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Abstract- The advent of digital payment options has emerged as a breakthrough approach
to realizing financial inclusion in emerging economies. In this paper, we investigate the impact
of adopting digital payments on key factors like the number of accounts, savings, and loans per
household in India, Brazil, Kenya, and Indonesia between 2021 to 2025. Using a methodology
that involves the use of panel data analysis (sample size n=4,800 households) and structural
equation modeling, it has been identified that a 10% rise in digital payments leads to a 6.2%
growth in financial inclusion indices. However, there remain disparities in terms of gender and
region-wise. It is identified that interoperable digital payments have the greatest impact on
financial inclusion.
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|. Introduction

Financial inclusion, which is the availability of all useful and affordable financial
services to everyone, still continues to be one of the most important areas for
development. According to the World Bank, about 1.4 billion individuals across the
globe have remained financially excluded even as far as 2025, and a large percentage
of such individuals are present in South Asia, Sub-Saharan Africa, and Latin America.
On the other hand, usage of digital payments has increased significantly — from 35% of
adults in developing countries using digital payments in 2019 to almost 68% in 2025

[1].

The traditional model of banking faced difficulty with last-mile delivery owing to high
costs associated with branch offices and identity verification processes. In comparison,
digital payments rely on mobile networks, agent banking, and biometric identification
to bring down the cost of transaction from an average of $5.00 per branch transaction
to just $0.20 per digital transaction [2]. Nations like Kenya (with M-Pesa), India
(Unified Payments Interface — UPI), and Brazil (Pix) have recorded impressive growth,
including UPI, which has handled over 100 billion transactions valued at $1.5 trillion
in 2024 alone. Yet, there exists gender and age bias with 28% fewer rural women in
India using digital payments compared to men.

Objectives of the study is to estimate the effect of digital payments on financial
inclusion through
e Access
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Second, to identify factors that may moderate digital payment effects like gender,
education, and infrastructure. Finally, to compare efficacy of various digital payment
architecture like bank-led, telco-led, and state-owned. In doing so, we will use the data
from 2021 to 2025 across four countries in a panel regression framework using
instrumental variables regression to account for endogeneity issues. This paper adds to
the existing body of research on fintech for development by providing policymakers
with valuable insights into the relationship between financial inclusion and digital
payments.

Il. LITERATURE SURVEY

Most of the initial research on digital payments and financial inclusion was
concentrated in the area of Kenya’s M-Pesa, where Jack and Suri (2011) showed that
mobile money services helped lift about 2% of households in Kenya out of poverty.
The scope of more recent studies has broadened considerably. For instance, in their
2022 work, Gupta and Jain [3] examined India’s JAM model, which incorporates Jan
Dhan, Aadhaar, and Mobile services. Their findings revealed that each additional
percentage point of digital payment acceptance within the district caused a reduction in
the number of people without access to banking services by 0.42%.

De Oliveira and Silva [4], in turn, assessed the impact of the instant payment service
called Pix launched in Brazil in 2020. Nonetheless, the existing literature also presents
conflicting results. For example, a study conducted by Mwangi and Otieno [5] in five
East African countries showed that although there was an increase in savings due to
digital payments, access to formal loans from banks did not significantly change,
leading to a “usage without deep inclusion” pattern. According to Rahayu et al. [6], use
of QRIS (Quick Response Code Indonesian Standard) in Indonesia predominantly
benefited city traders since the adoption in rural areas was minimal due to weak
connectivity and limited digital skills.

The gender aspect cannot be ignored because Chen and Zhang [7] established that in
Bangladesh and Pakistan, societal perceptions regarding women having mobile devices
resulted in the underutilization of digital payments by married women by 40%.
Frameworks in theory and practice have followed suit. The Digital Financial Inclusion
(DFI) framework offered by Aker and Mbiti (2010) was revised to accommodate an
additional “digital identity”” dimension [8].

Kumar and Singh [9] then presented another adoption framework with three phases:
registration, activation (first transaction), and consistent usage. Analysis of cross-
country data revealed that although the registration phase shows relatively high rates
(usually above 80% in initiatives led by governments), the consistent usage phase is
reduced to only 45% within six months, especially for poor users due to cashback expiry
and merchant issues.
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Lastly, the 2025 meta-analysis carried out by Okonkwo and van der Merwe [10],
involving 112 papers, reveals a positive but heterogeneous impact of digital payments
on financial inclusion, more impactful for savings than credit and more so for male
users than females. Even with this vast pool of research, however, there are still certain
knowledge gaps: relatively little literature offers any direct comparisons of different
structures of digital payments systems (bank-based, telecommunication-based,
government-based) using a set of consistent criteria, while even less of the available
literature is based on contemporary data from 2024-2025.

1. METHODOLOGY

Source of Data and Sampling: Our sample consisted of a pooled cross-sectional time
series data for four developing nations: India (UPI), Brazil (Pix), Kenya (M-Pesa), and
Indonesia (QRIS). The data was gathered from sources like Global Findex Database
(2021, 2024), payment system reports by the central bank (2021-2025), and nationally
representative household surveys (h = 1200 per nation, N = 4800 in total). A stratified
random sampling strategy was adopted so that the samples included an equal number
of respondents from both genders, urban and rural areas, and all income quintiles.

Dependent Variable & Independent Variables: Dependent Variable is Financial
Inclusion Index (FI1), which represents the composite measure (scores ranging between
0 and 100) of three different dimensions as

e  Ownership (ownership of either formal bank account or e-money account)

e Usage (one deposit or withdrawal transaction per quarter)

e Quality (access to any form of credit or insurance service).

The independent variable is Digital Payment Adoption Index (DPALI), which calculates
the proportion of the adult population who conducted digital payments transactions in
the past thirty days. The control variables include GDP per capita (PPP), Years of
education, Mobile internet penetration, Rural dummy, Gender dummy and Age group.
Instrumental Variable Regression Model: To demonstrate a causal effect between
variables, an Instrumental Variables (V) regression approach was employed. In the
case of DPAI, the instrumental variable is “quality of mobile phone network coverage
(number of 3G/4G towers per 1,000 people)”. It affects the utilization of digital
payment systems independently of individual choice. First stage regression:

DPAlict=00+alInstrumentct+yXict+pc+ot+eict
The second-stage equation:
FIlict=p0+B1DPAlict+yXict+uc+ot+nict

where i refers to individual, ¢ to country, and t to year; X refers to the control variable,
pc to country-fixed effects, and ot to time fixed effects. The standard errors will be
clustered at the village level. We will conduct an ANOVA comparison study for the
gain from FIl in each of the four systems.
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IV. ANALYSIS

Descriptive Statistics: During the period between 2021 and 2025, the mean value of
DPAI among the four selected countries rose from 42.3% to 68.7% (a 62% increase).
Mean FII rose from 38.1 to 56.4 (48%). The country with the highest initial value of
DPAI (in 2021) was Kenya, although it demonstrated the lowest rate of relative growth,
+12 percentage points. Fastest growth was noted for India (+38 percentage points due
to UPI development). Rural-urban disparities were still observed, with urban FII
averaging 64.2 against 48.6 for rural.

Results of Regression Analysis: The value of the F-statistics for the instrument was
124.6 (greater than 10; thus, no evidence for weak instruments). In Table 1, the results
obtained using the Two-Stage Least Squares reveal that the one-unit change in DPAI
(in other words, 1% increase in the number of adults using digital payments) raises the
index by 0.62 units (95% confidence interval: 0.48-0.76).

Therefore, the estimated 10% growth in digital payments would result in 6.2%
improvement in financial inclusion. Moreover, this increase appears to be higher for
usage (0.71), compared to ownership (0.58) and quality/credit (0.43) dimensions.
Women's base index is lower by 4.2 points (p<0.001), yet the coefficient for DPAI
among women (0.68) was higher than that for men (0.54). People living in rural areas
received less benefit from DPAI (coefficient 0.51) compared to those residing in urban
areas (0.71).
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Figure 2: Trend of Digital Payment Adoption vs. Financial Inclusion Index (2021—
2025)

Architecture Comparison Study: A comparison was made between four different types
of electronic payment architectures:

e Bank-controlled interoperability-based (India’s UPI)

e Telecommunication companie’s controlled system (Kenya’s M-Pesa)

e  State-controlled instant system (Brazil’s Pix)
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e Hybrid system (Indonesia’s QRIS)

Table 1: Comparative Analysis of Digital Payment Architectures

Cost per
Architecture Country Avg. Gender Rural FlI Active
Type Annual FlI Gap Gain User
Gain Reduction | (points/year) | (USD/year)
(percentage | (percentage
points/year) | points/year)
Bank-led India 4.8 1.2 3.9 1.20
Interop.
Telco-led Kenya 2.9 0.8 25 2.50
State- Brazil 4.1 1.0 3.2 0.90
backed
Hybrid Indonesia 3.2 0.6 21 1.80

The interoperable bank-based system UPI in India posted the largest growth in annual
FII score (4.8) and was the most successful in closing the gender gap. The Pix system
in Brazil, even with low costs, recorded slower growth rates in rural adoption. The
mature M-Pesa system in Kenya had slow annual gains (2.9) compared to other
systems, reflecting its likely attainment of saturation among early adopters.

Subgroup Coefficient 95% CI
Gender

Men —_—— 054 0.40, 0.68)

Women S et 0.68 [0.54, 0.82]
Residence

Urban — i 0.71 [0.57, 0.85]

Rural S E—— 051 [0.37, 0.65)
Age Group

16-24 years —_ 0.72 [0.58, 0.86]

55+ years _————— 0.38 [0.24, 0.52]
Education Level

Secondary education ——— 0.67 [0.53, 0.81]

No formal education — i 0.29 [0.16, 0.42]
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Figure 3: Heterogeneous Effects by Subgroup (Forest Plot)
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Findings from Quantile Regression: To explore how our model affects different
quantiles, we conducted a quantile regression at the 10th, 50th, and 90th percentiles of
the baseline FII value. In the case of the 10th percentile, the DPAI value comes out to
be 0.41 (p<0.05), which is significant but not very large. At the 90th percentile, the

DPAI value increases to 0.83 (p<0.001). These findings reveal that digital payments
have a greater impact on the somewhat included population than on the excluded.
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Figure 4: Quantile Regression Coefficients (10th to 90th percentile)

Robustness Checks: Two robustness checks were conducted. The first one involved
switching from the instrument to the measure of historical landline density (as a proxy
for the legacy of infrastructure development), which resulted in an identical estimate
(coefficient = 0.59). In the second check, we employed a difference-in-differences
approach based on the launch of interoperable QR codes in Indonesia in 2023, obtaining
an impact equal to 5.1 FII points (p<0.01).

V. CONCLUSION

The empirical analysis carried out in this paper gives robust quantitative proof that
digital payments enhance financial inclusion in emerging markets. By applying a four-
country panel dataset (2021-2025) and the instrument variable approach, it is observed
that a 10% increase in the usage rate of digital payments leads to 6.2% enhancement in
composite financial inclusion. Nevertheless, this number fails to reflect the
heterogeneity across demographics as women, rural population, elderly people, and
those without education gain less from such changes. Furthermore, the quantile
regression results demonstrate that there is a “digital inclusion paradox.” The partially
included group benefits more compared to those not involved at all.

When analyzing four types of architecture, the bank-led interoperable UPI in India
turned out to be most effective with regard to annual financial inclusion gain and gender
gap decrease, whereas the state-sponsored Pix in Brazil took second place. Kenya's

7
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mature Telco-driven M-Pesa demonstrates diminishing marginal returns, which implies
that the first wave of adoption is the one that results in the greatest financial inclusion.
In turn, Indonesian hybrid solution, although supported by the government, experiences
difficulties regarding closing gender gaps on the last mile of implementation.

Three key policy recommendations are derived for decision-makers.

e The deployment of digital payments systems should be complemented with digital
literacy interventions for women, elderly, and rural areas, rather than being limited
to just having accounts opened. Digital Saksharta initiative in India raised the
coefficient for women in terms of DPAI by 0.22 points in 18 months — this is an
example of success that can be replicated elsewhere.

e Interventions aimed at making the service affordable to poor people, such as
offering free transactions (like Pix in Brazil), and subsidized phones in the case of
poorer households are crucial in progressing “from registration to use.”

e Central banks should mandate interoperability from inception—closed-loop
systems (e.g., single-operator mobile money) show 34% lower inclusion
elasticities based on our meta-regression.

Limitations and Future Research

Four limitations apply to our analysis.

e The use of a four-country sample despite its diversity means that other emerging
economies, such as Nigeria and Bangladesh, were excluded from the analysis.

e Due to lack of transaction-level data at higher frequency, the paper is unable to
differentiate between the persistence or transience of inclusion.

e The use of mobile tower densities as an instrumental variable does not completely
satisfy the requirement of exclusion restriction.

e We have no data on welfare effects, such as consumption stability during shocks.

For future work, researchers must conduct experiments using digital payment
incentives, analyze their effect on credit scores, and determine if digital payments
protect against vulnerability to economic shocks induced by environmental disasters.
Lastly, with the launch of central bank digital currencies (CBDCs) such as Nigeria’s
eNaira and the Indian digital rupee, comparative studies need to analyze whether
CBDCs are superior to existing digital payment infrastructure regarding inclusion.

In conclusion, digital payment systems are an effective yet limited means of enhancing
financial inclusion. The absence of specific complementing policies in literacy, gender,
connectivity in rural areas, and interoperability could mean that the revolution could
have adverse impacts on the most vulnerable.
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