on 
the filtered image to extract driver features that can be run 
thought a simple classification ML model that will predict the 
class 

 

 

Figure 17 - Segmentation Flow 

 

IV. ASSUMPTIONS AND LIMITATIONS 

 Assumptions made while developing the model and the 
scope for improvement as below: 

1. The model may not detect driver distractions at night time 
because the dataset used are captured at daylight. Also, 
different approach is required for the handling of images 
captured in low-light or no-light. 

2. The dataset is of pre-pandemic era, we don’t have images 
of drivers with masks which can lead to low 
generalization of the model for current drivers. 

3. The model is dependent on the camera position and make 
of the car and dashboard. 

4. Optionally, the model may retrain itself for high 
confidence images captured during operation using the 
following flow. 

 

V. DISCUSSIONS AND CONCLUSIONS 

Driver distraction detection solutions are possible to 
implement with the following features using today’s 
commercially available tools and techniques: 

1. Embeddable solutions using low power and small form 
factor devices such as the Jetson Nano. 

2. Driver segmentation, detection and classification using 
open-source (but not freely licensable) tools such as 
Tensorflow Model-garden. 

Model accuracy is highly dependent on: 

1. Consistent location of the camera in the automobile 

2. Using a training set obtained in the target automobile 

3. Type of Camera used for image capture. 

4. More data. A LOT more data. 

 

In conclusion, it is possible to move the computation 
overhead of the Driver detection from the DNN-Object 
Detection models to the physical parameters of the system 
components (e.g. Car make, camera position, etc) and simple 
math such as subtracting the vehicle body form the image. 

This can allow for having a VERY small footprint solution 
for the Driver Detection and Distraction monitoring for 
commercial applications. 
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Abstract— Eye tracking plays a pivotal role in fixing the user 

interface allowing one to understand what a person is actually 
looking at while browsing through a webcam or external cam or 
using an infrared eye tracker etc., which depends on needs and 
conditions. With eye-tracking, one can easily test any video 
material, AD performance, package design concepts, product 
shelf placement, website performance, mobile websites, and apps. 
It can be the supreme technology in providing various insights 
into the processes which involve application into various fields of 
academics, science & technology, marketing, and other 
researchers. The goal of eye tracking is to detect and measure the 
point of gaze (where one is looking) or the motion of eye(s) relative 
to the head. This study examines the current state-of-the-art in 
deep learning-based gaze estimation algorithms, with a particular 
focus on Convolutional Neural Networks (CNN). Several studies 
are focusing on various approaches for dealing with different 
head pose and gaze estimation. Large-scale gaze estimate datasets 
with various head poses and illumination conditions were 
reported in the current study. We are building a model detecting 
if the eyes captured are right or left and detecting the gazing point 
and the aim is to solve the problem if they are accurate. This 
defined problem requires a method with high learning capacity 
which is able to manage the complexity of the given dataset. For 
the present study Convolutional neural network(CNN) has 
proved effective to get better results for the defined problem. 

 
Keywords— Eye tracking, Gaze estimation, Deep learning, 

Convolutional neural network (CNN) 
 

I. INTRODUCTION 

 

Eye tracking is the method of tracking a person’s eye 

movement in order to determine where they are looking and 

how long they are looking. As eye tracking techniques 

necessitate a precise mechanism for detecting the eye gaze, 

new methodologies must be investigated in order to expand the 

usage of eye tracking on a larger scale. The recent success of 

deep learning in computer vision has been seen in various 

fields, but its impact on enhancing eye tracking performance 

has been limited [7]. Eye tracking is a very useful tool for any 

form of human behaviour research. It can be applied in a 

multitude of sectors, including transportation, education, 

visual systems , the economy, clinical research and education, 

psychology and neuroscience, psycholinguistics and 

healthcare ,user experience and interaction, marketing, sports 

performance and research, virtual reality (VR), product design, 

and software engineering [43]. 

 

II. RELATED WORKS – LITERATURE SURVEY 

 

Eyes and their movements are important in expressing a 

person’s desires, needs and emotional states. The motion and 

geometric characteristics of eyes are unique which makes pupil 

localization, gaze estimation, and eye tracking important for 

many applications such as biometric security, human attention 

analysis. Eye tracking systems detect regions of interest of the 

researcher by measuring the user’s eye position, movement, 

and pupil size at a certain time. The first approaches to measure 

a person’s gaze direction date back to the early 1900. Eye 

tracking is a useful means for any form of human behaviour 

research and also applied for driving fatigue alert systems, 

mental health screening and an eye-tracking powered 

wheelchair [42]. It can be used to evolve applications in a 

variety of fields, including healthcare and medicine, 

psychology, marketing, engineering, education, and gaming, 

as well as enhancing human–computer interactions by 
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allowing users to navigate and control their devices with their 

eyes [17]. Eye tracking has proven to be advantageous in a 

variety of domains, particularly in the medical and diagnostic 

fields. 

Marquez et al. proposed organized analysis on integration of 

Eye tracking technologies with other technologies, such as 

simulators, motion capture devices, and augmented reality, to 

better understand individuals’ gaze patterns during different 

scenarios [15].They highlighted that eye tracking can be used 

in relation to different human aspects for a variety of 

applications and industries. Eye tracking research has an 

exciting future, particularly in light of potential technology 

integrations such as the integration of NIBS, VR, and AR. R 

Parte et al. [31] explored distinct eye tracking and eye 

detection methods together with instances of numerous 

applications using these techniques. In any field from scientific 

research to commercial applications eye tracking is gaining 

popularity as innovative tool. Accurately estimating human 

gaze direction has many applications in assistive technologies 

for users with motor disabilities, gaze-based human-computer 

interaction, visual attention analysis, consumer behaviour 

research, AR, VR and more. Different algorithms and 

techniques have been developed by researchers for eye 

tracking and gaze estimation which can be valuable in a 

various types of applications. 

 

A. Eye tracking methods and techniques 

Eye tracking concepts, methodologies, and strategies were 

studied and reviewed by A.F. Klaib et al. [34] by elaborating 

competent recent methods such as machine learning (ML), 

Internet of Things (IoT), and cloud computing. These methods 

have been everywhere for over two decades and have been 

actively employed in the improvement of modern eye tracking 

applications. Dario Cazzato et al. [7] gave a detailed account 

of analysis of the literature has been given, discussing how the 

great advancements in computer vision and machine learning 

have impacted gaze tracking in the last decade. Now a days use 

of deep learning in a variety of areas in computer vision has 

been clear, but its effect on increasing the performance of eye 

tracking has been quite limited. 

 

B. Algorithms and Models 

Ildar Rakhmatulin and Andrew T. Duchowski [3] examined 

a number of different deep neural network models that can be 

employed in the gaze monitoring process. They suggested a 

novel eye-tracking system that significantly increases the 

efficiency of deep learning methods. Horng and Kung[13] 

investigated the impact of employing different convolutional 

layers, batch normalisation, and the global average pooling 

layer on a CNN-based gaze tracking system. A novel method 

was developed for labelling the participant’s facial images as 

gaze points received from an eye tracker while watching 

videos in order to create a training dataset that is closer to 

human visual behaviour. C. Meng and X. Zhao described 

Webcam-Based Eye Movement Analysis Using CNN [23]. 

C. CNN for eye tracking 

Fuhl et al. [6] shown that a naturally motivated pipeline of 

specifically designed CNNs for robust pupil detection 

outperforms state-of-the-art techniques. In three office activity 

recognition tasks, the innovative CNN-based model 

outperforms other state-of-the-art approaches. C. Meng and X. 

Zhao suggested a new CNN-based model for eye movement 

analysis [23]. By detecting the feature point and classifying the 

original time-varying eye movement signals using CNN, this 

model introduces a new method for eye movement analysis. 

Jonathan Griffin and Andrea Ramirez [4] concluded that CNN-

based eye tracking model demonstrates that CNNs are a good 

tool when developing eye tracking systems for VR (Virtual 

Reality) and AR (Augmented Reality) (Augmented Reality 

systems). There is still a lot of work to be done in this area in 

order to fully utilise the benefits of CNNs. 

Braiden Brousseau et al. [5] demonstrated hybrid 

eyetracking on a smartphone using CNN feature extraction and 

an infrared 3D Model. Herman [32]described a new tool for 

eyetracking data and their analysis with the use of interactive 

3D models . Chaudhary et al. [25] designed a computationally 

efficient model for the segmentation of eye images. They 

proposed the RITnet model, which is a deep neural network 

that combines U-Net and DenseNet. They also presented 

methods for implementing multiple loss functions that can 

tackle class imbalance and ensures crisp semantic boundaries. 

Michael Barz and Daniel Sonntag [44] implemented two 

methods for detecting visual attention using pre-trained deep 

learning models from computer vision for mobile eye tracking. 

Wei-Liang Ou et al. developed Pupil Center detection and 

Tracking Technology for Visible-Light Wearable Gaze 

Tracking Devices using deep-learning object detection 

technology based on the You Only Look Once (YOLO) 

concept [12]. S. Park et al. first time attempted an explicit prior 

designed for the task of gaze estimation with a neural network 

architecture. They introduced a novel pictorial representation 

which they called gazemaps [11]. 

S. Park et al. [11] introduced several effective steps towards 

increasing screen-based eye-tracking performance even in the 

absence of labelled samples or eye tracker calibration from the 

final target user. They identified that eye movements and the 

change in visual stimulus have a complex interplay. 

Pas˘ aric˘ a, R. G. et al. [1] implemented and compared two˘ 

pupil detection algorithms: a parameter-based algorithm in the 

circular Hough transform (CHT) and a model and feature 

based algorithm in Starburst. Joni Salminen et al. [39] gave a 

detailed account about confusion prediction from eye tracking 

data by using fixation information from a user study as features 

for machine learning. 

Hui Hui Chen et al. [24] investigated the impact of different 

convolutional layers, batch normalisation, and the global 

average pooling layer on a CNN-based gaze tracking system. 

They suggested a unique approach for labelling participant 

face images as gaze points acquired from an eye tracker while 

watching videos in order to provide a training dataset that is 
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more representative of human visual behaviour. Luca 

Antonioli, et al. [22] implemented a fully automatic approach 

based on two stages convolutional neural networks (CNNs) for 

automatic pupil and iris detection in ocular proton therapy 

(OPT). 

 

D. Machine learning for eye tracking 

Machine learning object detection algorithm Haar Cascade 

was used by Dr. M. Amanullah and R. Lavanya to identify 

objects. The direction of where the driver is looking will be 

estimated according to the location of the driver’s eye gaze. 

The developed algorithm was implemented using Open-CV to 

create a portable system for accident prevention [35]. 

EllSeg, a basic 3-class complete elliptical segmentation 

framework introduced by Rakshit Kothari et al. [28], 

demonstrated improved ellipse shape and centre estimation 

when compared to the usual 4-class eye components 

segmentation for robust gaze tracking. 

More recently, the technique has also been introduced into 

the field of survey methodology to study cognitive processes 

during survey responding. Cornelia Eva Neuert and Timo 

Lenzner gave a detailed account of to whether eye tracking is 

an effective supplement to cognitive interviewing in evaluating 

and improving survey questions[38]. Consuelo and Saiz-

Manzanares presented an examination of the learning´ process 

based on the findings of eye tracking methods using statistical 

tests and supervised and unsupervised machine learning 

approaches, and compared the performance of each [10]. Zehui 

Zhan et al. [36] proposed multi-feature regularization machine 

learning mechanism to detect Online Learners’ Reading 

Ability Based on Eye-Tracking Sensors. 

Bozomitu et al. [9] described the development of a human–

computer interaction pupil detection algorithm based on eye 

tracking for real-time applications.. Monika Kaczorowska et 

al. gave a detailed account on the assessment of cognitive 

workload level using selected three- class machine learning 

models for eye tracking features[47] .Alhamzawi Hussein Ali 

Mezher studied distribution and analysis of the gaze, utilizing 

it scope in tracking with the help of direction through the parts 

of face for emotion detection .In order to achieve this goal, the 

eyesight detection system has been developed, which tested the 

analysis of the pupils that were included in this study [27]. Erik 

Lind presented SPAZE, a method for calibrated appearance-

based gaze tracking. SPAZE achieves state-of theart results on 

MPIIGaze and is as accurate as model-based gaze tracking on 

high-resolution, near-infrared image[26].AlHameed and 

Guirguis reviewed the latest growth in noncontacting video-

based gaze tracking[17]. K. Raju proposed a model for gaze 

tracking using a web camera in a desktop environment by 

integration of the eye vector and the head movement 

information[16].Clay and Konig described and discussed¨ a 

method to easily track eye movements inside of a virtual 

environment [2]. Sharma et al. [45] investigated stimuli-based 

gaze analytics to enhance motivation and learning through 

Eye-tracking and artificial intelligence. 

E. Applications of eye tracking 

Khan and Lee highlighted the uses of eyes and gaze tracking 

systems in advanced driver assistance systems (ADAS), as 

well as the technique of acquiring driver eyes and gaze data 

and the algorithms used to interpret this data. It is discussed 

how data connected to a driver’s eyes and gaze may be used in 

ADAS to decrease losses associated with road accidents 

caused by the driver’s visual distraction [29]. Nguyen and 

Chew [37] used an Eye Tracking System to identify driver 

drowsiness using a combination of the ViolaJone salgorithm 

and the PERCLOS technique. Moreno-Esteva et al. [20] 

presented a study on application of mathematical and machine 

learning techniques to analyse eye tracking data enabling 

better understanding of children’s visual[40] cognitive 

behaviours. 

HU et al. [18] presented a detailed review on recent 

techniques for eye detection and gaze estimation along with 

advantages and disadvantages of these systems. Aurlie 

Vasseur, et al. provided broadly furnished literature review 

about eyetracking for Information Systems (IS) research[46]. 

Eraslan and Yesilada executed an investigation which shows 

the effects of the number of users on scan path analysis with 

their algorithm that was designed for identifying the most 

followed path by multiple users[14]. Their experimental 

results suggest that it is possible to approximate the same 

results with a smaller number of users. The results also suggest 

that more users are required when they serendipitously browse 

on web pages in comparison with when they search for specific 

information or items [19]. 

Eye detection and tracking has been an active research field 

in the past years as it adds convenience to a variety of 

applications. Eye-gaze tracking is been considered as 

untraditional method of Human Computer Interaction. Eye 

tracking is considered as the easiest alternative interface 

method. For eye tracking and eye detection several different 

approaches have been proposed and used to implement 

different algorithms for these technologies. The latest literature 

survey supports the need of the advancement in this area. The 

same principle is followed by choosing eye tracking 

technologies and by narrowing the topic very specifically to 

benefit wide spectrum of application. More research work is 

needed to make eye tracking reliable for many real-world 

applications. 

III. PROPOSED WORK 

 

A. Materials and methods used 

Researchers have proposed many algorithms and techniques 

to automatically track the gaze position and direction, which 

can be useful in a variety of applications[42]. The algorithms 

used in this study varies a lot from classic edge detection, 

ellipse fitting, low level vision to modern methods using deep 

learning techniques like CNN, DNN, OpenCV to name a few. 

Opencv is an open-source computer vision and machine 

learning software library which provides a common 

infrastructure for computer vision applications. 
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Deep neural networks (DNN) algorithm in general with 

regards eye tracking can be a powerful tool in predicting key 

points[13]. However, for the gazecapture dataset and as part of 

our research DNN will be helpful in classifying images as valid 

or invalid and combined with opencv which helps in 

preprocessing images like performing the edge detection[21], 

ellipse fitting, rotations, blur, exposure, reflection and 

compression and also prediction :x point and y point. 

 

 
 

Fig. 1: Algorithm Pipeline 

 

A brief is as below with regards X & Y co-ordinates: X, Y: 

Position of the top-left corner of the bounding box (in pixels). 

In appleFace.json from dataset, this value is relative to the top-

left corner of the full frame; in appleLeftEye.json and 

appleRightEye.json from dataset, it is relative to the topleft 

corner of the face crop. W, H: Width and height of the 

bounding box (in pixels). IsValid: Whether or not there was 

actually a detection. 1 = detection; 0 = no detection. CNNs are 

widely used image analysis machine learning technologies. 

These are the suitable models which are having a high learning 

capacity that can manage the complexities of tasks involving 

too large problems which are completely specified in any 

dataset[41]. We used convolutional neural networks (CNNs) 

[30] to solve the challenge of eye tracking because of their 

recent success in computer vision. For gaze capture data it is 

used to extract key features from the images like details about 

eyelid, pupil, and area of the eye. After reviewing previous 

work in the field of image classification, CNN has emerged as 

the top priority, as it has consistently shown positive results 

over time[42]. As a result, we decided to employ CNN to solve 

our image classification challenge. 

 

IV. IMPLEMENTATION 

 

A. Dataset, data collection, data pre-processing 

The dataset we have chosen is Gazecapture (2016) which is 

crowdsourced with Ipad app, and this app ensured that they 

didn’t just rely on people’s honesty but had a built in 

mechanism to ensure people were gazing in the right direction. 

To collect the data, we need to register in the portal. For 

registration corporate email id is mandatory. Once registration 

is done dataset can be downloaded by the link provided. The 

link is valid for limited period. Dataset link is as follows: 

https://gazecapture.csail.mit.edu/index.php [44].  

 

 
Fig. 2: Few images from dataset 

 

The challenge we faced is that it’s a huge dataset both in terms 

of data and size of the compressed file. There are 2,445,504 

total frames and 1,490,959 with complete Apple detections. It 

requires stable internet connection to download the huge file 

and several hours on extraction as well. Also, distribution of 

the dataset is a road blocker for us. As sample we are taking 

approximately 50000 images for training. The data 

downloaded is folder wise and, in each folder, there are frames 

and each are numbered. 

As data is huge, in our training model we have only made 

use of frames where the subject’s device was able to detect 

both the user’s face and eyes using Apple’s built-in libraries. 

Some subjects had no frames with face and eye detections at 

all. 

 

B. Data Set Results Summary 

For Training we have taken Euclidean distance as our loss 

function. After training the model with our clean dataset we 

got the training loss 0.4758. Also, we got 1.2335 as our 

validation loss. The table below provides a detail about the data 

set used in the analysis. 

 

C. EDA - Face, face grid, left and right eye detection 

1) Analysis 1: Images extracted have been transformed 

using methods of blurring, contour, edge detection, emboss 

and smooth. emboss and smooth. 
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Fig. 3: Images after EDA 

 

 
Fig. 4: Samples from Training Data set 

 

For our initial model we have extracted both eyes area with 

the help of the eye’s area given in the dataset. Colour 

distribution graph of left and right eye- 

Inference: In both the images intensity of blue colour is 

higher and it signifies that in any further steps we can filter 

out/mask only those eyes within specific colour range. The 

scaling has been performed to get better computation. 

2) Analysis 2: The images are cleaned by OpenCV 

library. To detect the blurry images, we have used 

cv2.Laplacian method. 

 

 
Fig. 5: Mean RGB Distribution Right Eye 

 
Fig. 6: Mean RGB Distribution Left Eye 

 
((a)) Face Samples ((b)) Left Eye Sam- ((c)) Right Eye 

Samples ples 
Fig.7:Sample Images from Training Dataset (Face Samples) 

 

To detect the dark images, we have used below formula 

���� �

 ����	
���. 
�������	� �, �, � �

 ����. �	�� � –  �	� /

���� ��� ����� ����	, ����	
��� � –  ��		� /

/����� ���ℎ � –  ���	 ���ℎ��	�� �

 �0.241 ∗ ��2� # 0.691 ∗ ��2� # 0.068 ∗
��2�� ---------------------------------------- (1) 
 

D. Gaze Prediction and Evaluation of the Models 

 

As a part of our EDA[8], we have created a prediction model 

using CNN to check the images quality to detect the eye, if it 

is left or right eye. Eye detection analysis is mainly performed 

so it can help in better prediction of the gaze point. Our final 

model is built to capture the gaze point accuracy and the 

accuracy is measured in Euclidean distance – the distance 

between the actual gaze and predicted gaze point. 

 

1) Analysis 1: Our EDA model was built using the 

dataset to identify left eye and right eye. The model was able 

to show a better accuracy of 98% except the extreme cases like 

 
TABLE I: DETAILS OF THE DATASET USED IN THE ANALYSIS. 

Analysis Collection Number of Images Characteristics 

1 Gaze 

capture 

2327 images are considered for EDA and of which 37 images 

are not valid 

The dataset contains 50000 

samples 

2 Gaze 

capture 

48000 samples for training and 5000 images for evaluation From the original gaze capture 

dataset 
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either the image is dark or it’s too hazy or the image is partially 

visible in those cases our EDA model not able to separate. 

2) Analysis 2: To prepare the data we have extracted the 

face, left and right eye from the full image. As well as we have 

Fig. 8: Training and Validation Loss created the face mask 

from the face coordinates. 

 

 
Fig. 8: Training and Validation Loss 

 

To train the model we have taken four Input layer that left eye, 

right eye, face and masking area of the face in a 25 X 25 grid. 

The Input shape for both the eyes and face is 64 X 64 X 3. The 

model architecture we have followed as same as the original 

paper. We have trained the model for 100 epochs with batch 

size of 128. 

 

 
 

Fig. 9: Training and Validation Loss 

 

V. RESULTS AND DISCUSSION 

The initial step was to identify both eyes and categorise the 

gaze location of the eyes as valid or invalid. The next step was 

to build the model that would detect the gazing point, with 

minimal errors. In the next phases, the attempt was made to 

develop the model with accuracy while focusing on 

improvements. 

 

Subset of images has been used from the main dataset as a 

sample for the study. Some of images from the dataset have 

less light, therefore the dark images have been removed, as 

well as the blurred frames too, to get a clean dataset. 

 

Two separate models tested, one determining the accuracy 

of left and right eye and another the gaze point. Among the two 

dataset samples utilised, its understood that there is still scope 

for improvement with the use of transfer learning for the gaze 

point.  

Analysis 1: Our predictions shown significantly accurate 

detection of left eye and right eye with good results: with 

Training accuracy of 97% and testing accuracy of 98%. 

Training loss – 0.07 and testing loss – 0.05 respectively. Most 

of the eyes predicted are very close to the actual. Some 

prediction images below: with good results: Training accuracy 

of 97% and testing accuracy of 98%. Training loss – 0.07 and 

testing loss – 0.05 respectively. 

 

Analysis 2: From Epochs vs Loss function data, it can be 

seen that, validation loss has reached to saturation point and 

line becoming flat. From the training loss, it can be concluded 

that our model is slightly overfitted. 

 

In this work,  the model has been developed to determine 

whether the captured eyes are right or left, as well as the gazing 

location using CNN. Final model is designed to capture gaze 

point accuracy, which is expressed in Euclidean distance (the 

distance between the actual and predicted gaze points). 

Because of the recent development in deep learning, gaze 

estimation models based on Convolutional Neural Networks 

(CNN) are becoming more popular and prevalent [42]. The 

analysis of latest CNN-based gaze estimation algorithms 

yielded valuable and practical insights that have aided in the 

development of more effective and efficient deep learning-

based eye-tracking models. Various network architectures 

have been proposed in the literature. Some researchers 

suggested networks that just receive eye images, while others 

proposed networks that accept both eyes and a head posture 

feature vector. For gaze estimation, recent research integrated 

full face images with CNN models. 

 

Deep learning’s recent success in computer vision has been 

seen in a range of areas but its impact on enhancing eye 

tracking performance has been restricted [33]. Over the last 

decade, Convolutional Neural Networks have achieved 

ground-breaking results in a range of pattern recognition 

disciplines, ranging from image processing to voice 

recognition. 

 

Until adequate and favourable circumstances exist, all the 

algorithms for eye gaze tracking applications can be used 

effectively. It is our hope that by referring our model, 

researchers across a range of fields will be able to better 

leverage gaze as a cue to improve vision-based understanding 

of human behaviour. 

 

VI. CONCLUSIONS 

The major learnings from process are how to work on a 

problem from planning to collecting the data. Analysing the 

data on different phases. Also handling the huge number data 

is also a major challenge for us. We experienced how to deal 
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and make progress on real time scenario in the industry based 

on our knowledge and study. 

The research wouldn’t be complete without mentioning the 

limitations we faced during the process. The model suffers 

when it’s found dark images, or the incoming images is hazy 

or blurry in those cases model will not be able pick the gaze 

location. Also, it’s will be difficult to pick the gaze for people 

having natural eye issues like different type Crossed eye 

problem (Strabismus, i.e misaligned eye). 

 

One of the challenges of deep learning-based gaze 

estimation models is the lack of balanced and variable 

largescale datasets. The training data from each device should 

also have a good representation of variability in appearance, 

head pose, facial expression, illumination, and orientation. 

Lack of balanced and variable large-scale datasets are the 

limitations for the deep learning-based gaze estimation 

models. Variability in appearance, head pose, facial 

expression, illumination, and orientation in the training data of 

each device is much needed. 

Some datasets do not contain all of the information required 

to build reliable gaze estimate models. Thirty percent of the 

frames in the GazeCapture dataset were incorrectly collected; 

they lack both face and eye detections [41]. 

 

 
                   Fig. 10: Some prediction images 

 

Every analysis of research has constraints, which serve as 

the foundation for future research. The performance of the 

various pre-trained models varies depending on the gaze 

estimation task. The accuracy of gaze estimating algorithms 

has been impacted significantly with the size of training 

datasets. When trained on a huge amount of datasets, CNN 

models provide extremely good outcomes in general. The 

images in the dataset are with different head poses and facial 

expressions[43]. 

 

One of the objectives of this research is to offer the research 

community a thorough reference point suited for improving 

eye gaze estimation algorithms. This research provided a 

glimpse of prospective paths to overcome the limitations by 

utilising new deep learning architectures that have not yet been 

widely used for gaze tracking. AlexNet, VGG-16, LeNet, 

ResNet, SqueezeNet are among the most popular network 

architectures that can be fine-tuned for gaze estimation. The 

results of this study will provide valuable baseline for the other 

researchers to develop and improve gaze estimation 

techniques. 
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Abstract—Since the world is experiencing the industrial 

revolution 4.0, robotics is one of the many instruments that is 

making a significant effect. Reinforcement Learning (RL) has 

been emerged as one of the promising techniques in recent 

years to significantly improve control over this technological 

wonder. RL allows robots to become self-aware and self-

directed toward completing a certain goal, which is then 

followed by user actions. This scientific field has seen multiple 

significant advancements over decades of hard work, and it 

will continue to do so in the future. As a result, this paper fills a 

need in the scientific community by providing a systematic 

assessment of research papers published in the last decade. In 

relation to the study issue, this paper raises and answers 

several relevant questions. Future scholars will have a good 

understanding of RL-based robotics after reading this study, 

which they will be able to apply into their own research.  

Keywords—Reinforcement Learning, Deep Machine 

Learning, Robotics, Review of past literature. 

I. INTRODUCTION 

From a different perspective, the idea and use of 
autonomous and intelligent devices have simplified daily life 
activities. D.S. Harder [1] was the first to establish the notion 
of autonomy in 1936. An autonomous agent is a central 
element of automation technology that can make decisions 
and act with no need for human input. Thanks to technical 
breakthroughs, autonomous and intelligent agents have been 
operating alongside people in a range of industrial and 
residential situations during the last few decades and it is 
going on. The power behind various automation technologies 
is nothing but the Machine Learning (ML) [2]. It is a 
technology that allows a machine to look at the surroundings 
or even the agent's workplace culture as every human does 
by studying along with refining the personal experiences 
learnt from the situation. Over the years, several machine 
learning approaches have been used to advance automation 
technologies. Deep Learning (DL) [3], a subclass of machine 
learning has shown to be a viable alternative in the field of 
automation by merging many aspects of automated systems 
such as computer vision, image processing & recognition, 
pattern recognition, and so on to enhance machine perception 
tasks. 

Supervised ML (SL) [4], Unsupervised ML (UL) [5], and 
Reinforcement ML (RL) [6] are three separate forms of DL. 
To educate the machines in SL, a collection of tagged data 
for training is utilised as an input. In a dataset, UL seeks for 
an undiscovered pattern with no labels. RL differs from these 
two in that it assists an autonomous machine in adapting its 
behaviour to new difficulties. It does so without the need of 
any form of training dataset. Instead of that it interacts with 
the environment. It also utilises the experiences gained from 
the surroundings through trial and error approaches. 

Autonomous and intelligent machines replicate humans 
in various fields and work in a multidimensional field. 

Because of this the complexity of these machine’s control 
systems grows by the day. This is also making it difficult for 
engineers and researchers to design or model the machines in 
such a way that they are adaptable to their working areas 
under all possible situations. As a result, RL may be a viable 
option for overcoming all of these obstacles. RL has recently 
gained a lot of traction among researchers due to its benefits 
over traditional learning algorithms. The RL has a broad 
range of autonomous technology utilisation sectors. Robotics 
is one of the most prominent technologies. The reason is that 
it has turned into an integral aspect of automation and 
intelligent technology during the previous years. 

Early efforts on RL-based applications in robotics were 
done in 1992 to 1995, according to the literature [7], [8]. 
Since then, RL algorithms have been used to handle a wide 
varieties of robotics tasks, including manipulation [9], [10], 
navigational applications [11], [12], manufacturing 
applications in industries, production works [13], [14], and 
control of autonomous vehicle [15], [16]. A systematic 
literature review has not been done which includes all types 
of reinforcement learning including recent works. This paper 
includes recent works and reviews has been done for all 
types of reinforcement learning. So, this work is novel in its 
kind. 

II. REINFORCEMENT-LEARNING 

RL is a subset of ML i.e., one of the methods of learning 
for directing a system through association and navigation. An 
RL machine setup consists of a decision-making element 
known as an agent or robot. That agent keeps learning 
through dealing with a surrounding or environment that 
contains multiple states instead of being explicitly taught. 
The agent communicates with the environment in the same 
way that it solves the Markovian Decision Problem (MDP). 
It is accomplished by doing a series of interactions which an 
agent does in its surroundings at random (exploration) or 
after learning from the surroundings as a confidence interval. 
This learning is a part of a argument which is π(A|S) = Pr(at = 
A|st = S) to enhance the benefits with fewer obstacles at a 
given moment t after that reaching the next state st+1. The 
agent obtains return rt ϵ R out from environment by doing 
any action at a certain time unit step t and that indicates the 
completion of any given activity and penalties are shown by 
negative values. The RL method's main determination is 
whether to increase the benefit by iterations or by using a 
model over time. The agent-environment interaction 
procedure is represented in Fig 1. An RL agent's or 
algorithm's learning methodologies may be divided into two 
categories: 
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Fig. 1. Procedure of interaction between agent and environment. 

A. Reinforcement or Indirect-Learning based on Model 

The agent uses a predictive model to learn about the 
regulatory mechanism from its surroundings with a very 
small number of contacts, and after that the agent applies this 
model to subsequent activities to obtain reward-points.    

B. Reinforcement Learning free from model 

Without any model, the machine learns about the 
regulatory mechanism from its surroundings through 
iterative process (i.e. experience) in order to maximise 
outputs. A visual illustration of the RL technique 
categorization is shown in Fig. 2. RL free from model has 
shown to be a promising technique in the area of automation 
and robotics, when compared to model-based RL [30]. There 
are two forms of model-free RL: (i) Value-based RL and 
(ii) Policy-based RL. 

 

Fig. 2. Reinforcement Learning Algorithm Classification 

a) Value based Reinforcement Learning 

A value-based RL is one in which a machine or agent bases 
its choice upon that value function denoted by V(s). The 
term value function is a notation of the predicted maximum 
value of reward-point (rt) that is to be gathered by the agent 
or the machine in a given state (st) using a specified 
stochastic strategy π.   
 

Vπ(s) = Eπ[rt + γrt+1 + γ2rt+2 + ….. + γrt+n|st = S]  (1)  
 
where the discount factor for future rewards is 1 and ranges 
between 0 and 1. The amount of value-functions for each 
work performed at 2A at a particular state (named st. 2S) 
will be calculated by the system. The agent will then choose 
the (st, at) as a pair with the highest value to proceed to the 
environment's next stage, stC1, and the procedure will 
repeat until the objective is met. (i) Q-learning (QL), (ii) 
State-Action-Reward-State-Action (SARSA), (iii) Deep Q-

Network (DQN), (iv) Categorical DQN (C51), (v) Double 
DQN, (vi) Dueling DQN, and others are examples of well-
known value-based algorithms.  
 

b) Policy based Reinforcement Learning 

Another sort of model-free RL technique is the Policy 
based RL (PBRL) technique. A PBRL's major goal is to 
directly enhance the policy-function denoted by π(s) without 
requiring the value-function denoted by V(s). Without 
computing the value function, the policy denoted by π(s) 
determines the optimal action (at) that should be evaluated 
in a certain state (st) to enhance the positive return. The 
possibility of selection of an activity at ϵ A which is at a 
particular state st ϵ S and a parametric vector denoted by ζ 
such as can be described as the policy function π(s). 
 

π(A|S, ζ) = Pr(at = A|st = S, ζt = ζ)  (2) 
 
Further, a scoring function J(ζ) is provided for calculating 
the policy's performance, which may be described as 
 

J(ζ) = Eπζ[Σγr].   (3) 
 
After that, using this policy value, a suitable parameter (ζ*) 
will maximise the predicted payoff.   
 

ζ* = arg (max (J(ζ)))   (4) 
 
DDPG, TRPO, PPO, and other well-known techniques in 
robotics are listed by Duan et al. [37]. 
 

III. LITERATURE-REVIEW 

RL has been established as a study subject for many 
decades, but it has only recently become widely employed in 
robotics. However, it is now an important aspect of robotic 
learning. RL is presently a popular study topic among 
engineers, academics, and researchers. Many surveys in the 
field of RL have been released in the previous to aid 
specialists. This section reviews some major findings from 
past studies and highlights the qualities of the current articles 
that make them stand out in the area. Fig. 3 shows some RL 
algorithms and corresponding research works. 

The first study we looked at in this review is from the 
year 2000 [59], and it covers RL at a basic level. RL, which 
can also be a valuable input in robotic based soccer, 
according to the authors. Research in this topic was carried 
out throughout the next five years. However, in 2008, the 
work done by Argall et al. [59] released a survey that was 
significant in the field of robotics research. 

The following years saw a survey of biology-inspired RL 
systems. Many researchers have shown interest in bio-
inspired optimum adaptive control, according to Kirumasi et 
al. [60] in their review from 2012. Wang and Babuska [61] 
published another excellent paper in which they explored 
numerous learning methods and also their relevance to 
bipedal stepping robots. Also, in recent times, [62] and [63] 
have been published. The writers focused on humanoid robot 
understanding and examined several elements of robot 
learning, including emotion. 
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Reference [64] gives many information in the topic of 
robotic grab detection. Based on past research, the sliding 
window technique appears to be the most successful robotic 
grab system to date. These were not review articles that were 
conducted in a methodical manner. However, to summarise 
the work done in this topic, a systematic review study is 
required. In this paper, we will attempt to provide a summary 
of RL-based robotics research publications. Along with the 
summary, we will highlight various surveys and their 
responses.   

 

Fig. 3. Reinforcement Learning Algorithms and their corresponding 
Research Works 

A. Value-based Algorithms 

Ken et al. presented Psikharpox, a bioinspired rat-like 
mobile tracker, in [38]. In an unsightly environment, the 
robot was willing to independently and travel autonomously. 
The Psikharpox bot was built using two navigation 
algorithms and a neurologically meta controller to pick the 
best strategy. Ken et al. used a customized form of QL. to 
enable the robot to choose the best approach for adapting to 
different scenarios. The software system of this robot was 
built using ROS middleware, and the robot's work 
achievement was measured by assessing the cognitive 
capacity of goal identification and navigating closer to it on a 
simulation environment in an artificial setting.  

Amit et al. published an Integrated QL. based algorithm 
denoted by (IQL.) in [39], which is the revised form of the 
standard QL. based algorithm (CQL) for conducting mobile 
robot route planning. In CQL, the memory size is particularly 
high when there are a great amount of (state, action) pairings, 
making it difficult to keep the Value function and modify the 
Q table for picking the best action. In this work, the authors 
evaluated this issue and converted the CQL into an IQL. This 
algorithm only stores the best Model parameters of any given 
situation for all accessible states. 

Adam et al. used the Encounter Reply (ER) strategy in 
[41], which is optimistic for RL approaches. EL algorithm 
learns from a tiny quantity of data, then applies it to the 
underlying RL algorithms repeatedly. The basic method for 
Adam et alER .'s approach was Q-learning and SARSA 
algorithms. They developed an ER framework before 
combining it along with QL and the SARSA algorithm for 
creating ER Q-learning as well as ER-SARSA. Their main 
goal was to demonstrate the usefulness of ER in actual 
situation, as ER had hitherto only been used to solve 
simulated problems. As a result, they used both simulation 
model and real-model tests to evaluate their architecture on 
three distinct platforms, including a pendulum swing-up 
issue, an industrial robot manipulator, as well as a robo 
goalie. 

Mihai et al. [42] provided a method for resolving 
impediments and avoiding problems during robotic 
manipulation utilising a Dual Neural Channel Q learning 
algorithm. Their main goal was to manage a robotic arm 
called powercube that was coupled to a mobile robot called 
powerbot that could execute a variety of activities while 
moving without clashing with any impediments. The authors 
used the Computer-aided Three-dimensional Interactive 
Application (CATIA) programme to develop their robotic 
arm, and MATLAB to simulate the Neural Network 
controller for obstacle avoidance and path planning tasks in 
an unknown complicated environment. The authors also 
employed the notion of Human-Robot Interaction (HRI) in 
this study. To analyse it, they utilised the concept of Virtual 
Reality (VR), which have been simulated in A Cave 
Automatic Virtual World (CAVE) programme. They built 
the virtual environment using CCC/ Object Oriented 
Graphics Rendering Engine (OGRE). Then, to communicate 
between the VR world and the Neural Network (N.N.) 
model, they employed Transmission Control Protocol 
(TCP)/Internet Protocol (IP) server communication. They 
conducted three distinct studies in a simulation situation by 
placing no barriers on the job environment, a cylindrical 
obstruction in the working area, and four barriers on the 
active area. In the actual-life studies, there were a number of 
obstacles such as hardware failures and security concerns, 
and they used the VR approach to solve these issues. 

Jaradat et al. introduced a new algorithm based on Q-
learning obstacle avoidance and path planning solution for 
movable robots in an unknown environment in [43]. The 
authors used a novel concept of state spaces to solve the 
situation of an unlimited counting of activities and stages in a 
dynamic surrounding. This resulted in a reduction in the 
number of activities and states. This improvement to Q-
learning solved an issue with high speed movement. They 
divided the states into 4 groups: (i) Safe States (SS), (ii) 
Non-Safe States (NS), (iii) Winning States (WS), and (iv) 
Failure States (FS) for the environment (FS). Move ahead, 
turn left, as well as turn right were the three motions 
available to the robot. The Matlab software tool was used to 
conduct the simulation experiment. A learning process and a 
testing phase were used in the simulation experiment. They 
devised four alternative situations in the training stage, each 
with a separate target and barrier travelling at varying 
speeds. The robot's velocity and beginning position were 
maintained constant in all of the cases, but the obstacle 
moved to various positions in each one. The second test case 
was more difficult, consisting of two stationary and four 
moving obstacles. The robot was capable of achieving the 
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target in 83 seconds, the fastest time of all the situations. 
They used the suggested Q-learning algorithm to conduct 
trials on numerous football robots that have been able to 
avoid obstacles, plan their paths, and update their locations in 
real-world surroundings. They demonstrated that their 
approach was efficient in both a simulated and a real-world 
setting. 

In [44], Tamosiunaite et al. used RL-based Dynamic 
Movement Primitives (DMP) to develop a robot that could 
pour fluid from one vessel to another. They merged target 
learning and structure learning techniques in their research. 
For goal learning, they used a value function-based 
technique, and for learning the contour, they used both the 
Natural Actor-Critic (N.A.C) technique and the Path 
Integrals (PI2) technique. They placed the robotic arm in a 
starting configuration to perform the shifting procedure from 
a filled vessel to an empty vessel for testing purposes. To 
determine the pouring success, they used the mass of the 
second vessel as the performance parameter. To teach the 
robot the entire pouring operation, 8-32 trails were required 
after having to learn from the human example. In a 
simulation, they compared the NAC and Path PI2 techniques 
and discovered that the newly designed PI2 method was 
more efficient in completing this job. 

In [45], using model-free RL, Hung et al. demonstrated 
swarming amongst unmanned aerial vehicles (U.A.Vs). The 
experiment uses a leader-follower topology to show UAV 
flocking techniques in a non-stationary random setting. The 
authors devised swarming in the manner of the MDP to 
achieve this. Leader and follower UAVs are those with tiny 
fixed wings that fly at a fixed height and at an average speed. 
The entire experiment is carried out in a simulation 
environment, with the manoeuvre being corrected each 
second. The UAV's kinematics were based on a 6 DOF 
aeroplane model. For the follower UAVs, a reward function 
is built up, and the QL method of this work is made up of 
two distinct updates of the Q table. 

In [46], to integrate diverse value systems, Kathryn 
Elizabeth Merrick suggests a N.N. design combined with 
R.L. The study examines four value systems utilising the 
structure suggested in this research to overcome various 
issues in the area. Sensory neurons, monitoring and incentive 
neurons, including activation neurons are used in her 
architecture, which is structured in layers. After that, the 
technique is put to the test with a Lego Mindstorms NXT 
robot. 

With their publication Yu et al. [47] made a significant 
contribution by integrating control of several bioinspired 
robotic fish inside an aquatic system. The whole operation is 
divided into distributed subsystems, including an information 
processing as well as decision-making subsystem that 
receives data and control orders as input. The subsystem then 
passes the processed orders to the robotic fish, who will carry 
them out. A modified proportional guiding law controls the 
robotic fish's posture. A 2v2 water polo competition was 
used to assess the performance of the robotic fishes. A 
stabilisation controller precisely regulated the robot's 
position and orientation. To achieve the blocking behaviour 
of this robot, RL is used. Total prizes per attempt and total 
time stages required to win per attempt were used to evaluate 
performance. Fuzzy logic was used to discretize the state - 
action spaces in this case. The entire experiment took place 
with a substantial setting. 

B. Policy-based Algorithm 

In [48], Yang et al. used online approximators to create a 
responsive critic regulator based on RL for discrete time 
systems, and they tested the model's performance using a 
two-link mechanical robot-arm along with pendulum balance 
system in a simulation experiment. The controller is split into 
two networks: The first is the action network, which is 
responsible for signal generation, another is a critic network. 
This critic network is responsible for checking the action 
network's enforcement by calculating the cost-to-go function. 
The action and critic networks both employ a two-layer 
Neural Network (NN) to forecast rare situations, eliminating 
the requirement for a separation principle. The authors 
employed one Proportional Integral (PI) regulator to perform 
simulation experiments and provided the PI controller's 
simulation results, along with the numerical simulations of 
the observing state and real device result for the swinging 
balance system. They also provided the simulated results of 
the robotic arm's actual angle of rotation and intended 
rotation angle in the instance of a two-link robot 
manipulator. 

In [49], Palomeras et al. suggested a controlling 
architecture based on 3 layers for autonomous underwater 
vehicle (AUV) cable tracking dubbed Component Oriented 
Layer-based Architecture for Autonomy (COLA2) in [49]. 
The reactive layer, execution layer, and mission layer are the 
three separate levels of the control architecture. In the 
reactive layer, an RL approach is employed to increase the 
AUV's adaptability to changing surroundings. The 
fundamental operation flow of the vehicle is modelled in the 
execution layer. The simulation was set up as an episodic job 
with 150 iterations per episode. After completing the 
simulation, the policy was tested in a real-life situation inside 
a water tank using an aquatic vehicle called the Ietineu AUV. 
In this step, an online learning mechanism is also used to 
refine the policy that was established during the simulation 
phase. The algorithm achieves an appropriate strategy for 
finding the undersea cable after 20 trials. 

Policy Learning by Weighting Exploration with the 
Returns (PoWER) is a new policy-based RL method 
suggested by Kober et al. [50]. This algorithm is to handle 
high dimensional RL challenges regarding motor primitive 
learning concerns. To test the efficacy of their algorithm, 
they used Barrett WAMTM robot arm in both simulation and 
real-time experiments, implementing two separate works: 
underactuated Swing-Up and Ball-in-a-Cup game. After just 
a few episodes, the robot demonstrated unparalleled 
performance on both tasks, and they stated that their 
approach was more efficient than most of the other 
techniques they considered in their study, based on the 
obtained results. 

Kim et al. introduced a unique motor skill acquisition 
technique in their study [51]. The study focuses on human-
motor control-based learning approaches and also machine 
learning methods. The authors used MSC to create a 
simulator, and the control technique was implemented using 
ADAMS2005 and MATLAB/Simulink (MathWorks). The 
agent of this research was a planar manipulator, and the goal 
of the RL part was to optimise a policy rather than maximise 
rewards. The authors used the RL System based Episodic 
Natural Actor Critic (eNAC) method to handle the 
difficulties of continuous state-action pairings. It's based on 
the actor-critic model. The suggested framework can  
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TABLE I.  SUMMARY OF THE LITERATURE REVIEW  

Algorithm used 

in the article 

Type of Algorithm used 
Type of 

Study 
Type of Robot used 

Robot Application during 

study 
Ref. 

Value 

Based 

Policy 

Based 

Model 

Free 

Simu

latio

n 

Expe

rime

nt 

UGV UUV UAV RA HR 

Modified Q-
learning           

Autonomous routing and 
self-localization 

[38] 

Improved Q-
learning           Path planning [39] 

Q-learning 
SARSA           

To catch a ball in the way of 
a goalie 

[41] 

Double DQN           
Object grabbing and collision 

avoidance 
[42] 

Q-learning           
Playing football and 

arranging a route 
[43] 

CQL, NAC, PI2           
Liquid is poured from one 

glass into another. 
[44] 

Q-flocking           

In a leader-follower 
architecture, learning how to 

flock 
[45] 

Q-learning           Exploration, driven by self [46] 

Q-learning,  
Fuzzy RL           

Playing a game with 4 
players 

[47] 

Actor-critic           Tracking sine waves & 
manipulating arm. 

[48] 

NAC           Cable tracking [49] 

PoWER           Putting a ball in a cup [50] 

eNAC           Opening door & grasping a 
moving ball 

[51] 

Monte Carlo 
Methods 

          Cargo delivery [52] 

Actor-critic           Tracking control [53] 

T-resiliance           Damage recovery [54] 

PGPE           
Standing task for biped robot 

& Grasping task 
[55] 

IRL - - -        Path planning in unstructured 
environment 

[56] 

IRL - - -        Autonomous movement in 
complex environment 

[57] 

Hierarchical RL - - -        Rescue victims [58] 

SAC           Path navigation [65] 

DDQN           Collision Avoidance [66] 

FRDPG           Navigation Planning [67] 

DDPG           Local Navigation [68] 

ICM A3C           Navigation [69] 

Improved A3C           End to End Navigation [70] 

DDQN           Navigation [71] 

A2CAT-VN           Vision based Navigation [72] 

IMPALA           Target driven visual 
navigation 

[73] 

HISNav           Real time object Navigation [74] 

LSTM+PPO           Visual Navigation [75] 

PDDPG           Mapless Collaborative 
Navigation 

[76] 

PPO           Multi-robot Navigation [77] 

PRIMAL           Pathfinding [78] 

A3C           Motion Learning [79] 

PPO+LSTM           Crowd Navigation [80] 

DRL           Padestrian-Friendly 
Navigation 

[81] 
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improve contact activities such as trying to open a door, 
moving from location to location, and grabbing a flying ball. 

In [52], within a setting with immobile impediments, 
Tapia et al. developed an RL technique for airborne freight 
delivery jobs. The experiment was carried out with a 
quadrotor in both a virtual and practical setting. To generate 
an approximation solution to the MDP, the estimated value 
iteration technique was utilised. In the next phases, we'll look 
for trajectories with the fewest oscillations. The trajectories 
are designed using a greedy approach once the parameter 
estimation value has been learnt. Following the process of 
learning, an optimum policy that is noise-resistant will be 
developed. For simulation trials, the authors employed 
performance criteria such collision-free route length, 
maximum permissible load movement, highest swing and 
largest departure from the route, route waypoints after the 
bisections, and number of total waypoints. 

In their recognised work Lian et al. [53] developed a 
control approach for Wheeled Motor Robots (WMRs) 
founded on receding horizon dual heuristic programming 
(RHDHP). A backstepping kinetic controller was used in the 
experiment to create the necessary velocity profile. The 
receding horizon approach was used to break infinite-
horizontal control problems into finite-horizontal control 
issues. The experiment was done out utilising a robotic 
vehicle with differential powered wheels in a simulated 
environment. An eight-shaped path and an elliptical path 
were examined for the mobile robot. 

C. Model Free Algorithm 

In [53], for damage recovery robots, Koos et al. 
suggested T-resilience, a novel algorithm. They used a 
hexapod robot with an integrated RGB-D sensor. They 
utilised Simultaneous Localization and Mapping (SLAM) 
method to train the robot using only 25 tests that took a total 
of 20 minutes to complete. They used six different 
configurations to experiment with the robot. Afterwards 
when, they compared their method to the strategy gradient 
and probabilistic policy-algorithm, demonstrating that their 
approach is an effective and quick technique with different 
data each time. 

In [55], On several policy-based RL algorithms, Sehnke 
et al. examined the situation of larger variance-gradient. To 
solve this problem, the authors developed Strategy gradients 
with parameter-based exploration, a new model-free policy 
gradient based RL method (PGPE). They used this method to 
numerous projects after developing it and compared its 
performance to other policy-based algorithms such as 
evolution strategies (ES), Stochastic Adaptation 
(SPSA), episodic natural actor-critic (ENAC) (eNAC) and 
REINFORCE. First and foremost, they tested their technique 
on a pole equilibrium problem. They discovered that PGPE 
alongwith SYS had been an effective and accurate approach 
for this purpose through trials. The results indicated that 
PPGE was one of the fastest learning-algorithms and the best 
in terms of a end prize. The summary of literature review has 
been given in Table. 1 where, UGV: Unmanned Ground 
Vehicle; UAV: Unmanned Aerial vehicle; UUA: Unmanned 
Underwater vehicle; RA: Robotic Arm; HR: Humanoid 
Robot. 

D. Others 

 In [56], Kim et al. created a robotics-based wheelchair 
using Inverse Reinforcement Learning (IRL) that can 
navigate a human crowded area in a manner which is socially 
adaptive to reach a specified goal. The robot's characteristics 
allow it to engage with pedestrians in a variety of dynamic 
contexts on a regular basis, such as a market, a shopping 
mall, and so on. The authors separated their working 
methods into three pieces to execute this work: Feature 
extraction, IRL, and Path-planning modules. Via an RGB-
Depth sensor, this robot travels the surroundings using 
feature extraction, which calculates a few characteristics 
such as human densities and velocities. The IRL module 
focuses on learning social norms as a cost function 
during navigating in a busy environment with the help of a 
human demonstrator. The general structure is based on the 
Robot Operating System (ROS) and then is implemented on 
a real-world robotic wheelchair.  

 In [57], for mobile robot systems, Silver et al. looked at 
the difficulty of connecting path planning and sensing tasks. 
They stated that a mobile robot's performance in an 
unorganized complex environment is dependent on 
individual planning, perception tasks as well as on the 
synchronisation of these activities on the mobile robot's 
movement. They used an algorithm called LEArning to 
seaRCH to understand the data from demonstration learning 
(LEARCH algorithm). Combined online perception (satellite 
picture, lidar) and internal perception settings were used to 
teach this robot. After some testing, they discovered that this 
strategy decreases training as well as testing time while still 
producing efficient and resilient mobile robot systems. 

 In [58], Doroodgar et al. developed an RL-based control 
algorithm for rescue robots. The goal is to increase the 
robot's overall performance by learning from its own 
experiences. This article included both physical and 
simulated tests. The physical realm area of the simulation 
setup is roughly 336 square metres, with 20 by 20 cell 
settings. Physical tests were carried out in a congested 12 
square metre Urban Search and Rescue (USAR)-style setting 
that simulated a catastrophe. A recovery robot with a true 3D 
mapping sensor, a thermo camera, and an IR sensor is part of 
the experiment. 

IV. CONCLUSION 

We conducted a comprehensive review of the past research 
on RL based robotics in this work. Robotics research has 
become a fascinating component of RL. RL is an important 
aspect of the current robotics movement, from making robots 
learn faster and more precisely to gaining autonomous 
dominance and improving human accessibility. The 
development trend of application scenarios has witnessed a 
successful surge in this discipline. This study presents a 
comprehensive review of RL-based robotics articles, as well 
as a summary of key findings from a handful of the papers 
reviewed. Following the prior history as well as application 
of RL algorithms to robotics, the authors of this work agree 
that Deep Reinforcement Learning (DRL) will be a 
fascinating research scope in this sector. DRL can lead the 
RL practise in robotics for the foreseeable future in terms of 
practical application, hands-on efficacy, quick learning 
environment, and viable conclusion. It will be a natural 
progression for researchers to expand their study to DRL-
based autonomous robots in the future 
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Abstract— Conservation of environment is an issue of key 

concern which has saturated into all circles of life. Green 

Marketing is an imperative issue these days, due to the 

requirement of conservation of the environment for the 

following generations as well as for the wants of making a 

difference and integrating the community. Consumers' 

growing environmental consciousness has prompted businesses 

to take a more cautious approach to the issue. Environmental 

sustainability is now regarded as a value shared by both 

producers and consumers. Manufacturers should design 

environmentally friendly products. Environmental companies 

build brand equity by reinforcing their images and establishing 
a distinct stance in the minds of consumers. 

This study aims to examine the relationship between 

‘Green Marketing’ and ‘Brand Equity’. The study was carried 

out using a mix research design. First, an exploratory study 

was carried out to determine the different dimensions of brand 

equity, and factors that influence the different dimensions were 

identified. After finding out the factors influencing the 

dimensions of brand equity, a descriptive study was carried out 

with the help of the final structured questionnaire. The study 

finds that green product positively influences brand awareness 

and brand association, while green product has no significant 

relationship with brand loyalty. Furthermore, green product 

has a negative relationship with brand quality. Also, green 

price positively influence all four dimension of brand equity, 

viz, brand awareness, brand association, brand loyalty and 

brand quality. Also, green promotion has no significant 

relationship with brand awareness, but it does have a positive 

influence on brand association, brand loyalty and brand 

quality. And, brand awareness has no significant effect on 

brand equity, while brand association, brand loyalty and 
brand quality positively influence brand equity. 

Keywords— Green Marketing, Green product, Green price, 

Green promotion, Brand awareness, Brand association, Brand 

loyalty, Brand quality, Brand equity. 

I. INTRODUCTION  

Nature has supplied us with constrained assets on the 
earth, but the need is boundless, once satisfied another will 
arise. With such human nature, there's a necessity of 
planning which provides a helping hand to maintain the 
requirements of people. Since resources are limited and 
human desires are limitless, this widening gap has increased 
consumer interest in environmental protection around the 
world. As the world becomes more aware of the importance 
of ecological balance, people are becoming more 
environmentally conscious. Consumers all over the world are 
becoming more aware of the importance of enhancing the 
environment in which they dwell. Majority of them agree 
that using environmentally friendly goods is better. They are 

currently showing a keen interest in all environmentally 
friendly things, such as organic food products, electric 
vehicles, carpooling, recycled goods, energy-efficient 
appliances, and so on. 

As a result, there has been a change in marketing 
strategies, which has led to the evolution of the philosophy of 
‘Think Green.' As a result, the phrase "Green Marketing" 
was established to characterise the increasing demand for 
ecologically friendly and socially responsible goods and 
services. It involves a wide range of actions like as product 
modification, manufacturing process transformation, 
modified advertising, packaging improvements, and so on, 
all with the goal of reducing the negative environmental 
impact of goods, their use, and disposal. 

Environmental issues have gained prominence in both 
business and public life around the world. It's not as if few 
pioneers of various nations or a few major famous business 
companies are concerned about the daily deterioration of 
oxygen levels in our air, but rather every regular person of 
our country and the world is concerned about this common 
risk of global warming. So, at this time of global worry, 
corporate houses have adopted green marketing as part of 
their plan to advertise products by using environmental 
claims, either about their qualities or about the frameworks, 
arrangements, and forms of the firms that manufacture or sell 
them. 

While the "green" shift may appear to be costly in the 
short term, it will surely show to be important and cost-
effective in the future years. Most businesses throughout the 
world are working to mitigate the harmful consequences of 
manufacturing processes on climate change and other 
environmental problems. They've utilised the phrase "green" 
extensively in marketing initiatives, such as "green 
marketing," "green supply chains," "green retailing," "green 
customers," and "green goods," among other things. As a 
result, businesses and advertising are following suit and 
going green for the better good of society. 

II. REVIEW OF LITERATURE 

The concept of "green marketing" was originally 
discussed at an American Marketing Association (AMA) 
conference on "ecological marketing" in 1975, and it has 
since become part of the literature. This seminar investigated 
the impact of marketing on the natural environment with the 
participation of academics, bureaucrats, and other 
participants. 

The concept of "Sustainable Development" was initially 
discussed and debated during the Earth Summit in Rio de 

978-1-6654-7886-1/22/$31.00 ©2022 IEEE

Green Marketing and Brand Equity

Page 640

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



Janeiro in 1992. Members from the United States and other 
foreign bodies agreed to take adequate and worthwhile 
efforts to safeguard and avoid the environment in order to 
maintain long-term sustainable prosperity. 

Kangis P. investigated various labels that are regularly 
used interchangeably, are usually inconsistent, and might be 
confusing in 1992. A product or service is considered 
"green" because it can be marketed as such, not because it is. 
Green marketing must encompass more than a marketing 
strategy or the promotion of "green" goods. Green should be 
used to describe both the procedure and the ultimate 
outcome. He concluded that the concept of green marketing 
requires more development and evaluation, as well as more 
rationality and honesty in economics, science, academia, and 
ethics. 

In the Harvard Business Review in 1995, Professor 
Michael Porter noted that environmental sustainability was 
not just a threat to business, but also an opportunity to 
acquire a strategic advantage. 

Polonsky, M., Bailey, J., Baker, H., Basche, C., 
Jepsonand, C., and Neath, L. researched environmental 
details on packaging. It specifically examined the packaging 
of a type of dishwashing liquid container prevalent in 
supermarkets. The majority of the information presented on 
the box was shown to be incorrect. Consumers will be unable 
to change their ecologically damaging buying patterns, and 
businesses that have managed to become less 
environmentally hazardous will lose any strategic advantage 
gained as a result of increased customer scepticism. 
Consumers would "discount" any sustainable marketing 
claims, resulting in fewer advantages and, as a result, less 
encouragement for enterprises to achieve more 
environmental progress. As a result, inaccuracy in 
environmental messaging would affect not only consumers 
and businesses, but also the planet in the long run. 

M. Miles and J. Covin conducted research in 2000 on the 
relationship between reputation, environmental performance, 
and financial performance, as well as the factors that impact 
environmental policies and practises. They found that the 
most fascinating lesson for marketing managers is that 
credibility is vital in developing a high-performing marketing 
business, and that environmental marketing strategy was a 
significant component of a firm's recognition in the 1990s. 
They both agreed that being a successful environmental host 
contributes to brand recognition, which leads to improved 
marketing and financial results. There are two major 
environmental management system (EMS) approaches 
emerging in corporations: (1) the compliance model of EMS 
and (2) the strategy model of EMS. 

Grant J. addressed the marketing concept as well as 
ecological marketing methods in 2008. The latest trend in 
marketing and media is to shift away from one-way, 
centralised communications and events and toward more 
accessible, conversational activities that engage customers 
with the business and, ultimately, with each other. When it 
comes to green marketing, he recognised that the natural area 
to focus on is engaging with consumers to decrease overall 
consequences. 

Chen Y. developed four new constructs in 2010: green 
brand image, green satisfaction, green trust, and green brand 
equity, as well as researching the beneficial relationships 
between green brand equity and its three drivers: green brand 

image, green satisfaction, and green trust. According to the 
findings, green brand equity is positively related to green 
brand image, green satisfaction, and green trust. 
Furthermore, green pleasure and green trust contribute to the 
positive association between green brand image and green 
brand equity. As a result, investing in improving green brand 
image, satisfaction, and trust will continue to enhance green 
brand equity. 

In 2010, Saxena, Ravindra, and Pradeep K. Khandelwal 
noted that both businesses, whether durable, non-durable, or 
services, have a favourable attitude toward green ideology 
and green practises, and that sustainable growth through 
green marketing is the latest mantra of progress and success. 
"People in developing countries like India, too, have a high 
concern for a greener climate and have an overall optimistic 
outlook toward green marketing," consumers in India said. 
"In the future, more and more buyers will select green 
products," according to all industries in India (durable, non-
durable, and services). "Companies who can create 
themselves with a green image will have a good command in 
the market," they believe. Companies in India continue to 
believe that "green product sellers would be able to compete 
in the industry for a longer period of time than non-green 
product sellers," meaning that greener firms will be more 
competitive in the future. These companies from all three 
sectors believe that "sustainable growth is achievable if all 
businesses begin generating green products." 

In 2011, Mercy Igbazua Erdoo and Rashad explored 
green marketing as a tool to conserve the ecosystem for 
future generations. It has a positive impact on environmental 
protection. Because of the growing concern for 
environmental protection, a new industry known as the green 
market has emerged. To compete in this industry, businesses 
must go green in all parts of their operations. Consumers 
desire to be connected with environmentally responsible 
products, and they are willing to pay a premium for a greener 
lifestyle. As a result, green marketing has evolved into a 
marketing strategy rather than just an environmental 
conservation instrument. 

According to Gordon et al., "green marketing is a 
strategy where corporations include environmental thought 
holistically, from manufacture to post-purchase operation, 
with the purpose of balancing the company's need for benefit 
with the broader need to safeguard the environment." 

In 2012, Aysel Boztepel conducted research and 
concluded that green purchasing behaviour grows with 
increased environmental knowledge, green product features, 
green advertising, and green price. The bulk of studies 
conducted to far have revealed a negative association 
between Green pricing and purchasing behaviour. 
Nonetheless, our research findings indicate that consumers 
are willing to pay extra for environmentally friendly items in 
order to battle environmental degradation, which is a 
challenge to our world as a result of technological growth 
and industrialization. 

Farquhar defined brand equity as the additional value 
provided by a product's brand in 1989. Farquhar believes that 
brand equity provides significance and is affected by current 
perception. The importance of brand value in business 
cannot be overstated. Farquhar believes that establishing a 
solid brand requires three crucial components. These 
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elements are positive brand appraisal, accessing attitude 
toward the brand, and consistent brand image. 

David Aaker studied and provided the most accurate 
definition of brand equity in 1991. Brand equity, according 
to David Aaker, is the collection of brand assets and 
liabilities associated with the brand, its identity, and symbols 
that contribute or subtract value from a product or service. 
These attributes include brand loyalty, brand awareness, 
perceived quality, and brand associations. In comparison to 
other brands, it is the customers' perception of a product 
bearing the brand name's relative dominance. 

III. SCOPE OF THE STUDY 

The purpose of this research is to look into the various 

facets of green marketing and how they may be used by 
businesses to boost their brand equity while also 

contributing to Mother Nature's protection. A more 

extensive study with a larger sample size and a longer time 

frame might be conducted to determine the association 

between green marketing and brand equity. Furthermore, 

due to time limits, one of the parts of the green marketing 

mix, namely "Green place," was not explored in this study. 

This might also be included in the study to acquire a more 

in-depth understanding of the impact of the total green 

marketing mix on brand equity. This is very important for 

the growth of the company and to increase the revenue. 
Marketers can apply such considerations in their brand 

strategies. 

IV. OBJECTIVES  

The objective of the proposed study is to examine the 
relationship between ‘Green Marketing’ and ‘Brand Equity’. 
The linkages between and among variables at a regional 
scale have been only recently been subjects of research; 
hence much work remains to improve our understanding and 
presents an opportunity. This involves the following specific 
objectives (I)To study the inter-relationship between green 
marketing and brand equity. (II) To propose a model to 
establish the relationship between green marketing and brand 
equity..  

 

Fig 1: Theoretical Frame work on green marketing and brand equity 

From the fig 1 the following hypotheses are formed: 

H1 :Green product and brand dimensions. 

H1a  : Green product positively influence brand 
awareness. 

H1b : Green product positively influence brand 
association. 

H1c : Green product positively influence brand loyalty. 

H1d : Green product positively influence brand quality 

H2:Green price and brand dimensions. 

H2a : Green price positively influence brand awareness. 

H2b : Green price positively influence brand association. 

H2c : Green price positively influence brand loyalty. 

H2d : Green price positively influence brand quality 

H3 :Green promotion and brand dimensions. 

H3a : Green promotion positively influence brand 
awareness. 

H3b : Green promotion positively influence brand 
association. 

H3c : Green promotion positively influence brand 
loyalty. 

H3d : Green promotion positively influence brand quality 

H4 :Brand dimensions and brand equity. 

H4a : Brand awareness positively influence brand equity. 

H4b :Brand association positively influence brand equity. 

H4c  :Brand loyalty positively influence brand equity. 

H4d  :Brand quality positively influence brand equity. 
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V. RESEARCH METHODOLOGY 

The study was carried out using a mix research design. 
First, an exploratory study was carried out to determine the 
different dimensions of brand equity, and factors that 
influence the different dimensions were identified. 

After finding out the factors influencing the dimensions 
of brand equity, a descriptive study was carried out with the 
help of the final structured questionnaire prepared after 
redesigning the preliminary questionnaire from the pilot 
testing. Moreover, qualitative research interview was also 
carried out with a few key personnel of selected companies 
to get some more insight for the research. 

Guwahati city was considered as the geographical 
location for data collection and 250 questionnaires were 
distributed using convenient sampling technique. Out of 
these, 214 were collected back and finally used for data 
analysis to verify the hypotheses and research framework. A 
model was prepared using confirmatory structural equation 
modeling (SEM) using SPSS AMOS 25. 

A. Research Instrument 

 
A structured questionnaire was created and distributed 

among 250 people within the Guwahati city using convenient 
sampling technique. The measurement of the questionnaire 
items was by the use of “five-pointLikert scale from 1 to 5” 
rating from “strongly disagree” to “strongly agree”. The 
questionnaire comprised of a total of 24 items. A reliability 
test was conducted to ascertain the reliability and validity of 
the questionnaire. 

 Moreover, qualitative research interview was also 
carried out with few key personnel of selected companies 
which spread some more light over the Research. 

VI. DATA ANALYSIS 

Data were analyzed with SPSS Version 25.0. A model 
was prepared using confirmatory structural equation 
modeling (SEM) using SPSS AMOS 25. .An analysis of 
descriptive statistics was conducted to illustrate the 
demographic and other selected characteristics of the 
respondents. 

TABLE I.  RELIABILITY STATISTICS OF THE VARIABLES: 

  Cronbach's 

Alpha 

N of Items 

Green product 0.918 3 

Green price 0.871 3 

Green promotion 0.893 3 

Brand awareness 0.917 3 

Brand association 0.914 3 

Brand loyalty 0.859 3 

Brand quality 0.827 3 

Brand equity 0.827 3 

 

To determine the reliability of the Questionnaire for this 
study Cronbach’s Alpha Technique was utilized. These 
values support the internal reliability of the questionnaire 
because the calculated results for Cronbach’s alpha are more 
than 0.7 hence the statistic of the respective emergent factors 

was found to be reliable. Hence the questionnaire i.e. being 
used for the survey is reliable (TABLE I).  

The demographic and selected characteristics of the study 
population are shown in Table II. The sample population  

 

 

Gender Frequency Percent 

Male 114 53.3 

Female 100 46.7 

Total 214 100.0 

TABLE II - GENDER 

 

 Age (in 
years) 

Frequency Percent 

Below 20 2 0.9 

20-30 137 64.0 

31-40 35 16.4 

41-50 15 7.0 

51-60 11 5.1 

Above 60 14 6.5 

Total 214 100.0 

TABLE III – AGE 

From TABLE II and TABLE III, among the sample of 
214 respondents, 53.3 % of the respondents were male. And 
46.7 % of the respondents were female. The proportion of 
male and female in the sample population is nearly even and 
therefore the results will not be biased towards any gender. 
The sample population mainly comprises of respondents 
from the age group of 20-30 years and the proportion of all 
other age groups is relatively low. In addition, the number of 
respondents under the age of 20 is disproportionately small. 
As a result, respondents between the ages of 20 and 30 
would dominate the findings.  

 

OCCUPATION FREQUENCY PERCENT 

GOVT. EMPLOYEE 19 8.9 

PRIVATE SECTOR 
EMPLOYEE 

81 37.9 

PUBLIC SECTOR 
EMPLOYEE 

9 4.2 

BUSINESS 17 7.9 

SELF-EMPLOYED 8 3.7 

RETIRED 10 4.7 

STUDENT 56 26.2 

RESEARCH 
SCHOLAR 

2 0.9 

HOMEMAKER 4 1.9 

UNEMPLOYED 8 3.7 
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TOTAL 214 100.0 

TABLE IV – OCCUPATION 

From TABLE IV we can see that the sample primarily 
comprised of private sector employees and students, and the 
remaining population is fairly distributed around the 
remaining heads. The results would be dominated by the 
responses of private sector employees and that of the 
students to some extent. The sample population is mostly 
made up of respondents who are graduates and post-
graduates (TABLE V). Therefore, the results would be 
predominated by these two groups of respondents. 

 

QUALIFICATION FREQUENCY PERCENT 

MATRICULATE 1 0.5 

HS PASSED 10 4.7 

GRADUATE 124 57.9 

POST GRADUATE 75 35.0 

DOCTORATE 3 1.4 

DIPLOMA IN 
AUTOMOBILE 
ENGINEERING 

1 0.5 

TOTAL 214 100.0 

TABLE V - EDUCATION 

 

MONTHLY 
INCOME (IN RUPEES) 

FREQUENCY PERCENT 

LESS THAN 8000 68 31.8 

8000-25000 54 25.2 

25000-50000 64 29.9 

ABOVE 50000 28 13.1 

TOTAL 214 100.0 

TABLE VI – MONTHLY INCOME 

The number of respondents of the sample population is 
spread evenly under the given heads of monthly income, 
with respondents belonging to the monthly income of less 
than 8000 rupees being the highest. And, respondents 
belonging the monthly income group of above 50000 rupees 
being the lowest (TABLE V). Majority of the respondents 
belonged to urban areas, while a relatively smaller 
population belonged to semi-urban and rural areas. As a 
result, respondents from urban areas would dominate the 
results (TABLE VI) 

LOCALITY FREQUENCY PERCENT 

URBAN 153 71.5 

RURAL 15 7.0 

SEMI-URBAN 46 21.5 

TOTAL 214 100.0 

TABLE VII - LOCALITY 

 

Awareness of the 
respondents towards 
green marketing 

Frequency Percent 

Yes 147 68.7 

No 21 9.8 

May be 46 21.5 

Total 214 100.0 

TABLE VIII – AWARENESS OF RESPONDENTS 

From Table VIII, it can be assumed that Green marketing 
is well-known by the majority of respondents, although only 
a small percentage of the respondents were unaware of it. 

A. Measurement Model (Fig 2) 

Model fit is determined by comparing how closely the 

estimated covariance matrix match the observed (sample) 

covariance matrix S, Model identification concerns whether 

there is enough information in the covariance matrix to 

enable us to estimate a set of structural equation. Goodness-

of-fit indices indicate how well the specified model fit the 
observed or sample data, and so higher values of these 

measures are desirable. Measures that commonly used are 

the goodness-of- fit index (GFI) and the adjusted- goodness- 

of- fit index (AGFI). On the other hand, badness-of-fit 

measures are the chi-square (x2), root mean square residual 

(RMSR), standardized root mean square of approximation 

(RMSEA) 

TABLE IX.  MODEL FIT SUMMARY 

MODEL TYPE RECURSIVE 

SAMPLE SIZE 214 

CHI-SQUARE  1160.05 

DEGREES OF FREEDOM 236 

PROBABILITY LEVEL 0.000 

GFI 0.901 

AGFI 0.872 

RMSEA 0.074 

 

(GFI= Goodness of Fit Index, AGFI= Adjusted Goodness of 

Fit Index, RMSEA= Root Mean Square of Approximation) 

 

There exists a good fit between the datum and the model. 
The value of the GFI and AGFI are .901 and .872 which is 

above the acceptable range. On the other hand the value of 

RMSEA is .074 which is perfectly fit for the model. These 

result shows that the model is absolute fit Indices (TABLE 

III). The results show significant overall fit measures and 

the model is considered to be of good fit. 
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B. Structural Equation Modelling  

      The measurement model links between latent variables 

to the manifest variables. In this model, there is a total of 9 

latent variables with a total of 33 manifest variables (Fig 2). 

 

 
 
Fig 2: Structural Equation Modelling   

 

Here, 

GPT (F1) Green product 

GPR (F2) Green price 

GPM (F3) Green promotion 

BAW (F4) Brand awareness 

BAS (F5) Brand association 

BL (F6) Brand loyalty 

BQ (F8) Brand quality 

BE (F9) Brand equity 

 

VII. FINDINGS AND DISCUSSION: 

 

 Following the validation of the structured model, 

the hypotheses were tested using SPSS AMOS 25 and the 

results are presented as follows – 

 

Green product and brand dimensions: 

 

Hypot

hesis 

Hypothe

sis paths 

Esti

mat

es 

Sta

nda

rd 

erro

r 

P 

Pro

pos

ed 

effe

ct 

Results 

H

1 

H

1a 

F1 ------

-->F4 

0.1

94 

0.0

66 

0.

00

3 

Pos

itiv

e 

Significant 

H

1b 

F1 ------

-->F5 

0.1

59 

0.0

4 

**

* 

Pos

itiv

e 

Significant 

H

1c 

F1 ------

-->F6 

-

0.0

55 

0.0

48 

0.

24

6 

Ne

gati

ve 

Not significant 

H

1d 

F1 ------

-->F7 

-

0.0

98 

0.0

47 

0.

03

7 

Ne

gati

ve 

Not significant 

 

Table X – Results of hypothesis H1 

 

Green product positively influence brand awareness and 

brand association, while green product has no significant 

relationship with brand loyalty. Furthermore, green product 

has a negative relationship with brand quality. Therefore, 
the hypotheses H1aand H1b are supported in this study and 

H1cand H1d are not supported. 

 

Green price and brand dimensions : 

Hypothes

is 

Hypothesis 

paths 

Esti

mate

s 

Stan

dard 

error 

P 
Proposed 

effect 
Results 

H

2 

H2

a 
F2--------->f4 

0.64

6 

0.08

8 
*** Positive Significant 

H2

b 

F2---------

>F5 

0.63

5 

0.06

7 
*** Positive Significant 

H2

c 

F2---------

>F6 

1.16

3 

0.10

7 
*** Positive Significant 

H2

d 

F2---------

>F7 

0.59

9 

0.07

9 
*** Positive Significant 

 

Table XI – Results of hypothesis H2 

. 

Green price positively influence all four dimension of brand 

equity, viz, brand awareness, brand association, brand 
loyalty and brand quality. Therefore, all the hypotheses, H2a, 

H2b, H2cand H2d are supported in this study. 

 

Green promotion and brand dimensions: 

Hypothesis 
Hypothesis 

paths 
Estimates 

Standard 

error 
P 

Proposed 

effect 
Results 

H3 

H3a 
F3---------

>F4 
0.086 0.054 0.109 Positive 

Not 

significant 

H3b 
F3---------

>F5 
0.352 0.036 *** Positive Significant 

H3c 
F3---------

>F6 
0.166 0.04 *** Positive Significant 

H3d 
F3---------

>F7 
0.15 0.04 *** Positive Significant 

 
Table XII – Results of hypothesis H3 

 

Green promotion has no significant relationship with brand 

awareness, but it does have a positive influence on brand 

association, brand loyalty and brand quality. Thus, the 

hypotheses H3b, H3c and H3d are supported in this study and 

hypothesis H3a is not supported. 

 

Brand dimensions and brand equity : 
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Table XIII – Results of hypothesis H4 

 

Brand awareness has no significant effect on brand equity, 

while brand association, brand loyalty and brand quality 

positively influence brand equity. Therefore, the hypotheses 

H4b, H4c and H4d are supported in this study while the 

hypothesis H4a is not supported by the results. 

          

 

VIII. CONCLUSION 

Green marketing has become inevitable as 

environmental concerns have become mainstream 

worldwide. Business houses all over the world have now 

started using green marketing as an opportunity rather than a 
challenge. For businesses that engage in green marketing 

practices, "brand" is critical in terms of product image and 

positioning in the minds of customers. As a result, designing 

brand equity-enhancing strategies based on how customers 

view the brand would be beneficial to businesses. 

With advancements in thought processes, people 

all around the world are being more concerned towards the 

environment and are willing to share the responsibility of 

conservation of the environment with the business houses. 

Green marketing has emerged as an opportunity for the 

firms to gain a strategic advantage over its competitors and 
enhance their brand image rather than being a challenge.  

The study finds that green product positively 

influences brand awareness and brand association, while 

green product has no significant relationship with brand 

loyalty. Furthermore, green product has a negative 

relationship with brand quality. 

Also, green price positively influence all four 

dimension of brand equity, viz, brand awareness, brand 

association, brand loyalty and brand quality. 

Also, green promotion has no significant 

relationship with brand awareness, but it does have a 

positive influence on brand association, brand loyalty and 
brand quality. 

And, brand awareness has no significant effect on 

brand equity, while brand association, brand loyalty and 

brand quality positively influence brand equity.  

 

To finally conclude, it can be stated that green 

marketing practices can change consumer behavior, if the 

consumer feels it is necessary and the business is not 

involved in activities that harm the environment or the 

society. To sum it up, green marketing have a positive effect 

on brand equity and therefore have a beneficial effect on 

branding. 
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Abstract—The rapid ICT development in developing 

countries has offered people an opportunity to participate in e-

commerce. This study departed from an exploratory question 

in the data mining context: "What information can be revealed 

regarding women entrepreneurs in e-commerce?" This study 

adopted a data mining approach, implemented through the 

Cross-Industry Standard Process for Data Mining framework, 

using Knime Analytics Platform as a data analysis tool. The 

context of data analysis is in Indonesia, and the unit of analysis 

is a province in which the e-commerce related data were 

aggregated per province. The result revealed that women e-

commerce entrepreneurs were likely to have higher 

educational backgrounds and were younger than men 

entrepreneurs. In provinces where the percentage of e-

commerce firms is low, women entrepreneurs contributed 

more than men. The finding provided evidence of the role of 

women e-commerce entrepreneurs in the country context.   

The policymakers and agents promoting woman empowerment 

might focus on facilitating women to enter e-commerce, 

especially in provinces with low e-commerce adoption.     

Keywords—e-commerce, entrepreneur, cluster analysis, data 

mining, Indonesia   

I. INTRODUCTION   

The rapid development of Information and 
Communication Technology (ICT) in developing countries 
has impacted society and business. Easy access to the 
internet and the affordable price of mobile phones make the 
majority of people familiar with using various mobile 
applications. In addition, the technological advancement of 
mobile phones and applications increases their friendliness to 
use. As a result, people use mobile applications to satisfy 
personal needs and do business, widely named electronic 
commerce (e-commerce). 

One characteristic of developing countries is the 
existence of big informal employments, such as micro or 
small entrepreneur. The ICT development has offered an 
opportunity for people to enter e-commerce as a promising 
business solution in developing countries. The Indonesian 
statistics agency published the "E-commerce statistics" 
report indicated that the number of businesses entering e-
commerce was about 2.3 million by 2020 [1]. The number 
represents 25% of all enterprises, primarily micro and small 
firms. They were joining e-commerce now become easy as 
several e-commerce platforms or marketplaces are growing. 
A marketplace could host and facilitate millions of small 
enterprises in e-commerce transactions. In Indonesia, the two 
marketplace start-ups named Tokopedia and Bukalapak 

became a unicorn (a term to name a start-up company with a 
valuation of more than 1 billion USD) in 2017 and 2018. 

Study about women entrepreneurs in e-commerce has 
become a great topic. The study was aimed to identify 
characteristics and best practices for women entrepreneurs 
adopting e-commerce. In many countries, women were likely 
to give up their jobs when they started a family. The 
traditional belief toward women indicated that women's role 
is to take care of the family and manage home activities. 
Culture and low educational levels become inhibitors for the 
growing women entrepreneurs [2]. The rapid development of 
ICT and e-commerce applications can overcome the barriers. 

Previous studies identified the vital role of e-commerce 
in empowering women. However, most studies were 
conducted through in-depth interviews or questionnaire 
surveys. Moreover, despite the many studies in that area, 
little research has been done using country-level data. 
Therefore, this study aims to address such a gap in the 
literature. This study emerged from an exploratory question 
in the data mining context: "What information can be 
revealed regarding women entrepreneurs in e-commerce? ". 
Several objectives were formulated: (1) to discover the age 
and education profiles of women e-commerce entrepreneurs; 
(2) to investigate whether e-commerce managed by women 
received higher revenue than those by men; and (3) to 
identify province's characteristics, where women e-
commerce entrepreneurs contribute more. This study was 
conducted in the Indonesian context. The unit of analysis is a 
province in which the e-commerce related data were 
aggregated per province. 

The following section presents the related work and, 
followed by section III, describes the research method and 
data. Furthermore, the results and discussions are presented 
in section IV, with the conclusion and policy implication in 
section V.      

II. RELATED WORK 

The definition of entrepreneur and e-commerce is widely 
convergent. The Cambridge Dictionary defines an 
entrepreneur as "someone who starts their own business, 
especially when this involves seeing a new opportunity" 
(dictionary.cambridge.org). The OECD defines e-commerce 
through the term e-commerce transaction as "the sale or 
purchase of goods or services, conducted over computer 
networks by methods specifically designed for the purpose of 
receiving or placing of orders" (stats.oecd.org). Thus, women 
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e-commerce entrepreneurs are women who established their 
businesses and adopted e-commerce transactions.   

E-commerce has been considered an effective solution 
for developing women entrepreneurship. The behavioral 
intention of women entrepreneurs to adopt e-commerce had 
been a study interest. Theory of Technology Acceptance 
Model (TAM) and The Unified Theory of Acceptance and 
Use of Technology (UTAUT) was often used. A study in the 
Indian context identified three constructs: performance 
expectancy, effort expectancy, and social influence, which 
significantly affected the intention of these women 
entrepreneurs to use e-commerce [3]. A study among women 
micro-entrepreneurs in South Africa confirmed that the 
decisions to use ICT were influenced by their perceptions of 
ICT ease of use and usefulness [4]. Based on the women's 
intention to adopt e-commerce, strategies to foster adoption 
could be formulated. 

The barrier to promoting women's entrepreneurship in e-
commerce was identified in some cultures. This cultural 
aspect comes from the traditional role of women in a family 
as a housewife. For example, a study among Emirati women 
identified six obstacles for doing e-commerce: employment, 
education, communication, privacy, compatibility, and 
funding [5]. Moreover, the lack of entrepreneurial skills was 
emphasized as a significant barrier for women establishing a 
start-up, in the Kingdom of Eswatini, in southern Africa [6]. 
By understanding the barriers, the government could execute 
facilitation programs.   

 Prior studies identified the success factors for women's 
entrepreneurship. The woman's social capital influenced 
competitive advantage, which leads to market performance 
[7]. For married women-entrepreneurs, the husband's 
support, such as planning and budgeting, was also critical for 
business success [8]. Comparison between men and women 
entrepreneurs indicated the difference in the business growth 
expectancy [9]. That study indicated that men entrepreneurs 
emphasized networking, while women entrepreneurs had 
prior experience. In e-commerce, limited studies investigated 
the comparison between women and men entrepreneurs. 

 Personal aspiration was the major encouragement for 
women entrepreneurs to set up a business [10]. A qualitative 
study investigating women e-commerce entrepreneurs in 
China revealed that e-commerce gives them financial impact 
and increases self-esteem and social status at home [11]. 
Similarly, women entrepreneurs in Bangladesh took the 
opportunity of social media such as Facebook to enter e-
commerce and obtain financial benefits [12]. E-commerce 
also provided business opportunities for Chinese migrant 
women in Taiwan to set up international online transactions 
between mainland China and Taiwan [13]. India, a country 
with an enormous growth of e-commerce, has produced 
many prominent women entrepreneurs in e-commerce [14].    
The increasing role of women in e-commerce has become a 
global phenomenon.   

Prior studies about women e-commerce entrepreneurs 
were mainly based on surveys or interviews with a limited 
number of respondents or e-commerce firms. However, the 
official statistics published by the Indonesian government 
contain a large number of cases (e-commerce firms) with full 
country coverage. Therefore, the limited research in this area 
becomes the focus of the current study presented in this 
paper.  

III. METHOD 

A. Research method   

This study belonged to secondary research and adopted 
the quantitative data analysis method. In addition, this study 
adopted and adapted the Cross-Industry Standard Process for 
Data Mining (CRISP-DM) framework [15]. It contained six 
phases of the data science life cycle: Business understanding, 
Data understanding, Data preparation, Modelling, 
Evaluation, and Deployment. The first phase, business 
understanding, was adapted into research, referring to the 
data mining objective. The objective was to find a pattern 
about women's entrepreneurship in e-commerce. At the same 
time, data analysis used a data mining approach which the 
Knime Analytics Platform implemented as a computational 
tool. Knime was selected because it indicated higher 
accuracy than other freely available data mining tools: 
WEKA, Rapid miner, Tanagra, and Orange [16]. Second, 
Knime is an open-source and code-free analytic tool that 
interdisciplinary researchers might quickly adopt.   

B.  Data understanding and preparation 

Data were gathered from the "E-commerce Statistics 
2021" report officially published by the Indonesian statistic 
agency [1]. The report presents various aspects of e-
commerce published as an aggregate measure for 34 
Indonesian provinces. The selection of relevant e-commerce 
measures was conducted using an exploratory approach, 
consistent with data mining.  

After investigating the available measures, the four 
measures about gender, entrepreneur background, and e-
commerce sales were selected, as follows: 

• Percentage of male and female entrepreneurs in e-
commerce (2 categories) 

• Age distribution of e-commerce entrepreneurs (5 
categories) 

• Education background distribution of e-commerce 
entrepreneurs (4 categories) 

• Total sales distribution of e-commerce (4 categories) 

Each measure (variable) was transformed into two 
categories by considering the category values. For example, 
five categories of age (18-24, 25-34, 35-44, 45-54, >55 
years) were collapsed into under 35 years and over 35 years 
old. The value of the four variables is a percentage. For 
example, the percentage of women entrepreneurs was 60%; 
it means 40% were man entrepreneurs. Table 1 presents the 
description of variables.  

In addition, a measure of the e-commerce profile of each 
province was entered in data analysis. This measure is the 
percentage of e-commerce firms over total firms within a 
province, listed in Table 1 named size variable. The number 
of e-commerce firms of each province is displayed in 
descending order in Fig. 1. The plot shows that five 
provinces have a relatively considerable amount of e-
commerce. It is reasonable as all five provinces are on Java 
Island, where 55% of Indonesia's population lives.    

C. Modeling and Evaluation   

A Knime workflow was created for data modeling and 
evaluation, shown in Fig. 2. The four related variables to 
entrepreneurs have no classification; therefore, the analysis 
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adopted the unsupervised learning method. In this method, 
clustering analysis was suitable for those four variables. 
Outlier data is an important issue to handle before applying 
cluster analysis. Knime provides the Numeric Outliers node 
to treat the outliers from the data. Five provinces were 
removed from further analysis because they have outliers in 
one or more variables. Therefore, 29 objects (provinces) 
proceeded to further analysis. 

As the number of objects is not big, a simple cluster 
analysis k-means algorithm is appropriate. The number of 
clusters (k) should be determined in advance. The alternative 
cluster numbers were explored and evaluated through the 
Silhouette coefficient. It is a metric (value from -1 to 1) used 
to assess the goodness of a clustering technique. Table II 
displays the Silhouette coefficients of three alternatives of k, 
as 2, 3, and 4. The highest Silhouette mean score is for k=2. 
Hence, k-means clustering was determined with k=2. 

Visualization of variables provides information regarding 
the collinearity between variables. For example, Fig. 3 
displays the plot of four variables in ascending order of the 
percentage of women entrepreneurs in e-commerce. There is 
no collinearity; thus, cluster analysis is supported. 

TABLE I.    VARIABLE DESCRIPTION   

Variable 

name 
Measure description 

female Percentage of e-commerce with women entrepreneurs 

age 
Percentage of young e-commerce entrepreneurs (<35 years 
old)   

college 
Percentage of e-commerce entrepreneurs with tertiary 
education. 

sales 
Percentage of e-commerce with high total sales USD 
21,000a   

size Percentage of e-commerce over total firms within a province   

a USD 21,000 was converted from IDR 300 million 
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Fig. 1. The number of e-commerce among provinces.   

 

Fig. 2. Knime workflow.   

TABLE II.     MEAN OF SILHOUETTE COEFFICIENT 

k size per cluster  overall 

2 18; 11 0.293; 0.325 0.305 

3 13; 12; 4 0.204; 0.275; 0.205 0.234 

4 11; 6; 9; 3 0.228; 0.318; 0.149; 0.134 0.213 
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Fig. 3. A plot of four variables.   

IV. RESULT AND DISCUSSION   

A. Descriptive statistics  

The descriptive statistics of the five variables are 
presented in Table III. It should be remembered that the unit 
of analysis is a province. The percentage of women 
entrepreneurs among provinces has a minimum of 39% 
(Jambi prov.) and a maximum of 80% (Maluku prov.). The 
mean value of 58% indicates that women entrepreneurs have 
a higher percentage than men among provinces. 
Furthermore, the percentage of young entrepreneurs (<35 
years) who manage e-commerce was 38%. The percentage of 
e-commerce entrepreneurs attending college (from 1 year to 
doctorate program) was 29%. It means most entrepreneurs 
have formal education in high school or below. The sales 
variable indicates that e-commerce with revenue over USD 
21,000 was only 13% on average. Finally, the size variable 
suggests that, on average, 24% of firms adopted e-
commerce.     

B. Clustering 

Knime workflow was executed to group 29 provinces 
into Cluster A and B. Table IV presents 18 provinces in 
Cluster A and 11 provinces in Cluster B. The further issue is 
to verify which variables are significantly differentiated by 
two clusters. The ANOVA test was performed using the 
ANOVA node (Fig. 1) to examine whether the five variables 
differentiated two clusters. As shown in Table V, the result 
shows that all five variables significantly (p-values <0.05) 
determine both clusters.    

The Groupby node of the Knime workflow was used 
(Fig. 1) to identify which cluster has a higher or lower mean 
value. The result is presented in Table VI. For example, 
cluster B could be identified as a group of provinces with 
more women e-commerce entrepreneurs than men. 
Conversely, cluster A is a group of provinces with higher 
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men e-commerce entrepreneurs than women. Furthermore, 
Cluster B was characterized as more younger entrepreneurs 
with a college education than entrepreneurs in cluster B. 
Finally, the level of e-commerce with a higher sales category 
and the percentage of firms adopting e-commerce is higher 
among provinces in Cluster A than Cluster B. 

TABLE III.     DESCRIPTIVE STATISTICS 

Variable 
Min     

(%) 

Max 

(%) 

Mean 

(%) 

Std. deviation 

(%) 

female 39 80 58 10 

age 26 55 38 8 

college 14 42 29 8 

sales 6 21 13 4 

size 13 35 24 6 

TABLE IV.    CLUSTER MEMBERS  

Cluster A 

North Sumatra Riau Islands Central Kalimantan 

Riau West Java South Kalimantan 

Jambi Central Java East Kalimantan 

South Sumatra Yogyakarta North Sulawesi 

Lampung East Java North Maluku 

Bangka Belitung Isl  West Kalimantan West Papua 

Cluster B 

Aceh East Nusa Tenggara Southeast Sulawesi 

West Sumatra North Kalimantan Gorontalo 

Bengkulu Central Sulawesi Maluku 

West Nusa Tenggara South Sulawesi 
 

TABLE V.     TABLE TYPE STYLES 

variable F-score p-value 

female 9.18 0.005 

age 12.61 0.001 

college 31.54 0.000 

sales 18.94 0.000 

size 9.96 0.004 

TABLE VI.    TABLE TYPE STYLES 

variable 
cluster A  

(18 Prov.) 

cluster B  

(11 Prov.) 

Total 

(29 Prov.) 

female 0.35 0.60 0.45 

age 0.31 0.61 0.43 

college 0.37 0.78 0.53 

sales 0.59 0.26 0.46 

size 0.60 0.30 0.49 

 

C. Graphs 

The following visualization through scatter plots were 
aimed to find the relationship between two variables by 
looking at the distributed cluster members (provinces). Fig. 4 
presents Cluster A and B within the female vs. college 
variables. The x-axis indicates the percentage of women e-
commerce entrepreneurs. At the same time, the y-axis is the 
percentage of e-commerce entrepreneurs, at least having a 
college educational background. E-commerce firms in 
provinces of cluster B were likely managed by women 
entrepreneurs and had more college education. Prior studies 
in Malaysia indicated that formal education was a significant 
factor affecting women's entrepreneurial ventures in e-
commerce [17].       

Furthermore, Fig. 5 shows that women entrepreneurs 
likely managed e-commerce firms in provinces of cluster B 
and had more younger age entrepreneurs (< 35 years) than 
those in Cluster A.  Fig. 6 portrays that e-commerce firms in 
provinces of cluster B were likely managed by women 
entrepreneurs and had fewer e-commerce firms with high 
sales categories (over 21000 USD). Instead, provinces with 
e-commerce managed by men entrepreneurs were more 
likely to have higher sales.   

Fig 7, as the last figure, indicates that provinces with a 
higher percentage of women e-commerce entrepreneurs were 
likely to be provinces with a lower level of EC adoption. It is 
an important finding as more women entrepreneurs 
contribute to such conditions. Women have become a 
pioneer in e-commerce adoption. 

Overall, the findings revealed the critical role of women 
entrepreneurs in e-commerce. Young and more educated 
women entrepreneurs have been contributed to the 
development of e-commerce. This study supports a prior 
study investigating Indonesian women e-commerce 
entrepreneurs emphasizing e-commerce as a solution for 
home-based working, increasing market access, and 
improving business competitiveness [10]. Similar 
phenomena are likely taking place in some other developing 
countries. Furthermore, the findings support other studies 
confirming that e-business is a powerful tool in enhancing 
women's empowerment [18]. The success of women 
entrepreneurs in e-commerce was determined by possessing 
two capabilities: partnership development and digital 
marketing capability [19]. The current study provides global 
insight relating to the women entrepreneur in e-commerce. 
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Fig. 4. Scatter plot of female vs. college variables.    
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Fig. 5. Scatter plot of female vs. age variables.    
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Fig. 6. Scatter plot of female vs. sales variables.    
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Fig. 7. Scatter plot of female vs. size variables.    

V. CONCLUSION 

Women entrepreneurship in e-commerce has been 
studied in many contexts and methods. The current study 
presents a contribution as methodologically using official 
statistics for country-level analysis. Women entrepreneurs 
were characterized as having a younger age category and 
more college education than men. However, more e-
commerce with higher revenue categories was managed by 
men entrepreneurs than women.   Women entrepreneurs 
played significant roles, especially in provinces where e-
commerce adoption was low. The government promoting 
women’s empowerment might facilitate women to enter e-

commerce, especially in provinces where e-commerce 
adoption is low. The facilitation could be providing internet 
access, training for conducting business online, and business 
coaching. The government could cooperate with e-commerce 
platforms (marketplace) to provide facilitation, especially for 
women in rural areas. There is an opportunity to expand this 
research to other countries. In addition, the current study 
covered only five variables. Therefore, future work should 
examine other e-commerce variables such as operation and 
product category to capture a broader perspective.   
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Abstract— Reflective Frequency Selective Surfaces (FSS) with 

square loop shaped patches loaded with splits are proposed for 

multiband applications. A FSS with dual band response is 

proposed followed by another design with triple band 

response. The FSS unit cell designs differ in number of loops 

with splits. The triple band FSS exhibits stop bands near 2.4 

GHz, 4.8 GHz, 8.8 GHz with adequate -10 dB bandwidths of 

0.31 GHz, 0.55 GHz and 1.14 GHz respectively. Such response 

makes the FSS suitable for ISM band, C band X band 

applications. Various orientations of the split loaded loops are 

also studied and the studies are presented in the paper. 

Keywords- Dual-band, triple-band, frequency selective 

surface (FSS), loop, split, reflecting surface. 

I.  INTRODUCTION 

Frequency-selective surfaces are the alternative of 
conventional filters used in radio frequency circuits however 
for wireless applications. Similar to various filters in circuit, 
FSS may exhibit band-pass or band-stop frequency response 
depending upon the shape and orientation of the unit cell. 
Patch type FSS gives the response similar to bandstop filters 
whereas for attaining passband response, aperture type FSS 
is used. Patch type FSSs are also known as partially 
reflecting surfaces for their reflection phase close to 180° 
and reflection coefficient close to 0 dB at desired frequency. 
In the recent years, such periodic structures are being used 
for various multiband as well as wideband applications [16-
20] for the portable devices such as mobile phone, GPS 
locator, laptop etc. Such multiband response can be 
achieved by cascading multiple layers of the FSS with 
different shapes and dimensions of the unit cells. However 
such response can also be achieved by incorporating 
multiple patches in the unit cell with different shapes and 
dimensions. In comparison to the multiple layers of FSS 
with air gap, inclusion of multiple patches in the unit cell of 
a single layer makes the design simple, compact and easy to 
integrate.  

During the past few years, various works [1], [11-15] on 
FSS structures with band-stop characteristics have been 
studied to improve the performances and achieve multi-band 
or wideband response. A novel multi-band FSS was 
presented by B. Rahmati and H. R. Hassani [7] with four 
small square slots each loaded with multiple stub resonators. 
They terminated each stub resonator with a U-shaped 
section to miniaturize the unit cell. To increase the 
selectivity of the passband, they proposed multilayer 
structure with single sheet elements stacked. They 
fabricated the FSS can be at a low cost through printed 
circuit technology. A.L.P.S. Campos and others [2], 
presented a simple FSS cascading technique to achieve a 

designed with resonant frequencies at 9.5 GHz and 10.5 
GHz. Later, both the FSS screens were cascaded and 
separated by an air gap layer to achieve the dual-band 
response. The authors have shown that with the variation in 
the air gap separation, the error between the HFSS 
simulated and practical measured results were also varied. 

In this paper, design methods and analysis of structures 
related to present research work based on loop-shaped patch 
type FSS loaded with the slot on four sides (Loop with split 
ring-shaped slot) are discussed theoretically as well as 
practically in some cases. Some studies on band-stop 
frequency selective surface are presented, whereas the use 
of different FSS structures with band-reject filtering 
properties is also demonstrated. All the designs have been 
simulated with HFSS EM simulator that uses Finite Element 
Method (FEM) for analyzing the structures.  

II. DUAL-BAND FSS 

In this section the design of a patch type FSS with two 
square loops loaded with splits in the unit cell is presented. 
The FSS is designed to achieve dual band response with 
bandstop characteristics. 

A. Design 

Three dimensional array of the FSS is shown in the Fig. 
1 whereas the unit cell of the double square loop FSS is 
shown in the Fig. 2 along with the dimensions.   

 
 

Fig. 1. A Three Dimensional view of the FSS layers. 

 
 

Fig. 2. Unit cells of the dual band FSS with dimensions (in mm) 

978-1-6654-7886-1/22/$31.00 ©2022 IEEE

dual-band  response.  Initially,  two  separate  FSS  were
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The proposed FSS unit cell consists of two square loops 
with splits cut on them. Square loop shaped patch is chosen 
in order to achieve wide bandwidth in each frequency band. 
The split is chosen in order to achieve fine tuning of the 
resonating frequency. Square loop unit cell generally has a 
side length on the order of λg/4 where λg is the guided 
wavelength at desired frequency. However with the split in 
the loop as shown in Fig. 2, the loop resonates with the 
overall length of the split loaded loop on the order of λg/2 as 
given by the following equation. 

 
 

(4Lo – go) = 
��

�×��×�(	�
�)/�
        (1) 

 
 

Where C0 is the speed of light in free space (3×108 m/s), fr is 
the desired resonating frequency and εr is the relative 
permittivity of the dielectric. Dimension of the outer loop is 
calculated using (1) for 2.4 GHz and then optimized to 
achieve desired response. The inner loop dimension is 
evaluated similarly using (1) for 5 GHz. However the 
dimension is the optimized to achieve desired frequency. The 
loop and split dimensions are Lo= 8.8 mm, Li= 5.7 mm, go= 
gi= 1 mm. The FSS is designed above FR4 substrate with εr= 
4.4 and loss tangent of 0.02.  

     
 

           (a) Similar orientation                       (b) Opposite orientation 
Fig. 3 Different orientation of the split loaded loops in FSS unit cell 

B. Characteristics of the FSS 

The proposed unit cell of the FSS is analyzed using 
ANSYS HFSS for studying its characteristics. The 
investigation is performed for different orientation of the 
FSS loops having splits as shown in the Fig. 3. The 
transmission (S21) and reflection (S11) coefficients of the FSS 
for similar and opposite orientations are shown in Fig. 4 (a) 
and (b) respectively.  

 
(a) 

 
(b) 

Fig. 4 Transmission (S21) and Reflection (S11) coefficient of the FSS for (a) 
similar orientation (b) opposite orientation 
   

It can be observed that the proposed FSS exhibits dual-
band response with resonance near 2.4 GHz and 5 GHz with 
small frequency shifts. The transmission level is below -10 
dB reference level in both the bands with the reflection level 
close to 0 dB leading to bandstop response as desired. The 
bandwidth in both the bands is listed in Table I. As can be 
observed from Fig. 4 the FSS with similar orientation of the 
loops exhibits narrow bandwidth for the second band with 
poor reflection level and this is also evident from the Table I. 
However for the FSS with oppositely oriented loops the 
bandwidth and reflection level in both the bands are 
significant. Thus the opposite orientation should be preferred 
for dual band applications. 

TABLE I. CHARACTERISTICS OF DUAL-BAND FSS FOR DIFFERENT 

ORIENTATIONS OF UNIT CELL LOOPS 

Orientation Resonance (GHz) -10 dB Bandwidth (GHz) 

1st band 2nd band 1st band 2nd band 

Similar 2.6  4.8  0.54  0.18  

Opposite 2.35  5  0.32  0.69  

 
The surface current density on unit cell of the oppositely 
oriented FSS is shown for the frequencies of 2.35 GHz and 
5 GHz in the Fig. 5 (a) and (b) respectively. The current on 
the outer loop is more than that in the inner loop at 2.35 
GHz whereas the situation is reverse for 5 GHz where the 
current on the inner loop is more.   

 

 

                                       (a) 2.35 GHz                          (b) 5 GHz 
Fig. 5 Surface current distribution on dual band FSS unit cells 

III. TRIPLE-BAND FSS 

A multiband FSS with bandstop response is realized in 
this section to achieve three stop bands with adequate 
separation between the transmission zeros.    
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A. Design 

The proposed FSS is designed with the similar 
methodology followed in the previous section. In the 
proposed FSS unit cell three square loops are used with 
splits in each loop as shown in the Fig. 6.    

 
Fig. 6 Unit cell of the triple band FSS with three split loaded loops 

 

As shown the unit cell consists of three square loops with 
split in each loop. The outer and middle loop has the 
dimensions as was discussed in the previous section. The 
inner most loop dimension is evaluated using the similar 
concept as used in (1) for the frequency of around 9 GHz 
that falls in the X band. The dimension after calculation is 
further modified in order to incorporate the effect of the 
coupling between the loops and larger periodicity of the 
inner most loop. The loop has a side length of p= 2.6 mm, 
loop width w= 0.4 mm and a split gap of g= 1 mm.  
 

     
                    (a) orientation 1                              (b) orientation 2 

     
                                      (c) orientation 3                                                     

Fig. 7 FSS unit cells with various orientations of the loops with splits  

B. Characteristics of the FSS 

The proposed FSS is investigated using ANSYS HFSS 
for various orientations of the three loops as shown in the 
Fig. 7. The transmission (S21) and reflection (S11) 
coefficients are shown in the Fig. 8 for various orientations 
of the split loaded loops. It can be observed that the proposed 
FSS exhibits triple band response with three transmission 

zeros leading to bandstop response which makes the FSS a 
reflecting surface in the three bands.      

 
(a)  

 
(b) 

 
(c) 

Fig. 8. Transmission/ Reflection coefficient of the FSS with three split 
loaded loops for (a) orientation 1 (b) orientation 2 (c) orientation 3 
 
The resonating frequencies with lowest transmission level 
and reflection level close to 0 dB are shifted owing to change 
in the orientation of the loops in the unit cell of the FSS. 
Apart from that, the reflection level gets improved in the 
second band (with decrease in the transmission level) when 
the orientation of the three loops are opposite to each other 
(Fig. 7(c)) as evident from the Fig. 8. The resonating 
frequencies and -10 dB bandwidths in the three bands for the 
three orientations are listed in the Table II for reference. 

TABLE II. CHARACTERISTICS OF TRIPLE-BAND FSS FOR DIFFERENT 

ORIENTATIONS OF UNIT CELL LOOPS 

Orientation Resonance (GHz) -10 dB Bandwidth (GHz) 

1st 
band 

2nd 
band 

3rd 
band 

1st 
band 

2nd 
band 

3rd 
band 

1 2.65 4.74 8.9 0.54 0.13 0.72 

2 2.63 4.67 9.04 0.51 0.09 0.67 

3 2.36 4.8 8.8 0.31 0.55 1.14 
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It can be observed in Table III, the FSS for orientation 3 
(Fig. 7 (c)) gives best response among the three apart from 
the narrowing of the bandwidth in the first band by a small 
amount. The surface current distribution on unit cell of the 
triple band FSS is shown in Fig. 9 at the three resonating 
frequencies for the orientation 3. The current is mainly 
concentrated in the outer loop at 2.36 GHz, in the middle 
loop at 4.8 GHz and in the inner most loop at 8.8 GHz.    
 

   

(a) 2.36 GHz 

  

                          (a) 4.8 GHz                               (b) 8.8 GHz 
Fig. 9. Surface current distribution in unit cell of the FSS structure 

IV. CONCLUSION 

   Two reflective Frequency Selective Surfaces with bandstop 
response in multiple frequency bands are proposed in this 
paper. The first design of the FSS with two split loaded 
square loops exhibit dual band response close to 2.4 GHz 
and 5 GHz and thus is suitable for ISM band applications. 
The second design of the FSS with three split loaded square 
loops in the unit cell offers triple band response close top 2.4 
GHz, 4.8 GHz and 8.8 GHz covering the ISM band as well 
as X band. It can be concluded from the studies that with 
opposite orientation of the loops adequate transmission 
response is achieved in terms of transmission level, 
bandwidth.  
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      Abstract: This paper describes the authentic AI application 

using the computer vision model in the automotive sector, to 

find out the error in the automobile by scanning the picture or 

dashboard and vehicle parts. Since the automobile has begun a 

complex system over the years and it became very difficult to 

know and understand each part of its function. So, this AI 

application would help automobile owners and users to find out 

the system errors when in case the automobile has gone bad and 

not functioning in the middle of the fleet. The automobile is a 

fascinating innovation of the last two centuries and more and 

more developments have been seen in this sector. The safety and 

performance increased so drastically by the introduction of 

processing the functions through electronics and software 

sensing and actuation, thereby the complexity of the vehicle 

been increased and self-diagnosis of errors and automobile 

service been the huge opportunity there and been addressing 

and lots of gaps still in the addressable area. This paper 

describes such gap-filling applications in the automobile service 

sector using AI applications. 

     Keywords: Automobile, AI, Computer vision, 

Recommendation, Smart car assist. 

 

I. INTRODUCTION 

Artificial intelligence can be applied universally across 
multiple domains of automotive engineering. Be it design, 
supply-chain, factory production or services that are 
provided after production. There are also some AI 
applications that involve “driver assistance” or “driver risk 
assessment” which don’t pertain to vehicle but improve the 
driving experience in general. There are also services that 
help gauge the maintenance and the condition of the car well 
in advance to prevent any last minute mishaps[1]. Problems 
related to the state and condition of the engine, the working 
of the battery, etc can be foreseen using AI. As the world 
move towards self-driven and connected cars AI role become 
much larger. AI auto market is expected to be 27 billion USD 
in hardware, software, and services sector. Chatbots are 
programmes designed to extract or infer the meaning of user 
responses. A simple chatbot can perform based on simple 

one-line response (in the simplest case, a “Yes or No” 
response). A sophisticated, state-of-the-art chatbot can infer 
a complicated or elaborate response [3]. Chatbots have been 
deployed by many companies on messaging apps like 
Whatsapp, Facebook, etc in order to meet the demand of 
24*7 service that is required by customers today [5]. 
Facebook, with its messenger function, has enabled many 
companies reach their prospective customers using AI to 
analyse user data and preferences.  

For an industry, even a few negative customer experiences 
are sufficient to cause a significant drop in revenue as they 
face a reduction in number of potential customers. A report 
by Business Insider states that “60% of US customers have 
declined purchase of product due to poor customer service.” 
Even though this was just US customers, it costs the 
company billions of dollars’ worth potential revenue. 
Customer service chatbots focus on multi-step processes or 
input parameters to better aid customers more quickly, rather 
than asking multiple questions. The built-in natural learning 
processing (NLP) allows chatbots to understand and handle 
customer requests faster. 

II. EXISTING DATA SCIENCE APPLICATIONS IN 

THE AUTOMOTIVE SECTOR 

The field of automotive engineering is not new to the 
applications of data science. The idea of using of ML to 
perform autonomous, connected driving experience had 
crystallized by 2015. Analyzing a high volume of customer 
feedback has been practiced across multiple industries, 
including the automotive.  

A. Data collection applications  

At a high level of abstraction, the value chain in the 
automotive industry can broadly be described with the 
following subprocesses:  

1. Development  

2. Procurement  
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3. Logistics  

4. Production  

5. Marketing  

6. Sales, after-sales, and retail  

7. Connected consumer  

Each of these areas already features a significant level of 
complexity, has their own data collection methods using 
sensors, cameras and feedback/reviews collecting platforms. 

B. Information dissemination applications   

In general, data is collected in a number of different ways. 
Tools such as GPS, proximity sensors, cameras have been 
installed in many vehicles [7]. Capturing real-time data 
insights from these tools, data is then extracted and 
combined together to provide services. These services allow 
telematic-service-providing companies, car insurers, and car 
leasing agencies to predict movement of cars[8]. Companies 
can use this information to simulate certain business models 
and thereby understand the demand-supply for their products 
and services. This gives companies’ customers more 
customized and personalized experiences. A whole new 
ecosystem, enhancing user experience, is created around the 
usage of this data[9]. 

In general, there are three different types of big data – 
Structured, Unstructured and Semi-structured. Let us 
understand each one of them. 

Data that is highly organized in nature, i.e., has a definite 
number of attributes for all its entries is called structured 
data. It’s well-defined nature eases the process of storage and 
retrieval. A RDBMS(Relational Database Management 
System), would be the most typical method for storing 
structured data. A simple example of structured data would 
be school records for a particular batch. They would contain 
the student roll number, the address, contact info, grades, etc 
in a list for all students of a given batch. 

Contrary to the highly well-defined nature of structured data, 
unstructured data is the type of data that lacks a predefined 
model[10]. Structured data is best exemplified by records, 
while unstructured data could be in form of texts, images, 
video, etc. This type of data is usually stored in a non-
relational database such as Not only Structured Query 
Language (NoSQL). Therefore, the processes such as storage 
and retrieval are much more difficult with unstructured data 
[22]. Although, the amount of structured data available for 
usage in comparison with unstructured data is very 
miniscule, there are more tools to process structured data 
compared to unstructured.  Commonly used examples of 
unstructured data are emails and other communications. 
However, since we are referring to the automotive industry, 
here’s another fun fact: Intel estimated that a car in its eight 
hours of operation/movement[11] generates terabytes of 
data. This data, collected from sensors, telemetry, 
accelerometers and many other devices, can be analysed and 
one can come up with calculations or adjustments that would 
enhance the driving safety. 

 

Semi-structured data is a hybrid of structured and 
unstructured data. This type of data only makes up about 5%-
10% of all the data. Modern databases can store both 
structured and unstructured data together, making them 
semi-structured. A few examples of semi-structured data are 
the Extended Markup Language (XML) and open standard 
JavaScript Object Notation (JSON). 

 

Reuse of legacy systems to store structured data is highly 
preferable due to its high efficiency and low cost [21]. A 
structured form of data means clean, meaningful, reusable 
data that is easier to manage. It is easier to adapt to storage 
information in a structured form than making repetitive, 
expensive attempts at using unstructured data. 

C. Algorithmic data analysis and decision support 

applications 

The algorithmic data analysis can be broadly divided into 
four levels as shown in Figure 1. At the highest level, we 
have prescriptive analysis, which, in essence, is performed 
when one has a situation that requires good decision-making. 
A simplified way of thinking about prescriptive analysis is 
the question “What should I do?”  [12].One level below this, 
in terms of usability in AI, would be predictive analysis. This 
analysis can be inspired by the question “What will 
happen?”. The lowest two levels of analysis in AI are 
diagnostic and descriptive analysis, which basically answers 
the questions “What happened?” “How it happened?” “Why 
it happened?”  and so on.  

 

Figure 1. Four levels of data analysis in AI 

 

 

Figure 2. Data collection in Automobile supply chain. 
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III. A SPECIFIC EXAMPLE – AI IN AUTOMOTIVE 
SERVICES 

There are many mobile applications that are being used today 
for consumer services. One such category that we have 
selected is people using /driving cars. We have some car 
users in a situation where car stops in the middle of the road 
and they need an urgent help. Today they need to keep 
calling till the right help is available. This is required most 
by older and younger drivers[13]. We have designed a 
mobile application that will be available to provide help with 
AI module. The SmartCarAssist solution provides an 
intelligent and timely help to anyone driving alone [18], 
silent hours and also provides contacts of closest service 
provider. This will be available as a mobile application 
where user can send a scan of dashboard and the AI based 
solution will be able to response to this in few minutes[15]. 
This will also have Text enabled service for the user to be 
able to get useful guidance. The problems that are very 
critical these applications will provide contact of closes 
service provider based on the location of mobile 

Maintenance Recommendations  

By recording the data related to previous events that have 
happened to the vehicle, ML algorithms can be used to 
provide evolving recommendations to drivers about vehicle 
maintenance. The information about past occurrences of a 
certain event can be exploited in order to gather insight about 
the frequency of this event and predict its occurrence in 
advance [17]. By gathering insight pertaining future 
breakdown, the driver can be warned ahead of time to have 
his vehicle repaired. 

Reimagining service through SmartCarAssist 

SmartCarAssist allows a customer to find a quick solution to 
customer problem by utilizing AI. Most BOT use some form 
or AI to understand customer query and respond accordingly. 
However due to set of problem which are unique to 
automotive industry a simple chatbots cannot facilitate 
customer problem on the go. Less than 7% Indian speaks 
English, while the number for commercial driver is way too 
less. India has more than 300million vehicle and more than 
750M smartphone users. A vehicle brand with customer all 
over India will have massive challenge supporting such 
multi-lingual customer through chat. Having a multi-lingual 
support center will again be a massive cost for such 
organization. By introducing Media other than chat for 
support and using AI for identifying issue and providing 
solution, SmartCarAssist provide cost saving like never 
before, customer engagement and customer satisfaction to a 
global automotive. 

 

A. Data source and data collection process 

The data is picked from  

1. Kaggle .com 

2. Build /Enhance the data with Automobile engineers  

3. Build /Enhance the data with Servicing team (vendor 
specific) 

4. Images from Database 

5. 1000's of samples - Videos to Frames from different angles 

6. Labelling the data in the model  

7. Mapping each entry with appropriate responses  

8. Correlating each response with appropriate products  

9. Transfer learning for Model Development 

 

B. SmartCarAssist – Information and Services 

SmartCarAssist solution is an advanced car-assist AI mobile 
application for providing services to users while their car got 
breakdown in the middle of the journey[16].  The state-of-
the-art SmartCarAssist computer vision and chatbot AI 
algorithm will foster diagnosing the Dashboard errors to user 
by just taking the snap of the dashboard. It gives information 
about the errors and enables users with data of nearby service 
stations information who would real solve a particular error 
of the car[19]. This feature enables customer’s experiences 
during the break down of the car to provide right information 
and possible to solution to overcome the situations quickly 
and efficiently. Our Endpoint solutions will solve customer 
pain points and enables users to come out from the 
inconvenience situation of car break down. Our Smart APP, 
scans the car dashboard[20] and provides quick information 
about the car diagnosis data. With this data, application 
further enables users below services. 

● Silent Serviceability: Extended serviceability information 
over silent hors of the day and remote places.  

● Generative Adversarial Mobile Network: Ability to 
identify hitherto unknown errors through constant training of 
detection algorithm using the self-learning capabilities and 
connected mobile network.  

● Self-improvement: Organic ability to improve detections 
by itself as a combination of self-learning and real data-based 
recalibration of the model 

 

1. Customer Services BOT for Automotive Industry 

Chatbots have enhanced consumer experience in many 
industries. Here we discuss their roles in the automotive 
domain.  

 

2. 24*7 Onsite Messenger 

The industry is required to demonstrate convenient 
accessibility in order to provide best consumer experience. 
The automotive chatbots efficiently help the dealer to catch 
the ever-evolving understanding of the customers. Chatbots 
can answer this requirement of continuous availability round 
the clock. Customers have the liberty to interact with the 
representatives, along with receiving dedicated support from 
chatbots.  

 

3. After-sales service 
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After-sales service comprises of providing a quality 
consumer experience post sale. Dealers could be involved in 
more sales and the service stations could have a  large queue 
customers, if it is not organized correctly. In such a scenario, 
the automated chatbots can help organize schedules that 
allow customer service to be delivered in a convenient 
manner. When a customer schedules an appointment, they 
also need to know the estimated cost and delivery time. 
Although these tasks might look minimal, however, they 
create an enriching and valuable customer bond. Automotive 
industry, due to the nature of their product, is one that 
generates good revenue from customer maintenance services 
rather than just sales.  

4. Service Plea 

As stated earlier, chatbots can automate the process of 
communication with customer. It can interact with the 
customer, capture the required data, and set up the service 
request forward. The staff members can furthermore view 
the appointments and form the plan accordingly. 

As per a survey by Capgemini, conducted on 12000 
consumers along with 1000 executives from varied 
industries, it was seen that 50 percent of automotive 
companies make use of AI-enabled chat or chat assistants to 
engage the customers actively. 

 

C. Algorithmic data analysis and decision support 

The data analysis for this portfolio will require analysis of 
images from different angles and isolation and labelling of 
each image with the right issue. Then along with Domain 
experts and Service providers each issue is going to be 
mapped to an appropriate response. This response will be 
enhanced to include the products required to fix and service 
providers in the area best known for the mentioned service. 
This model will also record the new issues for which it will 
directly provide a global helpline that will offer verbal 
support and guidance to the vehicle owner. Such new issues 
and identified responses will be analysed[23] and fed into the 
model from time to time by a small maintenance team. The 
team on ground could provide different enhancements – like 
depending on the problem identified associating - ‘Towing 
Service, Car booking facility specific to the area (pin code) 
where the issue is identified. 

This product will be developed in iterations where in first 2 
iterations, an improvisation on the range of issues getting 
identified will be improvised. And then as next steps - 
Linking to Best Product vendors, Best Service Providers and 
Towing service, Car booking options based on identified 
area of issue will be added. 

  

D. Model and algorithm  

Convolutional Neural Networks (CNN)[9] can be used to 
perform operations like filtering, image classification, object 
detection, image segmentation, etc on an input image Apart 
from doing image processing and manipulation operations, 
recent machine learning techniques make it possible for 
engineers to augment the image data as well. 

Fig 6 provides the overall flow of SmartCarAssist. The first 
step is to create a database of dashboard images labelled 
appropriately with their implied errors. This will create a 
reference for a CNN, which can then compare the 
customer's use-case. On finding an accurate match between 
the customer's issue in the reference database, which will be 
done using CNNs, the SmartCarAssist would provide a set 
of questions to the user to confirm the issue. The responses 
to these questions will be analyzed to provide a set a set of 
solutions to the user. 
 

The mobile application will also identify the location of the 
vehicle and have a model that associates service providers 
with the pincode. This will then share the appropriate service 
providers in the area to the user. 

 

E. Annotation Tools  

1. SuperAnnotate 

 It is an AI-powered image and video annotation platform 
that can be used in conjunction with OpenCV. 

Allows users to create high-quality training datasets 
providing annotations for computer vision tasks. 

It eases design of project work and distribution of tasks 
among teams. 

Building large projects at scale. 

Using active learning to accurately annotate images. 

Annotations automation for predefined classes. 

Transfer learning to predict new classes. 

Use of QA automation to detect mislabelled annotations. 

Allows users to view analytics to track the annotation speed 
and quality. 

 

2.LabelBox 

Labelbox is a sophisticated platform with all the tools 
required for AI-enabled labelling of image data and text data, 
Has accessibility to a powerful API, along with Python SDK 
for extensibility. 

It is highly recommended for commercial solutions which 
require creating and lebelling quality training data that 
comprise of image and texts. A standardized way for 
organizations to collaborate on the creation, manage, and 
review of data. Automation labelling to reduce costs, 
enhance the speed with QA.  

3.Playment 

Playment helps ML teams build high-quality training data 
for solutions in image, video, and sensor annotation. It also 
supports API integration to ML pipelines and GT Studio. 
Has the best-in-class annotations for Lidar and Radar. A 
standardized way to manage high-quality training data for 
computer vision tasks. Has a Ground-truth Studio to serve 
data labeling for creating diverse, high-quality ground truth 
datasets at scale streamline data pipelines to enable faster 
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development of AI systems. Auto-scaling Workforce, 
provisions for customized use cases. 

 

IV. DATA SCIENCE AND CONNECTING VEHICLE 
SECTOR WITH OTHER SERVICES 

Data science is undoubtedly scaling mobility across the 
automobile and manufacturing industries today. It has played 
a vital role in reducing the production cost. The induction of 
data analytics into business models significantly increases 
the quality of analysis as it helps the analysts identify key 
areas wherein the performances can be optimized. By storing 
large amounts of data related to past performance, one can 
provide insights about the future performance. For instance, 
with the assistance of IoT [24], a vehicle can be connected to 
multiple devices which can gauge the working condition of 
the car. The technology allows different “connected 
networks” to communicate with vehicles, such as other cars 
on the road, mobile phones, and even city crossroads, which 
could be the first step in the direction of driverless cars. Data 
science plays a key role in every step of automotive product 
lifecycle: 

A. Product development stage: 

Data science in automotive begins with product 
development. Data science is used for tasks like analysing 
new model configurations and modelling component part 
reliability. Data science enables full system simulation as 
opposed to isolated unit testing, thereby increasing the 
reliability of the end-product.  

B. Data science drives excellence in manufacturing: 

One of the key responsibilities of automotive data scientists 
is to ensure that only high quality products are provided to 
the end-users. While engineers can test the quality of each 
vehicle, this has to be performed on an individual basis for 
each vehicle. Data scientists can analyse an entire population 
of parts, suppliers, and test data. A close inspection of the 
financial performance of suppliers - predicting their ability 
to deliver on time given past performance, in conjunction 
with econometrics, can provide sufficient information to 
gauge the overall condition of the supplier 

 

  

C. Data science drives connected and autonomous vehicles: 

Autonomous vehicles are highly dependent on data science 
for functioning correctly. Data science would be necessary 
in order to record the internal statistics of the vehicle, like 
fuel gauge, battery life, engine condition, etc. But that’s not 
all, Data science would be very crucial in sensing the 
immediate external environment of the vehicle as well. It 
would not be sufficient to just detect the presence of an 
obstacle. The algorithm must detect what the obstacle is 
(person, car or animal) and must also come up with the most 
appropriate safety response. It is also imperative that the 
algorithm takes the safety of driver and passengers into 
consideration as well. 

D. Data science drives sustainability initiatives: 

Sustainability is a key factor for all automotive 
manufacturers. Governments set targets for fuel efficiency, 
but each auto company has its own goals. And each vehicle 
has a different fuel efficiency, so data science is necessary to 
optimize the fuel efficiency of a company’s entire line of 
vehicles[25]. For instance, if a company offers both a large 
gas-guzzling pickup truck and an electric car in its product 
line, automotive data scientists can perform an optimization 
to minimize the fuel consumption of the entire fleet while 
adhering to the company’s global sales targets. Such effort 
into optimization is usually appreciated by the governments 
and therefore allows industries to claim “fuel efficiency 
credits” from the government. This allows an industry to 
generate more income, while showing their sustainability 
with respect to the environment. With our idea of training the 
algorithm, reaching out to service providers, having the issue 
diagnosed with the help of integrating with bot. Once the 
business improves and we have a series of customers, big 
data can play a role to boost the efficiency and start providing 
market intelligence. 

 

Figure 3. Autonomous Driving Ecosystem 

courtesy: https://www.equinix.com/resources/whitepapers/iot-connected-
multimodal-mobility 

Fleet management is perhaps one of the biggest beneficiaries 
of IoT and connected vehicles technology for Faster 
Improvement: - Light vehicles or heavy-duty are already 
packed with sensors and technology. IoT is therefore of 
utmost importance in maximizing the usage of the leading 
fleet management technologies, such as GPS and OBD (on-
board diagnostics). By leveraging these technologies, 
companies can effectively extract information from their 
fleet about routes, maintenance requirements, and driving 
conditions in real-time. 

Faster Decision-Making in Real Time: - A fleet management 
system that has been properly implemented IoT, enables fleet 
managers to use real-time resources and make well-informed 
decisions on the go. Quick decision-making, especially when 
dealing with changing customer agendas or unexpected 
events in a chain of events, is crucial to reduce potential 
“speed bumps” that can affect deliverables and ultimately the 
business’ bottom line the inclination towards IoT, 
automation in automotive industry is growing fast and the 
car manufacturers are now realizing the importance of 
automation. 

McKinsey Automation survey from 2018 states that 57% of 
1000+ institutions have already began the implementation of 
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fleet management, while another 18% are looking to initiate 
it in near future.  

The adaption of automation in connected cars have already 
started showing benefits, to name a few like:  

 

• Distinctive insights: Additional factors help gauge and 
predict driving performance accurately.  

• Faster service: The service processing time reduced 
drastically 

• Flexible operational time: Ability to operate 24/7 based on 
requirement  

• Improved quality: Combines the conventional individual 
unit checking with the detailed analysis of supplier by data 
scientists to provide a very accurate insight. 

 

V. APPENDIX 

 

Figure 4: Typical CAR dashboard indicators/error lamps 

Courtesy: https://mechanicbase.com/cars/dashboard-symbols-warning-
lights/ 

 

Figure 5: Typical CAR dashboard with indicators/error lamps 

Courtesy: https://mechanicbase.com/cars/dashboard-symbols-warning-
lights/ 

 

Figure 6: Process Flow of SmartCarAssist 

 

Figure 7: Error Handling block in SmartCarAssist process flow 

 

Figure 8: Usecase of SmartCarAssist 

 

 

Figure 9: Development road map 

 

 

Figure 10: Application development cost 

Note: costs in INR. 
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     Abstract—Customer satisfaction is a key metric for any 

company providing products or services. A great deal of customer 

satisfaction is directly related to the support provided by the 

company to its customers. This paper describes an automated 

solution to achieving good customer support. The focus is on an e-

commerce industry selling various electronics components such as 

sensors, micro-controllers and actuators. One of the key challenges 

is in the large variation in the types of queries and possible 

solutions. Different NLP based data exploration techniques are 

employed before moving on to exploring different model 

architectures. The solution described in this paper is based on a 

Seq2Seq LSTM model with Attention. The data from a private 

company is used and an evaluation accuracy of about 0.90 is 

achieved. However, this could be misleading since the dataset is 

very small, and additional evaluation metrics need to be measured 

and compared. 

   Keywords—chatbot; customer support; sequence to sequence nlp; 

lstm; attention 

I.  INTRODUCTION 

Customer satisfaction is a key metric for any organization 
providing products or services as it is directly tied to the 
retention of existing customers and acquiring new customers to 
successfully grow. A great deal of customer satisfaction is 
directly dependent on the kind of support provided by the 
organization both pre-sale and post-sale. Excellent support 
directly translates to happy and satisfied customers that would 
be loyal to the organization’s products and services and at the 
same time would highly recommend the organization to their 
peers aiding in the organization’s growth. A great deal of 
customer support lies in service tickets and live chat support 
where-in customers expect quick answers irrespective of the 
time of day, attempting to achieve this manually has several 
drawbacks, the team required to handle all the service tickets 
within a satisfactory timeline would have to grow linearly with 
the customer base of the organization, additionally, multiple 
teams would need to be hired to handle rotating shifts, and to 
top it off the kind of work involved is quite menial which results 
in the manual team easily getting bored over time and unable to 
perform at their best as they face all kinds of customers in 
different moods. Also, a manual ream would be required to have 
the knowledge of all the organization’s products and services or 

the resolution time of the request is again affected by redirecting 
the customer between different departments thereby testing the 
customer’s patience and satisfaction.  

To this end, a lot of work has been researched and done in the 
general domain of building both rule-based and automated 
chatbots to alleviate and handle the issue more efficiently. In 
this paper, we attempt to build an automated chatbot for an 
electronics-based e-commerce store based on past email 
conversations between agents and customers. Some of the 
supporting work on which this paper builds is described below. 

In the paper, “Building a Question and Answer System for 
News Domain”, Sandipan Basu[1] et al. predicts answers, 
where passages are news articles and questions, can be asked 
against it. The SQuAD 2.0 (Stanford Question and Answer 
dataset has been used for training different model architectures. 
At a high level, the model consists of three layers - Embedding 
Layer, RNN Layer, and Attention layer. Various combinations 
of Embedding, LSTM, and attention layers have been compared 
and analyzed. The best performing model identified uses GloVe 
Embedding combined with Bi-LSTM and Context to Question 
Attention achieving an F1 Score of 33.095 and EM of 33.094. 
The transformer-based model using BERT achieved an F1 score 
of 57.513 and EM of 57.513. The model is more focused on 
factoid-based questions such as name, date, and location. There 
is an assumption made that the answer exists in the passage P 
always as a contiguous text string and the model returns the start 
and end tokens of the answer as the result. 

In the paper, “Conversational Machine Comprehension: a 
Literature Review”, Somil Gupta[2] et al. studies and compares 
different CMC models emphasizing on recently published 
models specifically on the approach to tackle conversational 
history. It synthesizes a generic framework for CMC models 
and highlights the differences in recent approaches serving as a 
compendium for future researchers.It describes that the study of 
Conversational AI (ConvAI) systems is at the confluence of 
Natural Language Processing, Information Retrieval, and 
Machine Learning. It goes on to further explain that ConvAI 
consists of three major research problems - Question 
Answering(provide answers to queries through text snippets, 
web documents, knowledge base), Task 
Completion(accomplish tasks through information acquired 
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from conversation) & Social Chat(emulate humans & converse 
seamlessly & appropriately with users, as in the Turing test).It 
terms CMC as a machine comprehension dialog which involves 
multiple co-referenced questions such that latter questions may 
be a logical successor of the former. It describes two large-scale 
multi-turn conversational datasets: CoQA and QuAC.It 
describes a generic framework of a CMC Model which consists 
of a History Selection module (choses a subset of history turns 
based on a policy that is expected to be more helpful than 
others), Encoder(transformation and combination of context-
independent word embeddings called lexical embeddings such 
as GloVE),  Contextual Integration Layer(Contextual 
information accumulated in the passage, query and/or history 
embeddings need to be fused to generate query-aware and/or 
history-aware output embeddings) & Output Predictor(predict 
the output in the form of text span, signals like dialog or free-
form answer, to get the token-level output, a fully-connected 
network followed by softmax layer is generally used for per-
token probability or start/end probability). 

In the paper, “Survey on Chatbot Design Techniques in Speech 
Conversation Systems”, Sameera A. Abdul Kadeer and Dr. 
John Woods [3] compares design techniques from nine 
carefully selected papers based on designing chatbots. It goes 
on to describe a chatbot being divided into 3 parts, the responder 
(plays the interfacing role between the bot’s main routines and 
the user), classifier (co-ordinator between responder and 
graphmaster - pre/post processing) and graphmaster (organising 
content, storage & holding pattern matching algorithms). It 
mentions the fundamental design techniques and approaches as 
Parsing, Pattern matching, AIML, Chat Script, SQL & 
relational database, Markov Chain, Language tricks and 
Ontologies. It describes how speech analysis can be divided into 
three stages: voice recognition and conversion to text, text 
preprocessing and response and action taking. It specifies that 
the main parameters which affect human computer interaction 
quality in conversational design systems are , the techniques 
used to analyse the text using different grammar sets to produce 
keywords, pattern matching techniques used inside the chatbot 
(and depend on a variety of database access techniques) and the 
type of response according to the specific application. The paper 
also goes on to mention various fields and applications where 
chatbots are widely used such as health care and education. It 
also summarizes the significant improvements and 
contributions made. 

In the paper, “Lingke: A Fine-grained Multi-turn Chatbot for 
Customer Service”, Pengfei [4] et al. presents Lingke, an 
information retrieval augmented chatbot which is able to answer 
questions based on a given product introduction document and 
deal with multi-turn conversations. It introduces a fine-grained 
pipeline processing to distill responses based on unstructured 
documents, and attentive sequential context-response matching 
for multi-turn conversations. It cites examples showing how 
dialogue and interactive systems have huge commercial value 
especially in the e-commerce field. It goes on to explain the two 
main challenges, ie., lack of dialogue data and poor 
performance for multi-turn conversations. Lingke can learn 
knowledge without human supervision from conversation 
records or given product introduction documents and generate 
proper response, it alleviates the problem of lacking dialogue 
corpus to train a chatbot. It uses Apache Lucene to select top 2 
sentences most relevant to the question & extracting subject-
verb-object(SVO) triples from them to generate a set of 
candidate responses. It adopts a dialogue manager including 

self-attention strategy to distill significant signal of utterances 
and sequential utterance-response matching to connect 
responses with conversation utterances which outperforms all 
other models in multi-turn response selection. The technical 
components of its architecture include coreference resolution 
and document separation, target sentence retrieval, candidate 
responses generation followed by a dialogue manager 
including, self-matching attention, response selection and chit-
chat response generation. They have been able to achieve higher 
evaluation scores when compared to standard models such as 
BiLSTM, Multi-View and Sequential Matching Network. 

In the paper, “Multi-Turn Response Selection for Chatbots with 

Deep Attention Matching Network”, Zhou [5] et al. investigates 
matching a response with its multi-turn context using 
dependency information based entirely on attention. This 

solution extends the attention mechanism in two ways. First, it 
constructs representations of text segments at different 

granularities solely with stacked self-attention and second, it 
tries to extract the truly matched segment pairs with attention 

across the context and response. It jointly introduces these two 
kinds of attention in one uniform neural network. It specifies 
that there are generally two kinds of matched segment pairs at 

different granularities across context and response-surface text 
relevance and latent dependencies upon which segments are 

semantically/functionally related to each other. It extends the 
key attention mechanism of Transformer in two ways: self-
attention (captures intra word-level dependencies) and cross-

attention(captures dependencies between latently matched 
segment pairs, which is able to provide complementary 

information to textual relevance for matching response with 
multi-turn context). The paper builds the Deep Attention 
Matching (DAM)  Network based on the above two methods. 

DAM takes each single word of an utterance in context or 
response as the centric-meaning of an abstractive semantic 

segment, and hierarchically enriches its representation with 
stacked self-attention, gradually producing more and more 

sophisticated segment representations surrounding the centric-
word. Each utterance in context and response are matched based 
on segment pairs at different granularities, considering both 

textual relevance and dependency information. This way, it 
generally captures matching information between the context 

and the response from word-level to sentence-level, important 
matching features are then distilled with convolution and max-
pooling operations and finally fused into one single matching 

score via a single-layer perceptron. It has been tested on the 
Ubuntu Corpus v1 and Douban Conversation Corpus with 

experimental results showing it to significantly outperform start 
of the art models. 

In the paper, “Sequential Matching Network: A New 

Architecture for Multi-turn Response Selection in Retrieval-
Based Chatbots”, Yu Wu et al [6]. focuses on response selection 

for multi-turn conversation in retrieval-based chatbots. It 
proposes a sequential matching network to solve the limited 
methods of multi-turn conversation which work by either 

concatenating utterances in context or matching responses with 
a highly abstract context vector which may lose relationships 

among utterances or important contextual information. The 
Sequential Matching Network (SMN) first matches a response 

with each utterance in the context on multiple levels of 
granularity, and distills important matching information from 
each pair as a vector with convolution and pooling operation. 

Page 664

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



 

 

The vectors are then accumulated in a chronological order 

through a recurrent neural network (RNN) which models the 
relationships among utterances and the final matching score is 

calculated with the hidden states of the RNN. The paper 
mentions the key challenges being identifying important 
information in context which is crucial to selecting a proper 

response and leveraging relevant information in matching and 
modeling relationships among the utterances in the context. The 

model has been tested on the Ubuntu dialogue corpus dataset 
and the results have shown that the model significantly 

outperforms stat-of-the-are methods. 

The paper “Two-Step Training and Mixed Encoding-Decoding 
for Implementing a Generative Chatbot with a Small Dialogue 

Corpus” [7] addresses the problem of small dialogue corpus. It 
proposes a chatbot model using a mixture of words and syllables 

as encoding-decoding units. In addition, it proposes a two-step 
training method, involving pre-training using a large non-
dialogue corpus and re-training using a small dialogue corpus. 

In the experiments, the mixture units were shown to help reduce 
out-of-vocabulary (OOV) problems. The two-step training 

method was effective in reducing grammatical and semantic 
errors in responses when the chatbot was trained using a small 
dialogue corpus (533,997 sentence pairs). This training method 

contributed to reducing syntactic and semantic mistakes when a 
dialogue corpus for training is not large enough. 

  The paper “A Domain-Specific Generative Chatbot Trained 

from Little Data” [8] presents effective solutions to create 

generative seq2seq-based chatbots from very small data. It 

explores three encoder–decoder LSTM-based approaches 

(simple LSTM, stacked LSTM, and BiLSTM), three word 

embedding types (one-hot encoding, FastText, and BERT 

embeddings), and five encoder–decoder architectures based on 

different encoder and decoder vectorization units. 

The paper “Enriching Word Vectors with Subword 
Information'' [9] addresses the problem of assigning distinct 

vectors to each word, which leads to loss of the morphology of 
the words. It proposes a new approach based on the skip gram 

model, where each word is represented as a bag of character n-
grams. A vector representation is associated to each character 
n-gram; words being represented as the sum of these 

representations. The proposed method is fast, allowing to train 
models on large corpora quickly and allows to compute word 

representations for words that did not appear in the training 
data. We evaluate our word representations on nine different 
languages, both on word similarity and analogy tasks. By 

comparing to recently proposed morphological word 
representations, it shows that the vectors achieve state-of-the-

art performance on these tasks. 

The paper “Sequence to Sequence Learning with Neural 

Networks”[10] demonstrates the effectiveness of a general end-
to-end approach to sequence learning that makes minimal 
assumptions on the sequence structure. This approach 

overcomes the limitations to map sequences to sequences using 
a Deep Neural Network whenever large labeled training sets are 

available. It uses a multilayered Long Short-Term Memory 
(LSTM) to map the input sequence to a vector of a fixed 
dimensionality, and then another deep LSTM to decode the 

target sequence from the vector. 

In the paper, “Deep Reinforcement Learning for Dialogue 

Generation”[13], a reinforcement learning framework for 
neural response generation is introduced by simulating 

dialogues between two agents, integrating the strengths of 
neural sequence to sequence systems and reinforcement 
learning for dialogue. The idea is that modeling the future 

direction of a dialogue is crucial to generating coherent, 
interesting dialogues. The paper further discusses existing 

limitations in using sequence to sequence models in human-like 
conversations, although good in dialogue generation. Sequence 

to Sequence models use MLE objective function - however, 
MLE based models are unable to account for repetitive 
responses as the system gets stuck in an infinite loop. As a 

solution to alleviate the problem and a need for conversational 
framework to integrate developer-defined rewards that better 

mimic the “true” goal of chatbot development, and model long 
term influence of a generated response in an ongoing dialogue, 
Neural Reinforcement Learning generation method is proposed. 

Model uses encoder-decoder RNN architecture as its backbone. 
This paper uses a subset of 10 million messages from 

OpenSubtitles dataset consisting of roughly 80 million source-
target pairs to study the analysis. 

In the paper, “Artificial Conversations for Customer Service 

Chatter Bots: Architecture, Algorithms, and Evaluation 
Metrics” [11], an approach combining pragmatic semantics 

with content semantics to generate artificial conversations in the 
customer service domain is presented. This approach is superior 

over the existing approaches as these approaches may perform 
poorly in conversational situations with contextual continuity  
over a series of utterances, for they focus on generation of 

discrete sentence-level utterances. Their work uses a corpus of 
chat transcripts between a human customer and a human 

customer service agent working for an electronic trading portal, 
consisting of 2886 distinct conversations, excluding non-
interleaved and multi-context conversations. Knowledge engine 

models the content semantics, i.e., ‘what to say’ aspect of 
conversation; while conversation engine models the pragmatic 

semantics, i.e., ‘how to say’ aspect of conversation. Content 
defining characteristics include domain specific information 
about the subject matter being discussed (topic) and speech act. 

The relevant topic and speech act are selected using bag-of-
words based latent semantic approach. Pragmatic semantics of 

conversation is modelled using a probabilistic finite state 
automaton (FSA). 

In the paper, “Towards Building an Intelligent Chatbot for 
Customer Service - Learning to Respond at the Appropriate 
Time” [12], a multi-turn response triggering model (MRTM) is 

proposed to address the problem of inappropriate responses and 
misleading dialogue process during chatbot response on a turn-

by-turn interaction scheme. Challenge in this paper is that the 
response timing is determined based on the context in the 
dialogue and its application scenario extends to open-domain 

chatbots in customer service. MRTM is based on a self-
supervised learning approach utilizing the large-scale unlabeled 

dialogue data in customer service. The process leverages the 
semantic matching relationships between the context and the 
response to train a semantic matching model and obtains the 

weights of the co-occurring utterances in the context through an 
asymmetrical self-attention mechanism. The weights are then 

used to determine whether the given context should be 
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responded to. They use two dialogue datasets collected from the 

real-world online customer service systems,viz., the DiDi 
Dialogue Corpus and the Jing Dong Dialogue Corpus to 

evaluate their models. MRTM achieves at least 0.142 and 0.065 
absolute improvement on F1 score on the DiDi Dialogue 
Corpus and the Jing Dong Dialogue Corpus respectively. 

In the paper, “A Sentiment-and-Semantics-Based Approach for 
Emotion Detection in Textual Conversations” [14], authors 

present a novel approach to detect emotions in textual 
conversations exploiting advantages of semantic and sentiment 

based embeddings and combining both in the LSTM 
framework. Challenges in detecting emotions include difficulty 
in understanding context, sarcasm, class size imbalance, natural 

language ambiguity and rapidly growing internet slang. They 
use LSTM based deep learning models[15] to classify a textual 

conversation into four classes of emotion - happy, sad, angry 
and others. Textual conversations include textual user utterance 
along with 2 turns of context. Two LSTM layers are used for 

modelling with one layer using sentiment word-embedding 
while the other layer using semantic word-embedding. Dataset 

of 17.62 million tweet conversational pairs, i.e. tweets (Twitter-
Qs) and their responses (Twitter-As), were extracted from the 
Twitter Firehose, covering the four-year period from 2012 

through 2015 for their analysis. The evaluation of their SS-
LSTM model on real-word conversations yielded significant 

outperformance over traditional machine learning baseline 
models and other off-the-shelf deep learning models. 

 

II. OVERVIEW AND ANALYSIS OF THE DATA-SET 

A. Overview  

Our goal in this paper is to predict agent response for a given 
customer query in the electronics e-commerce industry. We 
used the dataset containing threads from customer-agent 
conversations in English, dimensioned by date and time based 
on support tickets created at Robocraze. We paired the query-
response conversations starting with the customer query and 
then concatenating consecutive customer queries or agent 
responses. We applied a simple seq2seq LSTM model, further 
with Bi-Directional layer, and subsequently attention layer to 
predict agent response for a given customer query. We achieved 
a 90% validation accuracy on a smallish dataset of 296 tickets, 
involving 218 customers and 6 agents. 

B. Detailed look at data characteristics 

The dataset features information on 296 tickets. About 26% 
among them had no response from agents. This is either due to 
account creation emails with different platforms, drive share 
links or closing notes from customers. As noted from Fig.1, 78 
tickets involve a single user (customer), that is, cases with no 
response from agents. The most common ticket resolution 
(~160) includes involvement of a single agent; while there is a 
single case where three agents are involved to interact with a 
customer. Typically it takes a single turn to resolve a ticket 
(~61% of tickets with at least one agent response); while the 
maximum number of turns involved to resolve a ticket is 11, 
albeit very rare (Fig. 2). 

 

We also looked at the duration it takes to close a ticket. As noted 
from Fig. 3, most of the tickets get closed within 5-10 days of 

opening, with the duration averaging to 7 days per ticket, or 
about 4.5 median days. The distribution of duration looks right 
skewed with a typical ticket closure window between 5-10 days 

(median ~6 days). There are very few outlier cases when a ticket 
took nearly more than 100 days to close. 

 

 

To analyze texts in the tickets, we looked at the distribution of 

word counts for customer queries and agent responses. Both the 
distributions look right skewed (Fig. 4 & 5). Customer queries 
with a median word count of 61, is typically longer than agent 

responses with a median word count of 41. In addition, we 
looked at the distribution of character counts for customer 

queries and agent responses. Both the distributions look close 
to normality more so for the customer one (Fig. 6 & 7). 

 

 

 

Next, we looked at the most commonly used words among 
customers and agents as depicted in Fig. 8 & 9. We excluded 
stopwords from the chat texts as defined in Python’s Natural 
Language ToolKit (NLTK) package, along with a few custom 
stopwords like ‘hi’, ‘hello’, ‘please’, ‘gt’, ‘lt’. Word ‘Ticket’ is 
the second most commonly used among customers; while most 
common among agents. In addition, we looked at most 
commonly used bi-grams for customers and agents, as shown in 
Fig. 10 & 11. Words ‘robocraze’ and ‘support’ typically appear 
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together the most in customer queries; while words ‘new’ and 
‘ticket’ appear together the most in agent responses. 

 

 

 

Finally, we looked at the word cloud representation of texts 
from customer queries and agent responses. Fig. 12 & 13 below 
depict the same. The word cloud representation matches with 
the above common uni- and bi-gram texts for customers and 
agents, as expected. 

 

 

 

C. Data Preparation 

To prepare the data for the model, several steps were performed. 
The following fields were taken into further consideration - 

ticket_id, thread_type, created_by, message while all the other 
fields were kept aside. Regex was used for standard data 
cleaning with a focus on cleaning out html based content. 

After cleaning the data, it was divided into query-response 
pairs. Historical conversations were added to the query itself 
because a lot of the conversation is heavily dependent on the 
past queries and responses. A <start> and <end> identifier was 
added to all of the responses. 

Keras tokenizer was used to convert all the text sequences to 
tokens and then both the queries and responses were padded to 
match the maximum query or response respectively. The 
responses were converted to one hot encodings so that they 
could be used for modelling. 

 

III. MODEL BUILDING 

The model build is based on an encoder-decoder structure. The 
input layer for the encoder consisted of 2116 units (the 
maximum sequence length of the queries + history) while the 
input layer for the decoder consisted of 292 units (the maximum 
sequence length for the replies), it is much more smaller when 
compared to the encoder since there it only contains the direct 
replies and no historical data. Both the input layers were then 
given directly to two separate embedding layers of size 200 
each. The query embeddings were then fed into an LSTM and 
the output of this LSTM layer was fed to another LSTM layer 
along with the decoder embeddings. Dot product based 
attention was used and the output was concatenated and given 
to a dense layer to generate the final model predictions.  
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IV. EVALUATION AND MODEL RESULTS 

 
The model is definitely overfitting as gathered from the training 
accuracy of 0.99 and validation accuracy of 0.90 after training 
for 500 epochs. The other reason for such high accuracy levels 
could be due to the fact that it is a very limited data set. Below 
are some sample predictions of the model. 

Example 1 : 

Input: I have 2 questions, do you have 
raspberry pi 4 in stock (4gb) and do you 
provide input tax credit (GST), pls let 
me know, I can make payment and book dunzo 
for delivery(local blore delivery). 

Prediction : hi,pi4 4gb is in stock and we can 
provide you with gst if you share the gst 
number. also you can book dunzo for your 
order pick up, but please confirm with us 
on dunzo pickup timings 

Example 2 : 

Input: I didn't like the product want to 
return my product 

Prediction : hi,we have refunded for your 
order and hence we are closing this 
ticket currently, if any queries please 
feel free to raise a new ticket.thank you 

Example 3 : 

Input: How to change brightness on raspberry 
pi official 7inch touchscreen ? 

Prediction : hi,to modify the brightness you 
can try using the command given 

below:echo n 
/sys/class/backlight/rpi_backlight/brigh
tnesswherenis some value between 0 and 
255.for more information, you can check 
the thread in the link 
below:https://raspberrypi.stackexchange.
com/questions/46225/adjusting-the-
brightness-of-the-official-touchscreen-
display 

 

V. CONCLUSION & FUTURE SCOPE 

As the above study was done within a very short span, this is by 
no means a comprehensive study of all the possibilities and 
there is still room for further improvement. There are several 
directions that can be further explored for improving the overall 
performance of the model. One of the most straightforward 
options would be to increase the dataset to include a lot more 
conversations (tickets) and a more suitable method of imputing 
or handling data that was missing. 

On the model front itself, several possibilities can be explored 
such as exploring pre-trained word-embeddings, transformer-
based models, self-attention, or pre-training on other standard 
datasets and then fine-tuning the model for this particular 
problem.  

These are some of the possible directions that can be further 
explored along with tuning of hyper-parameters and 
regularization to reduce overfitting and improve the overall 
performance of the model. 

As an additional data cleaning step, given that the contents are 
majorly mailed content, the greetings (Hello <name>, Dear 
<name>, etc.) and closing content (Regards, Thanks, etc. ) can 
be removed from the data and can be handled separately from 
the model. 
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Abstract—Various studies prove that the construction 
industry plays a vital role in generating wealth and improving 
the quality of life. This is driven by the essential role of 
infrastructure in improving and maintaining the economic 
competitiveness of an area. Land Value Capture (LVC) is a 
financing tool that allows local governments to charge fees and 
taxes to developers and property owners and increase revenues 
that can then be reinvested into community and city services. 
This research presents a study of research opportunities on 
how LVC becomes a determinant of the success of 
infrastructure projects in Indonesia. The literature review 
method is used to look at the positioning of previous research 
to obtain research opportunities. The result is a conceptual 
model of future research on the influence of LVC on the 
successful development of infrastructure projects.  

Keywords— land, value, infrastructure, Indonesia 

I. INTRODUCTION  

Transportation infrastructure not only cuts travel time but 
can also increase user effectiveness and increase the 
movement of goods, people, and services of an area [1]. The 
provision of adequate infrastructure, together with 
macroeconomic stability and long-term development 
strategies, is one of the necessary conditions for sustainable 
economic and social development. This can be achieved by 
translating the government's socio-economic policies into 
infrastructure and social and economic buildings [2].  

But it cannot be denied that, in reality, governments in 
developing countries have difficulty funding infrastructure 
projects due to high construction costs, infrastructure 
maintenance costs, and limited government capacity. Based 
on conventional understanding, the return on infrastructure 
investment depends only on the revenue from the operation 
of the infrastructure made [3]. Therefore, the income often 
takes a very long time to cover construction costs. Research 
by [4] mentioned that almost all infrastructure systems, 
including financially viable infrastructure in developed 
countries, can not cover the costs incurred during life-cycle 
costs by relying on tariff cost revenue alone. Therefore, the 
government relies heavily on assistance from the Central 
Government or debt to build infrastructure, with a minimal 
success rate [2]. 

Likewise, the utilization of the private sector has not been 
maximized because the private sector prefers projects that 
have good feasibility value as a condition to get a loan from 
the bank so that an alternative financing scheme is needed to 
bridge urgent infrastructure needs [5] In these conditions, 
land value capture schemes are used as an alternative to 
overcome the problem of financing infrastructure projects. 
The increase in land value caused by the increase in facilities 
and accessibility of infrastructure benefits the population. 

Many are willing to pay more to live, work, and meet the 
primary needs to settle in areas adjacent to infrastructure [6]. 
Then, the facility is capitalized into the land value that 
supports the activity. The value capture mechanism seeks to 
identify and capture this value increase. 

For example, on rail infrastructure projects, value capture 
mechanisms commonly used to fund infrastructure include 
joint development of public land station area (including sale 
or lease of air rights over transit facilities such as stations or 
railway lines), assessment levy by special assessment district, 
the capture of property tax increases through tax increment 
financing (TIF) districts, and transit impact costs.  Therefore, 
the income often takes a very long time to cover construction 
costs. Thus, the value created will be returned to the 
government as the creator of the means of such activity to 
fund infrastructure [3]. 

Infrastructure such as toll roads is one of the public goods 
provided by the government, even though this infrastructure 
is not a pure public good. By understanding the nature of 
infrastructure as a public good, it can be concluded that 
infrastructure theory has an externality character [7]. This is 
by the nature of the infrastructure provided by the 
government, and each party that uses infrastructure does not 
pay directly for the use of infrastructure. But the government, 
in this case, cannot realize an infrastructure project on its 
own. Therefore this is where the role of State-Owned 
Enterprises (SOEs) when the infrastructure formed is 
classified as not financially viable. Infrastructure assignment 
is a project that will still be implemented to encourage 
economic growth. The perceived benefits are not based on 
temporary tariffs but spread to various sectors that want to be 
triggered by an increase [7].  

Finding out the strategy on infrastructure assignment 
projects has its challenges, so it takes an in-depth study to 
determine success. In Indonesia, the concept of value capture 
to finance infrastructure projects is still reasonably new, 
especially for assignment projects, while realized 
infrastructure needs tend to increase. With the limited 
economic capabilities of governments, especially in 
developing countries, value capture is one of the financing 
schemes that need to be explored. A toll road is one of the 
national strategic projects in Indonesia classified as 
financially unfit where the IRR is far below the minimum of 
commercial traffic [8]. 

II. LAND VALUE CAPTURE 

A. Concept of Land Value Capture 

Some of the fastest-growing cities in developing 
countries like India, Brazil, and Ethiopia are cash-strapped. 
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These cities often struggle to provide basic infrastructure and 
services to a growing population, leading to widespread 
inequality. Up to 70% of developing cities do not have 
access to one or more core services, such as housing, water, 
sanitation, energy, or transportation. One financial tool that 
can help cities generate public revenue to address inequality 
and promote inclusive development is land value capture [6]. 

LVC is a technical term for a simple idea that applies to 
all cities and is very important and underutilized in 
developing cities. This tool is more commonly used in 
developed cities, but growing cities have many advantages if 
they can implement land value capture effectively [6]. If 
managed properly, the benefits of acquiring land value can 
encourage inclusive and equitable development, creating a 
good cycle by paying for more services such as basic 
sanitation and public transport and facilities such as parks 
and green spaces. Land value capture ensures that 
government actions produce broader public benefits. 

Taxation as a source of value capture consists of: 

1) User pays, that is, costs based on use in return for 
infrastructure benefit—for example, the cost of public 
transportation, public utilities, and others. 

2) Government Pays, namely local, provincial and 
national taxes and fiscal balance transfers that can 
collect income and property taxes; subsidies, general 
funds grants (missal VGF) 

3) Beneficiary Pays, namely private investment or other 
types for property and business taxes which are 
described in the following image. 

B. LVC Model 

In the context of transportation infrastructure financing, 
there are land value retrieval mechanisms such as repair 
taxes, tax increase financing (TIF), and joint development 
mechanisms. A successful public transport system can lead 
to an increase in land value. Value capture refers to the 
concept by which the government should capture at least part 
of this increase in land value and infrastructure and use these 
funds to subsidize the system. Examples of successful use of 
value capture to finance public transportation are found in 
the United States (US) and the United Kingdom (UK). Each 
of these cities has used a different set of value capture 
strategies; for example, the United States primarily uses Tax 
Increase Financing, and the United Kingdom has used 
remedial taxes.[9] 

C. Project Success 

Infrastructure is essential to generating more value 
creation. Some studies show that productivity is higher in 
cities where workers can access more job opportunities 
within a reasonable timeframe. A study from the Republic of 
Korea showed that a 10% increase in jobs accessible to 
workers within an hour's commute was associated with a 
2.4% increase in labor productivity. This shows how 
important cities are to develop quickly, affordably, and 
integrate transportation systems. 

Research [3] has examined indicators of the success of 
infrastructure projects by implementing value capture 
schemes. Based on the preliminary study conducted, three 
factors, including success determinants, always appear in the 
discussion: business models, comprehensive regional zoning 

development studies, and clear regulations and agreements 
between government and private parties. 

1) Business Model 

According to the study by [3], investors will decide to 
invest in infrastructure projects if they are guaranteed a profit 
over the project’s entire lifecycle. With additional capital at 
the beginning of the project, property developers will look 
for ways to return the capital they have spent. The 
government can provide other compensation to investor 
partners, namely means of transportation, by increasing the 
value for developers to get another source of income from 
growing sales of property units to replace the revenue 
obtained from infrastructure tariffs.  

2) Comprehensive Regional Zoning 

LVC funding schemes require support from zoning and 
governance regulations [6]. The government can establish 
zoning regulations between areas within the infrastructure 
area, the risk for private developers can be minimized. 
Flexible zoning and land use regulations can also reduce 
developer risks, such as congestion or pollution levels. 

3) Clear Regulations and Agreements  

Clear, fair, and transparent regulations and agreements 
between governments and developers regarding sharing cost 
allocation and profits are among the three most important 
success factors. Regulatory design should include 
implementing tariffs for the return of capital, timely land 
acquisition procedures, and mechanisms for dispute 
resolution[10]. Private parties will be more interested in 
participating if they feel safe investing with the government 
to develop a region. 

D. LVC Relationship with Successful Infrastructure  

For the effective implementation of value capture, there 
must be a clear identification and quantification of the 
positive effects on economic productivity, e.g., on tax 
revenues, gross domestic product (GDP), GDP per capita, 
returns, and employment arising from economic 
improvements caused by policy changes or infrastructure 
investments. Value capture can be done if the government 
and private financial managers are confident that the assets 
can generate returns. Therefore, the relationship between the 
success of infrastructure projects and the implementation of 
value capture schemes will be correlated if the value capture 
scheme is planned from the beginning. There is undoubtedly 
how funding can return initial capital investment. What's 
more, value capture will be effective in the event of 
economic growth. 

III. ANALYSIS OF PREVIOUS STUDIES 

Based on the following Table 1, there are several studies 
on the application of LVC to infrastructure. Research [11] 
conducted a survey of financial models to test the potential 
of LVC on road projects. Specifications for Transportation 
Reinvestment Zone (TRZ) based on the case study approach 
and then applying a financial evaluation model based on that 
specification to a case study corridor in El Paso, Texas, to 
assess the initial source of income and cash flow that can be 
obtained for value capture binding capacity. 

Furthermore, [12] researched the LVC mechanism in 
project financing in Malaysia. Previous funding programs 
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implemented in Malaysia failed to produce a replicate-able 
model to fund public transport. More viable funding 
strategies and policies such as remedial tax, tax increase 
financing, and Joint Development must be adopted [13]. 

 Research [3] examined indicators of the success of 
infrastructure projects by implementing value capture 
schemes. Based on preliminary studies conducted, three 
factors, including determinants of success, always appear in 
discussions: business models, comprehensive regional 
zoning development studies, and clear regulations and 
agreements between government and private parties. 

TABLE I.  PREVIOUS STUDIES FOR RESEARCH OPPORTUNITY 

Study Goal Variables Method 

[1] To test how much 
influence infrastructure 
has on national 
competitiveness 

Infrastructure 
development and 
national 
competitiveness 

Regression 
statistical 
analysis 

[3] Identify funding 
success factors with 
LVC on infrastructure 
projects 

Factors that affect 
success, and success 
of infrastructure 
projects 

Descriptive 
analysis 
 

[9] Review accessibility 
gains 

Remedial tax, 
accessibility 
improvement 
contribution, joint 
development, 
transportation 
accessibility 

Land value 
capture 
mechanism  

[11] Getting the suitable 
financial model in 
providing value 
capture 

Financial model 

Potential value 
capture 

Financial 
EValuation 

[12] Review the potential of 
capital fundraising for 
urban transportation 
through value capture 
that has been adopted 
in developed countries 

Remedial Tax, 
Additional Tax 
Financing, and Joint 
Development 

New funding sources 
in Malaysia 

Descriptive 
analysis 

[13]  Review the impact of 
transit services on 
nearby property values 
and as improvements 
to eligibility 

Freight service and 
Property value 

Literature 
review on 
land value 
capture 

[14]  Represents the level of 
regional economic 
growth along 
infrastructure lines 

Regional economic 
growth data, and 
impact of methods 

Comparison 
statistics 

[15]  Estimating the effect of 
access to transportation 
networks on regional 
economic outcomes in 
China 

The impact of access 
to the transportation 
network and regional 
economy 
 

Socio-
economic 
analysis, 
descriptive 
analysis, 
financial 
evaluation  

 
[16] 

Conceptualize the two-
stage process of value 
capture in funded 
research, knowledge 
exploration and 
exploitation to expand 
the use  

Public research 
funding, value 
capture, and a 
conceptual 
framework of 
successfully funded 
projects 

Descriptive 
analysis 
 

 

[17]  
 

Know the risks in the 
financial strategy for 
revitalizing downtown 
Rio de Janeiro based 
on the value gains 
generated by 
government 
intervention.  

Forecast of land 
capture, risk, and 
Urban Development 
 

Evaluation 
of MCS  

[18]  Improve understanding 
of investment in urban 
infrastructure (CIUI) 
by investigating it in 
Chinese cities  

Patterns from 
temporal, sectoral, 
spatial perspectives, 
and investment value 
in urban 
infrastructure  
 

Regression 
statistical 
analysis  

[19]  Review the interaction 
between land use 
planning and 
infrastructure provision 

Land use plan and 
infrastructure 
provision, and policy 
in allocation 
between public and 
private parties 
 

Descriptive 
analysis  

[20]  Identify interactions 
between institutional 
contexts and land-
based value capture 
mechanisms for TOD 
in China  

Planning for 
transportation 
regulations and land 
use, and 
effectiveness of 
value capture 

Descriptive 
analysis  

[21]  Modeling of 
sustainable 
development and 
classification of drivers 
of rural settlement 
development  

Methods of approach 
and area 
development model 
 

Regression 
statistical 
analysis  

[22]  Investigating the 
relationship between 
infrastructure capital 
and China's regional 
economic growth for 
the period 1990-2013  

Infrastructure capital 
and economic 
growth 
 

Statistical 
analysis of 
vector error 
correction 
model  

[23]  Examine the influence 
of determinants related 
to infrastructure on the 
level of urban 
expansion and urban 
land prices  

Infrastructure 
development and 
increased land prices 
 

Descriptive 
analysis  

[24]  Perform value capture 
and distribute the value 
of regional 
development at train 
stations  

Regional 
development, 
development of 
high-speed railways 
coordinated with the 
city 
 

Socio-
economic 
analysis, 
descriptive 
analysis, 
financial 
evaluation  

[25]  Review whether Land 
Readjustment can be 
used as an increase in 
land value in India  

Land readjustment in 
India and Increase in 
land value 
 

Descriptive 
analysis  

[26]  Assess the ability of 
joint development to 
fund transit  

Transit agencies and 
transportation 
policies 

 

Descriptive 
analysis 
 

[27]  Literature studies on 
when and how value 
capture strategies can 
be used for the 
financial plan of public 
transportation systems 
in East Asian cities.  

Public 
transportation, needs 
growth ratio, ease in 
the ground in the 
station area, zone 
incentives, 
constraints,  policy 
conclusions 
 

Descriptive 
analysis  

[28]  Reviewing funding 
schemes using value 
capture as a tool in 
determining policies 

Transportation 
investment, public 
transit 

Funding schemes for 
policy 
implementation 
 

Descriptive 
analysis  

Several studies on value capture in Indonesia were 
reported in many previous studies, for example by [8], [29], 
[30], and [31]. After identifying the problem and conducting 
a review of previous research, the research opportunity on 
value capture is on the relationship between independent 
variables that is value capture model and independent 
variables that is project success. 
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IV. CONCLUSIONS 

Based on the meta-analysis that has been done, it can be 
concluded that LVC has a vital role in improving the 
feasibility of an infrastructure project. However, no research 
has examined the successful application of LVC on 
infrastructure, which is an assignment project and case 
studies using toll roads with very long spans. Therefore, this 
characteristic becomes a novelty in this research, namely toll 
roads, assignment projects, and assessment of the success of 
infrastructure projects. After identifying the problem and 
reviewing previous research, it describes the relationship 
between independent and dependent variables to this study in 
conceptual frameworks. 
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Abstract—Object Detection Technology has been a subject 

to much research and development due to increasing use of 

images and videos as data sources and their huge number of 

applications. Traditional models for object detection had 

limitations in training and did not use transfer learning for 

their benefit. With the evolution of deep learning and Neural 

networks, newer and powerful tools have made way to achieve 

Object Detection in real-time, with the added advantage of 

transfer learning and detection of multiple instances of 

different classes of interest in the given image context. The 

proposed system is an Object Detection model based on the 

Single Shot Detector (SSD) algorithm trained with 

MobileNetV2 feature extraction that can be utilized and 

integrated in e-commerce, hospitality industry, security and 

surveillance, real estate, self-driving cars and floor inventory 

management. 

Keywords—object detection, furniture, home goods, 

Advanced Computer Vision (ACV), Single Shot Detector (SSD), 

MobileNetV2 

I. INTRODUCTION 

 As a technology, Computer Vision has diverse subfields. 
Image Classification[15] is an area of computer science that 
studies how computer algorithms classify or assign class to 
real-world object instances in images and videos. Another 
area is Object Detection, which is associated with the process 
of locating and identifying object instances of specific 
classes in a given image that contains instances from several 
classes. An image bound with boxes around the detected 
object and the name of the object is the output of an object 
detection algorithm.  

The objectives of object classification and localization are 
combined in object detection. Computer vision is a 
multidisciplinary branch of artificial intelligence that 
attempts to imitate human vision's strong capabilities. With 
successful applications in healthcare, security, transportation, 
retail, finance, agriculture, and more,  the Advanced 
Computer Vision (ACV)[17] technologies are transforming 
entire industries and business operations today. Since 
Convolution Neural Networks (CNN) began surpassing 
humans in specialized picture identification tasks, computer 

vision research has moved at a dizzying rate. In the 1980s, 
the basic architecture of Convolution Neural Networks 
(CNNs) was devised. Yann LeCun improved on the original 
design in 1989 by training models to recognize handwritten 
numbers using back propagation. Computer vision works 
through visual recognition techniques like Image 
classification, object detection, Image segmentation, object 
tracking, optical character recognition, image captioning, etc. 

II. RELATED WORK 

A. Single Shot MultiBox Detector  

The SSD method uses a feed-forward convolutional 
network to build a fixed-size collection of bounding boxes 
and scores for the occurrence of object class instances in 
those boxes, followed by a non-maximum suppression step 
to generate final detections. The early network layers are 
based on the base network, which is a standard architecture 
for high-quality image categorization. 

B. MultiBox 

Szegedy's work on MultiBox [9], a method for rapid 
class-agnostic bounding box coordinate proposals, 
influenced SSD's bounding box regression methodology. In 
the researches done on MultiBox, an  Inception [25]-style 
convolutional network is used .  The 1x1 convolutions shown 
below aid in dimensionality reduction by reducing the 
number of dimensions. 

 

Fig. 1. The 1x1 convolutions 

MultiBox’s loss function also combined two critical 

components that made their way into SSD: 
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Confidence Loss: Metric indicates how confident the 
network is in the objectness of the computed bounding box. 
This loss is calculated using categorical cross-entropy [11]. 

Location Loss: Metric that evaluates how far the network's 
projected bounding boxes differ from the training set's 
ground truth bounding boxes. Here, L2-Norm [18] is 
employed. 

C. MultiBox Priors And IoU 

In MultiBox [9] priors, which are pre-computed, fixed size 
bounding boxes that closely match the distribution of the 
original ground truth boxes. Those priors are selected in 
such a way that their Intersection over Union ratio [24] is 
greater than 0.5. From the image below, an IoU of 0.5 is still 
not good enough but provides a strong starting point for the 
bounding box regression. 
 

 
Fig. 2. IoU 

D. MobileNet as a Feature Extractor 

1. MobileNet offers a simplified design to generate light 
weight deep neural networks using depth wise separable 
convolutions. 
2. Adjusts latency and accuracy utilizing two global hyper 
parameters[19]. 
3. When compared to other popular models for ImageNet 
classification, MobileNet outperforms them [6]. 
   

III. PROPOSED SYSTEM 

A. Data and Findings  

The Input Data for Object Detection method is a digital 
snapshot of the environment that comprises instances of 
real-world objects that must be identified. For example, 
photographs of living rooms, bedrooms, kitchens, and other 
areas where furniture and other household items can be 
found. 

The intention was to use conventional photographs from 
Google Images; however, our research indicated that these 
images would not deliver the intended outcomes since the 
images were highly irregular in sizes, and the degree of 
contrast and quality of the images were not uniform. It was 
decided to use one of the existing curated/standard image 
sets. With almost 600 item types, Open Images [14] is one 
such image dataset. 

 

B. Data Pre-Processing 

 Data Pre-Processing [22] has proved to be a critical step 
in achieving optimal performance from the Object detection 
models. The Open Images [14] Dataset provided us with a 
large amount of filtered and labelled images . It featured a 
comprehensive set of 600 object classes and roughly 9 
million images that had been annotated with image-level 
annotations, but these annotated classes did not satisfy the 
particular needs. As a result, the image dataset with 
annotations to train the models were created. 

1. To begin with, the system uses four classes - 

Refrigerator, Washing Machine, Bed and Table. An 

image editor tool was used\ to annotate the images with 

object labels. The output of this process is an xml file 

associated with the image file that contains the 

annotation details.  

 

Define Classes → Image Dataset → Annotate Image 

Dataset → Labelling Instruction 

 

2. The Object Detection models utilized these annotated 

images in a model acceptable format as they are based 

on Tensor Flow. Hence another step of processing these 

images which converted them into. TFRecord [2] 

format was employed. 

3. Around 500-600 images were manually annotated for 

each class and prepared the training dataset. 

C. TensorFlow Object Detection API 

Rather than creating a model from the ground up,  
TensorFlow's pre-trained base models and the TensorFlow 
Object Detection API [2] were used.which allowed the use of 
transfer learning in object detection model. 

Developing and training models from scratch, on the 
other hand, would necessitate adequate hardware. 

D. Model Building and Training 

The intention was to develop an object detection model that 

could recognize furniture and appliances from images. The 

model was developed leveraging the Tensorflow Object 

Detection API and Tensorflow library's pre-trained SSD-

Mobilenet[8] model. Using this transfer learning strategy, 

model could be trained using the pre-trained weights and 

configuration. The data was acquired via Google's open 

image dataset, and the complete set of images was manually 

labelled with an image annotation tool. The manually 

labelled annotation files were in.xml format, which was 

translated to the tensorflow-acceptable tf.record format[10]. 

To install all the Python files and dependencies, an 

Anaconda virtual environment was constructed.   

The SSD-Mobilenet model configuration file, which 

includes the pipeline.config file and check points, was 

downloaded from the Tensorflow model zoo. In an 80:20 

ratio, we separated our dataset into train and test sets. This 
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train set was used to train the model, and the test set was 

used to evaluate it. 

 

IV. RESULTS AND DISCUSSION 

The model performance was evaluated using 

Tensorboard. The training loss metrics was near to 1.5 after 

5000step. The evaluation criteria is mean Average 

Precision.  The model achieved a mAP[21] of 0.32 mAP 

which is a fairly good mAP score for an object detection 

model which has to do detection in a Realtime environment. 

Model was tested with different types of images and was 

able to identify with good confidence. 

 

Fig. 3. Learning_rate 

 

 

Fig. 4. Steps_per_sec 

 

 

Fig. 5. Loss/classification_loss 

 

 

Fig. 6. Loss/localization_loss 

 

 

Fig. 7. Loss/normalization_total_loss 

 

 

Fig. 8. DetectionBoxes_Precision/mAP 

 

 

Fig. 9. DetectionBoxes_Precision/mAP 
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Fig. 10. Predicted object with bounding box 

 

 

Fig. 11. Accuracy (mAP) vs interference time of different meta architecture 

/ feature extractor combinations fos MS COCO dataset 

 

From the above image it can be observed that SSD 

with MobileNet shows a mAP (mean average precision) in 

object detection around 20 [21]. As against the 

benchmarked data, our models performed better and showed 

an mAP of about 32 when run for 5k steps. 

 

 

Fig. 12. Detectioboxes_Precision/mAP 

 

• SSD with MobileNet offers the best accuracy-to-
speed ratio among the fastest detectors. SSD is fast, 
but it performs poorly for small items when 
compared to others. SSD can outperform other 
meta-architectures with lighter extractors for large 
objects. 

• One factor for this improved performance is the 
smaller number of samples per class (about 600). 
We had a limited number of target classes, as well 
as detecting items, such as washing machines, 
refrigerators, beds, and tables, which are larger 
appliances than teapots, cups, pens, and other tiny 
appliances. 

• The amount of time spent training is considerable. 
Modern object recognition models are nearly 
entirely based on deep learning, which demands a 
large amount of training data. A common rule of 
thumb is that a few thousand image samples per 
class should suffice for a good model. 

• Hardware restrictions - It was observed that 
improved hardware lowered training time. 

• The amount of training the model has undergone is 
directly related to its accuracy. 

CONCLUSION & FUTURE SCOPE 

 The research and development in Advanced Computer 
Vision (ACV) systems can help to provide solutions to real-
world problems using camera footages. The proposed system 
achieves real-time performance and satisfactory results, 
leveraging Single Shot Detector (SSD) algorithm trained 
with MobileNetV2 feature extraction utilizing TensorFlow 
for the implementation of the design. A pre-trained model 
trained on Microsoft-COCO dataset is employed as base 
model. The accuracy of the system can be improved by 

increasing the training data.  
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Abstract—The transmission line has different techniques 

related to the protection of the relay as the development is 

carried out by the different researchers in this field. The 

artificial neural network system was adopted for the case of the 

first order single phase system in the case of the transmission 

line. The transmission line if present in the parallel system, 

then the back propagation case of the neural network in the 

case of the schemes of the relay was adopted. The combined 

method related to the back propagation as well as the neural 

network system in the case of the diagnosis of the presence of 

the faults in the case of single circuit line can be possible. The 

present work is related to the detection process of the faults for 

the case of transmission line with the help of the wavelet as well 

as the process of the artificial neural network. 

Keywords— fault detection, wavelet, artificial neural network 

and transmission line 

I. INTRODUCTION  

The transmission line if it is overhead in that case it 
would be exposed the condition of the environment and 
faults could be on the higher side for this transmission line. 
The deduction procedure is very important in the fault persist 
in the transmission line also to find out the zone so that the 
repair procedure can start as well as the power restored will 
also be at the earliest. Protect the system of transmission line 
in the relaying is to be at the certain distance. The protection 
should be very fast for such cases as well as the there should 
be not any delay. The backup protection it's possible if the 
corresponding relay get fails.  

There could be difficulties for the carrying out 
distinguish in the case of fault if they are closed to the the 
remote bus and 80% covering is possible for the length of 
line. There could be delay Hindi protecting of zone 2 with 
the help of coordination system for the interval of time. To 
protect in the case of LINE which is primary for the second 
number zone in that case the protection which is backed up 
can be provided for 50% case for the line which is adjacent 
and having delay of 0.25 second to 0.4 sec. To cover 
adjacent line as well as primary line in that case zone 3 can 
have set and also the delay can be the additional part for the 
case of LINE which is remotely placed with 25%.  

That can be different conditions for the case of resistance 
weight the part which is faulty capacitance with shunt and 
infield currents remotely placed and that can be degradation 
in the case of Relay which are distantly placed and its 
performance. The setting of the relay is not easy for the 
decision as that can be the current switch r line charging and 
Saturn currents could have the variation as there can be the 
faults which are highly resistant. The voltage which is 

composite in nature as well as the measurement for the 
current mostly used so that the sensitivity of the relay can be 
improved very effectively. As the fault clearance should be 
faster in that case there can be the improvement in the 
stability of the system as well as the skiing relying which are 
dependent upon the wave which is travelling in nature.  

It is found that the transient current as well as the features 
of it can be used so that the demonstration for the case of 
event which can be switching or faulty take place. Protection 
of the relay the response comparatively fast and the time 
consumption is more if the proper operation is not covered. 
In such cases the relations team if it is sensitive in that case it 
is very beneficial while the tendency of the sensitivities so 
that the operation can be not desire the fault is not present in 
such cases the people faces the issues like blackout. 

II. LITERATURE SURVEY 

The line which is faulty in that case the detachment 
procedure is possible but before the head there should be 
precisely differentiation for the zone which is faulty and need 
the indication related to the type of the fault which is present 
(1). If the current was which are transient in nature and 
generated with the faults which contains the frequency band 
which are distinct and need to be captured the different bands 
related to the frequencies among the current signal which is 
transient in nature as well as having the transform called 
discrete wavelet considering the mother wavelet to be used 
(2). The determination of the faulty zone with the help of two 
bands with the frequency is possible. The use of the mother 
wavelet for the case of selecting the phase which is faulty 
should be carried out (3). The phase which is faulty can be 
classified with the help of computation of the value which is 
average in consideration related to the coefficient value in 
the case of every wave of the current (4). 

Distribution of the power in the different location is to be 
carried out effectively in that case the detection of the fault 
as well as classification of the fault is very important 
procedure (5). In the circuit breaker is to be tripped actively 
in that case it will be fit to for the protecting the line of 
transmission very precisely and they in the action of the 
tripping for the circuit breaker please completely e governed 
by the current as well as wavelet related to the voltage in the 
case of fault (6).  

The analysis of the discrete wavelet in the case of 
identifying as well as classic find the faults on the line of 
transmission network can be carried out effectively (7). 
Analysis procedure for the case of current having a 
waveform then if there is a fault in that case the method of 
discrete wavelet transform is very beneficial (8).  

978-1-6654-7886-1/22/$31.00 ©2022 IEEE
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The protection of the series which are compensated with 
the help of method called current differential pilot relay the 
the wavelet transform is very helpful (9). The matlab 
software and the simulation is carried out the case of mother 
wavelet. The classification of the fault is carried out with the 
help of procedure related to the detection of different types 
with the help of approach with wavelet dependent (10). 

Cosine filter and sine cosine filter is necessary for the 
method of Fourier transform as well as Walsh transform. In 
the case of wavelet transform method the input which have 
been printed is very important (11). To detect the fault 
present in the system in that case it is very important for the 
first estimation as well as accuracy related to the electrical 
distance. The system of power in that case it consists of the 
signals which can be distorted or corrupted signal (12). 

III. DOUBLE CIRCUIT TRANSMISSION LINE 

To prevail the system of power rated network in that case if 

the circuit transmission line which is double in that case 

there are many benefits such as the construction cost is low 

the space required for the floor is also low the supply of the 

power have the reliability the benefits to the economy good 

and supplied to the power have the good performance. 

Search mind of lines can we constructed so that the problems 

related to the new 2 case of right of way can be minimised. 

Search kind of lines of the circuit and they are related to the 

other level of the voltage can be different or it can be have 

the same level. The use of three phase circuit more than the 

conventional number are useful. The couples are mutually 

possible the circuit lines constructed double when they are 

very near to each other. The influence related to the coupling 

which is magnetic in nature the current is in flowing 

condition in any of the circuit and that is responsible for 

affecting the profile of the voltage in the case of the circuit 

related to the other. The given circuit have the voltage profile 

and it is basically not fully depend upon the circuit having 

the current.  

IV. RMS VOLTAGE AND CURRENT WITH ARTIFICIAL 

NEURAL NETWORK BASED APPROACH 

A. Proposed approach block diagram 

The following figure 1 shows the block diagram of 
proposed RMS voltage and current measurement based 
approach. 

 
Fig. 1. Block diagram of proposed RMS voltage and current measurement 

based approach 

The simulation model is carried out in the simulation 
software of the matlab for the analysis of the system. Line 
trap basically consisting different components which are in 
parallel and that consists of surge arrester, Main coil as well 
as tuning devices.  

Figure number 2 shows the line trap as follows 

 
Fig. 2. Line trap 

Figure number 3 shows the equivalent impedance of the 
design line trap at the different frequencies. 

 
Fig. 3. Equivalent impedance of the designed line trap at different frequencies 

V. MAIN POWER SYSTEM MODEL 

Figure 4 shows the simulation model of the power system 
in the matlab simulink software 

 

Fig. 4. MATLAB simulation model of power system 
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First class third zone of the power system responsible for 
the case of simple protection while carries the length of to 
120 km as well as 60 km. There is a second season of the line 
called as the main line for the protection where the 
installation of the line trap is carried out for every end of the 
the zone 2 in the case of line particularly this is possible for 
protection purpose having high transient.  

Figure number 5 shows the matlab simulation model of 
zone 1 of main power system. 

 
Fig. 5. MATLAB simulation model of zone 1 of main power system 

 
Fig. 6. MATLAB simulation model of zone 2 of main power system 

A. Bus bar 2 measurement subsystem model 

Figure 7 shows the cause bar 2 measurement subsystem 

 
Fig. 7. Bus bar 2 measurement subsystem 

VI. TRAINING OF NEURAL NETWORK 

To classify the following neural network training is being 
carried out by the identification for this fault zone is also 
carried out. The different neural network structure have been 
utilised so that both networks become equivalent. The 
different types of fault cases in 200 numbers have been 
trained buy the neural network. 

Figure 8 shows turning performance windows and 
parameter window for ANN for transmission line fault 
classification. 

 
Fig. 8. Bus bar 2 measurement subsystem 

 
Fig. 9. Training performance window for ANN1 for transmission line fault 
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classification. 

 
Fig. 10. ROC after successful training of ANN1 for transmission line 

 
Fig. 11. Confusion matrix after successful training of ANN1 for transmission line 

fault classification. 

VII. TRAINING OF ANN2 FOR FAULT ZONE 

IDENTIFICATION 

 
Fig. 12. Training window for ANN-2 for fault zone identification using RMS-

ANN approach  

 
Fig. 13. Training performance of ANN2 for transmission line fault zone 

identification using RMS-ANN approach 
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Fig. 14. ROC after successful training of ANN2 for transmission line fault zone 

identification using RMS-ANN approach 

 
Fig. 15. Confusion matrix after successful training of ANN2 for transmission line 

fault zone identification. 

VIII. CONCLUSIONS 

Line trap is present for the case of impedance in the case of 

carrier frequency which have capacity of hundred kHz when 

there is the negligible impedance for the power supply 

frequency have 50 Hz. Bihar transient based protection in the 

case of double circuit line has been carried out with the help 

of line trap system. The complete system have been you 

analysed for the two different cases which are the different 

types of classification for the fault as well as the 

identification of the fault zones. What are the two cases the 

first cases related to the six phases RMS voltage as well as 

the current measurement based data set in the case of 

artificial neural network to classify the different types of 

fault as well as the identification of the faulty zone. What are 

the two cases the second zone is related to the wavelet 

transform of the 6 faces RMS current spectral energy which 

is based on the data set which have artificial neural network 

for the system of classified the fault as well as identifying the 

fault zones. 
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Abstract: Financial institutions are focused on expanding their 

revenue streams, by selling various financial solutions, to their 

customers, a big chunk of this revenue comes from the credit line 

of business. The profitability of a financial institution is 

dependent on how well the credit business is yielding revenue, 

hence there is a huge focus on optimizing this process and an 

ardent desire to reduce the risk of loan defaulters. Adoption of 

AI/ML technologies are transforming credit process by 

significantly reducing the risk by predicting loan defaults. Data 

Science has paved the way for enabling predictive analytics. 

Several data science techniques such as Logistic regression, SVM, 

Neural Networks, Random Forest are discussed in this paper on 

how they enable increasing the accuracy of predicting loan 

defaulters. This paper deals with how a credit score is predicted 

to help financial institutions set the terms of loan disbursements 

to their customers. The focus of this paper is to present a loan 

prediction solution - Seven Seas to financial institutions. Several 

aspects of loan origination have been dealt with in this paper. A 

high-level process of loan application and an alternative credit 

scoring model using Machine Learning has been described. This 

paper also entails the overall market scope for such a solution and 

identifies several financial institutions that can embark on their 

transformation initiatives with such a disruptive technology. The 

extent of the existing market and its scope to embrace this 

technology is phenomenal not just in India but also globally.  

 

Keywords: Loan Default Prediction, Data Science, Digital Lending, 

Micro Finance, India, Credit Score 

 

I. INTRODUCTION 

Fintech industry is on a transformation drive, the disruptions 
with technology adoptions have been very significant. It is no 
longer limited to online banking, mobile banking, telebanking 
etc. New age technologies based on AIML have been the crux 
of this digital transformation. Financial institutions are driven 
to provide seamless, cost effective and time sensitive solutions 
to stay ahead of competition. There is a constant urge to 
innovate, automate and transform. In the last few years we have 
seen almost all the banking organizations have adopted AI 
driven solutions such as Chat Bots, Digital Assistants, Voice 

technology etc. With a growing lending market- According to 
Allied Market Research - The global micro lending market size 
was valued at $134.35 billion in 2019, and is projected to reach 
$343.84 billion by 2027, growing at a CAGR of 12.6% from 
2020 to 2027. [9]   

Emerging countries have a significant growth opportunity with 
an increase in the number of microfinance organizations that 
can help reduce poverty and improve the standard of living. 
This market includes banks, Micro Finance Institute (MFI), 
NBFC (Non-Banking Financial Institutions), and others. These 
can be small enterprises, solo enterprises and the potential is 
global all across North America, Europe, Asia-Pacific, and 
LAMEA. In addition to the Microfinance market, Digital 
Lending Market is expected to register a CAGR of 
approximately 11.9% during the forecast period (2021 - 2026) 
[3]. Due to the Covid-19 pandemic, SMEs across the globe 
faced challenges to raise funds during the crisis to keep their 
businesses operating [18]. Key market trends indicate that 
about 2/3rd of lending is now shifting towards online 
platforms, with more and more players emerging in this 
segment due to increased digital access to consumers 
(borrowers) through mobiles, tablets etc.[27]. This has created 
tremendous potential for consumers without an existing credit 
history, facing challenges with loan approvals with traditional 
mechanisms [26], to consider digital lending platforms to a 
larger extent, which are much quicker and faster. [8] 

Governments have also recognized the upward trend in the 
digital loan market and have started coming with new 
regulations. Few examples:  

● China has seen significant growth, and over there the 
Government have started coming up with stringent 
measures [3]. China is a leading market for lending 
institutions and consumers (borrowers), but is also facing 
lot of challenges on loan repayments [29] 

● India has seen a huge spike in digital lending start-ups [3] 

● Japan is now offering subsidies for several online 
transactions to encourage use of digital platforms. [3] 
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But, the sheer nature of business being very risky, fintech firms 
are looking at identifying transformational technologies to 
reduce the overall risk in lending business. Especially with the 
pandemic around, financial institutions are prioritizing the 
credit process checks and are extensively adopting AIML 
based solutions to reduce the overall loan default risk. In the 
rest of the paper, we first provide an overview of how a lending 
process works in the financial industry and how AI/ML 
technologies can enable a low risk loan provisioning by 
predicting the loan defaults. It entails details [17] on how 
dataset is acquired for building a model, exploratory data 
analysis, data cleansing, data visualization, use of AI/ML 
techniques such as Logistic Regression, Neural Networks [24] 
etc. to build the model and use of performance measures such 
as Accuracy, ROC-AUC, Recall, Precision and F1 Score. This 
paper provides an overview on product development roadmap, 
target segment which can leverage the model to transform their 
business operations, SWOT Analysis, Challenges & Risk 
Mitigation, Team building, Go-to market strategy, pricing 
plans, revenue model, ROI and exit criteria. 

 

 

 

 

 

II. METHODOLOGY FOR THE AI MODEL 

 

Our road to build comprised of the following phases: 

• Data Collection 

● Data Pre Processing 

● Data clean up 

● Model Selection 

● Model Scoring and Evaluation 

A key component of building the Model was having the right 
data in place. For this purpose, we reached out to Kaggle [19] 
as one of the most trusted data source providers. This data set 
that we chose was further split into two sets viz; the training 
data and the other being the test data in the ratio of 70:30.  

The next critical step that followed in our effort to build the AI 
Model was Pre-processing of data. This is a technique which 
transforms raw data into a more understandable, useful and 
efficient format. Our dataset comprises both the historic data 
of customers of the financial institution and that which is 
collected online and from the social media platforms. Included 
in our scope is an alternative credit scoring model [25][26] for 
which we identified an exhaustive list of variables. Some of 
these variables can also be determined to be directly related to 
loan defaults [22] Some of the key fields /variables that are 
used on the project are listed in the table below:

 

TABLE.1. REQUIRED DOCUMENTS FOR CREDIT SCORING 

ID Proof Educational 
certifications 

Property documents Employment history Paytm transactions 

Tax 
Returns 

Insurance payments Utility payments CIBIL Score Address verification 
status 

Payslips  Rental receipts Collaterals- gold, 
FD, Shares 

Social media – SMS. India 
Mart, Just dial 

Licenses - 
Commercial 

 

Data cleansing is performed predominantly to replace / 
eliminate missing values from the data sets. We then moved 
onto conducting exploratory data analysis, where we leveraged 
statistical concepts such as normal distribution, Probability 
density function to study the dependent and independent 
variables and also to detect outliers and anomalous events. We 
deployed the classification technique of Logistic regression, 
SVM, Random Forest and Artificial Neural Networks [15] to 
assess the credit risk. Score Model and Evaluate Model 
techniques are leveraged to study the accuracy and precision. 
The Model selection was determined keeping in mind the 
merits of the tools and techniques and our core mission of 
designing a Model which is unbiased and is fair upon 
evaluation.  

Some of the key metrics [16] that we tracked are: 

The Confusion metrics  

● Accuracy 

● Precision 

● Recall 

An accuracy score of 0.81 is seen as a good score on the AI 
Model. Those applicants with an overall high score are given 
the approval for loan while those with medium scores and 
higher on risk are charged a higher interest rate for the 
approved loan amount. Our Model attempted to provide such 
insights that the maximum percentage of the population is able 
to secure loans from the financial institutions. 

 

III. SOLUTION DESCRIPTION 
 

A. Credit Lending in the Bank with AI Model to predict the 
probability of a default 

The lending process involves a series of activities that lead to 
the approval or rejection of a bank loan application.  

7 Stages in Loan Origination 

 The First stage of Lending/Financial services is known as 
Loan Origination process. The most important & critical stage 
in complete Loan servicing. For almost every lender the 
definition of the term Loan origination is different – where it 
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starts, the different stages within the process and where it ends. 
Every Loan type will have a different approval process that can 
be manual or automatic. The types of loans [2] are as listed 
below:  

⮚     Home loans 

⮚     Personal Loans 

⮚     Credit card loans 

⮚     Car loans 

⮚     Two wheeler loans 

⮚     Small business loans 

⮚     Payday loans 

⮚     Cash advances 

 

Fig.1. A high level Process flow for the Loan application process 

 

 
Fig.2. Process flow for Alternative credit scoring Model [13] 

 

1)   Pre-Qualification Process: This is the first step in the Loan 
origination process. At this stage, the potential borrower will 
receive a list of items they need to submit to the lender to get a 
loan. This may include: 

•    ID Proof / Address proof: Voter ID, AADHAAR, PAN  

      CARD 

•    Current Employment Information including Salary slip 

•    Credit Score - {subject to availability} 

•    Bank statement & Previous Loan Statement 
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Once this information is submitted to the lending company, 
Lender reviews the documents and a pre-approval is made, 
allowing the borrower to continue in the process to get a loan. 

  

** These are the fields/parameters which are inputs to the AI 
Model 

  

2)   Loan Application: This is the second stage of the loan 
origination process. In this stage, the borrower completes the 
loan application. Sometimes this application can be paper-
based, but today lenders are shifting towards an electronic 
version that makes this stage Paperless. New technologies 
allow completing the application online through website & 
mobile app, and collected data can be tailored to specific loan 
products. 

  

3)   Application Processing: At this stage, the application is 
received by the credit department and the first step done by the 
department is to review it for accuracy, genuine & 
Completeness. If all the required fields are not completed, the 
application will be returned to the borrower or the credit 
analyst and they will reach out to the borrower to procure the 
missing information. 

  

Lenders use LOAN ORIGINATION SYSTEM (LOS)[7] to 
know the creditworthiness of the borrowers. A good LOS will 
help a lender setup workflow to process a loan. It can 
automatically flag files with missing required fields, return it 
to the borrowers and notify the sales/Credit department to 
rework. Depending on the organization & product, exception 
processing might be a part of this stage. 

 

4)   Underwriting Process: When an application is totally 
completed, the underwriting process begins. Now Lender 
checks the application taking a variety of components into 
account: credit score, risk scores, and many lenders generate 
their own unique criteria for scoring that can be unique to their 
business or industry. Nowadays, this process is fully automated 
with the help of a rule engine & API integrations with Credit 
scoring engine’s (CIBIL, EXPERIAN etc.) in LOS. In a rule 
engine, the lender can load underwriting guidelines specific to 
products. 

  

5)   Credit Decision: Depending on the results from the 
underwriting process, an application will be approved, denied 
or sent back to the originator for additional information. If 
certain criteria don't match according to the rule engine set in 
the system, there can be an automatic change in the parameters, 
such as reduced loan amount or different interest rates. 

  

6)   Quality Check: Since lending is highly regulated, the 
quality check stage of the loan origination process is critical to 
lenders. The application is sent to the quality control team that 

analyzes critical variables against internal and external rules 
and regulations. This is the last look at the application before it 
goes to funding. 

  

7)   Loan Funding: Most loans are funded shortly after the loan 
documents are signed. Second mortgage loans, Business loans, 
Loan against property and lines of credit may require 
additional time for legal and compliance reasons. LOS can 
track funding and ensure that all necessary documents are 
executed before or together with funding. 

 

B. Key Features: 

 

●  Our project aims to build an AI Model which is fair, 
unbiased and enables profit making. The input to the data 
involves an extensive list of variables/fields supported by 
proof of documentation. 

●  The Model is built using the classification technique of 
Logistic regression and Artificial Neural Networks. Score 
Model and Evaluate Model techniques are leveraged to 
study the accuracy and precision. [14] 

  

1. Benefits  

The deployment of the Model would result in 
elimination/reduction of manual intervention, reduce risk of 
defaults while achieving a high level of accuracy 

  

2. USP 

 

An inherent characteristic of any financial institution 
irrespective of its size is to lend money at a certain interest level 
which is higher than what it pays to its depositors. In parallel 
an individual who may belong either to a salaried class or run 
a business is looking to borrow money so as to meet his/her 
needs.  Our research says there is a large segment of the 
population which does not hold a key parameter which is a 
credit score. This may be the case of a salaried individual who 
has got his first job [27] or/and a small-time businessman (ex: 
Kirana store owner) who may or may not even hold a bank 
account [26]. Research says the potential for this market 
globally is largely untapped due to lack of a structured 
approach to approve/reject a loan application. Our project also 
aims to bring under its scope this segment to help facilitate the 
process of lending and borrowing through a fair and unbiased 
approach which also results in profit sharing and thereby 
contributing to the economy. 

  

As a first step we aim to design a mechanism to generate a 
score on similar lines of that of a credit score which will be a 
key component. For this purpose, we have come up with an 
extensive list of variables which will serve as an input to arrive 
at a score which the algorithm will leverage to predict 
probability of a loan default. [6] 
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C. Data & People  

As our Organization embarks on its journey of AI/ML it is very 
critical that we have the right structure in place to help 
accomplish our objectives. For this purpose, we propose to 
have a core team of 12 members which includes the Senior 
Executive (1), COE (2), Data Scientist (1), Functional SME 
(1), Sales Lead (2), Deployment SME (1), Solution Architect, 
(1) Data SME (1), Model Design SME (2) and Infra support 
(1) We plan to scale up the team in the months to follow. Roles 
and responsibilities have been clearly defined for each of the 
resource to enable smooth execution of the Product 
development. 

 

D. Product Development Roadmap and milestones 

 
Fig.3. Product development roadmap 

  

 

 
Fig.4. Product development milestones 

The AI/ML models we plan to leverage include Logistic 
Regression, Neural Networks, SVM, Random Forest to build 
our credit scoring model and measure the performance with 
ROC-AUC curve, Accuracy, Precision, Recall & F1 Score. 
The dataset and the variable will also influence the model we 
will be using for model development. Once we have a model 
developed this will get this deployed using the AI/Devops team 

and make it available as an application and as a mobile app for 
customers to be able to leverage the power of AI/ML. 

 The license to the model is being offered as SaaS, and will be 
available on cloud accessible through a web UI. We will ensure 
a legitimate & navigable friendly documentation for all the 
process and steps would seamlessly onboard the new users. For 
New customers, an FAQ document with video explanation 
would make the customer friendly in using our application. 
The training requirements for customers to use the solution will 
be met through detailed documentation and usage videos. 

 

IV. EXPANSION PLAN AND EXIT STRATEGY 

Once the model is in production and becomes available to the 
market, there is a huge scope of scaling the product both in 
terms of adapting newer AI enablement’s as part of the product 
development roadmap and as well as addressing the growing 
digital lending [5] and microfinance segments. The objective 
is to deliver a more robust, low risk, profit oriented, cost 
effective, seamless AI model to its customers. It has been 
observed that some of the existing competitive solutions are 
priced high and lenders are passing on the costs to the 
consumers, which is creating a huge dissatisfaction among 
them. With this lenders reputation can get compromised, which 
is key to sustaining a larger market share. We are looking to 
embark on this and provide a best in class solution with a low 
cost SaaS based solution. This solution opens a whole new set 
of opportunities to tap into customers with no credit score, 
many other parameters to be deployed to track customer’s 
financial stability, like his daily transactions, his purchase 
history, sales history, customer base, property ownership etc. 

Every AI model keeps evolving as new data[23] gets added 
into the database. We have structured our pricing strategy to 
enable a no cost credit check component, encouraging not just 
the lending organization to feed the data, but also allowing the 
end consumers(borrowers) to register on the application to 
check on what their credit score looks like. This will allow for 
more data to be created for testing the model, thereby 
improving the overall model performance[28]. Over a period 
of time, the model will become more robust on predicting with 
better accuracy. As we progress, we are looking to create 
differentiating components for each of the loan segments – 
such as Home Loan, Car Loan, Two- Wheeler Loans, Personals 
Loans etc. No doubt our target customer is a lender for using 
the model, but we would aim to create an ecosystem, where the 
end consumer is able to receive hassle free loan processing. 
Key focus will be to keep improving the model and create an 
enabling environment both for the lender and end consumer. 
For example – collaborating with lenders to agree upon a 
minimum score criteria for loan provisioning. Adopting a 
model to provision a credit score certificate to end consumers 
– helping lender shorten their processing time and so on. 

We also plan to collaborate with Fintech solutions like RuPay, 
PayTM, GPay, Billdesk, etc.We would like to adopt Six Sigma 
for continuous improvement, this will enable us to keep 
evolving to the market expectations and demands. With a 
strengthened solution and process, we aim to extend our 
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market segment to mid-sized financial institutions, large 
financial institutions and global emerging markets. 

 
Fig.5. Business process flow 

 

B. BUSINESS PLAN (FINANCIALS) 

 Seven Seas - Loan Default Prediction is being offered as a 
SaaS to the target customers [10]. The AI model will be hosted 
on a cloud platform veiled behind product keys to access the 
AI model. 

The business financials have been identified as one-time set-
up costs and recurring costs - which include ongoing Premises 
Costs, Hardware infrastructure costs, Software License costs, 
Marketing Costs, Human Resource costs, Contingency costs. 
[12]  

TABLE.2. INITIAL ONE-TIME SET-UP COSTS: 

Initial Set-up 
Costs 

Item Cost in USD 

Company Registration $750 

Domain Purchase & 
Web hosting 

$500 

Contingency Costs $250,000 

Certification Costs 
(ISO 27001 
Certification) 

$11,000 

Total Costs $262,250 

 

 Certification Costs [20], Domain &Hosting [21] 

Expenses: Seven Seas will leverage cloud hosting services to 
provision the hardware requirements. 

 

 

TABLE.3. TOTAL ANNUAL COSTS 

Annual Costs 
(USD) 

 Year 1 Year 2 Year 3 Year 4 Year 5 

Hardware Costs $120,000  $120,000  $120,000  $120,000  $120,000  

Software Costs $5,267  $5,267  $5,267  $5,267  $5,267  

HR Costs $200,000  $200,000  $200,000  $200,000  $200,000  

Marketing Costs $25,000  $25,000  $25,000  $25,000  $25,000  

Zoho1 Costs $1,100  $1,100  $1,100  $1,100  $1,100  

Insurance Costs $10,000  $10,000  $10,000  $10,000  $10,000  

Miscellaneous 
Costs 

$25,000  $25,000  $25,000  $25,000  $25,000  

Total Costs $386,367  $386,367  $386,367  $386,367  $386,367  

Total Cumulative 
Costs 

$386,367  $772,734  $1,159,101  $1,545,468  $1,931,835  

Total Costs ( 
Includes Initial 
one-time cost) 

$648,617  $772,734  $1,159,101  $1,545,468  $1,931,835  

 

Hardware & Software Costs [11], Insurance Costs [1], software development/HR costs [12] 

 

 Note: No separate training required for the customers. The tool usage demo/videos will be provided to enable the customers to use 
the solution. These costs are covered under marketing costs. 
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TABLE.4. PRICING MODEL [10]: 

 
 

TABLE.5. TOTAL REVENUE 

Pricing Year 1 Year 2 Year3 Year 4 Year 5 

Monthly Plan (Lite)           

Targeted Revenue /Year  $   41,991.60   $   89,982.00   $  116,976.60   $ 152,069.58   $    197,690.45  

Annual Plan (Pro) Upfront 
Payment           

Targeted Revenue /Year  $        35,998   $      125,992   $       188,987   $      283,481   $         425,222  

Enterprise Annual  Plan 
(Premium) Upfront Payment           

Targeted Revenue /Year  $        71,999   $      215,996   $       323,995   $      485,992   $         728,988  

Overall Targeted Revenue 
/Year  $      149,988   $      431,970   $       629,959   $      921,543   $      1,351,900  

Overall Cumulative 
Revenue/Year  $      149,988   $      581,958   $    1,211,917   $   2,133,459   $      3,485,359  

 

TABLE.6. ROI ANALYSIS: ESTIMATING A BREAK-EVEN AT YEAR 3 

ROI Year 1 Year 2 Year 3 Year 4 Year 5 

Total Cumulative 
Expenses  

$648,617  $772,734  $1,159,101  $1,545,468  $1,931,835  

Total Cumulative 
Revenue 

$149,988  $581,958  $1,211,917  $2,133,459  $3,485,359  

ROI ($498,629) ($190,776) $52,816  $587,991  $1,553,524  

ROI in % 23% 75% 105% 138% 180% 

Differential ROI -77% -25% 5% 38% 80% 

 

 

C. Exit Strategy: 

  

Seven Seas plans to start looking at exiting the business after 5 
years in the business.  As part of the overall strategy, we would 
like to get merged or acquired by a competitor (or) a business 
entity to take over the business. Here are the key indicators we 
will be looking for an exit [4]:  

● Established Business Model 

● Profitable Business 

● Revenue – After 5 years, once cumulative revenue is 
doubled than that of cumulative expenses. 
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Abstract—In constantly developing countries, all of the 

major resources are obtained via. mining industry; an industry 

that is a bliss to the society but also faces some hidden dangers 

underneath to obtain the resources and accelerate the growth 

of human existence. The miners are prone to hazardous gases 

like carbon monoxide (CO), altitude threats, breathing 

problems and earthquakes. Therefore, the motivation of this 

project is to combine all the features necessary to help 

overcome the dangers in the mines by designing an 

autonomous based 4-wheel drive companion robot, controlled 

using an Arduino Uno microcontroller and dual-tone multi-

frequency technology (DTMF). The DTMF technology can be 

used to control the robot from a wide range far distance 

without being in the mines. Multiple sensors are also interfaced 

without any programmable devices to detect light, temperature 

and gases in the environment. This project aims in combining 

all the various factors, reducing costs so as to make them 

affordable as well as effective against all the existing problems 

for the underground miners. 

Keywords—carbon monoxide, obstacle detection, Arduino, 

DTMF, mining industry 

I. INTRODUCTION 

The mining industry is one of the most essential industries 
present today across the world. It is, in fact, so essential that 
it was globally valued at 1845.55 billion US dollars in 2021 
and has a compound annual growth rate of approximately 
12.4% [1]. This is because the mining industry is solely 
responsible for the smooth functioning of almost every piece 
of technology across the world. This includes everything 
from naturas gas and oil to precious metals. Everything that 
is used in our daily life is made using some mined 
substances. Some examples include petroleum – which is 
further refined to make automobile fuel, precious metals – 
which are used in everything ranging from computers to 
jewelry etc. 
 

However, in spite of the profitability of the industry, 
mining is still a very dangerous profession. Globally, over 
15000 people die from mining accidents every year, and 
more people are killed or injured in the mining industry 
more than any other industry [2]. These extraordinary 
statistics exist because miners work in extremely harsh and 
hazardous conditions on a daily basis. Such conditions are 
usually very unpredictable for the miners to react on time 
and to save themselves.  
 
When we were studying the problems that miners usually 
face when doing their job, we came across a few issues that 

are common to most locations and mined substances. We 
believe it is necessary to resolve these issues using 
automation to ensure the safety of miners and to increase 
their survivability. The problems that we are attempting to 
solve are as follows: 

1. The mines are usually extremely dark places and 

have no space for sunlight to get in. This reduces 

visibility to zero and makes the life of miners 

difficult.  

2. Mines are usually very narrow spaces, and the 

people working in them have difficulty navigating 

because of the large number of obstacles present. 

3. Some mines have a very high concentration of 

toxic gases such as carbon monoxide and carbon 

dioxide which can seriously harm the miners. 

4. Because of the unusual locations and other 

constraints of mining sites, temperature stability is 

a major problem. Fluctuating temperature and the 

lack of awareness in this regard can also prove to 

be harmful for miners. 

We have created a system that integrates multiple 
subsystems that solve each of these problems individually. 
This subsystem is partially controlled by the AtMega328p 
microcontroller, although we have used low level transistors 
to control other components. This was done to reduce the 
power usage of the system and to ensure long sessions 
without the need to recharge the batteries. 

II. RELATED WORK 

The proposed paper by Vivek Hanumante provides with a 

low-cost solution concerning obstacle avoidance for mobile 

robots. A dynamic steering algorithm has also been 

presented which ensures that the robot can avoid collisions 

and navigate smoothly even in unknown environments. The 

Infrared (IR) sensor is the main sensing unit used in the 

implementation. The hardware components used include 

two IR sensors, two 60 rpm DC motors, L293D motor 

driver IC and an AtMega8 Microcontroller development 

board. The software used to program the robot was Atmel 

AVR Studio and HIDBootFlash (to write the program to the 

development port using a USB cable). The IR sensor 

contains a photodiode and a LM358 comparator IC. Once 

the program is loaded into the microcontroller, the input 

taken from the photodiode of the IR sensor is compared in 

the LM358 comparator IC. The output of the comparator is 

sent back to the microcontroller. Based on this data, the 
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microcontroller decides the direction of the robot. This is 

done by sensing a signal to the DC motors via the L293D 

motor driver IC [3].  

 

The paper by  Yi-Shun Chen  proposes a new headlight 
control system and also a novel method to achieve the 
required tasks. The proposed control system was applied to 
a practical vehicle and data related to the projection angle of 
illumination was collected and tested. In order to provide 
better operation for the headlight control system, data for the 
output frequency of the vehicle speed sensors and the 
inclination angle of the vehicle were analyzed. The output 
frequency of the vehicle speed sensors was found to be 
directly proportional to the vehicle speed. When the vehicle 
was moving in an uphill state, it was found that the vehicle 
speed was inversely proportional to the headlight projection 
value, and when the vehicle was moving in a downhill state, 
the converse was true, i.e., the headlight projection angle 
had a constant value – thus resulting in better illumination 
for the driver. These results can be used to design the 
automated headlight systems for any vehicle operating 
under any conditions [4].  

The authors Jing Guan and Xianjun Wang have 
designed and implemented a real-time gas monitoring 
system on a helmet in order to alert miners in coal mines 
[5]. The alert system sends out an alert signal by self-motion 
when the gas thickness valve is over a preset threshold 
value. Every such helmet is equipped with an MSP430 
sensor and a location identity function. The sensor is 
employed to check for four major gases: 

a. Carbon Monoxide (Alert Threshold is 300 
ppm) 

b. Hydrogen Sulfide (Alert Threshold is 50 ppm) 
c. Carbon Dioxide (Alert Threshold is 500 ppm) 
d. Methane (Alert Threshold is 500 ppm) 

The system is equipped with a microcontroller unit and a 
buzzer that sounds an alert when the microcontroller detects 
an input value exceeding the preset threshold value. 
 

Lastly, Saraswati Saha used an IoT based system using 
an ESP8266 Wi-Fi module to monitor the temperature in a 
certain range and displayed it on the “Ubidots” cloud 
platform. This cloud platform also has the ability to 
configure alerts for multiple events. In this case, the authors 
configured multilevel alert SMSs for specific phone 
numbers. Similarly, the authors also configured email 
notifications to report alerts at multiple levels of 
temperature. The sensing hardware used is DHT11 sensor 
whose measurement range is from 0 degrees centigrade to 
50 degrees centigrade, and can be replaced by a DHT22 
sensor for wider sensing range and better precision [6].  

III. DESIGN AND IMPLEMENTATION 

A. Motor Driver Control with Arduino 

This robot was designed and developed to address the 
problems faced at various mines. The four-wheeled bot is 
controlled with four separate 150 rpm BO DC motors which 
are driven by an L293D motor driver and powered by a 9V 
DC battery. The L293D motor driver was chosen as it a 16-
pin IC which can control two sets of motors simultaneously 

in any direction [7] and also supports up to 5A of current 
and also up to 30V [8] which is enough to drive the mobile 
robot smoothly. The computer aided design (CAD) of the 
chassis used for the project in shown in Fig 1 which is a 
4WD (wheel drive) built with laser cut smooth acrylic 
material. This bot required multiple subsystems to perform 
various tasks in alerting the miners. The subsystems in the 
bot are as follows: (i) DTMF technology – to help in motor 
control of the mining robot, (ii) obstacle detection system – 
the bot can avoid obstacles while travelling around the mine, 
(iii) automatic headlights – to light up any darkened spots in 
the mine, (iv) gas alert system – to alert the miners when the 
CO and CO2 content of a specific area is over normal range 
and (v) temperature alert system – to alert the miners when 
the temperature of a specific area is over normal range.  
 

 
Fig. 1. CAD design for robot chassis  

 
The subsystems (iii), (iv) and (v) are built and designed 

without any programmable devices so that the overall power 
consumption of the bot is reduced.  

B. Obstacle Detection System 

The obstacle detection of the bot is built using an 
ultrasonic sensor attached to a servo motor. This is 
controlled with an AtMega328P microcontroller. A basic 
circuit for the system is shown in Fig 2.  The ultrasonic 
sensor senses obstacles using ultrasonic sound waves which 
has a frequency of about 40 kHz and time taken for the 
waves to travel and thus determines the distance [9]. 
Generally, sound travels at the speed of about 340m/s. So, 
when an obstacle is detected, the sound wave is transmitted 
through the transmitter and received back at the receiver. 
The time is calculated by how long the sound wave takes to 
reach the receiver. Therefore,  

Distance = (Speed of Sound * Time)/ 2. 

 
Fig. 2. Test circuit for Obstacle Detection 
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It is divided by 2 as the sound has to travel and back and 
forth. The sensor is connected to a servo motor which has a 
detection angle of 180° and thus can detect obstacles around 
its area. This system works simultaneously with the motor 
driver which helps the bots to move smoothly by regulating 
the speed and directions of the DC motors. 
 

C. Automatic headlights 

A standard LDR (light-dependent resistor) based circuit 
is designed for the automatic headlight system seen in Fig . 
When there is an area in the mine with low light, the 
resistance on the LDR reduces [10] and thus making the 
LED headlights glow to brighten the path ahead. 
 

 
Fig. 3. Circuit for automatic headlight 

D. DTMF electronic subsystem 

A dual-tone multi frequency (DTMF) technology is 
used in the bot to also aid motor control and direction. The 
DTMF keypad is usually a 4x4 layout with rows and 
columns each with a unique tone and frequency. Every 
number on the keypad has one higher and one lower 
frequency as seen in Fig 4.  For our bot, we are using the 
MT8870 series-based decoder seen in Fig 5 which is 
considered one of the best options for DTMF 
communication [11,12].  
 

 
Fig. 4. High and Low frequency for DTMF keypad 

 
For manual control of the robot, a phone call is made to 

the mobile attached to the decoder and then the numbers of 
the keypad are pressed which in turn transmits a particular 
code. When a key is pressed and the code is received by the 
mobile phone, it will be audible through the mobile speaker. 
This code is not understandable by the microcontroller. In 
order to make the microcontroller understand the output, the 
speaker is connected to the DTMF decoder using a 3.5mm 
jack cable. This code is then decoded into 4-bit digital 

outputs mainly Q1, Q2, Q3 and Q4 [13]. A truth table for 
the 4-bit digital output is show in Table 1 which is used to 
move the motors or to control other actions like shifting 
between manual and automatic control. 

 
TABLE I. 4-bit output truth table for DTMF keypad 

  Low 

DTMF 

High 

DTMF 

Binary coded 

output 

Button 
frequency 

(Hz) 

frequency 

(Hz) 
Q1 Q2 Q3 Q4 

1 697 1209 0 0 0 1 

2 697 1336 0 0 1 0 

3 697 1477 0 0 1 1 

4 770 1209 0 1 0 0 

5 770 1336 0 1 0 1 

6 770 1477 0 1 1 0 

7 852 1209 0 1 1 1 

8 852 1336 1 0 0 0 

9 852 1477 1 0 0 1 

0 941 1336 1 0 1 0 

* 941 1209 1 0 1 1 

# 941 1477 1 1 0 0 

 
 

 
Fig. 5. MT8870 DTMF decoder circuit diagram 

E. Gas and Temperature Detection  

For the gas and temperature alert system, two gas 
sensors are used, one is the MQ2 gas sensor [14] that detects 
the presence of methane and carbon monoxide and second is 
the MQ135 gas sensor that detects the presence of carbon 
dioxide [15] and other flammable gases in the atmosphere. 
The sensor is connected to a BC547 NPN transistor and a 
resistor which is then connected to a light emitting diode 
(LED) and buzzer as seen in Fig 6.  
 

 
Fig. 6. Gas detection electronic subsystem 
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When the gas level is high, the circuit detects it and 
lowers the resistance, driving the transistor to turn ON once 
the base voltage of the resistor reaches 0.7V. This enables 
the buzzer and the LED so that the miners down in the 
mines are given an alert as soon as possible. A DHT 11 
sensor is also connected to the buzzer to give an alert sign 
when the temperature of the environment is above normal 

range (temperature ≥ 40°C). 

IV. RESULTS AND DISCUSSIONS 

The final designed and assembled robot is shown in Fig 
7. All the electronic subsystems on the developed bot were 
tested in different environment and the alert systems were 
accurately working. Fig 8 and Fig 9 show the top view and 
the side view of the robot respectively with the different 
subsystems. The temperature sensor DHT11 was capable of 
sensing temperatures between 0 – 50 °C with a difference of 
+-2°C [16]. At first the sensor detected the room 
temperature of 26 °C. To increase the temperature of the 
sensor and obtain readings, we bought a soldering iron near 
to it for testing the working and accuracy of the sensor. 
Similarly, to test the two gas sensors of the bot we used the 
smoke generated by a lightened incensed stick for testing. 
The smoke generally contains CO and CO2 which can be 
detected by the gas sensor.  
 

 
Fig. 7. Final prototype of the mining robot 

 

 
Fig. 8. Top view of the mining bot 

 

 
Fig. 9. Side view of the mining bot 

 

Testing the automatic headlights with the LDR was a 
simple process. At first, the headlight was turned OFF due 
to presence of sunlight. We then placed a black tape over the 
LDR which then decreased the resistance of the 
photoresistor, thus turning of the headlight of the bot. If 
there is a sudden failure of the LDR, then the button 8 on the 
DTMF keypad helps to manually switch ON the headlights. 
 

TABLE II. DTMF keypad with specified actions 

Button Action specified Output of DTMF 

decoder 

1 Turn ON the bot 0x01 (00000001) 

2 Autonomous 
mode 

0x02 (00000010) 

3 Manual control 
mode 

0x03 (00000011) 

4 Move forward 0x04 (00000100) 

5 Move Backward 0x05 (00000101) 

6 Move left 0x06 (00000110) 

7 Move right 0x07 (00000111) 

8 Turn ON 
headlight 

0x08 (00001000) 

 

Shifting to the manual control by the user, the buttons 
on the DTMF keypad from 1 to 8 were each given a specific 
action to execute which can be seen in Table II. Every 
specific action is been assigned a 4-bit binary output. The 
main actions are to make the motors move forward, 
backward, left and right directions during failure of the 
obstacle detection system. The obstacle detection system 
worked smoothly keeping a safe distance and dodging from 
any obstacles coming in its path. 

V. CONCLUSION AND FUTURE SCOPE 

The autonomous mining bot was designed and 
fabricated to overcome natural underground hazards by 
alerting miners successfully. The concentration of gases and 
depth of temperature in various locations of the mines are 
unknown and thus the bot is capable of detecting gases in 
the environment and temperature. Use of non-programmable 
devices helped in conserving overall power consumption of 
the relief bot. The bot can be controlled from any part of the 
world using DTMF technology just by a phone call. It helps 
miners to stay safe at all times with its integrated 
multitasking equipped technologies and features. The robot 
is equipped with both automatic and manual control mode to 
aid control of the robot’s motion. 
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DTMF controlled mobile-robot technology is also being 
researched in the agriculture domain [17] to provide vital 
parameters to farmers and to automate tasks that are based 
on these parameters (Ex: Irrigation, sowing of seeds, 
removing compost from fields, spraying pesticides, etc.). 
 

Autonomous mining equipment has many benefits, 
especially when introduced to the Indian mining industry. 
These benefits include safer conditions for all the workers, 
better fuel efficiency, a higher rate of productivity, reduced 
requirement of maintenance, improved working conditions 
for miners, improved vehicle utilization, reduced miner 
fatigue etc. The response time of alerts sent by a DTMF 
based system is extremely less, and conveys important 
information like temperature abnormalities or the presence 
of a life-threatening gas. Autonomous robots also act as 
guides for miners in dark and rough terrain. These attributes 
make mining robots practical companions in all mining sites 
across the world. 
 

Global Positioning Technology (GPS) technology can 
also be integrated in the robot to help the mine supervisors 
keep a track of the position of the bot at all times. During 
emergency when the bot sends alert signals to the miners 
and also signaling the position of the emergency spot 
instantly to the supervisors. The GPS system application 
will provide a real-time tracking feature that could help the 
miners as well as the supervisors to help each other and 
prevent a loss of manpower by sending rescue teams to the 
emergency spot immediately. 
 

Furthermore, for larger mines, the approach of swarm 
robotics can be utilized which can coordinate multiple 
robots at the same time. The GSM technology can be 
implemented onto the robots to enable them to send live 
location and sensor reading of various regions of the mines 
so that the supervisors can keep a track of multiple regions 
from one place. Our system consists of all the required 
sensing elements that can potentially make mining a safer 
profession and adding the aforementioned communication 
systems to the bot will only make it more usable across the 
industry. 
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      Abstract: Auto Insurance premiums are based on trivial 

ways of managing the overall business risk driven by factors 

like the Law of Large Number and market competition 

predominantly. An insured often pays huge insurance 

premiums based on the region and the type of vehicle they own 

which may not be the best way to offer coverage. This results in 

higher premiums which consequently leads to non-compliance 

and having incurred significant costs of travel and time. 

Ensuring better and legitimate premiums based on one's usage 

and driving behavior not only puts a user in control of how 

much they pay but also makes our roads safe and assures better 

compliance. Often high premium prices are the barrier to 

compliance in the Auto Insurance industry, our RATE SMART 

AI Engine strives to solve this industry problem by offering an 

AI solution that offers an appropriate premium for the risk one 

is exposed to. 

 

      Keywords: Automobile Insurance Pricing, Usage Based, 

India Automobile. 

 

I. INTRODUCTION TO CURRENT CAR 
INSURANCE SECTOR OF INDIA AND FUTURE 
POTENTIAL  

In July 2021, non-life insurers’ premium, which include 
general, standalone and specialised public-sector, recorded 
19.46% YoY growth and reached Rs. 20,171.15 crore (US$ 
2.71 billion) against Rs. 16,885 crore (US$ 2.27 billion) in 
the same month last year. India accounts for more than 30% 
of the global insurance technology market (approx. US$ 3.50 
billion), according to S&P Global Market Intelligence data, 
which is second-largest market in Asia-Pacific. The 
insurtech-focused venture are very focused on the 
investments made in the country[9]. In India the growth of 
insurance market continues. Its growth story consists of IOT 
devices, telematics and customer risk assessment. The 
InsurTech start-ups are growing rapidly with current number 
as 110+.  

 

II. CURRENT SCENARIO OF AI IN CAR 
INSURANCE. 

In our research we have focused on InsurTech to better 
understand where AI comes into play in the auto insurance 
industry and to answer the following questions: 

1) Are there any AI applications that are currently in use in 
auto insurance? 

2) What are the tangible results has AI driven in auto 
insurance? 

3) The common trends among these innovation efforts? 
How does these trends affect the future of auto 
insurance? 

This report covers vendors offering software within the auto 
insurance industry across, 

1) Claims Assessment 

2) Chatbots for Customer Service 

3) Policy Pricing 

 

Nowadays, we are able to use the best software, devices, IoT 
etc, that are based on machine learning and AI, for the 
analysis of telematics data. It is more important to collect the  
dynamic data for analysis rather than static data, which 
represent a significant change in the standard insurance 
model. 

 

The IOT based telematics devices need to  be installed in all 
the cars to get discounts. Theoretically, the pricing and 
policy decisions can be more specific for insurance 
companies if the more telemetric data is strategically utilized 
per client. At present it should be noted that it doesn’t seem 
as though these telematics systems are using AI[2]. 

Machine learning algorithms can be trained on the data that 
they collect for these companies. By predicting the risk of 
the customers companies might be able offer tailored pricing 
to them. If they can do this, they can theoretically[4] beat out 
their competitors to the most valuable customers. 

Vehicles with telematics devices generate, store, and transfer 
terabytes of valuable data that insurance companies can use 
to work out competitive prices and create new business 
models as per consumer demands. 

Some of the latest AI use cases for auto insurance include: 

 

A. Predictive cost analytics for claims:  

Smart usage of machine learning techniques and data science 
to predict the average claims cost per different driver 
segments. Modify premiums respectively and manage your 
expenses[15]. 
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B. Driver performance monitoring: 

 By analysing behavioural data from the telematics devices,   
external cameras, telematics, and ADAS systems, you can 
learn more about customers driving behaviours[21] and 
surprise them with customised rates and product lines[19].   

 

C. Real-time accident support.  

Insurance companies can offer better service levels to drivers 
by receiving automatic access to the crash data and providing 
a prompt semi-automated response. For example, an AI 
Chatbot can guide the driver on the best actions for recovery, 
and at the same time notify the medical team if needed or call 
a tow truck service. 

Such real-time connectivity can be especially crucial for 
saving lives. Per OECD, 44% of car crash fatalities could 
have been prevented if emergency medical services had had 
real-time information on the type and severity of their 
injuries. 

 

We have already implemented the techniques using AI’s in 
our work place, homes, and vehicles. 

The AI adoption has been significantly accelerated due to 
COVID-19, leading to  digitization for insurers. The 
transformation was very fast to accommodate remote 
workforces, to increase the digital capabilities to support 
distribution, and to enhance online channels. The spending 
budget on AI was increased in the Covid period but the more 
emphasis on digital technologies and a greater willingness to 
bring the change will put them in a better position to use AI 
into their operations. 

 

The insurance industry in the coming years will be 
revolutionised  by the four core technology trends, tightly 
coupled with (and sometimes enabled by) AI. 

 

D. Explosion of data from connected devices 

 

The number of connected  devices in the future will see a 

multi fold increase but the industrial settings, equipment 

with sensors have been omnipresent for some time[20]. The 

density of existing devices (such as home assistants, fitness 

trackers, cars, smartphones, and smart watches) will 

continue to penetrate rapidly, there will be new range of 

devices , new categories such as clothing, eyewear, home 

appliances, medical devices, and footwear.[7]. It is 

estimated that by the year 2025 there be up to one trillion 

connected devices. The performing avalanche of new data 

created by these bias will allow carriers to understand their 

guests more deeply, performing in new product orders, 

further individualized pricing, and increasingly real-time 

service delivery 

 

E. Increased prevalence of physical robotics 

 

The application of robotics has seen many encouraging 

achievements off late, and this innovation will further change 

how we interact with the planet around them. Additive 

manufacturing, also referred to as 3-D printing, will radically 

reshape manufacturing and therefore the commercial 

insurance products of the longer term .  By 2025, 3-D-printed 

buildings are going to be common, and carriers will got to 

assess how this development changes risk assessments. In 

addition, programmable, autonomous drones; autonomous 

farming equipment; and enhanced surgical robots will all be 

commercially viable within the next decade. In approx. ten 

years from now, substantial proportion of standard vehicles 

will have advanced features, such as self-driving 

capabilities[5]. Carriers will got to understand how the 

increasing presence of robotics in lifestyle and across 

industries will shift risk pools, change customer 

expectations[22], and enable new products and channels. 

F. Open-source and data ecosystems 

As data become abundantly available, open-source protocols 

will make sure data are often shared and used across 

industries and sectors. Various public and private entities 

will unite to create ecosystems in order to share data for 

multiple use cases under a common regulatory and 

cybersecurity framework. Advances in cognitive 

technologies 

Convolutional neural networks and other deep learning 

technologies currently are used primarily for image, voice, 

and unstructured text processing will evolve to be applied 

during range of applications. These cognitive technologies, 

which are broadly based on the human brain’s ability to learn 

through decomposition and inference[6], will become the 

standard method for processing the infinitly large and 

complex data streams which will be generated by “active” 

insurance products tied to a customer’s behaviour and 

activities. With the increased adaptation of those sorts of 

technologies, insurance providers will have access to models 

that are continuously learning and adapting to the planet 

around them enabling new product categories and 

engagement techniques while responding to shifts in 

underlying risks or behaviours in real time. 

 

III. A SPECIFIC EXAMPLE - USAGE BASED PRICING 
FOR AUTO INSURANCE 

Analysing data across geographies has been found that using 
Usage and Driving Behaviour data to rate and classify users 
such that they pay appropriate premium has the potential to 
reduce premiums by 12-15% to start with and can improve 
the overall market penetration in the retail and unorganized 

segment of fleet segment across Rural and Urban 

landscape by offering PAY as YOU DRIVE capability to 

the users.  

The RATE SMART AI Engine that we are proposing 
(expected to be available in next 4-5 Months) will provide 
all of the above benefits to the various stakeholders across 
the Auto Insurance Industry [8][13] 
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Following Sections in this document describe the data used 
by the application, the process of data collection and 
cleaning, and key use cases describing how the Insured and 
Insurer can use this application. 

 

A. Data source and data collection process 

 

UBIs are of two types and based on the types of UBI the data 
needs also vary [14]. 

Types of Usage-Based Insurance 

● Pay-as-you-drive: The distance driven during the period 
of policy is considered as the prime factor in calculating 
the policy premium[17]. 

● Pay-how-you-drive: Driving pattern and  behaviour 
(i.e., how safe is the driving) during the period of policy  
is considered as the prime factor in calcualting the 
policy premium[18]. 

There are many factors that contribute to the estimation or 
calcualtion of policy price for UBI, such as: Data required to 
support and offer both the programs; 

 

TABLE.1. Description of data to be collected by the  
Application  

Field  Description 

 # of miles 

driven 

Total number of kilometres the 
user drives their vehicle 

Speeding Does the driver drives at 
dangerous speed 

Hard Braking Does the driver apply hard break 
regularly 

Weather In what weather condition the 
drives 

traffic 

environment 

Traffic condition the driver drives 
the vehicle in 

time of the day day time or night time 

vehicle type Type of vehicle 

Idle time Does the vehicle lie idle for long 
duration 

  

While the MVP will only offer pay as you drive programs, 
given the complexity, customer sensitivity and privacy 
concerns.  Appendix A and B provides a High level process 
flow and data flow. 

 

B. Data analysis and decision support 

 

There are variety of  aspects to be considered to answer the 
following: 

● Can Customers consider themselves ready for the 
UBI market and; 

● Why the adoption rate among insurers is so slow for 
UBI 

 

 

1. Product Pricing:  

Unless there's a considerable reduction in decoration handed 

( i.e., at least from 10 to 15), it would be delicate to move 

implicit guests to switch to UBI that that entails monitoring 

and capturing data. As per LexisNexis 2013 Insurance 

Telematics Study, more than 70% of vehicle owners are 

more likely to install telematics device if an insurer offers an 

automatic reduction of 10 percent for the first 6 months. But 

this move also comes as a big cost for the insurer. It's 

doubtful that any implicit client will agree to bear the cost of 

any telematics device. Customers may be more willing to go 

for a smartphone app. Also, for insurers, what will be the 

medium to cover and capture data and running analytics? 

Will the structure be set up by the Insurer, or would they tie 

up with similar service providers for telematics/ Data 

analytics? Can the data recorded be used in the existing 

pricing model, or a new pricing model is required, and what 

will be the impact on profitability? ? How soon can break 

even be achieved? 

Based on the report published by Allied Market Research, 

the worldwide UBI request size was more than $28 billion in 

2019 and is anticipated to reach more than $149 billion by 

2027. North America held the largest share in 2019, 

contributing to about two-fifths of the request. Post COVID-

19, the need for operation- grounded insurance has been 

corroborated compared to traditional insurance. 

Insurers, if not done formerly, need to have a focused 

approach towards usage-based insurance. Investments are 

required upfront on product inventions, UBI technology, and 

cooperation with UBI/ telematics providers, product 

marketing, data management, etc., to gain a share in this 

evolving market. Though achieving a break indeed and 

moving to a constantly profitable model depends on the UBI 

product relinquishment among guests, upgradation of core 

operations (like policy admin, claims,etc.) to support UBI 

would help offset the cost in the long run. Insurance 

Company would also need to invest specifically in data 

storage and sequestration and constantly address any similar 

concern from implicit customers [12].   

From a customer point of view, UBI will clearly upgrade 

from the traditional Auto insurance model in the near future. 

With the convenience of downloading an app on a 

smartphone, tracking driving behaviours is going to be a new 

norm . Also, as they see the benefits in terms of decoration 

reduction, this in turn, will bring in instigation towards safe 

driving, thereby reducing accidents and claims. Still, the 

concern over data sequestration and power will still stay and 

might be a interference for numerous to adopt UBI. 

 

Build a rating and scoring AI Engine that will generate a 
Drivers driving score depending on the mileage they drive 
which will in turn influence their Vehicle insurance 
premium. At a Later stage the Engine can be enhanced to 
analyse, rate and score a drivers driving behaviour based on 
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certain criteria and variables * to classify a driver’s driving 
habits as Safe, Risky and Dangerous and accordingly rate, 
charge back and educate them.  

a. The AI engine will use Regression and Classification 
techniques to score and rate a Driver as well as place them in 
appropriate groups and categories respectively. 
b. This would not only result in ensuring one pays for the risk 
they carry but would also make Mobility safer and reduce the 
threat posed to life and assets making our roads safer. 
c. Age of the vehicle, Overall vehicle Health[16], Type of 
the vehicle, Mileage, Speeding, Hard Braking, Acceleration, 
Time of the day, Cornering etc 
d. Subject to this report we will only consider the variables 
Age of the vehicle, Category of the vehicle and Mileage. 
Appendix C will give the Cost of development. 

 

2. Scoring and Insights Dashboard 

 

By duly applying driving data an insurer can appreciatively 

separate itself in a broader and further sophisticated market 

and give: 

a. Constructive feedback on driver’s performance compared 
against peer groups 
b. Identify dangerous driving behaviour and educate drivers 
on how to significantly minimise their risk by making small 
changes to their driving pattern. 
c. Provide behaviour-changing incentives (i.e. credit against 
future policies if the driver will not drive on weekends, safe 
driver bonus on monthly basis, customer contests, qualified 
drawings, etc.) 
 
IV. APPENDIX 
 
Appendix – A Data Ingestion & Clean up 
 

 
 
 
Appendix – B High Level Process Flow 
 

 

 

Appendix C: Application development and Maintenance 
cost 

Item Cost per 

Month  

(in INR) 

Reference 

Application development phase 

Computation 
Resources 

61000 r6g instance -
https://aws.amazon.co
m/ec2/dedicated 
-hosts/pricing/ 

Data Storage 22000 S3 - Estimated 5TB 
initial requirement 
https://aws.amazon.co
m/s3/pricing/?nc=sn&l
oc=4 

Backend 
Development 

176000 2 Developers 

UX Development 27000 1 UX 

Office Space 
(Remote/Freelance
) 

0 We estimate 
development to take ῀ 5 
Months 

Total Monthly 

Expenses 

286000  

   

Maintenance Phase 

Computation, 
Storage, API 
access 

82000  

Development team 130000 1 Dev and 1 UX 

Office Space 
(Remote/Freelance
) 

0  

Total Monthly 

Expenses 

212000  
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Abstract—In this study, an experimental work is presented 

to detect the cracks in the railroad tracks using computer vision. 

Edge Detection process and Dataset Training methods are 

adopted for implementation of this work. Edge Detection is an 

image processing methodology for spotting the boundaries of 

objects within images. Dataset includes various templates, 

images and data which is used to train the algorithm and model 

so it can accurately predict the final outcome. This study is 

essential to analyze the cracks and faults in the railroad tracks 

to avoid accidents. 

 

Keywords—Railroad Track, Edge Detection, Dataset 

training, Computer Vision.   

I. INTRODUCTION 

Railway is considered as an important medium of 

transportation by a large number of populations across the 

globe. Hence, safety is a major concern towards the 

maintenance of railroad tracks to avoid any accidents. In this 

study, a major focus is directed towards railroad track crack 

detection using computer vision [1−6]. Edge Detection 

process and Dataset Training methods are considered here. 

Edge Detection includes the part oriented to the key-points or 

a piece of information which is relevant for solving the 

computational task related to certain methodologies. It may 

include some points, shapes, objects, edges or images. It also 

incorporates the key criteria e.g., Detection, Matching, 

Interest point, Possible approaches and Feature matching. 

During the process of Edge Detection, the sharp edges also 

get visible and can be easily identified. Prewitt Edge 

Detection, Sobel edge detection, Laplacian Edge Detection 

and Canny Edge Detection are also some aspects of edge 

detection process. Here, Canny Edge Detection method is 

used. Canny Edge Detection is considered as the most 

effective and complex method in comparison to other 

methodology. It is a multi-stage algorithm used to detect 

edges the following stages includes image conversion to 

grayscale, reducing noises, Gradient calculation, Double 

Threshold, Hysteresis edge tracking. Here, edge detection & 

dataset training has been implemented with these viewpoints. 

II. METHODOLOGIES 

Nowadays every portion of the railroad track is being 

inspected by foot. These categories include the gang 

patrolling which is carried out by foot along the railroad 

tracks. In our experimental work we have proposed a method 

of inspecting of railroad tracks using Computer Vision and 

Artificial Intelligence.  

A. Edge Detection  

An image processing method [7−9] which is adopted to 
identify the boundaries of objects or an image. Edges of an 
image are identified by changes in the pixel intensity where a 
high change in gradient specifies a major change in image 
intensities. It involves detecting sharp edges in the image and 
producing a binary image as the output. Sharp Edges are those 
edges where the intensity of pixel changes very rapidly.  Edges 
are the essential features related with image. In this 
experimental analysis Canny Edge detection methodology has 
been adopted. In this methodology five steps are included to 
complete this process i.e., noise reduction, gradient 
calculation, non-maximum suppression, double thresholding 
and edge tracking by hysteresis.  

• Noise Reduction: 

Edge detection is sensitive to noise. In an image, the 

first step is to eliminate the noise from the image with 

Gaussian Filter. If there is too much noise present in 

an image, the edge formed will also be more because 

noise are the high intensity values or low intensity 

values. So, after this when gradient is calculated 

during the edge detection the gradient will also get 

calculated in an undesirable manner and as result edge 

detection will not performed in a desired way. 

Gaussian filter uses Gaussian Function for the 

calculation of transformation for application to each 

pixel in the image. The Gaussian Function in 1D and 

2D is expressed in following equations:  

 

                       ���� = �
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                ���, �� =
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Here x denotes the distance from the origin in the 

horizontal axis and y denotes the distance from the 

origin in the vertical axis and σ denotes the standard 

deviation of the gaussian distribution. The gray scale 

conversion [10] using Gaussian Filter has been shown 

in Fig. 1. 

 

• Gradient Calculation: 

After obtaining the smooth image after the noise 

reduction, the smoothened image is then filtered with 

Sobel kernel (as shown in Fig. 2) in both x and y 

direction to get the derivatives G(x) and G(y). 
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             Fig. 1. Gaussian Filter gray scale conversion  

 

The edge gradient (G) and the angle can be calculated 

by using the values of G(x) and G(y), 
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Fig. 2. Application of Sobel Filter in railroad track image 

 

• Non-Max Suppression: 

The image after ongoing through the previous process 

should have thin edges. Thus, non-maximum 

suppression is performed to thin out the edges (refer 

Fig. 3). This algorithm undergoes through all the 

points of the image and finds out the pixels with the 

maximum value of gradient in the edge directions.  

 

           
         Fig. 3. Non max Suppression has been performed 

 

If the value is 3π/4, all the pixels will be observed 

considering the angle. If the intensity of the pixel that 

is both front and back pixel comes greater than the 

pixel considered, the pixel will turn black and if the 

intensity is lower then it will remain as it is. 

 

• Double Threshold: 

In this step two threshold values are required the 

minimum value and maximum value. In this step any 

edges with intensity gradient more than maximum 

value are to be considered as real edges and those 

values which are below minimum value are 

considered as non-edges and hence, they got rejected. 

Now the values lie between these two thresholds are 

considered as non-edges based on their connectivity 

(refer Fig. 4). 

 

 
Fig. 4. Application of Double Threshold in Railroad Track 

 

• Hysteresis: 

Hysteresis used as threshold in the canny operator 

[11,12] where the value ranges between the maximum 

and minimum value are considered to be edges if the 

value of pixel is connected to the maximum value 

range or it will be considered as non-edge (Fig. 6). 

 
Fig. 5. Method of Hysteresis Edge Tracking 

 

In Fig. 5, L1 is a true edge and L2 and L3 are less than 

the maximum value. Although L2 is not connected to 

any pixels of maximum value it will not be considered 

as edge. However, L3 is connected to the pixel having 

maximum value so it will be considered as edge. 

 
Fig. 6. Edge tracking by Hysteresis for the railroad track 
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These experimental works are carried out utilizing Python 

Frame work, OpenCV and PyCharm. At first, the image of 

the track which will be inspected is being captured. Further, 

it undergoes through the process of the grayscale image 

conversion and canny edge detection methods. For rust 

checking purposes, colour detection method has been 

adopted which is a technique of detecting various colour of 

an image from given range of Hue Saturation values colour 

space.  The information then will be shared with the operation 

personnel.    

B. Dataset Training 

Dataset training is a method that teaches an algorithm to 

recognize objects or certain particles using a dataset. Mostly 

it is the dataset [13−15] which is used to train the model so it 

can estimate the final outcome. Such type of algorithms 

performs data driven estimations on the basis of data 

provided. It included steps of Data Collection, Data 

Visualization, Model Choosing, Model Training, Validation, 

Parameter Tuning and Recognition. 

III. RESULTS & DISCUSSIONS 

In this experimental work, several results have been 

observed for corresponding inputs. The main focus and the 

objective of this work is to detect cracks and faults in the 

railway tracks. It is also very significant to maintain and 

implement the process adopting advanced technologies.  

 

 
 

Fig. 8. Image Conversion and Edge Detection done using Canny Edge 

Detection Method; (a) Original image (b) Filtered image using Gaussian 
Filter (c) Image after Canny Edge Detection method 

 

From Fig. 8, The image has been captured and is 

converted to grayscale. It is essential to filter out the noise to 

prevent false detection caused by it. Further, the grayscale 

image conversion is performed by using gaussian filter to 

smoothen the image. Then the image detection has been 

identified using Canny Edge detection technique. Canny 

Edge Detector is an edge detection operator that uses a 

multistage algorithm to detect wide range of edges in an 

image. Detection of Edges with low error rate is an advantage 

of Canny Edge Detector that result in many edges detection 

in the image. 

 

 

 

 

 

 

 

 

Similarly, in Fig. 9 (a) and (b), the image of railroad track 

is captured and converted to grayscale using gaussian filter to 

filter out the noise in order to prevent false detection. The 

edge detection has been done of the grayscale image using 

canny edge detection technique where the edges have been 

observed clearly and no other faults has been detected. 

  
Fig. 9. Edge Detection of the Railroad Track with noise reduction using 

Canny Edge Detection Method  

 

 
  Fig. 10. Edge Detection of Images and a minute gap is noticed which is 

not visible normally 

 

In Fig. 10 (a) and (b), another image of railroad track has 

been captured and the grayscale conversation is performed.  

During edge detection process, a minute gap has been 

observed which cannot be detected with clear eye. 

 

 
                      

Fig. 11. Colour Detection for Rust checking  

 

Finally colour detection has been analysed for rust checking 

purposes in Fig. 11 (a) in which there are some certain shades 

defined for the track which are in good condition or not to be 

renewed soon. Light Brown (#b5651d hex colour) has been 

considered for experimental model to define Rust.  

 

 

 

 
 Fig. 7. Block Diagram of Railroad crack detection system 
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IV. CONCLUSIONS 

This work can be implemented in large scale to facilitate 

advanced safety standards. The work has a significant impact 

on safety and maintenance of railroad tracks. Improved 

Communication protocols and real time implementation will 

certainly improve the maintenance procedures.  
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Abstract— Parkinson’s Disease (PD) is a neurodegenerative 

disorder that affects the dopamine neurons. The study aimed at 

predicting the risk of developing Parkinson’s Disease in 

individuals with REM sleep Behavior Disorder (RBD) and Early 

untreated Parkinson’s Disease. Data was obtained from Charles 

University in Prague which consisted of 30 individuals with early 

untreated Parkinson’s Disease, 50 individuals with REM sleep 

behavior disorder (RBD) and 50 healthy controls. Logit model was 

used to analyze the data. Further a Machine learning model was 

used to predict the risk of developing Parkinson’s Disease. It is 

concluded that Logit models and Machine learning successfully 

predict the risk of Parkinson’s Disease development. 

Keywords— Parkinson’s Disease, Gender, Risk, Speech, 

Respiration  

I. INTRODUCTION 

Parkinson’s Disease is a neurodegenerative disease in which 
the dopanergic neurons are affected [ 1, 2]. Environmental 
and genetic factors have been researched to play a role in the 
cause of Parkinson’s Disease (PD) [3].  Gender differences 
are very prominent in Parkinson’s Disease (PD). 
Epidemiological studies reveal a 1.5-2 times higher rate of 
incidence and prevalence in men than in women [4,5,6,7,8,9]. 
With regards to age of onset factor, women developed PD 
slightly later (mean age difference of 2.2 years) [10]. 
However, females were reported to have higher incidence of 
dyskinesias as compared to males [11,12]. Often, there are 
misdiagnoses in the treatment of Parkinson’s Disease [13]. 
Although several research studies exist, this paper seeks to 
understand the risk of developing Parkinson’s Disease by 
analyzing healthy controls versus individuals with early 
untreated PD and REM sleep behavior disorder.  
 

II. RESEARCH METHODOLOGY 

The research aims at estimating the risk of developing 
Parkinson’s Disease. The dataset was obtained from Charles 
University in Prague, First faculty of medicine, Department 
of Neurology and Centre of clinical neuroscience, Czech 
Republic. The secondary dataset included 30 individuals with 
early untreated Parkinson’s Disease (PD), 50 individuals with 
REM sleep behavior disorder (RBD), who are at a high risk 
of developing Parkinson’s Disease (PD) and 50 healthy 
controls. 

A. Analysis of the dataset 

The dataset obtained from 30 PD individuals and 50 healthy 
individuals was used as training data. The 50 individuals who 
are at a high risk of developing Parkinson’s Disease were 

used as a prediction dataset. The Logit model was used to 
analyze the data as the data was binary oriented data.  

 

III. RESULTS AND DISCUSSION 

 

A. LOGIT MODEL: 

Using the Logit Model, the health status variable was coded 
as 0- healthy and 1- unhealthy, and other variables were used. 
The following table indicates the coefficients: 
 
Table I Indicating the coefficients in the LOGIT 

model 
Coefficients:     

 Estimate Std. Error Z 

Value 

Pr (> IzI) 

(Intercept) 15.31617
4 

89.04542
1 

0.172 0.8634 

Age -
0.070667 

0.047317 -1.493 0.1353 

GenderM -
2.722319 

1.216910 -2.237 0.0253* 

Entrophy.of.speech.timin
g 

-
10.56565

7 

37.25056
3 

-0.284 0.7767 

Rate.of.speech.timing -
0.077387 

0.045105 -1.716 0.0862 . 

Acceleration.of.speech.ti
ming 

-
0.024233 

0.041978 -0.577 0.5637 

Duration.of.pause.interv
als 

0.030567 0.022784 1.342 0.1797 

Duration.of.voiced.interv
als 

-
0.039348 

0.033559 -1.172 0.2410 

Gaping.in.between.voice
d.intervals 

0.114501 0.064948 1.763 0.0779 . 

Duration.of.unvoiced.sto
ps 

-
0.079809 

0.083762 -0.953 0.3407 

Decay.of.unvoiced.fricat
ives 

0.081929 0.216777 0.378 0.7055 

Relative.loudness.of.resp
iration 

0.295846 0.228430 1.295 0.1953 

Pause.intervals.per.respir
ation 

-
0.346697 

0.336189 -1.031 0.3024 

Rate.of.speech.respiratio
n………………….min 

-
0.376509 

0.162838 -2.312 0.0208* 

Latency.of.respiratory.ex
change..ms. 

-
0.024365 

0.011870 -2.053 0.0401* 

Entrophy.of.speech.timin
g… 

19.48640
2 

49.60872
2 

0.393 0.6945 

Rate.of.speech.timing….
.min 

0.016705 0.030532 0.547 0.5843 

Acceleration.of.speech.ti
ming….min2 

-
0.007033 

0.083964 -0.084 0.9332 

Duration.of.pause.interv
als…ms 

0.016620 0.013786 1.206 0.2280 
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Duration.of.voiced.interv
als…ms 

0.003381 0.021365 0.158 0.8743 

Gaping.in.between.voice
d.intervals…min 

0.019215 0.076524 0.251 0.8017 

Duration.of.unvoiced.sto
ps..ms. 

0.145848 0.113779 1.282 0.1999 

Decay.of.unvoiced.fricat
ives….min 

0.282131 0.771509 0.366 0.7146 

Relative.loudness.of.resp
iration…dB 

-
0.179794 

0.226146 -0.795 0.4266 

Pause.intervals.per.respir
ation……1 

0.171878 0.410508 0.419 0.6754 

Rate.of.speech.respiratio
n…..min 

0.320894 0.186711 1.719 0.0857 . 

Latency.of.respiratory.ex
change..ms…1 

-
0.005431 

0.007790 -0.697 0.4857 

--- 

Signif.  Codes:   0 ‘***’  0.001 ‘**’ 0.01 ‘*’  0.05 ‘.’  0.1 ‘  ’  1 

 
    Using the Logit Model, the following variables have been 
found to be significant: 
1. Gender (5%) 
2. Rate of Speech Timing (10%) 
3. Gaping in between voiced intervals (10%) 
4. Latency of respiratory exchange (5%) 
5. Rate of speech respiration (10%) 

 

In the data analysis, it is found that gender is a very 
significant variable. This is in line with earlier research 
studies done by Haaxma et al in 2007 [14]. This disorder 
is 1.5-2 times more significant in men than women, often 
attributed to the presence of oestrogen hormones in 
women. Rate of speech timing has been found to be 
significant with research that states that there is a stronger 
acceleration of articulation rate in speaking and a 
significant reduction in pauses indicating impaired 
speech rhythms and problems in timing organization in 
Parkinson’s Disease [15]. 

 

Fig 1: indicating a confidence sign that this data can be modelled using a 

machine learning algorithm. 

B. Machine learning Model 

This is a classification problem, as we need to find out which 
of the patients have a very high risk of developing 
Parkinson’s in the future. Decision trees are a very popular 
algorithm that is used for classification. Catboost is an 
algorithm for gradient boosting on decision trees which is 
very often used for classifications. This learning dataset was 
initially used to train the model.  
 
 

Table II Indicating the average at risk for developing 

Parkinson’s Disease 

 Precision Recall f1-score Support 

No_Park 0.71 1.00 0.83 5 

Park 1.00 0.33 0.50 3 

Accuracy 0.75 8 

Macro avg 0.86 0.67 0.67 8 

Weighted 
avg 

0.82 0.75 0.71 8 

 

 

Fig 2: indicating the significant variables using the machine learning 
model 

Using this model, individuals could be tested for how likely 
they had a chance of getting Parkinson’s Disorder. The model 
will return a value of 1 if the individual is very likely to get 
Parkinson’s and 0 if not so. Using these the remaining 50 high 
risk individuals were classified and predicted. 
 
The most significant variables are: 

1. Duration of voiced intervals 

2. Rate of speech timing 

3. Duration of pause intervals 

4. Rate of speech respiration 

5. Gaping in between voiced intervals 

6. Gender 
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Gender, rate of speech timing, gaping in between voiced 
intervals, rate of speech timing, rate of speech respiration are 
all significant and are in line with the results on the logit 
model obtained earlier. This indicates that there is clear scope 
to classify individuals with high risk of developing 
Parkinson’s disease. 

IV. CONCLUSION 

From the secondary data analysis, it was clear that there is 
scope to classify people with high risk of developing 
Parkinson’s disease. Logit models accurately model the 
problem and therefore machine learning models also fit the 
problem with good accuracy.  
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Abstract— The chemical industry is one of the largest 

generator of industrial wastewater in India. There is a 

concerted effort by the Indian chemical industry to replace 

its traditional linear waste management system to a level of 

high circularity. The theory of circular economy gave rise to 

the waste hierarchy introduced in the EU Waste Framework 

Directive 2008. This study uses the framework of the waste 

hierarchy to analyze the practice of industrial wastewater 

management in India. We explore the order of the levels of 

the waste hierarchy adopted by the Indian chemical industry 

and investigate the drivers and barriers influencing it. This 

brings insight for upgrading industrial wastewater 

management in light of advanced technologies and 

transitioning towards a circular society. 

Keywords—  Industrial wastewater (IWW), Waste 

hierarchy, Circular economy, India, chemical industry 

I. INTRODUCTION  

     The Indian chemical industry has been projected to 
grow by 10-13 per cent per annum and is expected to 
USD 403 billion by 2025[1]. The chemical industry 
requires a huge amount of water and only a small fraction 
of that water forms a part of the products as seen from the 
E-Factor (kg waste per kg product) of bulk chemicals, fine 
chemicals and pharmaceutical industries [2]. The huge 
proportion of water that does not form part of the product 
is discharged as wastewater with minimal treatment, 
finally arriving at the surrounding water bodies and 
contributing to its contamination of natural waterways. 
Therefore, the water requirement of the chemical industry 
is only bound to increase as a result of an increase in the 
manufacture these chemicals. This increase in the 
generation of hazardous and toxic substances in the last 
few decades has rendered more than 70% of the fresh 
water unfit for consumption [3]. This has been validated 
by the Central Pollution Control Board’s (CPCB) report in 
2018 of an increase in the polluted stretches of India’s 
rivers from 302 in 2015 to 351 in 2018 [4]. The report 
also highlighted industrial effluents released by 
manufacturing units as one of the sources of pollution. Of 
the 351 polluted stretches Maharashtra accounts for the 
highest number at 53. Gujarat has 20 and Karnataka has 
17. 

A. Hazardous Waste Management  

     The Basel Convention on the Control of 
Transboundary Movements of Hazardous Wastes and  
 
their disposal is the most important regulatory framework 
for the management of hazardous waste. CPCB  [5] in 
Hazardous Waste Management Rules 2016 defines 
Hazardous Waste as any substance, whether in solid, 

liquid or gaseous form, which has no foreseeable use and 
which by reasons of any physical, chemical, reactive, 
toxic, flammable, explosive, corrosive, radioactive or 
infectious characteristics causes danger or is likely to 
cause danger to health or environment, whether alone or 
when in contact with other wastes or environment, and 
should be considered as such when generated, handled, 
stored, transported, treated and disposed off. According to 
the CPCB’s [5] Hazardous and Other Wastes 
(Management and Transboundary Movement) Rules, 
2016, notified under the Environment (Protection) Act, 
1986, industrial hazardous wastes are required to be 
disposed of in an environmentally sound manner. 
Industrial hazardous wastes are waste products from 
industrial processes that exhibit radioactive or hazardous 
properties which include toxic, flammable, explosive, 
oxidizing, toxic, carcinogenic as well as those that have 
harmful effects on human health and the natural 
environment. These include materials such as industrial 
chemical waste, industrial solvents and sludge and waste 
oils [6], [7].  

B. Theoretical framework: The Waste Management 

Hierarchy  

    The main objective of the any environmental policy is 
prevention of contamination and pollution. The Directive 
2008/1/EC on Integrated Pollution Prevention and Control 
(IPPC) by the European Commission is primarily aimed at 
taking preventative measures by applying best available 
technologies (BAT) including recovery and recycling of 
wastes. The waste management hierarchy (WMH) which 
is strengthened by the Waste Framework Directive, 2008 
(WFD) [8] is supported by the IPPC Directive. Article 4 
of the WFD has defined the waste management hierarchy 
into 5 levels: waste prevention, preparing for re-use, 
recycling, other recovery (such as energy recovery) and 
disposal. The five-tiered WMH offered in the Waste 
Framework Directive of the European Union  is 
represented by an inverted pyramid (Figure 1). This 
hierarchy has been adopted by the European Union as a 
decision making tool.  
The philosophy of the WMH is primarily concerned with 
the management of solid waste, however, it can also be 
applied to liquid waste [9]. 

 

C. The levels on the Waste Management Hierarchy  

     The Waste Management Hierarchy (Figure 1) 
establishes an order of priority for the various waste 
treatment options so that there is the lowest possible 
impact on the environment and the final waste generated 
is minimal.  The waste hierarchy prioritizes reduction, 
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recycling and reuse of hazardous waste over treatment or 
disposal.  
    The waste hierarchy is a waste management principle 
which includes the precautionary and prevention 
principles and provides a framework to enable a decision 
in waste management. This decision making tool is useful 
at all levels; organizational, local as well as national.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: The Five-tiered Waste Hierarchy of the Waste Framework 
Directive, 2008/98/EC 
Source: EC, 2008. DIRECTIVE 2008/98/EC of the EUROPEAN 
PARLIAMENT and of the COUNCIL of 19 November 2008 on Waste 
and Repealing Certain Directives 312, pp. 3-30. 

 
    To prevent or mitigate water pollution, it is imperative 
that the waste hierarchy is aimed at policy of the 
organisation rather than the waste manager. This is due to 
the fact that prevention of waste is not the policy 
prerogative of the waste manager as he/she is incapable of 
implementing any change to prevent waste [10]. 
Prevention of waste needs a policy that most often lies in 
the redesign of the product or in the change of a 
manufacturing process. In some cases, a change in the 
inputs that generate waste as propounded by the Principles 
of Green chemistry would serve to prevent waste 
generation in the first place [11]. It is therefore commonly 
understood that one needs to ascend the hierarchy rather 
achieving the highest priority.  
The hierarchical order cannot suggest which technology 
option of treatment is suitable but can serve to merely 
communicate which hierarchical levels are better or 
worse. For example; recovery of valuable chemicals is 
thus considered better than wastewater treatment whereas 
prevention in itself is even better. Therefore the hierarchy 
provides a direction of change, stimulating incremental 
progress over time based on availability of technologies 
[12].  
The hierarchy suggests that the higher options be 
exhausted before the lower options [13]. The regulatory 
position is not clear in this regard.  According to the WFD 
the hierarchy should be applied by prioritizing waste 
prevention. In contrast, the waste policy is also expected 
to examine the practicality of the situation while applying 
the principles of the waste hierarchy thereby subtly 
providing for a departure from the waste hierarchy for 
reasons of technical feasibility, economic viability and 
environmental protection [8].  
However, if implementation of the ‘polluter pays 
principle’ in the form of a penalty for lower ranked 
options and an incentive for higher ranked options is 

considered, decision and policy makers would be 
empowered to make better decisions. Waste can therefore 
be considered as a misplaced resource and various 
technology options are available to restore these resources 
for the purpose of productive use. 
A case study of a community Strategy for Waste 
Management demonstrated that prevention is the step 
followed by recycling or reuse of waste that could not be 
prevented and disposal for waste that could not be 
recycled or reused [14].  
 

II. OBJECTIVES OF THE STUDY  

1. To explore the awareness of WMH in the Indian 
chemical industry. 

2. To investigate the position of the industry with 
respect to the levels of the WMH.  

3. To investigate the order followed by the industry 
with respect to the WMH 

4. The drivers and barriers influencing effective 
implementation of the WMH. 
  

III. RESEARCH METHODODLOGY  

    This paper explores the awareness of the Indian 
chemical industry regarding the Waste Hierarchy. It also 
explores the order or the direction adopted by the Indian 
chemical industry as it moves with respect to the waste 
hierarchy in a bid to reduce or prevent waste.  

In order to achieve the objectives of the study, a structured 

questionnaire was used to conduct a survey of 

manufacturers of chemicals. The purposive sampling 

method was used to identify prospective respondents 

based on knowledge of the industry representatives from 

past contacts developed from the first author’s work in the 

industry. A total of 216 respondents were contacted 

between the period February 2020 to September 2020 and 

168 complete responses were obtained through Google 

Forms. Telephonic interviews were also conducted to 

address completeness of the questionnaire in some cases. 

The response rate was 78%. The respondents most 

belonged to senior and middle levels of management of 

manufacturers of agrochemicals, bulk chemicals, specialty 

chemicals, pharmaceuticals and fine chemicals in the 

states of Goa, Maharashtra, Karnataka, Tamilnadu, 

Andhra Pradesh, Telangana and Gujarat. 

IV. RESULTS AND DISCUSSIONS 

     The Indian chemical industry has players across all 
industry sizes. 54% of the respondents were from large 
organisations, 40% from medium and 6% from small 
organisations. The large scale manufacturers have higher 
manufacturing output and therefore higher generation of 
wastewater. 
The state-wise distribution of respondents as seen in Fig 2, 
accounts for the two states of Maharashtra (34%) and 
Gujarat (29%) where industrial activity in the chemical 
manufacturing is highest in the country.          
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Figure 2: State-wise distribution of respondents (%) 

 
    The industry segment wise composition of respondents 
in Figure 3 shows a higher proportion from speciality and 
fine chemicals and pharmaceuticals. These are the three 
categories which have a higher E-Factor (kg waste/kg 
product - a measure that indicates that the process is 
producing more waste and consequently has the potential 
for a greater negative environmental impact if not 
managed properly) [2]. 
 

 
 
Figure 3:Industry segment-wise composition of respondents % 

 
    69% of the respondents surveyed were from the senior 
management level and 27% belonged to the middle level 
and 4% to the junior level of management.  
39% of the respondents had upto 10 years of experience in 
the organisation they were currently working in, 79% had 
between 11 and 20 years and 14% were with the 
organisation for more than 20 years.  
Industry experience was also investigated with 19% 
having more than 20 years, 73% with experience between 
11 and 20 years and 13% were with the industry upto 10 
years. 
This experience is valuable to be able to understand the 
technology options that can be suggested and adopted. 
86% of the respondents were aware of the WMH while 
the remaining 14% were not aware. This lack of 
awareness is prevalent among entry and middle level 
managers with industry experience of less than 10 years. 
This lack of awareness only indicates that the WMH as a 
concept is not very familiar.  

From the data collected and analysed, Figure 4 shows that 
the Indian industry is still predominantly at the lowest 
level of the WMH with 46% of the responding industries 
treating and disposing off the major proportion of their 
wastewater generated. However, 22% and 27% are at 
higher levels, recycling water for use and preparing for 
reuse (either for sale or for captive consumption) 
indicating that waste is being valorized. 
 

 
 
Figure 4: Level on WMH organisations are currently (respondent %)  

 
    Figure 5 shows that responding organisations propose 
to ascend the WMH showing a reduction of those at Level 
1(disposal) to 34% and increase at Levels 3,4 and 5 within 
the next 5-7 years. 
 

 
Figure 5 :Level on WMH organisations are proposing to be at in 5-7 
years (respondent %)  

 
    However, 76% of the respondents say that based on 
their experience in the industry, the order followed on the 
WMH is from Level 1 (disposal) towards Level 5 (Waste 
prevention) while the rest believe that organizations 
follow the reverse order; from Level 5 (Waste prevention) 
to Level 1 (Disposal). This is the order proposed in the 
Waste Framework Directive as the right way to reduce 
waste. 
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Figure 6 : Order of WMH  believed to be currently followed (%) 

     To investigate further, it was seen that the top 3 drivers 
that influence the order of WMH from L1 (Disposal) to 
L5 (waste prevention) are i) the need to increase 
production capacity (55%), ii) green credentials with the 
market (43%) and iii) export market requirements (36%). 
These three reasons are market driven.  

 

 Figure 7: The top 3 drivers influencing the order from L5 to L1 

 

 Figure 8: The top 3 barriers influencing the order from L1 to L5 
 

     Upfront cost of implementation of new waste 
valorization technologies (53%), lack of proven 
technologies for the specific waste (38%) and technology 
lock-in (29%) are the top 3 barriers that are preventing the 
ascent on the Waste Hierarchy. 
 
    With a view to understand the organizational strategy 
with respect to Waste Management and Pollution 
Prevention, it was found that 32% believe that the 
availability of technology options influences the level an 
organization is at on the Waste Hierarchy. The balance 
68% believe that the level an organization wants to be at 
on the Waste Hierarchy influences the search for 
technology options indicating a proactive approach.  

V. CONCLUSION  

     In practice, the waste hierarchy has been viewed as a 
"ladder" and companies seek to climb it step-by-step from 
the bottom most option (which is disposal of wastewater 
to the water body or a landfill in case of solid waste 
generated as dried sludge or ash) to the top of the ladder 
which is waste prevention or reduction at source. 
Knowledge of Best Available Technologies (BAT) can 
help the acceleration of the ascent up the hierarchy[15]. 
An integrated approach for waste reduction using the 
hierarchy as a guiding principle requires that various 
factors come together. For example, in the case of Level 4 
(preparing for re-use), the market for resale of recovered 
products needs to be developed so that recovered products 

and users are connected. The cost of recovery is a factor 
that determines the price of the resalable recovered 
product. In developing countries, hazardous waste 
management systems, current regulatory frameworks, 
regulations and their implementation are not integrated 
due to the fragmented approach between government 
departments and local bodies and offer practical processes 
for hazardous waste management [16]. Therefore, with 
competing issues to address, incorporation of the 
principles of the waste hierarchy into the waste 
management system of an organization is bound to be 
slow. 
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Abstract— The third wave in the form of Omicron variant 

posed the danger on the children as previously this young 

chunk was not vaccinated so now government of India decided 

to vaccinate the children of the age group 15-18 years. But in 

case of children, parents are decision maker and they may have 

certain concerns about children vaccination. An exploratory 

study for Indore region (India) was designed with snowball 

sampling technique to get reference of parents. After collection 

of data with structured questionnaire cross-tabulation was 

performed for parents’ intention towards children vaccination 

and various demographic variables, trust on healthcare system 

and perception towards risk. The multi-nominal logistic 

regression was applied. 

Results of the study for sample size 324 were reported. As 

per the output of multi-nominal logistic regression, model was 

good fit for data and 32.7% of sampled parents had intention 

to vaccinate their children. The adjusted odd ratio (2.10, 95% 

CI: 1.33-4.09) of post graduated parents showed that these 

parents were more inclined towards children vaccination. The 

main concerns reported by the study against COVID-19 

vaccine were safety and effectiveness of vaccine.  

Keywords—COVID-19, Vaccination, Parents’ intention, 

Children  

INTRODUCTION 
The outbreak of Novel Corona virus had taken place at the 
end of 2019 and started spreading all over the world. The 
spread rate of COVID-19 was getting increased by every 
passing day as it was infectious and contagious disease. 
Precautionary lockdown was declared by governments to 
reduce its spread rate. Afterwards, few vaccines invented by 
scientists of various countries and they got approved by 
World Health Organization (WHO) after proper testing and 
experiments. 
The first wave of COVID-19 was faced with precautionary 
measures such as masking, use of sanitization, social 
distancing and lock down. During second wave, vaccines 
were ready and have approved for vaccinations. Most of us 
have started thinking that probably, now we are safe and 
vaccination will prevent us from future attack of this virus. 
But the scenario is quite different as novel corona virus has 
capability to develop its various variants and presently the 
Omicron variant has increased the difficulty of not only the 
people but also of the governments. In first and second wave 
there were very few cases reported of children’s infections 
but now it is said that this variant can be harmful for 
children as well. Therefore, now governments of various 
countries have started running vaccination drive for children 
as well.  
The Indian Government has also decided to vaccinate 
children of age 15-18 years. It would be important to know 

in India, where complete vaccination for adult population 
has not been achieved till date, will children get vaccinated? 
Still large chunk of adult population in India has not taken 
their second dose. And this may be the cause that parents 
would hesitate to take their child/ children for vaccination. 
Apart from this some other reasons can also be responsible 
which can hamper the vaccination drive for 15-18 years age 
group.  
So far various research studies were conducted on the 
COVID-19 vaccine acceptance by parents for their children. 
These studies show that there are less number of parents 
who were willingly wants to take their children of age group 
of 7 to14 years for vaccination. A national survey has been 
conducted in the United States which stated that less than 
half of the parental population is likely to administer a 
COVID-19 vaccine to their children.  
About 63% of parents were intended to vaccinate their 
children in Canada against COVID-19 [7]. Only 36.3% of 
parents were ready to take their children for the COVID-19 
vaccine in Turkey [12]. Hesitancy rate against COVID-19 
vaccine was found to be low (8.44%) among reproductive 
women of China [4]. One-fourth of mothers were found to 
be hesitant towards childhood immunization with COVID-
19 vaccine [2]. So far no study has been conducted in India 
which addresses the intent and perception of parents' 
readiness to vaccinate their children in India. 
This study is an attempt to know the reasons which can 
hinder this vaccination drive run by Indian government. 
Findings of the study can help local authority and 
government to know the reasons which will be helpful in 
making proper strategies to make this campaign a success. 

OBJECTIVE OF THE STUDY 
The purpose of the study was to find intentions of parents 
towards COVID-19 vaccine for the children of age group 
15-18 years. 

METHODOLOGY 
The study was conducted after the declaration came from 
Central Government for COVID-19 vaccination of children 
of the age-group 15-18 years. Total 350 parents were 
approached from Indore City (urban region), having one or 
more children of age group 15-18 years. Non-probability 
sampling technique i.e., snowball sampling technique was 
used to collect the primary data. The data collection was 
done through Google form by sending it to parents in 
contact by requesting them to pass on the survey link to 
other parents in their contacts to ensure maximum reach and 
also to achieve the aim of sample size. Total 324 responses 
were recorded in the stipulated time. 
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With literature review a structured questionnaire was drafted 
with socio-demographic variables such as gender, age, 
educations & income level and employment position and its 
reliability was checked by Cronbach’s alpha (0.75) and this 
questionnaire was used for data collection. Questionnaire 
was shared via online platforms such as Whatsapp, mail and 
Facebook to the parents residing in Indore city. 

MEASUREMENT OF PARENTS KNOWLEDGE OF 
COVID-19 AND VACCINE INTENTION 

In questionnaire, a question was asked “Are you aware of 
COVID-19 virus prevailing in the community?” followed by 
2 options (Yes, No). Parents were also asked that “To best 
of my knowledge, is there vaccine for COVID-19 being 
available for children?” with the options Yes and No. 
Further, it was asked that “Do you intend to vaccinate you 
child(ren) for COVID-19?” followed by the 3 responses 
(Yes, No & May be). 

DATA ANALYSIS TOOLS & TECHNIQUES 
After data collection and proper coding of collected data 
descriptive statistics for socio-demographic variables with 
cross-tabulation was calculated. Further, multivariate 
logistic regression for odd ratio and 95% confidence interval 
and Chi-squared tests were performed to achieve the 
objective of the study. SPSS 21.0 software was used to 
perform statistical analysis. 

RESULTS AND INTERPRETATION 
Out of 324 parents more than half of them were male; 
57.4% were 41-50 years old. 51.8% parents were having 
post graduate degree. 42.9% had a monthly income in 
between 21000 to 40000 rupees and maximum 41.4% 
parents were working in private sector (Table I). 

TABLE I. DEMOGRAPHIC VARIABLE RELATED TO 

RESPONDENTS (N = 324) 

Variables N (%) 

Gender 
Male 
Female 

 
185 (57.1) 
139 (42.9) 

Age 
30-40 
41-50 
Above 50 

 
62 (19.1) 
186 (57.4) 
76 (23.5) 

Education Level 
Till school 
Undergraduate 
Postgraduate 

 
54 (16.7) 
102 (31.5) 
168 (51.8) 

Monthly Income 
Less than 20000 
21000-40000 
41000-60000 
Above 60000 

 
105 (32.4) 
139 (42.9) 
42 (13) 
38 (11.7) 

Employment position 
Public Sector 
Private Sector 
Self-employed 
Unemployed 

 
51 (15.7) 
134 (41.4) 
78 (24.1) 
61 (18.8) 

      Source: Compilation from SPSS Output 

The awareness rate about COVID-19 virus was 100% 
among the parents. 92% parents had knowledge about 
availability of vaccine for COVID-19. 65.4% parents were 
fully vaccinated at the time of data collection. 78.4% parents 
are willingly wanted to fully vaccinate. 32.7% of parents 
were willingly wanted to take their children for vaccination 
against COVID-19. 62.7% parents had history of exposure 
to COVID-19 confirmed cases at the time of data collection. 
68.8% parents had high-risk perception towards COVID-19 

virus; 82.7% had trust on healthcare system and 43.8% had 
shown trust in domestic vaccine (Table II). 

TABLE II. KNOWLEDGE AND INTENTION OF PARENTS FOR 

VACCINE (N = 324) 

Variables N (%) 

Awareness about COVID-19 virus 
Yes 
No 

 
324 (100) 

0 (0) 
Knowledge about availability of 
vaccine for COVID-19 

Yes 
No 

 
 

298 (92) 
26 (8) 

Fully Vaccinated 
Yes 
No 

 
212 (65.4) 
112 (34.6) 

Intended to fully vaccinated 
Yes 
No 
Not Sure 

 
254 (78.4) 
36 (11.1) 
34 (10.5) 

Intended to Vaccinate their children 
Yes 
No 
Not Sure 

 
106 (32.7) 
10 (3.1) 

208 (64.2) 
Exposed to COVID-19 Cases 

Yes 
No 

 
202 (62.3) 
122 (37.7) 

Perception for High-risk 
Yes 
No 

 
223 (68.8) 
101 (31.2) 

Trust in Health care system 
Yes 
No 

 
 

268 (82.7) 
56 (17.3) 

Trust in domestic Vaccine 
Yes 
No 
Can’t say 

 
 

142 (43.8) 
22 (6.8) 

160 (49.4) 
   Source: Compilation from SPSS Output 

TABLE III. GOODNESS OF FIT 

Criterion Value (Chi-

square) 

df Sig. 

Pearson 
Deviance 

148.128 
192.423 

322 
322 

.436 

.042 
   Source: Compilation from SPSS Output 

The chi-square value is large and p>.05 which shows overall 
model is significantly good fit, i.e., model is good fit to data. 

TABLE IV. ODDS RATIOS (UNADJUSTED AND ADJUSTED) FOR 

THE ASSOCIATION BETWEEN PARENT’S INTENTION TO 

VACCINATE THEIR CHILDREN WITH DEMOGRAPHIC AND 

OTHER COVID-19 BEHAVIORS (N=324)  

Variable Intention to Vaccinate their 

children 

p-value 

Odd Ratio 

(95% 

Confidence 

Interval) 

aOdd Ratio 

(95% 

Confidence 

Interval) 

 

Intention for them 
to fully Vaccinate 

No 
Yes 

 
 

Ref 
2.92 [1.38 – 
3.86] 

 
 

Ref 
2.67 [1.42- 
4.12] 

 
 
 

0.001 

Exposed to 
COVID-19 cases 

No 
Yes 

 
 

Ref 
1.69 [0.72-2.79] 

 
 

Ref 
1.38 [0.37-
2.11] 

 
 
 

0.346 

Trust in healthcare 
system 

No 
yes 

 
 

Ref 
2.53 [1.28 -
4.02] 

 
 

Ref 
2.31 [1.51-
3.72] 

 
 
 

0.062 

Perception for    
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high risk 
Yes 
No 

Ref 
2.83 [1.24-4.23] 

Ref 
2.47[1.56-
4.19] 

 
0.069 

Trust in domestic 
vaccine 

Yes 
No 

 
 

Ref 
2.58 [1.29-3.73] 

 
 

Ref  
2.10 [1.08-
3.48] 

 
 
 

0.136 

Gender 
Male 
Female 

 
Ref 

1.82 [0.47-
2.39] 

 
Ref  

1.75 [0.32-
2.09] 

 
 

0.076 

Age 
30-40 
41-50 
Above 50 

 
Ref 

1.96 [0.87-2.39] 
1.84 [0.28-2.87] 

 
Ref 

1.27 [0.33-
2.94] 
1.62 [0.88-
2.77] 

 
 
0.152 
0.178 

Education Level 
Till school 
Undergraduate 
Postgraduate 

 
Ref 

2.80 [1.59-4.82] 
3.19 [1.48-5.76] 

 
Ref 

2.28 [1.20-
3.42] 
2.10 [1.33-
4.09] 

 
 

 
0.065 
0.002 

Employment 
position 
Public Sector 
Private Sector 
Self-employed 
Unemployed 

 
Ref 

2.92 [1.91-4.24] 
1.72 [0.98-3.81] 

1.83 [0.35-
2.84] 

 
Ref 

1.98 [0.24-
2.32] 
1.08 [0.19-
2.30] 
1.45 [0.52-
2.36] 

 
 

0.182 
0.121 
0.089 

   Source: Compilation from SPSS Output 

Table IV shows results of multivariate logistic regression 
model and Chi-squared test (bivariate analysis) to determine 
the parents’ intention (predictor) to take their children for 
vaccination against COVID-19 virus. Association was found 
among trust in healthcare system, trust in domestic vaccine, 
private sector employees and female parents and parents’ 
intention to take their children for vaccination against 
COVID-19 virus according to bivariate model. 
Parent’s readiness to get fully vaccinated against COVID-19 
virus (adjusted odd ratio 2.67, 95% CI: 1.42- 4.12) and 
parents’ having post graduate degree (adjusted odd ratio 
3.19, 95% CI: 1.48-5.76) were associated with parents’ 
intention to take their children for vaccination against 
COVID-19 virus after adjusting the cofounding variables. 
The parents were asked their concerns for accepting 
COVID-19 vaccine available for children. The main 
concerns were effectiveness of vaccine (91.2%), safety from 
vaccine (88.5%), less scientific data (74.8%), believe in 
vaccine (66.4%), side effects due to vaccine (52.7%), 
chance of children to get infected from COVID-19 virus is 
less (40.3%). 

DISCUSSION 

The aim of the study was to find out the acceptability of 
COVID-19 vaccine among the parents living in Indore city 
of Madhya Pradesh, India for their children along with the 
identification of concerns of which make them hesitant to 
take their children for vaccination against COVID-19 virus. 
Identification of these concerns will help local authority to 
do planning to run awareness campaign and program to 
implement this vaccination drive initiated by government. 
32.7% parents residence of Indore city want to willingly 
take their children for vaccination. Most of the post 
graduated parents were focused and want to administer this 
drive of vaccination. Effectiveness and safety of vaccine 
were most reported concern of parents of Indore city. 

100 per cent sample was aware about COVID-19 virus and 
92 per cent of the parents knew the availability of vaccine 
and large section of the respondents in the study were 
intended to get fully vaccinated (78.4%). More than 90% of 
the respondents had the knowledge about availability of 
vaccine for children. The large chunk of parents who were 
intended for full self-vaccination is determining factor of 
intention of parents towards their children vaccination. [12] 
Study reported that intention of parents to get themselves 
and their children vaccinated and safety of vaccine were 
dominated by factors like novelty of vaccine, hasty growth 
and unknown side effects of vaccine. Various studies 
reported that parents trust can be built by maintaining the 
safety of vaccine [6] [9]. 
67.3 per cent parents of Indore city were hesitant to take up 
the vaccination for their children. The findings of the study 
were supported by emerging literature that intention of 
parents to take their children for vaccination against 
COVID-19 virus is low. 38.3% female did not want 
COVID-19 vaccine for their children as per the study 
conducted in Texas, USA [14]. Parents of Indore had less 
hesitancy in comparison to study conducted in Canadian 
parents (63%) [7] Chinese parents had hesitancy proportion 
73% [14]; in England parents had 89% hesitancy [3], New 
Zealand based parents showed 80% reluctance [8]; Turkish 
parents reported 42% unwillingness for COVID-19 vaccine 
[1] and 65% parents of USA showed doubtfulness towards 
their children vaccination against COVID-19 virus [6]. 

LIMITATIONS AND SCOPE 
The study is limited in terms of region as parents of Indore 
region was only considered for the study, thus 
generalization of the results is limited. For future studies 
rural region should also be considered because India is the 
land of villages and most the Indian population resides in 
rural areas. Sampling technique is also one of the limitations 
as non-probability sampling was used in the study; may be 
probability sampling can give more reliable results. 
The findings of this study can be the base for future studies 
to enhance the vaccination rate of children in India. 
However, the study presents the reluctance of parents for 
getting their children vaccinated against COVID-19 virus. 
The concerns of the parents reported in the study are worth 
pulling the attention and indicate proper implementation 
strategies are needed to make the vaccination drive a grand 
success which is being run by the government for the 
children of age group 15-18 years. 

CONCLUSION 
The findings of the study include awareness level of parents 
of Indore city was hundred per cent. Parents had hesitancy 
for their children to get vaccinated. They were concern 
about the safety and effectiveness of vaccine but they had 
trust in healthcare system and domestic vaccine. Parents 
were also aware about the availability of vaccine for 
children. The study can be concluded on the note that the 
campaign run by Indian government can be successful 
provided planning and strategies should be made for 
improving the knowledge of parents about safety and 
effectiveness of vaccine with scientific facts and figure. 
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Abstract— Fused deposition modeling (FDM) is a 

polymer based material extrusion process which 

comes under additive manufacturing. PLA (polylactic 

acid) is a biodegradable polymer which has diverse 

use in medical applications. Nine number of PLA 

specimens have been designed and developed using 

Stratasys F170 FDM printer. Infill angle and 

orientation angle with three levels are considered as 

input process parameters. Surtronic 3+ surface 

profilometer has been selected to conduct surface 

roughness measurement. The lowest value of 

roughness average (Ra) is registered as 5.29 µm at 0̊ 

infill angle and 90 ̊ orientation angle. Print duration 

has a pivotal role in making a product at a low cost 

and just-in-time production. Printing duration of 

each sample is recorded. Print duration is directly 

affected by orientation angle. At 0̊ orientation angle, 5 

minute print time has been achieved, which is found 

to be the lowest among all others. It is observed here 

also that the staircase effect may be responsible for 

bad surface finish of 3D printed parts. 

Keywords—additive manufacturing, fused 

deposition modeling, polylactic acid, medical 

applications,  surface roughness, print duration 

 

I. INTRODUCTION 

 

    Additive manufacturing (AM) is a process where 
net shape or near net shape, three-dimensional 
objects are made by adding a layer over another 
layer of material(s) like plastics, metals, concrete or 
even human tissues. Fused filament fabrication 
(FFF) or fused deposition modeling (FDM), 
stereolithography, selective laser sintering (SLS), 
selective laser melting, laminated object 
manufacturing (LOM) are some common AM 
processes [1]. Among all other AM processes, FDM 
is a frequently used AM process where a small bead 
of plastic material ejects at a time to build the  

structure as per requirement. In FDM, filament 
materials are continuously passed into a heated 
apartment where a melting process takes place. 
After melting, the material is extruded through a 
nozzle and deposited towards a predefined table and 
forms a structure as per a computer-aided design 
(CAD) file, mostly in standard tessellation language 
(STL) format, which is the input in a printer-
accessible software [1]. The FDM process is a well-
known technique due to its low manufacturing cost, 
simple in operation, large variety of material 
support, less material wastage, easy to remove 
support material. The FDM printed parts still suffers 
from its substandard surface texture due to the 
staircase effect [4]. The staircase effect has major 
contribution towards the surface roughness of FDM 
parts which is generated on a vertical plane due to 
layer over layer manufacturing. The inaccuracy in 
manufacturing objects, mainly depends upon input 
process parameters like layer thickness, infill 
pattern, infill density, infill angle, orientation angle, 
and air gap, which have direct impact on 
mechanical properties, surface roughness and build 
speed. So, in the pre-processing stage some 
production conditions are selected to improve the 
quality of the products [5]. Xu et al. [6] investigated 
about surface finish, building time, cost and 
dimensional accuracy in view of the satisfactory 
orientation of part building in different RP 
processes. Genetic algorithm (GA) has been used to 
get the optimum part orientation by Thrimurthulu et 
al. [7] for higher surface finish and lower build time 
of FDM printed parts. The effects of layer thickness, 
deposition speed and road width on surface 
roughness of FDM parts have been examined and it 
is observed that surface roughness varies inversely 
with layer thickness [8]. The additively 
manufactured parts are highly dependent upon a 
relevant post-processing technique to achieve a 
better surface finish. Pandey et al. [9] assessed the 
impact of the staircase effect on surface roughness 
and suggested a hybrid machine of FDM and hot 
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cutter to solve the staircase effect. The effect of 
layer height and deposition angle on surface 
roughness of parts manufactured by FDM are 
explored with the help of an artificial neural 
network (ANN) technique by Boschetto et al. [10]. 
Lalehpour et al. [11] considered a post-processing 
technique with acetone vapor bath smoothing of 
FDM parts and modeled to forecast a relation 
between surface roughness and exposure time of 
vapor bath. Barrel finishing (BF) has been used to 
improve the surface quality of FDM printed parts 
and it was concluded that deposition angle and layer 
anticipation have strong effects on BF removal 
speed [12]. PLA parts have been fabricated using 
FDM by Altan et al. [13] using a layer height 
between 0.0001 m and 0.0004 m and achieved a 
surface roughness between 9.102 and 10.275 µm.  

    Literature survey indicates that surface roughness 
is one of the major sources of concern in FDM due. 
Staircase effect is a major cause of concern which 
restricts the use of printed parts in bulk production. 
Manufacturing a product by spending the least 
amount of time is also a preferred issue to be 
considered in industry.  Hence, the purpose of this 
work is to investigate the effect of process 
parameters on print duration and surface roughness 
values of PLA parts which are fabricated by FDM 
process. 

II. EXPERIMENTAL PROCEDURE 

    The experimental procedure of this present work 
has been explained with the help of following steps: 
filament material, fused deposition modeling, 
specimen fabrication, and surface roughness 
measurement.  

A. Filament material 

    Polylactic acid (PLA) filament is chosen for 
specimen fabrication. PLA is a biodegradable 
thermoplastic polymer which is derived from 
renewable resources. PLA is immunologically 
inactive [14], degradation can be occurred over 
time, and turned into un-injurious lactic acid over 
time. So, it can be extensively used in health 
maintenance applications, cardio respiratory 
implants, drug carriers, food packaging industries, 
dental implants, scaffolds [2], and so on. It has a 
higher stiffness than ABS or ASA, and its low 
melting point (173-178°C) and glass transition 
temperature (60-65°C) offers lower requirements of 
heat and power to print parts. The properties of PLA 
filament are listed in table I. 

TABLE I.  PROPERTIES OF PLA FILAMENT FOR FDM 

PRINTING. 

Properties Unit Value 

Glass transition 
temperature 

°C 60-65 

Melting temperature °C 173-178 

FDM bed 
temperature 

°C 20-40 

Printing temperature °C 180-220 

Specific gravity Kg/m3 1264 

Filament diameter m 0.00175 

 

B. Fused deposition modeling 

    Fused deposition modeling (FDM) or fused 
filament fabrication (FFF) is a material extrusion 
technique of the AM process where filament 
thermoplastics are extruded through the nozzle and 
placed onto the build platform. Filament, heater and 
platform are the three basic parts of FDM machine. 
Filament materials are fed into the heater using 
pinch roller mechanism. The filament is 
transformed into melting condition in heater and 
then it extrudes through the nozzle and deposited 
towards the platform. The extrusion nozzle moves 
in X, Y direction and the platform moves in Z 
direction which helps to build the three dimensional 
object. Polylactic acid (PLA), acrylonitrile 
butadiene styrene (ABS), acrylonitrile styrene 
acrylate (ASA), polycarbonate, nylon are some 
commonly used materials in FDM. Layer thickness, 
orientation angle, infill angle, infill density, infill 
pattern are some important process parameters of 
FDM. Fig. 1. shows a schematic diagram of FDM 
set up. 

C. Specimen fabrication 

    To investigate the effect of process parameters on 
surface roughness values, specimens have been 
printed using ‘Stratasys F170’ FDM machine. 
Solidworks ® 2014 has been used to make the CAD 
file of the block whose length 20 mm, width 20 mm 
and height 07 mm. Then, CAD file is imported to 
the GrabCAD software. Process parameters have 
been selected in GrabCAD and exported it to the 
CMB (coordinate machine binary) file format. 
Finally, the CMB file has been given to the machine 
by a USB drive to get the fabricated specimens. 

    The process parameters which are considered to 
manufacture the specimens are given in table II with 
their levels. Orientation angle and infill angle have 
been taken as variable input process parameters. 
Layer thickness and infill pattern has been taken 
0.254mm and “sparse” style respectively as fixed 
process parameters. For the observation of surface 
roughness values, nine number of blocks have been 
prepared. 

 

 

 

 

TABLE II.  LVEVEL OF THE PROCESS PARAMETERS 

OF PRINTED SPECIMENS. 

 

SL. 
No. 

Process 

parameters 
(Degree) 

Levels 

1 2 3 
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1. 

 

 

2.              

 

 

Orientation 
angle 

 
 
 

Infill angle 

0 

 

 

0 

45 

 

 

45 

90 

 

 

90 

 

D. Surface roughness measurement 

    Surface roughness have been measured on the 
surface of the printed specimens where stair-
stepping effect has been seen. Surface roughness are 
measured with the help of Taylor Hobson Precision, 
Surtronic 3+ surface profilometer, given in fig. 2. 
The cut off length was fixed at 3.8mm to measure 
the roughness. Value of surface roughness is 
evaluated from arithmetic mean value (Ra). 
Repetition of measurement of Ra values has been 
done for three times and average Ra value is 
calculated. 

 

 

 

 
 
 
 
 
 
 
 

 

 

 

 

 
 

 

 

III. RESULTS AND DISCUSSION 

 

    In this portion, the results of surface roughness 
values of printed samples have been presented. A 
total nine number of specimens have been 
manufactured using Stratasys F 170 FDM machine. 
Printing duration also recorded and effects of taking 
parameters on printing duration have been 
described. 

 

A. Effect of process parameters on surface 

roughness average 

 
     Orientation angle and infill angle have been 
taken as process parameters to complete the printing 
of PLA parts. The inclination angle between the 
printed parts and X-axis of the print platform is 
called orientation angle. Infill is one of the 
important aspects of printed parts. The angle in the 
middle of the print head and the X-axis of the print 
platform is termed as infill angle. Table III 
represents the values of surface roughness  process 
parameters. Roughness average (Ra) is the 
mathematical average of high and low values of 
surface heights. A profilometer has been used to 
measure the Ra of the surface. It is an instrument 
which has a stylus that can travel across the surface. 
To get the Ra value, staircase affected surface of 
every specimen have been chosen. Staircase effect 
is a disadvantage of 3D printing as a clearly visible 
layer mark is seen on the printed surface. From the 
measured values it can be observed that the highest 
value of 13.58 µm has been recorded with 90 ̊ infill 
angle and 45 ̊orientation angle. The lowest value of 
Ra which is 5.29 µm has been obtained with 0 ̊infill 
angle and 90 ̊ orientation angle. Some picture of 
graphical representation of the measured values is 
shown in fig. 3.  

 

Fig. 2. Surface roughness measurement using Surtronic 3+. 

Z Platform 

Filament 

Nozzle 
Deposit 

Heater 

Y 
X 

 
Fig. 1. Schematic diagram of FDM. 
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TABLE III.  ROUGHNESS AVERAGE RESULTS WITH 

PROCESS PARAMETERS. 

INFILL 

ANGLE 
(DEGREE) 

ORIENTATION 

ANGLE  
(DEGREE) 

ROUGHNESS 

AVERAGE 
(MICROMETRE) 

0 0 11.9 

0 45 8.2 

0 90 5.29 

45 0 6.7 

45 45 7.56 

45 90 8.3 

90 0 6.75 

90 45 13.58 

90 90 9.42 

 

 
 

 

 

 
Fig. 3. Graphical representation of measured Ra values. 

 
 
 
 

B. Effect of process parameters on print 

duration 

 
    Part manufacturing time is a great concern for 
conventional as well as non conventional 
manufacturing process.  Generally, the sizes of the 
specimen decide the print duration. If the print 
duration varies for same size of specimens then the 
effect of process parameters can be assumed. Table 
IV exhibits the values of print duration with 
process parameters. From the table it is observed 
that, for same infill angle print duration can be 
changed,but it cannot be changed for same 
orientation angle. So, it can be concluded that, 
effect of orientation angle is present above the print 
duration. The 0̊ orientation angle gives the lowest 
value of printing time, which is 5 minute. 

TABLE IV.  PRINT DURATION RESULTS WITH 

PROCESS PARAMETERS. 

INFILL 

ANGLE 

(DEGREE) 

ORIENTATION 

ANGLE  

(DEGREE) 

PRINT 

DURATION  

(MINUTE) 

0 0 5 

0 45 7 

0 90 9 

45 0 5 

45 45 7 

45 90 9 

90 0 5 

90 45 7 

90 90 9 

 
   

IV. CONCLUTION 

 
    In this study, PLA polymer has been taken to 
fabricate the block specimens using Stratasys F 170 
FDM machine. Surface roughness values have been 
measured using Surtronic 3+ surface profilometer 
and print durations have been recorded from the 
user interface display of FDM machine. Orientation 
angle and infill angle have been taken as process 
parameters with their three levels where layer 
thickness and infill pattern has been fixed at 0.254 
mm and “sparse” type respectively. The outcomes 
of this investigation can be summarized as follows, 
  

• The highest value of surface roughness is 
recorded as 13.58 µm with 90 ̊ infill angle 
and 45 ̊orientation angle. 

• The lowest desired value of surface 
roughness is observed at 0 ̊infill angle and 90 ̊
orientation angle which is 5.29 µm. 

• The combination of the lower value of infill 
angle and higher value of orientation angle 
can lead to a better surface finish which is 
desired. 
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• Print duration is an important point in terms 
of making a product more economically. 
Lowest print duration has been recorded as 5 
minutes. 

• Print duration has been affected by 
orientation angle. At lowest orientation angle 
(0)̊, 5 minute print duration has been 
observed. 

• Different types of post processing work can 
be done in future to reduce the surface 
roughness. 
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Abstract— Student’s performance is a function of teaching 

methods used by teachers/mentors/faculty members in 

classrooms/online discourse. The practices utilized by 

instructors decide the degree to which a learner performs in 

their academics. Present study investigates the influence of 

teaching practices on learner’s performance particularly in 

management education. Primary data collected from 649 

students from management disciplines have been examined 

through the χ2 test. Well administered questionnaire have been 

used as instruments for research. Significant association 

between teaching pedagogy and student’s performance have 

been inferred as a result of study. Further, different teaching 

methods will be assigned ranks according to the descriptive 

statistics (mean score). Students' learning can be enhanced 

with appropriate teaching pedagogy in management education. 

At last, recommendations have been made to pursue teaching 

practices to improve the academic performance of students.  

Keywords—teaching practices, student’s performance, 

teaching methods, teaching pedagogy 

I. INTRODUCTION 

Social and personal transformation of a student up 
to the higher extent depends upon the education of the 
student. The basic objective behind the education of a ward 
is to make them ready to learn. Learning of a subject or any 
other lesson depends upon the teaching method or pedagogy 
used to impart the subject knowledge with students. 
Teaching methods can be categorized into teacher centred 
and learner centric approaches. Teacher centred  approach 
includes traditional ways of delivering knowledge with 
students viz. traditional lecture, use of chalk and duster/white 
board and marker and later examine the performance of the 
students by giving them exercise related to the subject taught 
during the lecture. This way teachers will be able to find 
whether students gained the knowledge of the subject or 
not.  In this approach teachers are required to be familiar 
with the language which students are able to learn with.  
 Learner centred approach includes a state where 
students are being taught with demonstration, activities, 
project based learning, group learning and usage of other 
teaching methods to impart subject knowledge with students. 
Here in this approach students build their own understanding 
about the concepts and problems with their lookout. 
Teachers/mentors/faculty members are required to use 
appropriate teaching methods/pedagogy to impart subject 
knowledge which best suit the learner and can provide the 
desired outcome from the education. Academic performance 
of the students depends upon the learning capacity of the 
students and teaching methods used by subject experts. The 
reason behind poor academic performance by the majority of 

the students in various subject areas has a strong linkage with 
employed teaching methods. The objective behind education 
is to transform the learner and bring fundamental change in 
the thought process of the learner. In this process of 
transmission of knowledge, teachers are required to employ 
appropriate teaching methods/pedagogy which can best suit 
the learner and are helpful to develop understanding about 
the subjects taught.  

At present, effectiveness of pedagogy on students' 
learning is a question being raised consistently in educational 
research. Continuous efforts and endeavours are made in 
educational research to examine the impact and association 
of teaching methods/pedagogy and the extent up to which 
this affects the students' learning. If a student's academic 
performance is consistently poor then it infers that there is an 
inappropriate or ineffective pedagogy being employed by the 
teacher/subject expert. Research studies conducted in the 
past indicate that quality in teaching methods is usually 
reflected by the academic performance of the learner.  

II. LITERATURE REVIEW 

Pedagogy can be defined as mindful activity which is 
designed in such a manner that helps others to learn new 
things and enhances their knowledge [28]. Effective 
pedagogy is one which creates positive effects on its learner. 
It is the one which provides positive student’s interaction not 
only in the classrooms but also out of the classroom, 
encouraging students to provide feedback and team work 
learning among the students [12]. In today’s changing world 
many of the current jobs became insignificant, while many of 
the new jobs have come into scenario. Business schools are 
also trying to adopt the methodology which will be able to 
help their students to survive in this changing scenario [14]. 
This objective of education can be achieved with the help of 
improving the skill sets among students [29], and for this 
many of the faculties have emphasised on different teaching 
methods [23]. Different pedagogies may vary with different 
theories of teaching and learning but the main purpose of 
each and every method must be the same [29]. Most 
important feature of pedagogy is to help the teachers to make 
curriculum interesting and provide the broad perspective of it 
for the better understanding of students, to achieve the 
objective of management education which is most 
importantly the overall development of students [18]. 
Innovative pedagogy should be encouraged by institutions 
also for achieving this objective of learning [18]. Teachers 
have significant impact on student’s achievements [30] and 
so the business schools should focus on pedagogy by taking 
pedagogical knowledge, content knowledge, curriculum 
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knowledge and faculty knowledge into the consideration 
[18]. Teachers with mastery in his or her subject alone 
without having effective pedagogy cannot make a significant 
impact on students, but a teacher who understands the 
students and help them to solve their problems will definitely 
be a remarkable one [27]. The effectiveness of any teacher 
lies in the ability of delivering information and concept of 
subject to students; it is determined by the pedagogy adopted 
by the teacher to fulfil the requirement of students [8]. 

III. RESEARCH METHODOLOGY 

A descriptive design of research was used to 
evaluate the effectiveness of different teaching pedagogies. 
Descriptive research design is found to be useful for defining 
the problem and variables used in study.  Management 
Students of different B- schools of India were considered as 
samples for the study. Non Probability Convenient sampling 
method is used to collect the data. Questionnaire based on 
the 5 point Likert Scale is used to collect the data and 
validated prior to final circulation of the questionnaire. 
Different research papers and articles were considered as a 
base for identifying the different pedagogical methods used 
for evaluation of effectiveness. Questionnaires were 
circulated among 800 students out of which only 649 
responses were received. Data is analysed with the help of 
SPSS 20. Students are asked to rank the different pedagogies 
which they thought are associated with their performance. 
The mean value of rank is calculated and on the basis of that 
mean value final ranks are given to the pedagogies. Higher 
the mean value lower will be the rank of particular pedagogy. 
Null Hypothesis is formulated for association of students' 
performance and pedagogies adopted by faculties of 
management. Chi Square test is applied to test the null 
hypothesis and to evaluate the significance association of 
students' performance and pedagogies adopted by faculties of 
management.  

A. Hypothesis 

 
Null Hypothesis: There is no significant association 
between teaching practices and learners' performance. 
Alternative Hypothesis: There is a significant association 
between teaching practices and learners' performance.  

IV. RESULT AND INTERPRETATION 
TABLE I  

 
Reliability Statistics 

Cronbach's Alpha 
Cronbach's Alpha Based on 

Standardized Items 

No. of 

Items 

0.867 0.878 18 

                                                                                                                              Source: SPSS 28.0 

Explanation: Table shows the reliability of the data set 
tested with the help of Cronbach’s alpha. The value of 
Cronbach’s Alpha is 0.878 which is higher than 0.75 and 
confirms the higher reliability of the data. 

TABLE II 
Ranking of Teaching Practices 

S.No. Teaching Practices Mean Value 
 

Extent 

 

Rank 

Ranking of Teaching Practices 

S.No. Teaching Practices Mean Value 
 

Extent 

 

Rank 

1 Classroom Participations 2.472308 High Extent 1 

2 Videos 3.046154 High Extent 2 

3 Project Reports 3.452308 High Extent 3 

4 Role Play 4.153846 High Extent 4 

5 Management Games 4.413846 Mid Extent 5 

6 Group Discussion 6.041538 Mid Extent 6 

7 Chalk & Talk 7.983077 Mid Extent 7 

8 Workshop 7.984615 Mid Extent 8 

9 Assignments 8.450769 Mid Extent 9 

10 Presentation 9.516923 Mid Extent 10 

11 Lecture base Method 10.48 Low Extent 11 

12 Class Term Test 11.02 Low Extent 12 

13 Seminars 11.40923 Low Extent 13 

14 Guest Lectures 11.52615 Low Extent 14 
Source: Author’s compilation through SPSS 28.0 

Above table shows the ranking of teaching methods 
on the basis of mean values obtained by each and every 
teaching pedagogy. Higher the mean value of teaching 
practices lower the rank of particular teaching practice, as the 
mean value is obtained by the rank given by students.  The 
result shows that the first rank is obtained by class room 
participation i.e. students are quite comfortable to learn the 
concepts with their own participation. They thought that 
there is an increase in performance when they are 
participative. As it is a well-known concept that visuals are 
easy to remember and understand rather than the concepts 
only by listening. So videos which faculties took for teaching 
make more impact than only explanation and obtained 
second rank. Project reports are the teaching practice works 
on learning by doing. It got third rank since project based 
working provides more exposure to the students to 
understand the concept on their own. Role Play got fourth 
rank, management games obtained fifth rank according to the 
students which help them to increase their performance. 
Group discussion got sixth rank as discussion with peers 
gives viewpoints of others also to understand the concept, it 
provides a wide aspect of any concept which makes it easy to 
understand and so as to help in examination to perform 
better. Chalk and Talk, Workshop , Assignment, 
Presentation, Lecture base method, Class test, Seminar and 
Guest Lectures obtained the ranks seventh , eighth, ninth, 
tenth, eleventh, twelfth, thirteen and fourteen rank 
respectively. These are the practices which got lower ranks 
from students and so do not have very much importance for 
increasing the performance of students according to their 
own.  

Chi-Square Test: 

TABLE III 

Frequencies 

 Observed N Expected N Residual 

39 2 20.9 -18.9 

40 2 20.9 -18.9 

41 6 20.9 -14.9 
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Frequencies 

 Observed N Expected N Residual 

42 6 20.9 -14.9 

43 10 20.9 -10.9 

44 12 20.9 -8.9 

45 10 20.9 -10.9 

46 23 20.9 2.1 

47 23 20.9 2.1 

48 33 20.9 12.1 

49 45 20.9 24.1 

50 45 20.9 24.1 

51 37 20.9 16.1 

52 39 20.9 18.1 

53 38 20.9 17.1 

54 57 20.9 36.1 

55 42 20.9 21.1 

56 29 20.9 8.1 

57 53 20.9 32.1 

58 29 20.9 8.1 

59 20 20.9 -0.9 

60 20 20.9 -0.9 

61 18 20.9 -2.9 

62 19 20.9 -1.9 

63 10 20.9 -10.9 

64 10 20.9 -10.9 

65 6 20.9 -14.9 

67 1 20.9 -19.9 

68 1 20.9 -19.9 

69 2 20.9 -18.9 

70 1 20.9 -19.9 

Total 649     
                                                                              Source: Author’s compilation through SPSS 28.0 

TABLE IV 

Chi square table-test statistics 

 Total 

Chi-square 410.780a 

df 30 

Asymp. Sig. 0.00 

                                                               Source: Author compilation through SPSS 28.0 

Explanation: Chi square test is used to find the association 
between different teaching pedagogies and performance of 
students. The data is analysed with the help of SPSS and 
found the value of chi square which is 410.780 with 30 d.f. It 
is also clear that p value obtained is 0.00 < 0.05 at 5% level 
of significance resulting in the rejection of null hypothesis. It 
is concluded from the values that there is a significant 
association between the teaching pedagogy and performance 
of students.  

IV CONCLUSION 

In the light of statistical inferences in this study it 
has been found that in management education, teaching 

pedagogy plays a significant role in learner performance. 
Management education is more inclined towards decision 
making and subjects taught in management education are 
keenly focused for enhancement of decision making skills in 
students. In this relation teacher-student interactive method is 
more useful and effective where robust communication 
establishes between teacher and students in connection with 
the subject to be taught. It consequently nurtures student 
performance in the subject. In this research responses 
received from 649 students of management education 
belonging to central India have been analysed and significant 
associations have been observed in teaching practices and 
learner’s performance. Further, student's views have been 
collected and analysed with their mean scores and ranks 
given to different teaching practices. Fourteen teaching 
practices have been divided into three categories namely 
high extent, mid extent and low extent. High extent practices 
have got good ranks then mid extent practices followed by 
low extent practices. Management institutions should 
encourage high extent teaching practices to improve 
student’s performance in the subject and also work for the 
betterment of the fine practices to ensure academic 
excellence from the learners. 
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Abstract— The present paper reports the designing and 

analysis of a cavity backed substrate integrated waveguide 

antenna supporting dual frequency operation which is achieved 

using two connected I slots. The designed antenna resonates at 

9.4 GHz and 10.02 GHz with gain of 4.6162 dBi and 4.1743 dBi at 

resonance. 

Keywords— Substrate integrated waveguide (SIW), cavity-

backed antenna,  dual  frequency,  connected I slot, slot antenna   

I. INTRODUCTION 

Slot antenna designing and prototyping serves as one of 
the classic strategies to realize low profile planar antennas, 
which are extensively employed for numerous wireless 
applications. Owing to the diverse applications of low profile 
compact antennas in mobile communications, the multiband 
slot antennas have been studied in detail by several research 
groups [1-9]. The performance of slot antennas is 
compromised due to bidirectional radiation characteristics. 
The use of a metallic cavity backed design with slots has also 
been claimed to improve the front-to-back ratio (FTBR), 
however such designs tend to make the antenna bulkier. 

An appealing alternative has been testified recently with 
the Substrate Integrated Waveguide (SIW) antenna which 
allows integrating the  non planar waveguide structures in 
planar substrate as the rows of metallic vias are used along the 
sidewall of the waveguide based circuits. The unidirectional 
radiation pattern and high gain can be achieved using the SIW 
cavity backed slot antenna.[10-14]. A dumbbell-shaped slot 
along with thin SIW cavity backed dual-frequency slot 
antenna, resonant  at 9.5 GHz and 13.85 GHz was designed 
[15]. In the X-band, the SIW cavity supported slot antenna 
with dielectric resonator loading improved the impedence 
bandwidth by around 12%, while the other antenna parameters 
remained same [16]. To achieve dual band characteristics, 
SIW cavity backed planar slot antenna was proposed which 
implements a combination of numerous SIW cavities. The 
cavities in the antenna are loaded with bow-tie shaped slots to 
obtain high bandwidth [17].  

In this paper, two  connected I slots are etched  along with  
cavity backed  substrate integrated waveguide  (SIW)  to 
implement a low profile antenna with dual-frequency  

characteristics.  The proposed antenna manifests unidirectional 
radiation pattern, optimum  gain with high  front  to  back  
ratio (FTBR)  at the resonating frequencies 9.4 GHz and 10.02 
GHz and having the gain of 4.6162 dBi and 4.1743 dBi at 
resonance.  

II. ANTENNA DESIGN 

Dimensional details of the designed antenna are shown in Fig. 
1. At the ground sheet, the two I-slots are connected by a slot. 
The width of the I slots is 0.3 mm and that of the slot is 0.4 
mm. An optimal distance orients the two I slots  from the 
cavity side wall.  
 The rows of metallic vias are arranged along the cavity 
sidewall in rectangular fashion, allowing the implementation 
of the SIW cavity. The diameter and spacing of the via holes 
are optimized to 1mm and 0.5 mm respectively to ensure 
maximum radiation characteristics.   

 

 

Fig. 1 Detailed dimension of proposed SIW antenna design 
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The two connected I slots are etched over the metallic plate, 
and the dual frequency operation of the slot antenna is 
achieved by altering the slot dimensions. The suggested 
antenna employs a simple design strategy to provide 
additional hybrid mode resonance without affecting the 
traditional cavity modes by integrating the connected I 

slots. 

III. EXPERIMENT AND RESULT  

The suggested SIW antenna's return loss versus frequency 
graph is shown in Fig. 2, with resonating frequencies of 9.4 
GHz and 10.02 GHz, respectively, and return loss values of -
16.5828 dB and -15.2292 dB. 

 

 
 

Fig. 2.   S11 versus frequency display    
 

 
The radiation pattern at the 9.4 GHz resonant frequency for   
ɸ = 0o & ɸ = 90o  are shown respectively in Fig. 3 and Fig 4.;  
while Fig. 5 and Fig. 6  demonstrate the radiation pattern at 
the resonant frequency of 10.02 GHz for ɸ = 0o & ɸ = 90o  
respectively . The antenna gain at the resonant frequencies 9.4 
GHz and 10.02 GHz are 4.6162 dBi and 4.1743 dBi 
respectively. Fig. 7 and Fig. 8 show the cross polarization and 
co polarization at 9.4 GHz for ɸ = 0o & ɸ = 90o  respectively, 
while Fig. 9 and Fig. 10 show the same for 10.02 GHz at ɸ = 
0o & ɸ = 90o  respectively. The graphs illustrate the high front  
to  back  ratio (FTBR) with optimum gain at the resonant 
frequencies.  
 
 

 
 

Fig. 3.   Radiation pattern (at 9.4 GHz) at   φ= 0 
 

 
Fig. 4. Radiation pattern (at 9.4 GHz) at   φ=90 

 
 
 

 
Fig. 5.   Radiation pattern (at 10.02 GHz) at   φ= 0 

 
 
 

Page 727

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



 
 

Fig.6.   Radiation pattern (at 10.02 GHz) at   φ=90 

 

FIG. 7.  Cross-pole  Co-pole (at 9.4 GHz)  φ=0 

 
 

 

FIG. 8.  Cross-pole  Co-pole (at 9.4 GHz)  φ=90 

 
 
 

 
 

Fig. 9.  Cross-pole Co-pole (at 10.02 GHz)  φ=0 

 
 

Fig. 10.  Cross-pole Co-pole (at 10.02 GHz)  φ=90 
 

IV. CONCLUSION 

The present paper reports the designing of cavity backed 
SIW antenna using two I slots connected by a slot to achieve 
the dual-frequency characteristics. The proposed antenna 
exhibits unidirectional radiation pattern, optimum gain with 
high  front  to  back  ratio  at the resonant frequencies of  9.4 
GHz and 10.02 GHz with the respective gain of 4.6162 dBi 
and  4.1743 dBi at resonance. The proposed SIW antenna can 
be used in wireless applications. 
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Abstract— In today’s highly competitive business 

environments, fast-paced, flexible and dynamic strategies are 

adopted to preserve sustainability that remains the center of 

attention of all organizations. To achieve such long-term 

objective, business intelligence plays a vital role in 

transforming big data into knowledge to support all sorts of 

business decisions at strategic, tactical and operational levels. 

In this context, emerging data analytics technologies are being 

widely implemented nowadays as their integration suggests 

intriguing solutions that can lead businesses’ sustainability 

strategies. Advanced analytics is a semi-autonomous or 

autonomous examination of data using sophisticated tools in 

order to discover new insights and generate accurate and valid 

outcomes. This paper portrays the four main types of data 

analytics encompassing the descriptive, diagnostic, predictive 

and prescriptive analysis procedures. Furthermore, this 

research focuses on one of the predictive analysis tools, known 

as lean six sigma methodology and the design of experiments. A 

case study applied in a dairy industry shows the effectiveness 

and accuracy of such an advanced modeling and optimization 

technique. In fact, response surface methodology was applied 

to obtain the highest product’s quality while optimizing steam 

pressure and conveyor speed, the factors that were proven to 

highly affect the labeling process of milk bottles. The findings 

of the present study showed that at a speed of 125 bottles/min 

and by applying 0.77 bar of steam pressure, the optimal results 

of multiple response variables were achieved. These results 

provide interesting insights to managers in the dairy industry 

and pave the way for other researchers to discover the efficient 

and impactful adoption of lean six sigma approaches in other 

industries, especially to solve complex optimization models. 

Keywords—Sustainability, Lean six sigma, Taguchi, Shainin, 

Design of experiments, Response surface methodology 

I. INTRODUCTION 

During the era of industrialization and digital 
transformation, industries and organizations are facing severe 
challenges to ensure their sustainable growth in an extremely 
competitive and evolving environment while preserving a 
high level of customer satisfaction. This has incited 
researchers, managers, industrialists, and practitioners to 
search for innovative business schemes and triggered them to 
apply adequate change management strategies and 
sustainability practices across the main functional areas of 
the organization. Sustainability, with its economic, social, 
and environmental dimensions, helped the firms in reaching 
their long-lasting objectives [1] and to gain a competitive 
advantage in the market. In fact, new digital technologies and 
advanced analytical tools were designed to ensure 
sustainability while reshaping organizational strategies and 
allowing companies to address all challenges especially 

when it comes to treat data that is abundant, coupled to quick 
variations, and presented in multiple formats [2]. Without 
those advanced analytical tools and various types of 
analytical processes, the big data’s advantages cannot be 
leveraged. To reach sustainability, industries and 
organizations from different fields started implementing 
various advanced and innovative analytical techniques in 
order to solve complex problems and to improve their 
performance. These techniques allow the organizations to 
better understand their customers’ needs, to improve the 
quality of their delivered products, and to achieve their 
desired goals. Previous literature has shown the importance 
and extensive application of machine learning, artificial 
intelligence, genetic algorithm, dynamic programming, 
neural network, lean six sigma tools and other advanced 
tools and techniques in different fields.  

  
One of the advanced analytics tools is the lean six 

sigma methodology. Considered one of the mostly adopted 
initiatives by multiple organizations, Lean Six Sigma 
methodology combines both lean production and six sigma. 
Lean six sigma tool allows the manufacturing companies to 
respond quickly to the fluctuations in demand and other 
market changes, resulting in fewer delays, less waste, and 
better lead times. Similar to other methodologies, 
implementing lean six sigma leads to the elimination of non- 
value adding processes (including transportation, inventory, 
waiting in lines and queuing, unnecessary motion, over-
processing, over-production and product/process defects) 
which in turn, improves the flow of the production process. 
Furthermore, the objective of six sigma is to measure the 
defects and improve the quality.  In particular, this tool 
shows a connection between the standard deviations found 
in a process and the number of defects per millions of 
opportunities. Thus, by applying lean six sigma, it is 
possible to achieve a remarkable performance target of 3.4 
defects per million opportunities. Lean six sigma approach 
is based on the alignment of DMAIC (define-measure-
analyze-improve-control) method and the PDCA (plan-do-
check-act) for the application of quality management tools 
and techniques within each step [3]. Both PDCA and 
DMAIC are considered problem-solving approaches that 
aim to improve and stabilize business processes. Unlike 
PDCA which is a repetitive four stage model. DMAIC is a 
data driven improvement cycle. On the other hand, design of 
experiments (DoE), one of the efficient and systematic tools 
of lean six sigma approach, is an optimization technique that 
allows the manipulation of multiple input factors in order to 
determine their effect on the output factors and to establish a 
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multivariate analysis that tackles the relationship between 
the input and output variables [4]. It also helps in fitting 
empirical models to the observed data values (with very low 
error margins) that would enable accurate predictions of the 
studied response parameters for any combination of 
operating conditions within the ranges of variability that 
were identified at the preliminary design phase. Previous 
scholars have demonstrated the effective use of DoE to 
improve operational productivity, process efficiency and 
financial performance [5], [6].  

 
In the following section, the advanced analytics tools, 

lean six sigma methodology and the Taguchi and Shainin 
DoE methods will be discussed followed by a case study on 
the usage of an advanced lean Six Sigma method in a dairy 
industry to improve the performance and reduce the wastes 
generated from the labeling line. 

 

II. BACKGROUND INFORMATION 

A. Advanced analytics 

Data analytics have been defined as the broad use of 
data. It mainly refers to the analysis of raw data to infer 
patterns and draw out the significant insights the data 
contains. Hence, business analysts and decision makers rely 
on data analytics to bring up smart and reliable decisions. 
Mainly, there are four broad categories of advanced 
analytics: statistical analysis (“Why is this happening?”), 
forecasting and extrapolation analysis (“What if these trends 
continue?”), predictive analysis (“What will happen next?”) 
and prescriptive analysis (“What is the best that can 
happen?”).  

TABLE I.  TYPES OF ADVANCED ANALYTICS 

Advanced analytics Description References 

Descriptive analytics 

Also known as business intelligence, is a form of data analysis where 
historical information is collected, organized, summarized, and presented 
in form of pie charts, histograms, and other visual representations. It helps 
to describe, summarize, and show features from a collection of 
information. This type is based on a group of techniques and processes 
that use data to easily and quickly understand, analyze, and report on the 
organization’s performance. Yet, it is not considered sufficient to generate 
deep insights and recommendations. The descriptive statistics are divided 
into two categories: measure of central tendency (defined by mean, 
median, mode) and the measure of variability (limited to the standard 
deviation, mean deviation, variance, range, percentile, and quartile).  

[7], [8], [9], [10], [11], [12], [13], [14] 

Diagnostic analytics 

Diagnostic analytics is a type of advanced analytics that inspects deeper 
data in order to understand why something happened. The diagnostic 
analytics determines the causes of trends and the correlations between 
variables. The main objective of this type is to identify and respond to 
anomalies. Multiple techniques can be employed when applying 
diagnostic analytics such as probability theory, regression analysis, time-
series analysis and filtering.  

[15], [16] 

Predictive analytics 

The predictive analytics allows the analysts to make predictions and focus 
on the future. By studying recent and historical information and analyzing 
the previous data patterns and trends, future expected values are predicted. 
As a result, by applying predictive analytics, managers can react 
proactively and accurately. There are several tools used for the predictive 
analysis such as: 

• Machine Learning  

• Neural Network 

• Linear Regression  

• Nonlinear Regression  

• Data mining  

• Simulation  

• And others …  
By implementing the regression analysis, analysts can model the 
relationship between an independent variable and multiple dependent 
variables.   

[17], [18], [19], [20], [21], [22], [23], 
[24], [25], [26], [27], [28], [29], [30], 
[31], [32], [33], [34], [35], [36], [37] 

Prescriptive analytics 

The prescriptive analytics define the decisions or actions that must be 
done to give the best results based on multiple outcomes and factors. This 
advanced analytics is known as decision making under uncertainty or 
optimization under uncertainty. Prescriptive analytics aims to optimize the 
decision-making in a short time, for an improvement of the business 
performance.       
 
The prescriptive analytics tools can be categorized into: 

• Advanced lean six sigma tools 

• Response Surface Methodology 

• Genetic Algorithm 

• Dynamic Algorithm programming  

• And others … 

[38], [39], [40], [41], [42], [43], [44], 
[45], [46], [47], [48], [49], [50], [51], 
[52], [53], [54], [55], [56], [57], [58] 
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Table I explains the difference between the main types of 
advanced analytics with some examples from the literature. 

B. Lean six sigma: Definition and concept 

Lean six sigma (LSS) is a data-driven and fact-based 
method that improves the organizations’ performance by 
reducing variations and removing waste. Six Sigma was 
developed by Motorola in the 1980s, and in early 2000s, it 
was combined with Lean methodology [59]. Thus, lean six 
sigma is a result of combination of lean manufacturing 
practices and six sigma in order to eliminate all kinds of 
wastes and to ensure the company’s continuous 
improvement. It is a process aiming at maximizing the 
stakeholders’ return by improving the quality, cost, energy 
consumption, customer satisfaction and by reducing the 
percentage of defected products [60], [61]. On the one hand, 
six Sigma is driven by DMAIC, problem-solving approach. 
DMAIC method is mainly used to solve an underlying 
problem which is reducing process variation and the 
associated high defect rates. On the other hand, in lean 
projects, PDCA and tools such as 8 Wastes, fish-bone 
analysis and 5S allow the establishment of continuous 
improvement as well as the identification of causalities and 
elimination of non-value-added activities.  
 
Industries have recognized the benefits of applying Six 
Sigma DMAIC which is a systematic and structured 
methodology for increasing process performance by focusing 
on customer requirements. It features many tools and 
techniques such as statistical quality control, measurement 
system analysis and design of experiments. This DMAIC 
approach is divided into 5 stages: Define, Measure, Analyze, 
Improve and Control.  

In addition, many advantages of implementing lean six 
sigma can be noted including, but not limited to, (i) focusing 
on the customer requirement, (ii) addressing work-in-process 
inventory, (iii) planning and monitoring of the process 
followed by a creation of standard work sheets, (iv) 
reduction of variation and wastes generated from the 
overproduction, overprocessing and queuing, and (v) 
improvement of process performance while applying 
advanced statistical tools and techniques [62].  

 

 C.Taguchi and Shainin DoE methods 

The Taguchi approach was designed by Dr. Genichi 
Taguchi who improved the classical Taguchi approach to an 
orthogonal array approach. This method is a statistical 
method that aims to improve the quality of manufactured 
goods.  Dr. Taguchi explained that the lack of robustness of 
a process could lead to a quality loss of the product. To 
improve the functional robustness of a process/product, 
three steps are required: system design where a selection of 
a new technology system is required; parameter design 
where a selection of control factors that increase the 
functional robustness of the selected technology and 
tolerance design where a choice of suitable settings of 
tolerance specifications [63]. It was proven that Taguchi’s 
parameter design is the most powerful stage for process 
optimization compared to all the three stages. 
 

The conventional Taguchi optimization method is divided 
into 5 main steps: (1) define design variables, constraints, 
and objectives, (2) identify the factors of the design and 
their levels and select orthogonal array, (3) calculate the 
means and variance for each parameter, (4) optimize the 
objective, and (5) decide the best combination of variables 
to obtain the best results [64].   
  
Following the classical DoE and the Taguchi method, 
Shainin methodology, an American approach to 
experimental design is gaining popularity among all 
quality experts because of the simple tools, giving good 
results at low cost and time [65]. It helps solving many 
chronic quality problems, and the main aim behind 
following Shainin methodology rather than other 
techniques is to reduce the process variation as well as the 
technical problems. Gupta et. al. (2016) explained that 
80% of the variation of any product or system is caused by 
20% of the factors [66]. Therefore, the main goal is to 
recognize these critical factors, by representing them using 
colors coding and to identify the interaction effect among 
them. Green Y represents the product or process variation 
problem. This output is affected by many inputs. In 
addition, it provides the experimentation with a large 
number of process variables grouped in three causes of 
variance, where Red X defines the dominant cause, Pink X 
the secondary cause and Pale Pink X the tertiary cause 
based on their influence on the overall variance. Based on 
a comparison between Shainin DoE technique and the 
Taguchi method, Bhote et. al (1990) concluded that Shainin 
systems are very practical, easy to execute, less costly and 
statistically more powerful than Taguchi methods [60].      
 
The problem-solving roadmap of the Shainin System is 
called “factual” and it is divided into seven steps: focus, 
approach, converge, test, understand, apply and leverage. 
As a first step, the business case will be defined and 
transformed into a technical project. Then, Green Y 
(output) will be identified and described, and an 
investigation strategy will be developed. In the converge 
stage, the Red X will be identified and a comparison 
between the best and the worst case will be executed, 
followed by a risk assessment and a DoE test to confirm 
the Red X. After that, the relationship between Green Y 
and Red X will be understood as well as all the 
interactions between the factors and the customer 
requirements will be converted into limits. Finally, a 
corrective measure will be implemented and verified 
followed by an update of the procedures and a monitoring 
of the process variation and the benefits will be calculated. 
In addition, Shainin method covers various tools and 
problem-solving techniques such as: multi-variate analysis, 
component search technique, paired comparison, full 
factorials, product/process search, variable search, scatter 
plots, response surface methodology, positrol, process 
certification and pre-control [68]. 
 

III. CASE STUDY IN A DAIRY INDUSTRY 

Nowadays, industries aim to implement lean 
manufacturing practices and Total Productive Maintenance 
(TPM) approach in order to have a sustainable supply chain. 
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This case study was conducted in a manufacturing and 
distribution company, Levant Beverage & Dairy Industries 
SAL, selling dairy products in Lebanon. Considering the 
environmental and economic sustainability practices, this 
industry implemented TPM to improve one of crucial key 
performance indicators which is the “overall equipment 
effectiveness (OEE)”. The main goal was to reduce or 
eliminate the losses in the process while improving the 
production performance. In this study, an advanced lean six 
sigma methodology was used. At first, the problem was 
emphasized and the operating parameters affecting the 
process were defined. Then, an experimental design using 
the response surface methodology was built to measure and 
analyze the findings. Finally, process optimization was 
implemented to define the optimum operating conditions. 

 

Fig. 1. Bottling and Labeling line 

A. Define 

The study focuses on the optimization of the bottling and 
labeling lines including the shrinking machine in order to 
reduce time, electricity, scrap and save energy. In particular, 
the main objective of the research is to optimize the heat 
treatment across the shrinking tunnel where a sensor allows 
reading and adding one sleeve on the bottle. Once the latter 
goes into the shrinking tunnel, a machine enables the sleeve 

to be shrunk on it under hot air-steam treatment (Figure 1).  

Some preliminary experiments based on changing one 
factor at a time were carried out to foresee the global effect 
of the shrinking tunnel treatment on different attributes of 
the finished product (appearance, shape, temperature, OEE, 
height of the sleeve, etc.) and to identify the most 
influencing operating parameters with their ranges of 
variability.  

  

B. Measure 

Response Surface Methodology (RSM), widely known 
as a simulation modeling tool [69], [70], was adopted to 
optimize the shrinking tunnel line, by means of Statgraphics 
Centurion XVIII software. A multivariate approach was thus 
implemented [71], [72]. The most influencing operating 
variables were speed (S) and steam pressure (P). S ranged 
from 61 to 125 bottles/min, while P varied between 0.7 and 
1.8 bar. Table II shows the established central composite 
rotatable design comprising of a 22-factorial design with 6 
axial points (α = ± 1.414) and 3 replications at the central 
level. The five levels of each parameter were presented with 
their corresponding real and coded (− α, − 1, 0, + 1, + α) 
values between brackets. The operating parameters were 
tested on 11 experimental runs to evaluate their effects and 
to simultaneously define their optimum levels based on the 
most acceptable following responses: End temperature out 
(TO), end temperature in (TI), shape (SH), appearance (AP), 
height of the sleeve (H), OEE, acceptability of the sleeve 
(AS) and acceptability of the bottle (AB). The experiments 
were randomly run to avoid the possible effects of 
unexpected extraneous factors on the variability in the 
observed responses. 

 

C. Analyze 

As shown in the Pareto chart, the speed and the pressure 
had a linear and a quadratic effect on the shape (negative for 

TABLE II.  EXPERIMENTAL DESIGN 

Run 

Number 
Process parameters [coded] Response parameters 

 

S (b/min) P (bar) TO (°C) TI (°C) SH AP H (cm) OEE AB (/10) AS (/10) 

1 87.5[0] 0.472183[-α] 72.02 16.9 4 5.53 0.05 14 6.2 6 

2 61[-1] 1.8[+1] 39.9 15.7 3 5.4 0.78 0 5.2 7 

3 114[+1] 1.8[+1] 54.88 15.5 2 5.342 1.2 0 2.2 3 

4 61[-1] 0.7[-1] 73.8 16 4 5.452 0.78 9.76 2.8 10 

5 87.5[0] 2.02782[+α] 74.18 21.1 2 5.18 2.04 0 1 2 

6 124.977[+α] 1.25[+1] 38.72 15.9 2 5.456 0.7 99 9 2.3 

7 50.0233[−α] 1.25[+1] 61.32 15.2 4 5.545 2.04 9.6 2.4 9.8 

8 114[+1] 0.7[-1] 49.32 18.8 4 5.478 0.7 54.72 7 10 

9 87.5[0] 1.25[0] 34.34 17.9 2 5.435 1.87 70 9 2.5 

10 87.5[0] 1.25[0] 35.6 17.16 1 5.502 0.2 70 9 2 

11 87.5[0] 1.25[0] 31.52 16.81 1 5.545 0.25 70 9 2.8 
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the linear effect, positive for the quadratic one) (Figure 2).  

 The lower the pressure and speed are, the more perfect 
the shape would be. In fact, accelerating the speed would 
deform the sleeve by creating some crinkles and perforations. 
Following the modeling and optimization, it was found that, 
in order to obtain a perfect product at the end of the 
production from the first run, the speed should be maintained 
at 61 bottles/min and the pressure at 0.72 bar. In addition, the 
lower the pressure is with a higher speed, a better shrinking 
would be achieved and the sleeve appears with zero rise over 
the point where it should stick to the bottle. This means that 
if the quantity of pressure departing from the shrinking 
tunnel is high, it would result in more air flow passing out 
which causes the sleeve to move upward.  

Regarding the OEE, the speed (linear positive effect) and 
the pressure (quadratic negative effect) appeared to have a 
significant influence (p-value <0.05%) on the OEE as 
demonstrated in the Pareto Chart. As known, the OEE relies 
on the performance, availability, and quality. Reducing the 

speed of the conveyor will directly affect the performance of 
the machine, and by that, the percentage of OEE will 

decrease. Moreover, amplifying the pressure will lead to 
bottle shrinking, and the quality of the items produced will 
be reduced. 

 On the other hand, the pressure (linear and quadratic 
negative effect) had significant impact on the appearance of 
the bottles. As seen in the interaction plot, the lower the 
pressure, the better the shape of the bottle is. The high 
pressure leads to a reduction in the bottle width (P=1.8 bar, 
AP= 5.33 cm, while for P=0.7 bar, AP= 5.54 cm). 
Furthermore, the speed and the pressure have a quadratic 
negative effect on the acceptability of the bottle. When the 
pressure goes from 0.7 to 1.8 bar at the maximum speed (114 
b/min), the acceptability of the bottle over 10 decreases. 
While for the two pressures (0.7 and 0.8 bar) at the minimum 
speed (61 b/min), the acceptability of the bottle doesn’t 
exceed 3/10. The findings of the study have shown that the 
pressure had a linear negative significant effect on the 
acceptability of sleeves while the speed had a quadratic 
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Fig. 2. Standardized Pareto Charts and trends of interaction plots for all the response parameters 
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positive significant effect. Referring to the interaction plot 
between [P] and [S], the acceptability of sleeves declines as 
the pressure increases from 0.7 to 1.8 bar at a speed ranging 
from 61 to 114 b/min. At the maximum speed, the 
acceptability of sleeve (/10) is around 8 for a pressure of 0.7 
bar, however it’s about 1.8/10 for a pressure equal to 1.8 bar. 
At [P] = [-1] = 61 b/min, the acceptability is better for a 
pressure of 0.7 bar than at [P] =1.8 bar. 

 

 Finally, Table III portrays the optimal response 
parameters that were obtained at optimal operating 
conditions. The latter were generated from a multiple 
response optimization method, as exemplified in Figure 3. 

TABLE III.  OPTIMUM VALUES OF THE RESPONSE PARAMETERS 

Response Optimum 

End T in 16.9811 

Shape 4.08862 

Appearance 5.56521 

Height of the sleeve 0.0697015 

OEE 73.4599 

Acceptability bottle 8.54394 

Acceptability sleeve 8.74564 

 

 

Fig. 3. Overlay plot of multiple response analysis. 

IV. CONCLUSION 

One of the major sectors of the economy, aiming to 
provide various products with high quality, short delivery 
and low cost, is the food industry. In such industries, six 
sigma and lean are widely used and are hybridized often as 
Lean Six Sigma. There is a need to clearly identify how 
effective the implementation of these methodologies in the 
dairy industry. In this paper, the four types of advanced 
analytics: descriptive, diagnostic, predictive and prescriptive 
analysis were distinguished. Then, the concept of Lean Six 
Sigma methodology, one of the prescriptive analytics 
techniques, was discussed and its several advantages were 
cited. A case study implementing TPM approach in a dairy 
industry was elaborated. Using design of experiments and 
response surface methodology, the optimization of the 
shrinking tunnel treatment by controlling the pressure and 
the speed of the process was conducted. Further to design 
creation, advanced data analysis, model fitting, empirical 
modeling, multiple response optimization and model 
validation, results have shown that the best product is 
obtained at a speed of 125 bottles/min and by applying 

approximately 0.77 bar of steam pressure. These results 
show the efficiency and effectiveness of the lean six sigma 
approach in the food industry. Since the implementation of 
such tools is still growing, further research focusing on 
identifying the best practices to apply these methodologies is 
needed. Also, implementing these techniques in other types 
of industries and processes allows researchers to use this 
powerful tool to determine the optimal factors and to conduct 
promising lean six sigma projects. 
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Abstract— The fourth industrial revolution (Industry 4.0) 

and the digital transformation are rising exponentially 

nowadays. This digital revolution is mainly manifested by 

incorporation of different technologies that rely on Artificial 

Intelligence (AI) and Big Data to foster automatic learning 

systems. In this context, big data enables the integration of 

previously isolated systems allowing companies to obtain a 

complete visualization of operations and processes. Therefore, 

advanced analytics tools are needed to cope with complex data 

and provide deeper understandings and accurate predictions. 

This research paper presents insights on the most prominent 

analytics techniques including machine learning, neural 

network, genetic algorithm, dynamic programming, lean six 

sigma and response surface methodology. Additionally, the 

benefits of such techniques were portrayed to highlight their 

important role as efficient optimization methods in any 

organization. In this paper, one of the above-mentioned 

methods was valorized through a case study tackling the wort 

boiling in a brewery. Design of experiments, which is an 

advanced lean six sigma approach, was adopted to improve 

and optimize the brewing process. By implementing response 

surface methodology and by varying three operating 

parameters (pressure, boiling duration and extract before 

boiling) within their ranges of application, results suggest a 

positive impact on energy and steam consumption; the 

evaporation rate was stabilized, and total condensate was 

minimized. Although this case study sheds light on the 

necessary tools to reduce time, material and energy waste in a 

brewery, same strategy can be extrapolated to other 

comparable manufacturing companies.   

Keywords—Advanced Analytics, Design of Experiments, 

Optimization; Response Surface Methodology; Lean Six Sigma 

I. INTRODUCTION 

In today’s modern manufacturing systems, the 
expansion, interconnection, and increased complexity of 
operations lead to recent industrial challenges that incited the 
initiation of the fourth industrial revolution, known by 
Industry 4.0 [1], [2] and the birth of intelligent technologies 
that support it. Automation, that is driven by big data, was 
found to have a crucial role in effectively addressing those 
challenges. In this context, 4.0 technologies without big data 
analysis would not solely allow extracting and decoding 
value from the collected information. Big data is therefore 
essential to understand the trends of variation, to study the 
causalities, to draw predictive analysis patterns and 
projections into the future, and to generate autonomous 
systems by means of such an accurate approach. In fact, the 
large amount of data that is generated by modern 
computerized systems and the Internet of Things (IoT), when 
accurately processed using big data analytics, allows 
intelligent firms to rapidly enhance their efficiency and 

achieve remarkable improvements in terms of upgraded 
performance, fast-paced production, and reduced sources of 
errors.  

  
At the beginning of the 21st century, business strategies 

have drastically evolved enabling the inclusion of smart 
systems and the concept of digitalization of industries has 
emerged. In fact, Industry 4.0 is based on the networking 
between all production processes and facilities in order to 
achieve resource efficiency, increase productivity and 
quality in a highly competitive market [3], [4]. The main 
applications of Industry 4.0 (i.e. cyber physical services, big 
data, Internet of things, cloud solutions) had a major role in 
the automation of the industrial processes [5]. In parallel, 
the analysis of the big data requires enhanced and accurate 
approaches. The traditional methods (i.e. reactive, centrally-
managed, one-size-fits-all approaches, and conventional 
data analysis tools), having a limited capability (space and 
time), can perform inadequately with a large volume of data, 
are not cost effective and do not enable reaching the primary 
objective of any organization, which is optimizing their 
operations [6], [7], [8]. Therefore, the adequate application 
of big data analytics would translate this large amount of 
data into attainable and feasible ideas that play a major role 
in improving manufacturing systems at multiple levels 
including (i) making accurate decisions based on adequate 
predictive analysis approach, (ii) prognostic maintenance 
based on failures identification a priori (before occurrence), 
(iii) bottlenecks prevention and reduction in waiting times, 
(iv) optimized production processes, (v) enhanced 
operational efficiency, (vi) higher quality control practices 
and lesser defects and errors, (vii) improved inventory 
management processes, and many others.   
 

Aiming at reaching high levels of production 
excellence, manufacturing companies and service providers 
are continuously seeking to achieve business intelligence 
while compiling, analyzing, modeling, optimizing and 
disseminating data across different key functional areas of 
the entire organization. In this regard, the application of 
modern, advanced, and innovative analytical techniques is 
playing a fundamental role in increasing the overall 
knowledge in multiple fields and helping in resolving 
complex problems.  

 
Advanced analytics comprise several tools including 

machine learning (ML), artificial intelligence, data mining, 
predictive analytics, sentiment analysis, pattern matching, 
cluster analysis, data visualization, complex event 
processing, graph analysis, simulation, neural network and 
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multivariate statistics, and other techniques [7], [9]. The 
broad applicability of the advanced analytical tools and their 
capacity to involve many disciplines, satisfy the vision of 
the organization and enable goals accomplishment in many 
departments. For instance, it can help the marketing 
department in understanding the preferences of the 
consumer, decrypting the future targets, and building 
strategic plans with more precision. Manufacturers benefit 
from the advanced analytics by creating early-alert systems 
for machinery to save time and equipment costs. Even the 
inventory and warehouse managers can employ these 
techniques to understand the outflows and to compare them 
to the previous orders/sales, thus reducing the shortage 
and/or excess costs.  

 
On the other hand, lean six-sigma (LSS) approach have 

gained a worldwide popularity due to its systematic 
problem-solving approach and to the outputs and quality-
based improvements provided. The concept of LSS is to 
eliminate all non-value-added activities and all sorts of 
waste, reducing therefore the costs while efficiently 
producing high quality products that satisfy the customers’ 
expectation. Moreover, previous literature highlighted the 
fact that big data techniques help LSS achieve correct and 
optimal decisions in a less costly and more effective manner 
with higher precision. Therefore, it is indispensable for 
business decision makers to use lean six sigma and other 
advanced data analytics [10] tools and techniques. 

 
 Previous scholars have largely focused on the 

development of the advanced analytical tools including 
machineries and algorithms as well as their importance and 
effective role in processing industries. However, little 
research tackled the crucial role of these advanced analytical 
tools as optimization methods in organizations. 
Manufacturers need to be aware of how these tools aid them 
in efficiently getting optimal outcomes. Hence, our research 
paper presented tangible results of how the implementation 
of these advanced analytical tools helped in optimizing the 
performance of the brewing process while preserving the 
quality attributes of the end-product.  

 
In the following section, the different types of the 

advanced analytical tools and their benefits will be 
discussed followed by a case study on the usage of an 
advanced lean Six Sigma methodology in a brewery to 
achieve improvement in productivity and quality.  

II. BACKGROUND INFORMATION 

A. From Business intelligence towards advanced analytics  

Traditionally, the concept of business intelligence (BI) 
has been described as a combination of tools such as 
reporting (KPIs, metrics), ad hoc query, dashboard, 
scorecards, online analytical processing (OLAP), 
operational and real-time BI, and automated monitoring and 
alerting, to improve business decision-making [11]. In the 
late 1960s, data sources were small and structured, and the 
most common analytical activity was descriptive analytics 
[12]. The first level in the taxonomy of analytics was 
descriptive analytics also known as business intelligence 
which examines the past and present status of the business 

activities [13]. BI rather answers the following questions: 
What happened? When? Who? How many?  
 

 
However, the advanced analytics utilize predictive 

modeling, statistical techniques, and process automation, 
beyond the capacity of the business intelligence tools, to 
analyze data. It provides the organizations with a way to 
operationalize and get more value from the data sets. 
Advanced analytics can help the business organizations in 
forecasting future trends, anticipating potential events and 
identifying answers to those questions: Why did it happen? 
Will it happen again? What will happen if we change x? 
What new insights and aspects are revealed by the given 
data analysis? Advanced analytics includes statistical and 
quantitative analysis, data mining, text analysis, big data 
analytics, multivariate testing and predictive modeling.  

 
 

B. Types of Advanced Analytics 

There are several types of advanced analytics such as 
machine learning, neural network, advanced lean six sigma, 
response surface methodology, genetic algorithm and 
dynamic algorithm programming that could be used in 
different domains. Table I describes the different types of 
advanced analytics techniques that were exploited by 
previous scholars for different purposes.  
 

C. Benefits of Advanced Analytics  

Advanced analytics can confirm or reject the prediction 
models and can help the organizations adapting their 
operations during the change of market conditions in order 
to increase revenue. These tools are more accurate than the 
traditional Business Intelligence tools that still have an 
uncertainty factor. In addition, due to its accuracy, 
organizations using these techniques, can act quickly and 
take some fast business decisions with certainty about the 
desired results. It allows organizations to draw data-driven 
conclusions and proposes deeper insights from the market 
data, customer preferences, market trend, and key business 
activities, which can lead to a significant advantage on their 
competitors by immediately reacting to possible fluctuations 
and changes. In addition, these emerging tools play an 
essential role in the optimization of supply chain practices 
by creating a flexible and agile supply chain that can rapidly 
adapt to all the market changes. The advanced analytics use 
statistical methods to anticipate and solve problems and 
opportunities, thus facilitating the rapid response of the 
stakeholders. 

 
    

At the risk management level, advanced analytics allow 
the continuous examination of the data sets and data streams 
in real time. This can provide a comprehensive 
understanding of the past, present and future of a business. It 
can also identify the patterns that may indicate high risk level 
which in turn helps businesses to avoid making costly and 
risky decisions. 
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TABLE I.  TYPES OF ADVANCED ANALYTICS TOOLS 

Advanced analytics 

Subset of 

advanced 

analytics 

Description References 

Big Data analytics 

Machine 
Learning 
(ML) 

Machine learning grabbed the attention of excessive 
number of practitioners and became one of the most common 
processes used in research. It plays an important role in many 
sectors (i.e. image recognition, recommendation systems, 
machine translation, etc.) [14]. The notion of machine 
learning is to study the improvement of computers in order to 
gain new knowledge and skills [15]. The main objective of 
ML is to build an optimization model to reach the objective 
function by adjusting the parameters. Multiple techniques can 
be classified under machine learning. Moreover, the most 
popular and best performing technique is the artificial neural 
network [16].   
 

[17], [18], [19], 
[20], [21], [22], 
[23], [24], [25], 
[26], [27], [28], 
[29], [30], [31], 

[32] 

Big Data analytics 
Neural 
Network 

Neural network refers to a system of artificial neurons. 
This process imitates the functionality of a human brain. It has 
a wide range of application such as handwritten character 
recognition, fingerprint identification, traffic sign detection, 
automatic vehicle classification, etc. [33], [34]. To optimize a 
problem, a multilayer perceptron is redefined which 
transforms the function and generates polynomial equation 
[35].  

[20], [25], [36], 
[37], [38], [39], 

[40], [69] 

Statistical and quantitative 
analysis 

Advanced 
lean six 
sigma tools 
(Factorial, 
DOE, …) 

Lean Six Sigma is a methodology for improving the 
productivity and efficiency of the organization by eliminating 
all sorts of waste and by reducing the occurrence of 
defects/errors. The methodology of the lean six-sigma uses a 
well-structured approach: Define, Measure, Analyze, Improve 
and Control, known as DMAIC [41].  

 

[42] 

Optimization techniques 

Response 
Surface 
Methodology 
(RSM)  

RSM is a statistical procedure applied in the optimization 
studies. RSM examines the relationship between the variables 
and the response parameters. It utilizes the design of 
experiments (DOE) to identify the optimal response [43] with 
a minimal number of runs.   

[44] 

Optimization techniques 
Genetic 
Algorithm 

Genetic algorithm has been in the center of attention for many 
prominent researchers [45]. It is an optimization technique 
based on the Darwin’s theory of evolution through selection 
[46]. It is established on making some changes slowly (by 
consecutive iterations) in order to obtain the best solution. In 
fact, each genetic algorithm works on a population of artificial 
chromosomes, where each chromosome represents a solution 
to a problem [47]. Using at first a random population of 
chromosomes, the genetic algorithm selects and recombines to 
produce the next generation. The latter will pass into the 
successor population. This is how the evolution of the process 
goes until it reaches the best solution to a specific problem.   

[20], [48], [49], 
[50], [51], [52], 
[53], [54], [55], 

[56] 

Optimization techniques 
Dynamic 
Algorithm 
programming 

Dynamic programming is an algorithmic technique and an 
optimization technique that has an objective to solve problems 
by disintegrating these into simpler sub-problems. It is a 
multi-stage approach where the final result is the consequence 
of the decision taken for each sub-problem [57], [58] 

[59], [60], [61], 
[62], [63], [64], 
[65], [66], [67], 

[68] 
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III. CASE STUDY IN A BREWERY 

 This case study was conducted at Almaza-Heineken, a 
leading international brewery based in Lebanon. It 
exemplifies the efficient use of one of the aforementioned 
optimization techniques using an advanced data analytics 
tool. The main objectives were (i) to efficiently reduce the 
energy usage during heating, boiling, and cooling, (ii) to 
minimize the quantity of water to be added during the 
production, and (iii) to increase the gravity of the wort for 
better equipment utilization. This study follows the Total 
productive maintenance (TPM) approach, which is a 
continuous and consistent mission to eliminate losses in all 
processes through active participation of all employees in the 
organization. In fact, it is a holistic approach that attempts to 
achieve a maximized operational efficiency through 
elimination and/or reduction of defects, waste, breakdowns, 
and slow-paced operations. Within the company’s 
continuous improvement plan, The Plan-Do-Check-Act 
(PDCA) cycle was also applied while using the design of 
experiments (DOE), an advanced lean six-sigma 
methodology, during the implementation, optimization, and 
standardization phases. Design of experiments allowed the 
study of the relationship between the key input and output 
variables with the minimum number of required runs and the 
highest accuracy level. During the first stage, the problem 
will be announced while identifying the ranges of variability 
of the parameters affecting the process. An experimental 
design will be implemented to measure and analyze the 
results. The optimization stage will follow to define the 
optimal values, to standardize the operations, and to create a 
sustainable process as per the predicted/fitted models that 
will be generated following a validation period. 

A. Define 

The aim of the study was to reduce the steam pressure in 
order to decrease the evaporation rate and to reduce steam 
consumption in the boiler without compromising the quality 
of the wort. The quantity of returned water condensate at the 
outlet of the wort kettle was collected in a scaled barrel 
while keeping time tracking using a chronometer. 
Condensate was cooled down prior to being collected, to 
prevent measuring errors caused by evaporation and for 
safety reasons (Figure 1). 

 

Fig. 1. Measurement of the total condensate. 

The parameters influencing steam consumption in the 
whirlpool kettle were as follows: steam pressure, boiling 
duration, extract of wort before boiling, heating area (contact 
surface between the wort and the heating agent), and wort 
viscosity.  

 

B. Measure 

 
In order to identify the optimal conditions for the 

reduction of steam and energy consumption, the operating 
variables that could influence the process were collected and 
controlled. In this context, a multivariate analysis was 
carried out in a way to optimize several response parameters 
at a time [70], [71]. 

 
 A response surface methodology was used for 

optimizing the operating conditions of the evaporation 
process during wort boiling and minimizing the steam 
consumption. This process is assumed to be affected by 
three independent variables: relative steam pressure (0.8-1.2 
bar), boiling duration (75-80 min), and the wort extract 
before boiling (13-16 °P). It is also assumed that the 2 
responses (evaporation rate and total condensate), which 
were experimentally measured, defined the predictive 
system.   

A central composite orthogonal design was used. For the 
three variables, the design yielded 17 experiments with eight 
(23) factorial points, six axial points and three central points 
for replications (Table II). 

TABLE II.  EXPERIMENTAL DESIGN 

 

C. Analyze 

The experimental design was built, designed, modeled, 
optimized, and validated using Statgraphics Centurion XVIII 
software. Based on the generated ANOVA analysis (Table 
III), the steam pressure, the boiling duration, the extract 
before boiling, the quadratic effect of the steam pressure and 
the duration of boiling, and finally the interaction between 
the steam pressure and the extract before boiling, have 
shown a significant effect on the total condensate and this 
was confirmed by the Pareto chart (Figure 2). The R-Squared 
statistic indicates that the model as fitted explains 95.38% of 
the variability in total condensate.  

 

 

 

Trial  

# 

Relative  

Pressure 

(bar) 

Boiling 

duration 

(min) 

Extract 

before 

boiling  

(ºP) 

Experi- 

mental 

extract 

(ºP) 

Evapora

tion 

rate 

(unit/hr) 

Total 

conde

nsate 

(Hl) 

1 0.8 75 13 12.99 0.0410 6.92 

2 1.2 75 13 13.24 0.0640 10.34 
3 0.8 80 13 13.20 0.0418 7.70 
4 1.2 80 13 12.83 0.0678 11.09 
5 0.8 75 16 15.77 0.0340 6.54 
6 1.2 75 16 15.82 0.0766 11.66 

7 0.8 80 16 15.80 0.0401 7.37 
8 1.2 80 16 15.95 0.0724 12.53 
9 0.73 77.5 14.5 14.64 0.0227 3.66 

10 1.27 77.5 14.5 14.63 0.0677 11.10 
11 1 74.1 14.5 14.60 0.0572 9.09 
12 1 80.9 14.5 14.56 0.0547 9.50 
13 1 77.5 12.47 12.60 0.0510 8.55 
14 1 77.5 16.53 16.53 0.0548 9.17 
15 1 77.5 14.5 14.57 0.0530 9.24 
16 1 77.5 14.5 14.58 0.0520 9.19 
17 1 77.5 14.5 14.54 0.0580 9.50 
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TABLE III.  ANOVA TABLE FOR TOTAL CONDENSATE 

 

 
Fig. 2. Pareto Chart of the total condensate 

The total condensate directly reflects the steam 
consumption in the whirlpool. Consequently, in order to 
minimize the total condensate, and based on the statistical 
analysis, the optimum value of the relative pressure was 0.95 
bar (Table IV). 

TABLE IV.  OPTIMIZATION TABLE OF TOTAL CONDENSATE 

 

On the other hand, regarding the evaporation rate, The R-
Squared statistic indicates that the model as fitted explains 
97.14% of the variability in evaporation rate. The P-value of 
the pressure and the interaction between this one and the 
extract before boiling are less than 0.05 indicating a 
significant effect on the variance of the evaporation rate and 
as shown in the Pareto chart (Figure 3). 

 

Fig. 3. Pareto Chart of the evaporation rate 

To maintain an evaporation rate of 0.05, all the operating 
parameters (pressure, boiling duration, and extract before 
boiling) should be fixed at their optimum level of 0.96, 77.7, 
and 14.58, respectively (Table V).   

 

TABLE V.  OPTIMIZATION TABLE OF EVAPORATION RATE 

 

D. Optimize 

Figure 4 shows the optimum values of the pressure (~ 
0.95 bar), duration of boiling (~ 75.5 min) and extract before 
boiling (~ 14.10 °P) while maintaining the evaporation rate 
at 5%/hr and minimizing the total condensate (~ 8.34 Hl). 
Multiple response optimization technique was adopted to 
generate the iso-response plots and to identify the optimal 
region with the highest desirability level.  

 

Fig. 4. Overlay plot and optimum values generated from multiple response 

analysis 
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IV. CONCLUSION 

This paper explained the difference between the 
traditional business intelligence and the advanced analytics. 
Researchers and practitioners use nowadays various types of 
advanced analytics such as machine learning, neural 
network, lean six-sigma tools, genetic algorithm, dynamic 
programming, and others. The benefits of their application in 
various sectors in the organization were elaborated in the 
paper followed by a case study using the design of 
experiments and the response surface methodology. The 
implementation of such an advanced tool has proven its 
efficient applicability for process improvement and waste 
reduction in the brewery by minimizing energy and steam 
consumption. The results of this case study revealed that the 
optimization of the processes is essential. In order to avoid 
excessive energy consumption, the variables were controlled 
and monitored to find the optimal values of pressure, boiling 
duration, and extracts before boiling. This research study 
fulfilled its objective by saving energy and reducing waste in 
a brewing process that was initially coupled to different 
sources of random and assignable variations. Future research 
could address the analysis of global and international 
breweries; this could present a factual guide for production 
managers (mainly brewing firms) helping them in producing 
high quality products in the most cost-effective way.  
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Abstract—Doing business in a country can be seen as a vital 

tool for policy makers outside the country to get into the 

country for business opportunities. Ease of doing business 

score of the countries is a major factor for bringing in wealth 

to that country. Foreign Direct Investments are the boost for 

country’s growth which is now becomes an essential one for 

surviving in this competitive world. This study finding revealed 

that there is a positive association between ease of doing 

business scores and foreign direct investments of a country, 

also regression analysis reveals the influence of ease of doing 

business scores on foreign direct investments of the country. It 

was evident that there is a thirst for other components which 

are vital for attracting FDI in to the country. Ease of doing 

business scores covers nearly components like registration, 

Construction, Electricity, investor protection, tax, business 

across borders, contract negotiations, dispute solvency, 

framing workers rule. Each component covers several 

dimensions like registration covers the requirements to start a 

LLC, Construction covers the procedure to construct 

warehouse, quality and safety aspects, Electricity covers grid 

connections, Credit covers law aspects, protection covers 

corporate governance, Tax covers the governing laws in 

making payments, Trading across borders covers export 

parameters, Contract deals with the quality of judicial systems, 

Insolvency covers legal framework for solving disputes, 

Employment governs rules for workers. We may think that the 

score nearly covers all the perception of doing business in a 

country from scratch to end. Definitely it gives a clear picture 

of the country by giving all the basic information’s it is worth a 

investment for investors to spend their time on these report to 

get a clear view of the country progress and make a decision to 

contribute towards the country’s growth. The investors can 

make their Yes/No deal based on these reports alone. But this 

study clearly shows the ease of doing scores is just a 

components and also other components like PESTLE factors 

are very much essential for attracting FDI in to the country. 

 
Keyword—Ease of doing business, Foreign Direct Investments, 

Limited Liability Company, Yes/No, PESTLE 

 

I. INTRODUCTION  

Doing business data is published by World Bank. It mainly 
concentrates on 12 components:  It covers 12 areas of 
business regulation from business starting, construction 
permits, electricity, property registration, credit, minority 
investors safeguard, tax, border trading, contracts, closing 
insolvencies, workers employment and government 
contracting. Nearly this data covers 190 economies. The 
ease of doing business score helps in validating the exact 
level of ongoing performance and how it changes over time. 
The individual indicator scores show how far each economy 
from the best performing economy. The components 

covered by doing business relates to various aspect of the 
business scenario. The rankings & scores of each economy 
changes considerably across components, reveals that a high 
performance by an economy in a particular area of 
regulation can varies with low performance in another [9]. 

 

There are 6 South Asian countries we referred for this study, 
they are Bangladesh, Bhutan, India, Maldives, Pakistan and 
Sri Lanka. These six countries ease of doing business scores 
is analyzed. Bangladesh is a lower middle income country 
with a population of 161,356,039 ranked 168th with an 
aggregate score of 45 on the major 10 components of ease 
of doing business, Bhutan is a lower middle income country 
with a population of 754,394 ranked 89th with an aggregate 
score of 66 on the major 10 components of ease of doing 
business, India is a lower middle income country with a 
population of 1,352,617,328 ranked 63rd with an aggregate 
score of 71, Pakistan is a lower middle income country with 
a population of 212,215,030 ranked 108 with an aggregate 
score of 61, Maldives is a upper middle income country 
with a population of 515,696 ranked 147 with an aggregate 
score of 53.3, Sri Lanka is a upper middle income country 
with a population of 21,670,000 ranked 99 with an 
aggregate score of 66.8. 
 Foreign direct investment is vital in today’s 
modern world as the world is affected by a pandemic 
situation also unemployment, lack of awareness on 
agriculture, lack of jobs it is vital to set up business for the 
daily surviving. In this situation raising funds is a major 
challenge a country face so in order to overcome it needs to 
attract foreign investors [10]. 

. 

II. REVIEW OF LITERATURE 

 
The study [1] found that there is an association between 
government actions & FDI. The Doing Business Index 
directs to areas that are important to MNC's, such as the 
time it takes to compute and pay taxes, which the 
government can control. Hence, this study not only shows 
that it is worthwhile for governments to change to attract 
FDI but gives the start of a blueprint for what government 
actions bring in higher investment. Another study [2] 
revealed there is no association between the ease of doing 
business score & FDI that a country gets in general. And 
also [3] found evidence of the significant association 
between foreign direct investments and six components of 
ease of doing business (starting a business, construction 
permits, electricity, registering property, tax, contracts 
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enforcing). The research [4] found out that the changes in 
ease of doing business, dealing with construction permits, 
and getting credit hurt GDP while registering property & 
trading across borders has a positive effect, where trading 
across borders highly affect GDP.  
Furthermore [5] conducted a study on the Effect of Ease of 
Doing Business on Firm Creation, findings show that that 
overall EDB has a positive effect on creating business. This 
relationship is strongly influenced by the Starting a Business 
component, Paying Taxes is also essential. Another study 
[6] conducted a study on the effect of Ease of Doing 
Business on Inward FDI from 2011 to 2015 over 190 
economies The study found that ‘Enforcing Contracts’ has a 
positive significant impact on Inward FDI. Also ‘Getting 
Credit’ & ‘Registering Property’ has a negative significant 
impact on Inward FDI. While ‘Starting a Business’ & 
‘Paying Taxes' has no significant impact on Inward FDI. 
The findings of [7] revealed higher-income countries, 
starting a business is the most important indicator of ease of 
doing business that affects foreign direct investments, 
Middle-income countries, Tax payment emerges as the 
important -indicator that affects foreign direct investment. 
However, for Sub-Saharan African countries, enforcing 
contracts emerges as the vital indicator of ease of doing 
business that affects foreign direct investment with a minus 
sign, Low-income countries, credit seems to be the vital 
indicator of ease of doing business that affects foreign direct 
investment Moreover [8] conducted a study on measuring 
and analyzing the country change in establishing ease of 
doing business using a revised version of the World Bank's 
ease of doing business index. The findings revealed notable 
differences in changes in the ease of doing business index 
both between & within different regions. 

III. OBJECTIVES 

• To compare the ease of doing business scores of 6 
South Asian countries. 

• To find out the association between FDI and ease 
of doing business in South Asian countries. 

IV. SCOPE 

• This geographical area of this study is restricted to 
South Asian countries. 

• This study is focused on providing clear knowledge 
about how this ease of doing business scores 
associated with attracting FDI into the country. 

V. METHODOLOGY 

This a descriptive study, the data used were taken from RBI 
website, correlation and regression analysis were used, 
charts were created using MS EXCEL. Six countries were 
selected from the South Asian countries, they are 
Bangladesh, Bhutan, India, Maldives, Pakistan, Sri Lanka 
all those comes under upper or lower middle income 
countries. 
 
 

VI. HYPOTHESIS AND ANALYSIS 

The main two components used are ease of doing business 
scores and FDI where data for this comparison ranges from 

2016-20. Correlation and regression analysis were used to 
find out the association between these two components 
 

H1: There is relationship between ease of doing business 
scores and foreign direct investment 

 

 

Figure 1: Ease of doing business aggregate scores of six 

countries 

(Source: Computed from Microsoft Excel) 
 

 
   (Source: Computed from SPSS) 

Figure 2: Regression output of FDI and Ease of doing business 

score 

Table 1: Correlation output of FDI and Ease of doing 

business score 

Description FDI(US $ crores) 

SUM OF Ease Of 

Doing Business 

Scores 

FDI(US $ crores) 
1 

 

SUM OF Ease Of Doing 

Business Scores 

0.2168854 1 

   (Source: Computed from SPSS) 
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Table 2: Model summary 

Training 

Sum of Squares Error 1.508 

Relative Error 1.005 

Stopping Rule Used 

1 consecutive step(s) 

with no decrease in 

errora 

Training Time 00:00:00.015 

Testing 
Sum of Squares Error 6.610 

Relative Error 5.465 

Dependent Variable: Aggregate 

 

   (Source: Computed from SPSS) 
 

Table 3: parameter estimates 

Predictor 

Predicted 

Hidden Layer 

1 
Output Layer 

H(1:1) Ease Of doing scores 

Input Layer 
(Bias) -.274 - 

FDI .110 - 

Hidden 

Layer 1 

(Bias) - .026 

H(1:1) - .326 

   (Source: Computed from SPSS) 
 

 

 

 

 

 

 

 

 

 

            

                                 (Source: Computed from SPSS) 
                Figure 3 Network Analysis 

VII. RESULTS AND DISCUSSION 

The above figure 2 regression analysis clearly shows that 
there is not much influence of ease of doing business scores 
on FDI (4.7%) in South Asian countries.  
 
Also from table 1 correlation analysis value is 0.21 which is 
less than 0.5 null hypothesis is rejected hence there is 

relationship between ease of doing business score and 
foreign direct investment. 
 
Table 2 projects the relative error and the training time it 
takes to load the data. Table 3 clearly shows the need of 
other elements in the form of bias to support foreign direct 
investments in to a country. It clearly indicate there is a 
negative relationship exist with FDI and ease of doing 
business scores but if the bias value are estimate of values 
which shows need of other components for getting FDI. 
 
From the network diagram it was clear that Foreign direct 
investments rely not only on ease of doing business scores 
even though it projects all the country’s data on doing 
business still additional components like PESTLE factors of 
the country, GDP, GNP, Relationships play an vital role in 
attracting foreign direct investments in to the country. 
 
VII.CONCLUSION 
 
Foreign direct investment is a vital tool for countries to 
boost the economy and to become a super power nation. It is 
a beautiful thing that RBI monitors the business activities 
carried out in each country and reveals ranks each year so it 
is a factor which decision makers use to make judgment 
about that country. This study clearly reveals there is a 
positive relationship exists between ease of doing business 
score and foreign direct investment. Even though the 
relationship is not much strong but definitely a factor to 
consider moving forward. Also PESTLE factors of the 
country are also vital for attracting FDI in to the country 
[11]. There is lots of progress happening in South Asian 
countries to improve the components that are essential for 
its ranking in RBI. Not only government it is in everyone’s 
hand of that country to make progress in ease of doing 
business scores which in return helps attract FDI for long 
run success of that country. The uniqueness of this paper is 
that the FDI scores which is the only source for the policy 
makers to know about other countries Ease of doing 
business scope will not yield desire results as excepted. So 
this paper shows the Ease of Doing business scores can be a 
part and there are several factors to be considered to do 
business in countries. 
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Abstract— The pandemic has put health-care systems 

around the world to the test, both medically and managerially. 

The purpose of this study is to examine the impact of 

administrative competencies on institutional capabilities of 

health care organizations. The sample has been drawn from 259 

health care staffs working in  private hospitals. The findings 

indicated a significant positive relationship between 

Administrative competencies and Institutional capabilities. 

Keywords— Institutional capability, Administrative 

competencies, Health care organizations, Pandemic, Medical 

staffs. 

I. INTRODUCTION  

In recent years, the effective management of health 
services have become more important in Indian health care 
ecosystem. The COVID-19 pandemic has posed a 
significant challenge to the health-care industry. In fact, 
World Health Organization has stated that long- term 
sustainability of health care organizations and the well-
being of its employees have risen to the top of the priority 
list (WHO, 2020). This disruption has prompted India's 
healthcare sector to re-energize its efficacy and 
institutional capabilities, including doctor consultations, 
skill development and patient care. 

A record-breaking spike in infections and mortality 
revealed that the country has been neglecting to improve 
the performance of healthcare organizations for years. This 
had an impact on the care and services they offered. Also, 
many studies have shown that internal capability in 
healthcare organizations is crucial for promoting positive 
clinical outcomes for patients. 

The Indian private health industry has developed in the 
previous 25 years, emerging as a much-needed care 
provider for the country's citizens. It has made a 
considerable contribution, accounting for over 60% of 
inpatient treatment. The private sector has played a critical 
role in improving healthcare services and has partnered 
with the government on initiatives such as the National 
Health Mission and Ayushman Bharat to expand care to 
rural and remote areas.  

In order to carry out comprehensive efforts in 
developing competencies of nurses and medical workers, 
there is a need for health-care managers to concentrate on 
problem-solving, quick decision-making, and the 
acquisition of new skills. There has been a dearth of 
trained medical and paramedical professionals in the 
private healthcare industry, necessitating the development 
of administrative skills among staff. Only through 
improving the necessary competencies of each employee, 

the organization will be able to function effectively in the 
business. 

The objective of this study is as follows; 

•To study the relationship between institutional 
capabilities (internal firm capabilities) and administrative 
competencies.  

•To examine the impact of administrative competencies 
on institutional capabilities. 

II.  REVIEW OF LITERATURE  

A. Institutional capibilities 

First   Institutional capabilities (internal firm 
capabilities) of an organisation is defined as the ability to 
perform a productive task consistently, which is related 
either directly or indirectly to a company's ability to create 
value by transforming inputs into outputs [23]. As this 
research is carried out in a health care institution, the term 
‘internal firm capability’ is henceforth referred as 
‘institutional capability’. Employees with high levels of 
value and expertise in their KSAs are developed internally, 
and their participation in decision-making promotes 
culture, strengthens strategic vision, and ensures that 
employee potential is fully utilised [34].  

Management capability represents the manager's ability 
to develop a strategic vision for the company, ensuring that 
it is conveyed throughout the organisation, and inspire and 
motivate employees to achieve it [57]. The internal 
capabilities of an organisation influences the execution of 
innovation capability measures and long term vision that 
will encourage organisational growth [46]. Internal 
capability defined as the company’s ability to deploy its 
assets, both real and intangible, to perform a task or 
activity in order to enhance its performance [2]. 
Institutional capability encompasses the following 
dimensions and are studied below, 1) Organisational 
Culture 2) Strategic Vision 3) Flexible design 4) 
Innovation 5) Quality Orientation 6) Patient Satisfaction. 

a) Organisational Culture 

Organisational culture is defined as shared beliefs, 
behavioural patterns and values that enable organizations 
to thrive in complex and changing situations [15]. The set 
of values, rules, and customs that impact how subordinates 
think, behave, and act in a firm is referred to as 
organisational culture [48].  

Organisational culture is the set of shared values, 
beliefs, and standards that impact the way employee feel, 
perceive, and behave in the workplace [1]. Employees' 
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effectiveness in organisations is defined by their capacity 
to modify their behaviour to fit with the organization's 
culture, which plays a significant impact in their job 
satisfaction and wellbeing [51].  In India as well as abroad, 
organisational culture is an important factor to achieve 
productivity and high-quality health services. It is 
considered to have an impact on employee behaviour and 
patient satisfaction. Hospital culture was discovered to 
have a significant impact on hospital performance too [8]. 

b)Strategic Vision 

The vision of an organisation outlines the basis for its 
existence as well as the "ideal" status it aspires to reach; 
the mission identifies primary goals and performance 
objectives [46]. Strategic vision is commonly thought as a 
projection of the long run. It is a goal of excellence which 
an individual, team, or organisation want to achieve in the 
near future. It’s a view of the future that is built on ideas 
outrunning the current situation and that may often inspire 
generation of directors [43].  

c) Flexible Design 

The pandemic has certainly brought strain on health 
services and has forever altered healthcare design system. 
While health services continue to be integrated across the 
country, it has highlighted the need for flexible and 
affordable treatment, as well as a comprehensive approach 
to bed management. As it has put hospitals' endurance to a 
test and provided it with unexpected and challenging 
managerial problems, it's essential in helping them 
understand how to adapt and deal with complex and 
dynamic uncertainty [21]. Flexible design integration 
involves an organisation-wide openness to diversity in 
voices, behaviours, and opinions, and the ability to 
communicate and integrate such diversity all over the 
organisation [13].  

d) Innovation  

Hospitals have been in the forefront of the fight to 
control the damage caused by the Covid-19 virus. As a 
result, they had no choice but to innovate and develop a 
new healthcare system for Covid-19 patients [22]. 
Innovation is widely seen as one of the most important 
factors in an organization's ultimate success [55]. Team 
innovation is a key predictor of an organization's ability to 
react to constantly shifting and challenging work condition 
[52]. Organizations places an emphasis on innovation in 
order to take advantage of great opportunities and make 
better use of their resources. Firms may increase their 
productivity, overall performance, and growth by investing 
in the correct sort of innovation through new technologies 
and methods [56]. 

e) Quality Orientation  

For sectors with a large number of customers, such as 
hospitals, quality has become extremely important. In 
essence, establishing a reputation for providing high-
quality services to customers may be vital to gain a 
competitive edge and maintain productivity [44].  

The upheaval of quality is a phenomenon that has a 
significant influence on an organization's management 
system. Quality- oriented organisations are successful in 
their business and are able to attain a competitive 

advantage [4]. The factors that influence the perspective of 
healthcare service quality are external environment, 
qualitative engagement, and reliability of the results [6]. 

f) Patient Satisfaction  

The degree to which a service or a product meets the 
needs and expectations of customers is referred to as 
satisfaction [38]. Patient Satisfaction is a key factor in 
determining the effectiveness of a hospital. It is a complex 
construct involving a variety of aspects such as the doctor's 
knowledge, availability of resources, quality of care, 
treatment effectiveness, financial dealings like health 
insurance and others [29]. 

B.Administrative Competencies   

Being a specialized profession, nursing has long 
attempted to understand how it might have a significant 
effects on society. As a result, keeping nursing competency 
a top priority for professionals would help the nation's 
healthcare services grow [18]. Administrative competency 
is referred as any knowledge, trait, skill, attitude, value, 
motive, or other characteristic of a person required to 
accomplish a job [10]. It is also defined it as a sort of 
individual competence that includes actions, knowledge, 
skills, attitudes, and personal traits that are required to 
increase management performance [35]. Competency is a 
characteristic that indicates an individual's ability and is 
applied consistently to produce the intended result [47]. 
Administrative competency is a term that refers to a set of 
skills and behaviours that must be demonstrated in order to 
perform competently [39]. 

Competence is defined by five characteristics: 

 1) Motives are the aspects of people who are 
constantly thinking about their desires and what drives 
them to act. 2) Trait is referred as physical attributes and 
subsequent behaviours to information or situation.3) Self-
image is the personal perception, or strong feeling, that we 
have of ourselves. 4) Knowledge refers to a person's 
knowledge in a specific domain.5) Skill is referred as the 
learned ability to accomplish physical or mental tasks with 
predictable results and good execution [14]. 
Administrative competencies encompasses the following 
dimensions and are studied below, 1) Communication 
skills 2) Team work competency 3) Problem solving skills 
4) Customer – focused competency 5) Leadership skills 

a) Communication Skills  

Organizational communication may be defined as 
communication that happens within an organization. 
Previous research has found that organisational 
communication has a significant impact on employee 
engagement [24].  

Nurses must be able to communicate effectively. They 
should ensure that patients receive all of the information 
concerning their illness, as well as examine and address 
their patients' concerns [40]. Effective discharge planning 
and continuity of care need communication between 
nursing staffs and patients [53]. 

b) Team Work  

Team work is the most important managerial 
competency that has gained a lot of attention in recent 
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times [30]. Teamwork is defined as a group of people with 
interrelated skills and common values who work together 
to accomplish specific goals [49]. It is described as a well-
organized group of employees who work collaboratively 
and assist one another in order to achieve a common goal. 
Teamwork is incredibly advantageous to businesses since 
it increases employee performance, progression, and 
productivity [27]. In fact, Collaboration among healthcare 
teams improves the delivery of person-centred care and 
enhances patient and system outcomes [36]. 

c) Problem Solving Skills   

Identifying and resolving organisational issues is a 
problem-solving competence [37]. This necessitates a new 
approach to problem solving that incorporates a high level 
of systems thinking, taking into consideration the 
interconnectedness, complex dynamics, and occasionally 
instability of the systems we live in [20]. Problem solving 
competence is the ability to predict performance concerns 
and solve problems. In healthcare services, hospitals are 
one of the most significant and complex institutions. As a 
result, hospital administrators must have a systematic and 
cognitive vision in order to assess the organisation, solve 
problems, and formulate long-term goals [31]. 

d) Customer Focus  

Customer focus is the capacity to keep customers 
happy by anticipating their demands and producing 
services and products to satisfy their needs and 
expectations [28]. Kotler (2003) refers this competency as 
the ability to know customers' requirements, to go above 
and beyond in meeting those requirements, to build a 
strong relationship between the customer and service 
provider, and to respond to present and future needs by 
providing exceptional services to them [33]. 

e)Leadership Skills  

Individuals are led towards the organization's 
objectives and goals through a long drawn out process 
known as leadership. This establishes organisational 
strategies, aligns organisational objectives with 
performance and maintains organisational commitments 
[3]. Leadership is the ability of obtaining, managing, 
controlling, information and resources to accomplish 
organisational goals. It is seen as an important determinant 
in the formation of a positive work environment. 
Empowering actions of leaders are crucial in improving the 
nursing care quality [41]. 

C.   Administrative Competencies impact Institutional 

Capabilites 

HR professionals must acquire and exhibit a new set of 
administrative competencies to fulfil their rapidly shifting 
responsibilities and roles in order to sustain the 
transformation of the HR function [54]. Competencies are 
required to enable an institution to achieve capabilities like 
strategic goals, innovative outcomes and increased 
performance [45]. A study found that skills and knowledge 
are the most significant behavioural attitudes and that these 
behaviours are critical for any organisation thinking 
strategically and seeking prosperity [5]. 

 

PROPOSED MODEL 

 

Fig. 1. Conceptual Model 

III. METHODOLOGY 

A. Sampling 

 For this study, a descriptive research design was used. 
This method of design entails observing and describing the 
factors without influencing the environment. The sample 
for this study was drawn from health care workers, 
working in private Hospitals, as it is one of the leading 
multi-specialty hospitals in the Coimbatore city. In fact, it 
is the first hospital in Tamil Nadu to receive the NABH 
Accreditation. By using Proportionate Stratified sampling 
method, 259 employees were selected for the study. In this 
method, the sample size of each stratum is proportional to 
the population size of the stratum. Medical workers from 
the hospitals were grouped into stratum according to the 
ward they were working in. The total population was 
divided into five strata: General ward, Special ward, 
Intensive Care Unit, Emergency unit, and other wards and 
the individuals were sampled from each strata. The Pen-
and-Paper Personal Interview (PAPI) method was adapted 
to collect the data from respondents. A two-page 
questionnaire was distributed by hand to the employees 
and direct communication was made. Data was collected 
from medical workers like Nursing supervisors, nursing 
staffs, health educators and medical assistants. The 
participation of respondents were made voluntary and their 
identity was kept confidential. 

B. Measures 

The questionnaire for this research was developed 
based on the literatures research and it has two sections. 
The first section consists of demographic variables and the 
second section was designed to measure the items of 
Institutional capabilities and Administrative 
competencies. The questionnaire comprises of 42 items in 
total. All items of the survey were measured on a five- 
point Likert scale ranging from ‘Strongly Agree’ (5) to 
‘Strongly Disagree’ (1).  

Lopez-Cabralez et al (2006) was used to measure 
‘Institutional capabilities’ of the organization. It has six 
dimensions: Organizational Culture consisting of 5 items, 
Strategic Vision consisting of 4 items, Flexible Design 
consisting of 4 items, Innovation consisting of 3 items, 
Quality Orientation consisting of 5 items and Patient 
Satisfaction consisting of 4 items [34]. Thus, Institutional 
capabilities has a total of twenty five items. To access the 
‘Administrative Competencies’, various scales were used. 
It has five dimensions: Communication skills was adapted 
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from Cheryl Hamilton (2011) [26]. It has 4 items. The 4 
items of Team work competency were measured by a 
scale developed by Carter, Bishop, and Kravitz (2012) 
[11]. Problem solving skills was assessed using Bahner-
Guhin and Wilcox (2003) scale [7]. It consists of 3 items. 
The Customer- focused competency, which has 3 items, 
was examined using Smith (2003) [50]. To measure 
leadership skills, 3 items were used and it was drawn from 
The Ken Blanchard Companies (2006) [9].  

Reliability test was conducted for all the measures and 
was checked using Cronbach’s alpha value. The 
measure’s reliability was regarded valid, because the 
Cronbach's alpha values were far above the required 
threshold level of 0.70 [19]. 

IV. RESULTS 

A. Demographic Profiling  

For this survey, 259 questionnaires were distributed 
and filled. Out of these 259 questionnaires, 94.2 percent 
were female respondents and 5.8 percent were male 
respondents. 0.4 percent correspond to the age group of 
46-50 years, 2.3 percent correspond to the age group of 41-
45 years, 0.8 percent correspond to the age group of 36-40 
years, 3.1 percent correspond to the age group of 31-35 
years, 4.6 percent correspond to the age group of 26-30 
years, and 88.5 percent correspond to the age group of 21-
25 years. Regarding the job role of the respondents, 93.8 
percent were nursing staffs, 4.6 percent were nursing 
supervisors and 1.5 percent of the respondents were 
medical assistants. In the overall sample, 39 percent of the 
respondents were working in general ward, 27.4 percent 
were working in special ward, 23.9 percent of the sample 
were working in Intensive Care Unit (ICU), 1.9 percent 
were working in emergency units and 7.7 percent of 
respondents were working in other wards like geriatric 
ward. The average years of work experience of staffs in the 
health care sector was measured as 2.4 years. The 
maximum work experience among all respondents was 
found to be 23 years. Table 1 and Table 2 shows the 
descriptive statistics of demographic variables. 

B. Data Analysis  

For doing analysis, the collected data was entered into 
SPSS software. By using SmartPLS software application, 
advanced statistical analyses was performed for the 
collected data. Table 3 displays the mean and standard 
deviation for each research variable. The derived 
composite reliability and average variance values are also 
included in the table, which are needed to determine the 
convergent and discriminant validity for all variables. The 
table shows the correlation between the variables, with the 
square root of the average variance obtained along the 
diagonals. The relationship among Organisational Culture, 
Strategic vision, Flexible Design, Innovation, Quality 
Orientation, Patient Satisfaction, Communication Skills, 
Team Work Competency, Problem solving competency, 
customer focused competency, and leadership skills was 
investigated using correlation analysis. 

Indicator reliability, composite reliability and construct 
validity (convergent and discriminant validity) is analysed. 
When the factor loading is greater than 0.50, indicator 
reliability is established [25]. The Composite Reliability 

values (CR) of all variables determine construct validity. 
CR is seen as a preferable alternative to Cronbach’s Alpha 
values [12]. CR measures the sum of a variable’s factor 
loadings relative to the sum of the factor loadings plus 
error variance. So, this value can be anywhere between 0 
and 1. For a construct's validity, this value should be 
bigger than 0.60. Strong convergent validity is shown if 
the CR values are over the threshold of 0.70 [42]. 

TABLE I.  DESCRIPTIVE STATISTICS OF DEMOGRAPHIC VARIABLES 

 

Items Average Maximum 

1 
Work Experience in current 

hospital 
2.4 years 23 years 

2 
Total Years Of Experience In 

Healthcare Sector 
2.8 years 23 years 

        

 

 

TABLE II.  DESCRIPTIVE STATISTICS OF DEMOGRAPHIC VARIABLES 

        

Items Frequency Percentage 

1 AGE 

21-25 230 88.5% 

26-30 12 4.6% 

31-35 8 3.1% 

36-40 2 0.8% 

41-45 6 2.3% 

46-50 1 0.4% 

2 GENDER 
Male  15 5.8% 

Female 244 94.2% 

3 
JOB 
ROLE 

Nursing supervisor  12 4.6% 

Nursing staff 243 93.8% 

Health educator 0 0.0% 

Medical assistant  4 1.5% 

Others  0 0.0% 

4 WARD 

General ward  101 39% 

Special ward 71 27.4% 

Intensive care unit  62 23.9% 

Emergency unit  5 1.9% 

Others  20 7.7% 
 

According to Table 4, the composite reliabilities of all 
variables vary from 0.87 to 0.92. Furthermore, both 
composite reliabilities and Cronbach's alpha values are 
higher than the 0.70 criterion. Additionally, the average 
variance of all gathered variables is greater than 0.60. As a 
result, the convergent validity of measurement data is high. 
All factor loadings analysed for this research were found to 
be more than 0.50. This implies that all factor loading is 
significant. All of the variables' average variances are more 
than 0.50.  
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TABLE III.  MEAN, STANDARD DEVIATION AND PEARSON CORRELATIONS AMONG KEY VARIABLES 

Constructs  Mean 

Standard 

Deviation  

     

CF 

     

CS 

     

FD 

     

IV 

     

LS 

     

OC 

     

PO 

     

PS 

     

QO 

     

SV 

     

TW 

CF 4.29 0.54 0.84 

CS 4.27 0.54 0.69 0.79 

FD 4.17 0.57 0.54 0.65 0.79 

IV 4.16 0.61 0.51 0.66 0.76 0.86 

LS 4.29 0.57 0.63 0.69 0.60 0.60 0.86 

OC 4.18 0.57 0.52 0.66 0.79 0.75 0.58 0.80 

PO 4.17 0.66 0.51 0.51 0.56 0.48 0.42 0.47 0.89 

PS 4.33 0.61 0.58 0.70 0.62 0.61 0.68 0.67 0.44 0.85 

QO 4.23 0.52 0.60 0.64 0.74 0.68 0.62 0.74 0.51 0.62 0.78 

SV 4.19 0.57 0.55 0.65 0.79 0.76 0.60 0.76 0.46 0.59 0.72 0.81 

TW 4.23 0.58 0.64 0.78 0.72 0.67 0.69 0.69 0.51 0.70 0.66 0.64 0.83 
                    Note: All correlations are significant at p<0.001; OC- Organizational Culture; SV- Strategic Vision; FD- Flexible Design; IV- Innovation; QO- Quality Orientation; PS- Patient  
                    Satisfaction; CS- Communication Skills; TW – Team Work competency; PO- Problem Solving skills; CF- Customer Focused competency; LS- Leadership Skills; AVE- Average 
                    Variance derived; bold elements in the diagonal are square roots of AVE. 

 

TABLE IV.  FACTOR LOADINGS, SCALE RELIABILITIES AND VALIDITY RESULTS OF KEY VARIABLES 

  

Constructs Factor Loadings  Cronbach’s α  CR AVE VIF 

OC1 0.75 

0.86 0.90 0.64 3.86 

OC2 0.85 

OC3 0.81 

OC4 0.75 

OC5 0.83 

SV1 0.76 

0.83 0.89 0.66 3.46 
SV2 0.87 

SV3 0.80 

SV4 0.82 

FD1 0.75 

0.80 0.87 0.63 3.94 
FD2 0.84 

FD3 0.79 

FD4 0.78 

IV1 0.87 

0.82 0.90 0.74 3.11 IV2 0.83 

IV3 0.88 

QO1 0.78 

0.84 0.88 0.61 2.76 

QO2 0.79 

QO3 0.81 

QO4 0.73 

QO5 0.78 

PS1 0.84 

0.88 0.92 0.73 1.97 
PS2 0.88 

PS3 0.84 

PS4 0.85 

CS1 0.80 

0.80 0.87 0.63 3.31 
CS2 0.84 

CS3 0.77 

CS4 0.75 

TW1 0.86 

0.85 0.90 0.69 2.99 
TW2 0.84 

TW3 0.76 

TW4 0.85 

PO1 0.90 

0.87 0.92 0.80 1.48 PO2 0.88 

PO3 0.91 

CF1 0.85 

0.80 0.88 0.71 2.24 CF2 0.85 

CF3 0.83 

LS1 0.86 

0.83 0.90 0.75 2.29 LS2 0.85 

LS3 0.89 
      

                                                                    Note: OC- Organizational Culture; SV- Strategic Vision; FD- Flexible Design; IV- Innovation; QO- Quality  
                                                                    Orientation; PS- Patient Satisfaction; CS- Communication Skills; TW – Team Work competency; PO- Problem  
                                                                    Solving skills; CF- Customer Focused competency; LS- Leadership Skills. 
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                     Note: OC- Organizational Culture; SV- Strategic Vision; FD- Flexible Design; IV- Innovation; QO- Quality Orientation; PS- Patient Satisfaction; CS- Communication Skills;  
                     TW – Team Work competency; PO- Problem Solving skills; CF- Customer Focused competency; LS- Leadership Skills. 
 

Fig. 2. Results of Structural model 

 

TABLE V.  PATH ANALYSIS 

Hypothesis 

Path Path Coefficient (β) T-Statistics Results 

Administrative 
competencies -> 

Institutional 
capabilities 

0.83 14.46 Accepted 

                                                               Note: OC- Organizational Culture; SV- Strategic Vision; FD- Flexible Design; IV- Innovation; QO- Quality Orientation; PS- Patient  
                                                             Satisfaction; CS- Communication Skills; TW – Team Work competency; PO- Problem Solving skills; CF- Customer Focused 
                                                             Competency; LS- Leadership Skills.

  

 Moreover, the square root of average variance obtained 
for a variable is larger than the correlation of that variable 
with all other variables. This demonstrates the existence of 
discriminant validity [12]. Aside from that, all of the 
Variance Inflation Factor (VIF) values were determined to 
be less than 3.3. In the past, a rule of thumb based on the 
usage of SmartPLS for SEM analysis and methodological 
study suggested that VIFs of 3.3 or fewer avoided 
problems of multi-collinearity and excessive inter-variable 
correlations [32]. 

 The proposed hypothetical model is built in a recursive 
manner to avoid any problems related with statistical 
identification [25]. Figure 2 depicts the results of structural 
equation modelling. The standardised regression path 

coefficients associated with statistically significant effects 
are given near the arrows, and they indicate the 
coefficients for each connection.  

For each path in the structural model, the variance (R-
squared coefficients) of dependent variables should be 
greater than 0.1 [17].The R-squared coefficient of 
institutional capability is 0.69, which is higher than 0.15, 
as shown in Figure 1 (The hypothesised variables represent 
a significant portion of the variance.). Table 5 shows that 
the t-statistics of important pathways were above 2.57. 
Any t-statistics result more than 2.57 is considered 
significant, as it is greater than the.01 level [25]. As a 
result, the structural model has been validated. 

(14.46) 
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C. Discussion and Implicaitons  

The purpose of this paper is to examine the impact of 
administrative competencies on institutional capabilities. 
The framed hypothesis indicated a significant positive 
relationship between Administrative competencies and 
Institutional capabilities. The hypothesis was tested using 
the structural model. From table 5, it can be understood 
that administrative competencies has a significant positive 
impact on institutional capabilities (β = 0.83, p <0.01) with 
t-statistic value 14.46. Hence, hypothesis 1 is confirmed 
and administrative competencies has a significant positive 
impact on institutional capability of an organisation.  

 Overall, the findings of this study are compatible with 
the hypotheses stated, and it has some significant 
implications. These implications are examined further 
below by focusing on the importance of administrative 
competencies in developing the institutional capability of 
the institution. The organization's culture should be 
tailored to the organisation as a whole as well as its various 
functions. The flexible work culture within the hospital 
allows health care workers to exhibit behaviours aligning 
with hospital goals. Even if the development of 
organisational culture is driven by superior staffs who 
share common values and goals, hospital wards establish 
their own culture. The criteria for cultural competency in a 
health care context is meant to encompass all cultural 
characteristics other than medical treatment, such as 
languages, beliefs, and values. Communication skills of the 
superiors will allow the employees to stay informed about 
shared values in the hospital. Decentralized and flexible 
job design is interconnected with customer- centric 
behaviours. Strategic vision is effective only if appropriate 
leadership style is chosen.  

During recruitment, creating a lively and engaging 
orientation can assist new employees in quickly 
acclimating to their hospital environment. Team building 
activities helps in forming strong relationships and allows 
them in socializing with co-workers. COVID-19 
discovered flaws in standard patient management and 
hospital operational systems. Health services were 
confronted with the problem of continuing to provide 
normal treatment to patients while dealing with a rise of 
pandemic patients, who were seriously ill. So in future, 
flexible design will need to equip hospitals to easily switch 
to a pandemic preparedness position if another pandemic 
occurs. Innovation is an important measure in determining 
the institutional capability. Hospital should recognise 
creative works of clinical and nursing staffs and new ideas 
of clinical value should be rewarded. This develops certain 
managerial competencies of hospital workers like problem 
solving and decision making skills.  

Healthcare firms require superior staffs who can inspire 
and grow people, lead and encourage teams, and engage in 
participatory management. In order to increase the 
institutional capability, the leadership competencies of 
employees needs to be improved at specific levels. 
Leadership competency is a factor which impacts the 
service quality of the health care institution because 
Leaders must show a clear high level of commitment to 
quality of care and services provided by them at all 
organisational levels. Hospital can use data metrics 
collected from patients to improve their service quality. 
Being customer focused is a core competence for a service 

oriented institution and especially for hospitals, it decides 
the patient satisfaction levels. It reflects on fulfilling the 
patient’s demands and expectations better than the 
competitors. Developing the communication skills of 
nursing staff helps in listening to the concerns of patients 
and results in higher patient satisfaction rate.  Nursing 
staffs who are more self-sufficient will give better patient 
care because they are more empowered in their job. Health 
care institutions should frame strategies which will make 
them attain sustainable growth and competitive edge in the 
industry. 

D. Limitations 

 This study has certain limitations. Firstly, even though 
the proposed model produces appropriate results, it 
concentrates on only a few significant variables that 
influence organisational success. The structural equation 
modelling technique can be used to investigate the impacts 
of a wide range of additional variables. Secondly, this 
study had geographical restriction and the sample is 
limited to only one hospital in Coimbatore city. To 
examine the complete impact of the administrative 
competencies factors on improving the hospital’s internal 
capability, future research should cover larger samples 
representing hospitals in the city. They can also draw 
comparisons between public sector and private sector 
hospitals. The research can be carried out in any other 
sector other than health care sector. Thirdly, a longitudinal 
research design would have been preferable for this study, 
as the cross-sectional design precluded pure causal 
inference. A further research can be carried out in 
measuring the effect of administrative competencies and 
institutional capabilities on organisational effectiveness. It 
can also measure the job satisfaction among health care 
workers.  

V. CONCLUSION 

 The present study intends to unveil the impact of 
administrative competencies on institutional capabilities 
in the perspective of health care workers. The sample for 
this study was drawn from medical workers and the 
findings showed that administrative competencies like 
communication skills, team work competency, problem 
solving skills, customer focused competency and 
leadership skills of workers have a significant positive 
relationship on institutional capability. As a result, a 
health care organisation should first try to strengthen its 
institutional capabilities and also improve its 
administrative competencies through training and 
development. 
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Abstract—BOM explores new developments around 

behavioural component people issues in operations 

management. During this COVID 19 pandemic situation due to 

the sudden lockdown the plant workers faced a huge physical 

and psychological problem which has badly affected their 

behavioural aspect and productivity level. This paper aims to 

find  the role of operation management on behavioural 

perspective of the workers, exploring the  various attributes of 

Operations Management affecting the employee morale and 

thirdly, conducting a comparative analysis on employee morale 

between the workers of Jindal Cement and Dalmia Cement 

with respect to the various attributes of operation management 

during this COVID 19 pandemic situation. The study is based 

on exploratory research consisting of sample of 180 comprising 

of workers  of Jindal Cement and Dalmia Cement of Salboni 

plant at Midnapur District. The findings of this paper reveals 

that through Exploratory Factor Analysis there are five factors 

of operations management that is Production Process  Role of 

Management Budget Allocation Supply Chain Management 

and Technology which has an impact on behavioural aspect of 

employees. The Multiple Linear Regression analysis reflects 

that Production Process  is having a high impact on Employee 

Morale of the workers followed by Supply Chain Management 

then Budget Allocation which is followed by Role of 

Management and then by Technology .The hypotheses are 

tested through independent sample T test and One way Anova 

to find whether there exists significant difference of  Employee 

Morale between the workers of Jindal Cement and Dalmia 

Cement with respect to the various factors of operation 

management. In this paper the authors has proposed a study 

which may show a promising direction of future Behavioural 

Operation Management Research for Cement Companies. 

 

Keywords— Behavioural, Operation, Budget  , Technology,  

Cognition, Attributes. 

 

I. INTRODUCTION 
 
“Take away my people, but leave my factories, and soon 
grass will grow on the factory floors. Take away my 
factories, but leave my people, and soon we will have a new 
and better factory.”       
                                                            -(Carnegie, 2011)[2] 
In the early 1900s , the field of operations in the early 20th 
century dates back to the time-motion studies of Frederick 
Taylor. With emerging technologies and growing 
uncertainties in the business world, the word "operation 
analysis" or "operations management" has gained 
momentum. The need for operational analysis has been 
illustrated by intense competition in the industry. It is a 
strategy for problem solving and decision making. It 
describes and defines the problem, designs the model, and 

chooses the correct solution to the problem. The human 
factor plays a significant role in operations management. 
The enduring significance of human actions in activities 
indicates that individuals can have a profound effect on how 
operating systems function, work, and respond to 
management interventions. With changing technologies and 
increasing complexities in the business sector, the terms 
"operation research" and "operations management" have 
risen in prominence. The intense competition in the business 
environment signified the need of operation research. 
Operation research attempts to obtain optimal solutions to 
managerial problems statistically. It's a method of problem-
solving and decision-making. It identifies and specifies the 
problem, builds the model, and selects the best solution for 
the challenge at hand. It measures the effectiveness of 
alternatives more objectively on the basis of the goals of the 
organization. Operation Research helps to compare different 
alternatives in the light of goals of organization. This helps 
in making better decisions. 
Considering human behaviour  a very complex task. The 
operational systems of an organization is largely affected by 
the deviations in worker’s behaviour. The existence 
inconsistencies striving for overall operational efficiencies 
has drawn the attention of the researchers. The negative 
work behaviour of the workers  has been influenced by the  
human judgment and decision making skill of the workers. 
This skill is characterized by  like individual differences and 
motivation level of the people involved in operations 
management process which simultaneously determine the 
success or failure of various operating systems. 

 

II.THEORETICAL BACKGROUND 

The study of the interplay between organizational behaviour 
and operations management is known as behavioural 
operations management. Behavioural operations 
management is the study of how organizational behaviour, 
interacts with operations management, systems and 
processes. The field of operations management known as 
behavioural operations management (BOM) focuses on the 
role of humans in operational settings [7].The OM field 
provides rich situations that aid in the study of crucial and 
relevant microlevel people issues and the promotion of core 
behavioural ideas[8].Inventory decisions, particularly those 
inside the news vendor framework, were the subject of the 
first incursion in behavioural operations studies as one of 
the building blocks in OM research [10].Engineering and 
designing corporate processes that foster the desired 
behaviour (for example, increasing trust and 
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trustworthiness), leading to cooperation, is one of the 
method for changing behaviour [16] .Based on the tools and 
techniques of mathematical modelling, human behaviour 
plays a vital role in  Operations Management. The field of 
operations dates back to Frederick Taylor's early twentieth-
century time-motion investigations. Much has changed since 
then, both in terms of the environment (technology, 
globalization, etc.) ,the nature of operations and the process 
of operations (network architecture, information systems, 
lean manufacturing, capacity planning, inventory models, 
forecasting methodologies, project management methods, 
then on). People are a vital component of the system in the 
vast majority of operations, from manufacturing and 
services to supply chains and R&D. People may have a 
considerable impact on how operating systems run, perform, 
and respond to management interventions, given the 
importance of human behaviour in operations. The 
performance of various operating processes is greatly 
influenced by human and organizational factors [6]. 
 
Behavioural operations management 

Behavioural operations management strives to better 
understanding managers' decision-making processes and use 
that knowledge to develop interventions that improve supply 
chain performance [14]. It draws from a variety of 
disciplines, including psychology, economics, and other 
social and behavioural sciences. Camerer’s extended his 
contribution towards behavioural Operation Management by 
explain how mathematical structures can play an 
instrumental role in drawing insights from psychology and 
translating them into parsimonious modifications of 
economic utilities [1]. Christoph H. Loch & Yaozhong Wu 
(2005) conceptualized Behavioural Operations Management 
(BOM) as a multi-disciplinary field of operations 
management that specifically analyses the effects of human 
behaviour on process performance, as influenced by 
cognitive predispositions, social likings, and cultural norms 
[15].Behaviour Operation Management bridges the gap 
between traditional models of operation management and 
the innovative observational findings [11].It emphasis on 
understanding the decision-making processes of managers 
and create interventions that can improve operations [14]. 
Behaviour Operation Management defined as the study of 
possibly non-hyper-rational actors in an operational context 
whereas Bendoly (2015) defined it as an “exploration of 
interaction of human behaviors and operational systems and 
processes” [4]. 
Around the world, the year 2020 has been marked by 
extraordinary change in cement industry. It was a disruptive 
period for cement industry. The COVID-19 epidemic is 
causing the greatest drop in production and demand, 
particularly in emerging countries where the construction 
industry is the economic backbone [12]. With global 
lockdowns to prevent the spread of the virus, operations at 
manufacturing plants and building sites came to a halt, 
resulting in a dramatic drop in cement production and 
consumption. A spate of operational bottlenecks has caused 
cement demand to flatten, in addition to macroeconomic 
issues hurting the industry. The construction industry, in 
particular, has seen a decline due to a labour shortage caused 
by fears of infection, supply chain disruptions, a lack of 
personal protective equipment, and crew social distance 
restrictions. The COVID-19 epidemic is forcing the cement 

industry to rethink outdated procedures and embrace 
digitization in order to improve operational efficiency and 
cut costs. When it comes to surviving a black swan 
catastrophe, COVID-19 has highlighted the need of business 
continuity and resilience. Supply chain resilience, 
operational excellence, and cost-effectiveness are three 
crucial areas for cement firms wanting to boost business 
performance and assure outstanding business continuity. 
Cement companies have resumed operations across the 
country as a result of the Government’s relaxation of the 
rules for continuous process industries, however they are 
mostly limited to dispatch and sales with little production 
activity [13] . Another area where businesses are going to 
experience significant issues is logistics. During this crisis 
the employee morale was largely affected based on their 
attitude towards work, satisfaction and  overall association of 
themselves with the organization.Behavioural Operation 
Management (BOM) has been conceptualized as one of the 
most promising emerging fields in Operation Management 
[3],[5]. 

Novelty of the study 

Through the extensive literature review, it has been 
observed that the research conducted in this field has some 
of the following gaps: Firstly, most of the researches are 
based on  conceptual framework, secondly, few researches 
are conducted on sector-wise segregation and  thirdly, 
cement industry is not included in any of the researches. 
Thus this paper aims to find the Impact of Operation 
Management on Behavioural Perspective of Employees in 
Cement Industry and how Behavioural Operation 
Management can be a leveraging tool to boost employee 
morale. 

The research is supported by the following objectives: 

 To identify the various factors of operation 
management having an impact on behavioural 
perspective of workers in both the plants of Dalmia 
Cement and JSW Cement at Salboni plant. 

 To study the impact of various attributes of 
operations management on employee morale 
among the workers. 

 To conduct a comparative analysis on employee 
morale between the workers of Jindal Cement and 
Dalmia Cement with respect to the various 
attributes of operation management based on 
various demographics during this COVID-19 
pandemic situation. 

 
III.RESEARCH METHODOLOGY 

 
The study is based on exploratory research consisting of 
sample of 180 comprising of workers  of Jindal Cement (93) 
and Dalmia Cement (87) of Salboni plant in Midnapore 
District. The research process is based on Mark N.K. 
Saunders’ Onion Model [9]. The philosophy of the research 
is positivism and deductive research approach is followed. 
The methodological choice of the research is “Mono 
Method Quantitative Design” and the strategy is based on 
Survey. The data is collected through 5-point scale based on 
Convenient  Sampling during the period of first lock down 
due to Covid-19 pandemic. Reliability statistics of the 
questionnaire measuring the various factors of operation 
management having an impact on behavioural perspective 
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of workers in cement industry=0.743. Reliability statistics of 
the questionnaire measuring the employee morale of the 
workers during this Covid-19 pandemic=0.732.  
 

IV. ANALYSIS 
 

The data is analysed Quantitatively with the help of SPSS 
21. The analysis is comprised of Descriptive Statistics  
consists of Frequency Table, Exploratory Factor Analysis, 
Multiple Linear  Regression Analysis and Hypotheses 
Testing through Independent Sample T-Test and One-Way 
Anova . The demographic profile of the population is 
discussed below in the Table:1  
 

Table: 1 Demographic Profile 

Demogr

aphic 

Variabl

e  

Demographic 

Characteristics 

Jindal Dalmia 

Frequ

ency 
% 

Frequ

ency 
% 

Employ
ability 
Status 

Managers 9 9.7 8 9.2 
Supervisors 33 35.5 21 24.1 
Front line 
Workers 

51 54.8 58 66.7 

Age 

≥20 years and < 
30 years 

18 19.4 12 13.8 

≥ 30 years and < 
40 years 

12 12.9 19 21.8 

≥40 years and < 
50 years 

28 30.1 23 26.4 

≥50 years 35 37.6 33 37.9 

Experie
nce 

< 1 year 51 54.8 2 2.3 
≥ 1 year and < 5 

years.  
14 15.1 25 28.7 

≥ 5 years and < 
10 years. 

14 15.1 32 36.8 

≥ 10 years 14 15.1 28 32.2 

 
Exploratory Factor Analysis 

Objective-1: To identify the various factors of operation 
management having an impact on behavioural perspective 
of workers in cement industry.  Through Exploratory Factor 
Analysis there are five factors of operations management 
that is Production Process , Supply Chain Management, 
Role of Management, Budget Allocation and Technology 
has been identified which are having an impact on 
behavioural aspect of workers in Cement Industry. 
 

Table:2 KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling 

Adequacy. 

0.915 

Bartlett's Test of 

Sphericity 

Approx. Chi-Square 1390.547 

df 120 

Sig. 0.000 
The above Table-2 reflects that the data is adequate for 
exploratory factor analysis as the KMO=0.915  lies within 
the range between 0 and 1 .The p-value (Sig.) of 0.000 < 
0.05, therefore the Factor Analysis is valid. 
 
 
 
 

 
Table:3 Total Variance Explained 

C
o
m
po
ne
nt 

Initial Eigenvalues 
Extraction Sums of 
Squared Loadings 

Rotation Sums of Squared 
Loadings 

Total 

% of 
Varia
nce 

Cumula
tive % Total 

% of 
Varia
nce 

Cumula
tive % Total 

% of 
Varianc

e 

Cumul
ative 

% 
1 

7.242 
45.26
0 

45.260 7.242 
45.26
0 

45.260 3.087 19.292 19.292 

2 1.263 7.894 53.155 1.263 7.894 53.155 2.380 14.875 34.167 
3 1.122 7.013 60.168 1.122 7.013 60.168 2.042 12.764 46.931 
4 .910 5.685 65.853 .910 5.685 65.853 2.024 12.651 59.583 
5 .796 4.976 70.828 .796 4.976 70.828 1.799 11.246 70.828 
6 .708 4.422 75.250             
7 .588 3.677 78.927             
8 .567 3.542 82.469             
9 .472 2.949 85.418             
10 .430 2.686 88.105             
11 .408 2.547 90.652             
12 .376 2.351 93.003             
13 .345 2.154 95.157             
14 .288 1.799 96.956             
15 .250 1.560 98.516             
16 .237 1.484 100.000             

Extraction Method: Principal Component Analysis. 

 

Interpretation- On Varimax Rotation with Kaiser 
Normalisation, five factors have been extracted as reflected 
in Table:3. Thus 16 variables have been clubbed into 5 
factors which are explaining 70.83% of the impact of 
operations management on behavioural aspect of workers.  
Production Process (Factor 1) accounts for 19.29 % of the 
variance. Production process is a way of providing goods 
and services to customers by utilising economic inputs or 
resources such as labour, capital equipment, or land. This 
factor is characterized by Product Demand, ,Degree of 
vertical integration, Product flexibility and Degree of 
Automation. Role of Management (Factor 2) accounts for 
14.88% of the variance. This factor emphasizes the rules 
and regulations implemented by top management governing 
the operation management. The transparency of 
communication and goal setting are also the prime concern 
of top management. 
Supply Chain Management (Factor 3)  accounts for 12.76 % 
of the variance. Any successful organisation relies on a 
well-functioning supply chain, but supply chain 
management in the manufacturing industry is even more 
vital. The optimization of a product's creation and flow from 
raw material sourcing to production, distribution, and 
delivery to the final client is known as supply chain 
management (SCM).It is characterized by Inventory control 
policy, Bullwhip effect and Lead time. Budget Allocation 
(Factor 4) accounts for 12.65 % of the variance. This factor 
is determined by Fund Allocation, Time Duration of Fund 
Allocation and Operating Cash Flow. Technology (Factor 5) 
accounts for 11.24 % of the variance. Technology 
upgradation is the key factor of operation management 
which is reflected from Degree of Technical Complexity, 
Quality of Technicians and Usage of information 
technology. 
The factor loading of the variables is reflected in the 
Rotation Component Matrix 
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Table:4 Rotated Component Matrix 

  

Component 
Produ
ction 
Proce
ss 

Role of 
Manage
ment 

Supply 
Chain 
Manage
ment 

Budget 
Allocat
ion Technology 

Inventory 
control 
policy 

    .671     

Degree of 
Technical 
Complexity 

        .702 

Rules & 
Regulations 

  .729       

Quality of 
Technicians 

        .587 

Product 
Demand 

.798         

Degree of 
vertical 
integration 

.707         

Product 
flexibility 

.727         

Transparency 
in 
Communicati
on 

  .793       

Goal Setting   .629       
Degree of 
Automation 

.778         

Fund 
Allocation 

      .776   

Bullwhip 
effect  

  0.673      

Usage of 
information 
technology 

        .790 

Time 
Duration of 
Fund 
Allocation 

      .745   

Operating 
Cash Flow 

      .721   

Lead time     .722     

Extraction Method: Principal Component Analysis.  
 Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 7 iterations. 

 

OBJECTIVE-2:To study the impact of various attributes of 
operations management on employee morale among the 
workers in cement industry. 
Analysis-The Multiple Linear Regression Analysis is used 

to measure the impact of various attributes of operation 
management on employee morale. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table:5 Model Summary 

 

The value of  R, R Square and Adjusted R Square and 
Durbin – Watson results are tabulated in table:5 which 
reflects that value of R Square is 0.898, which is considered 
to be quite significant for the predictability of the model. 
Also coefficient of Durbin-Watson model is 1.622 < 2, 
shows no autocorrelation .  
                                     Table:6 ANOVA 

      
         The ANOVA result of the regression model with  
          F =306.473, P < 0.01 emphasize that the multiple          
         regression model is  consistent with the overall study  
         and can be used as reflected from table:6. 
 

Table:7 Multiple Regression Result Coefficients 
Coefficientsa 

Model 

Unstandardized 
Coefficients 

Standa
rdized 
Coeffi
cients 

t Sig. 

Collinearity 
Statistics 

B 
Std.  
Error Beta 

Tolera
nce VIF 

1 (Constan
t) 

2.352 1.084   2.171 0.000     

Producti
on 
Process 

2.390 0.183 0.504 13.078 0.000 0.394 2.537 

Supply 
Chain 
Manage
ment  

1.620 0.196 0.308 8.257 0.000 0.422 2.367 

Technol
ogy 

0.565 0.343 0.053 1.646 0.000 0.573 1.746 

Budget 
Allocati
on 

1.479 0.313 0.162 4.724 0.000 0.495 2.018 

Role of 
Manage
ment 

0.399 0.168 0.070 2.375 0.000 0.684 1.462 

a. Dependent Variable: Employee Morale 

Model Summaryb 

Model R R Square 

Adjusted 

R Square 

Std. Error of 

the Estimate 

Durbin-

Watson 

1 0.948a 0.898 0.895 4.586 1.622 

a. Predictors: (Constant), Supply Chain Management , 

Technology, Budget Allocation, Role of Management , 

Production Process. 

b. Dependent Variable: Employee morale 

ANOVAa 

Model Sum of Squares Df 

Mean 

Square F Sig. 

1 Regression 32226.123 5 6445.225 306.473 0.000b 

Residual 3659.271 174 21.030     

Total 35885.394 179       

a. Dependent Variable: Employee Morale 

b. Predictors: (Constant), Supply Chain Management, Technology, 

Budget Allocation, Role of Management, Production Process 
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Interpretation- The table:7 emphasis that the collinearity 
statistics of the five variables lies within the range of  1 < 
VIF < 10  which indicates that the regression analysis can be 
conducted . The Multiple Linear Regression analysis reflects 
that Production Process (β=0.504) is having high impact on 
morale of the workers followed by Supply Chain 
Management (β=0.308) then Budget Allocation (β=0.162) 
which is followed by Role of Management (β=0.070) and 
then by Technology (β=0.053).The Multiple Linear 
Regression Equation- 
Y=2.352 + 0.504*X1 +0.308*X2 + 0.162*X3 + 0.070*X4 + 

0.053*X5. 

Y=Employee Morale, X1=  Production Process, X2 = 
Supply Chain Management, X3 = Budget Allocation, X4 = 
Role of Management, X5 =Technology. 
 
OBJECTIVE-3:To conduct a comparative analysis on 
employee morale between the workers of Jindal Cement and 
Dalmia Cement with respect to the various attributes of 
operation management during this COVID-19 pandemic 
situation. To test this objective ,four hypotheses has been 
framed. 
H1-There exists significant difference of Employee morale  
with respect to Company. 
H2-There exists significant difference of Employee Morale  
with respect to Employability Status. 
H3-There exists significant difference of Employee Morale  
with respect to Age. 
H4 -There exists significant difference of Employee Morale 
with respect to Experience. 
Analysis 

Hypothesis-1 (Based on Company) 

H0- There exists no significant difference of employee 
morale with respect to Company. 
H1- There exists significant difference of employee morale 
with respect to Company. 

Table:8  Analysis based on Company 

 

Statistical Tool Sig (2 Tailed) Remarks 

Independent 
Sample T-TEST 

t-value=2.164 

0.032< 0.05.Mean 
(Jindal) =41.89    

Mean (Dalmia)=37.37 
H1 is 

accepted 

 

Interpretation- During this covid pandemic, there exists 
significant difference of employee morale between the 
workers of JSW Cement and Dalmia Cement and workers of 
JSW Cement is ahead of Dalmia as reflected from Table-8. 
Hypothesis-2 (Based on Employability Status) 

H0-There exists no significant difference of Employee  
Morale with respect to Employability Status. 
H2-There exists significant difference of Employee Morale 
with respect to Employability Status. 

Table:9 Analysis Based on Employability Status 

Table:10 One-way Anova (based on Employability 

Status) 

Employee 
Morale 

Sum of 
Squares df 

Mean 
Square F Sig. 

Between 
Groups 

1570.210 2 785.105 4.050 .019 

Within 
Groups 

34315.185 177 193.871     

Total 35885.394 179       

Interpretation-The table:9 and table:10 reflects that the 
value of F= 4.050 and p(0.019) <  (0.05).This reflects that 
there exists significant difference of employee morale with 
respect to Employability Status. The employee morale of 
front line workers is ahead of managers followed by 
supervisors 
Hypothesis-3 (Based on Age) 
H0-There exists no significant difference of Employee 
Morale with respect to Age. 
H3-There exists significant difference of Employee Morale 
with respect to Age. 

Table:11 Analysis Based on Age 

Employee Morale 
 Age  N Mean 

≥20 years and < 30 years 30 41.57 
≥ 30 years and < 40 years 31 37.35 
≥40 years and < 50 years 51 40.86 

≥50 years 68 39.09 
Total 180 39.71 

 

Table:12 One-way Anova (Based on Age) 
Employee 

Morale 
Sum of 
Squares df 

Mean 
Square F Sig. 

Between 
Groups 

369.421 3 123.140 0.610 0.609 

Within 
Groups 

35515.973 176 201.795     

Total 35885.394 179       

Interpretation-As reflected from table: 11 and table:12 that 
the F=0.610 and p(0.609)>0.05.This implies that there exists 
no significant difference of employee morale with respect to 
Age. But the descriptive statistics shows that employee 
morale of workers of age 20 or more and less than 30 is 
highest and workers of age 30 or more and less than 40 is 
least. 
 
Hypothesis-4 (Based on Experience ) 
H0-There exists no significant difference of Employee 
Morale with respect to Experience. 
H4-There exists significant difference of Employee Morale 
with respect to Experience. 

Table:13 Analysis Based on Experience 

 
 
 

  Employee Morale  
Employability Status  N Mean 

Managers 17 31.24 
Supervisors 54 38.93 

Front line workers 109 41.41 

Total 180 39.71 

Employee Morale 
 Experience N Mean 

< 1 year 53 40.43 
≥ 1 year and < 5 years.  39 42.05 

≥ 5 years and < 10 years. 46 39.04 
≥ 10 years 42 37.33 

Total 180 39.71 
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Table:14 One-way Anova (Based on Experience) 

 
Employee 

Morale 
Sum of 
Squares df 

Mean 
Square F Sig. 

Between 
Groups 

499.232 3 166.411 0.828 0.480 

Within 
Groups 

35386.163 176 201.058     

Total 35885.394 179       

 

Interpretation-Table:13 and Table:14 reflects the value of 
F=0.828 and the p(0.480)> 0.05 which establishes that there 
does not exist significant difference of employee morale 
with respect to experience of employees. The mean value of 
experience reflects that workers more than or equal to 1year 
experience but less than 5 years’ experience possess highest 
morale and the workers equal to or more than 10 years 
possess least morale.  
 

V. FINDINGS 
 

Exploratory Factor Analysis have analysed that there are 
five factors of operations management that is Factor 1 
(Production Process) accounts for 19.29 % of the variance, 
Factor 2 (Role of Management) accounts for 14.88% of the 
variance, Factor 3 (Supply Chain Management)  accounts 
for 12.76 % of the variance, Factor 4  (Budget Allocation) 
accounts for 12.65 % of the variance and Factor 5 
(Technology) accounts for 11.24 % of the variance which 
has an impact on behavioural aspect of workers in JSW 
Cement and Dalmia cement plant located at Salboni. The 
Multiple Linear Regression analysis reflects that Production 
Process (β=0.504) is having high impact on  Morale of the 
workers followed by Supply Chain Management (β=0.308) 
then Budget Allocation (β=0.162) which is followed by 
Role of Management (β=0.070) and then by Technology 
(β=0.053).Hypothesis Testing reveals that there exists 
significant difference of employee morale among the 
workers with respect to company and Employability Status 
whereas there exists no significant difference of employee 
morale among the workers with respect to age and 
experience. 
 
Both the first and second wave of the Covid-19 had a 
negative impact on domestic cement production, with total 
production in April and May 2021 being lower than in April 
and May 2019. The cement industry has been harmed as a 
result of most states imposing lockdowns due to the spread 
of Covid-19 infections to rural areas.Both the plants of JSW 
Cement and Dalmia Cement had suffered from low demand 
of cement. JSW Cement Ltd planned to optimize job work 
rates per unit due to the lower power requirement of its 
Salboni Cement Unit.In this regard JSW Energy has 
initiated the sale of 18 megawatt (MW) thermal power plant 
at Salboni with an agreement  for Rs 95.67 crore. 
 
Backward integration entails during Covid-19 pandemic that 
is both the plants is taking responsibility of the production 
and distribution chain all the way back to the source of 
supply. JSW Cement has started going under product 
flexibility by initiating the production of sanitizers and 
construction chemicals. Dalmia Cement has also started the 

manufacturing of construction chemicals. During this crisis, 
it was really challenging to integrate automation into 
existing or new activities, and thus automation initiatives 
were not  encouraged .The pandemic has badly paralysed 
supply chain management of the two companies. COVID-
19's demand shocks have resulted in extreme bull whip 
effects, resulting in an unpredictable and unstable 
production environment in which providers struggle to 
estimate demand rationally as a result of scared buyer 
behaviour. When slowly lockdown was lifted and the 
production process was initiated, the employees faced a 
great resistance from the local people. Due to 
unpredictability of the situation both the cement plants are 
working on low budget with less manpower on a shift basis 
leading to job scarcity among the workers. 
The other challenges the workers faced are the  improper 
functioning of machinery parts, deficiency in supply of raw 
materials, high work pressure, low budgets allotted by top 
management etc which has resulted low employee morale 
among the workers. Both the companies have taken 
appropriate step to revive from this crisis. Ration, grocery 
and accommodation is being provided to the contractual 
labourers who were stuck due to the nation-wide lockdown 
and stoppage of all transportation. Also, the contractual 
labourers, stranded at Rajgangpur in Odisha, Medinipur in 
West Bengal and other plant locations, was given all help 
till the situation improved. Apart from this, in order to help 
the needy and homeless near the plant location, over 100 
food packets are provided twice every day via local 
Municipalities and Police . 
In order to instill financial confidence among the 
employees, both the companies have paid salary to its 
employees ahead of schedule while contractual workers are 
being given bi-monthly payments so they don't have to wait 
till month end to buy essential commodities. 

 
VI. SUGGESTIVE MEASURES 

 
2020 has transformed the business around the world through 
unprecedented change.COVID-19 pandemic has led to the 
steepest fall in production and demand of cement. This 
change has brought a cascading impact on the behaviour of 
the workers in the cement industry. Some suggestive 
measures are discussed below to improve the behaviour 
operation management of the plants and to elevate the 
employee morale. 

 Improvement towards Supply Chain resiliency 

Cement manufacturers must create a digitally linked 
environment that provides superior transparency throughout 
the supply chain. Technology adoption across the supply 
chain will produce superior business outcomes, from 
precisely predicting demand using cognitive technologies 
and historical data to optimize  the total supply network 
through more coordination between quarries and production 
process. Cement manufacturers can also employ easily 
available technologies like RFID to monitor the flow of raw 
materials through the supply chain, avoiding stock-outs and 
overstocking. This will reduce the bullwhip effect. 
Simultaneously, this will enhance the positive attitude of the 
workers towards their work and organization.   
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 Leveraging Operational Excellence 

During COVID-19,the operational excellence could be 
achieved by emphasizing on two aspects. Firstly, cost 
reduction and digital interventions. Cost reduction is one of 
the prime strategy to maintain profitability during this 
economic crunch.` Cement makers may use data and strong 
machine learning algorithms to save costs, with proven 
results in increased fleet utilization, alternative fuel 
optimization, and reduced raw material costs. The digital 
interventions emphasis on strategic technological, and 
operational interventions which will link the digital and 
physical systems to enhance large-scale automation 
delivering value added business results. The operational 
excellence will make the workers job comfortable and 
easier. Encouraging strategic investments empower 
predictive maintenance by ensuring employee health and 
safety and monitor operations remotely through integrated 
control towers (ICT). 

 Revitalizing the workforce 

This pandemic has brought a setback on the psychological 
as well as physical well-being of the workers in both the 
cement plants at Salboni. Both the companies should 
implement a robust health consultation and counselling 
centres free of cost at their plants. So that the covid affected 
workers and their family would get appropriate medical and 
financial assistance from the company. The incomplete 
projects of the both the companies which was put on a halt 
should be initiated slowly to generate employment 
opportunities for the contractual and the daily workers. 
 

VII. CONCLUSION 

The COVID-19 epidemic will have long-term consequences 
for the cement industry. It has clearly underlined the urgent 
need for firms to increase their manufacturing operations' 
responsibility, agility, responsiveness, and resilience. The 
change in performance of the cement industry could be 
managed by proper integration of behavioural factors with 
operating functions. Businesses should concentrate on the 
social and behavioural perspectives of varied personnel in 
order to get the most out of various operating systems. 
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Abstract—The growth of the gig economy has led to a rise in 

the number of micro-entrepreneurs who rely on it. Coping 

methods must be developed by focusing on opportunity 

recognition in the changing work environment, where they face 

limits in creating social capital. The purpose of the paper is to 

assess the effect of social capital on opportunity recognition 

among micro-entrepreneurs through use of social 

media.Alongside, the level of social media use among 

manufacturing sector and service sector micro-entrepreneurs is 

also analysed. The study draws upon the Social Information 

Processing Theory. The cross-sectional survey was conducted 

among micro-entrepreneurs in the state of Kerala, India. The 

results reveal that social media use mediates the relationship 

between social capital and opportunity recognition. The study 

also indicated that social media use is higher among micro-

entrepreneurs in the service sector. The study includes 

suggestions for operating businesses in the changing business 

landscape. 
 

Keywords—COVID, micro entrepreneur, opportunity 

recognition, social capital, social media  

 

I. INTRODUCTION 

The onset of the COVID-19 pandemic has undoubtedly 
made it more difficult for micro-businesses to grow their 
social capital [1]. "Social capital" refers to the social 
interaction that can bring support and resources to an 
entrepreneur [2]. This was restricted due to lockdowns, social 
distancing, and geographically scattered micro-enterprises. 
Several studies have found that entrepreneurs' social capital 
plays an important role in the opportunity recognition process 
[2]. Besides the financial, economic, and marketing aspects 
that lead to the success of a business, social capital has been 
identified as an important factor in maintaining its 
sustainability. Social media is viewed as one of the viable 
options for developing social capital among micro-
entrepreneurs through networking. Social media, as a low-
cost and most likely affordable medium, provides a variety of 
benefits through interactions [1]. The study contributes 
insights on the use of social media in the opportunity 
recognition process of micro-entrepreneurs. The objectives of 
the study are: (i) to analyse the level of social media use 
among manufacturing sector and service sector micro-

entrepreneurs; (ii) to find out the effect of social capital on 
opportunity recognition among micro-entrepreneurs through 
the use of social media. 

The study draws upon the Social Information Processing 
(SIP) Theory. It goes over online interpersonal 
communication and how it affects behaviour through 
relationships formed as a result of it [3]. According to the 
notion, a member can influence the attitudes and behaviours 
of other members by offering useful and credible 
information. Furthermore, the idea describes how an 
individual's actions affect others who come into contact with 

him or her [2]. Fig. 1 portrays the model of the study. 

  
Fig. 1: Study model 

Source: Created by the researcher 

 

 
This article comprises five sections: introduction, 

literature review, research methodology, results and 
discussions, and conclusion. 

 

II. LITERATURE REVIEW 

In the market, micro-entrepreneurs represent self-
employed labour [4]. They are the foundation and backbone 
of all economies and are critical to national growth and 
development [5]. A growing number of people have formed 
small enterprises as a result of the advancement of 
information and communication technology [6]. According 
to the Revised Classification of Micro, Small and Medium 
Enterprises (MSME) applicable w.e.f. July 1, 2020 of the 
MSME Act, 2006, a micro enterprise is one in which the 
investment does not exceed Rs. 1 crore and the annual 
turnover does not exceed Rs. 5 crore [7]. 
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One of the key qualities of a successful entrepreneur is the 
ability to identify and pick appropriate opportunities [8]. The 
capacity of entrepreneurs to discover business opportunities 
offers a competitive advantage [9]. Significant research has 
been conducted on the nature of opportunity recognition, 
which has been characterised as the intellectual process by 
which entrepreneurs uncover ideas for potentially successful 
firms [10]. 

Several studies have found that an entrepreneur's social 
capital is central to the process of opportunity recognition 
(e.g. [11], [12], and [13]). Entrepreneurs build social capital 
through deliberate activities, which they can then leverage to 
generate profits. However, the ability to do so is dependent 
on the type of social network that is available [14]. The 
structural, relational, and cognitive elements of social capital 
were outlined by [15]. The degree of social interaction 
between entrepreneurs and their social relationships is 
referred to as the structural dimension. The nature of personal 
relationships that an entrepreneur has formed with others in 
the network via a series of interactions is referred to as the 
relational dimension [16]. The emotional commitment to the 
relationships is referred to as the cognitive dimension [2].  

Entrepreneurs understand how to develop social 
relationships and how to use social networks to find relevant 
information, advance their ideas, and receive feedback on 
their ideas. As a result, the process of recognizing 
opportunities may be more socially ingrained [17]. This leads 
to the hypothesis that social capital has a positive impact on 
opportunity recognition. 

Social media, especially social networking sites like 
Facebook, YouTube, Whatsapp, and so on, serve as an 
important tool to maintain social capital. An increase in social 
capital and a requirement to keep relationships alive lead to 
social media use. Thus, the hypothesis is that social capital 
has a positive impact on social media use. 

The downside of using social media is that it may lead to 
a loss of sociability in the real world. Furthermore, the huge 
volume of information may waste time and effort spent 
attempting to uncover business opportunities [18]. However, 
the use of social media in business is becoming more 
prevalent, and it appears to provide more benefits to firms in 
terms of reaching out to their customers. As a result, cost 
reduction, revenue growth, and efficiency will be facilitated 
indirectly [1]. 

Social media is the most significant instrument for 
combining, analysing, and assessing information for 
entrepreneurial prospects. Furthermore, it can enhance 
awareness of market developments and client behaviour. 
Young entrepreneurs and start-ups with minimal resources 
and skills are greatly impacted by social media for identifying 
opportunities [18]. Entrepreneurs benefit from their increased 
connectivity because they have access to critical information 
that allows them to successfully evaluate new opportunities 
[19]. Thus, the following hypotheses are formulated: (i) 
Social media use has a positive impact on opportunity 
recognition; (ii) Social media use has a mediating effect in 
the relationship between social capital and opportunity 
recognition. 

III. RESEARCH METHODOLOGY 

Both primary and secondary data were utilised. 
Government reports were relied on to collect secondary data. 

A quantitative research design was used. Data was collected 
from 197 micro-entrepreneurs in the state of Kerala. 
Purposive sampling technique followed by snowballing 
approach was used to select participants.  Both offline and 
online-based cross-sectional survey questionnaire 
was employed. Before the study began, the researcher 
informed the participants of its goals. Measurement scales 
were adapted from prior studies. The scales for “social 
capital”, “social media use” and “opportunity recognition” 
was adapted from [17], [20]-[21] and [22] respectively. A 
five-point Likert scale was used in measuring items. 

 

IV. RESULTS AND DISCUSSION 

The demographic and business profiles of participants are 
as follows.  Majority of the micro entrepreneurs (64.5%) are 
male. Almost 50% of the respondents are in the age group of 
20-39. 47% of the participants hold a degree/diploma. 
Majority of the respondents engage in manufacturing sector 
(89.3%) followed by service sector (10.7%).Majority of the 
participants (74.6%) started business before the outbreak of 
COVID-19. 

The results based on mean scores reveal that WhatsApp 
is the most widely used social media platform by micro-
entrepreneurs, followed by YouTube. Facebook and 
Instagram are ranked third and fourth, respectively. 

The reliability of the constructs was tested using 
Cronbach’s alpha. This level of confirmation is critical 
because survey instruments must be reliable and valid in 
order to accurately measure the variables [23]. All values 
were above 0.8, and thus internal consistency was achieved. 
Table 1 shows Cronbach’s alpha of constructs. 

 

                  Table 1: Reliability coefficients 

Variables Cronbach

’s Alpha 

No. of 

Items 

Social Capital:      
Structural 
Dimension 

 

0.916 

 

4 

Relational 
Dimension 

0.918 3 

Cognitive 
Dimension 

0.918 3 

Social Media 
Use 

0.927 4 

Opportunity 
Recognition 

0.953 6 

                    Source: Calculated value from primary data 

 

To find the level of use of social media among micro-
entrepreneurs in the manufacturing sector and the service 
sector, the respondents were asked four questions on a five-
point Likert scale. The responses were scored, ranging from 
1 for "strongly disagree" to 5 for "strongly agree." The total 
score of the 4 questions for all 197 respondents was found, 
based on which the mean percentage score of the level of use 
of social media among micro entrepreneurs in the 
manufacturing sector and service sector was calculated. This 
score is classified into one of the four groups as low if the 
mean percentage score is less than 35%, average if it is 
between 35 and 50%, medium if the mean percentage score 
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falls between 50 and 75%, and high if it is above 75%  [24]. 
A one-sample Z test was conducted to test the significance. 
Table 2 gives the mean, SD, mean percent score, and Z value 
of the variable considered. 

Table 2: Mean, standard deviation and z value for the 

level of use of social media 

 

The mean percentage score level of use of social media 
by micro entrepreneurs in the manufacturing sector is 
61.11%, which indicates that the level of use of social media 
by micro entrepreneurs in the manufacturing sector is 
medium, and that of micro-entrepreneurs in the service sector 
is 87.62%, indicating a high level of use of social media. The 
CV indicates that this score is not stable as the value is more 
than 20%. To test whether the level of use of social media by 
micro entrepreneurs in the manufacturing sector is medium 
or not, the following hypothesis was formulated: 

H0: Micro entrepreneurs in the manufacturing sector use 
social media at a rate equal to 75% of the total score (H0: 
MPS=75%). 

H1: Micro entrepreneurs in the manufacturing sector use 
social media at a rate that is less than 75% of the total score 
(H1: MPS 75%). 

     To verify whether the level of use of social media by micro 
entrepreneurs in the service sector is high or not, the 
following hypothesis is formulated: 

H0: The level of use of social media by micro 
entrepreneurs in the service sector accounts for 75% of the 
total score (H0: MPS = 75%) 

H1: The level of use of social media by micro 
entrepreneurs in the service sector exceeds 75% of the total 
score (H0: MPS > 75%) 

To test the above hypothesis, one sample Z test was used, 
and the result is shown in Table 2. From the table, the p value 
is less than 0.05 and the Z value is negative for micro-
manufacturers, which indicates that the test is significant. 
Hence, we reject the null hypothesis and conclude that the 
level of use of social media by micro entrepreneurs in the 
manufacturing sector is less than 75%, i.e., medium. The p 
value is less than 0.05 and the Z value is positive for micro-
entrepreneurs in the service sector, which indicates that the 
test is significant. Hence, we reject the null hypothesis and 
conclude that the level of use of social media by micro 
entrepreneurs in the service sector is more than 75%, i.e., 
high. Therefore, the results indicate that the level of social 
media use is higher for micro-entrepreneurs in the service 

sector than for micro-entrepreneurs in the manufacturing 
sector. 

Structural Equation Modeling was used to analyse the 
effect of social capital (SC) on opportunity recognition 
among micro-entrepreneurs through the use of social media 
(SMU). Fig. 2 shows the direct effect of social capital on 
opportunity recognition, and Fig. 3 depicts the indirect effect 
on the relationship through social media use. 

 

Fig. 2: Direct effect 
 
 

 

Fig. 3: Indirect effect 
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All the attributes loaded significantly on the latent 
constructs. Table 3 shows the values of the fit indices, which 
indicate a reasonable fit of the measurement model with the 
data. GFI, AGFI, NFI, TLI, and CFI are all above the 
recommended value of 0.9. Likewise, the normed chi-square 
or Chi-Square/df is less than 5 [25], while the RMSEA is 
below 0.08 [26].  

Table 3: Model fit Indices for CFA 

 Direct 
effect 

Indirect 
effect 

χ2 127.685 109.448 

DF 25 41 

P .000 .000 
Normed  χ2 3.648 2.669 

GFI .972 .926 

AGFI .940 .936 

NFI .928 .976 

TLI .949 .971 

CFI .933 .985 

RMR .081 .086 

RMSEA .041 .082 
                Source: Calculated value from primary data 

             

       Table 4 presents the regression coefficients. The results 
show a significant and positive relationship between social 
capital and opportunity recognition. A similar type of result 
is observed for the relationship between social capital and 
social media use. Further, social media use is found to have a 
positive impact on opportunity recognition. Additionally, the 
results show the mediating effect of social media use in the 
social capital-opportunity recognition relationship. Thus, all 
the proposed hypotheses are accepted. 

 

                    Table 4: The regression coefficients 

 

Here, the regression coefficient difference of 0.160 
indicates that there is a mediation effect of social media use. 
A Sobel test is conducted to verify whether the mediation 
effect is significant or not. The result of the sobel test is found 
to be significant as the p value is less than 0.05. So it can be 
concluded that the variable of social media use mediates the 
relationship between social capital and opportunity 

recognition. As a result, entrepreneurial development 
agencies and industry players must work together to establish 
an e-commerce platform that meets the demands of micro-
businesses while also taking into account their level of 
education and skills [27] and also promote the use of social 
media for business purposes. 

 

V. CONCLUSION 

 
The study highlights the mediating role of social media 

use in the opportunity recognition process of micro-
entrepreneurs and thus validates the Social Information 
Processing (SIP) theory in Kerala context. The limitations of 
the study are that it may be prone to self-reporting bias. 
Further, this research was restricted to data from micro-
entrepreneurs. The study has various implications and 
suggestions. Initiatives to increase the use of social media 
platforms among micro-entrepreneurs should be 
implemented, with a focus on micro-manufacturers. It can 
pave the way for the integration of micro-entrepreneurs 
across geographical areas. Platforms can be classified region-
wise or as per products or services or associated 
businesses. This will facilitate the proper networking of 
micro-businesses, boosting the sustainability of their 
performance in this changing business landscape. 
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Abstract— A wearable UWB antenna with WLAN 

(5.5GHz) notch band characteristic has been proposed for 

Body Area Networks (BANs). The antenna which has a 

dimension of 51mm×48mm, is composed of rectangular 

radiating patch fed with microstrip feed line and rectangular 

ground plane. The ultra wide band from 1.6 GHz to 11.6 GHz  

frequency range has been obtained and by implementing a 

circular split ring resonator in the ground surface frequency 

band notched characteristics has been achieved at WLAN 

application band.  The antenna shows broad bandwidth, good 

impedance match and omnidirectional radiation patterns in 

the entire frequency range.  

Keywords— Wearable, UWB antenna, Notch, WLAN, 

Body Area Networks 

I. INTRODUCTION 

 

Ultra-wideband (UWB) technology has gained a lot of 

interest and has emerged as the most promising candidate for 

short-range high-speed wireless communication systems due 

to some key characteristics like as low cost, low complexity, 

low spectral power density, and high accuracy ranging, [1-

13]. Since the Federal Communications Commission (FCC) 

released the 3.1 to 10.6 GHz unlicensed band for radio 

communication, antennas with ultra-wide bandwidth have 

been intensively researched by both industry and academics 

as a critical component of UWB systems. Thus recently, 

numerous coplanar waveguide-fed and microstrip-fed planar 

antennas have been proposed to meet UWB criteria. In order 

to construct an efficient UWB system for BANs, a wearable 

microstrip antenna must meet particular specifications in 

terms of impedance bandwidth, return loss, radiation 

efficiency, gain, and radiation pattern. There has been a 

surge in research and interest in the design of UWB wearable 

antennas in recent years [1–8]. UWB antenna design and 

radio channel modelling for BANs has been provided in [2-

5]. Several researchers have employed different strategies to 

integrate band notch in UWB antennas [7–9]. Authors 

employed band rejection for WiMAX and WLAN in 

research articles [5–7,8,9]. UWB antennas for X-band 

downlink satellite communication systems (7.25–7.75 GHz) 

have used band rejection techniques [8,9]. The majority of 

UWB band notch antenna designs, however, have been built 

on the FR4 substrate.  

This research developed and simulated a unique and 

wearable material based band notch UWB antenna for health 

monitoring applications in body sensor networks. The 

antenna has band notch characteristics for Wireless Local 

Area Network in WLAN band (5.2-5.8 GHz). The antenna's 

simulation-based results, including the antenna structure, 

have been given. 

 

II. ANTENNA DESIGN 

The final optimized design of the proposed antenna was 

through simulations with the software Computer Simulation 

Technology (CST) Microwave Studio as shown in Fig. 1. 

The simulated antenna was printed on the lossy FR4 

substrate with thickness of 1.6 mm, relative dielectric 

constant of 1.6, and loss tangent of 0.02. Microstrip fed line 

feeds the radiating patch. Throughout the entire UWB 

spectrum, the simulated antenna exhibits an omnidirectional 

radiation pattern, steady gain, and acceptable impedance 

match. By implementing a circular split ring resonator in the 

ground surface frequency band notched characteristics has 

been achieved at WLAN application band i.e. 5.5.GHz. 

 

 
Fig.1. Front view of the proposed Wearable UWB antenna 

 

 
 978-1-6654-7886-1/22/$31.00 ©2022 IEEE 
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    (a)                                        (b) 

Fig. 2. (a) Rear View of the proposed Wearable UWB 

antenna with notch characteristics (b) Magnified View of 

Circular Split Ring Resonator 

III. RESULTS AND DISCUSIONS 

Performance metrics such as return loss impedance 

bandwidth, gain, and antenna radiation pattern are provided 

and examined in this section. The results were derived from 

the simulation, which was carried out with the help of CST. 

The antenna's return loss curve is indicated in Figure 3 and 

VSWR variation is indicated Figure 4. The return loss of this 

antenna was calculated using CST software's simulation 

results. Figure 3 indicates that the antenna operates in the 

UWB frequency band (1.6 GHz to 11.6 GHz) and exhibits 

band notch characteristics in the frequency range of 5 GHz to 

5.9 GHz. VSWR values in the frequency range of the notch 

band is 5.5 allowing interference-free communication in the 

UWB system for low-power BANs. The presented return 

loss and VSWR results are in line with the paper's stated 

goal. 
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Fig.3. Return Loss of the proposed Wearable UWB Antenna 
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Fig. 4. VSWR of the proposed Wearable UWB Antenna 

 

At the frequencies of 3.5 GHz, 4.5 GHz, 6.5 GHz, and 11 

GHz, the simulated radiation pattern is retrieved from the far 

field simulated results as given in figure 5, figure 6, figure 7 

and figure 8 respectively. The results demonstrate that 

antennae gain more at 3.5 GHz, 4.5 GHz, and 11 GHz than at 

6.5 GHz, which is expected given the notch band. This 

antenna is more efficient at lower frequencies than it is at 

higher frequencies. 

 
Fig.5. Radiation Pattern at 3.5GHz 

 

 
Fig. 6. Radiation Pattern at 4.5GHz 
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Fig. 7. Radiation Pattern at 6.5GHz 

 

 
Fig. 8. Radiation Pattern at 11GHz 

IV. CONCLUSION 

 

A simple textile wearable UWB band notch antenna was 

demonstrated for wireless BANs and mobile healthcare 

system. The antenna operates in the UWB frequency ranges 

of 3.1 GHz to 10.6 GHz, with band notch characteristics in 

the WLAN to reject Wireless Local Area Network 

Application band (5.2-5.8GHz) in order to avoid 

interference. The antenna is compact, with a dielectric 

constant of 1.6 and is made of 1.6 mm lossy FR4 substrate. 

Due to band notch characteristics, the antenna underperforms 

at 5.5 GHz. However, in other frequency ranges of operation, 

it has excellent preference parameters. At the frequencies of 

operation for this antenna, it is shown to have a maximum 

6.3 dBi gain at 11GHz and 4.18dBi at 4.5GHz within UWB 

range. The antenna is made of textile based material, making 

it a viable choice for wearable applications. This UWB 

antenna will be suited for BANs and mobile healthcare 

systems because to its small size, unique structure, textile-

based band notch characteristic, and excellent performance 

parameters. 
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2020, was subjected to treatment through various policy 

measures with import and export restrictions so that domestic 

demand of gold could be controlled. This policy had a legal 

framework, and it impacted the socio- economic needs. The 

gold policy was able to mobilize funds time to time through gold 

sales. Gold has an important fiscal aspect where part of its 

demand is the result of black money. Government believes that 

fiscal reforms in the country can be brought if private stocks of 

gold are utilized to bring equilibrium in balance of payment. 

Government has introduced timely modifications as the 

economy was severely hit in various time. Efforts were done to 

reduce smuggling by curbing measures on gold demand and 

bringing transparency in the gold trade system the shift in 

policy amendments have influenced gold performance. Policy 

reforms have given assurance to some gold retailers to be 

organized and implement Bureau of Indian Standards as a 

mark of quality. This research is an attempt to review gold 

policy reforms in India and its implications from the period 

1962 to 2020. 

Keywords:  Gold policy, gold imports, gold 

ornaments, gold price 

 

 

I. INTRODUCTION 

 

Gold enjoys the importance to mankind because of its 

unique properties. It continues to play the role of currency, 

commodity and standard in times of crisis. The monetary 

role of gold has been widely used as medium of exchange, 

standard of value and store of value. Peter C Cavetti has 

studied on using gold coins for exchange medium in 

different countries. Gold policies took the shape in India 

during the beginning of first World war. 

 

 

 

 

In 1917 government was empowered to acquire 

imported gold that came into the country according to 

gold import ordinance. Subsequently free movement of 

gold was restored, and restrictions were removed. 

During second world war restrictions were again 

imposed in import and export of gold and were not 

permitted without Reserve Bank of India permission. The 

restrictions were relaxed after the end of war. The present 

period of gold restrictions started with Foreign Exchange 

Control Act of 1947. There was a ban on import and 

export of gold and Kolar Gold Mining undertaking was 

nationalized in 1958. After June 1956, government 

retained the entire output of gold. Government gold policy 

since 1947 can be seen as 

a) Control on imports, demand and holding of gold. 

b) Government mobilization of country’s private gold 

holdings for fiscal and monetary use. 

c) Government selling its gold reserves from time to 

time. 

d) Managing official gold stocks as currency reserve. 

REVIEW OF LITERATURE 
 

Zhang & Wei, (2010) in their study it was found that 

there is a consistent trend and a good correlation between 

the crude oil prices and the price of gold. It was also 

implied that there can be a long-term equilibrium 

between the two markets, and the crude oil price change 

linearly. 

Xian et al, (2016) in their research has put focus on the 

fact that owing to the complexity and significant 

fluctuations observed within the gold market, most of the 

current approaches adopted by researchers have failed 

to produce robust 
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and consistent modelling and forecasting 

results.Shafiee&Topal, (2010) in their study has 

tried to give an overview of investigation on the 

relationship between gold price and other key 

influencing variables, such as oil price and global 

inflation as have been used by Fortune, (1987). over 

the last 40 years. Hafezi &Akhavan, (2018) has 

done their research based on Equipped artificial 

neural networks on forecasting gold price changes. 

Neingo &Tholana, (2016) in their research has 

discussed the trend of productivity in the South 

African gold mining industry and how mining 

Companies are facing severe economic and 

financial challenges all over the world after the 

global financial crisis of 2008. Singh, (2013) in his 

study on the trends and patterns of gold prices in 

India has discussed the trends in gold prices and its 

demand, volatility in gold prices, and causes of the 

mounting prices of gold in the Indian economy. 

Beckmann et al., (2018) in their study have focused 

mainly on the dynamics of the gold price against 

bonds, stocks and exchange rates based on a 

disaggregation of the underlying relationships 

across different frequencies applying a wavelet 

decomposition as has been done by Percival and 

Walden (2000) and Gençay et al. (2001). Abdullah 

(2012), in his study has used the Autoregressive 

Integrated Moving Average (ARIMA) model to do 

financial market forecasting of gold. Same type of 

attempt was also made by Zhang (2003). This study 

attempts to forecast gold bullion coin selling prices. 

Guha and Bandyopadhyay (2016), in their study 

has also used the Autoregressive Integrated Moving 

Average (ARIMA) model also been used by Asad 

(2012), to forecast the future of Gold price in 

India, 

having taken the data from November 2003 to 

January 2014. The authors stated that gold is now 

no longer an entity bought only during the time of 

marriages. Alameer et al., (2019) in their research 

study has tried to develop an accurate forecasting 

model for long-term gold price fluctuations. 

GOLD CONTROL ACT 

Foreign exchange regulation Act in 1947 

banned imports and exports of gold which was 

followed in November 1962, banning the forward 

trading in gold. Parliament passed a bill to deal 

strictly with gold smugglers. 

Introduction of domestic gold control was 

initiated in June 1963. The basic objectives of gold 

control system have been stated by M. 

Ramachandran 

1. Controlled public demand for gold and 

continuously checking to reduce the 

demand progression so that gold demand 

in public does not exceeds beyond a 

point as it may be harmful for county’s 

economy. 

2. Import of gold to be controlled strictly as 

an anti-smuggling measure so that 

smuggled gold related activities can be 

minimized. 

3. Reduction in domestic gold prices so that 

smuggled gold would be unprofitable. 

Many changes have taken place in the gold control 

strategy, but basic scheme remains unaltered. 

According to 1962 Gold control rules, manufacturer 

dealing in gold and ornamental gold was subjected to 

licensing and control. The licensed dealer was 

debarred from doing pawn broking business from 

other premises. Loans against gold and ornamental 

gold was not subjected to licensing control as it was 

not necessary to declare gold. Manufacturing of Gold 
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ornaments of 14 carat purity was stopped. Dealer 

could purchase gold from other dealer if the 

production of permit was issued according to the 

rules. Gold bullion in the country was decided to be 

converted into ornamental gold with less than 14 

carat purity. Private possession of existing gold stock 

was left untouched but induvial holding more than 50 

gms of gold were required to be declared by the 

government. There were no restrictions imposed on 

personal use of gold. 

In September 1963, goldsmith was given 

permission to accept ornamental gold of any purity 

from public and manufacture their own ornaments. 

However, in 1966 restrictions on manufacturing 14 

carat gold purity ornaments were lifted. 

Gold control system for manufacturers 

continued with rules laying that possession of gold 

was solely for manufacturing purpose. Private 

individuals who had acquired gold prior to Jan 1963, 

were required to convert it into ornaments or sell it to 

licensed dealers. Declaration of gold to be done if 

induvial hold 2000 grams or a family hold 4000 

gms. 

Consequently, loans against gold ornaments 

continued freely without any licensing control 

except loans were not provided on declared gold. 

God refineries were controlled and brought under 

state ownership. Gold bars produced from these 

refineries were in standard formats and shapes with 

approved purity marked and stamped on it. All the 

private gold refineries were delicensed from 

January 1969. 

From September 1, 1968 provisions of Gold 

Control were given to Gold Control Act and 

amendments were done on timely basis. It was made 

mandate for licensed gold dealer to declare 

ornamental gold possessed for personal use. Strict 

laws were enforced for gold bullion. licenses were 

not issued to private firms. 

Government of mint produce standard gold bars 

with standardization and markings. These bars were 

only to be sold to licensed dealers for making 

ornamental gold to be sold for public, and not to be 

possessed in any private capacity. 

Prohibitions not in place hence there was easy 

exchange of ornamental and standard gold between 

licensed dealers. Relaxation of norms under gold 

control act was introduced in November 1977 as 

monopoly trends were visible in gold trade on 

account of stricter policies of issuing licenses. These 

leverages were given so that dependency could be 

reduced from licensed dealers and arrangement can 

be done to buy gold from public within prescribed 

limits and can be utilized for manufacturing. These 

provisions helped to curb gold prices as it was 

influenced by the licensed dealer. The practice 

followed where old gold taken from public was at 

reduced rate and new ornaments were marked at 

higher prices. The dealings of pawn brokers in gold 

ornaments were gaining less importance. These pawn 

brokers role was important as they helped common 

man to liquidate gold during uncertain times. 

Findings showed that mortgaged gold pledging were 

not redeemed, hence supply chain was 
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maintained and small brokers pledged the gold to 

big brokers to meet their cash requirements. This led 

to utilize gold for industrial purposes like making 

Zari apparels or decorative purposes. In 1972 dealers 

license was provided to cooperative society of 

goldsmith. In urban areas individual excelling in 

ornament designing worked as teams.However, the 

control on cooperatives was more formalized than 

persuading the individuals. Dialogues were started 

between gold control association, state government 

and goldsmith association so that cooperatives can 

avail this facility. Such policy is designed to curb and 

safeguard these cooperatives from being exploited by 

smugglers and harassed by irresponsible elements in 

the Department. 

The financial return norms prescribed by the 

dealers were rationalized for better accounting of 

gold bars and ornamental gold used for melting and 

manufacturing. This improved the quality and helped 

them to reduce hardships faced by weaker sections 

of gold community. Thus, the long period of gold 

control Act 1968 was repealed in June 1990 by 

Parliament act and it ended. 

II. GOLD IMPORTS 

Government announced a scheme of gold imports 

in the budget of financial year 1992-93. According to 

the scheme NRI’s and Indians were allowed to bring 

up to 5 kg gold per person along with duty payment 

at 

the rate of Rs. 450/10 grams in convertible 

currency, which amounted to 15% of average 

international gold price. Modifications 

were done on the scheme in May 1992 and 

import duty was reduced to Rs. 220 /10 grams. On 

Feb 1993, scheme for silver imports was announced 

where Indian origin people or Indian passport 

holders were allowed to bring 100 kg with a 

payment of custom duty of Rs.500/kg. in 1994, 

schemes of importing gold and silver were governed 

by import licenses. 

This gold import policy led in reducing the 

difference between international and domestic gold 

price. The difference in the price was reduced to 

almost half to 23.2% in 1993-94. 

III. EVALUATION OF GOLD CONTROL POLICY IN 

THE SCOPE OF BLACK ECONOMY AND GOLD DEMAND. 

In the context of M. Ramchandran’s version of 

gold control policyit is worthwhile to see policy 

brining success in achieving its goals. It has 

considerably reduced the passion of gold and bullion 

seems to have disappeared from the private hands. 

There might be some hidden quantities but the 

detection of such gold will be risky. Common law- 

abiding sections of society will always be fearful of 

such possession of gold and will not indulge in such 

dealings. The genuine demand for ornamental gold 

was monitored so that it could match the pace of 

growing standards of living and preferences of 

common man. Gold demand someway is measure of 

confidence during uncertain times when common 

man loses faith in local currency. 

Smuggling of gold continued, but in less 

volume in the year 1970-71. A total turnover of 75 

tons of sales was recorded in 1977, of this only 13 
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tons were manufactures from Government Mint 

but the rest 62 tons were from gold ornaments. 

Industrial use was only 3 tons of gold. However gold 

control measures were not successful in bringing 

down the domestic gold prices and reduce smuggling 

of gold. Since supply of gold in India is a constraint, 

gold prices in India are linked to the international 

prices. There was no control on fluctuating 

international gold prices, but efforts can be done to 

reduce the gap in the difference in price by imposing 

restriction on gold imports and optimizing the 

demand level. Smugglers have grabbed this 

opportunity of growing demand resulting in 

accumulation of ornamental golds in the private 

hands and making their business profitable. 

Approximately 4500 tons of gold is unaccounted and 

no clarity on net outflow of gold. The aim of gold 

control policy is to increase the re- circulation, but it 

happens in in small proportion. The policy checks 

that gold does not get accumulated in any 

community, but still the additional demand is a 

driving force to reap profits in foreign countries. 

Gold price was manipulated to some extent by some 

traders; hence government intervention was visible so 

that prices could be controlled, and they could 

provide services to public who wanted to liquidate 

gold at a reasonable rate. Efforts by government was 

to stabilize the market by bringing uniformity in the 

prices. 

Hence considering the objectives of Gold Control 

Act related to gold demand in the country, smuggling 

and domestic gold prices, it can be 

inferred that if demand of gold can be suppressed then 

obviously smuggling can be discouraged and domestic 

gold prices will remain stable. It was observed during 

the time period of gold control act domestic gold 

prices was always higher than international gold 

prices. Mumbai gold prices were inclined higher due 

to perceived high demand resulting in smuggling of 

gold in huge volumes. The unbated seizures of 

smuggled gold indicated that gold control Policy 

lacked evidence of success from 1963 to 1990. 

Thus, restrictions imposed on gold demand by 

the Parliament and strict fines applied on violation of 

policy contributed marginal success to the Gold 

Control Act 1968. The dimension of the problem laid 

on scattered distribution of huge population with no 

control machinery in place. The country’s wide 

spread of corruption had serious cost burden in this 

social effort. The process of extensive monitoring on 

individual citizens was negligible, hence only those 

cases were reported which held violations of gold 

control Act. The efficacy of penalty was studied in 

the scope of urgent need to hold gold. 

IV. TOTAL GOLD DEMAND 

 

The total demand for gold consisted of 

ornamental and investment demand. Ornamental 

demand is imbibed into the culture of country and 

any attempt to disrupt it will bring cultural offense 

in the people’s mind. Any attempt by the 

government to enforce the gold control policy will 

bring disharmony and resistance among people. 
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Ornament demands also gains its importance by 

providing social security specially of women in the 

country where there are limited resources available 

in terms of security being provided to women. Thus, 

the objective of gold control to reduce the ornament 

demand has opened questions whether the policy 

will lead to desired success. 

Investment demand is analyzed by two types – 

investing white money and investing black money. 

In India with high interest rates and increased 

appreciation of real estate, gold was never a 

preferred choice for investment. Black money 

investing was a risky option as tax rules were evaded 

and there were no legal valid documents. The 

attraction in this route of investment was future 

appreciation of gold prices. 

According to Justice K.N. Wanchoo Committee 

Report…. The distortions in the industrial economy. 

Black economy flourished parallel due to foreign 

exchange crisis and rigorous import policies. The 

main highlights were smuggling of foreign goods, 

gems, speculation in land and frivolous money 

lending activities. The report also states that most of 

the black money which remains unutilized is parked 

in buying bullions which encourages large scale of 

smuggling leading to strain in balance of payment 

position. 

V. MOBILIZATION OF PRIVATE GOLD FUNDS 

 

Government sincere efforts were there to 

mobilize private gold stocks and use them for fiscal 

and monetary purpose. Since 1947 government was 

facing the bottleneck of investments and was 

looking out measures for additional resources to 

match the scarcity it faced due of fiscal resources 

and low level of savings. The huge reservoir of 

accumulated gold in the private hands remained idle 

and was important investible resource to meet the 

fiscal and monetary measures. 

Hence to channelize the accumulated idle 

savings in the form of gold, government introduced 

schemes so that huge reservoir of resources could be 

transferred into their hands for areas of desired 

investments. 

A) First series of gold bonds were issued in 

November 1962 in lieu of Chinese invasion at 

an interest rate of 6.112%. The purpose was to 

provide financial support during war times. 

B) 7% Gold bonds were issued in March 1964 of 

15year maturity period. Government was able 

to accumulate 6% tons of gold. 

C) Third series of National defence gold bonds 

were issued in October 1965 earning 6.5% 

interest rate for 15-year maturity period. These 

bonds had an advantage of being redeemed in 

standard and purest form of gold. 

D) From March 1993 to June 1993, fourth scheme 

was announced with 500 grams of minimum 

denomination. Redemption of gold bonds was 

at the end of 5 years in the form of gold. The 

interest was calculated at ₹40 for each 0.995 

gram of purest gold, almost contributing 2% per 

anum. These bonds were transferable, had 

nomination facility and could be used to obtain 

advances from banks. 

Subscribers had provisions that bonds can be in the 

form of government promissory note or stock 

certificate. Almost 41.12 tons of subscription 

was received to the tune of Rs.1159.23 crores in 

this scheme. 

The gold bond scheme was able to mobilize 

approximately 77.22 tons of gold and which was 

comparatively less than the huge reservoir of private 

gold stocks. 

1991 GOLDEN TRANSACTION 

 

India suffered a huge shock when crude prices 

triggered and government realized that due to 

overspending, the country faced huge fiscal deficit. 

This resulted in decline in forex reserves and were 

forced to pay for higher imports. 

Government faced huge 

economic pressure as NRI’s started to pull out 

their deposits leading to panic situation. At the 

end of 1991, government took the extreme set to 

sell off India’s gold reserves and around 47 tons 

of gold was pledged with Bank of England. 

Government could mobilize 600 million $ funds 

to make a strategy putting economy on track. 

POST 1991 

Gold became more convenient to access 

from 2002 onwards as commercial banks were 

given permission to sell gold coins. Post offices 

started to sell gold by 2008.Introduction of Gold 

Exchange Traded Funds (ETF’s) in 2007 gave a 

concept of owning paper gold free of stress and 

assuring quality. Financial crisis in 2008 
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witnessed increased consumer interest in gold as 

US $ depreciated and gold prices were tripled. 

By the end of Liberalization, Gold demand saw 

an increase of 1001.7 tons in 2010. Government 

introduced various policy interventions to curb 

gold demand as India’s exports and investment 

were affected by domestic governance and 

global uncertainties in 2012-13. Import duty on 

gold was revised from 2% to 10% and 

commercial banks and local post office were 

barred from selling gold coins. A new scheme 

of 80:20 was introduced where 20% mandate 

export obligation have to be maintained by the 

importers of gold. Restrictions were imposed to 

import the new consignment till the previous 

export mandate were not fulfilled. 

Government from 2014 started to promote 

transparency in economic aspects and the 80:20 

rule was abolished. Ban was lifted on importing 

gold coins. Gold monetization schemes were 

relaunched in 2015 and Sovereign gold Bonds 

were introduced where investors could earn 

interest. In 2016, government attempted to bring 

transparency in gold transactions made PAN card 

mandatory for purchases above Rs. 2 Lakh. Gold 

retailers were subjected to 1% excise duty for 

more than 12 crore turnovers. Government in 

2018 Union Budget proposed to develop 

regulated gold exchanges so that efficient system 

can be maintained and develop gold as an asset 

class. In 2020, Moody’s downgraded India’s 

sovereign credit rating to Baa3 but high gold 

reserves in Central bank suggested that country 

was in comfortable position as sovereign credit 

risk is reduced. 

CONCLUSION 

Government has successfully attempted to 

periodically transform gold policy affecting India’s 

growing demand and identify factors that affected it. 

The policies were formulated to ensure that optimum 

utilization of gold reserves was done by the central 

banks. The policies have made an effort to common 

man by providing regulatory framework of holding 

gold and doing business and tax issues. Gold Polices 

have impacted the Indian economy and has been able 

to create value addition to some extent and 

safeguarding the rights of common man. Gold 

imports were used to mitigate the impact on current 

account deficit and it was detrimental in contributing 

towards exports. Hence focus remain on creating 

organized gold sector and with the help of these gold 

policy industry will witness productive 

investment. 
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Abstract—This study is focused on the determinants of 

digital technology adoption intention and usage Behavior 

among the unorganized retailers in Tamil Nadu, India. In 

technology acceptance among the users, there are some old 

theories: TOE& TAM and it measures the adoption intention 

among individuals and organizations. Further, some other 

studies concentrated on measuring the adoption intention and 

usage Behavior among the Indian merchants by using TAM 

and TOE theories. Further, the Indian retail market is 

predominantly dominated by unorganized retailers. Although 

unorganized retailers dominate the Indian retail market, 

studies related to unorganized retailers ‘technology adoption is 

relatively low. To address this research gap, this study applied 

TAM and TOE theories, analyses various determinants that 

influence the embracement of digital technologies among 

unorganized retailers. We conducted a comprehensive 

literature survey and proposed aninclusive research model in 

this research. In addition, it was developed based on TOE and 

TAM theories. The research model consists of six independent 

constructs: Awareness, Self-Efficacy, Ease-of-Use, Usefulness, 

Competitive pressure, Government Policy, and two dependent 

constructs, namely Behavioral Intention & Usage Behavior. 

Further, a questionnaire was developed, and it was tested with 

a sample size of 216 respondents across various districts from 

Tamil Nadu. The Partial Least Square method results show 

that usefulness has appositive influence on ease of use. Self-

efficacy &awareness has a significant influence on Behavioral 

intention. Inevitably, user Behavior was substantially 

influenced by Behavioral intention. This proposed research 

and research model has significant implications for the 

researchers. Further, this research suggested to the marketers 

to develop more technologies that facilitate marketing the 

products of the unorganized retailers. Finally, this research 

suggested that for the unorganized retailer’s payment 

platforms, aggregators and digital marketing applications 

should develop more technologies that facilitate them to 

manage their inventory, vendor management and assist them 

to build a brand image among their consumers.   

Keywords— Unorganized retailers, Technology Acceptance 

Model, Technology, Organization, and Environment Model, 

Digital technologies, Behavioral intention, and usage Behavior. 

I. INTRODUCTION 

Retailing is one of the most dynamic and powerful 
industries across the globe. In addition, the recent 
transition in digital technologies continues to be a 
game-changer for the Indian retail industry. Indian 
retail industry is a value at U.S. dollar eight hundred 
and eighty-four billion during the year 2020, and it will 
touch U.S. dollar one trillion by 2024  [1]. India is one 
of the most prominent retail destinations globally, and 

it is the world's fifth-largest global destination in retail 
space [1]. In addition, the Indian retail industry is one 
of the largest retail industries around the world, and it 
also has the most significant space in terms of retail 
space availability. Indian retail industry is categorized 
into three categories: unorganized retail, organized 
retail, and E-Commerce. Unorganized retailing holds a 
significant share in the Indian retail market and 
organized retailing holds second place in the Indian 
retail market, and finally, E-commerce player holds a 
minor share in the Indian retail market. Predominantly 
Indian retail market is dominated by unorganized 
retailers  [1].  

Unorganized retail had specific characteristics, 
nature and also operational formats. Unorganized  
retailing means a is not only the form of traditional 
formats of low-cost retailing, and it also needs to 
consider some well-known formats, including local 
Kirana shops, family-owned stores, convenience stores, 
vegetables & fruits sellers and hoarders etc.  [2]. The 
outbreak of pandemic and the restriction placed during 
the pandemic impacts more than 6, 00,000 unorganized 
retailers shut down their operations in the first two 
months of lockdown  [3]. The second wave of covid19 
affects them financially and impacts their business 
operation in supplier sourcing and customer relations. 
The pandemic has compelled unorganized retailers to 
understand the importance of digital technology usage 
and their survival in the retail market.  

Digital technologies are a sort of electronic gadgets, 
tools, systems, devices, and specified resources that 
would generate store, or process data. It has also 
changed the interaction between consumers and service 
providers  [4] [5] . Several digital technologies 
emerged to support the unorganized retail market, and 
well-known examples are - Digital Ledger, Digital 
Payments, Digital Inventory Management, Digital 
Communications, Digital vendor Management and 
Digital Display  [3].  

Digital technology usage enhances their consumer 
experience, reduces friction in their purchase, and 
enhances the profit margin of the unorganized retailers. 
Thus, digital technologies will transform the brick & 
store business model into a phygital model. This 
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business model enhances the consumer experience 
beyond digital payments, and also it digitizes its 
business operation in terms of inventory management, 
supplier sourcing, invoice generation, GST compliance 
and credit facilitation. This business model ensures 
business sustainability among unorganized retailers. 

II. THEORETICAL BACKGROUND 

A. Technology Acceptance theories and models 

Theories related to technology acceptance and usage is 

a pioneer disciplinary in research, and it measures the 

cognitive ability and technology acceptance intentions 

among the end-users  [6]. This theory was developed to 

measure desktop computer user Behavior. The TAM 

model is always user-centric, and it concentrates on 

mapping the Behavioral intention of the early adopters. 

Over the years TAM model advanced, and currently, it 

has 17 constructs to measure the technology acceptance 

intentions among the end-users  [7].In addition, over 

the years TAM model has been incorporated in many 

subjects, and it precisely measures the user Behavioral 

intention of the adopters  [8] [9] [10] [11]. Out of these 

17 constructs, Awareness (AWAR), Ease-Of-Use 

(EOU), Usefulness (USE), Self-Efficacy (S.E.), 

Behavioral Intention (B.I.) and Usage Behaviors (U.B.) 

are the constructs that are significant to predict the 

Behavioral intention and usage Behavior among the 

technology adopters. In addition, these are the 

constructs that are incorporated in this research. 

Further, constructs like government policy and 

competitive pressures are also added to this research to 

predict the unorganized retailers’ Behavioral intention 

and usage Behavior —furthermore, these variables are 

extracted from the TOE theory.  

B. Research Model Development 

The reasons for choosing TAM and TOE Models are 

applied to predict unorganized retailer’s technology 

adoption intention and usage Behavior are listed below;  

• TAM and TOE theories give a complete 
understanding of the Behavioral intention of the 
unorganized retailer rather than a set of 
predetermined variables. 

• TAM and TOE model explain the Behavioral 
intention and user behavior among the unorganized 
retailers. 

• Many researchers adopted TAM and TOE theories 
to predict user behavior, although it was initially 
used to determine the determinants of ICT adoption 
among individuals and companies. However, it fits 
well for this research to find out determinants of 
technology usage Behavior among the unorganized 
retailers. 

• Unorganized retail is one of the dominant players in 

the Indian retail market, but the studies pertain to 

unorganized retailers’ technology adoption with 

TAM and TOE theories are quite scarce. 

The proposed research model had the basic constructs 

of TAM and TOE theories. In addition, the research 

model more concentrated on individual ability and 

environmental aspects of the unorganized retail. This 

study attempts to determine the influencing factors 

among the unorganized retailers, which ultimately 

force them to use a particular technology. 

From the TAM theory, Ease-Of-Use (EOU) is intended 

to measure the user's belief about the technology, and 

the system can be used easily without any difficulties 

[12]. In addition, several kinds of research suggested 

that ease of use considerably increases the technology 

acceptance rate among the adopters [13]. Further, a 

recent study unveils that usage Behavior was 

substantially influenced by user-friendly technologies 

(EOU), and it also supports the continuous usage of 

digital technologies  [14]. This study uses perceived 

ease of use to measure the following factors: easy to 

operate, flexible, transparent and controllable, and easy 

to become skilful [15].  

Perceived usefulness is one of the most significant 

constructs in technology adoption studies, and many 

researchers stressed the importance of perceived 

usefulness in technology adoption studies [16]. In 

perceived usefulness, the user believes that particular 

technology would increase job performance. Another 

research explains the user's recognition that the 

interactive technologies will increase their business 

efficiency in operations. Further, many types of 

research confirmed that perceived usefulness found 

significant and positively influenced B.I. – Behavioral 

intention to utilize the required technology [17]. 

Similarly, a vast number of previous studies assessed 

perceived usefulness and ease of use to predict 

behavioral intention  [18]. Finally, many other research 

studies found that behavioral intention is substantially 

influenced by perceived usefulness. Further, it implies 

that the higher level of use of technology leads to 

greater intention to use and penetrate the merchants 

[19] [20].    

Awareness is one of the most significant factors in 

predicting the adopters' behavioral intention. It acts as a 

communication strategy among the early adopters and 

creates awareness related to technology usage benefits, 

technology operation procedures. In addition, it will 

also induce them to install and use new technology for 

their business operation  [21].Notably, a lack of 

awareness about the technology usage benefits is a 
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significant roadblock in developing countries in India 

[22].Further, in previous study result unveils that there 

is a strong relationship between user's awareness and 

usefulness of technology; the result also unveils the 

lack of consumers awareness, the shift in attitudes, 

perceived risk of a system, that would be the ultimate 

barrier among the merchants to use a digital technology  

[23]. Further, various previous studies measure the 

level of awareness among the adopters  [24].  

Self-efficacy is another independent variable that 

influences Behavioral intention. In this, self-efficacy 

has measured the ability of the unorganized retailer, 

while at the same time it measures the acceptance and 

usage of digital technology  [25]. M.Jaradat [26] found 

the association between self-efficacy and the adoption 

of payment technologies.  

Competitive pressure is the most significant variable in 

technology adoption among small-medium enterprise 

[27]s [26]. This research assessed the relationship 

between competitive pressure and Behavioral intention. 

The retailers feel pressure when more competitors 

adopt the technology  [28]. Kwabena et al.  

[29]asserted the association between competitive 

pressure and technology adoption, and it also 

significantly influence technology adoption. 

Government policy is a crucial variable that the 

researcher did not cover related to technology adoption. 

Government plays a promoter role in technology 

adoption, and also it plays a regulatory role in 

developing feasible technologies for adoption among 

unorganized retailers. Government policy plays a 

significant role in technology adoption and acceptance  

[30].  

Fig.1 Research Model 

From the technology acceptance theories, this 

conceptual model is framed to measure the unorganized 

retailer’s digital technology usage Behavior, shown in 

Figure - 1. 

C. Research Objectives 

• To study the unorganized retailers’ categories and 
their digital technology adoption trends in their 
business. 

• To find out the factors of digital technology adoption 
and user Behavior among the unorganized retailers.  

D. Hypothesis Development 

H1: Usage Benefits (Perceived Usefulness) will positively 
impact B.I. (Behavioral Intention)  

H2: Usage Benefits (Perceived Usefulness) will 
significantly influence PEOU (Ease-of-Use) 

H3: A greater level of easiness to use (PEOU) will 
positively impact B.I. (Behavioral Intention). 

H4: A greater level of awareness will influence B.I. 
(Behavioral Intention). 

H5: Competitive Pressure will significantly influence 
Behavioral Intention (B.I.). 

H6: Government policy (G.P.) will positively impact B.I. 
(Behavioral Intention). 

H7: A greater level of Self-efficacy will influence B.I. 
(Behavioral Intention). 

H8: B.I. (Behavioral Intention) will have a substantial 
effect on Usage Behavior (U.B.). 

E. Data Collection 

This research was conducted among the unorganized 

retailers in Tamil Nadu. A well-structured 

questionnaire was framed, and the data was collected 

through friends. The sample size was 216.  

F. Analysis of Reliability and Validity  

Before testing the hypotheses of the structural path model, 

this research wants to ensure the reliability and validity of 

the data. In order to ensure the reliability and validity of the 

data, a PLS-Bootstrapping analysis was performed. From 

the analysis, composite reliability, Cronbach's Alpha value, 

Average Variance Extracted, and the values are displayed in 

table 1. The Cronbach's alpha value hovers around 0.804 to 

0.923, higher than the suggested value of 0.600 [31]. 

Further, composite reliability values are hovering around 

0.837 - 0.959, which is more significant than the suggested 

threshold value of 0.700 [32]. These results affirmed that the 

collected data had adequate internal consistency and a good 

Cronbach’s alpha and composite reliability value.  

Convergent validity has significance in model measurement, 

and it assesses that the multiple items present in the 

questionnaire measure similar concepts. To examine the 

convergent validity, Average variance is extracted from the 

collected data, and the results are displayed in table 1. It 
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indicates that the Average Variance Extracted values are 

hovering around 0.555 - 0.854, more significant than the 

suggested threshold value of 0.500 [33]. These results 

affirmed that the collected data has adequate convergent 

validity. 

TABLE I.  RELIABILITY ANALYSIS 

Constructs Reliability 
Cronbach’s 

Alpha value 
AVE 

Behavioral 

Intention 
0.928 0.896 0.764 

Competitive 

Pressure 
0.837 0.804 0.567 

Ease-of-Use 0.911 0.877 0.672 

Government 

Policy 
0.959 0.947 0.854 

Self-Efficacy 0.867 0.805 0.555 

Usage 

Behavior 
0.938 0.923 0.752 

Awareness 0.927 0.902 0.719 

TABLE II.  DISCRIMINANT VALIDITY 

 Awa BI CP EOU GP 

S 

.E. 

U.B. Use 

Awa         

BI 0.849        

CP 0.170 0.148       

EOU 0.643 0.773 
0.15

2 
    

 

GP 0.098 0.123 
0.12

6 

0.13

4 
   

 

SE 0.584 0.749 
0.16

4 

0.82

6 
0.385   

 

UB 0.257 0.456 
0.16

3 

0.38

5 
0.202 

0.34

4 
 

 

Use 0.507 0.684 
0.13

7 

0.87

4 
0.172 

0.78

2 

0.45

8 

 

(Source: survey data) 

Table II depicts the measure to test the validity of the 
questionnaire. Discriminant validity is assessed through 
Hetero Trait Mono Trait (HTMT) ratio, which is displayed in 
table 2. The HTMT ratio measures higher performance 
compared to the previous criteria. The HTMT criterion is 
assessed, and it was found to be satisfied. Further, all the 
Hetero Trait Mono Trait values were below the 
recommended value of 0.900  [34] [35]. Given these results, 
the discriminant validity is established. 

III. DATA ANALYSIS 

A. Demographic Profile and general consumption trends 

From Table III, it can be observed that almost one-third 
of the population is male, and the remaining is female. 
Further, one half of the population education qualification 
belongs to either diploma or Higher secondary. Most of the 
participants are to generation X, Y and baby boomers. Most 
of the retailer's daily sales turnover hovers around 2000 – 
3000 (INR). Most of the retailers’ who participated in this 
study owned grocery and fruits shops. 

TABLE III.  DEMOGRAPHIC PROFILE AND GENERAL CONSUMPTION 

TRENDS 

 Demographics Frequency Percentage 

Gender of the 

respondents 

Female 30 13.89 

Male 186 86.11 

Year of Birth Above25-35 98 45.6 

36-45 63 29.3 

46- 55 52 24 

Above 2 1 

Education Diploma/HSC 108 50.0 

Graduate 22 10.1 

Post Graduate 67 31.2 

SSLC 19 8.7 

Daily sales 

turnover in 

(Rs) 

< 1000 14 6.7 

1000 - 2000 68 31.2 

2000 – 3000 85 38.9 

3000 - 4000 44 20.2 

>4000 6 2.9 

Retail shops Apparel 44 20.2 

Grocery 65 29.8 

Footwear 3 1.4 

Vegetables 44 19.7 

Fruits 50 23.1 

Petty shops 12 5.8 

(Source: survey data) 

B. CMB (Common Method Bias) 

The Harman's Single factor test was conducted to ensure 
that the collected data does not contain Common Method 
Bias (CMB) with eight constructs (Usefulness, Ease-of-Use, 
Self-Efficacy, Awareness, Competitive Pressure, 
Government Policy, Behavioral Intention, Usage Behavior) 
[36]. Then these eight constructs loaded in a single factor, 
and the test results indicate that the variance explained by the 
single factor holds the value of 33.83%, which is far below 
the recommended value of 50% [37] [38]. Therefore, the 
collected data is valid, and it has no concerns in terms of 
Common Method Bias. 

C. Measurement Model Assessment 

Before testing the hypotheses in the model, a multi co- 
linearity statistical analysis was conducted to ensure that the 
collected data does not affect by multi co-linearity statistics. 
The multi co-linearity statistics test was conducted to 
increase the prediction power and value of the research 
model. Further, the co-linearity statistics outer and inner VIF 
values are ranged between 1 to 5, and the multi co-linearity 
statistics data values were below the recommended values  
[39]. 

D. Structural Equation Model Assessment  

The structural path assessment is the final step after 
confirming the reliability and validity of the data. Testing the 
measurement model is to ensure that the measures are 
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utilized sound and adequately measured the theoretical parts. 
This assessment requires calculating the path coefficients via 
bootstrapping of 500 re-samples. The hypothesis test results 
are displayed in table 3. The results affirmed a direct 
relationship between Behavioral Intention and Usage 
Behavior of digital technologies among the unorganized 
retailers. Further, it also shows that Behavioral intention was 
influenced by awareness and self-efficacy. Finally, 
usefulness has a strong positive influence on Ease-of-Use. 
The results of this structural model are discussed below. 

TABLE IV.  STRUCTURAL MODEL ASSESSMENT – HYPOTHESIS TESTING 

RESULTS 

Relationship 

standard 

deviation  T-statistics  P-Value 

Use BI 0.164 0.197 0.843 

Use  EOU 0.021 7.258 0.000* 

EOU BI 0.174 1.111 0.266 

Aw BI 0.084 5.853 0.000* 

C.P.  BI 0.084 1.258 0.464 

GP BI 0.064 1.247 0.975 

SE  BI 0.105 2.497 0.013* 

B.I.  UB 0.062 7.851 0.000* 

(Source: survey data) 

Table IV explains the relationship among Awareness, Self-
efficacy, Usefulness, Ease-of-use, Competitive pressure, 
Government Policy, Self-Efficacy, Behavioral Intention, and 
Usage Behavior. 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Indicator loading after factor analysis 

 

IV. RESULTS AND DISCUSSION 

Based on the Uses & Gratifications theory, the model 

has been designed incorporating two categories of 

needs that can be gratified by the consumers actively 

through media. The discussions of the obtained results 

are further discussed in the sections following; 

The measurement model results indicate the test 

results of hypotheses testing. The findings indicate that 

usefulness has significantly influenced and positively 
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affects Ease-of-use in digital technologies among the 

unorganized retailers. Although, Usefulness influence 

Ease-of-use but it does not influence Behavioral 

Intention. Hence, H1a is not supported (β = 0.164, t = 

0.197 and p-value = 0.843) and H2 is supported (β = 

0.021, t = 7.258 and p-value = 0.000). Further, the 

result affirmed that Ease-of-Use has insignificant to 

positively influence Behavioral Intention to use digital 

technologies. Thus, H2 is not supported (β = 0.174, t = 

1.111 and p-value = 0.266). Furthermore, the results 

indicate that the Awareness, Self-Efficacy and 

Behavioral Intention have significantly influenced and 

positively affect Usage Behavior of digital 

technologies. Thus, H3, H6 and H7 are supported (H3 

- β = 0.084, t = 5.853 and p-value = 0.000), (H6 - β = 

0.105, t = 2.497 and p-value = 0.013) and (H7 - β = 

0.062, t = 7.851 and p-value = 0.000). Moreover, the 

results unveiled that the Competitive Pressure and 

Government Policy have insignificant to usage 

Behavior among the unorganized retailers. Therefore, 

H4 and H5 are not supported (H4 - β = 0.084, t = 

1.258 and p-value = 0.464) (H5 - β = 0.064, t = 1.247 

and p-value = 0.975).   

• He is explaining the relationship between 
Usefulness and Behavioral Intention - B.I. 
 

The research result unveils that the relationship 

between Perceived Usefulness (P.U.) and Behavioral 

intention (B.I.) is insignificant. Thus, it can be rejected 

that the digital technologies usage benefits would not 

be measurable among the unorganized retailers. 

Further, more than one-half of the respondent's age and 

educational qualification are barriers to measuring the 

digital technology benefits. Even though the 

technology seems to be easy to use, the benefits of the 

technology used would not be measurable. Further, this 

could be the reason Behavioral intention is insignificant 

to usefulness. 

• Examining the positive impact of Usefulness 
on Ease-of-Use (EOU) 
 

The PLS-SEM results unveil the relationship between 
Perceived usefulness and Ease-of-Use. Further, 
Perceived Usefulness positively influence Perceived 
Ease-of-Use, and the T-value is 7.258, and the P value 
is 0.000, which is significant. Innovators build many 
feasible technologies in today's digital world, 
facilitating business operations among unorganized 
retailers. Further, these technologies have additional 
features such as being easy to operate, flexible, 
transparent and controllable, and easy to become 
skilful. Hence, this may have been reflected in results. 

 

• He is explaining the relationship between 
Ease-of-Use and Behavioral Intention – B.I. 
 

The result unveils that the relationship between Ease-

of-Use and Behavioral Intention is insignificant, and 

the obtained P-value is (0.266) greater than 0.05. Thus, 

it can be rejected that the Ease-of-use would not be 

enough to influence Behavioral Intention. First, the 

technology seems easy to use, but the technology 

would not provide enough results among the 

unorganized retailers. Further, other external variables 

like compatibility, cost, risk and security may impact 

the Ease-of-Use and Behavioral intention. 

• Relationship results between Awareness and 
Behavioral Intention - B.I. 

 

The PLS-SEM results asserted the relationship 

between Awareness and Behavioral Intention. Further, 

awareness positively influences Behavioral Intention, 

and the T-value is 5.853, and the P-value is 0.000, 

which is significant. Hence, it can be accepted that the 

greater the level of awareness is likely to influence 

Behavioral Intention. Penetration of smart phones and 

the emergence of digital technologies create 

considerable awareness among retailers. Finally, this 

awareness impacts their Behavioral intention. 

 

• Explain the Self-Efficacy Impact on 

Behavioral Intention - B.I. 

 

The PLS-SEM results unveil the relationship between 

self-efficacy and Behavioral Intention. Further, Self-

efficacy positively influences Behavioral Intention, 

and the T-value is 2.497, and the P-value is 0.013, 

which is significant. Penetration of smart phones, 

digital gadgets, and the emergence of digital 

technologies allow retailers to embrace new digital 

technologies. Further, this development not only 

creates an impact on awareness but also impacts their 

ability. Thus, it allows them to operate various 

technologies in this digital world. Hence, it can be 

accepted that self-efficacy is positively influenced 

Behavioral Intention.  

 

• Impact of Competitive pressure on Behavioral 
Intention  

The PLS-SEM results indicate that the relationship 
between Competitive pressure and Behavioral 
intention is insignificant, and the obtained P-value is 
(0.464) greater than 0.05. Thus, it can be rejected that 
the unorganized retailers face less competition during 
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the pandemic, so the competitive pressure would not 
be enough to influence Behavioral intention among the 
unorganized retailers. 
 

• Impact of Government Policy on Behavioral 
Intention  

 
The PLS-SEM results indicate that the relationship 
between Government policy and Behavioral intention 
is insignificant, and the obtained P-value is (0.975) 
greater than 0.05. Thus, it can be rejected that the 
government policies related to technology adoption 
would not be understood among the unorganized 
retailers. Further, retailers cannot understand the 
gravity and benefits of government policies related to 
technology adoption. 
 

• Explaining the Behavioral intention impact on 
Usage Behavior among the unorganized  
retailers 
 

This study tested the relationship between Behavioral 
intention and usage Behavior. While it was found that 
Behavioral intention significantly influences usage 
Behavior, the T-value is 7.851 & the P-value is 0.000, 
which is significant. Hence, it can be accepted that 
several determinants influenced Behavioral intention. 
Finally, it influences the usage Behavior. Awareness 
and self-efficacy are the variables that influence 
Behavioral intention while at the same time the 
Behavioral intention is insignificant to usefulness, 
Ease-of-Use, Competitive Pressure and Government 
Policy.  
 

Artificial Neural Network Analysis 

Artificial neural network analysis results are projected like 

the human brain structure, which has neurons, hidden layers, 

and Bias. Artificial Neural Network analysis has increased 

the validity of the research model, and it can enrich the 

knowledge [40]. The neural network analysis can evaluate 

the linear and nonlinear relationship between independent 

and dependent variables. Further, it is incorporated to 

measure the constructs' importance and prioritize the 

independent variables based on their relative importance. 

Artificial Neural Networks analysis has a more significant 

prediction than the usual regression methods. 

This study performed neural network analysis using 

SPSS software package, and the neural network model 

was developed by multilayer perception method. 

Further, this research wants to overcome the 

overfitting issue, and it applied a ten-fold cross-

validation technique. In this research, Artificial Neural 

Network Analysis allocated 70% of the data for 

training and 30% of the data for testing the prediction 

of the proposed research model.  

Table V ANN analysis table 

Modules Initial training Final testing 

01 .178 .232 

02 .189 .218 

03 .194 .224 

04 .188 .261 

05 .261 .218 

06 .176 .347 

07 .274 .251 

08 .392 .292 

09 .267 .387 

00 .251 .373 

Average .237 .280 

(Source: survey data) 

The six independent constructs, namely Awareness, Self-

efficacy, Usefulness, Ease-of-use, Competitive Pressure, 

and Government policy with Behavioural Intention adopt 

digital technology as the dependent outcome. The average 

cross-validated RMSE values for training and testing ranged 

between 0.237 to 0.280 [41]. Further, these lower RMSE 

values indicate that the neural network analysis validates the 

research model and has been able to measure the 

relationship between independent and dependent variables. 

Figure 3 Artificial Neural Network Analysis 

 

Table VI Independent variable Importance Analysis 

Rank Independent Variables Importance Normalised 

Importance 

1 Awareness .370 100.0% 

2 Self-efficacy .284 76.8% 

3 Usefulness .130 35.0% 

4 Ease-of-use .100 27.0% 

5 Competitive pressure .093 25.1% 

6 Government Policy .024 6.6% 

(Source: survey data) 
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From this Artificial Neural Network analysis, results 

unveiled the essential factors which influence the 

technology usage among unorganized  retailers. The first 

and foremost important determinant is awareness. Further, 

this creates a substantial awareness related to new digital 

technologies existing in the market. Second, the most 

critical determinant is self-efficacy. Self-efficacy is 

interlinked with awareness, and a higher level of awareness 

increases the ability of the unorganized  retailers. The third 

most important determinant is usefulness. Once the 

awareness and ability are determined, unorganized  retailers 

are started to measure the benefits of the technology used. 

Further, unorganized  retailers only adopt the technology 

which provides substantial benefits. Otherwise, they 

discontinued its use. Finally, competitive pressure and 

Government policy are minor determinants that influence 

Behavioural intention. Further, according to the data, these 

variables are the least score in ANN analysis and 

insignificant in PLS-SEM analysis.  

Practical Implications 

Adopting digital technologies is not a distant reality for 

Unorganized     retailers due to the penetration of 

smartphones and mobile applications. Further, there has 

been a significant level of penetration of digital technologies 

like payments, ledger, Business-to-Business applications, 

and Business-to-consumer applications among the 

Unorganized     retailers and their customers. In addition, 

several affordable retail technologies are launched by Indian 

startups, and  E-Commerce companies are offered to 

empower the Unorganized     retail business. However, 

Unorganized     retailers resist adopting such technologies 

due to potential tax implications, risk, security, lack of 

critical mass, trust, lack of personal innovativeness, and lack 

of consumer readiness in suburban and rural regions. This 

study strongly recommends that Unorganized retailers need 

some proper policy measures that support the retailers and 

promote digital technology adoption. This study also 

recommends that startups develop need-based, user-friendly, 

and feasible technologies forunorganizedretailers adoption. 

Thus, those technologies would penetrate among the early 

adopters, and later it will penetrate the rest. Finally, this 

study also suggests Government should provide some 

subsidies for digital technology adoption amongunorganized 

retailers. This subsidy will create the required behavioural 

intention among the rest. 

V. CONCLUSION AND SUGGESTIONS 

This research unveils the digital technologies in 

common usage among unorganized retailers. Further, it also 

shows the determinants of the adoption and usage of digital 

technologies among unorganized retailers. It also proves that 

unorganized retailers are essential for the Indian retail 

market, and this segment must be explored, tapped and 

supported through various feasible technologies. The effect 

of organization factors like entrepreneurial motivation, cost, 

security, trust, risk, barriers and geographical factors can is 

explored further to customize the offers and reduce the 

technology adoption resistance among the unorganized 

retailers. 
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Abstract—The aviation industry in India is on a growth path 

with a steady growth in annual passenger traffic. Despite this 

phenomenal growth, the airline industry faces financial distress. 

This paper investigated some of these factors employing 

Granger causality, Johansen’s Co-integration test, Vector Error 

Correction Model (VECM) and Vector Auto Regression to find 

long and short-term relationship affecting the financial 

conditions of the airline. These factors were studied within the 

framework of operational risk (as defined by Basel Committee 

on Banking Supervision) with the data taken from DGCA, 

India, BSE and NSE. 

Keywords—Indian aviation sector, long run association, Co-

integration, VECM, VAR.  

I. INTRODUCTION  

The Aviation Industry in India is on a growth path with 
passenger traffic growing steadily. Airlines provides the 
fastest and the shortest means of conveyance and contributes 
to the GDP, provide job opportunities and facilitation of 
international and domestic trade [Agrawal,2012]. The aviation 
sector in India faces many challenges adversely affecting the 
industry to achieve parity with global peers [Down,2012]. 

The entry of low-cost carriers has revolutionized the air 
transport industry.  The reduction of cost lies at the core of 
low-cost business models. Development of IT and Internet 
technology facilitated online booking of airline tickets, the 
elimination of free in-flight catering, and use tier 2 city 
airports for point-to-point connectivity [2].  

Domestic scheduled air transport services are offered by 
Air India, Indigo, SpiceJet, Air Vistara, Air Asia and Go Air. 
India, with its large population of middle-class has a great 
potential in the growth of airline industry. This market is 
already showing signs of consolidation and failure of airlines 
[3].  The airlines face financial distress and ends in 
bankruptcies. Some of the airline which closed its operations 
due to financial distress are King Fisher airlines, Air carnival, 
Air Sahara, jet airways etc. 

The study is organized in the following sections. Section I 
is Introduction, Literature review in Section II, Section III 
explores the secondary data and econometric methodology, 
the results and findings are listed out in Section IV and 
concluded in Section V.   

II. LITERATURE REVIEW 

John Lancaster, (2003). The author uses value at risk and 
Sharpe ratio to the risk associated with the airlines. They used 
simulation techniques to construct simple inventory for a 100-
seat flight on 1000 miles leg with a simple two market 
segment structure. The author, using Sharpe ratio found that 
yield higher than expected returns per unit of risk are more 
desirable. When selecting strategies, the one with higher 
Sharpe ratio should be selected [4]. 

Juan Luis Nicolae et al (2012), discussed potential variation in 
the airlines business risk resulting from high investments in 
innovations. The three types of innovations, First, is new 
business model, Second, advanced customer segment which 
are designed to adapt and airlines offer of service to meet 
customer demand and the Third, is new technologies which 
seek more efficient customer interactions and efficient 
operations [5].  

Brian Corbit et al (2005), conducted a survey to assess risk 
from customer’s point of view. The findings revealed that 
legal, operational and environmental risk are the most likely 
risk. The high value for the operational risk is due to their low-
cost structure and they suggested that airlines need to act on 
flight delays, losses or damages, compensate for bad service, 
reservation problems, flight cancellations, plane problems or 
crashes and overpricing [6] 

Kai-Chich Hu-et al (2106), developed quality risk assessment 
model to assess quality risk. The model measures quality of 
risk by integrating the Kano model, degrees of importance and 
satisfaction, and the Failure Mode and Effect Analysis 
(FMEA). The data from two Taiwanese airlines identified 
several high-risk services such as employee-service attitude, 
the ability of employees to manage customer complaints, 
comfort of airline seats, in-flight snack services and flight 
punctuality [7]. 

Yasmin Yashoda et al (2016), explored relationship between 
airlines against key exchange rate risk, interest rate risk and 
fuel price risk. They employed Co-integration technique to 
detect long time relationship and also used VECM and VAR 
to study the relationship. The generalized forecast error VDA 
and generalized IRF was also used to understand the effects of 
financial risk exposure. They found Exchange rate movements 
have a substantial impact as compared to interest rate exposure 
and fuel price against the stock price of analyzed airlines [8].  

Milan Janic (2000), studied the risk as the probability of the 
occurrence of an air accident in terms of two aggregate 
indicators, the accident rate and the fatality rate. The first 
casual approach ie looking at the number of accidents and 
number of fatalities. The second approach involved statistical 
modeling (Poisson Process). The author found that the 
distribution of air accidents and fatalities can be separated 
between turboprop and turbojet aircraft. The outcome 
confirmed that accidents and fatality rate decrease with 
corresponding increase in volume of sector output [9].  

Nicole Adler, Aaron Gellman et al, (2012), the paper discusses 
about the volatility in economic performance to manage risk. 
This includes volatility in demands, the managing profits, 
managing competitions, and finally on supply side risk. They 
found that the volatility of demand seriously impacts the 
airline industry by pushing the players between two extremes 
ie excess concentration and destructive competition. The non-
availability of trained pilots also aggravates the supply-side 
risk [10]. 
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Savik Shome, Sushma Verma, (2020), the authors studied the 
financial health of Indian airline companies using first Altman 
Modified ‘Z’ score, Pilarski Model, Fuzzy logic Model and   
Kroeze Model. The study found that there exist financial 
distress in three out of four chosen airlines [11]. 

Lucy Budd et al (2014), the authors carried out a 
comprehensive study of low-cost carriers, their market entry 
and exit in Europe between 1992 and 2012. They found that 
low-cost carrier that have failed are smaller in terms of 
resources, fleet size, and scale of operations. Many operators 
failed to adhere to the low-cost carrier model, inability in 
differentiating themselves either from the parents or from 
other airlines, costly and fuel inefficient aircraft [12]. 

Marcial Marazzo et al (2010), the paper investigated the 
relationship between air transport demand and economic 
growth from 1966 to 2006. Their findings suggest that 
economic growth and air transport demand are first 
differenced stationary and co-integrated ie there exist a Long 
run relationship [13] 

A. The Objective of study 

The objective is to study the various aspects of Operational 
risk (OR) associated with Airline Industry in India based on 
the definitions of Basel Committee on Banking Supervision 
(BCBS). To accomplish this study following research areas 
were addressed. 

• Operational factors. 

• Performance related factors. 

 

III. DATA AND METHODOLOGY EMPLOYED 

A. Identification of factors 

The factors which influence the financial distress of the 
airlines have been collated from the available literature on risk 
and DGCA Handbook and is given in table I. 

B. Data 

     The Monthly data (from April 2005 to Dec 2018) in respect 
of Jet Airways was obtained from DGCA and financial 
statements were obtained from Bombay Stock Exchange 
(BSE) and National Stock Exchange (NSE). The monthly data 
was converted to quarterly data to match the financial 
statements. The length of the data is for 55 quarters and 164 
months. 
The relationship between aircraft departure and revenue, 
between aircraft departure and passenger kilometer 
performed, revenue and passenger kilometer performed, 
available seat kilometer and passenger kilometer performed, 
fuel and total expenses were considered. The data was treated 
for trend and seasonality, subsequently checked for 
stationarity using ADF test. To study the long-term 
association Engel-Granger (1986) Co-integration and 
Johansen’s Co-integration (1988) test was carried out.  

The result of Johansen’s test is based on trace statistics and is 
given by the following relation:  

������ = −	 
 ln1 − ����                                                
�

�����
(1) 

Table I: Identification of Factors 

Srl No Factors Reference 

1 Load Factor Kong and Wai (2017) [14] 

2 AC Departures DGCA hand book [15] 

3 Fuel Price Ghany et al (2005) 

4 ASK DGCA hand book [15] 

5 Pass km 
Performed 

DGCA hand book [15] 

6 PLF DGCA hand book [15] 

7 WLF DGCA hand book [15] 

8 Revenue Silva et al (2016) [16] 

9 Expenses Tinoco et al (2013) [17] 

 

 

����(�, � + 1) = −	��(1 − ��(���))                              (2) 

Where m is a Co-integration vector. Null Hypothesis states 
that there is no co-integrating vector. Its acceptance depends 
on the test statistics. Null Hypothesis is rejected when test 
statistic is greater than critical value. 

C. Vector Error Correction Model 

If the time series is stationary after first difference ie I (1) 
and are co-integrated, Vector error correction model is 
employed to find long term and short term relationship. The 
VECM model is given by following equation: 

Δ!� = Π!�#$ + Υ� Δ!�#� + Υ&Δ!�#& + ⋯ + Υ$#�Δ!�#$#�  
+ ()                                                              (3)  

The LHS shows the differenced form and RHS shows its 
corresponding lag (-1) of the dependent variable. Where γ is 
the coefficient matrix of the dependent variable and ɛ is the 
error term. The presence of co-integration necessitates 
application of error correction term and equilibrium 
relationship is altered by the dynamic behavior of variable in 
the short run (Engel and Granger, 1987). The error correction 
term signifies long term relationship and its level of 
significance is determined by t-test.  

D. Vector Auto Regression. 

VAR model treats each variable as dependent variable ie does 
not distinguish between endogenous and exogenous variable. 
The VAR model is coherent and credible approach (Stock and 
Watson, 2001). The model is summarized as follows: 

+� = ,�+�#� + ,&+�#& + ,-+�#- + ⋯ + ,.+�#. + (�           (4) 

 

Where +�  is return dependent on its own lag. +�#�, +�#&, +�#- 
and ,�, ,&, ,-  values are coefficient of the lagged values. 
VAR is applied on stationary series and requires optimal lag. 
Akaike Information Criteria was used for determining optimal 
lag. Variance Decomposition is carried out to compute the 
variability in dependent variable lagged by its own variance. 
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IV. RESULTS AND DISCUSSION 

 
A. Descriptive Statistics: Monthly Data 

Table II: Descriptive Statistics (Monthly Data) 

Des Stat AC 
Dep 

Pax car Pkm 
Perf 

ASK PLF 

No of obs 164 164 614 164 164 

Mean 49.85 9494.78 21.433 24 0.082 

Median 97.48 6302.74 11.53 30.11 0.210 

Skewness -0.65 -0.0145 0.2115 0.0729 -0.03 

Kurtosis 2.55 0.9356 0.6573 0.767 0.323 

SD 419.1 68929.53 109.01 97.28 2.171 

ADF test 0.01 0.01 0.01 0.01 0.01 

           

Where Acdep is aircraft departure, Paxcar is passenger 
carried, PkmPerf is passenger kilometer performed, ASK is 
Available seat kilometer and PLF is passenger load Factor. 
The above data is treated for seasonality and trend. 

B. Descriptive Statistics: Quarterly Data 

Table III: Descriptive Statistics: Quarterly Data 

Des Stat AC 
Dep 

Rev Fuel Emp 
Cost 

Exp 

No of 
obs 

54 54 54 54 54 

Mean 448.8 8958.2 3777.
5 

1241.
2 

10656.
8 

Median 610.9 5313.2 7715.
1 

1022.
8 

9773.2 

Skewnes
s 

-0.68 -0.161 -0.94 0.300
5 

-0.410 

Kurtosis 2.95 0.8439 1.77 2.70 1.146 

SD 1805.
8 

25476.
6 

18963 5063 40164.
7 

ADF test 0.021 0.029 0.04 0.019 0.018 

 
 Where, Rev is revenue, Empcost is employee cost, Fuel is 
expenses on fuel, Exp is Total expenses. The quarterly data 
has been treated for trend and seasonality. Table II and III 
contains the details of the descriptive statistics of the different 
variables. 

C. Granger Causality Test. 

• Aircraft departures Granger causes no of passengers 
travelled. F statistics = 5.9161 and P value =0.01611 
at 5 % significance level. 

• ASK does not Granger cause Aircraft departures. F 
statistic = 0.01 and P value = 0.9203. Aircraft 
departures Granger causes ASK. F value = 4.7167 
and P value = 0.0313 at 5 % significance level. 

• Aircraft departures Granger causes passenger km 
performed. F value = 5.8284 and P value = 0.01691 
at 5 % significance level. 

• Fuel expense Granger causes total expenses. F value 
16.044 and P value = 0.001 at 1% significance level. 

• Aircraft departures Granger causes total expenses. F 
value = 4.1496 and P value = 0.04 at 5% significance 
level. 

D. Johansen Co-integration Test 

1)  Johansen cointegration test: Monthly Data:  Johansen 
Cointegration test was applied to monthly data and checked 
for stationarity using ADF test and the results are in table II. 
The series is stationary at first difference or I(1). Null 

Hypothesis is 01 : No co-integration among the variables 

exist.  
Table IV: Johansen Co-integration Test 

No of Co-
integration 
Equation 

Eigen 
Value 

Trace Stat Critical 
Value 

5% 

r=0 0.2764 105.61 34.91 

r ≤ 1 0.1922 54.48 19.96 

r ≤ 2 0.123 20.74 9.24 

 
Trace statistics value (105.61) is greater than its critical value 
(34.91) and hence null hypothesis is rejected. The result of 
trace statistics is preferred over eigen value statistics 
(kasa,1992; Serletis & King,1997). The results are given in 
table IV. 
 
 2) VECM on monthly data: The result of VECM along with 
its coefficients is given in table V. Passenger carried is the 
dependent variable whereas aircraft departures and available 
seat kilometre are the independent variables. Analysis using 
VECM, optimal lag is calculated using AIC and 5 lags are 
considered. 
 

Table V: VECM Results 

 Pax car Coefficients 

VEC long run causality ECT -1.8693*** 

Independent Variables  

Paxcar(-1) 0.8252* 

Paxcar(-2) 0.3851 

Paxcar(-3) 0.1951 

Paxcar(-4) -0.0463 

Paxcar(-5) 0.1515 

ASK(-1) 115.72 

ASK(-2) 236.62* 

ASK (-3) 357.81** 

ASK (-4) 375.75** 

ASK (-5) -246.84** 

AcDep (-1) -200.22*** 

AcDep (-2) -132.60*** 

AcDep (-3) -128.82*** 

AcDep (-4) -94.23** 

AcDep (-5) -280.96*** 

 
VECM captures short and long relationship. The ECT is 
negative and significant at 1% level. The passenger carried is 
dependent on its first lag at 5% significance. Passenger 
carried is also dependent on all the lags of aircraft departures 
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at 1% significance and it is also exhibiting short term 
relationship with lags two to five of ASK at 5% and 1% 

significance respectively. 
Impulse Response function (IRF) examines the changes in 
one variable to due to the shock in another variable. One-unit 
standard deviation (SD) of shock in passenger carried to itself 
(dsdpaxts) results in volatility from period 0 to1 and there is 
no stability. 1 SD shock in ASK (dsdask) results into high 
volatility in Passenger carried.Volatility in aircraft departures 
(dsdac) also resulted in volatility from period 0 to 7. 
 
Where, dsdpaxts is first differenced, detrended and 
seasonality removed passenger carried, dsdac is first 
differenced, detrended and seasonality removed aircraft 
departures, dsdask is first differenced, detrended and 
seasonality removed ASK. 
 

 

 

 

 
 

 
 

E. Johansen’s Co-integration Test, VECM and VAR on 

Quarterly data. 

1) Johansen Co-integration test: Johansen Co-

integration test was applied (totalexp, fuel, and empcost) to 

quarterly data and checked for stationarity and the results are 

in table VI. The series is stationary at first difference or I (1). 

Null Hypothesis 01: No co-integration among the variables 

exist. Trace statistic is greater than the critical value (5%) ie 

47.61 and 34.91 respectively. Null hypothesis is rejected and 

co-integration exists. 
 

Table VI: VAR Results 

No of Co-
integration 
Equation 

Eigen 
Value 

Trace Stat Critical 
Value 

5% 

r=0 0.544 47.61 34.91 

r ≤ 1 0.2185 13.05 19.96 

r ≤ 2 0.0488 2.21 9.24 
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2) VECM and VAR  : Pursuant to existence of co-

integration VECM was applied. VECM results indicated a 

long-term relationship and was not significant (-3.884) with 

an error of 2.2801. The model also indicated no short run 

causality among the lag of variables. VAR was applied on the 

data to study the association with its own lag. The results of 

VAR are given in table VII. 
 

Table VII: VAR Result 

Variables Estimate Std 
Error 

t-
stastic 

2�(> |5|) 

Totalexp.ℓ1 -0.7535 0.252 -2.988 0.005** 

Fuel.ℓ1 1.716 0.4314 3.97 0.00035*** 

Totalexp.ℓ3 -0.744 0.316 -2.353 0.024* 

 
* Indicates significant at 5%, ** Indicates significant at 1% 
and *** indicates significance level of 0.1%.  
 

3) Variance Decomposition analysis: Variance 

Decomposition analysis (VDA) was applied to determine the 

impact of lagged values of all variables on totalexp. The 

results of VDA is given at table VIII. 
 

Table VIII: VDA Results 

Period Totalexp Fuel Empcost 

1 1.00 0.0000 0.000 

2 0.714 0.263 0.022 

3 0.688 0.286 0.025 

4 0.671 0.301 0.026 

5 0.543 0.330 0.125 

 
The VDA results indicate that lag of totalexp is having 
significant impact on totalexp. 
    4) Johansen Cointegration tests on Aircraft departure and 

Revenue: Johansen co-integration test was applied on acdep 

and revenue. Null hypothesis is 07: No co-integration exists 
among the variables. The test statistic was found to be greater 
than critical value at 5% and hence null hypothesis was 
rejected. Trace statistic was considered (kasa,1992; Serletis 
& King,1997). The results are given at table IX.  
 

Table IX: Johansen Co-integration Test 

No of Co-
integrating 

Eqn 

Eigen 
Value 

Trace Stat Critical 
Value  

5% 

r =0 0.4712 46.19 19.96 

r ≤ 1 0.222 13.06 9.24 

 

4) VECM and VAR on Aircraft departure and Revenue: 

Subsequent to existence of co-integration between aircraft 

departure and revenue, VECM was applied. The results of 

VECM were negative and significant. ECT = −1.388 and 

significant at 1%.  

VAR was applied to determine the impact of its own lag. The 
results of VAR are given in table X. The results Indicate that 
lag 2 of acdep has significant impact on revenue at 1% and 
lag of revenue has impact at on revenue at 10% significance 
level. 
 

Table X:VAR Results 

Variables Estimate Std 
Error 

t-stastic P9(> |t|) 

Acdep.ℓ2 7.088 2.46 2.87 0.005** 

Revenue.ℓ2 0.299 0.166 -1.801 0.078 

 
 
F. Discussion 

 
The Basel Committee on Banking supervision [1] has defined 
operational risk (OR) as “the risk of loss resulting from 
inadequate or failed processes, people and system or from 
external events. This definition includes legal risks, but 
excludes strategic and reputational risks”. There are four 
main causes of OR: 

• Person doing an activity makes an error. 

• The process that supports that activity is flawed. 

• The system that the supported the activity has failed. 

• An external event disrupts the activity. 
The results of analysis employed in this paper brings out that 
availability of aircraft and employees is paramount to 
increasing passengers and subsequently revenue. This is 
supported by following: 

• The number of aircraft departures has an impact on 
the number of passengers and revenue passenger 
kilometres (Granger causality test). 

• Aircraft departures have positive impact on 
available seat kilometres (Granger causality test). 

• Johansen Co-integration result show long run and 
short run association between aircraft departure, 
available seat km and passenger carried. 

• VECM indicates association of lags of passenger 
carried, aircraft departure and ASK. 

• The VECM and VAR on quarterly data shows that 
lag of fuel expenses has an impact on total expenses. 
This indicates rise in fuel cost increases the total 
expenses. 

• With the increasing the number of Manpower and 
aircraft, the probability of OR event happening also 
increases. 

 

V. CONCLUSION 

This paper investigated the relationship between micro-
variables affecting the Indian aviation sector using jet airways 
data since 2005 (monthly and quarterly). The data was 
analysed through summary statistic, Granger Causality test, 
Johansen Co-integration model, VECM and VAR tests. 
Granger causality test indicated Granger causing of passenger 
carried, ASK, passenger km performed by aircraft departures. 
It was found that the total expenses were impacted by its own 
lag and other variables viz fuel cost, employee cost. 
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Abstract—Treatment of polluted industrial waste waters 

attracts attention to protect environment and prevent hazards. 

Waste industrial waters containing metal cyanide are treated 

in various ways and several methods are explored in order to 

make the water free of highly poisonous cyanide.  The present 

overview provides a study on the ways to reduce the toxicity of 

cyanide polluted water. The physical, chemical and biological 

methods employed to serve the purpose reveal that the 

treatment of cyanide containing water is best achieved by using 

biological methods by exploring the avenues of bio-sorption 

and biodegradation using micro-organisms. Results indicate 

that use of heterogeneous supports to immobilize living 

microbial cells under suitable reaction conditions improves 

efficiency of removal of cyanide. Several physical and chemical 

methods to remove cyanide from waste water are available and 

are employed; these methods often prove to be expensive and 

need costly chemicals or apparatus, require high pressure and 

temperature conditions to operate or may create byproducts or 

harmful waste that demands separate treatment.  

Environmentally benign solutions for treating waste water are 

of immense interest. Besides the use of conventional methods, 

the use of zeolites, clays, nano-materials and other materials 

such as resins for treatment of cyanide containing waste water 

are also reported.  

Keywords— adsorption, chemical methods, cyanide removal, 

nanomaterials, physical methods         

I. INTRODUCTION  

Pollution of soil, air and water is on rise due to rapid 
industrial and urban development. There is an alarming 
pollution in water due to disposal of domestic and industrial 
wastes. There is a demand to address the problem using 
safe, harmless and environment friendly solutions to ensure 
healthy ecosystem is need of the hour. Presence of toxic 
elements or chemicals in water is toxic to all living 
organisms. The removal of most toxic chemical, cyanide 
from water is investigated by researchers’ all over the world. 
The presence of cyanide is mostly as metal cyanide 
complexes and recovery of precious metals along with 
removal of cyanide by environment friendly processes is 
widely studied. 
 

Chemically, cyanide is a carbon and nitrogen ion (–CN). 
Cyanide is found in various chemical compounds. 
Commonly found as hydrogen cyanide, a gas or liquid is an 
extremely poisonous chemical. Certain compounds of 
cyanide are fast acting toxic substances. When present in 
high concentrations, all cyanide compounds are poisonous. 
Breathing and neurological effects are observed on exposure 
to cyanide compounds. Cyanide containing water may lead 
to skin irritation and sores. Also, cyanide causes thyroid 
effects, nerve damage and even death in certain cases.  
 
Hydrogen cyanide and cyanides of sodium and potassium 
are commonly used chemicals. These chemicals dissociate 
at neutral pH. Cyanide is also forms a wide variety of 
complexes. Metallo-cyanide complexes are formed 
involving bivalent metals goldand silver. The complexes are 
classified as strong and weak complexes depending upon the 
strength of the metal cyanide bond. Besides, these cyanides 
are organic compounds such as nitriles. Acrylonitrile is a 
monomer in polymerization reactions to make polymers. 

 

Sources of cyanide 

 
Water bodies are contaminated mainly by the release of 
waste from various industries. The most poisonous chemical 
produced on a very large scale in several industrial 
processes is cyanide. Although, cyanide is toxic and lethal it 
is an indispensable chemical in various industries.  It is 
produced in abundance during processes such as metal 
extraction, electroplating, automobile parts manufacture, 
metal finishing, metal hardening and printed circuit board 
manufacture industries as metal cyanide. Apart from these 
industries, photography, iron and steel mill and plastic also 
release water containing metal cyanide and contribute to the 
environmental hazards. Run off from disposed waste 
materials containing cyanide and pesticides are also 
responsible towards increasing the pollution due to cyanide 
in water. Release of large quantities of cyanide containing 
waters increases environmental pollution manifolds. The 
contaminated waste water containing cyanides is also rich in 
heavy metals and their cyanide complexes. These liquid 
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wastes are reactive and can be extremely toxic for all living 
beings. The benchmark in India laid down by various 
statutory agencies for cyanide is 0.2 mg/l. It is therefore 
necessary to remove toxic cyanide from the waste before it 
is discharged in the environment. There are different 
approaches to eliminate cyanide from aqueous solutions. 
This paper provides an overview on the removal of cyanide 
species using different physical-chemical and nano-based 
techniques. 

II. LITERATURE REVIEW 

 

There are many ways by which cyanide present in waste 
water can be treated and removal of cyanide can be brought 
about. The methods for cyanide treatment can be classified 
in to mainly three methods: Physical, chemical, biological 
treatment. These methods have been explored to reduce the 
cyanide contamination in waste water. Physico-chemical 
methods used in the treatment of cyanide include alkaline 
chlorination and copper-catalyzed hydrogen peroxide 
oxidation. Besides these ozonolysis and electrolytic 
decomposition are also known methods. The chemical 
methods, various chemicals used in the process cause 
pollution and demand additional treatment before they are 
completely removed.   
 
The most common treatment method for removal of cyanide 
is alkaline chlorination process.  Alkaline chlorination 
method is advantageous as the water becomes less toxic. 
However, it increases hypo-chlorite content in water, which 
is poisonous. Also, chlorine is reactive and can form several 
chlorinated substances which need to be treated separately. 
These chlorinated substances increase the total solid content 
in water which makes water unfit for reuse and leaves 
behind water containing chlorine in considerable amounts. 
Thus, making the water toxic. The process also has a 
disadvantage of producing sludge and needs a license to be 
disposed.  
 
Ozonation is an expensive process and ammonia is obtained 
as a byproduct. The copper-catalyzed hydrogen peroxide 
oxidation process is simple to operate but the reagents are 
costly, require to be added in accurate amounts and there 
may be precipitation of ferrocyanides which needs to be 
removed by another treatment. These methods like 
photolysis, catalytic oxidation are expensive and not very 
popular. Besides, these treatment methods cyanide treatment 
can be carried out using electro dialysis and reverse 
osmosis. The process of electro dialysis is effective and 
expensive can be used for only certain types of waste water.  
Reverse Osmosis is a promising technique but it requires 
application of external pressure and becomes an expensive 
treatment. Also, Resins is an efficient treatment method if 
suitable resins are employed.  Electrowinning is useful 
cyanide treatment for concentrated water but has limitations. 
Hydrolysis/ distillation process to remove cyanide is simple. 
However, it requires high pressure and temperature 
conditions and disposal of hydrogen cyanide poses a 
challenge. Acidification/ volatilization and reneutralization 
and floatation processes are also reported in the removal of 
cyanide and have some disadvantages. 

 
In the literature, cation (especially metals) and cyanide 
removal using natural materials such as zeolite and clays has 
been studied (Baghel et al.,2006; Barakat, 2005; Brigatti et 
al., 1999, 2000). However, their use is limited, especially for 
anions (O¨ zdemir et al. 2007, Sujana et al., 2009) as they 
undergo both adsorption and ion exchange simultaneously. 

  
Roghayeh Noroozi et al., (2018) has reported that cyanide 
species present in the solution can be separated the using 
modified Linde Type-A (LTA) zeolite nanoparticles. 
Results showed that the said zeolite was an efficient 
adsorbent and rate of cyanide adsorption increases with 
temperature. 

 

Abdoullah Samiee Beyragh1et al., (2018) investigated the 
cyanide adsorption on zeolite from gold processing plant 
tailing dam wastewater. Results shows that zeolite amount 
and particle size along with various reaction parameters 
affect the adsorption process. Zeolite of different fraction 
sizes and types was investigated after being impregnated 
with copper sulfate. Reports indicate that the adsorption of 
cyanide on impregnated zeolite was more than the natural 
type. 

 
Esra Tarlan-Yel and Vildan O¨ Nen (2010) have reported 
zeolite and sepiolite, both in raw and acid-activated forms, 
were effective at making aqueous solutions free of cyanide, 
both in free form or in the form of Cu-complexed. Results 
show that up to 96% removal could be achieved. It was also 
observed that for removal of free CN, zeolite was more 
effective and sepiolite showed greater efficiency in the 
removal of Cu-complexed CN. The study also reports that 
the acid activation was not advantageous, instead led to 
reduced CN adsorption. Particle size was an important 
parameter in the cyanide-adsorption performance of 
sepiolite; smaller particle sizes (<0.106 mm) were better at 
removing CN_. However, in case of zeolite, the influence of 
particle size was less. For both minerals, 1050 min was 
found tobe the equilibrium time. The sepiolite and zeolite 
studied here are natural, plentiful and cheap and may prove 
to be effective alternatives in the extraction of cyanide from 
waste waters. There is an opportunity to investigate the use 
of natural and readily available materials such as zeolites 
and clays. 
 
Behnamfard, AliChegni, et al., (2019 Kamran Alaei, Rasool 
Veglio, Francesco; Environmental Earth Sciences) reported 
the use of kaolin (metakaolin) clay in its raw and calcined 
form for making water free of cyanide. The raw kaolin 
showed no cyanide adsorption. However, after the material 
was calcined at 600oC and on acid treatment the adsorption 
improved considerably. The researchers’ also report that the 
chemisorption takes place on metakaolin to whereas, a 
physicochemical adsorption is observed on acid-treated 
metakaolin. 
 
Kim, SJ et al., (2002) reported that both heavy metal and 
cyanide ions can be withdrawn at the same time using an ion 
exchanger. Aqueous solution containing heavy metal and 
cyanide ions was passed on the semi-fluidized and fluidized 
beds. Interaction with the strong base anion exchange resin 
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beads resulted in ion exchange. Results show that the 
exchange by the anion exchange resin takes places 
efficiently and removal of cyanide ion of metal complexes is 
also effectively done. The ion exchange efficiency was 
found to decrease with concentration of the cyanide and 
heavy metal ions.  

      

III. DISCHARGE OF CYANIDE AND HEAVY METALS IN THE 

ENVIRONMENT  

The production of cyanide takes place on a large scale as it 
is one of the most essential chemicals to the industry. It has 
been found that substitution of cyanide by alternative 
compounds is very difficult on practical scale and often 
leads to cost escalation. Therefore, the use of cyanide in 
industries is likely to increase in near future. Under these 
circumstances, highly toxic cyanide compounds, their 
deleterious effects on the aquatic life, and the possible 
measures for the removal from environment (industrial 
effluents, public sewers collecting streams, soils, etc.) attain 
paramount importance. The existing laws governing the 
discharge of hazardous wastes (including heavy metals) into 
the surface and ground waters have been updated by various 
Government agencies all over the world and stricter 
statutory limits have been introduced. Permissible limits for 

discharge of cyanide and metals containing industrial  
effluents prescribed by the Indian Standard Institution (ISI) 
IS:2490 (1981) are shown in Table 1. 
 
 
 

 

 

IV. PHYSICO-CHEMICAL METHODS OF TREATMENT OF 

CYANIDE CONTAINING WASTE WATERS 

Being toxic, cyanide containing effluents need 
detoxification before they can be discharged without into the 
environment. Due to its high toxicity several countries have 
set up limits for the presence of cyanide in water. To 
mention some: the US Environmental Protection Agency 
has proposed 0.2 mg.L-1as a drinking water standard. 
Besides, 0.01mg.L-1 as guideline for cyanides and 0.2 mg.L-

1is the uppermost limit as declared by the US-health service. 
The German and Swiss regulations declared cyanide limits 
for surface water to be 0.01 mg.L-1and 0.5 mg.L-1 for 
sewers. In India, limit for cyanide as 0.2 mg.L-1as per 
regulation from Central Pollution Control Board (CPCB) 
(Section 1.7). It is therefore mandatory that the effluents 
undergo treatment and ensure that cyanide contents are 
below 0.2 mg. L-1. To ensure health and avoid the harmful 
effects of cyanide to human beings and aquatic ecosystems, 
the detoxification cyanide and metal-cyanides from waters.  
The treatment of cyanide and metallo-cyanide waste waters 
reported are as follows: 
 

4.1. Alkaline chlorination 

 
Alkaline-chlorination oxidation is a widely practiced 
method. Bae et al., (2019) have reported the elimination of 
cyanide and copper from the waste PCBs leach cyanide 
solution by way of alkaline chlorination. The process was 
carried using electro-generated hypochlorite (NaOCl), 
followed by magnetite (Fe3O4) adsorption. It was observed 
that the efficiency of cyanide destruction and Cu 
precipitation increased with increasing the concentration of 
free available chlorine in NaOCl. Under the optimized 
conditions the efficiency was removal of free cyanide was 
99% and 76% of Cu. Au in final solution. 
In the conventional process the cyanide containing waste is 
first treated with chlorine which reacts producing cyanogen 
chloride which further undergoes a reaction with sodium 
hydroxide and sodium cyanate is formed Sodium cyanate is 
less toxic than cyanide (Kenfieldet al., 1988, Eckenfelder, 
1989). 
 

NaCN  +  Cl2→CNCl + NaCl   
    

CNCl + 2NaOH  →NaCNO  +  H2O  +  NaCl 
    
Below pH 8, the reaction is slow. However, at a pH >8.5 the 
reaction is fast and attains completion within 30 minutes 
(Kenfield et al., 1988; Teo and Tan, 1987). Sodium cyanate 
oxidizes to carbon dioxide and nitrogen on reaction with 
chlorine. 
 

2NaCNO + 4NaOH + 3Cl2→  2CO2 + 2NaCl + N2 + 2H2O
   
Alkaline chlorination is known to be very efficient. 
However, it has some disadvantages. Cyanide species 
complexed with iron or other transition metals like silver, 
nickel, etc. are not reported to react as rate of the reaction is 
slow and prevents cyanide from being oxidized. Another 
disadvantage is that this process produces sludge which 
needs a license for its disposal (Ho et al., 1990). Besides, 
being expensive due to requirement of chlorine (Kenfield et 

al., 1988) the process is not efficient to treat waste waters 
with higher concentration of pollutants (Ganczarczyk et al., 

1985). Many times, only the cyanate from waste is treated to 
keep the operational costs minimum (Teo and Tan, 1987). 
 

4.2. Hypochlorite 

 
McFarland, Michael J.et al., (2012) gauged two chemical 
methods for treatment of wastewaters containing cadmium-

Table 1 Benchmarks prescribed by ISI 

 Parameter Waste discharged into 

 

 Inland 

surface 

waters, 

mg/l 

Public 

sewers, 

mg/l 

 Copper 3.0 3.0 

 Nickel 3.0 2.0 

 Zinc 5.0 15.0 

 Silver NA NA 

 Iron 0.1 0.1 

 Lead 0.1 1.0 

 Cadmium 1.0 NA 

 Chromium 0.1 2.0 
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cyanide (Cd-CN) and zinc-nickel (Zn-Ni) using sodium 
hypochlorite. Results demonstrated that NaOCl treatment 
was able to pull out all chelating substances at a pH of 10.0 
and an oxidation-reduction potential (ORP) value of +600 
mV.  
Calcium hypochlorite (bleaching powder), magnesium 
hypochlorite and sodium hypochlorite are frequently used in 
place of gaseous chlorine even though the latter’s action is 
more rapid and costs about half as much as the 
hypochlorites. 
 

2NaCN + 5NaOCl + H2O  →  N2 + 2NaHCO3 + 5NaCl
    
 

4NaCN + 5Ca(OCl)2 + 2H2O  → 
   2N2 + 2Ca(HCO3)2 + 3CaCl2 + 
4NaCl   
 
Hypochlorites are generally safer to use and easier for 
handling. Besides, when used addition of supplementary 
alkali is not required. However, again disposal of sludge 
generated could be a difficult problem. Calcium 
hypochlorite gives more sludge than the sodium 
hypochlorite of certain anions, such as sulfates, if present.  
 

4.3. Ozonation 

 
Ozonized air oxidizes cyanide in strongly alkaline (pH 
between 9 - 12) solution according to the equation: 
 

2HCN + 3O3→   N2 + 2CO2 + 2O2 + H2O  
   
In this, oxidation of cyanide to cyanate is very rapid (10 - 15 
minutes) and occurs instantaneously in the presence a 
catalyst like copper even in trace amounts. Further oxidation 
of cyanate to form nitrogen and carbon dioxide (i.e. the final 
end products) is much slower reaction. This is observed 
especially in the case of complex cyanides other than copper 
and nickel, unless catalysts such as iron, copper or 
manganese are present. In case of iron and nickel-cyanide 
complexes elevated temperature or ultraviolet light, is 
required as an additional treatment. Ozonization is an 
expensive process and thus, is only suited to a limited 
number of industrial applications. The use of ozone 
technology also suffers from several drawbacks, among 
these are the corrosion problems and the risks of accidents. 
 

4.4. Permanganate 

 
Permanganate is known to oxidize cyanide in alkaline 
solution. For example, in alkaline solution the cyanide ion is 
oxidized and permanganate is reduced to manganite. 
 

 2MnO4
- +  CN-  +  2OH-→   2MnO4

2- + CNO + H2O 
   
 
The oxidation state increases from -1 to +1 for the cyanide 
ion (the cyanide is oxidized as it combines with an atom of 
oxygen to form cyanate) and decreases from -1 to -2 for the 
permanganate ion.  
 

4.5. Hydrogen peroxide 

 
In this method, hydrogen peroxide converts cyanide to 
cyanate. 
 

NaCN + H2O2→NaCNO + H2O   
   
 
Batoeva, A.A.; (2010) presented a study for replacing the 
calcium hypochlorite to the environmentally friendly 
oxidant - hydrogen peroxide, whose use is preferable, as 
calcium hypochlorite requires preliminary treatment, 
moreover in the oxidation of thiocyanate and cyanide using 
calcium hypochlorite may allocate a toxic chlorine 
compounds and large amounts gypsum precipitation are 
formed. The results show the real prospects of using 
hydrogen peroxide as an environmentally safe and 
sufficiently effective oxidant for the removal of liquid waste 
hydrometallurgical processing of gold concentrates. 
 
Oxidation of –CN species using hydrogen peroxide has been 
studied by Eckenfelder (1989). Trace metal ion catalysis in 
the oxidation of iron-cyanide by hydrogen peroxide has 
been reported by Bray and Thompson (1994). Hydrogen 
peroxide oxidation of free cyanide and copper-cyanide in 
aqueous solutions was studied by Bonan et al. (1994). 
Waste water containing WAD cyanide are treated with 
hydrogen peroxide and citric acid or soluble salts at pH 8 - 
12 to oxidize the cyanide. The citric acid in this case forms 
complexes with the metals. The process is suitable for 
treating mine tailings (Castrantas and Fagan, 1992). 
 

4.6. Formaldehyde 

 
Hydrogen cyanide combines with formaldehyde to form the 
cyanhydrin and treatment of cyanide wastes with 
formaldehyde renders them non-toxic to fish (Eckenfelder, 
1989). Waste waters containing cyanides (including heavy 
metal cyano complexes) are treated at pH 8.5 - 12 with 
formaldehyde for transformation to glyconitriles which 
further are oxidized using hydrogen peroxide (Wolf, 1995). 
 
Though formaldehyde reacts readily with free cyanide, it 
does not react readily with stable metal-cyanide complexes 
e.g. sodium cuprocyanide. This process has never been 
seriously considered for use on a large scale and probably 
the great demand for formaldehyde for other purposes 
would militate against its use for treatment of waste waters. 
 

4.7. Polysulfide 

 
The conversion of cyanide to thiocyanates takes place by 
reaction with calcium polysulfide. This reaction is said to be 
slow at ordinary temperature and to get a reasonable rate the 
reaction mixture must be boiled. This is a serious 
disadvantage and moreover, reports on the efficacy of the 
process are conflicting. It does not appear to have been 
applied in practice. 
 

4.8. Acidification 
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In acidic conditions, the H+ ions combine with cyanide ions 
(CN-) to form toxic hydrogen cyanide gas (HCN). This was 
the method used in the olden days to get rid of cyanide in 
the waste waters. Sulfuric acid is used in acidifying the 
wastes in a big closed tank with simultaneous sparging of 
air. Through tall stack, HCN is blown off in to the air. 
However, acidification and blow-off as HCN causes serious 
threat of air pollution. 
 
Treatment of cyanide containing waste water by 
acidification-precipitation process the waste water was 
treated by adding a measured amount of sulfuric acid to 
adjust the waste water pH to 3.5 to precipitate ion of metals, 
e.g. Cu, Zn, Fe, Pb as thiocyanates; removing the precipitate 
by using polyacrylamide as a coagulant; adjusting the 
precipitate removed liquid to pH 3.9 with lime paste to 
precipitate calcium sulfate and removing the precipitate by 
using polyacrylamide as a coagulant (Patil, 1999). Further 
the free cyanide containing liquid was recycled for cyanide 
leaching in gold recovery. However, this method is 
expensive, requires frequent maintenance and cannot treat 
cyanide completely. 
 

4.9. Electrolytic decomposition 

 
Wastes containing high concentrations of cyanide are most 
successfully treated by electrolytic decomposition. The 
destruction of cyanide in concentrated spent stripping and 
dip solutions for copper and nickel, alkaline descalers and 
derusters (Patil. Y.B. thesis; Patterson, 1985). The 
advantages of this method are that no sludge is generated 
and the cyanide is decomposed at the anode while heavy 
metal is collected at the cathode (Ho et al., 1990). It is stated 
that when cuprocyanide solution containing 2.83 oz. cyanide 

per gallon was electrolyzed at 155 - 195°F using carbon 
steel electrodes with a current density of 14 - 39 amp per sq. 
feet at a potential difference of about 6 V, the cyanide was 
completely destroyed in the course of 35 h. The mechanism 
of the destruction of cyanide is not known; it is perceived 
that cyanide is oxidized to cyanate by oxygen and liberated 
at the anode. The process might well be of use for disposing 
of strong waste solutions since the plant and technique 
required are those normally employed in an electroplating 
shop. Treatment of waste water containing cyanide by 
electrolysis and gold recovery has also been reported by 
Matsumoto et al. (1997).  
 

4.10. Heating / Thermal oxidation 

 
An environmentally favourable process developed by 
Schindewolf (1976) is one in which solid and/or liquid 
cyanide waste is destroyed by adding water to the cyanide 
and heating the mixture at high temperature and with the use 
of pressure. The high pressure accelerates the otherwise 
extraordinarily slow destruction of cyanides in a boiling 
water solution. Proportions vary from 1 to 1000 parts of 
water per part of cyanide. The pressure should be from 5 to 
100 atm above normal atmospheric pressure. The hydrolysis 
of cyanide by superheated steam or water gives ammonia 
and sodium formate. 
 

NaCN + 2H2O  →   NH3 + HCO2Na  
    
 
The deletion of free and complex cyanide by thermal 
hydrolysis during aluminium production was described by 
Cencic et al. (1998). The waste material is mixed with water 
to leach the cyanides. The leachate containing cyanides and 
fluorides is then passed through a heat exchanger into a 
reactor for the thermal hydrolysis of the cyanides at 453 K 
for 200 min. Fluorides present in the hydrolysis filtrate were 
precipitated using calcium hydroxide. The precipitate was 
disposed along with the hydrolyzed spent pot lining 
material.  
 
Okukawa et al. (1991) reported the treatment of waste solids 
containing cyanides by thermal decomposition. Thermal 
hydrolysis treatment for plating waste liquid has reported by 
Yokoyama (1995). The method was utilized and succeeded 
in decomposing the complex cyanide and removing the 
metal by a 2 step addition of disodium sulfide. The sulfide 
addition accelerated the thermal hydrolysis process. 
 

4.11. Ion exchange 

 
The application of ion exchanger resin for the removal of 
cyanide involves the conversion to ferrocyanide, followed 
by ion exchange (Ford,1992). 
 

Fe2+ + 6CN-→   Fe(CN)6
4-    

   

4 RCl + Fe(CN)6
4-←→  R4Fe(CN)6 + 4 Cl-  

   
 
A typical two-column sequence is used to obtain extremely 
low effluent levels of cyanide.  Two columns are employed 
for the purpose. At first polishing column is used as freshly 
regenerated bed. After the first (roughing) column is 
exhausted, it is regenerated and used as the polishing 
column. In order to minimize leakage and regenerant 
consumption counter-flow regeneration is preferred. 
O’Donnell and Balasco (1994) carried out an evaluation of a 
pilot system of cadmium-cyanide wastesby ion exchange. 
Though the method was effective in removal of cadmium 
selectively, it was not efficient for the detaching cyanide 
from the plating rinse wastewater. 
 
Separation of heavy metals from a mixture of plating rinse 
was studied by Sapari et al. (1996). Here, the waste water 
consisted of zinc, chromium(VI) and chromium(III) along 
with cyanide content of 424 mg.L-1. A sand filter and ion 
exchange columns were used for separation. A strongly 
acidic cation resin in H-form was employed as cationic 
exchanger column.  In another column a strongly basic 
anion resin in OH-form was used as an anionic exchanger. 
The regeneration of cationic exchanger was carried by using 
2% H2SO4. The anionic exchangers were regenerated using 
5% NaOH.  
 

4.12. Other methods 

 
A variety of other technologies have been reported for 
cyanide and metal-cyanide control. These include in-situ 
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iron-cyanide precipitation for arresting the movement of 
cyanide plumes in ground water via passive treatment in a 
porous reaction wall (Dzombak et al., 1997); oxidative 
removal by manganese(IV) containing oxides as catalysts 
(Kurek et al., 1998); ion exchange and carbonization 
method developed for the synthesis of metal-doped carbons 
capable of HCN filtration (Barnes et al., 1998); surfactant 
liquid membrane process (Durand et al., 1996); sorption 
using selective resins (Liu and Wang, 1997) and activated  
carbon (Bursova and Moiseeva, 1989; Huff and Bigger, 
1980; Huff et al., 1978; Saito, 1984); treatment of 
photoimaging or electroplating waters with ferric- or 
ferrocyanide complex compounds by adding sulfuric acid or 
soluble sulfate salts and using oxidizing agent such as ozone 
or hydrogen peroxide or sodium hypochlorite under 
UV/visible light irradiation (Abe et al., 1998); photoassisted 
destruction of iron-cyanides by use of immobilized titanium 
dioxide as photocatalyst and ozone or hydrogen peroxide as 
an oxidizing agent (Thesis et al., 1997); by zinc-iron-
cyanide complexation and recovery of cyanide as sodium 
ferrocyanide (Lei et al., 1993) and the treatment under 
acidic conditions using oxygen with certain metal chelates 
as catalysts such as phthalocyanines, particularly where the 
metal is V or an Fe group metal (Kureket al., 1994).  
 
Treatment of cyanide polluted water has also been reported 
by passing carbon dioxide through cyanide containing waste 
water and the volatilized HCN absorbed with aldehyde and 
converted to lactic acid and its salts (Zhong et al., 1994). 
Cyanide destruction by catalytic oxidation (Chen et al., 
1991); removal by ferrate(VI) ions (Sharma and Smith, 
1995); using sulfur dioxide (liquid or gas or sulfite salt 
solution or from burning sulfur) and air in completely mixed 
reactors i.e. INCO process (Devust and Robbins, 1992); by 
Fenton reagent (Kato, 1991); high velocity extraction 
(Hammen, 1997); photochemical destruction (Kim et al., 
1998); indirect electrochemical destruction of dilute solution 
by packed bed electrodes (Yen et al., 1991); photocatalytic 
method (Bhakta et al., 1992; Rader et al., 1995); using a 
rotating barrel plater as cathode and a packed bed as an 
anode (Zhou and Chin, 1994); by anodic oxidation (Bakir et 

al., 1999) and solvent extraction of metal-cyanides by tri-
octyl-methylammonium chloride (Figuerola et al., 1992) has 
also been reported. 
 
 
In a recent study, Ranjan et al., (2019) reported the synthesis 
of iron-oxide filled multi-walled carbon nanotubes (m-
MWCNTs) modified using amino-functionalized for the 
covalent immobilization of a recombinant cyanate hydratase 
(rTl-Cyn). The m-MWCNT-rTl-Cyn was reported to have 
long term storage stability and showed great potential 
towards cyanate biodegradability. It remarkably reduced the 
concentration of metal ions such as lead, copper, chromium 
and iron in the synthetic water sample and concentration of 
cyanate by over 80%. It was found to retain > 94% of the 
initial activity even after 10 repeated cycles of bio-catalysis.  
 
Eskandari, Parisaetal. (2017) carried out study to degrade 
cyanide using nanostructured Fe3+/ZnO with different mole 
ratios. These catalysts were supported on activated carbon 
and applied for eliminating cyanide in the presence of 

hydrogen peroxide with UV irradiation. The cyanide 
removal efficiency under optimum conditions was 98%. The 
catalyst showed considerable photocatalytic activity even 
after it was reused for seven successive cycles.  
 
Also, Eskandari et al. (2021) reported the comparative study 
by the use of nanocrystalline metal oxides as adsorbents to 
check their activity in the removal of cyanide from aqueous 
medium. The nanocrystalline oxides of titanium oxide, iron 
and zinc were used in the study after impregnation on 
activated carbon.  Results indicate that the nano-adsorbents 
show remarkable good activity in cyanide removal, can be 
reused and are found to be cost effective. 
 
In one of the studies carried out by Pala et al. (2015) for 
cyanide removal, a film with KLTO/CeO2 architecture 
coated on Si (100) substrates was used. The degradation 
efficiency was 99.87% at pH of 10 with light intensity of 
750 W/m2 at 100 mg/l initial cyanide concentration and 5 
hours of irradiation. 
 
Saleh et al. (2010) studied the removal of cyanide (CN) over 
nano-zinc oxide (n-ZnO) loaded onto multi-walled carbon 
nanotubes (MWCNTs) in a reactor by a hydrothermal 
process. The UV laser irradiation degraded approximately 
90% of CN in 20 minutes. Shadman et al. (2021) reported 
the synthesis of nanocomposites for removing cyanide from 
water bodies. The graphene oxides based nanocomposites 
with magnetic chitosan and the other as nitrogen doped 
magnetic chitosan are adsorbents actively remove over 90% 
of the cyanide from water. 
 

V. ANALYSIS   

Abdoullah Samiee Beyragh1et al., (2018) reported the use of 
zeolite and impregnated zeolite for adsorption of cyanide 
species from waste water and analysis of the waste water 
sample thereafter. The zeolite samples were allowed to 
adsorb the cyanide and then the filtrate was analysed by 
titration and the results were analysed by adsorption kinetics 
using Lagergren kinetic-model for zeolite impregnated with 
copper sulphate and Freundlich model for natural zeolite. 
Bae et al., (2019) in their study used the colorimetric 
method the check the concentration cyanide and confirm 
that the waste water is of free cyanide. The authors have 
employed the UV-Vis spectrophotometer to analyse cyanide 
content after the precipitation of copper and adsorption of 
cyanide by magnetite. Barakat (2005) studied the adsorption 
of copper and cyanide ions on TiO2 surface wherein the 
analysis of copper ions in the solution was carried out by 
atomic absorption spectrophotometer. Analysis of the 
concentration of cyanide ions was accomplished by 
colorimetry and the pyridine-barbituric acid procedure. 
Therefore, analysis of cyanide ion concentration and 
adsorption is carried out by various chemical and 
instrumental techniques and depends on the catalysts or 
chemicals used in the experimental methods.  
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VI. CONCLUSIONS AND FUTURE DIRECTIONS  

Several processes for the detoxification cyanides and metal-
cyanides from waste waters have been discussed so far. 
However, many of these methods require strict process 
control, they are relatively expensive due to high operational 
costs and cannot detoxify or remove cyanides and metals 
completely. The most commonly employed method for 
metal-cyanide removal in India involves detoxification of 
metal-cyanides with alkaline chlorination or hypochlorite 
method. The method has several disadvantages. The 
demerits of the process are listed below. 
 
1. The detoxification/removal of metal-cyanides is not 

100% effective. Therefore, the treated effluent may not 
conform to the statutory limits set by the pollution 
control agencies. 

2. The reaction needs to be carefully controlled as it 
depends upon many factors such as quantity of chlorine 
required, the allowed time of reaction, pH, strength of 
cyanides and metals, etc. 

3. The sludge produced has no commercial utility and 
requires licensed disposal. 

 
Several physical and chemical methods to remove cyanide 
from waste water are available and are employed; these 
methods often prove to be expensive and need costly 
chemicals or apparatus, require high pressure and 
temperature conditions to operate or may create byproducts 
or harmful waste that demands separate treatment. These 
shortcomings of the conventional processes have led many 
researchers to look for alternative methods for the extraction 
of metallo-cyanides from polluted waters. Environmentally 
benign solutions for treating waste water are of immense 
interest. The methods being studied include the use of plant 
and microorganisms and are known as biological treatment 
methods. 
 
Therefore, it is necessary to explore biological methods for 
treatment of cyanide. Cost efficient natural materials such as 
various natural, synthetic and a wide variety of agro-based 
adsorbents and biosorbents need to be systematically studied 
in order to obtain desired output. The use of biosorption 
technique in removal of metal cyanide in waste water is an 
interesting area for research.  Besides, modification of the 
adsorbents by drying/ calcination/ chemical treatment may 
prove to be a useful study. Investigation and optimization of 
parameters influencing the rate of reaction and treatment of 
water may lead to useful pathways to control water pollution 
and to abide by the set permissible limits for pollutants.  
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Table 

2 
Methods for Cyanide removal from waste water 

Sr. No. 
Name of the 

process 
Merits Demerits 

1 Alkaline 
chlorination 

1. most widely practiced method. 
2.sodium cyanate obtained is less 
harmful than cyanide 
3. Removal of metallo- cyanides is 
possible in alkaline pH. 

1.Chlorination does not treat cyanide species 
complexed transition metals and prevents oxidation of 
cyanides. 
2. process produces sludge which requires licensed 
disposal  
3.poor efficiency to treat concentrated  
4. As large amounts of chlorine is required it is an 
expensive process.  
5. Only the cyanate phase  in effluents treated to keep 
the operational costs minimum. 

2 Hypochlorite 1.Hypochlorite is safe to use and easy 
to handle.  
2. Addition of alkali is not required.  

1. disposal of sludge generated is a problem.  

3 Ozonation 1.Ozonized air oxidizes cyanide in 
strongly alkaline media solution  
2. Cyanide oxidation to cyanate is very 
rapid and instantaneous if copper is 
present as catalyst 

1.Ozonization is an expensive process  
2. there are corrosion problems and the risks of 
accidents. 
 

4 Permanganate 1.oxidizes cyanide in alkaline solution  

5 Hydrogen 
peroxide 

1.Effective and efficient treatment to 
oxidize cyanide to cyanate 

1.Highly complexed cyanides require an advanced 
oxidation process such as UV-H2O2 for oxidation. 

6 Formaldehyde 1.Forms cyanhydrin with hydrogen 
cyanide and converts waste water non-
toxic to fish. 
2.metallo-cyanidesin alkaline 
mediareact with formaldehyde to form 
glyconitriles which further are oxidized 
using hydrogen peroxide 

1.Formaldehydedoes not react with stable metal-
cyanide complexes. 
2. As formaldehyde is in great demand for other 
purposes, its use for treatment of waste waters is not 
observed. 

7 Polysulfide 1.Conversion to thiocyanates is slow at 
ordinary temperature 

1.Conversion to thiocyantes is a slow process and 
mixture must be boiled to obtain a higher rate.  
2.reports on the efficacy of the process are conflicting. 

8 Acidification 1.An effective method to precipitate 
cyanides by adjusting pH of the water 

1.An expensive method 
2.Requires frequent maintenance 
3.Cannot treat cyanide completely. 

9 Electrolytic 
Decomposition 

1.Well known process; even high 
concentrations of cyanide are most 
successfully treated. 
2.sludge is not obtained 

1. Mechanism of cyanide destruction is not known 

10 Heating/Thermal 
Oxidation 

1.Effective method  1. high temperature and pressure conditions are 
required. 

11 Ion Exchange 1.Efficient process 1.resins need to be regenerated 

12 Zeolite 
Linde Type-A 
Zeolite and 
sepiolite 
Zeolite 
nanoparticles 

1.Effectiveadsorbent material; the 
cyanide adsorption rate increased with 
increase in solution temperature. 

 

13 Meta-Kaolin 1.Efficient material for removal of 
cyanide in both raw and calcined 
forms. 

 

14 Membrane: 
Reverse Osmosis 

1.Efficient process 1.Costly 
2.External pressure is required 
3.applicable to some species in waste water (Dash et 
al.,(2009); Young and Jordan 1995)) 

15 Activated 1.Effective method 1. Pre-treatment may be required. (N. Adhoum et 
al.,2002) 
2.Can be useful for low concentrations of cyanide 
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Abstract 

The discussion here is on the state of Indian conversion 

of healthcare research to application. This is based on 

discussion with over 20 researchers at major 

institutions around India. These institutions are 

ranked among the best in the world. It is interesting to 

see many of these researchers have been working in 

healthcare application research for more than 20 

years. Many of them have reasonable size centres 

which carry out several application research. Many 

have produced applications for the healthcare sector; 

however, few have scaled or enter the market in  an 

impactful way.This discussion paper will explore how 

Govindarajan (1) seminal  work on the three-box 

framework can be applied to healthcare research to 

market in India. We will be looking at the work we 

have done in the past 20 years around the world 

working with academic institutions in Canada, UK, 

India, Malaysia and Singapore, what we have found 

most are doing research for the present and little time 

is spent in looking at long term research. In this 

discussion we are looking at ways  how we to enable 

future research to produce more applications. The 

scope of this discussion is limited to translational 

research. 

Keywords: India, Research Commercialization, 

Healthcare Research, Applied Research,  Three Box 

Framework, Reverse Innovation 

I. Introduction 

In general research and development  falls under 
four buckets; in a linear manner. 1. Basic or 
Fundamental Research, 2. Application Research. 3. 
Developmental Research 4. Commercialization. 
Can we shift the discussion to claim that institutions 
are applying strategy ( doing things that are to be 
done today for an outcome that will unfold in future 
) in (1) and (2) but they are not applying / or unable 
to apply a strategy for (3) and (4) because these two 
stages have a  cross over with market innovation and 
entrepreneurship. By doing these developing 
countries will be able to provide innovation to rich 

countries in the reverse innovation model.This can 
be done in several ways. Institutions of the 
developed world can gain a lot by moving parts of 
developmental research and commercialization to 
develop economies through (a) contract research / 
innovation centre  (b) Startups. (c) licensing  

By doing this we would be leading into  an area of 
seminal work. Nola Hewitt-Dundas (2) found that 
the academics are more open to research now then 
many years ago this was true with the Indian 
academics too. That now research in the UK was 
based on performance like patents, even after 20 
years of this system there was no homogeneous of 
research in the UK. Research needs to be driven by 
business. There was lots of focus on publications 
and patents in terms of technology transfer. Many 
were also unaware how-to setup companies . 
Nonaka and Takeuchi (3) found that tacit knowledge 
was equally important when it comes to transfer 
knowledge. Caldera, and Debande (4) found there is 
a requirement for multiple indicators and not a 

singular one. 

Galushko and Sagynbekov (5) reported that not 
enough is done to go to market. They also state there  
should be a link with  business to research to get 
better output. Most of the research was licensed. 
They also emphases if fundamental research is 
reduced than getting applied research might be 
limited. So, it important to noted that both are 
required. As most applied research is on the back of 
fundamental research. Many of the researchers in 
their study were also unwilling to carry out 
translational research. They found technology 
transfer office are not independent of the institution 
which is similar in  India. Most were able to get 
initial funding but struggled in follow on funding 
and lack of venture capital funding which is similar 
in India. Etzkowitz (6) found that the Entrepreneurs 
are usually  individual however saying this it is 
possible to have a collective effort. Institution 
should be looked as entrepreneurial as these are 
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fertile ground to create new activities. Here again 
they find connecting to external bodies help in 
commercialization. Many large companies have 
come out of the best of best USA institution. Many 
are lacking planning. Many of these institutions now 
have centre which product great research. Much of 
these have created social capital. Subsequent 
sections present the outline and a brief discussion on 
the R&D funding agencies in India, adopted 
framework and suggested current activities as per 
the three box model. Paper is concluded by 
mentioning the essential steps and outlining the 

suggestive policies.  

II. Literature Review 

Anne-Marie Miller et al (7) studied to promote an 
appreciation of the EU medical device 
nonsupervisory frame in the biomedical exploration 
community and encourage clinical engagement to 
further medical device exploration invention, 
restatement and effective clinical trials. An 
interdisciplinary, iterative, needs- grounded design 
approach was used to develop medical device 
nonsupervisory training, information and clinical 
trials. Health relies on both clinical input and 
regulation to drive progress and to ensure quality 
and safety norms from conception development to 

clinical disquisition.  

Raquel Lucas (8) studied using exploration on the 
epidemiology of rheumatic and musculoskeletal 
diseases as a starting point to study  a number of 
practical and ethical challenges that epidemiologists 
need to address when aiming for exploration studies. 
Those include not only the appraisal of the 
specialized quality of exploration, which is familiar 
to experimenters, but also the judgement on the 
utility and factual use of knowledge, as well as the 
assessment of the legality of exploration grounded 

on restatement eventuality.  

Carol J. Burns et al (9)  concentrated on the ensuing 
rudiments (i) study design that handed substantiation 
that pyrethroid exposure ante ceded the outgrowth, 
(ii) substantiation that the method used for exposure 
characterization was dependable and sufficiently 
accurate for the intended purpose, and (iii) use of a 
robust approach for outgrowth ascertainment. There 
were 15 Applicable publications of grown-ups 
which included 10 Agricultural Health Study cohort 
publications of reported permethrin. Overall, the 
maturity of the reviewed studies used methods that 
didn't permit a determination that pyrethroid 
exposure ante ceded the outgrowth, and/ or didn't 
use robust methods for exposure assessment and 
outgrowth ascertainment. There's an occasion for 
investigators and exploration guarantors to make on 
the studies reviewed then and to incorporate further 
translational approaches to studying exposure/ 

outgrowth associations related to fungicides and 
other chemicals.  

Sara Melo et al (10) adopts a practice perspective on 
knowledge, and draws on wisdom and technology 
studies generalities to identify how the socio- 
material terrain contributes to the restatement of 
substantiation across multiple organisational and 
professional boundaries. The case highlights how 
linked boundary objects ground temporally 
successional boundaries between exploration and 
different practice communities, hence easing the 
restatement of exploration substantiation into 

everyday practice.  

 Alexis J. Hure et al (11) set the scene for the need 
for impact assessment and return on investment in  
funded cardiovascular exploration in Australia, 
starting with the literal perspective on waste in 
health and medical exploration. Health and medical 
exploration funders play a critical part in both setting 
the prospects for exploration restatement and impact 
and helping experimenters to meet these prospects. 
Riveting on cardiovascular exploration, they address 
some of the walls experimenters face in 
prospectively planning for exploration restatement 
and impact assessment, and call for an ecosystem 
that supports a return on investment for all 
stakeholders, especially the community and patient 

end- druggies.  

S. Gentry et al (12) described how exorbitantly 
simple conceptualisations of how exploration is 
restated into public health policy impact effective 
restatement. To suggest how indispensable 
approaches to conceptualising impact, which 
incorporate recent developments in social and 
political lore’s, can help stakeholders restatement of 
high-quality public health exploration into policy 
impact.  

Based on these literature review it is clear it is 
important for translational to happen policies, ethics, 
funding, cross-functional  teams and  social factors 
are important and this requires a framework which 

will lead to outcomes which the society can use. 

III. Research Funding Agencies in India 

In India there is no shortage of research funding 
from government appendix 1 has a list of all the 

funding agencies. 

IV. Frameworks Used in Translation 

Research 

There are several frameworks used to translation 
research. Here we shall explore some of these more 
popular and available frameworks and then explain 
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which of these models are in work in India in 
particular. Some of these frameworks are   the NIH 
Five-Phase Model, the Flay Eight-Phase Model, 
Classification for Application Model, Program 
Development Models, Type 1 Translational, Type 2 
Translational, The Translational Science Benefits 
Model, Process Marker Model , the Translational 
Research Impact Scale, the Research Impact 
Framework, the Payback Model the Snowball 
Metrics, the Becker Model and Roger’s Diffusion of 

Innovation. 

It appears most of the research in India falls in the 

Diffusion of Innovation Framework 

Based on our discussion with individuals they are 
carrying out research and making a pitch to get 
adaptation. This typical is falling under the  Everett 
Rogers Diffusion of innovations  theory which tries  
to explain the rate of spread of innovation and how 

and  why,  

Most researchers are struggling to get enough users 
to adapt their products as most of this research is 
started with a personal or a small group requiring the 
product. Another issue is the user are not the ones 

paying it is generally paid by NGOs or government. 

Key requirements for commercialisation 

It is important to create the right academic 
environment and develop effective 
commercialization support structures. Must develop 
and expand relationships with existing companies in 
the areas they are researching and strengthen the 
corporate base. There must be a mechanism to 
facilitate and increase the number of new spin-off 
companies resulting from university research 
activities. Increase the amount of funding available 
for commercialization of research and technological 
innovation and further convergence research. 
Researchers should Trust and Shared Perceptions 
with each other. The University Reward Systems 
needs to be reviewed to take commercialization in 
account when it comes to promotions. We should 
look at Researchers as Entrepreneurs to encourage 
them to take research to market. It is important 
Financial, and Taxation Regime provide relief and 
support to researchers, so they are encouraged to 
practice commercialization. Lot more needs to be 
done in managing Intellectual Property of IP Arising 

from Grants. 

Critical Success Factors 

Researchers need to look at uniquely superior idea, 
they need top management support along with a 
well-balanced team. Researchers must work towards 
effective commercialization strategy and be market 
oriented with their research. Researchers must focus 

on the speed to commercialization and gain 
knowledge in management skills. 

Other Success Factors 

It important to create Clusters, innovation Platforms, 
Innovation Forums, Technology Incubators, 
formation of new Technology-Based Enterprises 
and Technology Transfer within the institutions will 
encourage more to commercialization. Both 
University Human Resource Policies and Practices 
along with Conflict-of-Interest Considerations mush 
be examined to ensure success. Researchers need to 
have long-term goal of research along with short- 
and long-term business models and short-term cash 
generating activities to fund the long-term research. 
Researchers must look at short-term activities 
include testing, licensing out non-core aspects of 
technology, selling the rights to some lead 
companies and avoiding large, fixed costs. Must 
constantly be looking for funding and explore 
markets outside India. Researchers must acquire 
knowledge about doing business and the right 
technology that are valuable. Researchers should 
explore a tailored business model that is based on 
long-term partnership and be flexible approached to 
cater to the varied needs of partners but the right one 
is crucial. However, saying this the right level of 

“connections” is what makes things happen 

Key Drivers 

Endorsements by Universities and Governments that 
commercialisation is a core activity alongside 
teaching and research, this is today a reality. Need to 
have structures and policies which support 
commercializing along with quality research output. 
It is important to have the availability of risk capital 
along with receptive businesses and attitudes of 

academics towards commercialisation.  

Commercialization Issues 

Researchers lack time & difficulties regarding 
financing puts a hold on progress and hence leads to 
economic risks. Many researchers lack personal 
interest in commercialization and friction with the 
local university administration. Some institutions 
difficulties related to ownership rights  and lack of 
services related to the commercialization of 
research. Many researchers face lack of  support 
from the work environment and lack knowledge in 
utilizing the research. Many have no clear Goals and 
Strategy for research commercialization. Some 
institutions do not have clear Policies, funding 
mechanism and lack of human resources to conduct 
commercialization. Industry's lack of interest in the 
results of public research and researchers’ lack of 
interest in business. Some researchers are denied of 
support for Technology Licensing Offices due to 
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personal clashes. Some researchers lack dynamism 
in the surrounding society 

Incubation challenge 

Organizational boundaries and location of the 
incubators play a huge role and many are trying to 
keep the incubator away from academics. Here it can 
help as it is far away but at the same time because it 
is far researchers tend not to go there. Researchers 
overvalue their technology they do not consider that 
development takes many folds of the cost of research 
and marketing requires many folds of the cost of 
development. The market changes are constantly 
changing therefore price or cost of the research does 
not create value. Value is only what others are 

willing to pay. 

Misconceptions 

Universities represent a vast untapped source of 
intellectual property. Academic researchers despise 
the very concept of business and wealth creation. 
We are going to solve all our financially imposed 

problems and limitations. 

An alternative the 3 Box framework 

 

The three-box solution figure 1. (13) describe a 
business in three horizons in three boxes, box 1 
focus on current activies, box 2 is selectively 
forgetting past activities which would inhibit future 
activies and box 3 is to bring breakthrough 
innovations. As described by Vijay Govindarajan 
edx online course Leading Innovation with Vijay 
Govindarajan Professional Certificate (2020), 
strategy is the leadership in the future, leadership in 
the future is adapting to change and adapting to 
change is innovation. Therefore, strategy is 
innovation in  the simplest form. As he describes in 
the course 100 years all 6 out 10 top Universities 
were from Germany none from the USA, today most 
of the top ten universities in the world are from USA, 
this will again change if the USA universities do not 
work on box 2 and box 3 similar research should be 
focusing on box 2 and box 3 to be in the forefront of 
research. 

If research just like business can do work in box 2 
and 3 in countries like India, African Countries and 
southeast Asian countries they would be able to 
enable reverse innovation, in our workshop around 
world we have emphasis technology transfer is not 
only from the rich countries even the poorer 
countries can do this, so this is in line with reverse 
innovation as described by Vijay Govindarajan. 

Going by this paradigm there are 3 types of 
innovations.  By Innovation, we  mean 
developmental and commercialization may be some 
applied research as well.  1. Innovation in India to 
fill the gaps in needs for the Indian consumers. 2. 
Innovating in India to fill the gaps in needs for the 
Indian consumer and factoring the needs of 
consumers from the developed world - Reverse 
Innovation. 3. Innovating in India to fill the gaps in 

needs for a consumer of the developed world.   

The example of Ford trying to enter the Indian 
market using Box 1 did not work too well in India 
on the other Hyundai was able to crack it by using 
local R&D centres to solve Indian issues. Another 
example is GE medical they were trying to address 
the non-consumer to become consumer they came 
up with a $500 ECG machine and this was popular 
in India as it was relatively affordable to get an ECG 
done and this is a good example of reverse 
innovation.   So, in order to enter non-consumer 
markets this must be a box 3 activities. Another 
example is Alibaba’s  auction platform for villages 
Taobao they were completing with eBay but they did 
a Box 3 activity by allowing buyer and sellers to 
directly communicate plus they did not charge any 
fee, this has elevated the poor to able to make a 
decent living.  

V. Current  Activities for Researchers 

Currently researchers are extremely good at Box 1 
activities, some of these are teaching, guiding 
master’s and Phd students, employing post-doctoral 
researchers , publish in journals, and generate fee 
from students. These are great activities for 
performance gap between researchers, but these do 

not lead to opportunity gaps.  

Currently little is done in Box 2 and Box 3, in this  
discussion paper we are exploring  what needs done 
in Box 2 and Box 3 to address the opportunity gap. 
We are not saying Box 1 activies are not important, 
they sure are critical for today but unless Box 2 and 
Box 3 activies in place most of the research will not 
get to the market. However, saying this is it 
necessary for researchers to work on Box 2 and Box 
3 maybe not for them, however it is important for the 
institution they are attached to be able to take 
research to market, as this would bring in flow of 

funds and further their  research can be done. 
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What needs to be  done in Box 2 and Box 3? 

There is a need first to identify the weak signal 
coming from current Box 1 activities and build 
several hypotheses. While doing these we need to be 
prepared we need new core competencies which we 
do not have for Box 3 and methods of evaluation of 

performance of the researchers.  

Essentially what we are  saying is  that let Box 1 
activities be done by the institution's traditional 
team. Let Box 2 and Box 3 be done by new team, 
with new skills in a developing country. Ideally by a 
contract research centre or a high breed contract 

research centre or an incubator/accelerator model.  

The obvious challenge is capturing weak signals 

from Box 1 and shift  

 Box 2 / Box 3 tasks to a new growth team. But the 
hidden challenge is that weak signals will come from 
all the 4 stages of research.  And only weak signals 
that are relevant to market innovation can be moved 

to an incubator/accelerator model. 

First the institutions need to look at Box 2 before 
going to Box 3, selectively we need to forget these 
things researchers need to allow their egos to go 
away, carrying out diverging activities, do not work 
in silos, not only looking for government grants, 
balance current outcome of research which primarily 
focused on free willing exposing of outcome on 
paper and not looking at taking it to market so an 
area here focus is needed,  need to be protecting the 
research with intellectual property and better 

execution of research.   

Now Box 3 need to look at user-centric research, 
field visits to other entities to improve existing 
innovation, looking at industry to fund research, 
create networks and communities, be 
entrepreneurial, skills to start-up, build teams for the 
future, next business, explore markets both new and 
exciting, plan future research areas, cross functional 
teams, study user behaviour, reach out to people who 
know what to do, you must know what you do not 
know  and get mentored  and mentor others in 
research. 

We can do this in three ways we look at the 
customer, value and the value chain architecture 
these will lead to a new business model innovation 

(14,15). 

How do we do this? First, we need to forget some 
activies like we have described, next we need to 
borrow some activities from elsewhere and finally 

learn and move on to Box 3. 

 
One good way to do this is to take a deep dive into 
the Global R and D structure of companies like GE, 
Simens and Companies that are into all the four 
stages of R and D. They have a well-defined process 

and a well-oiled machine. 

What activities is needed the Box 3 for 

researchers? 

The researchers need to look at the current 
consumers of their research and see if they can 
provide them with superior value or a change in the 
value chain. Next question how their research will 
reach non-consumers by creating value or changing 
the value chain. Finally, how can they change the 
value chain for both consumers and non-consumers. 
These will require new competencies so the 
researcher needs to exam if they have the skills or 
how will they get them. 

In order to move to Box 3 activities first the 
researcher will need to find activities to address the 
selectively forget activities and activies which need 

done to improve the other activities identified. 

VI. Conclusions 

In India, the technology transfer offices are 
relatively new and inexperience. These offices are 
clear that they can play an important role in 
economic growth. Most of the research is done in 
public and not private institutions. The research is 
also not distributed it linear. Like the UK’s  Russel 
Group and U15 in Canada India has recently started 
the Institute of Eminence to promote research. It 
would take some time before we can see the results 

of these.  

Researchers are taking long time to introduce their 
research outcome to the market and little attention 
has been given to  commercialization. The changes 
in university must be there and not a  static 
environment to provide learning for the researcher 
and practitioner to integrate their expertise for the 

sustainable of the university in the future. 

There is little  role in research for the local 
government all research is driven by central 

government. 

Based on this discussion to move to Box 3 it is not 
that difficult for researchers to do so. They just need 
to focus and ensure that to be relevant in the future 
they need to have strategy  that innovation is the 

future leadership. 
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Appendix 1  

Information Regarding Various Research 

Funding Agencies in India 

1. Department of Science and Technology (DST) 
2. Department of Biotechnology (DBT) 
3. Biotechnology Industry Research Assistance 

Council  (BIRAC) 
4. UGC Faculty Research Promotion 
5. Scheme (UGC-FRPS) 
6. Science and Engineering Research Board 

(SERB) 
7. Board of Research and Nuclear Science 

(BRNS) 
8. Newton-Bhabha Fund (British Council) 
9. Ministry of New and Renewable Energy 

(MNRE) 
10. Humboldt Foundation (Germany) 
11. DAAD (Indo-German) 
12. Indo-French Centre for the 
13. Promotion of Advanced Research 
14. (IFCPAR) 
15. Council of Scientific and Industrial Research 

(CSIR) 
16. Department of Atomic Energy (DAE) 
17. Department of Chemicals & Petrochemicals, 

Ministry of Chemicals & Fertilizers 
18. Indian Council of Agricultural Research 

(ICAR) 
19. Indian Council of Medical Research (ICMR) 
20. European Union 
21. Department of Electronics and Information 

Technology 
22. Indian National Science Academy (INSA) 
23. Indian Space Research Organisation (ISRO) 
24. Ministry of Defence 
25. Ministry of Earth Science 
26. Ministry of Environment, Forest, and Climate 

Change (MoEF) 
27. Ministry of Health & Family Welfare 
28. Ministry of Petroleum & Natural Gas 
29. Ministry of Power 
30. Ministry of Rural Development 
31. Ministry of Railways 
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32. Ministry of Micro, Small and Medium 
Enterprises 

33. Ministry of Textiles 
34. Ministry of Urban Development 
35. Ministry of Water Resources 
36. Tata Institute of Fundamental Research (TIFR) 
37. Petroleum Conservation Research Association 

(PCRA) 
38. Naval Research Board (NRB) 
39. National Board for Higher Mathematics 

(NBHM) 
40. National Institute for Entrepreneurship and 

Small Business  Development (NIESBUD) 
41. Indian Council of Social Science Research 

(ICSSR) 
42. Reserve Bank of India (RBI) 
43. All India Council for Technical Education 

(AICTE) 
44. The Associated Chambers of Commerce of 

India (ASSOCHAM) 
45. Federation of Indian Chambers of  Commerce 

and Industry (FICCI/CII) 
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Abstract - An organization or business needs professional 

employees to achieve its targets in order to succeed in this 

dynamic period. They are now at the forefront of the fourth 

technological revolution. In this new era, everybody needs 

strong, future and creative workers to stay successful. To order 

to navigate the new landscape and improve the market climate, 

companies with a successful management plan will include an 

acceptable employee. Recruitment strategy is the primary 

consideration for any company to employ skilled employees who 

are willing to accomplish their job objectives more efficiently 

and effectively. Clearly, the recruiting approach as a core 

feature of the company is focused on data collection for decision- 

making. This paper discusses artificial intelligence (AI) and the 

effect it has on the recruiting industry. This thesis explored the 

effect of AI on managers and applicants during the first phases 

of the recruiting process. 

 

Keywords- Artificial Intelligence, Recruitment, Perception, 

AI, Employee. 

I. INTRODUCTION 

 
ARTIFICIAL INTELLIGENCE = HUMAN 
INTELLIGENCE 

 
If the above relation seems absurd to you then the question 
that arises is that how can Human Resource have 
automation (AI) in it? 
The environment is becoming more technical because of 
globalization which ensures that companies must keep up-to 
- date to remain successful. Human Resources Management 
(HRM), particularly in the recruiting of new workers who 
carry expertise and experience to an organization, is more 
critical than ever. Technological developments often provide 
for the streamlining of tasks traditionally done by human 
beings. This is therefore of the utmost importance to consider 
and assess the potential effect of technology on the HRM and 
in particular on the recruiting cycle. Although artificial 
intelligence has in the past been viewed as a tool of science 
fiction, today's more practitioners know that the application 
of intelligent technologies is transforming places of work. 
Nearly every occupation and company have AI solutions and 
jobs in human resources are no different. 

 

A study carried out recently by Oracle and Future Workplace 
found that workers expect AI will provide incentives to learn 
new capabilities and acquire more flexibility, encouraging 
HR employees to extend their existing positions in order to 
make them more competitive. However, 81% of HR leaders 
who participated in the study stated that they find it 
challenging to maintain up with technical advances at work. 
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As such, it is even more critical for human resource experts 
to consider how AI influences the market than ever before. 

 
Firstly, we can tell about the changing roles, customer-based 
services, such as help desks, chatbots, customer care and help 
center, will be increasingly more automated. The link 
between the professional and the end user is being 
reconfigured, so as to maximize availability and minimizing 
time-consuming tasks. If we think about sourcing or buying 
roles, AI will be able to compile efficiently all smart data and 
deliver more efficient dashboards. From now on, employees 
will have to include the machine’s assistance and way of 
working into their daily work. Whilst AI may replace them in 
certain tasks. 

 

Technology has continually allowed recruiters to 
accommodate more applicants and to deliver both job-seekers 
and employers higher-quality, more cost-effective services 
[1][2] and AI is not supposed to be any different. The 
acknowledgement that AI "changes the game for HR" [8] can 
have beneficial as well as negative consequences. The new 
advancement in the hiring sector has been the growth of the 
World Wide Web which has provided the capacity to expand 
global e-recruitment approaches for universal position 
applications [1]. Organizations started to get a large quantum 
of data points from innumerable informal sources , such as 
social media, which legislators, who tended to keep their 
work and their lives apart, mostly did not receive well [3]. 

 
The AI hypothesis has been there for many years now but just 
lately has the idea become a fact. Including IBM's Watson, 
AI and its computational capabilities have already shown to 
the general public the capacity of AI equal that of humans [4]. 
AI-related innovations have now entered the high pace 
growth process and have effect on multiple sectors and are 
able to help and eventually eliminate a variety of oriented 
functions, be they manual or cognitive [5]. We allow 
businesses to avoid routine, boring and error-prone activities 
because of their complexity [2]. It will be feasible without 
evidence, with more data generated between 2013 and 2015 
than that of the entire human race together [9] 

 
Although one might argue that the advantages of 

technological recruitment may offer enormous benefits to the 
recruiters by selecting the most suitable applicant, the question 
that emerges is: The technological software, out of all, should 
be used for the same thing? However, it is clear that machine 
learning and artificial intelligence are generating a wave of 
change in business / recruitment in the modern age of 
information technology. 

978-1-6654-7886-1/22/$31.00 ©2022 
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II. LITERATURE REVIEW 

Artificial Intelligence 

'Intelligent technology science and engineering, in particular 
smart computer programs, is artificial intelligence.’ Artificial 
intelligence functions pretty just as studying, developing, 
recognizing and fixing human intelligence. The word was 
defined as "the study and development of intellectual 
machinery."[7] This is a computer-enabled machine, and is a 
software device built to interpret knowledge in the manner of 
humans utilizing their abilities to understand, take decisions 
and solve problems. AI is the study of the emulation of 
machines without human intelligence. 

 
The Encyclopedia Britannica notes that "artificial 
intelligence (AI), a digital computer's skill or a computer- 
controlled robot may take on specific tasks connected to 
intelligent entities." 
Dictionary 1 "Artificial intelligence is the robot or other 
machine’s capacity to conduct tasks that are usually thought 
to involve knowledge. The innovation in the world of 
computer science was the invention of these computers. 
Dictionary 2: "The subfield of computer science deals with 
principles and methods of machine-based symbolic inference 
and symbolic representation of information for use of 
inferences. AI is an effort to simulate human thought 
elements on machines. It is also often defined as attempting 
to solve any question that a person may solve more easily by 
machine.” 

 
AI in Human Resource Management (HRM) 
The AI use in HRM was one of the developments among 
recruiting professionals in 2018 [21]. The gathering of 
information as a mechanism where the processing of a 
document may obtain details and expertise.[22] AI may use 
knowledge extraction techniques to automate the process of 
resume scanning and extract pertinent information, 
particularly while hiring new personnel [23]. Because the 
volume of applicants has grown and may also overtake HR 
teams, software solutions to improve the recruiting process 
have been introduced. The department of Human Resources 
typically carries out the assessment of applicants obtained 
manually, while candidate rating structures that can be 
generated by utilizing AI can allow assessment activities 
more effective for recruiters . The applicant ranking method 
utilizes algorithms of the AI and human recruiters to include 
AI algorithms training data from which they know the rating 
features of the candidate(s) [24]. “AI-driven chatbots that 
provide personal and up-to - date communication possibilities 
to applicants via emails, text messages or dialog. In order to 
simplify the workload of recruiters, there are many computer- 
supported job match techniques developed.” [21]It involves 
a program that is revived which can be applied using methods 
which formulas focused on experience [6]. 

 

A fascinating aspect of AI-based rating systems is that it is 
possible to collect knowledge on the personality traits of 
candidates who are highly relevant to the task. Nevertheless, 
these features are sometimes found during work interviews, 
however online searches may collect preliminary data. When 
carrying out a linguistic review on the blog post or on the 

Linked In accounts of applicants, details on the attitudes, 
attitude and feelings of applicants may be obtained [24]. Job 
interviews conducted by means of organising video 
interviews remain to be a common method for the 
organizational recruitment process. HireVue has created a 
framework for video interviews using AI. AI will translate 
and evaluate the applicant's body language, facial expressions 
or voice sound in that case. The program matches the 
questioned candidates to the company's most qualified 
workers and eventually gives clients the strongest candidates 
. There were many gains in the multinational hotel chain 
Hilton by holding video interviews, while the most surprising 
result was the reduction in recruiting period. 42 asserted 
before hiring in a Hilton hotel but, thanks to the use of AI- 
enabled video interviewing technology, it takes a maximum 
of five days [26]. 

 
AI is only in its infancy when hiring and picking. The advent 
of AI in the procurement phase has made it simpler to store 
and retrieve resumes. Effective technologies are paired with 
traditional approaches with the introduction of AI to create a 
system that will provide organisations and candidates with an 
easy-to-use interface. Over the years the management 
environment has shifted significantly and developed with the 
development of modern selection instruments and methods 

[10] The various phases of the recruiting and evaluation 
process AI and machine learning may be used. In particular, 
these steps are receiving, scanning and picking.[11] 

 

Many large corporations already support the AI selection 
process; this covers a broad variety of implementations from 
the evaluation of curricula to automated interviews. 
Pymetrics, which utilizes neuro-scientific tests and data 
analysis to give work seekers a clearer employment appraisal 
that offers a non-medical screening method for companies in 
which the resume is substituted as a first-pass screen. 
Pymetrics reported that consumers had observed the 
following results: a decrease in recruitment time from a 
period of 4 months to 4 weeks, a decline in recruitment period 
of 75%, from 150 CVs to just 25 resumes in financial 
organisations [15] The AI techniques must follow the basic 
employment criteria along with exceeding the commonly 
used methodology. Vast understanding of HR and in-depth 
knowledge of AI are required to perform AI effectively. 
Owing to the easy incorporation of AI features of domain- 
specific HR information systems [12], this helps the 
company, in a common sense, to incorporate AI. It was also 
found HR professionals predict to use AI through out HR 
process. [20] 

 

Challenges of AI in recruitment 
“Only 36% of the HR functions started AI and only 14% 
invested in AI in the last two years. The longevity of staff, 
organizational abilities, cultural health, and efficiency are 
some of the other things that recruiters recognize when 
searching for candidates. 
It was stated perception associated with AI and applicants 
view and human connect encouraging positive 
connections.[18] Early adopters of AI-powered recruitment 
software reported a 75% decrease in costs per screen and a 
35% reduction in sales. There were promising indicators that 
showed the beneficial impact of AI in recruiting in 2017. AI 
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has the ability to effectively handle vast volumes of data and 
gain insight into wise recruiting decisions. New-age 
recruiters use Artificial Intelligence to evaluate candidates' 
vocabulary, speech habits, and facial expressions to 
determine their suitability for their position. Worldwide 
professionals are now seeking to liberate the procurement 
method from all manner of biases by utilizing AI algorithms. 
While AI-enabled technologies have multiple positive effects 
on the recruiting cycle, the deployment is not simple. Let’s 
dig into those related obstacles. Many AI search methods are 
also in their early stages. We also have a computer learning 
curve and may have several errors and defects. The data given 
for such devices is not adequate several times. You need a 
variety of data to identify trends and draw conclusions. 
Artificial intelligence not only requires a lot of data but also 
various obstacles in its realistic implementation in the area of 
human capital. In future days, though, AI-aided technologies 
can shift the position of recruiters and offer them more 
versatility, efficiency and smart insights. First, we will 
explore how AI can improve HR practitioners' teaching and 
learning programs.” The study highlighted organisations 
investing in big was in AI but be careful with understanding 
and preferences candidates hold.[19] 

 
Proposed Framework 

In our research, we suggest three key topics first, the 
recruiting and selection method is characterized as 
procurement, screening and placement. Secondly, we 
visualized the role of AI as an external component in the 
recruiting phase. Finally, in the system, we include the 
position of the HR professional with duties & obligations, 
competences and development of value. In this case, the AI 
presentation reveals the 'standard recruiting and selection 
funnel.' We would explore in our research how the position 
of the HR professionals will shift in the various stages of the 
recruiting phase in the future with the advent of AI. As an 
illustration, how the position of the HR career in the 
procurement stages will vary according to tasks & activities, 
expertise and value development. This is being observed at 
all levels of the recruiting process. 

 

FIGURE 1 : CONCEPTUAL FRAMEWORK 

III. OBJECTIVES AND SCOPE 

The focus of this study is based on two major objectives 

1. To understand the perception of applicants in the 
recruitment process about the use of AI. 

2. To study the factors influencing AI recruitment 
decisions. 

IV. METHODOLOGY 

A primary research on the perception of job applicants on 
recruitment using artificial intelligence where we used a 
questionnaire that was distributed amongst 130 respondents 
and their responses were recorded and the analysis was done 
based on those responses. The method of research was 
exploratory. The online survey carried out through Google 
Forms allowed a broad sample and a wide range of 
geographic details. Questions on the candidate's views of 
technology and management method computerization were 
addressed. Purposive sampling (often known as decision, 
selective or random sampling) is a sampling technique in 
which researchers rely on their own decision when selecting 
group participants for this study. Intention sampling is not 
expected to take place and is performed when 'elements 
chosen for the survey are picked by the researcher’s decision. 
Researchers also assume that by using a sound evaluation, 
they can achieve a representative sample which saves time 
and money. 130 respondents data was collected for analysis 
purposes 

V. DATA ANALYSIS AND DISCUSSION 

1. Gender : The respondents involved almost close ratio for 
male and female. 

 

 
FIGURE 2 : GENDER BREAKUP OF RESPONDENTS 

INTERPRETATION: During the survey we found that among 
130 respondents, 55% were male. 

 
2. Age: The respondents belong to age group 20 to 30. 

 

 
FIGURE 3 AGE CATEGORIES OF RESPONDENTS 

 

INTERPRETATION: During the survey we found that 
among 130 respondents, 65% were under 20-24 age. This 
age group seeks employment actively for fresher and later 
hirings. 

 
3. If the major portion of the interview process was 
carried out by a software program rather than a human 
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recruiter, does your perception of the organization 
change . 

 

Perception No. % 

Improve Perception 16 12.3 

Worsen Perception 64 49.2 

Wouldn’t Change 50 38.5 

 
TABLE I. RESPONDENTS’ PRECEPTION ON AI 

 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 4 PERCEPTION ON AI BASED SELECTION PROCESS 

 
INTERPRETATION: During the survey we found that 
among 130 respondents, 49% think that it would change 
perception and maybe worsen if a computer program is doing 
the interview process. This is a critical time for the potential 
employee and will most likely lead to underestimation and 
possible dissatisfaction with the process. Two-Litmus 
research requires a lot of human social contact, implicit 
judgements and micro-conduct that will give a human person 
very obvious defects in an applicant that a computer system 
totally lacks. Ultimately, the software will check and evaluate 
on the basis of a belief principle. Firstly, who establishes the 
ideals and what do we believe are 'true' values. It is less of a 
concern in the business sector, because we will render certain 
ideals equal to the client profile (in comparison to designing 
a system that seeks to emulate a rational conscience worthy 
of evaluating individuals as a human being). However, as the 
company has goals for diversification and the recruitment of 
high-level scholars, it is not unlikely that the rationale of the 
program, such as eugenics / equality of performance, would 
be viewed as negative rather than equal opportunities, since 
it would specifically aim to recruit to the market profile 
indicated. Literally, anything designed for this decision is an 
excuse for an unknown and potentially very significant error 
to emerge (with any information left behind), how candidates 
are compared against each other, etc. Considering the 
employer's prospects and the standard of living of the job 
seeker, this appears to be an unattractive and unnecessary 
risk. 

 
4. Would you rather have a computer or a human look at 
your CV for screening purposes. 

 

Preference No. % 

Human Screening 116 89.2 

Computer Screening 14 10.8 

 
TABLE II. PREFERENCE FOR MACHINE OR HUMAN SCREENING 

FIGURE 5 PREFERENCE TO HAVE A COMPUTER OR A HUMAN LOOK AT CV 
 

INTERPRETATION: During the survey we found that 89% of 
people do not want any AI to look into their CV because it can 
have biases as it is evident in study. argues that while the 
method of recruiting includes prejudices and assumptions, it 
is necessary to be mindful of them and consider their effect. 
It stresses that two-sided prejudices may be an advantage 
against someone or a disadvantage against another. This is 
often a chance to recruiters relying on assumptions and not 
evidence in their final decisions on a career candidate. Also, 
in certain situations, these final judgments are views of 
someone else other than the recruiter, so it is necessary to 
consider how partial decisions can impact the decisions of the 
recruiter [27]. Many steps have been made by organizations, 
for example the introduction of tightly formal management 
processes and the preparation of hiring decision-makers, in 
order to regulate staffing prejudices [28] 

 
5. Would you rather have a computer/ AI or a human 
interviewing you? 

 

Preference No % 

Human Interview 126 96.9 

Computer Interview 4 3.1 

 
TABLE III. PREFERENCE TO MACHINE OR HUMAN INTERVIEW 

 

 
FIGURE 6 PREFERENCE TO HAVE A COMPUTER OR A HUMAN INTERVIEW 

YOU? 

INTERPRETATION: During the survey we found that 
among 130 respondents, 96% think that they would rather 
have a human being interview them. 

6. Would you rather have your salary negotiated with a 
computer or with a human? 

Preference No % 

Human Negotiating 114 87.7 

Computer Negotiating 16 12.3 
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TABLE IV. PREFERENCE TO SALARY NEGOIATION BY HUMAN OR 

MACHIEN 

 

FIGURE 7 WOULD YOU RATHER HAVE YOUR SALARY NEGOTIATED WITH A 

COMPUTER OR WITH A HUMAN 

 

INTERPRETATION: During the survey we found that 
among 130 respondents, majority of people believe that they 
do not want to negotiate their salary with a machine. It is clear 
from the previous research that there are many prejudices that 
can be found in recruiting. AI systems can be designed to 
prevent implicit recruiting prejudice. The authors claim that 
capacity deficiencies remain one of the major obstacles in the 
job market, but AI focused algorithms have the potential to 
bypass the titles, sex and age of applicants which are the main 
source of discrimination [21] 

VI. DISCUSSION AND LIMITATION 

There are some opposing opinions on the effect and potential 
of AI in the recruiting field. They are primarily preconceived 
software theories instead of AI. In the market, there are large 
information gaps, including several recruiters who do not 
grasp the technology accessible. Candidates have a strongly 
pessimistic perception of the recruiting phase and their 
technology expectations reflect this pattern. There is a good 
need to adjust recruiting practices in order to cater to 
applicants however whether AI is the answer for such issues 
is being questioned. 

 
Although our study has offered an interesting insight into the 
effect of the HR professional's role in the recruiting phase, it 
is also constrained. First of all, we stress that our study is 
explorative and the findings give just insight into 
respondents' expectations. A second constraint is the 
background for the case study. In one company, interviews 
were performed, such that the study is not indicative of all 
organizations that implement AI in the recruiting and 
selection phase. To confirm our findings, more study is 
required on AI’s effects in the recruiting phase in a wider 
sense. Our work is intended as exploratory and should 
therefore be undertaken for confirmatory analysis and further 
investigation in this field to verify our performance. A 
confirmatory report, for example, on the efficacy of AI in the 
recruiting phase and on whether it really allows the phase to 
be more successful. Moreover, it would be important to 
analyze for more study whether the implementation of AI 
allows the HR more competitive and can bring more value to 
the enterprise. 

VII. CONCLUSION 

The article presents discussion based on perspectives of 
applicants which has not been done in many other studies. 
Disclosures from candidates are particularly usefull in 
designing human and artificial intelligence based recruitment 
process balancing employer branding strategies. Artificial 
intelligence is a tool that can function smartly in various 
circumstances as well as the human brain. By contrast with 
conventional recruitment approaches, it gains popularity and 
significance through the development of hiring processes. 
Recruitment is the central task of any company in which to 
operate. Today, the recruitment business is growing by clever 
ways of hiring by way of artificial intelligence. So other 
companies rely on improvements in the recruiting method. AI 
technology has a significant effect on recruiting operations as 
it helps the recruiter to coordinate all the unstructured biodata 
of the applicant, to create a standardized profile, to define and 
fit skills needed by industry. Recruiters also assume that AI 
technology is vying with them for recruiting. Yet human 
designed programs allow it easier to function throughout the 
process. Ultimately, the function of AI is to merge humans and 
AI to manage records, save organizations time and money for 
greater accuracy and transparency across the entire recruiting 
cycle. 
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Abstract—The credit scoring remains always concerned about 
developing an empirical model to support the financial 
decision-making process for financial institutions in the most 
efficient manner. Currently, the use of technology for credit 
score is not universally adopted by financial institutions 
because there is lack of evidence to ensure the effectiveness of 
this alternate method. Thus, the aim of this research is to 
recognize the impact or effect on the financial institutions 
which they have experienced post integrating AI in their 
institution for generating credit scores for the lending 
process. 

The data was collected from 68 Credit Officers/Credit 
Managers working in Financial Services Provider companies. 
The semi structured questionnaire was used to understand the 
use    of AI and the perception of Credit Managers towards 
using AI   in the lending process. The primary and secondary 
data were analysed to evaluate the impact of using AI in 
calculating Credit score. 

The research suggested that the financial institutions 
consider time saving with lesser workforce, Increase in 
Revenues and Business, Default rate reduction and Skill 
upgrade along with not breaching privacy of their customers. 
The FinTech companies can understand the factors in a better 
manner to develop their products for the financial services 
providers. And the financial institutions can make a better use 
of AI to reach out to more prospective customers and provide 
better. 

Keywords —Artificial Intelligence, AI, Credit score, Credit 
ratings, Machine learning, Fintech 

 

I. INTRODUCTION 

Artificial intelligence (AI) has proved its importance for 

diverse industries, but the banking industry can be subject 

to benefit the most after incorporating AI systems in the 

next couple of years. Analysts have projected that AI will 

be instrumental for saving more than $1 trillion by 2030 in 

the banking industry. Financial institutions' operating 

models have undergone a fundamental transformation, with 

financial institutions becoming more professional, lean, 

connected and dependent on the skills of technology 

players. Credit scoring is one the critical areas where the 

introduction of AI has been seen with optimism. credit score 

is a number used by a lender to determine the likelihood of 

being repaid on time when giving a loan or credit card to a  
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person. Banks performance highly relies on the 

effectiveness and efficiency of the credit scoring decisions. 

Banks have the key function of enabling individuals and 

businesses to spend before they can afford it. This important 

function cannot be fulfilled without becoming a 

professional estimator of who will repay and who will fail. 

Banks have always relied on models and experts to make 

effective lending decisions. Today, models are 

sophisticated enough to replace professionals. Fintech 

companies are entering this area to provide banks with these 

models so they can focus on serving their customers. 

 

Objective of study 

This research is done with the objective to conclude on 

the prominent factors of the AI based credit score. As the 

A I  is into its nascent stage and it requires more evidence 

to recognize the contribution of the AI in financial services. 

The study will find out whether the users of the AI are 

satisfied with its performance and what are essential 

parameters which affect the operations and profitability. It 

will also open the door for more researchers to find out the 

gaps and how they can be filled. 

AI is in the initial stage of application in India and bad 

loans are one of critical issues of Indian banks and economy, 

if AI can be identified as a solution to the menace, the 

technology can be implemented on a larger scale and will 

help financial institutions to grow exponentially. 

 

II. REVIEW OF LITERATURE 

As part of the research work to obtain secondary data, a 

detailed research has been conducted to explored the 

different stories and case studies availed by the few Fintech 

companies like Lenddo, ZestFinance, Underwrite.ai about 

their client’s experiences who are taking services of the AI 

based credit scores. 

 

Initial alternate models for credit score 

The Initial attempt includes the introduction of Iterative 

marginal optimization algorithm and a smoothed pool- 

adjacent-violators algorithm [1] which contributed towards 

improving the accuracy of the predictability but lacks the  
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computational simplicity practical interpretability. Later, 

extended Balance Cascade [2] model and dynamic rational 

expectations model [2] were proposed which were robust 

and represented a positive development in credit scoring. 

 
Accuracy and Profit 

In order to explore simplified models, call-detail records 

[3], credit and debit account information of customers to 

create the score cards which was simplified and also had the 

potential to enhance the performance of the models that 

predict the creditworthiness. The Group Lasso method [4] 

was also proposed which appeared to be better in 

interpretability and prediction accuracy among the available 

models for credit score calculation. 

Furthermore models, Decision tree model, [5] Feature 

selection [6] and ensemble framework [7] and Logistic 

regression and multivariate discriminant [8] and NSGA-II 

genetic algorithm were applied for evaluating the 

creditworthiness which were able to outperform the 

traditional method in predicting the potential default 

borrowers. 

Better accuracy in predicting the potential default 

borrower saves the financial institutions from losing money 

in future and hence help them to sustain on their profits 

made on their other assets. In order to draw the similar 

reference, a model based on Genetic programming [9] was 

introduced which was able to outperforms the generic Credit 

score model of the pre-risk checks in both classification 

accuracy and profit. 

All these results indicated the fact that there are valuable 

alternative models that can be adopted for credit risk 

modelling which can serve the purpose more efficiently. 

 

AI based Credit evaluation Models 

Initially, Dominique [10] tried to take help of Big data to 

highlight the issues present in the conventional framework 

but the authors were not able to reach the defined 

conclusion because the results obtained from different 

models varied a lot from a model to another. Later, two AI 

techniques, Support Vector Machines [11] and 

metaheuristic [12] approaches used for calculation of credit 

scores and it concluded that the proposed models are 

competitive or outperform the other standard credit models. 

Thus, established the possibilities of more success after 

adopting the AI based models. The belief proved right 

through a published article, which performed an ex- tensive 

comparison between the machine-learning approaches and 

a human expert-based model, and the results reflected that 

machine learning could help in reducing labor. Further 

article suggested that the predictive performance of AI 

classifiers exceeds 90% accuracy, while the performance of 

traditional statistical methods is about 70% [13]. 

Underwrite.ai, an organization which advances in 

artificial intelligence to provide lenders with non-linear, 

dynamic models of credit risk, have claimed that they 

helped their clients in reducing the default rates from 32.8% 

to 6.5% [14]. 

According to a McKinsey report, a number of European 

banks which have implemented machine learning based 

credit evaluation models were able to achieve 10% increase 

in sales of new products, 20% of capital expenditure and 

decrease their losses by 20[15]. 

Upstart, a California based online lending marketplace 

that provides personal loans using non-traditional variables, 

75% fewer default rates at the same approval rate and 173% 

more approval at the same loss rate [16].  Similarly, Toyota 

financial Services, which is a client of Fintech Company 

Aire.io has improved its resolution time by 25% [13]. 

All the research articles have briefed about the different 

benefits of the AI based credit score models, but in order to 

understand the essential impact of the technology, it is 

required to explore are crucial factors or benefits which are 

preferred by the users or financial institution so that further 

improvement can be done to make the technology 

universally adopted. 

 

III. MATERIALS AND METHODS 

Data collection and Analysis: 

As per data availed by CreditVidya, a fintech which 

offers alternate data-based credit scores for underwriting 

first time borrower using machine learning and big data 

analytics, Top 10 of their various partners were selected 

based on their valuation e.g. Axis bank, DBS, Tata capital, 

Incred, RBL bank, Hero Fincorp, IIFL, Aditya Birla Finance 

Limited, IndusInd Bank and Yes Bank. A target sample of 

120 different employees of the selected organization with 

designation of credit officer and credit managers at different 

levels were chosen. Out of 120 target audience, 68 have 

responded positively and have been considered for the 

analysis. 

 

IV. RESULTS AND DISCUSSION 
 

TABLE I. KMO AND BARTLETT’S TEST 

Kaiser-Meyer-Olkin Measure of Sampling 

Adequacy 0.592 

Bartlett's Test of Approx. Chi-Square 91.425 

Df 45 

Sig. 0 

The data collected from the respondents of the 

Questionnaire is taken as input for Factor analysis by using 

the SPSS tool of IBM. 

KMO shows the proportion of variance, for variables 

included in the study is the common variance. In other 

words, this statistic compares the magnitude of the observed 

correlation with the magnitude of the partial correlation 

coefficient; higher value of this statistics (from 0.5-1.0) 

indicates appropriateness of the factor analysis whereas a 

low value of statistic (below 0.5) inappropriateness of the 

factor analysis. The KMO value is 0.592 which means this 

factor model is appropriate. 

 

Bartlett’s test of sphericity evaluates the hypothesis to 

deter- mine whether the population correlation matrix is an 
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identity matrix. The degree of relationship among the 

variables can be identified using significance level. The 

value of significance must be less than 0.5. A value less than 

0.5 reflects that the data under observation do not produce 

an identity matrix. Currently it is 0.000, which validates that 

this model is appropriate, and there exists a significant 

relationship among the variables taken for the factor 

analysis. 
TABLE II. COMMUNALITIES 

 INITIAL EXTRACTION 

Default rate reduction 1.000 .753 

Time saving 1.000 .646 

Increase in revenues 1.000 .701 

Manpower reduction. 1.000 .710 

Increase of data variable 1.000 .320 

Breach of privacy 1.000 .637 

Increase in business 1.000 .658 

No benefits 1.000 .756 

Elimination of biases 1.000 .441 

Need for skill upgrade 1.000 .680 

Communalities 

The degree of variance in the ratio of variables to all other 

variables is examined by the Communality. As shown in the 

third column, the extracted commonality is an estimate of 

the variance of each variable that may be due to the factors 

in the factor solution. Commonality indicates that the 

variables in question are not appropriate or appropriate for 

the factor solution and may be excluded from or included in 

the factor analysis. For Impact of AI based scores on 

financial institutions, Default rate reduction has a variance 

of 0.753 Out of 1, 0.701 is the variance of Default rate 

reduction with other variables. 

 

Eigen value and total variance explained 

 
TABLE III. TOTAL VARIANCE EXPLAINED 

 

Initial Eigenvalues 

Extraction Sums of Squared 

Loadings 

Total 

% of 

Varianc

e 

Cumulative 
% 

Total 
% of 

Variance 
Cumulative % 

1 2.480 24.801 24.801 2.480 24.801 24.801 

2 1.444 14.440 39.241 1.444 14.440 39.241 

3 1.264 12.637 51.878 1.264 12.637 51.878 

4 1.114 11.143 63.020 1.114 11.143 63.020 

5 .928 9.284 72.304    

6 .807 8.075 80.379    

7 .625 6.253 86.631    

8 .533 5.330 91.961    

9 .454 4.536 96.498    

10 .350 3.502 100.000    

 
TABLE IV. ROTATED COMPONENT MATRIX 

Component 1 2 3 4 

Default rate reduction -.110 .057 .783 -.354 

Time saving .743 .258 .096 -.137 

Increase in revenues -.013 .837 .015 .011 

Manpower reduction. .779 -.296 .115 .044 

Increase of data variable .537 .116 -.071 -.112 

Breach of privacy -.073 -.337 -.017 .720 

Increase in business .335 .635 .372 -.064 

No Benefits -.144 -.095 -.827 -.206 

Elimination of Biases .387 .331 .336 .262 

Need for skill upgrade -.151 .325 -.021 .743 

Eigenvalues are the amount of variance of the variables 

used in the investigation associated with the factor. 

According to the eigenvalue criteria, factors with more than 

1 eigenvalue are included in the factor model. Factors with 

an eigenvalue of less than 1 are no better than a single 

variable because the variance of each variable is 1 by 

standardization. Here four variables have eigenvalue above 

1 so these four variables are included in the factor model. 

In percentage of Variance criteria, number of factors should 

be included in the model for which cumulative percentage 

of variances reaches a satisfactory level.  

The general recommendation is that the factor that 

explains 60% to 70% of the variance is that which needs to 

be retained in the model. Here, the cumulative variance 

percentage of the first three factors is 58.296%, which is not 

within the specified limits, but is very close to the specified 

limits and should be retained in the final factor analysis 

solution. Is only three factors. Considering Eigen value and 

cumulative percentage of variances, these approaches 

suggest that the number of factors to be extracted should 

be only three. 

 

The variance criteria percentage that should be included in 

the model is the number of factors that cause the cumulative 

percentage of variance to reach a satisfactory level. A 

general recommendation is to keep the factors in the model 

that account for 60% to 70% of the variance. Here the 

cumulative percentage of variance for the first four factors 

is 63.020 which is within prescribed limits, which is why 

only four factors must be retained in the final factor analysis 

solution. Considering Eigen value and cumulative 

percentage of variances, these approaches suggest that the 

numbers of factors to be extracted should be only four. 

 

Values given in this table IV are known as factor loading. 

These values show a correlation between variables and the 

factor. Higher factor loading that is near 1 means higher 

correlation between variables and factors. After analyzing 

all the data, a cut off value is decided so that each factor is 

associated with 2-3 variables for naming of the factor. Here 

we select cut off as 0.635 so given below is the variable 

associated with which the factor is formed: 

Component 1: Time saving with lesser workforce Variables 

Used: (Time saving, Manpower reduction) Component 2: 

Increase in Revenues and Business Variables Used 

(Increase in revenues, increase in business) Component 3: 

Default rate reduction Variables Used: (Default rate 

reduction) Component 4: Skill upgrade along with not 

breaching privacy 

 

Variables Used (Need for skill upgrade, Breach of privacy) 

The detailed analysis of the collected data from the 

respondents has reflected that there are 4 components on 

which the financial institutions are impacted after 

subscribing to AI based credit scores. The four components 

are derived from the different factors, which affect the 
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financial institution. 

 Component 1 reflects that the AI has enabled financial 

institutions to save time for calculating the credit scores 

despite the fact that the AI helps in reducing the workforce 

as well. This is very beneficial for the institutions as the 

time saving will allow them to serve the customers without 

any hassles and the lesser workforce 

will help in reducing their costs. 

Component 2 advocates about the ability of AI in 

increasing revenue as it allows them to predict the 

credibility of an individual accurately due to which there are 

lesser defaults and hence more revenues. It also helped in 

enabling financial institutions to borrow those individuals 

who were excluded in the conventional methods of credit 

scoring. Thus, contributing towards bringing more business 

for the institutions. 

Component 3 echoes the sole purpose of exploring 

alternate methods for credit score evaluation was to reduce 

the default rates and AI has outperformed the conventional 

methods by improving the default rates and benefitted many 

institutions in reducing their losses, which appeared during 

our secondary research. 

Component 4 explains that the introduction of AI has 

succeeded in reducing the workforce, which is due to the 

fact that previous skills are redundant and there is a need to 

upgrade the skill sets of the people at the workplace to make 

people compatible with the transforming world. A large 

amount of data used in the AI based method is extracted 

from the platforms about which people are not aware and 

hence sometimes it comes with their privacy e.g. data from 

social media platforms. Privacy of their can be a major issue 

for the financial institutions as customers put their trust over 

them and their consent also needs to be considered. 

 

V. CONCLUSION 

After exploring all the possible factors through which AI 

can affect financial institutions-based credit scores, 

collecting the responses about those from the end 

beneficiaries and analyzing the data, it can be concluded 

about the factors, which makes a prominent impact for them 

and their businesses. The research suggested that the 

financial constitutions consider time saving with lesser 

workforce, Increase in Revenues and Business, Default rate 

reduction and Skill upgrade along with not breaching 

privacy of their customers. The current research has the 

objective to understand what are the prominent factors 

which affect the financial institutions which have 

subscribed to AI based credit scores. As AI is   in nascent 

use in the financial sector and there is lesser adoption due 

to lack of trust and results shared, the current article will 

help the Fintech Institutions who develop the AI models by 

helping them to understand the prominent factors which 

impact the operations of the financial institutions. This will 

help the fintech companies to bring their focus on the 

prominent factors to improve the technology in those areas 

and simultaneously create the awareness about those 

advancements. This will help fintech companies to assure 

financial institutions for maximum adoption of the 

technology through which the other financial institutions 

can benefit. 
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Abstract— As Microfinance operations are focused in 

financially under-penetrated low-income regions and have 

responsibilities of impact investments, they focus on the 

financial inclusion of the underserved. As the customers served 

by these organizations are part of the most vulnerable section of 

society, it is imperative to understand the different aspects of 

poverty that affect the financial health of a potential or existing 

debtor. United nations have recognized that eradicating poverty 

and other deprivations must go hand-in-hand with global 

strategies to improve health and education, to diminish 

inequality and boost economic growth. Till now, since the 

analysis of the creditworthiness of the customer or a group was 

mostly dependent on the income data and credit history, loan 

products were also designed depending only on these aspects. 

Taking account of the different social or economic aspects while 

screening a new business area or designing their loan products 

has become crucial for the Microfinance sector. The objective of 

this research is to predict and rate the depth of 

multidimensional poverty of the residents of a geographical area 

depending upon the deprivation faced by residents and to build 

a product recommendation system which can help in alleviating 

the deprivations faced by the customer. The dataset used was 

obtained from the MPI website for 2018. 

Keywords— Machine Learning; Multidimensional; Poverty 

Index; Business; Software;  

 

1. INTRODUCTION 

This research focuses on understanding the effect of different social 
and economic factors other than income and credit history which 
affect the financial health of a potential or existing debtor. This is a 
comparatively unexplored area of work as the traditional credit 
scoring and product allotment mainly focuses on the credit history 
and income data of a customer or group of customers. 

Though microfinance institutes focus on business loans, this 
research proposes to provide non-business loans for necessary 
commodity products depending on the deprivations faced by 
residents in the target area.   

This research focuses on building a tool which would help the 
institutes to estimate the poverty faced by the residents of a certain 
area due to lack of access to everyday commodities or infrastructure. 
Also, this research ultimately wants to help the institutes to offer 
intuitive non business loans as per the debtors’ urgent need. These 
products will assist the customer to come out of poverty and improve 
their financial stability resulting in increased credit worthiness. 

Extensive research was done by exploring the work done in this area. 
It was understood that though much information about the livelihood 
of the residents is collected during screening, they are not used 
effectively yet. The main focus areas while researching was to 
identify the social and economic factors which affect the financial 
health of a potential or existing debtor.  To find authentic data with 
these factors that can be easily obtained by any institution while 
doing new area/customer screening was the main challenge. 

Since the research focused on understanding the challenges faced   
by the underdeveloped sectors of society, the 17 Sustainable 
Development Goals (SDGs) set by United Nation Members in 2015 
were explored. They all recognized that eradicating poverty and 
other deprivations must go hand-in-hand with global strategies to 
improve health and education, to diminish inequality and boost 
economic growth. The 17 SDGs are No Poverty, Zero Hunger, Good 
Health and Well-being, Quality Education, Gender Equality, Clean 
Water and Sanitation, Affordable and Clean Energy, Decent Work 
and Economic Growth, Industry, Innovation and Infrastructure, 
Reduced Inequality, Sustainable Cities and Communities, 
Responsible Consumption and Production, Climate Action, Life 
Below Water, Life on Land, Peace, Justice, and Strong Institutions, 
Partnerships for the Goals. 

While researching on the SDG goals, the concept of MPI 
(Multidimensional Poverty Index) suited the research goal best. It 
measures acute multidimensional poverty globally in over 100 
developing countries. By capturing the acute deprivations in health, 
education, and living standards that a person faces simultaneously, 
MPI complements traditional monetary poverty measures. 

MPI focuses on three main dimensions of poverty–Health, 
Education and Living Standards. 

These three dimensions are further divided into a total 10 indicators:  
Health (Nutrition, Child mortality), Education (Years of schooling, 
School attendance), Living Standards (Cooking fuel, Sanitation, 
Drinking water, Electricity, Housing and Assets). 

The indicators mentioned above are associated to the SGD goals to 
eradicate poverty and other deprivations people face in developing 
countries as below - 

Nutrition - Zero Hunger, Child mortality- Health and Well-being, 
Years of schooling and School attendance - Quality and Education, 
Cooking fuel and Electricity - Affordable and Clean Energy, 
Sanitation and Drinking water - Clean Water and Sanitation, 
Housing- Sustainable Cities and Communities, Assets- No Poverty.                  
  

The below researches were explored on MPI. 
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Sabina Alkire, Fanni Kovesdi, Elina Scheja and Frank 
Vollmer(2020)[1] introduce the Moderate Multidimensional 
Poverty Index (MMPI) trial that provides a rational set of poverty 
indicators worldwide. Eradicating poverty by all means everywhere 
requires indicators that measure sustainable ways out of poverty, not 
just the absence of extreme poverty. The MMPI raises the reduction 
of nine out of ten Multidimensional Poverty Index (gMPI) indicators 
to reflect higher levels of poverty, in line with the aspirations set out 
in the Sustainable Development Goals (SDGs). 

Suppa, N(2022)[2]. presented the mpitb, a toolbox for MPI which 
enables the researchers, analysts and practitioners working on MPIs. 
This toolbox supports several subcommands to facilitate 
specification, estimation, and analysis on MPI. 

Jakob Dirksen and Sabina Alkire (2021)[3] introduces four 
measurement strategies to make child-focused policies depending 
on multidimensional poverty. 

Klonner, S. and Oldiges, C. (2019)[4] examines the effects of 
welfare driven by NREGA, a workfare program in India.    

Suppa, N. (2017)[5] proposes a measure for deprivation in social 
participation. Considering the philosophical aspects, it also 
synthesizes the research on poverty and deprivation, social 
exclusion and subjective well-being. It also explores the strong 
correlations with intimate concepts like material deprivation, 
income poverty, other potential determinants of social participation, 
and life satisfaction using regression techniques. 

Xiaolin Wang, Hexia Feng, Qingjie Xia and Sabina Alkire (2016)[6] 
examines the relationship between the poverty faced due to income 
and multidimensional poverty. 

Since no research has been found on the application of MPI in the 
Microfinance industry, this research focused to find practical and 
useful applications of the same to help the institutes to make better 
credit decisions as well as take account of the MPI indicators while 
designing their non- business loans.  

Machine learning (ML) is the study of computer algorithms that 
improves automatically through experience and use of data. In this 
research, different classification and regression algorithms like 
Random Forest Classifier, Ensemble Learning, AdaBoost, 
Clustering and others for detailed development have been applied. 

 

 
1. Data Collection and Understanding Process 

 
Extensive research was done by interactions with domain experts 
and exploration of data available to understand the different social 
and economic factors affecting the financial health of a potential 
customer.  
The MPI datasets were collected from the Oxford Poverty and 
Human Development Initiative database. The dataset that was used 
for this research is a combined dataset for the “Raw Headcounts” 
which documented the proportion of people who experience 
deprivations in each of the indicators and their corresponding MPI 
score. The dataset contains combined data of 105 countries, 36 states 
and union territories and 648 districts of India.  
This dataset was selected for this research since collecting the data 
for these deprivations for residents living in an area is defined and 
easy to execute. Further, since our experiments only depend on the 
percentage of residents deprived in each of the indicators, so no 
dependency would be there for any external dataset.  
The dataset contains the 10 indicators - Nutrition, Child mortality, 
Years of schooling, School attendance, Cooking fuel, Sanitation, 
Drinking water, Electricity, Housing and Assets. 

 
The “ProductCategory” dataset was the output of the research done 
to understand what categories of products would help in alleviating 
the deprivations mentioned. This research focused on the product 
categories that can be offered as non – business loans in India. The 
resultant dataset contains the mapping of Product category with the 
deprivation/s it helps to alleviate.  
Further, an extensive list of products was prepared which belong to 
the product categories mentioned above. Exploring E-commerce 
sites and scrubbing public data dumps available, the dataset was 
created. This dataset contains a mapping of the Product Name with 
the Product category mentioned above.  
Collecting and preprocessing data to build a machine learning-based 
model to create a list of co-related factors that affect the financial 
health of a potential or existing debtor. Depending on the correlated 
factors, rate the multidimensional poverty level faced by the 
residents of a geographical area. A product recommendation system 
which will recommend product categories depending on the 
deprivations faced by the people residing in the area. 
 
 

3.  Data preprocessing 
 
        After collecting the dataset from Oxford Poverty and Human 
Development Initiative, it was added to a notebook where all of the 
work for this research was done. The raw data contained instances 
that were not applicable. So, some of the data needed to be changed 
from numerical to multiclass classification. Though multiple ways 
are available to convert categorical values into numerical values, 
Panda.cut() function was used in this scenario. This function divides 
array elements into different bins. The cut function is mainly used 
to perform statistical analysis on scalar data.0 represents the lowest 
economy class and 1 represents a higher economy class. 
Here, standardization was done using the Standard Scaler. This 
rescales the distribution of values making the mean of observed 
values 0. The standard deviation is 1. This is similar to subtracting 
the mean value or centering the data. 
Standardization was used on all the attributes before using the 
Holdout method for dividing the dataset for training and testing. 
 

 
 
Table 1. All the Used Attributes for this model 
 

Variable 

number 
Variable name Variable 

description 

I Nutrition Proportion of the 

households in the 

area who 

experience 

deprivation in 

Nutrition.  

II Child mortality Proportion of the 

households in the 

area who 

experienced at 

least a child death 

in the five-year 

period preceding 

the survey. 
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III Years of schooling Proportion of the 

households having no 

member aged 10 

years or older 

completing at least 

six schooling years. 

IV School attendance Proportion of the 

households having 

any school-aged 

child not 

attending school 

upto the age when 

s/he should be 

completing class 8. 

V Cooking fuel Proportion of the 

population not 

having access to 

cooking fuel. 

VI Sanitation Proportion of the 

population not 

having access to 

sanitation. 

VII Drinking water Proportion of the 

population not 

having access to 

drinking water. 

VIII Electricity Proportion of the 

population not 

having access to 

electricity 

IX Housing Proportion of the 

population having 

inadequate 

housing 

X Assets Proportion of the 

population living 

not owning more 

than one of the 

following assets: 

radio, TVm 

telephone etc. 

XI MPI Multidimensional 

Poverty Index of 

the area 

 
All the other attributes are input values and the MPI attribute serves 
as the target class. The MPI values were divided into a defined range 
with the cut function and made a new attribute MPIRating (MPIR).  
To handle NULL values, all the rows with missing values were 
dropped using dropna().  The MPI column was dropped and the new 
target variable was MPIR (1 – 5). 
MPI (0.001 to 1) was divided into five levels and mapped to MPIR 
attribute as per the below range: 
 
MPIR 1 -> MPI <=0.2   
MPIR 2 -> 0.2<MPI<=0.4 
MPIR 3 -> 0.4<MPI<=0.6 
MPIR 4 -> 0.6<MPI<=0.8 
MPIR 5 -> 0.8<MPI<=1 

 
If the geographical area is rated as 5 (MPIR), this means the 
residents of this area are Critically multidimensionally poor.  
As the rating moves from 5 to 1, the severity of multidimensional 
poverty also decreases.  
For the second part of the experiment, the MPIRange was dropped. 

 
Problem Definition and objective structuring 
 
The objective of this research is to find practical applications of the 
MPI dataset to the Microfinance industry. 
First application is to rate the depth of multidimensional poverty of 
the residents of a geographical area depending upon the data 
collected by the organization on the deprivation faced by residents 
in the above-mentioned correlated 10 indicators.  
Second application is to build a product recommendation system 
which will recommend product categories depending on the 
deprivations faced by the people residing in the area. This will guide 
the product team to understand which products will be most 
applicable for the customer or a customer group to improve her/his 
financial stability. 
 

 
 
  Figure1. Business Flow Diagram 
 
 

 
 

2.  CONSTRUCTING THE MODEL 

      Initially, Classification has to be done by completing its seven 
main steps. The first step is data collection which must be relevant 
as its quantity and quality will determine how accurate our model is. 
Here pre-collected data is used for testing and training purposes. 
Each variable is assumed that it has a relation and regards to a 
predefined class. The second step is data preparation, cleaning the 
data and preparing it for training and testing. Cleaning it which may 
require removing duplicates, correcting errors, dealing with missing 
values, normalization, data type conversions, etc. Visualize data to 
help detect relevant relationships between variables or class 
imbalances, or perform other exploratory analysis. Split into training 
and testing sets. The third step is to choose the model. Training the 
model is the fourth step. Training the model is the fourth step. This 
is used to solve a problem or make an accurate prediction as often 
as possible. The fifth step is to evaluate the model. Model evaluation 
aims to estimate the generalization accuracy of a model on future 
(unseen/out-of-sample) data. The sixth step is parameter tuning to 
improve the performance. And lastly, the seventh step is to make 
predictions. Using test set data which have, until this point, been 
withheld from the model (and for which class labels are known), are 
used to test the model; a better approximation of how the model will 
perform in the real world. If the model’s accuracy was considered 
acceptable, then it can be used to rate the multidimensional poverty 
of the residents of the area. There are various classification 
techniques that have been used in the prediction process such as 
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Random Forest, Logistic Regression, etc and lastly Ensembling and 
AdaBoost were used to get the better results. 
 

 
    
  Figure 2. System Architecture 
 

3. EXPERIMENTS 

      Now that all the data collection and processing has been done, 
the classification needed to be implemented and accuracies to be 
calculated. Classification techniques that have been used are 
Random Forest, Logistic Regression and some other classifiers. The 
dataset was implemented using these classification techniques to 
build the model. 
 
 

i. The First Experiment: 
The correlation between the attributes which is shown in the 
Diagram 1. The attribute importance is also shown in Diagram 2, 
Child_School_attendence is the most important factor in the dataset. 
In the first experiment all the variables from Table 1 provided in the 
dataset have been used, trained and tested by using the 
‘train_test_split’ evaluation which is a technique for evaluating the 
performance of a machine learning algorithm imported from 
sklearn.model_selection. It can be used for classification or 
regression problems and can be used for any supervised learning 
algorithm. The accuracy was measured by applying the four 
classification techniques. 
 

 
Figure 3.. Attribute Importance 

 

 
Figure 4. Attribute Heat Map 

 
 
From the results provided in Table 2 it can be seen that the accuracy 
of Random Forest Classifier technique is the highest with an 
outcome of 84.56%, on test data. It is a good model to predict the 
target, MPIR. 
An AdaBoost Classifier has been used here. It is a meta-estimator 
that begins by fitting a classifier on the original dataset and then fits 
additional copies of the classifier on the same dataset but where the 
weights of incorrectly classified instances are adjusted such that 
subsequent classifiers focus more on difficult cases. This 
implements the AdaBoost-SAMME algorithm. The principle here is 
to fit a sequence of weak learners on repeatedly modified versions 
of the data. The predictions from all of them are then combined 
through a weighted majority vote (or sum) to produce the final 
prediction. The data modifications at each so-called boosting 
iteration consist of applying weights like w1, w2, …, wN to each of 
the training samples. Initially, the weights are set to wi = 1/N, so that 
a weak learner is trained in the first step on the data.  
 

Table 2. Algorithm Accuracies 

 

No. Classification 

Technique 
Prediction Accuracy 

1 Random Forest 84.56% 

2 Logistic 
Regression 

79.86% 

3 Voting 
Ensemble 

82.6% 

4 AdaBoost 79.86% 

 
 
 
 
 

ii. The Second Experiment: 
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To build the recommendation system, K-means clustering was 
implemented to divide the dataset into clusters. K-Means Clustering 
is an Unsupervised Learning algorithm. It groups unlabeled dataset 
into different clusters. In this algorithm, K defines the number of 
clusters in which the dataset has to be grouped. If K=3, there will be 
3 clusters, and for K=4, there will be 4 clusters, and so on. K-Means 
is an iterative algorithm that divides the unlabeled dataset into k 
different clusters in such a way that each dataset belongs to only one 
group that has similar properties.  
This allows the user to cluster the data into different groups and a 
convenient way to discover the categories of groups in the unlabeled 
dataset on its own without the need for any training. K-means is a 
centroid-based algorithm, where each cluster is associated with a 
centroid.  K-means algorithm aims to minimize the sum of distances 
between the data point and their corresponding clusters. 
The Elbow method was implemented to get the optimum number of 
clusters. 
 
Table 3. Algorithm Accuracies for Cluster Prediction 

 

No. Classification 

Technique 
Prediction Accuracy 

1 Random Forest 96.64% 

2 Logistic 
Regression 

73.82% 

3 Voting 
Ensemble 

91.30% 

4 AdaBoost 93.28% 

 
Again, from Table 3, it was concluded that Random Forest is the 
most suitable model for predicting the Clusters. It has an accuracy 
of 96.64% accuracy on test data. Then, according to the cluster 
mean, the deprivations in the cluster are ranked. This ranked list and 
Product category list are mapped resulting into a sorted Product 
Category list recommended for the target area. Further, mapping this 
Product Category to the Product list, a comprehensive list of 
recommended products is generated.  
 

4. RESULTS AND DISCUSSION 

Since the dataset is a combination of different geographical 
divisions like Countries, States and District, the models built on it 
are independent of the location or the geographical segregation. 
For example, this application can be applied to a Village, City, 
Region etc. provided the number of residents in it is sizable for the 
survey to be done. 
 
For example, when the proportion of the deprivations faced by the 
residents of the area is fed to the application, it will give two outputs. 
 
1. The MPIR (Multidimensional Poverty Index Rating) of the given 
area is 2. 
 
2. Two CSV files named “RecommandedProductCategories.csv” 
and “RecommendedProductList.csv” will be generated for the target 
area. 
 
RecommandedProductCategories.csv will contain the sorted list of 
Product categories recommended for the target area according to the 
level of deprivations faced by the residents for the indicators. 

RecommandedProductList.csv will contain the list of Products 
recommended for the target area. This Product list will be generated 
by mapping the product category of these products to the list of 
Recommended Product category list. 
 
Figure 5. Snapshot of generated Recommended Product Categories 
 

 
Figure 6. Snapshot of generated Recommended Product List 

 
 

5. CONCLUSION 

Through these experiments, the research has achieved the 
desired result. The MPIR rating can help the Microfinance 
assess the risk of venturing into a new area of operation or re-
assess an existing area of operation.       
The sorted recommended product categories list will help the 
institutes to curate product lists for a target area as per the 
urgent need of the residents. This will ensure the acceptance 
of these products as well as alleviate the livelihood and 
financial status of the customer.  
The future work involves building an intuitive user interface 
so that it becomes a standalone application and ready for 
industry use. 
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Abstract— Learning based on interaction with the 

environment is a natural phenomenon, for example, a baby 

learns through direct sensory interaction with the 

environment, without the supervision of any other person. This 

sensory connection with the environment is the source of all of 

his/her information about the causes and effects of the 

consequences of his/her behavior, and what must be done to 

realize some immediate objective. This kind of interaction with 

the environment is the main source of knowledge, for all 

humans, about our environment and also about ourselves. 

While we are learning to drive or having a conversation, we 

are very conscious of how our environment responds to our 

actions and we try to influence what happens by responding 

through our actions. Learning from interaction is the 

fundamental idea of almost all learning and intelligence theory. 

In this article, we explore a computational method using an 

agent that learns from interaction. It does not directly depend 

on the learning techniques of humans or animals, but mainly 

analyzes idealizes from them and then evaluates the 

effectiveness. We try to implement this approach by applying 

the techniques of what is called Deep Reinforcement Learning. 

Compared with other machine learning methods, it focuses 

more on targeted learning from interactions with the 

environment. 

Keywords—reinforcement learning, machine learning, agent, 

environment, state 

I. INTRODUCTION  

     Reinforcement learning (RL) is a machine learning 
technique based on maximizing the value of the cumulative 
reward [1]. Unlike in supervised learning, reinforcement 
learning does not need labeled input data, and in not needing 
sub-optimal actions to be expressly corrected. Instead the 
aim is to find a balance between exploration (of yet to be 
tried out actions and their subsequent results and succeeding 
states) and exploitation (of currently known actions and 
results). Semi-supervised reinforcement learning algorithms 
can combine the advantages of Supervised and 
Reinforcement Learning techniques. 
 

The environment is represented through a Markov 
Decision Process (MDP) [2], based on the concepts of 
Dynamic Programming, but the foremost distinction 
between classical dynamic programming and reinforcement 
learning is that the latter do not assume an explicit 
mathematical model of the environment, and they target 
large MDPs where exact methods are not implementable, 
due to the uncertainties of the changing environment. 

. 

 

 

II. REINFORCEMENT LEARNING BASICS 

  Reinforcement Learning does not assume any prior 
learning techniques of humans or animals, but bases its 
actions on repeated trial-and-error experiments. 
Compared with other machine learning methods, it 
focuses more on targeted learning from interactions. 

 

Fig. 1. Reinforcement Learning Decision Process 

 

III. ELEMENTS OF REINFORCEMENT LEARNING 

In addition to the agent and surroundings, the four main 
sub-elements of the reinforcement learning system is 
determined: strategy, reward signal, worth perform, and 
elective surroundings model. Generally speaking, the 
strategy is the mapping from the perceived environmental 
states to the actions that has to be taken in these states. It 
corresponds to set of stimulus-response rules or associations 
in animal cognitive behavior. The strategy may, in many 
cases, be a simple function or a lookup table, while in other 
situations it would involve complicated calculations for the 
lookup method. The strategy is the core of the reinforcement 
learning agent, whereby the reward signal directly reinforces 
the learning process. If the reward behind associated action 
selected by the strategy is extremely low, then the strategy is 
modified to decide on another action in the future. Generally 
speaking, the reward signal is a random function of the state 
of the environment and of the actions taken.    
 

The last component of some reinforcement learning 
systems is the environment model which mimics the 
environmental behavior, or a lot of typically, allows 
conclusions concerning environmental behavior to be 
drawn. For example, a model with state and actions can 
predict successive state of the result and therefore the next 
reward. 

. 

 

Page 830

International Conference On Interdisciplinary Research in Technology & Management (IRTM 2022)



IV. LIMITATIONS AND SCOPE 

Reinforcement learning methods we study in this article 
are based on estimated value functions, but other solving 
methods such as genetic algorithms, genetic programming, 
simulated annealing, and other optimization methods never 
pay attention to value functions [3-6]. We call these methods 
evolutionary methods because their function corresponds to 
the way in which biological evolution produces organisms 
with adept behaviors, even if they have not learned during 
their individual life. The evolutionary method has advantages 
in the case where the learning agent cannot estimate the 
complete state of its environment. Evolutionary methods 
ignore the processes of reinforcement learning problems, 
overlooking the fact that in reinforcement learning the 
strategy is a function of state to action; evolutionary method 
do not notice what situations or situations a person has 
experienced in his current life. 

V. APPLICATION IN CONTROL OF  
AUTONOMOUS VEHICLE 

 

1. HISTORY OF DRIVERLESS CAR: 
 
 

 
 
 

Fig. 2. The Stanford Cart  

 

1930 — Self-driving cars predicted (for 1960s) 

1961— Stanford Cart (ref. Figure 2) - the first vehicle 
that anyone really deemed “autonomous”, built by 
Stanford University, California 
 
1986— Research on computer-controlled vehicles 
began at Carnegie Mellon University in 1984 as part 
of the DARPA (US Government's Defense Advanced 
Projects Agency) Strategic Computing Initiative and 
the production of the first vehicle, Navlab 1, began in 
1986. 

2005— For the DARPA Grand Challenge (of 
$2million) – Stanford University's Stanford Racing 
Team, designed and developed and an autonomous 
car, in cooperation with the Volkswagen Electronics 
Research Laboratory (ERL) 
 
2011 — Nevada becomes the first state to legalize 
autonomous cars                                                       

2025 — Expect to achieve Level 5 Automation (for 
autonomous racing) 
 
 

2.    GOOGLE WAYMO’S APPROACH 

LiDAR (Light imaging, detection, and ranging system) 
is a spinning cylinder, on the top of a car. LiDAR systems 
are used in self-driving cars from Uber, Toyota, Ford, 
General Morors, etc., and are retro-fitted by Google 
WAYMO. Lidar system is equivalent to the eyes of an 
autonomous self-driving car, giving it a 360-degree view of 
its surroundings, through its continuously rotating system, 
thus determining the vehicle’s position with respect to all 
other surrounding objects and monitoring the distance with 
the other vehicle(s) – both moving and stationary. It also 
controls the brake and accelerator of the vehicle. 

 
3.   TESLA’S APPROACH  

        Tesla avoids using LIDAR, primarily because of its 
additional cots (approximately $10,000), and since it uses 
optical sensing, it fails in the cases of fog, mist or dust. 
Also, when moving objects appear on the road, such as – 
humans, animals, or even flying plastic bags, etc., - LIDAR 
is not able to detect how they are moving or even what those 
objects are, and cannot differentiate a plastic bag from a 
road bump. For Tesla, the object detection and depth 
computations are performed by low cost (less than $500) 
radar and cameras. Tesla’s system of cameras and radar is 
able to detect what an object is. The radar looking forward is 
able to quickly tell if there is anything problematic ahead. 
Once an object comes into sight, cameras will decide what 
the object is and then the car can react to the situation. 

There is a recent (2019) research paper published by 
Computer Vision scientists at Cornell University, and 
available at Cornell University archives [7,8]. The paper 
discusses how relatively cheap stereo cameras can be used 
to generate a 3D map nearly as accurate as a LIDAR map. 

 
V.  CONCLUSION 

Reinforcement learning aims to maximize a value based on 
rewards for the right decision. It differs from other 
computing methods in that it emphasizes learning from the 
agent through direct interaction with the environment, 
without the need for exemplary monitoring or complete 
modeling of the environment. In our view, reinforcement 
learning is the first field to seriously solve the 
computational problems involved in learning while 
interacting with the environment to achieve long-term 
goals. Reinforcement learning is based on Markov 
decision process to define the interaction between the 
learning agent and its environment in terms of state, 
action, and reward. The framework aims to provide a 
simple way to express the basic characteristics of artificial 
intelligence problems. These characteristics include a 
sense of causation, insecurity and uncertainty, and the 
existence of a clear goal. Reinforcement learning methods 
depend on the concept of value and value function. Deep 
reinforcement learning is a breakthrough concept in 
machine learning which combines the utility of multi-
layered artificial neural networks with reinforcement 
learning processes for agents to learn to reach their goals, 
by combining function approximation and target 
optimization, and mapping states and actions to the 
rewards they lead to. 
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