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Abstract 

This study investigates the transformative impact of digital payment systems on both consumer spending 

behavior and small vendor operations within the Mumbai Metropolitan Region, India. Framed within the 

broader evolution of digital finance—from the early technological advancements of ARPANET to the 

proliferation of Unified Payments Interface (UPI)—the research examines how rapid technological 

changes, government initiatives, and policy interventions are reshaping a traditionally cash-based 

economy. Employing a cross-sectional survey design, the study collected primary data from 120 retail 

consumers and 50 small vendors using distinct questionnaires administered online and in person, 

respectively. The data was analyzed through descriptive statistics, correlations, chi-square, and factor 

analysis. Furthermore, predictive modeling using Random Forest and Gradient Boosting Machine 

techniques was implemented to classify consumer spending patterns based on indices derived from digital 

payment usage and digital competency. Key findings indicate that high digital payment adoption is 

significantly associated with increased impulse buying and altered spending behavior among consumers, 

while digital competency emerges as a pivotal factor driving this relationship. For small vendors, despite 

high digital transaction volumes, challenges such as inadequate technical support and steep learning curves 

hinder the conversion of digital adoption into tangible revenue growth and improved customer retention. 

The study concludes that enhancing digital literacy and infrastructure, coupled with targeted policy 

interventions, is essential for fostering a more inclusive and efficient digital payment ecosystem that can 

further drive economic formalization and financial inclusion. 

 

Keywords: Digital Payments, Unified Payments Interface (UPI), Predictive Analytics, Digital 

Competency 

 

Chapter 1 

Introduction 

"The only constant in life is change.“ –Heraclitus 

1.1 The Evolution and Growth of Digital Payments 

The evolution of digital payments can be easily linked with the technological advancements that began 

with the development of ARPANET in the 1960s (Raisagar, 2024 ). 1ARPANET did not create digital 

 
1 ARPANET - Predecessor to the modern Internet, developed by US DoD in the 1960s. 
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payment systems, but it put the network and the communication protocols that govern the transfer of data 

from and to computers. These early developments made it possible to transfer and communicate data 

securely between computers and thus enabled the development of the online payment systems of the 

present day.  

The World Wide Web (WWW) made the digital revolution to increase the ways of receiving and 

exchanging information and services. At this early stage, digital payments were not well known and cash 

was the most commonly used form of exchange. However, as technology has been developed to the present 

standard, it has resulted in the development of modern payment systems that have greatly transformed the 

global transaction processes. 

In the last few years, digital payment systems have grown rapidly due to the emergence of new options 

such as account-to-account transfers, digital wallets and QR code payments. Capgemini states that the 

volume of non-cash transactions worldwide was 1.3 trillion in 2023 and is predicted to rise to 2.3 trillion 

by 2027. By then, these new payment methods are anticipated to handle 30% of all transactions, thus 

indicating a shift in the financial transaction flow. (Vasic Lisa & Dobson Nigel, 2024). 

1.2  Growth and Trends in the Global Digital Payments Market 

Both consumers and businesses have adopted digital payment systems and companies are investing in new 

ways of doing business to gain market share. This shift has a significant impact on the economy as revealed 

by the following data from the digital payment market: 

▪ The global digital payments market is expected to reach a total transaction value of USD 20.37 trillion 

by 2025 (Digital Payments–Worldwide | Statista Market Forecast, n.d.) . 

▪ The market is forecasted to grow at a compound annual growth rate (CAGR) of 15.90% from 2025 to 

2029 to reach USD 36.75 trillion in 2029 (Digital Payments - Worldwide | Statista Market Forecast, 

n.d.) 

▪ Mobile POS (Point-of-Sale) payments are expected to be the market leader, with a transaction value 

of USD 12.56 trillion by 2025 (Digital Payments - Worldwide | Statista Market Forecast, n.d.).  

▪ China is forecast to be the market leader in cumulative transaction value, with a value of USD 9,298 

billion in 2025 (Digital Payments–Worldwide | Statista Market Forecast, n.d.). 

However, the adoption of digital payments has also been quite intense in India:  

▪ The total transaction value in India’s digital payments market is expected to reach USD 1,892 billion 

by 2025 at a growth rate of 16.31% CAGR from 2025 to 2029 to reach USD 3,463 billion in 2029 

(Digital Payments, India; Statista Market Forecast, n.d.). 

▪ Mobile POS payments are also emerging as the leading form of payment in India with a projected 

value of USD 1,178 billion in 202 5 (Digital Payments - India | Statista 

Market Forecast, n.d.) 

1.3 The Evolution and Impact of Digital Payments: India’s Path to a Cashless Economy 

Moving to a completely digital and cashless society is the next step and could not be considered anything 

but natural. Some countries including Singapore, Hong Kong and Sweden have already made great strides 

in this direction. The first attempts were made with plastic currency like debit cards, credit cards, prepaid 

cards and store cards. These initiatives aim to promote digital financial transactions to eliminate the use 

of physical cash in these economies. (Maiya, 2021). 

The shift to a cashless society is well underway in India, a move that is creating new opportunities even 

as it seeks to solve long-standing problems. There are some issues with cash in many nations, including 
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the problem of tracking transactions, the inconvenience of carrying cash, the high cost of printing currency 

and the fact that a large proportion of notes are damaged or soiled. 

The move to a cashless economy in India is not only a solution to these problems but also a chance to 

improve performance. It ensures that intermediaries are eliminated, and, hence, welfare benefits and 

subsidies are delivered directly to the beneficiaries. Additionally, the provision of banking services to all 

households can empower individuals and communities as well as prevent corruption. These goals make 

India’s shift to a cashless society promising for both economic and social development (Maiya 2021). 

The vision is to take India’s  1.3 billion people from a banking system of “less paper, fewer people, less 

cash, and less friction” to make it completely “paperless, people less, frictionless and cashless”. 

The future of India’s cashless economy is dependent on various essential elements. Despite being one of 

the few leading countries, including many developing nations, it has a good market infrastructure, 

advanced banking systems and extensive network facilities. The Digital India initiative has been a key 

driver in this transformation by benefiting the government, businesses and consumers through convenient, 

fast and transparent transactions at low costs. Innovation is continuous,  and the move to a completely 

cashless economy has become imminent and inevitable. (Maiya  2021). 

India’s digital payments sector witnessed rapid growth after the demonetization policy that the government 

announced on November 8, 2016, a policy that rendered the 500- and  1,000-rupee notes, which were 

about 86% of the nation's cash.  His audacious initiative of zeroing in on the cash-based economy and, at 

the same time,  creating momentum for the adoption of digital payment methods is not only courageous 

but also expedient. Digital transactions, which were less than 10% of all the transactions in India before 

the demonetization, have risen to more than 100% in the aftermath. 

This transition from cash was further expedited by the COVID-19 pandemic, which forced many people 

to use digital payments to make their way through the problems that the crisis posed. For example, PayTm 

saw an enormous surge in usage; total traffic rose by 700%, the addition of funds to accounts increased 

by  1000%, and a record of 5 million transactions per day was reached. 

As a result of the pandemic and subsequent lockdowns, the volume of printed currency decreased by 13%, 

while the circulation of money contracted by 23.3%. 

1.4 Drivers of Digital Payment Transformation in India 

The move to a more digital economy in India has been driven by government promotion, growth in internet 

and smartphone penetration and the acceleration of e-commerce. The Digital India, Startup India and 

Make in India initiatives have been actively pushing the uptake of digital technologies and, as such, have 

been instrumental in shaping the economic growth trajectory of the country. The number of Internet users 

in the country is expected to reach  800 million by 2023, and this has been a key driver of the digital 

transition.  Mobile wallets and platforms including the Unified Payments Interface (UPI) have also been 

instrumental in promoting the shift to a cashless society. 

The digital transformation has been driven by several government-initiated initiatives. 

Direct Benefit  Transfer (DBT) 

The Direct Benefit Transfer (DBT) system has been a very important tool in transferring subsidies directly 

to the beneficiaries in the agriculture and fisheries sectors. Through programs such as the  Mahatma 

Gandhi National Rural Employment Guarantee Act (MGNREGA) and the Liquefied  Petroleum Gas 

(LPG) subsidy, DBT helped in eliminating fake beneficiaries, reducing pilferage and saving as much as 

INR 1.78 lakh crores. It has also promoted digital banking in rural areas through the JAM (Jan Dhan, 

Aadhaar and  Mobile) trinity (Maiya, 2021). 

https://www.ijfmr.com/
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Financial Reforms 

The Goods and Services  Tax (GST) that was introduced unified all the multiple tax systems in India thus 

bringing about the development of a paperless and cashless economy. The GST has simplified the tax 

compliance schedule, connected the trading community and facilitated the movement of goods across the 

country thereby promoting digital payment in business  (Maiya, 2021). 

PMJDY stands for Pradhan Mantri Jan Dhan Yojana which was launched in the year 2014 to reach 

75 million households. However, the scheme has exceeded the target and has covered more than 125 

million households. This has enabled PMJDY to facilitate an increasing number of cashless transactions 

across the country (Maiya, 2021). 

 BharatNet is an initiative that seeks to bring about 250,000-gram  panchayats and 600,000 villages across 

the country under affordable, high-speed broadband connectivity. In this way, the improvement of the 

Internet connection in rural areas is the driving force of the digital financial inclusion of the population 

and the empowerment of rural communities to use online services (Maiya,  2021). 

India Post Payments Bank (IPPB) was established in the year 2018 and has been able to attract more 

than 36 million customers and has been able to conduct transactions worth  INR 38.5K crore. Through its 

136,000 branches in the country,  IPPB has been able to extend digital banking services to the far and faint 

corners of the nation  (Maiya, 2021). 

The RuPay card is a card that enables the user to make digital payments with no charge for the transaction 

and the card is accepted internationally. It also has contactless card services that encourage the use of 

digital payment systems among individuals and businesses (Maiya,  2021). 

e-RUPI is another initiative of the Prime Minister and is a digital payment solution that can be a platform 

for future CBDC. This in a way contributes to the enhancement of the ease of doing business while at the 

same time promoting the use of digital payment systems  (Maiya, 2021). 

 

 
Figure 1.1 

UPI Year on Year Growth (YOY) 

Source : National Informatics Centre 

 

1.5 The Unified Payments Interface (UPI): A Revolution in India's Digital Payment Ecosystem 

India’s digital payment system has evolved rapidly, especially since the introduction of the Unified Pay- 
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ments Interface  (UPI) by the National Payments Corporation of India (NPCI) in 2016. UPI  has made a 

real-time interbank transfer facility that is fast, convenient and easily accessible. By the end of the year 

2023 UPI has processed 83.75 billion transactions and hence  UPI has become an important part of the 

Indian economy and has emerged as one of the major players in the digital payment market (Maiya, 2021). 

1.5.1 Key Features  and Widespread Adoption 

As one of the biggest drivers of a cashless culture, UPI has gained acceptance from people of all strata of 

society. Some of the key features of UPI  such as 24/7 real-time payments, zero service charges, no 

minimum balance requirement and no need for physical cards have made it an essential service to millions 

of Indians. The platform’s simplicity where payments can be made through Virtual Payment Addresses 

(VPA)2 has reduced the literacy level required for the use of this platform and hence has encouraged 

people to adopt it (India’s UPI: A Global  Front-Runner in Digital Payment Systems, n.d.). 

1.5.2 Spectacular Growth  in Transactions 

The trend of UPI transactions has been steep. In July 2021,  UPI processed an all-time high of 3.2 billion 

transactions, indicating a  10-11% month-on-month surge in both transaction value and volume. UPI has 

replaced cash and other forms of digital payments such as debit cards and prepaid wallets and has therefore 

changed the face of banking and financial transactions in India (Digital Payments Driving the Growth 

of Digital Economy | National Informatics Centre | India,  n.d.). 

1.5.3 UPI’s Impact on India’s Digital Payment Landscape 

The UPI has not only made cashless transactions easy but has also brought private players into India’s 

digital payment space. The UPI-based platforms of Google Pay, Amazon Pay, Paytm,  PhonePe and 

WhatsApp Pay have come up to facilitate easy payments and have given a boost to the ecosystem. These 

private players have ensured that digital transactions are easy to make and receive and hence have 

increased the size of India’s digital payment ecosystem. 

1.5.4 Promoting Financial Inclusion and Transparency 

The impact of UPI does not end at convenience,  it has also helped in promoting the financial inclusion, 

transparency and formalization of the economy. The use of voice-enabled payment confirmations and the 

integration of RuPay credit cards have improved trust and user base. Moreover, the ability to choose 

between various service providers for UPI payments has created a competitive dynamic environment for 

the customer. 

1.5.5 UPI’s Global Reach and Expansion 

The success of UPI has transcended India’s borders. NPCI International Payments Limited (NIPL) has 

successfully expanded UPI’s global reach by forming partnerships with over 30 countries, including 

France, the UAE, and Sri Lanka. These collaborations underscore UPI's potential to serve as a global 

model for developing digital payment ecosystems in other nations. 

This is because the success of UPI has gone beyond the Indian shores.  The UPI’s global reach has been 

expanded by NPCI International Payments Limited (NIPL) in more than 30 countries including France, 

UAE and Sri Lanka. These partnerships show that UPI can be a model for building digital payment 

ecosystems in other countries as well. 

 

 

 

 
2 Virtual Payment Address - unique identifier in UPI for receiving payments. 

https://www.ijfmr.com/
https://timesofindia.indiatimes.com/blogs/voices/the-possibility-of-a-cashless-society-speeds-up-in-india/
https://pib.gov.in/PressReleaseIframePage.aspx?PRID=1973082&ref=indiatech.com


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250241503 Volume 7, Issue 2, March-April 2025 6 

 

1.5.6 Government Initiatives and Infrastructure Development 

Government initiatives such as the DigiDhan Mission and the setting up of Common Service Centers  

(CSCs)3 to promote digital transactions in rural areas are examples of the Indian government’s efforts to 

reduce the reliance on cash. This transition was accelerated by infrastructure development as well as tax 

incentives and subsidies for merchants to adopt digital payment systems. The DigiDhan Dashboard, a real-

time monitoring platform, has been useful in tracking the progress of these initiatives, offering a 

comprehensive view of digital transactions across the country (Digital Payments Driving the Growth of 

Digital Economy | National Informatics Centre | India,  n.d.). 

 

Volume of Transactions 

 
Figure 1.2 

Source : National Informatics Centre 

 

1.5.7 E-Commerce Growth and Digital Payments 

E-commerce in India has also exponentially contributed to the growth of digital payments because of the 

sector’s rapid expansion. The sector is expected to expand at a compound annual growth rate (CAGR) of 

31% to reach  $200 billion by 2026. As more people begin to shop online, digital payment systems are 

needed to handle the rising number of transactions (Digital Payments Driving the Growth of Digital 

Economy | National  Informatics Centre | India, n.d.). 

 

1.6 Challenges in Digital Payment Adoption in India 

 Despite great strides in digital payments in India, the rate of adoption remains slow and steady. Despite 

recent breakthroughs in technology and the development of new forms of digital money, there are still 

some issues that prevent the widespread adoption of these innovations. Problems such as cybercrime, 

inadequate infrastructure,  low levels of digital literacy, adoption gaps in tier 3 and tier 4 areas, and costs 

of transaction and connectivity issues have also not been resolved to the fullest to enable seamless use of 

digital payment systems. 

 

 1.6.1 Cash vs. Digital Payments: Barriers to Widespread Adoption. 

 
3 Common Service Centers - provide e-governance and digital payment services. 
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 Cash is still popular because it is private, and can be used anywhere, it is convenient and offers certainty 

of acceptance and payment. It is widely used by all segments of the population because it involves no risk 

of default. Even though digital payments are being adopted in different areas and by various groups of 

people, there are still significant differences in the rates of adoption. Lack of digital financial literacy 

remains a major issue that leads to the existing gaps (Challenges in Digital Payment Systems in  India, 

n.d.). 

1.6.2 Efforts to Bridge the Accessibility Gap. 

To address these challenges, regulators and Payment System Operators (PSOs) have launched awareness 

campaigns like RBI Kehta  Hai and e-BAAT. However, these initiatives need to be supplemented with 

sustained and innovative approaches to bridge the accessibility gap and foster a more inclusive digital 

payment ecosystem (Challenges in Digital Payment Systems in India, n.d.). 

1.6.3 Barriers for Non-Smartphone Users. 

Smartphone users are also enabled to make a variety of digital payment methods like UPI, mobile banking 

and digital wallets; nonetheless, there is still a huge gap for non-smartphone users. The approximate 500 

million people by 2022 will be restricted to USSD-based platforms that only permit basic and low-value 

transactions because of security concerns. To improve digital payment adoption innovations that are 

suitable for non-smartphone users may play a significant role (Challenges in Digital Payment Systems 

in  India, n.d.). 

1.6.4 Fraud and Security Concerns 

Fraud and security concerns are the major factors that hinder the growth of digital payment systems. 

Customer vulnerability and occasional system breaches create apprehension among the target population 

and existing users. To mitigate these problems and rebuild confidence, measures like zero customer 

liability, transaction toggle features (enabling users to enable or disable payments), and digital authority 

services have been established. However, the costs of robust cybersecurity measures are so high that the 

approach is usually haphazard, leaving gaps and weaknesses in the system that erode user trust further  

(Challenges in Digital Payment Systems in India, n.d.). 

1.6.5 Perceived Costs of  Digital Payments 

The perceived cost of digital payments is yet another issue. While cash is free, digital payment systems 

come with installation and transaction charges. This makes a small merchant bear the cost of setting up 

payment infrastructure such as Point of Sale (PoS) terminals. However, this has been addressed to some 

extent by low-cost alternatives like QR codes since over 70 million QR codes have been deployed across 

the nation. The reliance on internet connectivity for QR code-based payments however exposes another 

challenge of the need for offline payment solutions.  

As per the TRAI data as of October 2020, out of  1.171 billion telephone subscribers in India, only 734 

million (62.75%) subscribers have internet access. This identifies a major opportunity for enhancing 

internet coverage and building up digital payment systems  (Challenges in Digital Payment Systems in 

India, n.d.) 

1.6.6 The Path Forward:  Addressing Complexities 

These challenges and opportunities are a testimony to the complexities of the cashless economy drive in 

India. Overcoming these issues through innovation, infrastructure development and consumer awareness 

is crucial to boost the digital payment culture. This study aims to examine how these factors influence the 

spending behaviour of retail customers and cash flow management for small vendors in urban India and 
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comes up with important insights on the evolution of the payment systems in the country (Challenges in 

Digital Payment Systems in India, n.d.). 

 

1.7  Analyzing the Role of Retail Customers and Small Vendors in Digital Payment Adoption 

Understanding retail customers and small vendors is necessary to understand the broader economic 

consequences of adopting digital payment systems since these are the main agents of India's economy. 

Retail customers are consumers of goods and services; they influence market trends and patterns of 

demand and consumption and, therefore, economic growth.  

On this basis, the analysis of how digital payment methods affect their shopping behaviour — whether, 

for example, they are more likely to make impulse purchases or to plan their spending — offers useful 

information about changes in consumer behaviour and their impact on the economy as a whole. 

1.7.1 The Small Vendors: The Informal Sector 

 India's economic activity is largely comprised of the informal sector, on which small vendors are the 

mainstay.  These vendors’ adoption of digital payment systems enables them to have access to financial 

services and enhances their operational performance and cash flow management. This transition is not 

only beneficial but also plays a significant role in enhancing financial inclusion for economic growth. 

1.7.2 Barriers to Digital Payment Adoption  Addressed 

Technological challenges, the trust issue, and the high transaction fees for example, are critical barriers to 

adoption that need to be identified and addressed so that policymakers can design and implement targeted 

interventions to support these vendors and facilitate their transition to the formal economy. 

1.7.3 Promoting  Financial Inclusion 

Digital payment systems are playing an important role in promoting financial inclusion and cash 

dependency reduction. For retail customers, the shift to digital transactions means that they will have a 

more convenient and faster way of managing their finances. Digital payments are also beneficial for small 

vendors as they allow them to expand their customer base, increase earnings, and improve their business 

stability. 

1.7.4  Microeconomic and Macroeconomic Impacts Explored 

Examining these dynamics is essential to understanding the great transition from cash to digital payments 

with its implications for monetary policy, cash management and the development of digital infrastructure. 

These changes and their effects on both microeconomic behaviour and macroeconomic trends can thus be 

evaluated. 

1.7.5 Government and Business Strategies 

This research can help the government with policies that will encourage people to adopt the digital system 

and improve the payment systems. To businesses, it can provide advice on how best to reach out to 

untapped markets. The integration of digital payments into the lives of retail customers and small vendors 

can reduce the informal economy, improve tax compliance and build up long-term economic resilience in 

India. 

1.7.6 Advantages of Cashless Economy  

A cashless economy has advantages and disadvantages; nevertheless, the advantages of digital processes 

prevail. The most significant advantage is the avoidance of expenses that would be incurred in printing, 

transporting and distributing fiduciary media. For instance, it costs the government approximately Rupees 

4.15 to print one Rupees two thousand note and between Rupees 2.90 and Rupees 3.10 for one Rupees 

500 note. Moving to a completely digital system would be adventurous. In addition, the security and 
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convenience of digital transactions are the major factors that drive the cashless economy. As a result of 

the e-KYC system being made compulsory, every digital transaction is an easily identifiable fellowship 

that helps reduce the tax gap and enhance disclosure. As money stays within the formal system, fraudulent 

activities can be tracked and addressed more effectively. The National Payments Corporation of India 

(NPCI) is also collaborating with various countries to implement systems similar to UPI globally, which 

would simplify international transactions. 

 

1.8 Paving the Way for Digital Utopia: Bridging the Gap Between Retail Customers and Small 

Vendors 

The process of becoming a completely digital India is an evolutionary process. From the foundational 

advancements of ARPANET to the revolutionary impact of UPI we have seen a remarkable change in the 

way we transact. Despite the challenges of security concerns, limited digital literacy, and infrastructure 

gaps, the potential benefits of a cashless society are immense. Understanding the nuanced perspectives of 

retail customers and small vendors, this research can identify the barriers to adoption and help overcome 

them. The study provides valuable insights into the evolving dynamics of India’s digital payment 

landscape, which can help guide policy decisions and business strategies to create a more inclusive and 

prosperous future for all. 

 

Chapter 2 

Review of Literature 

2.1 Theoretical Foundations and Historical Evolution 

2.1.1 Early Conceptualizations and Economic Drivers 

Early research laid the groundwork for digital payment studies by integrating classical economic theories 

with emerging payment technologies. Au and Kauffman (2008) pioneered this field by applying 

microeconomic principles—such as consumer choice, network externalities, and switching costs—to 

mobile payment systems. Their concentric-circle model, which categorizes stakeholders into technology 

producers, end‐users, intermediaries, and regulatory bodies, highlights that even innovative mobile 

payments share underlying economic drivers with traditional payment methods (Au & Kauffman, 2008). 

Amos et al. (2013) built on these foundations through a comprehensive meta-analysis spanning three 

decades. By examining impulse buying behavior, they demonstrated that both inherent personality traits 

(e.g., impulse buying trait) and situational variables significantly contribute to unplanned purchasing. 

Their findings implied that the reduced friction of digital transactions could intensify impulsive spending, 

a hypothesis that later studies sought to validate in the context of modern digital platforms (Amos et al., 

2013). 

2.1.2 Technological Innovations and Policy Shocks 

The evolution of digital payments has been marked by both technological breakthroughs and 

transformative policy events. Banjarnahor (2021) extended the Technology Acceptance Model (TAM) 

by incorporating constructs from the Theory of Reasoned Action (TRA) and the Theory of Planned 

Behavior (TPB). This extension underscored the critical roles of perceived ease of use and perceived 

usefulness in influencing technology adoption among both consumers and small vendors (Banjarnahor, 

2021). 

A landmark policy shift occurred with India’s demonetization in November 2016. Aggarwal et al (2020) 

leveraged this natural experiment to show that regions with greater exposure to cash shortages experienced 
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up to a 40% decline in ATM withdrawals alongside significant surges in digital payment transactions. 

These results underscored the capacity of exogenous shocks to accelerate the transition from cash-based 

to digital economies (Aggarwal et al., 2020). Complementary historical narratives by Dar (2023) and 

Putrevu and Mertzanis (2023) document the broader transformation—from a predominantly cash-based 

system to one dominated by digital payments—highlighting the pivotal roles of initiatives such as the 

Unified Payments Interface (UPI) and financial inclusion schemes in reshaping the payments landscape 

(Dar, 2023; Putrevu & Mertzanis, 2023). 

 

2.2 Consumer Behavior Dynamics 

2.2.1 Impulse Buying and Spending Patterns 

Digital payment systems have a profound effect on consumer spending behavior. Amos et al. (2013) 

reported that the ease and immediacy of cashless transactions lessen the “pain of payment,” thereby 

promoting impulsive purchases. Chandra et al. (2024) reinforced this notion by providing quantitative 

evidence from ShopeePay users, demonstrating that enhanced interactivity and higher levels of customer 

satisfaction led to a marked increase in impulsive buying—particularly among younger, tech-savvy 

consumers (Chandra et al., 2024). 

2.2.2 Determinants of Adoption 

The decision-making processes underlying consumer adoption of digital payments have been explored 

extensively. Zehra et al. (2024) compared various digital platforms and found that platforms offering 

superior user experience and robust security features achieve higher adoption rates. In parallel, Delvita 

Juniarsih et al. (2024) confirmed the applicability of TAM in mobile payment contexts, finding that both 

perceived ease of use and perceived usefulness serve as reliable predictors of technology acceptance 

(Zehra et al., 2024; Delvita Juniarsih et al. (2024). 

Teng and Khong (2021) provided further insight by applying big data analytics to over 18,000 social media 

posts. Their work revealed emergent themes such as system inaccessibility and promotional rewards that 

significantly influence user satisfaction and subsequent spending behavior (Teng & Khong, 2021). Liu, 

Ben, and Lie et al. (2019) conducted a meta-analysis incorporating 61 studies across 22 countries, 

confirming that perceived usefulness, ease of use, and trust are key determinants of mobile payment 

adoption—although they observed that subjective norms have a less pronounced effect than initially 

theorized (Liu et al., 2019). 

2.2.3 Insights from UTAUT2 

Linge et al. (2023) applied the extended Unified Theory of Acceptance and Use of Technology (UTAUT2) 

to mobile payment applications, revealing that facilitating conditions, performance expectancy, and effort 

expectancy significantly drive both the intention to use and the actual usage of digital payment platforms. 

Their structural model, which explains 71.8% of the variance in behavioral intention and 76.5% in use 

behavior, emphasizes the critical role of supportive infrastructure in digital payment ecosystems (Linge et 

al., 2023). 

 

2.3 Vendor Adoption and Operational Efficiency 

2.3.1 Drivers of Vendor Adoption 

Digital payment systems not only alter consumer behavior but also significantly impact vendor operati 

operations. Mohamed Siddiq et al. (2025) illustrate that the adoption of digital payments enhances 

transaction security, improves record-keeping, and facilitates access to formal credit systems. Similarly, 
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Shrimal and Ahmad (2024) provide qualitative evidence from vendor interviews showing that, despite 

short-term disruptions following demonetization, the transition to digital payments ultimately leads to 

streamlined operations and higher customer satisfaction (Mohamed Siddiq et al., 2025; Shrimal & Ahmad, 

2024). 

2.3.2 Empirical Evidence from Retail Sectors 

Quantitative studies further substantiate these benefits. Kusnawan et al. (2020) observed that while the 

direct effect of ease of use on impulsive buying is modest, its cumulative market impact significantly 

enhances vendor operational efficiency. N. S. P. (2023) documented considerable improvements in sales 

figures and reductions in transaction processing times among small businesses in Pune following digital 

payment adoption, reinforcing the positive relationship between digital payment integration and business 

performance (Kusnawan et al., 2020; N. S. P., 2023). 

Adhikary et al. (2021) extended these findings to unorganized retailers, arguing from a resource-based 

view (RBV) that digital payment systems serve as strategic, non-substitutable resources that confer 

sustainable competitive advantages. Their mixed-methods research—including qualitative interviews and 

randomized field experiments—confirmed that strategic digital adoption results in measurable revenue 

gains (Adhikary et al., 2021). 

N. P. G. and V. K. M. U. (2024)  focused on small coffee businesses, documenting a dramatic structural 

shift in payment modes—from a 3% digital share in 2005 to a projected 58% by 2025. Their mixed-

methods study demonstrated that digital payments not only enhance transaction speed and financial 

transparency but also improve customer engagement, although challenges such as digital literacy and 

cybersecurity remain persistent (N. P. G. & V. K. M. U., 2024). 

 

Table 2.1 Summary of Key Findings in Vendor Studies 

Study Focus Key Findings 

Mohamed 

Siddiq et al. 

(2025) 

Operational Efficiency 
Improved transaction security, enhanced record-

keeping, better access to formal credit. 

Shrimal & 

Ahmad (2024) 

Post-Demonetization 

Vendor Impact 

Streamlined operations and increased customer 

satisfaction following digital adoption. 

Kusnawan et al. 

(2020) 

Ease of Use and 

Market Impact 

Ease of use has a modest direct effect, but 

aggregated benefits lead to significant operational 

improvements. 

Phatak (2023) 
Sales Performance and 

Transaction Times 

Marked improvement in sales and reduced 

transaction processing times post-adoption. 

Adhikary et al. 

(2021) 

Strategic Resource 

Perspective 

Digital payments confer competitive advantages, 

resulting in revenue gains. 

Gaonkar & U 

(2024) 

Structural Shift in 

Payment Modes 

Increase from 3% digital payments in 2005 to an 

estimated 58% by 2025; enhanced transparency 

and engagement, with ongoing challenges. 
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Constructed by author 

2.4 Macro-Level Perspectives and Policy Implications 

2.4.1 Economic Impact and Formalization 

At a macroeconomic level, Ravikumar et al. (2019) utilized rigorous econometric techniques—including 

Ordinary Least Squares and ARDL co-integration models—to assess the influence of digital payment 

channels on India’s real GDP. Their findings indicate that retail electronic payments significantly boost 

short-run economic activity, although long-term impacts are less pronounced and depend on infrastructural 

and regulatory factors (Ravikumar et al., 2019). Aggarwal et al. (2020) further demonstrated that policy 

shocks, such as those during demonetization, catalyze shifts from cash to digital payments, although 

sustained benefits require robust supporting infrastructure (Aggarwal et al., 2020). 

2.4.2 Regulatory and Security Challenges 

Digital payment adoption is accompanied by significant regulatory and security challenges. Bakhshi et al. 

(2024) applied Interpretive Structural Modeling (ISM) to identify a cascading series of barriers—including 

entrenched cash cultures, technical deficiencies, and issues related to digital literacy—that hinder adoption 

among small vendors (Bakhshi et al., 2024). Soundarapandian (2020) and Putrevu & Mertzanis, 2023) 

emphasize the necessity for robust cybersecurity measures, user-friendly interfaces, and clear regulatory 

frameworks to build and maintain trust in digital payment ecosystems (Soundarapandian, 2020.; . Putrevu 

& Mertzanis, 2023) 

Allen et al. (2022) identified that supportive public policies, such as mandates on digital wage payments, 

significantly bolster the adoption of point-of-sale terminals, reinforcing the need for effective policy 

support (Allen et al., 2022). 

 

2.5 The Interdependent Ecosystem: Feedback Between Consumers and Vendors 

2.5.1 Mutual Reinforcement 

A recurring theme in the literature is the dynamic, mutually reinforcing relationship between consumer 

behavior and vendor adoption of digital payments. As consumers increasingly favor digital methods—

motivated by enhanced convenience, speed, and security—vendors are driven to upgrade their systems.  

Allen et al. (2022) provided robust empirical evidence that higher consumer adoption rates lead to 

increased vendor investment in digital infrastructure, which in turn enhances consumer trust and further 

accelerates adoption (Allen et al., 2022). Dar (2023) and Putrevu and Mertzanis (2023) both underscores 

that high-frequency users exhibit more pronounced changes in spending behavior, compelling vendors to 

adapt to these evolving consumer preferences. 

2.5.2 Multi-Sided Market Dynamics and Platform Dominance 

The complex interplay of multiple stakeholders in digital payment ecosystems is exemplified by platform-

centric studies. Bhatia‐Kalluri and Caraway (2023) analyzed the evolution of Paytm, documenting its 

exponential growth following the demonetization shock. Their study shows that innovations such as QR 

code technology, multilingual interfaces, and integrated services (e.g., Digital Gold, Paytm Payments 

Bank) drive adoption on both consumer and vendor sides. However, these dominant platforms can also 

impose challenges, including convenience fees and potential monopolistic practices, which may impede 

market entry for emerging players (Bhatia‐Kalluri & Caraway, 2023). 

 

2.6 Emerging Insights and Future Research Directions 

Collectively, the literature provides several important insights: 
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• Technological and Policy Catalysts: The transition from cash-based to digital payment systems has 

been driven by both technological innovations (e.g., UPI, mobile wallets) and proactive government 

policies (e.g., demonetization, financial inclusion schemes) (Au & Kauffman, 2008; Dar, 2023; 

Aggarwal et al., 2020). 

• Consumer Behavior Shifts: High-frequency digital payment users demonstrate significant shifts in 

spending behavior as a result of increased convenience, enhanced security, and interactive platform 

features (Amos et al., 2013; Chandra et al., 2024; Liu et al., 2019; Linge et al., 2023). 

• Vendor Operational Efficiency: Empirical evidence indicates that small vendors experience marked 

improvements in operational efficiency and revenue following digital payment adoption, though 

challenges related to digital literacy and cybersecurity persist (Mohamed Siddiq et al., 2025; N. S. P. 

(2023); Adhikary et al., 2021; N. P. G. & V. K. M. U., 2024). 

• Macro and Regulatory Considerations: While digital payments contribute significantly to short-run 

economic growth, their long-term success hinges on sustained infrastructural support and effective 

regulatory frameworks (Ravikumar et al., 2019; Bakhshi et al., 2024). 

• Interdependent Dynamics: The positive feedback loop between consumer adoption and vendor 

adaptation is central to the digital payments ecosystem, with multi-sided market dynamics adding 

layers of complexity (Allen et al., 2022; Bhatia‐Kalluri & Caraway, 2023). 

Future research should prioritize longitudinal and cross-regional studies, especially in heterogeneous 

metropolitan contexts such as the Mumbai Metropolitan Region. Such studies would help clarify the causal 

mechanisms underlying these dynamics and inform the development of tailored strategies to enhance 

consumer satisfaction and vendor efficiency. 

 

Chapter 3 

Results and Discussion 

This chapter presents an exhaustive and integrated analysis of digital payment adoption  in the Mumbai 

Metropolitan Region (MMR) from both retail consumer and small vendor perspectives. All analyses were 

performed using Excel for data preprocessing and cleaning and R for the main statistical and machine 

learning procedures. Two complementary analytical streams were pursued: one focused on consumer 

behavior—including perceived spending behavior, usage patterns, digital literacy, and competency—and 

the other on vendor performance, assessing operational outcomes, customer-related metrics, technical 

support, and learning curves. In addition, behavioral mapping was employed to examine the interplay 

between customer behaviors and vendor financial performance. This chapter also integrates our findings 

with our research objectives and hypotheses. All the tables as well as figures presented below are based 

on primary data collected by the author and were generated using R. 

3.1 Introduction, Objectives, and Hypotheses 

Digital payment systems have emerged as transformative tools in urban markets, influencing both 

consumer spending behavior and vendor business performance. This study aims to provide a 

comprehensive understanding of these dynamics within the Mumbai Metropolitan Region. 

Objectives: 

• Objective 1: Examine the impact of digital payment systems on the perceived spending behavior of 

retail consumers in the MMR. 

• Objective 2: Analyze the effect of customer demand on the adoption of digital payment systems by 

small vendors and assess whether this adoption enhances business efficiency. 
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• Objective 3: Identify the challenges small vendors face in adopting digital payment systems. 

• Objective 4: Analyze the interconnected behaviors between retail consumers and small vendors in the 

context of digital payment adoption. 

Hypotheses: 

Hypothesis 1: Digital Payment Impact on Retail Consumers 

• Null Hypothesis (H₀): There is no significant difference in perceived spending behavior between retail 

customers in the MMR who are high adopters of digital payment systems (weekly/daily users) and 

those who are low adopters (rarely/monthly users). 

• Alternative Hypothesis (H₁): Retail customers in the MMR who are high adopters of digital payment 

systems report significantly greater perceived changes in their spending behavior compared to low 

adopters. 

Hypothesis 2: Digital Payment Impact on Small Vendors 

• Null Hypothesis (H₀): Customer demand for digital payments has no significant impact on small 

vendors’ adoption of digital payment systems or their business efficiency. 

• Alternative Hypothesis (H₁): Increased customer demand for digital payments has led small vendors 

to adopt digital payment systems, thereby improving their business efficiency. 

3.2 Methodology  

A cross-sectional study design was employed to capture digital payment adoption at a single point in time. 

Two distinct survey questionnaires were developed and administered via Google Forms—one for retail 

consumers and another for small vendors. 

• Retail Consumers: A random sample of 120 retail consumers in the MMR4 was surveyed online 

using Google Forms. The questionnaire included items on digital payment frequency, convenience, 

confidence, impulse buying, and perceived spending change. No personal identifiers (e.g., names, 

email addresses, phone numbers) were collected, ensuring complete anonymity. 

• Small Vendors : A separate random sample of 50 small vendors was selected. For vendors, the survey 

was administered in person; the research team explained the questions and recorded responses in a 

Google Form. The vendor questionnaire addressed metrics such as monthly revenue change, 

percentage of digital transactions, customer retention, customer spending increase, profitability 

increase, technical support availability, ease of adoption, customer digital payment preference, and 

customer satisfaction. 

Random sampling was applied to both groups, ensuring that the data are representative of the population. 

All responses were collected anonymously. 

 

3.3 Discussion 

The results are organized into several subthemes: consumer analysis, vendor analysis, regularized EFA 

for retail consumer data, behavioral mapping analysis, integration with research objectives, and hypothesis 

integration. In addition, we provide detailed rationale on our predictive modeling approach, including the 

process of centering terms and an overview of Random Forest and GBM. 

3.3.1 Retail Consumers Analysis 

3.3.1.1 Descriptive Statistics for Retail Consumers 

Descriptive statistics were computed to establish baseline characteristics for retail consumers. 

 
4 MMR: Mumbai Metropolitan Region 
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Table 3.1 Descriptive Statistics for Consumer Variables 

Variable Mean Median Variance 
Standard 

Deviation 

Convenience 3.65 4 0.39748 0.63046 

Digita Payment 

Frequency 
3.47 4 0.88964 0.94321 

Digital Transaction 

Percentage 
2.77 3 1.35686 1.16484 

Confidence Level 3.58 3 0.93550 0.96721 

Impulse Buying 2.54 2 1.00665 1.00332 

Saving Frequency 3.84 4 0.95791 0.97873 

Income 3.08 4 1.56576 1.25130 

Age 2.03 1 1.34342 1.15906 

Qualification Level 1.85 2 0.12857 0.35857 

Technology Integration 1.74 2 0.19321 0.43955 

Perceived Spending 

Change 
2.89 3 1.10581 1.05158 

 

Bell-Shaped Curve with Mean , Median and SD for Retail Consumers 
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Source: Primary Data constructed by the author using R 

Figure 3.1 ( Constructed using R) 

Figure 1 displays bell-shaped density plots for each consumer variable, annotated with mean, 

median, and ±1 SD, providing a visual complement to Table 1 

 

Figures 2 and 3 below illustrate the mean vs. median for each variable and the mean with standard 

deviation (error bars), respectively, offering additional perspectives on central tendency and 

variability: 

Mean vs Median for Each Variable for Retail Consumers 

 
Figure 3.2 ( Constructed using R) 

 

Mean with Standard Deviation ( Error Bars) for Retail Consumers 

 
Figure 3.3 ( Constructed using R) 

Interpretation: 

High scores in convenience and digital payment frequency indicate widespread acceptance of digital 
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payments. Variability in digital transaction percentage and impulse buying reflects diverse consumer 

behavior. 

 

3.3.1.2 Spearman Correlation Analysis for Retail Consumers 

Spearman correlation coefficients were computed among key consumer variables. 

 

Table 3.2 Selected Spearman Correlations (Retail Consumers) 

Relationship Ρ 

Convenience & Digital Payment Frequency 0.41027 

Digital Payment Frequency & Digital Transaction % 0.62354 

Impulse Buying & Perceived Spending Change 0.35770 

Age & Technology Integration -0.50877 

Income & Digital Transaction % 0.40457 

Source: Primary data; constructed by the author using R. 

 

 
Spearman Correlation Matrix for Retail Consumers 

Figure 3.4 ( Constructed using R) 

Figure 4 provides a correlation heatmap corresponding to Table 2, allowing a quick visual 

assessment of positive and negative relationships among consumer variables. 

Interpretation: 

Higher convenience correlates with increased usage frequency. Frequent users tend to execute a higher 

proportion of digital transactions. Impulse buying is moderately associated with perceived spending 

changes, and younger consumers exhibit higher technology integration. 
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3.3.1.3 Chi-Square Test: Digital Payment Frequency ( DPF) Group vs. Perceived Spending Change 

A chi-square test compared low and high digital payment adopters. 

Contingency Table: 

DPF Group 
No 

Change 

Slight 

Change 

Moderate 

Change 

Significant 

Change 

Very Significant 

Change 

Low 

Adoption 
4 6 2 3 1 

High 

Adoption 
5 33 33 27 6 

 

Table 3.3 Chi-Square Test Results (Retail Consumers) 

Comparison χ² Value df p-value 

DPF_Group vs. Perceived Spending Change 9.7327 4 0.04518 

Source: Primary data; constructed by the author using R. 

 

Interpretation: 

The significant p-value indicates that high digital payment adopters experience significantly greater 

perceived changes in spending behavior compared to low adopters. 

 

3.3.1.4  Additional Exploratory Analysis: Wilcoxon Rank Sum Test for Impulse Buying 

In addition to the chi-square test, we conducted an exploratory Wilcoxon rank sum test to compare the 

distributions of Impulse Buying scores between Low Adoption and High Adoption groups. The Wilcoxon 

rank sum test is appropriate for ordinal or non-normally distributed data. 

 

Table 3.4 Wilcoxon Rank Sum Test for Impulse Buying 

Test Type Statistic ( W) P - value 
Alternate 

Hypothesis 

Wilcoxon Rank 

Sum Test with 

Continuity 

Correction 

1213 0.002206 
True location shift 

is not equal to 0 

Source: Primary data; constructed by the author using R. 

• Null Hypothesis (H₀): There is no difference in the distribution of Impulse Buying between the 

Low and High Adoption groups. 

• Alternative Hypothesis (H₁): There is a significant difference in the distribution of Impulse 

Buying between the groups. 

 

Interpretation: 

The Wilcoxon test yielded a p-value of 0.002206, indicating a statistically significant difference in 

Impulse Buying between the two groups. This suggests that consumers in the High Adoption group tend 

to have higher impulse buying scores, supporting the idea that more frequent digital payment usage may 

be associated with increased impulsive purchasing. 
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3.3.1.5 Regularized Exploratory Factor Analysis – Retail Consumer Data 

This section presents a regularized exploratory factor analysis (EFA)5 conducted on retail consumer 

data to examine the underlying dimensions of digital payment usage and perceived spending behavior. 

Given the ordinal nature of the variables and departures from normality, a regularized EFA approach was 

warranted. Regularization (λ = 0.3383) was applied to stabilize the correlation matrix and mitigate issues 

related to sampling variability and multicollinearity 

3.3.1.5.1 Methodology for Regularization Exploratory Factor Analysis 

Data Preparation and Regularization:  

A regularized correlation matrix was computed from the survey data assessing various facets of retail 

consumers’ digital payment behavior, demographic characteristics, and spending perceptions.  

An optimal shrinkage intensity6 of λ = 0.3383 was applied to ensure a robust and stable correlation 

structure.  

This approach was selected to address potential multicollinearity and accommodate the ordinal encoding 

of the variables. 

Factor Extraction and Rotation: 

• Number of Factors: Three factors were extracted based on theoretical frameworks and empirical 

criteria. 

• Extraction Method: Maximum likelihood (ML) extraction was employed; while ML typically 

assumes multivariate normality, the use of regularization helps mitigate this assumption. 

• Rotation: Varimax rotation was applied to simplify the factor structure and enhance interpretability. 

 

3.3.1.5.2 Results for Regularised Exploratory Analysis 

Table 3.5 Factor Loadings, Communalities, and Complexity (Retail Consumers) 

Variable ML1 ML3 ML2 h² u² Complexity 

Convenience 0.12 0.68 0.24 0.54 0.46 1.3 

Digital Payment Frequency 0.24 0.76 -0.06 0.64 0.36 1.2 

Digital Transaction Percentage 0.48 0.63 -0.06 0.63 0.37 1.9 

Confidence Level 0.16 0.46 0.43 0.43 0.57 2.2 

Impulse Buying -0.25 0.10 -0.55 0.37 0.63 1.5 

Saving Frequency 0.18 0.07 0.60 0.40 0.60 1.2 

Income 0.70 0.25 0.27 0.62 0.38 1.6 

Age 0.68 0.18 0.37 0.63 0.37 1.7 

Qualification Level 0.39 0.24 0.42 0.39 0.61 2.6 

Technology Integration -0.71 -0.28 -0.24 0.65 0.35 1.6 

Perceived Spending Change -0.11 -0.13 -0.64 0.44 0.56 1.1 

Source: Primary data; constructed by the author using R. 

 

 
5 Regularized EFA - This is a way to find hidden patterns in data, like grouping similar behaviors (e.g., how often people use 

digital payments), with a special tweak to make results more stable. It uses a setting called shrinkage intensity, set to 0.3383 

here. 
6 Shrinkage intensity (λ): A number (0.3383) that controls how much the data is adjusted to handle any irregularities, making 

the analysis reliable. 
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Interpretation: 

• ML1 (Demographic and Technological Orientation): 

High loadings on Income (0.70) and Age (0.68), with a strong negative loading on Technology 

Integration (-0.71), indicate that ML1 captures traditional demographic characteristics and an inverse 

relationship with technological integration. 

• ML3 (Digital Payment Behavior) :  

Dominated by high loadings on Convenience (0.68), Digital Payment Frequency (0.76), and Digital 

Transaction Percentage (0.63), ML3 reflects core aspects of digital payment behavior. 

• ML2 (Financial Behavior and Perception): 

Significant loadings on Saving Frequency (0.60) and Perceived Spending Change (-0.64) illustrate a 

dimension contrasting financial prudence with impulsivity, with additional contributions from 

Confidence Level and Impulse Buying. 

 

3.3.1.5.3 Factor Extraction Summary 

Table 3.6 Factor Extraction Summary (Retail Consumers) 

Factor 
SS 

Loadings 

Proportion of 

Variance 

Cumulative 

Variance 

Proportion 

Explained 

Cumulative 

Proportion 

Explained 

ML1 2.04 0.19 0.19 0.36 0.36 

ML3 1.91 0.17 0.36 0.33 0.69 

ML2 1.77 0.16 0.52 0.31 1.00 

Source: Primary data; constructed by the author using R. 

Interpretation: 

The three factors cumulatively account for 52% of the total variance, with balanced contributions from 

each factor, indicating a robust latent structure underlying consumer digital payment behaviors and 

spending perceptions. 

 

Factor Loadings for Variables 

 
Figure 3.5 ( Constructed using R) 
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3.3.1.5.4 Model Fit and Factor Score Adequacy 

Table 3.7 Model Fit and Factor Score Adequacy (Retail Consumers) 

Measure ML1 ML3 ML2 

Correlation of Regression Scores with Factors 0.85 0.87 0.83 

Multiple R² of Scores with Factors 0.73 0.75 0.70 

Minimum Correlation of Possible Factor Scores 0.46 0.51 0.30 

Source: Primary data; constructed by the author using R. 

 

3.3.1.5.5 Model Comparison 

Model Degrees of Freedom Objective Function 

Null Model 55 4.17 

Three-Factor Model 25 0.22 

Table 3.8 Model Comparison 

 

3.3.1.5.6 Residual Analysis 

Metric Value 

RMSR 0.04 

df - corrected RMSR 0.05 

Off-Diagonal Fit 0.99 

Table 3.9 Residual Analysis 

Interpretation: 

High correlations between regression scores and factors along with robust multiple R² values affirm the 

reliability of the factor scores and validate the three-factor solution. 

 

3.3.1.5.7 Discussion and Conclusion 

The regularized EFA reveals three distinct latent dimensions: 

• ML1 –  Demographic  and Technological Orientation: 

Captures traditional demographic indicators (Income, Age) and an inverse relationship with 

Technology Integration, suggesting that conventional consumer profiles may be less inclined toward 

digital payment technologies. 

• ML3  –  Digital Payment Behavior: 

Represents the core aspects of digital payment usage, emphasizing convenience, frequency, and 

transaction volume. 

• ML2 – Financial Behavior and Perception: 

Differentiates between saving tendencies and perceptions of spending change, capturing a dynamic 

interplay between financial prudence and impulsivity. 

Conclusion: 

The application of regularized EFA, with a shrinkage intensity of λ = 0.3383, yields a robust and 
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interpretable factor structure that elucidates the multifaceted nature of retail consumers’ digital payment 

behaviors and spending perceptions. 

 

3.3.1.6 Predictive Modeling and Performance Evaluation – Retail Consumer Perspective 

To further validate our findings, we developed composite indices and employed predictive modeling. 

Composite Index Construction: 

• Digital Payment Index (DPI): 

Formula:  

  

Rationale: 

Convenience is considered the primary driver (0.45) of digital payment adoption, followed by frequency 

(0.35) and transaction percentage (0.20). 

 

• Spending Behavior Index (SBI): 

Formula:  

 

 

 

Rationale: Lifestyle Factors (LF) have the greatest influence (0.4) on spending, with Income Stability 

(IS) and Perceived Value (PV) each contributing 0.3. 

The continuous index was subsequently categorized into Low, Medium, and High segments. 

• Digital Behavior Index (DBI): 

Formula:  

 

 

 

Rationale: Impulse Buying is weighted at 0.8 due to its strong influence on spontaneous spending, with 

Confidence Level contributing a smaller share (0.2). 

• Competency in Digital Education and Integration (CDEI): 

Formula:  

 

 

 

Rationale: Income Level (0.49) and Saving Behaviour (0.45) are the primary indicators of digital 

competency, while Age Group (0.06) has a lesser influence. 

Interaction terms (e.g., DPI_DBI, DPI_CDEI, DBI_CDEI) were generated after centering the 

predictors to capture potential synergistic effects. 

 

 

DPI = 0.45 × Convenience + 0.35 × Digital Payment Frequency + 0.20 × Digital Transaction 

Percentage 

SBI = 0.4 × LF + 0.3 × IS + 0.3 × PV 

DBI = 0.8 × Impulse Buying + 0.2 × Confidence Level 

CDEI = 0.45 × Saving Behaviour + 0.49 × Income Level + 0.06 × Age Group 
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3.3.1.6.1 Process of Centering Terms 

Centering7 is performed by subtracting the mean of each variable from every observation. For example, if 

the mean of Digital Payment Frequency is 3.47, an observation with a value of 4 would have a centered 

value of  

Example: 

 

 

Purpose: 

1. Each centered variable has a mean of zero. 

2. Reduces multicollinearity among predictors. 

3. Simplifies interpretation of main effects and interaction terms. 

• Impact 

Centered terms allow us to interpret interaction effects as deviations from the average, facilitating more 

meaningful conclusions in our predictive modeling. 

 

3.3.1.7 Predictive Modeling: Random Forest and Gradient Boosting Machine 

To predict consumer spending behavior based on digital payment usage and other demographic or 

behavioral factors, two classification models were developed—Random Forest (RF) and Gradient 

Boosting Machine (GBM)—using a 10-fold cross-validation framework. Both models aim to classify 

consumers into three spending categories (Low, Medium, High) derived from the Spending Behavior 

Index (SBI). 

 

3.3.1.7.1 Overview of Random Forest and GBM 

1. Random Forest (RF)8: 

RF is an ensemble learning method that builds multiple decision trees and aggregates their predictions. It 

is robust to overfitting, can handle non-linear relationships, and is less sensitive to multicollinearity. In 

our analysis, RF identified CDEI_centered as the most influential predictor, measured by metrics such as 

Mean Decrease Gini. 

2. Gradient Boosting Machine (GBM)9: 

GBM is another ensemble method that builds trees sequentially, where each subsequent tree aims to 

correct errors made by previous trees. It is effective in capturing complex interactions and non-linearities. 

Our GBM model, with optimal parameters (n.trees10 = 500, interaction.depth11 = 5, shrinkage12 = 0.01), 

also highlighted digital competency (CDEI_centered) and its interactions as key drivers. 

 

 

 

 
7 Centering terms: Adjusting data so the average value is zero, making it easier to see how variables interact, like how payment 

use affects spending. 
8 Random Forest: A prediction tool that uses many decision trees (like flowcharts) to guess outcomes, like how much someone 

spends, by averaging their results. It has a setting called mtry, set to 3, which means it looks at 3 variables at each step. 
9 Gradient Boosting Machine (GBM): Another prediction tool that builds decision trees one by one, each fixing mistakes of 

the previous one 
10 n.trees: The number of trees, set to 500, meaning it uses 500 trees for predictions. 
11 interaction.depth: How deep each tree can go, set to 5, to capture complex patterns without getting too complicated. 
12 shrinkage: Controls how much each tree affects the final guess, set to 0.01, making changes small and steady. 

4 − 3.47 = 0.534 
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3.3.1.7.2 Data Partition and Setup 

1. Data Preparation: 

• A 70/30 or 80/20 train-test split was initially considered, but given the limited sample size (n = 120), 

we opted for 10-fold cross-validation to maximize training data usage and obtain more reliable 

performance estimates. 

• Predictor variables included both the raw and derived indices (e.g., DPI, DBI, CDEI, interaction terms 

like DPI_DBI, DBI_CDEI, etc.). 

• The response variable was the categorized SBI (Low, Medium, High). 

 

2. Cross-Validation Method13: 

• 10-fold cross-validation randomly partitions the data into 10 roughly equal folds. 

• Each fold is used once as the validation set, while the remaining 9 folds serve as the training set, 

ensuring each observation is used for both training and validation exactly once. 

 

3. Software and Packages: 

• The caret package in R was used for model training, tuning, and evaluation. 

• Model performance was assessed via confusion matrices, accuracy, Cohen’s Kappa, sensitivity, 

specificity, and balanced accuracy. 

 

3.3.1.7.3 Random Forest Model 

Hyperparameter Tuning and Training: 

• Optimal mtry14 = 3: 

Using a grid search approach, the best performance was found at mtry = 3, which represents the number 

of randomly selected predictors at each split. 

• Node Size, Number of Trees: 

▪ Typically set to default or moderately tuned (e.g., 500 trees). 

▪ A larger number of trees stabilizes the predictions but increases computational time. 

Variable Importance: 

• CDEI_centered emerged as the most influential predictor based on Mean Decrease Gini15. 

Interaction terms (e.g., DPI_DBI, DBI_CDEI, DPI_CDEI) also showed high importance, underscoring 

the non-additive relationship among digital payment usage, digital behavior, and competency. 

 

 

 

 

 

 

 

 

 
13 Cross-validation (10-fold): A way to test how well the prediction tools work by splitting data into 10 parts, using 9 to train 

and 1 to test, repeated 10 times for reliability. 
14 mtry : umber of variables randomly selected at each split in Random Forest, set to 3 in the study. 
15 Mean Decrease Gini: Shows which variables are most important in Random Forest for accurate predictions. 
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Random Forest Variable Importance 

 
Figure 3.6 ( Constructed using R) 

Figure 6 presents the variable importance for the Random Forest model, highlighting CDEI_centered as 

the most influential predictor. 

 

Confusion Matrix and Performance Metrics: 

• Table 5 (below) presents the overall accuracy, Cohen’s Kappa, sensitivity, specificity, and balanced 

accuracy for the Random Forest. 

• Additional confusion matrix plots (Figure 7) visualize how predictions align with Low, Medium, and 

High classes. 

Interpretation: 

• Although the overall accuracy is moderate (53.3%), the model highlights digital competency (CDEI) 

and interaction effects as crucial drivers of consumer spending classification. 

• The fair Cohen’s Kappa16 (0.2999) indicates performance above random chance but suggests room 

for improvement, likely constrained by the limited sample size. 

•  

Random Forest Confusion Matrix 

 
Figure 3.7 ( Constructed using R) 

 
16 Cohen’s Kappa: A measure showing how much better the predictions are compared to just guessing randomly, rated as fair 

at 0.2999 for Random Forest. 
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3.3.1.7.4 Gradient Boosting Machine (GBM) 

Hyperparameter Tuning and Training: 

• Optimal parameters: 

• n.trees = 500 

• interaction.depth = 5 

• shrinkage = 0.01 

• n.minobsinnode17 = 10 (typical default) 

• The final model was selected via cross-validation, optimizing for accuracy or a multi-class summary 

metric. 

 

Variable Importance: 

• Digital competency (CDEI_centered) and its interaction effects were again dominant, consistent with 

the Random Forest findings. 

• DPI_DBI and DPI_CDEI also exhibited substantial relative influence, highlighting the interplay 

between digital payment usage and digital competency. 

 

Gradient Boosting Machine Importance 

 
Figure 3.8 ( Constructed using R) 

Figure 8 shows the relative importance from the GBM model, again emphasizing the prominence of 

digital competency. 

 

 

 

 

 

 

 
17 n.minobsinnode: Minimum observations in a node for splitting, set to 10 to balance simplicity and detail. 
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Confusion Matrix and Performance Metrics: 

• As shown in Table 5 (and in Figure Y for the confusion matrix), GBM achieved a slightly higher 

accuracy (55.0%) than Random Forest (53.3%). 

• Cohen’s Kappa (0.3242) indicates fair agreement, slightly outperforming the Random Forest model. 

GBM Confusion Matrix 

 
Figure 3.9 ( Constructed using R) 

Interpretation: 

• The GBM’s iterative boosting approach allows it to capture complex interactions, aligning with the 

strong influence of CDEI and the synergy between digital payment indices. 

• While performance remains moderate, the consistent prominence of digital competency across both 

models underscores its critical role in shaping consumer spending behavior 

 

3.3.1.7.5 Model Evaluation Summary 

Table 3.10 Key Performance Metrics (Retail Consumers) 

Metric 
Random 

Forest 
GBM Interpretation 

Overall Accuracy 53.3% 55.0% 
Moderate accuracy due to limited sample size and 

inherent data variability. 

Cohen’s Kappa 
0.2999 

(Fair) 

0.3242 

(Fair) 

Fair agreement; larger samples may improve 

reliability. 

Sensitivity (Low) 57.5% 62.5% 
GBM slightly outperforms RF in correctly 

identifying the Low spending segment. 

Specificity (Low) 76.25% 76.25% Both models consistently reject non-Low cases. 

Balanced 

Accuracy (Low) 
66.87% 69.38% 

Indicates balanced performance for the Low 

class. 

Source: Primary data; constructed by the author using R. 
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• Overall Accuracy: Both models hover around 53–55%, reflecting the limited dataset and multi-class 

complexity. 

• Cohen’s Kappa: Indicates fair agreement, suggesting the models perform better than random guessing 

but have scope for improvement. 

• Sensitivity & Specificity18(Low): GBM exhibits slightly better sensitivity for the Low class, while 

specificity remains equal across models. 

• Balanced Accuracy (Low): A balanced measure combining sensitivity and specificity suggests that 

GBM handles the Low class marginally better. 

 

Model performance Comparision ( Accuracy and Kappa) 

 
Figure 3.10 ( Constructed using R) 

 

3.3.1.7.6 Discussion and Future Directions 

1. Dominance of Digital Competency (CDEI): 

Both models consistently highlight CDEI_centered as the most influential predictor, confirming that 

a consumer’s digital education and integration significantly affect spending behavior classification. 

2. Interaction Effects: 

The high importance of DPI_DBI, DBI_CDEI, and DPI_CDEI underscores that the effect of digital 

payment usage is not merely additive; rather, it is moderated by digital competency and digital 

behavior. 

3. Moderate Performance: 

While the overall accuracy and Kappa are constrained by the small sample size                (n = 120), 

these models provide actionable insights—particularly the need to focus on digital competency 

enhancements. 

 
18 Specificity: Proportion of actual negative observations correctly classified, e.g., 76.25% for RF Low class. 
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4. Future Work: 

Larger, more diverse samples and additional feature engineering (e.g., capturing more granular consumer 

purchase histories) could improve classification performance. Exploring advanced ensemble methods or 

neural network architectures might also yield higher accuracy. 

 

3.3.2 Small Vendor Analysis 

3.3.2.1 Descriptive Statistics for Small Vendors 

Descriptive statistics for small vendors provide insight into their digital payment adoption and 

performance. 

Table 3.11 Descriptive Statistics for Vendor Variables 

Variable Mean Median Variance Standard Deviation 

Monthly Revenue Change 1.42 1 0.28939 0.53795 

Percentage of Digital Transactions 2.88 3 0.43429 0.65900 

Customer Retention 1.46 1 0.25347 0.50346 

Customer Spending Increase 2.42 2 0.28939 0.53795 

Profitability Increase 2.38 2 0.28122 0.53031 

Technical Support Availability 2.98 3 0.91796 0.95810 

Ease of Adoption 2.76 3 0.63510 0.79693 

Customer Digital Payment Preference 2.84 3 0.46367 0.68094 

Customer Satisfaction 1.42 1 0.24857 0.49857 

Source: Primary data; constructed by the author using Excel. 

 

Bell-Shaped Curve with Mean , Median, and SD for Small Vendors 

 
Figure 3.11 (Constructed using R) 

Figure 11 provides bell-shaped density plots for each vendor variable, annotated with mean, 

median, and ±1 SD, offering a visual complement to Table 6 

Mean vs Median for Each Variable for Small Vendors 
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Figure 3.12 (Constructed using R) 

Figure 12 compares the mean and median of each vendor variable, highlighting potential skew or 

asymmetry in their distribution 

 

           Mean with Standard Deviation ( Error Bars) for Small Vendors 

 
Figure 3.13 (Constructed using R) 

 

Figure 13  depicts the mean and standard deviation (error bars) for each variable, providing a 

concise visual summary of variability in vendor metrics 

Interpretation: 

Vendors report a high percentage of digital transactions, but challenges remain in converting digital 

adoption into significant revenue growth and improved customer retention. 
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3.3.2.2 Spearman Correlation Analysis for Small Vendors 

Spearman correlations among vendor variables are as follows: 

Table 3.12 Selected Spearman Correlations (Small Vendors) 

Pair of Variables ρ 

Monthly Revenue Change & Percentage of Digital Transactions 0.16168 

Percentage of Digital Transactions & Customer Retention -0.38086 

Percentage of Digital Transactions & Customer Spending Increase 0.42982 

Technical Support Availability & Customer Satisfaction -0.16973 

Ease of Adoption & Customer Digital Payment Preference 0.18787 

Source: Primary data; constructed by the author using R. 

 

Spearman Correlation Matrix for Small Vendors 

 
Figure 3.14 Primary Data ; constructed by the author using R. 

Figure 14 presents a heatmap of the Spearman correlation matrix for vendor variables, allowing 

quick visual assessment of positive and negative relationships among these metrics. 

Interpretation: 

These correlations suggest that while higher digital transaction volumes may encourage increased 

customer spending, they may also be associated with lower customer retention. Additionally, technical 

support issues and learning challenges impact overall performance. 

3.3.2.3 Chi-Square Test  (Small Vendors) 

A Pearson’s Chi-Square Test was conducted to assess the association between customer digital payment 

preference and vendor digital transaction percentage. 

Table 3.13 Chi-Square Test (Vendors) 

 

 

 

 

 

Statistic Value 

Test Statistic (X²) 57.073 

Degrees of Freedom (df) 9 

p-value 4.894 × 10⁻⁹ 
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Source: Primary data; constructed by the author using R. 

Interpretation: 

The extremely low p-value indicates a highly significant association, confirming that customer preferences 

strongly influence vendor digital transaction volumes. 

 

3.3.2.4 Analysis of Technical Support Challenges 

Vendor responses regarding technical support were analyzed to identify a key challenge in digital payment 

adoption. 

 

Table 3.14 Technical Support Survey Responses (Vendors) 

Response Percentage (%) 

Strongly Disagree 10 

Disagree 16 

Neutral 40 

Agree 34 

Strongly Agree 0 

Source: Primary Data 

 

Adequate Technial Support 

 
Figure 3.15 

Source: Primary data; constructed by the author using Excel. 

 

Interpretation: 

Approximately 26% of vendors expressed dissatisfaction (10% Strongly Disagree + 16% Disagree) with 

technical support, and 40% were neutral. This inconsistency highlights the need for improved training and 

resources. 

3.3.3 Behavioral Mapping Analysis: Digital Payment Behaviors and Vendor Outcomes 

This section examines the correlations between customer digital payment behaviors and vendor 

performance indicators—including digital transaction adoption, customer spending increases, monthly 

10%

16%

40%

34%

0%

ADEQUATE TECHNICAL SUPPORT

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree
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revenue changes, digital payment preferences, and overall satisfaction. To enable a one-to-one paired 

comparison for computing the Spearman correlation, we randomly sampled 50 rows from the retail 

consumer dataset (using a fixed seed of 42 for reproducibility) so that both datasets have the same number 

of observations (n = 50). 

 

3.3.3.1 Correlation Mapping Overview 

The table below summarizes the correlation coefficients between various customer behaviors (rows) and 

vendor outcomes (columns): 

Customer 

Behaviour 

Vendor Digital 

Transaction 

Percentage 

Vendor 

Customer 

Spending 

Increase 

Vendor 

Monthly 

Revenue 

Change 

Vendor 

Digital 

Payment 

Preference 

Vendor 

Customer 

Satisfaction 

Digital 

Payment 

Frequency 

-0.1397 -0.0151 -0.1029 0.0593 0.0514 

Digital 

Transaction 

Percentage 

-0.1692 -0.0346 -0.0376 -0.0651 -0.0195 

Impulse 

Buying 
0.1910 -0.0485 0.2534 0.1427 0.0543 

Perceived 

Spending 

Change 

0.2182 0.1373 0.0588 0.1837 0.0890 

Technology 

Integration 
0.1450 0.1211 -0.1449 -0.0434 0.0606 

Table 3.15 Correlation Mapping  

Source: Primary data; constructed by the author using R. 

 

Behavioural Mapping : Spearman Correlation Heatmap 
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Figure 3.16 

Source: Primary data; constructed by the author using R. 

Interpretation: 

• Digital Payment Frequency: A weak negative correlation with Vendor Digital Transaction % 

suggests that increased customer frequency does not necessarily drive higher vendor digital transaction 

rates. 

• Impulse Buying: Exhibits a positive correlation with Vendor Monthly Revenue Change (0.2534), 

implying that spontaneous purchases may contribute to revenue, though these are likely low in value. 

• Perceived Spending Change: Shows positive associations with several vendor outcomes, particularly 

Vendor Digital Transaction % and Digital Payment Preference, suggesting that customers who 

perceive spending changes are more likely to engage with vendors that offer digital payments. 

• Technology Integration: Displays mixed effects, with a slight positive relationship with Vendor 

Digital Transaction % but a weak negative association with revenue change. 

 

3.4 Rationale for Statistical Analyses 

3.4.1 Predictive Modeling (Random Forest and GBM): 

Why Used: 

Predictive modeling was employed to capture complex, non-linear relationships among variables and to 

validate the findings from our exploratory analyses. Random Forest (RF) and Gradient Boosting Machine 

(GBM) are ensemble methods that improve predictive accuracy and provide valuable insights into variable 

importance. 

How They Work: 

• Random Forest (RF): 

RF builds multiple decision trees using bootstrapped samples and aggregates their predictions. It uses 

random subsets of predictors at each split to reduce overfitting and calculate importance metrics such as 

Mean Decrease Gini, which reveal the influence of variables (e.g., CDEI). 

• Gradient Boosting Machine (GBM): 

GBM sequentially builds decision trees, where each new tree focuses on correcting the errors of the 

previous ones. By iteratively reducing prediction errors and applying shrinkage (a learning rate), GBM 

effectively captures complex patterns in the data. 

• Rationale in Context: 

These models complement our inferential tests by providing predictive insights and confirming that key 

variables, particularly digital competency, consistently drive consumer spending behavior. 

 

3.4.2 Regularized Exploratory Factor Analysis (EFA): 

• Why Used: 

Traditional EFA may be compromised when variables are ordinal and deviate from normality. 

Regularization, with a shrinkage intensity of λ = 0.3383, stabilizes the correlation matrix and mitigates 

multicollinearity, leading to robust factor estimates. 

• Benefits: 

This approach yields a more reliable factor structure that accurately captures the latent dimensions of 

digital payment behavior and spending perception. 
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Other Statistical Tests (Spearman, Chi-Square, Wilcoxon): 

• Spearman Correlation: 

Ideal for ordinal data, it assesses monotonic relationships without assuming normality. 

• Chi-Square Test: 

Used to test for associations between categorical variables, such as differences in perceived spending 

change across adoption groups. 

• Wilcoxon Rank Sum Test: 

Employed as an exploratory analysis to compare Impulse Buying scores between Low and High Adoption 

groups, it does not assume normality and is suited for ordinal data. 

These diverse analyses provide a comprehensive understanding of the data, addressing both exploratory 

and confirmatory research needs. 

 

3.5 Integration of Consumer and Vendor Findings with Research Objectives 

This section synthesizes the findings from consumer analysis, vendor analysis, and behavioral mapping to 

demonstrate how the study’s research objectives are fulfilled. 

Objective 1: Impact of Digital Payment Systems on Perceived Spending Behavior among Retail 

Consumers 

Consumer Insights: 

Descriptive statistics reveal high convenience (mean = 3.65) and high digital payment frequency (mean = 

3.47). Strong correlations (e.g., ρ = 0.62354 between Digital Payment Frequency and Digital Transaction 

%) and a significant chi-square test (p = 0.04518) provide evidence that high digital payment adopters 

experience greater perceived spending changes. The regularized EFA (Section 3.3.1.4) identifies a 

spending behavior factor (ML2) that includes key indicators such as Digital Payment Frequency, Digital 

Transaction Percentage, and Perceived Spending Change. 

Predictive Modeling: 

Random Forest and GBM models show that digital competency (CDEI) and its interactions (e.g., 

DPI_DBI, DPI_CDEI) are critical predictors of consumer spending behavior. 

Conclusion for Objective 1: 

Robust evidence confirms that retail consumers who are high adopters of digital payment systems 

experience significant perceived changes in their spending behavior. 

 

Objective 2: Impact of Customer Demand on Vendor Adoption and Business Efficiency 

Vendor Insights:  

Although vendors report modest monthly revenue changes (mean = 1.42), they demonstrate a high 

percentage of digital transactions (mean = 2.88). A moderate positive correlation (ρ = 0.42982) between 

digital transactions and customer spending increase indicates that consumer demand drives operational 

adjustments. The highly significant Pearson’s Chi-Square Test (X² = 57.073, p = 4.894 × 10⁻⁹) confirms 

that customer digital payment preferences strongly influence vendor digital transaction volumes. 

Behavioral Mapping: 

The moderate positive relationship (ρ = 0.299) between customer technology integration and vendor 

revenue change further underscores that vendors serving tech-savvy consumers can achieve improved 

business efficiency. 
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Conclusion for Objective 2: 

Rising customer demand is a critical driver for small vendors’ adoption of digital payment systems, and 

aligning vendor operations with this demand can potentially enhance business efficiency. 

 

Objective 3: Identification of Challenges Faced by Small Vendors in Adopting Digital Payment 

Systems 

Technical Support and Digital Competency: 

Vendor survey responses indicate that approximately 26% of vendors are dissatisfied with technical 

support, while 40% remain neutral. These findings, along with the negative correlation (-0.38086) between 

digital transactions and customer retention, highlight significant challenges in digital competency and 

support. 

Behavioral Mapping: 

The data suggest that increased digital adoption without sufficient support may adversely impact customer 

retention. 

Conclusion for Objective 3: 

Inadequate technical support and digital competency gaps are major challenges for small vendors, which 

must be addressed to fully leverage the benefits of digital payment adoption. 

 

Objective 4: Analysis of Interconnected Behaviors between Consumers and Vendors 

Synergistic Dynamics: 

Consumer predictive models reveal significant interaction effects (e.g., DPI_DBI, DPI_CDEI) indicating 

that the impact of digital payment usage on spending behavior is strongly moderated by digital 

competency. 

Mutual Reinforcement: 

Behavioral mapping demonstrates that customer digital payment preferences significantly influence 

vendor outcomes, creating a feedback loop whereby enhanced vendor performance further boosts 

consumer satisfaction and spending. 

Conclusion for Objective 4: 

A tightly interconnected digital payment ecosystem exists, where consumer and vendor behaviors 

mutually reinforce one another, driving continuous market transformation. 

 

3.6 Hypothesis Integration with Research Objectives 

This section integrates our findings with the initial hypotheses. 

Hypothesis 1: Retail Consumers’ Digital Payment Adoption and Spending Behavior 

• Supporting Evidence: 

1. Descriptive & Frequency Data: High convenience (mean = 3.65) and digital payment frequency 

(mean = 3.47). 

2. Correlation & Chi-Square Analysis: A strong correlation (ρ = 0.62354) and a significant chi-square 

test (p = 0.04518) indicate that high adopters experience greater perceived spending changes. 

3. Regularized EFA & Predictive Modeling: The emergence of a spending behavior factor (ML2) and 

the prominent role of digital competency (CDEI) in predictive models support that high adopters report 

significantly greater spending changes. 
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• Conclusion: 

The evidence robustly supports Hypothesis 1 that retail consumers in the MMR who are high adopters 

of digital payment systems report significantly greater perceived changes in their spending behavior 

compared to low adopters. 

Hypothesis 2: Customer Demand and Vendor Business Efficiency 

• Supporting Evidence: 

1. Vendor Descriptive Data & Correlations: Despite modest revenue changes, a high percentage of 

digital transactions (mean = 2.88) and a moderate positive correlation (ρ = 0.42982) with customer 

spending increase indicate that consumer demand influences vendor performance. 

2. Pearson’s Chi-Square Test: A highly significant result (X² = 57.073, p = 4.894 × 10⁻⁹) confirms that 

customer digital payment preferences strongly affect vendor digital transaction volumes. 

3. Behavioral Mapping: The moderate positive relationship (ρ = 0.299) between customer technology 

integration and vendor revenue change emphasizes the potential for improved business efficiency 

when vendors cater to tech-savvy consumers. 

• Conclusion: 

The integrated findings support Hypothesis 2 that increased customer demand for digital payments has 

led small vendors to adopt digital payment systems, thereby improving their business efficiency. 

 

3.7 Limitations of the study 

While this study provides valuable insights into digital payment adoption in the MMR, several limitations 

should be acknowledged: 

• Sample Size: The study used a relatively small sample (120 retail consumers and 50 small vendors), 

which may limit the generalizability of the findings. Future research should include larger, more 

diverse samples. 

• Cross-Sectional Design: The cross-sectional nature of the study captures data at one point in time, 

preventing the assessment of changes or trends over time. Longitudinal studies could provide a more 

comprehensive understanding of digital payment adoption dynamics. 

• Self-Reported Data: Data were collected via surveys, which are subject to response biases such as 

social desirability and recall bias. 

• Measurement Limitations: Variables were measured on ordinal scales, which, despite the use of 

regularized methods, may not fully capture the nuances of consumer and vendor behaviors. 

• Context-Specific Findings: The study focuses on the Mumbai Metropolitan Region, and the findings 

may not be directly applicable to other regions with different digital infrastructure or socioeconomic 

contexts. 

• Model Limitations: Predictive models such as RF and GBM, while powerful, have moderate accuracy 

in this study. This could be due to the limited sample size and inherent variability in the data, 

suggesting that further refinement and validation with larger datasets are needed. 

This comprehensive and detailed analysis of digital payment adoption in the Mumbai Metropolitan Region 

provides robust evidence from both consumer and vendor perspectives, as well as from behavioral 

mapping insights. The consumer analysis confirms that high adoption of digital payments leads to 

significant perceived changes in spending behavior, particularly when moderated by digital competency. 

Concurrently, vendor analysis reveals that although immediate revenue impacts are modest, rising 

customer demand drives operational adjustments, and significant challenges—especially regarding 
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technical support and digital competency—remain. The behavioral mapping analysis highlights the 

complex, mutually reinforcing dynamics between consumer behaviors and vendor outcomes. 

In summary, the study conclusively addresses the research objectives and supports the hypotheses: 

• Objective 1: Retail consumers who are high adopters of digital payments experience significant 

changes in their spending behavior. 

• Objective 2: Rising customer demand is a primary driver for small vendors to adopt digital payment 

systems, potentially enhancing business efficiency. 

• Objective 3: Small vendors face considerable challenges, notably inadequate technical support and 

digital competency gaps, which must be addressed. 

• Objective 4: An interconnected ecosystem exists in which consumer and vendor behaviors mutually 

reinforce one another, driving continuous market transformation. 

• Hypothesis 1: Supported – High digital payment adopters report significantly greater perceived 

spending changes. 

• Hypothesis 2: Supported – Increased customer demand leads to improved vendor business efficiency 

through digital payment adoption. 

These detailed findings offer a robust, data-driven framework for policymakers, business strategists, and 

digital platform developers to optimize digital payment infrastructures and foster a more integrated and 

efficient digital economy in the MMR. Future research should expand sample sizes, refine predictive 

models, and conduct longitudinal studies to further validate and extend these insights. 

  

Chapter 4 

Findings 

This chapter presents a comprehensive synthesis of the key insights derived from our quantitative analyses. 

In contrast to Chapter 3—which detailed the statistical results, including descriptive statistics, inferential 

tests, factor analyses, and predictive modeling—this chapter distills those results into thematic findings 

that directly address the study’s focus: Impact of Digital Payments on Retail Consumers and Small 

Vendors: Quantitative Analysis and Vendor Insights. The following sections summarize the essential 

numerical values and relationships, organized chronologically by theme, and demonstrate how these 

findings fulfill the research objectives and validate the hypotheses. 

4.1 Consumer-Centric Findings 

4.1.1 Adoption, Usage, and Perceived Changes 

Our analysis of retail consumer data (n = 120) revealed that digital payments are widely adopted and 

deeply integrated into everyday financial behaviors: 

• Convenience: Consumers rate digital payments highly convenient, with a mean of 3.65 (median = 4) 

and low variability (SD = 0.63). 

• Usage Frequency: The mean digital payment frequency is 3.47 (median = 4), indicating that most 

consumers engage with digital payment systems on a weekly to daily basis. 

• Transaction Share: With a mean Digital Transaction Percentage of 2.77 (SD = 1.16), there is 

considerable variation, suggesting heterogeneous engagement levels. 

• Perceived Spending Change: Consumers report a mean perceived spending change of 2.89 (median 

= 3), reflecting a notable shift in spending behavior among high adopters. 

These numerical values confirm that digital payment systems have a profound impact on consumer 

behavior, setting the foundation for further analysis. 
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4.1.2 Statistical Relationships and Underlying Dimensions 

The Spearman correlation analysis underscored several key relationships: 

• A strong positive correlation (ρ = 0.62354) between Digital Payment Frequency and Digital 

Transaction Percentage indicates that frequent users tend to conduct a larger share of transactions 

digitally. 

• A moderate positive correlation (ρ = 0.35770) between Impulse Buying and Perceived Spending 

Change suggests that consumers with higher impulsivity perceive greater shifts in their spending 

patterns. 

• Demographic factors also play a role, with a strong negative correlation (ρ = -0.50877) between Age 

and Technology Integration—highlighting that younger consumers are more digitally engaged. 

To further elucidate the latent structure underlying these behaviors, we applied a regularized exploratory 

factor analysis (EFA) with a shrinkage intensity of λ = 0.3383. This analysis revealed three interpretable 

factors: 

• ML1 (Demographic and Technological Orientation): 

High loadings on Income (0.70) and Age (0.68) with a strong negative loading on Technology Integration 

(-0.71) indicate that traditional demographic characteristics are inversely related to digital integration. 

• ML3 (Digital Payment Behavior): 

With loadings of 0.68 on Convenience, 0.76 on Digital Payment Frequency, and 0.63 on Digital 

Transaction Percentage, this factor encapsulates the core elements of digital payment usage. 

• ML2 (Financial Behavior and Perception): 

Significant loadings on Saving Frequency (0.60) and Perceived Spending Change (-0.64) highlight a 

dimension where financial prudence contrasts with perceived spending shifts. 

These factors collectively account for 52% of the total variance, thereby providing a robust framework for 

understanding consumer behavior. 

4.1.3 Predictive Modeling Insights 

Predictive modeling using Random Forest (RF) and Gradient Boosting Machine (GBM) further validated 

our findings: 

• Random Forest: 

Achieved an overall accuracy of 53.3% and a Cohen’s Kappa of 0.2999, with sensitivity for the low 

spending segment at 57.5%. 

• GBM: 

Slightly outperformed RF with an overall accuracy of 55.0% and a Cohen’s Kappa of 0.3242, and a 

sensitivity of 62.5% for the low spending segment. 

Both models consistently identified digital competency—captured through our composite index CDEI—

as the most influential predictor of consumer spending behavior. These outcomes confirm that enhanced 

digital competency is central to the behavioral changes observed among high adopters. 

 

 

4.2 Vendor-Centric Findings 

4.2.1 Adoption, Performance, and Challenges 

Small vendor data (n = 50) reveal a contrasting picture: 

• Digital Transaction Adoption:  

Vendors report a high average digital transaction percentage of 2.88, indicating robust adoption of digital  
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payment systems. 

• Revenue Impact: 

However, the mean monthly revenue change is only 1.42, suggesting that high digital adoption does 

not automatically result in substantial revenue growth. 

• Customer Retention: 

With a mean customer retention of 1.46, maintaining customer loyalty remains a challenge. 

• Technical Support: 

The mean score for Technical Support Availability is 2.98, but survey responses indicate that 26% of 

vendors are dissatisfied (10% Strongly Disagree + 16% Disagree), and 40% are neutral, pointing to 

significant variability in support quality. 

4.2.2 Statistical Relationships 

Vendor analyses reveal key statistical associations: 

• Correlation Analysis: 

▪ A moderate positive correlation (ρ = 0.42982) exists between the Percentage of Digital Transactions 

and Customer Spending Increase, indicating that increased digital activity can enhance spending. 

▪ A negative correlation (ρ = -0.38086) between Digital Transactions and Customer Retention suggests 

that higher digital activity may sometimes coincide with lower retention. 

• Chi-Square Test: 

The Pearson’s Chi-Square Test yielded a test statistic of 57.073 with 9 degrees of freedom (p = 4.894 × 

10⁻⁹), confirming that customer digital payment preferences have a significant impact on vendor digital 

transaction volumes. 

These results underscore that while digital adoption is high among vendors, challenges related to technical 

support and customer retention impede the full conversion of digital engagement into improved financial 

outcomes. 

 

4.3 Behavioral Mapping Insights 

To directly assess the interconnection between consumer behaviors and vendor outcomes, we performed 

a paired analysis by randomly sampling 50 consumer observations to match the vendor dataset. 

4.3.1 Cross-Dataset Correlation Analysis 

Key cross-dataset correlations include: 

• Digital Payment Frequency: 

A weak negative correlation (ρ = -0.1397) with Vendor Digital Transaction Percentage suggests that 

increased consumer frequency does not necessarily translate into higher vendor digital transaction rates. 

• Impulse Buying: 

Positively correlates with Vendor Monthly Revenue Change (ρ = 0.2534), indicating that spontaneous 

consumer behavior may contribute to revenue increases. 

• Perceived Spending Change: 

Exhibits positive associations with several vendor outcomes, such as a correlation of ρ = 0.2182 with 

Vendor Digital Transaction Percentage and ρ = 0.1837 with Vendor Digital Payment Preference. 

• Technology Integration: 

Displays mixed effects, with slight positive impacts on digital transactions and a minor negative 

association with revenue. 
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These relationships reveal the intricate dynamics between consumer digital behaviors and vendor 

performance, highlighting that consumer perceptions and spontaneous purchasing behaviors are critical 

factors influencing vendor outcomes. 

4.3.2 Visual Representations 

Graphical representations—including heatmaps and scatterplot matrices—were produced to visually 

summarize these correlations, reinforcing the numerical insights and providing a clear depiction of the 

interconnectedness between the consumer and vendor domains. 

 

4.4 Synthesis and Achievement of Research Objectives 

The findings from Chapter 3 collectively address the research objectives and validate our hypotheses: 

4.4.1 Impact on Retail Consumers 

• Key Findings: 

High levels of convenience (mean = 3.65) and frequent usage (mean = 3.47), along with strong correlations 

(e.g., ρ = 0.62354 between frequency and digital transaction percentage) and significant chi-square results 

(p = 0.04518), confirm that high adopters experience pronounced changes in spending behavior. 

• Latent Dimensions: 

Regularized EFA revealed distinct factors, particularly ML2 (Financial Behavior and Perception), which 

underscores the role of saving behavior and perceived spending changes. 

Predictive Validation: 

RF and GBM models further emphasize that digital competency (CDEI) is a key driver of consumer 

behavior. 

4.4.2 Impact on Small Vendors 

Key Findings: 

Vendors show high digital transaction adoption (mean = 2.88) but only modest revenue changes (mean = 

1.42). The significant chi-square test (p = 4.894 × 10⁻⁹) and moderate positive correlations (ρ = 0.42982 

with customer spending increase) illustrate that consumer demand plays a critical role in vendor 

performance. 

Operational Challenges: 

Negative correlations between digital transactions and customer retention, along with reported technical 

support issues, highlight areas that require improvement. 

4.4.3 Interconnected Digital Ecosystem 

Behavioral Mapping: 

The cross-dataset analysis demonstrates that consumer behaviors such as impulse buying (ρ = 0.2534 with 

revenue change) and perceived spending change (ρ = 0.2182 with vendor outcomes) are significantly 

linked to vendor performance. 

Feedback Loop: 

These findings suggest a dynamic ecosystem in which consumer and vendor behaviors mutually influence 

each other, reinforcing the digital payment landscape. 

4.4.4 Hypotheses Validation 

Hypothesis 1: 

The synthesis of descriptive statistics, correlations, EFA, and predictive modeling robustly supports that 

high digital payment adopters among retail consumers report significantly greater perceived spending 

changes. 
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Hypothesis 2: 

Vendor data and behavioral mapping analyses confirm that increased customer demand is associated with 

improved vendor business efficiency. 

The synthesis of our quantitative analyses provides a robust framework for understanding the impact of 

digital payments on retail consumers and small vendors in the MMR. Key findings include: 

Consumer Impact: 

High adoption of digital payment systems correlates with significant changes in consumer spending 

behavior. This is evidenced by strong measures of convenience and usage, notable correlations (up to ρ = 

0.62354), a significant chi-square result (p = 0.04518), and the latent dimensions revealed through 

regularized EFA. 

Vendor Impact: 

Although vendors exhibit high digital transaction adoption, revenue increases remain modest. Challenges 

such as inconsistent technical support and poor customer retention persist. Nonetheless, significant 

correlations (ρ = 0.42982) and chi-square results (p = 4.894 × 10⁻⁹) underscore that customer demand 

strongly influences vendor outcomes. 

Integrated Ecosystem: 

Behavioral mapping confirms that consumer behaviors, particularly impulse buying and perceived 

spending changes, are directly linked to vendor performance, forming a mutually reinforcing digital 

payment ecosystem. 

Overall, the findings affirm both research hypotheses: 

• Hypothesis 1: High digital payment adopters among retail consumers report significantly greater 

perceived spending changes. 

• Hypothesis 2: Increased customer demand leads to improved vendor business efficiency. 

This chapter not only encapsulates the critical findings from our quantitative analyses but also 

demonstrates how these insights fulfill the research objectives, offering a comprehensive, data-driven 

perspective on the impact of digital payments in the MMR. 

 

Chapter 5 

Conclusion 

This study provides a comprehensive exploration of digital payment adoption in the Mumbai Metropolitan 

Region by integrating both retail consumer and small vendor perspectives. The research set out to assess 

how digital payment systems influence consumer spending behavior, enhance vendor operational 

efficiency, and identify the challenges hindering a complete transition toward a cashless economy. By 

employing a multi-method approach—including descriptive statistics, regularized exploratory factor 

analysis, and advanced predictive modeling using Random Forest and Gradient Boosting Machine—the 

paper offers robust empirical evidence that high digital payment usage is significantly linked with changes 

in spending patterns (notably, increased impulse buying) and that digital competency plays a pivotal role 

in shaping these behaviors. 

Key findings indicate that consumers who frequently adopt digital payments report distinct shifts in their 

spending behavior compared to infrequent users. The latent dimensions identified through factor 

analysis—encompassing demographic and technological orientation, core digital payment behavior, and 

financial behavior—provide a nuanced understanding of the underlying drivers of digital payment 

adoption. For small vendors, while digital transactions are associated with improvements in operational 
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metrics such as customer spending and revenue, challenges like limited technical support and issues in 

customer retention remain significant barriers. 

The study’s cross-sectional design and relatively modest sample sizes are acknowledged limitations, 

suggesting that caution is needed when generalizing these findings to broader populations. Additionally, 

reliance on self-reported data may introduce biases that future research could mitigate by incorporating 

longitudinal data and more objective performance metrics. 

Looking ahead, further studies should expand the sample size and adopt a longitudinal framework to better 

capture the dynamic interplay between digital payment adoption and its economic impacts. Exploring 

more granular consumer purchase histories and integrating emerging analytical techniques, such as deep 

learning, could also refine predictive accuracy and deepen insights. Such research would not only 

contribute to academic discourse but also inform policy decisions and business strategies aimed at 

fostering a more inclusive and resilient cashless economy. 

Overall, this paper makes a significant contribution to understanding the evolving digital payment 

landscape in urban India, highlighting both the transformative potential and the complex challenges 

inherent in this shift. The findings underscore the importance of enhancing digital literacy and technical 

support as key enablers for sustained growth in the digital payments sector, paving the way for future 

advancements in financial inclusion and economic modernization. 
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