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Abstract

Objective: This study aims to evaluate the impact of Digital Financial Inclusion (DFI) on the profitability of banks in
developing countries, by constructing a novel comprehensive DFI index and employing dynamic panel analysis.
Design/Methods/Approach: The research involves a sample of | || banks across nine developing nations from 2016
to 2020. A new DFI index was constructed to encapsulate both the access and usage dimensions of DFI, along with
demographic and geographical considerations, using Principal Component Analysis (PCA). The empirical framework
adopted a dynamic panel model, applying two-step system Generalized Method of Moments (GMM) estimators to
analyze the data.

Findings: The findings indicate a positive and significant relationship between DFl and bank profitability. This relationship
highlights the beneficial impacts of DFI on the financial performance of banks within the studied contexts.
Originality/Value: This research broadens the current understanding of Digital Financial Inclusion (DFI) by focusing
on its impacts not only on bank stability but also on profitability and efficiency, areas not extensively covered by prior
studies. Additionally, it contributes to the literature by integrating demographic and geographical dimensions into the
construction of a comprehensive DFI index. This approach provides a nuanced understanding of DFI’s effects on bank
profitability and represents a significant deviation from traditional studies that focus mainly on access and usage.
Practical/Policy implication: Based on the findings, it is recommended that bank managers and financial service
providers establish strategic partnerships to strengthen the integration of traditional banking with digital financial
services, thereby boosting bank profitability. Regulators must update policies to foster an environment that supports
the integration of digital innovations, while ensuring robust consumer protection and data privacy standards. Continuous
investment in digital infrastructure and financial literacy is crucial, alongside rigorous policy monitoring and adaptation,
to maintain a regulatory framework that promotes the sustainable expansion of DFI and addresses emerging security
challenges.
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I. Introduction

The advent of the digital age has radically transformed the global financial landscape, significantly expanding the
purview of traditional banking services. The emergence of digital financial inclusion (DFI) - the use of digital means to
boost financial services access and usage - has engendered a new wave of opportunities for banking institutions and their
customers alike (Allen et al., 2016). Notably, DFI has evolved to become a strategic focus area for banks, especially in
developing nations where financial exclusion remains prevalent.

Financial inclusion (FI) has long been recognized as a pivotal element in fostering economic resilience and reducing
disparities. International bodies like the World Bank and the International Monetary Fund advocate for Fl to combat
poverty and boost economic development (World Bank, 2015). Central to Fl is the accessibility of financial resources
for all segments of society, including the most vulnerable (Honohan, 2008; Beck & Demirguc-Kunt, 2006). The role of
banking institutions is particularly crucial, as they are the primary conduits of Fl, facilitating essential services such as
deposits, credit, and payments (Busch et al., 2017).

Despite the growing recognition of DFl's potential in improving access to financial services, its effect on the
performance of banking institutions, particularly in terms of profitability, has remained largely understudied, necessitating
more empirical research to ascertain this impact. This study addresses this gap by building upon and extending the
existing body of literature, which predominantly examines the role of DFI in enhancing bank stability (Khattak et al.,
2023; Banna & Alam, 2021; Banna et al., 2021). By focusing explicitly on profitability, this research hypothesizes that DFI
initiatives enhance service accessibility and operational efficiency, thereby directly contributing to improved bank
profitability. Secondly, building upon existing literature, this research investigates the influence of DFl on bank
profitability at a micro level, recognizing profitability as key indicator of a bank's operational effectiveness and vital for
its competitive performance (Garcia-Herrero et al, 2009; Athanasoglou et al., 2008). Additionally, this research
challenges existing findings by examining DFl's role across multiple countries, rather than single-country studies with
limited generalizability (El-Chaarani & EI-Abiad, 2018). By analyzing data from 2016 to 2020 across ||| banks in nine
selected developing nations and employing two-step system Generalized Method of Moments (GMM) estimators, this
study offers a comprehensive and robust analysis of DFI's impacts on bank profitability and efficiency, enhancing the
generalizability and applicability of its findings.

This paper consists of five parts, starting with an introduction. The second section provides a literature review
and sets forth the research hypotheses. The methodology is detailed in the third section, while the fourth section
reports the findings and provides discussion. The final section serves as the conclusion.

2. Literature Review and Hypotheses Development

2.1 Review of Relevant Theoretical Literature

The theoretical framework of this study is underpinned by two key theories: the Constraint-Induced Financial
Innovation Theory and the Transaction Cost Theory, each providing insights into the dynamics of DFI and its impact on
bank profitability in developing countries.

The Constraint-Induced Financial Innovation Theory, originating from Silber’s seminal works in 1983, suggests
that financial institutions primarily innovate to overcome operational and regulatory constraints that impede their
profitability and competitiveness. Innovations in the digital arena, such as internet banking and mobile financial services,
are seen not just as operational enhancements but as strategic responses to these constraints. This theory highlights
that by adopting digital strategies, banks can navigate around traditional barriers, reducing costs and reaching wider
markets more efficiently. Such strategic adoption is posited to lead to enhanced profitability and market reach, suggesting
that initial investments in digital technologies, while costly, may result in long-term gains by enhancing customer outreach
and service innovation (DeYoung, 2005; Akhisar et al., 2015).

On the other hand, the Transaction Cost Theory, developed by Williamson (1981) and later expanded by Hicks
and Niehans (1983), provides a framework for understanding the adoption of digital strategies to reduce transaction
costs associated with economic exchanges. This theory argues that digital platforms significantly lower the costs of
transactions, facilitating a more distributed model of financial services that can reach underserved or inaccessible
populations. By reducing traditional barriers such as high service fees and extensive documentation, digital strategies
enable financial institutions to offer more efficient and inclusive services, thereby broadening their customer base and
enhancing financial participation (Mishkin & Strahan, 1999; Jack & Suri, 2014).

Integrating these theories, this study hypothesizes that DFI technologies not only streamline operations but also
strategically position banks to better manage risks and engage customers. The reduction in transaction costs and the
strategic overcoming of operational constraints together enable banks to offer more accessible, efficient, and diverse
services. Thus, DFl is viewed as a transformative strategy that not only meets the immediate financial needs of individuals
but also enhances the overall profitability and sustainability of banks in developing countries.
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2.2 Review of Empirical Literature

The empirical literature on DFI reveals a nuanced understanding of how digital innovations in the banking sector
can influence bank performance, particularly in developing countries. Research indicates that technological innovations
within the banking industry, such as internet banking, mobile financial services, and automated teller machines (ATM:s),
are pivotal in reaching untapped markets and enhancing financial performance (Eljelly, 2013; Demirguc-Kunt & Huizinga,
2010). These innovations not only improve the accessibility of financial products and services but also increase the
efficiency, profitability, and stability of banking institutions.

Studies like those by Zins and Weill (2016) and Aker et al. (2016) specifically highlight the positive correlation
between mobile banking usage and key performance metrics such as return on assets (ROA). These studies underline
the significant role DFI plays in enhancing performance metrics by facilitating increased deposits and lowering transaction
costs. On the technological front, El-Chaarani & El-Ebiad (2018) demonstrated that investments in digital innovations
like internet banking and ATMs significantly boosted the performance of Lebanese banks, though the impacts of mobile
banking were less pronounced.

Despite these positive findings, the empirical literature reveals gaps, particularly in comprehensive understanding
how DFI directly affects bank profitability in developing contexts. Most studies have focused on stability and risk
management, with less attention given to how DFl could specifically enhance profitability through operational efficiencies
and market expansion (Dong et al., 2020; Banna et al,, 2021). This study aims to fill this gap by developing testable
hypotheses that examine the direct effects of DFI on bank profitability. By extending the investigation beyond stability
to include profitability, this research seeks to provide a more holistic view of the benefits that DFI can offer to banks in
developing countries, thereby contributing to the broader discourse on Fl and economic growth.

2.3 Research Hypothesis

The significance of DFI in enhancing bank performance has become increasingly evident, especially in the wake
of global financial disruptions such as the 2008 crisis and more recently, the COVID-19 pandemic. These events have
catalyzed banks to reassess and intensify their digital strategies to not only keep up with competitive pressures but also
to improve their financial performance. By integrating DFS, banks are able to facilitate information sharing, reduce
transaction costs, and extend the reach of their financial services, consequently boosting transaction volumes and
broadening customer access to financial resources (Yang & Zhang, 2020).
Banks are adopting innovative technologies as part of their strategic response to market demands and competitive
challenges, leveraging new platforms and processes to enhance the efficiency and effectiveness of their operations. This
shift towards DFI not only supports the inclusion of previously unbanked populations but also enhances profitability and
operational efficiency by enabling economies of scale and reducing costs. The existing empirical and theoretical literature
underscores a strong link between the level of DFl implementation and improved bank performance, suggesting that
DFI can significantly contribute to profitability in banking institutions. Thus, this study proposes to explore how DFI
impacts bank profitability, hypothesizing that greater integration of DFI leads to improved financial performance in this
dimension. Given the theoretical underpinnings and limited empirical evidence, the following hypotheses are proposed
for the study:
Hypothesis: DFI has a positive impact on bank profitability.
This hypothesis will be tested using robust statistical techniques, and the results will contribute to the growing body of
knowledge on the impact of DFI on bank profitability, particularly in the context of developing countries.

3. Method

3.1 Model Specification

To investigate the impact of DFI on bank profitability, the following baseline regression analysis is used:
Yijt = 60 + 6/Y:jt-l + BZDFIjt+ 63Xijt+ 64th + Er’jt (I)

Where, Yj:is the proxy for the bank profitability of bank | of country j in year t which is the Return on Asset
(ROA). Y. indicates a one-year lag value of profitability to make the model dynamic. DFI; refers to the DFI index,
whereas Xj; refers to the bank-specific control variables of bank i of country j in year t (such as LSIZE, LCAP, LAQ, and
LLIQ); and Z; refers to the macroeconomic control variables of country j in year t (such as RGDPG and INF). 8, - 85
refers to the coefficients of the variables. Specifically, 8;is the corresponding regression coefficient, representing the
marginal effect of DFI on bank profitability. 8y is a constant, and &;; is an error term comprised of the unobserved bank-
specific effect, vy, and the idiosyncratic error, uj, which is assumed to be independent and identically distributed. The
full specification of the estimated model | is represented in Equation 2-4. The model adds a one-year lag of dependent
variables as a determinant of profitability to specify the dynamic nature of the model because the profitability of a bank
tends to persist over time (Goddard et al. 201 1), which reflects the informational capacity, impediments to competition
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in the market and sensitivity to macroeconomic or regional shocks to the extent that these are serially correlated
(Berger et al. 2000).

To investigate the impact of DFI on bank profitability, the regression analysis of this model is based on three DFI
indices. Firstly, it considers a comprehensive DFl index (as per Equation 2), and then, it takes into account two sub-
indices of DFI, namely ACCESS (as per Equation 3) and USAGE (as per Equation 3).

Hence, the full specification of the estimated model | is represented in Equation 2-4:

ROA;; = B0 + B,ROA;.; + B:DFIA + B5LSIZE; + B,LCAP;, + B5LAQ; + B4LLIQ;+ B,RGDPG, + BsINF. + &:  (2)
ROA;; = 8o + 6,ROA;.; + BDFIS; + B5LSIZE;, + B,LCAP; + B5LAQ;. + BoLLIQ;: + B:RGDPG;, + BsINF; + & 3)
ROA;. = 8o + 8,ROA;.; + B:DFID, + B:LSIZE;, + B,LCAP;, + BsLAQ;, + B4LLIQ; + B,RGDPG, + BsINF, + &:  (4)

This study also explores the relationship between DFIl and bank profitability by using individual components of
DFl, which are collated in the index. This analysis will give a clearer picture of the relationship between each component
of DFIl on bank profitability.

3.2 Research Method

To ensure a robust analysis, this study employed the novel approach of building a comprehensive DFI index. This
index offers a holistic perspective on DFI, factoring in access and usage dimensions, as well as demographic and
geographical considerations. In constructing this index, Principal Component Analysis (PCA) was utilized, a statistical
procedure renowned for its efficacy in reducing complex data sets into principal components without losing significant
information (Jolliffe, 201 1). Through the PCA-based DFl index, this study advances the understanding of DFI's scope and
its multi-faceted impact on banking operations.

To substantiate the analysis, this research relies on the estimation of a dynamic panel model utilizing two-step
system Generalized Method of Moments (GMM) estimators. This sophisticated econometric technique, as advocated
by Arellano and Bond (1991), facilitates the management of potential endogeneity problems often associated with
dynamic panel data models, thus ensuring reliable estimates. By applying this robust statistical tool, the study delivers
consistent results that reveal a positive and substantial direct impact of DFl on bank profitability. These results
underscore the importance of well-regulated DFI strategies to enhance bank profitability, thereby reiterating the need
for DFl implementation in banking institutions.

3.3 Data Proxy Description

To investigate the effects of DFI on bank profitability in the selected countries, this study incorporates proxies
for bank profitability, DFI, and other control variables. The following discussion comprehensively describes the variables
used in the analysis and their respective measurements and notations.

3.3.1 Bank Profitability Variable

This study considered Return on Asset (ROA) as a proxy for bank profitability following these previous empirical
studies that examine the relationship between bank performance and economic growth (Athanasoglou et al., 2008; Liu
& Wilson, 2010; Dietrich & Wanzenried, 201 |; Chronopoulos et al., 2013; Garcia & Guerreiro, 2016). ROA is employed
for bank profitability, as this is a widely used and well-accepted proxy for bank profitability in banking literature. ROA
is a general measure of bank profitability that reflects the bank's ability to achieve a return on its sources of funds to
generate profits. ROA measures how efficiently a bank manages its asset base, typically funded by equity and loan holders.
It is stated as a percentage and is determined by dividing net profit by total assets.

3.3.2 Digital Financial Inclusion Variable

Proxies for DFI are estimated by selecting variables specifically related to digital financial activities, including
mobile and internet-based financial services, which can be utilized using electronic devices. A comprehensive DFI index
was developed, incorporating various DFI aspects, to evaluate the impact of DFI on bank profitability.

3.3.2.1 The Construction of the DFI Index

To evaluate the impact of DFI on bank profitability, this study develops a comprehensive DFI index consisting of
two dimensions: penetration (supply-side, indicating accessibility to digital finance by banks) and utilization (demand side,
indicating the use of digital financial products and services) and also incorporating the geographical and demographic
outreach of digital financial services. The DFI index in this study offers several benefits over previous measures, providing
a detailed view of DFI by incorporating various components related to digital finance and distinguishing between access
and usage of digital financial services. This distinction is crucial, as high access to DFS does not necessarily translate to
high DFI levels if the services are not utilized.

Ten DFI indicators falling under these categories were considered. Four indicators accounted for the degree of
penetration of DFI: (1) the number of Automated teller machines (ATMs) per 1,000 km2 (ATM_KM), (2) the number
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of Automated teller machines per 100,000 adults (ATM_AD), (3) the number of mobile money agent outlets: active per
1,000km2 (MMAQO_KM) and (4) the number of mobile money agent outlets: active per 100,000 adults (MMAO_AD).
For the utilization dimension, this study uses six indicators: (1) the number of mobile and internet banking transactions
per 1000 adults (MIBT_AD), (2) the number of mobile and internet banking transactions (during the reference year,
commercial banks) (MIBT_CB), (3) the value of mobile and internet banking transactions (during the reference year) (%
of GDP) (VMIBT), (4) the number of active mobile money accounts per 1,000 adults (MM_AD), (5) the number of
mobile money transactions dealing with financial services (during the reference year) per 1000 adults (MMT_AD) and
(6) the value of mobile money transactions dealing with financial services (during the reference year). The inclusion of
drivers of DFI was guided by previous studies and theoretical frameworks (Banna et al., 2021; Khera et al., 2021)
Additionally, apart from using the index as a DFI proxy, the study explores the impact of DFI on bank profitability
by breaking down and individually analyzing the components of DFI, allowing a more precise understanding of each
element's impact on bank profitability. This detailed analysis can inform policy decisions to enhance DFI implementation.

3.3.2.2 Methodology of Constructing the DFI Index

A parametric approach, principal component analysis (PCA), is employed to normalize and aggregate variables in
creating this composite index. PCA addresses the correlation between proxies and reveals the data structure, effectively
managing multicollinearity issues and over-parameterization (Jollifee, 201 I). It has been used extensively in DFI research,
usually by modifying Financial Inclusion Index methodologies, incorporating several DFl variables, and combining all digital
finance access and usage components.

The DFl index construction involves a three-stage PCA for each selected country, calculating access and usage
sub-indices separately and then combining them to create a comprehensive DFI measure. These indices are then
normalized using a global minimum-maximum technique to avoid unnecessary negative values and compared data across
indicators. This process mirrors approaches used in other indices, such as the Sustainable Development Goals Index
(SDGI) and the Human Development Index (HDI). This DFI index gives a more thorough view of DFI, separating access
and usage into two sub-indices, which can provide useful disaggregated information for policy analysis. However, the
analysis has limitations due to the lack of extensive time-series data on DFl indicators and a relatively small sample size
of nine developing countries. These constraints should be taken into account when interpreting the findings.

3.3.3 Control Variables (Bank-specific and Macroeconomic Variables)

In analyzing the study, both bank-specific and macroeconomic variables are controlled to determine their impact
on bank profitability. Four key bank-specific characteristics serve as internal determinants: bank size, asset quality,
liquidity, and capital adequacy. Each of these variables is log-transformed to provide more robust estimates, even after
adjusting for potential publication bias (Bijlsma et al., 2018). Bank size is measured using the natural logarithm of total
assets, with larger banks typically expected to exhibit higher profitability due to diversified interest-earning sources and
economies of scale, although this relationship may become non-linear as banks grow (Smirlock, 1985; Molyneux &
Thornton, 1992). Asset quality, indicated by the ratio of total loans to total assets, reflects income potential and risk,
with higher ratios indicating poorer quality and higher risk. Liquidity, measured by the ratio of liquid assets to total
assets, shows a bank's ability to meet short-term obligations, where higher liquidity may indicate safety but also lower
returns (Bourke, 1989; Molyneux & Thornton, 1992). Capital adequacy is captured by the equity to total assets ratio,
suggesting that well-capitalized banks can absorb losses better and face lower bankruptcy costs, thus potentially boosting
profitability (Bourke, 1989).

The study also incorporates cross-country heterogeneity by including macroeconomic variables such as the
annual real GDP growth rate and inflation rate. The real GDP growth rate reflects economic activity and is expected to
positively influence bank profitability as economic expansion boosts demand for banking services (Demirguc-Kunt &
Huizinga, 1999; Lee & Kim, 2013). The inflation rate measures the yearly increase in the consumer price index and its
impact on bank profitability can vary; anticipated inflation allows banks to adjust interest rates beneficially, potentially
enhancing profitability, while unanticipated inflation may erode real earnings (Perry, 1992; Flamini et al., 2009). These
macroeconomic factors are crucial for understanding the broader economic influences on bank profitability within
different countries.
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Table |. Summary of the variables

VARIABLES NOTATION PROXY
Bank Profitability Return On Assets ROA Net income / Total
Assets
Digital Finance Number of Automated teller ATM_KM
Inclusion - supply side machines (ATMs) per 1,000 km?
Number of Automated teller ATM_AD
machines per 100,000 adults
Number of mobile money agent MMAO_KM
outlets: active per |,000km?
Number of mobile money agent MMAO_AD
outlets: active per 100,000 adults
Digital Finance Number of mobile and internet MIBT_CB
Inclusion - demand banking transactions (during
side reference year, commercial banks)
The value of mobile and internet VMIBT
banking transactions (during the
reference year) (% of GDP).
Number  of mobile  money MMT_AD
transactions dealing with financial
services (during the reference year)
per 1000 adults
The value of mobile money VMMT
transactions dealing with financial
services (during the reference year)
(%of GDP)
Bank-specific Bank size LSIZE Ln (Total Assets)
variables
Capital Adequacy LCAP Total Equity / Total
Assets
Asset quality LAQ Loans / Total Assets
Liquidity LLIQ Liquid Assets / Total
Assets
Macroeconomic Annual real GDP growth rate RGDPG Annual real GDP
variables growth rate
Annual Inflation Rate INF Consumer Price
_ Index

3.4 Sample selection

This research utilized secondary data from | 1| commercial banks across nine developing countries, ranging from
lower-middle to upper-middle income categories—specifically Albania, Bangladesh, Botswana, Cameroon, Fiji, Ghana,
Mauritius, Rwanda, and Zambia. These middle-income countries were selected as they represent a transitional stage in
economic development where the impact of DFI on bank profitability can be more pronounced and observable. Middle-
income countries often have emerging financial sectors that are ripe for digital transformation, making them ideal
environments to assess the effectiveness and impact of DFI initiatives on bank performance in developing contexts
(World Bank, 2023). The data, collected from 2016 to 2020, was used to achieve the study's objectives. The data
originated from multiple databases depending on their availability. For instance, DFI data primarily came from the IMF
Financial Access Survey (FAS) database, bank-specific data was obtained from the Bureau van Dijk Bank Focus, and
macroeconomic variables were sourced from the World Development Indicators (WDI).

4. Result and Discussion

4.1 Summary Statistics and Correlation Matrix

Table 2 presents descriptive statistics for variables selected in the study. The analysis reveals significant insights
about the bank-specific variables and the DFI index among banks in developing nations. Return on Assets (ROA) for the
sampled banks averages at 0.0123 with a standard deviation of 0.0165, indicating a moderate level of profit variability
across these banks. This variation in profitability could reflect differing operational efficiencies or market conditions
within the sampled regions.
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Regarding the DFI Index, which measures DFI through penetration and utilization dimensions, it also shows
notable diversity. The average DFI Index stands at 0.2472, spanning from a low of 0.0063 to a high of 0.7658, with a
standard deviation of 0.1704. This spread suggests significant disparities in digital financial adoption and infrastructure,
influenced by varying regulatory frameworks, technological access, and consumer behavior in digital finance across the
countries studied.

Table 2. Summary Statistics
Variable Obs. Mean Std. Dev Min Max

Bank Profitability

Return on Asset (ROA) 555 0.0123 0.0165 -0.0800  0.0742
Bank Efficiency

Cost to Income Ratio (LCIR) 555 4.0158 0.4966 3.1021 10.2989
DFI Index

DFl Index Overall (DFIA) 45 0.2472 0.1704 0.0063 0.7658
DFI Index Supply-side (DFIS) 45 0.4506 0.2305 0.0149 |
DFI Index Demand-side (DFID) 45 0.1233 0.1146 0.0026 0.5102
DFI Components (Supply-side)

Number of ATMs per 1,000 km?2 45 418193 68.4982 0.84 224.63
Number of ATMs per 100,000 adults 45 23.3741 18.1523 4.26 54.28
Number of mobile money outlets per 1,000km?2 45 400.31 444.937 12 168l
Number of mobile money outlets per 100,000 adults 45 861.05 1324.928 2 4592
DFI Components (Demand-side)

Mobile & internet banking transactions per|000 adults 45 3021314.6 3211642.96 0 9622243
Mobile & internet banking transactions (per commercial

banks) 45 5347.104 9652.5208 5795 44l6l.8I
Value of mobile & internet banking transactions (% of GDP) 45 110.6924 270.6637 0.31 1081.6
Active mobile money accounts per 1,000 adults 45 369.28 301.421 0 1138
Mobile money transactions dealing with financial services per

1000 adult 45 27915.61 32571471 60 146383
Value of mobile money transactions dealing with financial

services (%of GDP) 45 19.03 29.062 0 144
Bank-specific variables

Bank size (LSIZE) 555 13.894 1.1692 102435 16.7029
Capital Adequacy (LCAP) 555 2.3517 0.4842 -2.2160 3.805
Asset quality (LAQ) 555 3.8425 0.4801 1.6353 4.3983
Liquidity (LLIQ) 555 3.0053 0.7595 0.5000 4.5359
Macroeconomics Variables

Real GDP growth rate (RGDPG) 555 2.4789 4.5396 157650  6.7773
Inflation (INF) 555 5.6812 4.1446 -2.5952  17.8697

4.2 Results and Analysis

The analysis from Table 3, derived from equation models 2-4, confirms the significant influence of DFI on bank
profitability. The dynamic nature of bank profitability is substantiated by the significance of the lagged dependent variable
in all models, which justifies the use of a dynamic panel estimator over a traditional one. Supporting the findings, the
robustness of the regression models is evidenced by successful diagnostic tests including the Hansen test for instrument
validity, and the Arellano-Bond tests for autocorrelation, which indicate no second-order serial correlation and affirm
the model’s specification. The absence of instrument proliferation further validates the approach, ensuring that the
results are both reliable and indicative of true underlying patterns.
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The coefficients of the main variables, pertaining to the overall DFl index and its sub-indices, consistently indicate
a significant positive effect on the ROA. The main findings from the regression analyses confirm that the overall DFI
index (DFIA) is positively correlated with ROA, statistically significant at the 1% level. This indicates that a 1% increase
in the DFI index is associated with a 1.96% rise in bank profitability. This relationship underscores the pivotal role that
a comprehensive framework of DFI plays in expanding banks' market reach and diversifying their customer base, thereby
enhancing revenue opportunities (Demirglic-Kunt et al., 2018).

In terms of the sub-indices, the Supply-side DFI (DFIS) displays a significant positive effect on profitability at the
5% level, emphasizing the benefits of improved financial infrastructure and greater availability of services. This suggests
that enhancements in DFS can reduce operational costs and boost service efficiency, thereby elevating bank profitability
(Allen et al,, 2016). On the other hand, the Demand-side DFI (DFID) exhibits an even stronger positive impact on
profitability, significant at the 1% level. This finding highlights the critical role of consumer engagement with DFS, which
enhances transaction volumes, customer retention, and balance maintenance—all key drivers of profitability (Ozili,
2018).

The analysis also considers broader banking metrics and economic factors. While bank size shows a positive,
albeit insignificant, effect on profitability, metrics like capital adequacy and asset quality demonstrate significant positive
impacts. Moreover, economic indicators such as real GDP growth positively correlate with ROA, suggesting that banks
tend to perform better in economically thriving environments. Conversely, the effect of inflation on profitability is found
to be statistically insignificant.

In conclusion, the detailed examination of DFI's role in enhancing bank profitability reveals that not only is DFl a
supportive factor, but it also serves as a central element in driving profitability within banks in developing countries.
These insights suggest that embracing comprehensive DFI strategies, which integrate both the supply of and demand for
digital financial services, could significantly benefit bank performance. This underscores the need for policies and strategic
initiatives that promote an inclusive digital finance ecosystem, enhancing both access to and the quality of financial
services in developing regions. This strategic shift towards DFIl is poised to deliver substantial returns on profitability
for banks engaged in these markets.

Table 3. Regression Coefficients and Parameters from a Two-step System GMM Analysis with Windmeijer Corrected
for Standard Errors

Variable (2) (3) 4)
L.ROA 0.34247* 0.2533** 0.3492%**
(0.0943) (0.0991) (0.0953)
DFIA 0.0196%+*
(0.0054)
DFIS 0.0062%*
(0.0029)
DFID 0.0303%***
(0.0087)
LSIZE 0.0012 0.0014%* 0.0010
(0.0008) (0.0009) (0.0007)
LCAP 0.0051* 0.0073#+* 0.0049*
(0.0027) (0.0026) (0.0027)
LAQ 0.0001 -0.0019 0.0006
(0.0023) (0.0029) (0.0022)
LLIQ 0.0026** 0.0027* 0.0022*
(0.0012) (0.0015) (0.0011)
RGDPG 0.0003#** 0.0002** 0.0003##*
(0.0000) (0.0001) (0.0001)
INF 0.0000 0.0005* 0.0001
(0.0003) (0.0003) (0.0003)
Constant -0.034|** -0.0342* -0.0319**
(0.0162) (0.0190) (0.0156)
Arellano-Bond AR(1) -2.92%* -2.94%* -2.90+¥*
Arellano-Bond AR(2) 1.35 1.27 [.35
Hansen Test 4.56 3.25 4.65

Note(s): Number of instruments = 8, Number of observations = 555, LROA = Lagged of Return on Assets, DFIA = Overall DFI index, DFIS = DFl index (supply-side),
DFID = DFl index (demand-side), LSIZE = Log of bank size, LCAP = Log of Capital Adequacy, LAQ = Log of Asset Quality, LLIQ = Log of Liquidity, RGDPG = Real GDP
Growth, INF = Inflation. ****** denote statistical significance at the 10%, 5% and 1% levels, respectively. Windmeijer Corrected Standard Error is in parentheses.
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4.3 Disaggregated Analysis by DFI Index

The study further explores the relationship between DFIl and bank profitability by examining specific components
of the DFI composite index. The disaggregated analysis from Table 6 and 7 provides insights into the impact of specific
supply-side and demand-side components of DFI on bank profitability, respectively. These components include ATM
availability, mobile money services, and mobile and internet banking, identified as critical determinants of bank
profitability in developing countries due to their potential to reach underbanked populations. To conduct this detailed
analysis, the main equation (Equation |) is re-estimated for each of the 10 DFl indicators separately.

The supply-side analysis reveals mixed impacts on bank profitability. The density of ATMs per 1,000 km? negatively
affects ROA, indicating inefficiencies in less populated areas due to lower usage that does not justify the high maintenance
costs (Kumar et al., 2022). Conversely, the ATM density per 100,000 adults shows no significant effect on profitability,
suggesting a neutral impact when adjusted for population size. Meanwhile, a significant positive impact on ROA from
mobile money agents per 100,000 adults highlights the role of mobile money services in enhancing financial accessibility
and stimulating transactions in underserved areas (Muthiora, 2015). However, a high density per km? may slightly reduce
profitability, potentially indicating market saturation (Donovan, 2012).

Table 4. Two-step System GMM Regression Coefficients and Parameters (DFI components from the supply-side) with
Windmeijer Corrected for Standard Errors

Variable MI M2 M3 M4
L.ROA 0.2079** 0.2206** 0.3334%%* 0.1704
(0.0963) (0.1005) (0.0912) (0.1075)
ATM_KM -01Q[*e*
(0.0030)
ATM_AD -0.0024
(0.0029)
MMAO_AD 0.0 |8%**
(0.0040)
MMAO_KM -0.0066*
(0.0038)
LSIZE 0.0026*** 0.0016* 0.0013 0.0020%**
(0.0010) (0.0009) (0.0008) (0.0009)
LCAP 0.0077%** 0.0080%** 0.0055* 0.0083***
(0.0026) (0.0027) (0.0029) (0.0026)
LAQ -0.0024 -0.0021 0.0002 -0.0018
(0.0027) (0.0029) (0.0024) (0.0028)
LLIQ 0.0023* 0.0025 0.0024** 0.0012
(0.0014) (0.0015) (0.0012) (0.0015)
RGDPG 0.0002%** 0.0002** 0.0002%** 0.0003***
(0.0001) (0.0001) (0.0001) (0.0001)
INF 0.0005* 0.0006* 0.0002 0.0008***
(0.0002) (0.0003) (0.0003) (0.0003)
Constant -0.0420* -0.0323* -0.0345%* -0.0367*
(0.0188) (0.0196) (0.0156) (0.0191)
Arellano-Bond AR(1) -2.92%* -2.89%* -2.88%** -2.93%k*
Arellano-Bond AR(2) 1.26 1.25 1.36 1.25
Hansen Test 2.16 2.87 433 2.18

Note(s): Number of instruments = 8, Number of observations = 555, LROA = Lagged of Return on Assets, ATM_KM = Number of ATMs per 1,000 km2, ATM_AD =
Number of ATMs per 100,000 adults, MMAO_AD = Mobile money agent outlets: active per 100,000 adults, MMAO_KM = Mobile money agent outlets: active per 1,000
km2, LSIZE = Log of bank size, LCAP = Log of Capital Adequacy, LAQ = Log of Asset Quality, LLIQ = Log of Liquidity, RGDPG = Real GDP Growth, INF = Inflation.
* ¥k % denote statistical significance at the 10%, 5% and 1% levels, respectively. Windmeijer Corrected Standard Error is in parentheses.

On the demand side, the results underscore the importance of digital transactions. Mobile and internet banking
transactions at commercial banks significantly boost ROA, reflecting efficiency gains and increased fee income from
higher transaction volumes. However, the overall value of these transactions as a percentage of GDP has a slight negative
impact, likely due to the initial costs of setup and security that outweigh short-term benefits (Demirgiic-Kunt et al,
2018). Meanwhile, the number of active mobile money accounts and transaction volume per 1,000 adults significantly
enhance ROA, demonstrating the vital role of mobile money in increasing engagement and financial inclusion, thus
boosting profitability through transaction fees and customer retention (Jack & Suri, 201 I). Additionally, the value of
mobile money transactions as a percentage of GDP shows a robust positive impact, suggesting significant benefits from
integrating mobile money into the financial ecosystem (Dupas et al., 2012).
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Both analyses of supply and demand components of DFI consistently show positive effects from larger bank size
and capital adequacy, reinforcing the notion that well-capitalized banks are more profitable. Favorable economic
conditions, indicated by real GDP growth and stable inflation rates, also consistently favor bank profitability, aligning
with theories that banks thrive in growing economies (Levine, 2005).

The detailed examination reveals that while traditional infrastructure like ATMs may not significantly boost ROA,
digital platforms, particularly mobile money services and internet banking, play critical roles in augmenting bank
profitability in developing countries. This underscores the need for a strategic shift towards investing in digital financial
services, not only to enhance financial inclusion but also to substantially improve bank profitability.

Table 5. Two-step System GMM Regression Coefficients and Parameters (DFI components from the demand-side) with
Windmeijer Corrected for Standard Errors

Variable M5 Mé M7 M3 M9 MI0
L.ROA 0.2636%%  0.2] 2% 02294 0.27 3% 0.3524%%  0.3469%%*
(0.0986) (0.1003) (0.0977) (0.0914) (0.0937) (0.1027
MIBT_CB 0.1513%
(0.0679)
MIBT_AD 0.0112
(0.0140)
VMIBT -0.0055*
(0.0021)
MMA_AD 0.010 [k
(0.0027)
MMT_AD 0.02] 3%
(0.0065)
VMMT 0.01 475+
(0.0046)
LSIZE 0.0012 0.0016* 0.0018* 0.001 7 0.0010 0.0009
(0.0008) (0.0009) (0.0009) (0.0008) (0.0007) (0.0008)
LCAP 0.0074%F< 0,008 |*¥* 0.0079#* 0.0063#* 0.0049* 0.0049*
(0.0026) (0.0027) (0.0027) (0.0024) (0.0027) (0.0029)
LAQ -0.0015 -0.0022 -0.0026 -0.0012 0.0006 0.0009
(0.0027) (0.0029) (0.0029) (0.0024) (0.0022) (0.0023)
LLIQ 0.0022 0.0022 0.0026* 0.0022* 0.0023*  0.0024*
(0.0014) (0.0015) (0.0015) (0.0012) (0.0011) (0.0012)
RGDPG 0.0003%F<  0.0003%%* 0.00027* 0.0003#* 0.0003%4  0.0003*%*
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001)
INF 0.0006** 0.0007+5* 0.0005%* 0.0004 0.0002 0.0001
(0.0003) (0.0003) (0.0003) (0.0002) (0.0003) (0.0003)
CONSTANT -0.0301 -0.0335% -0.0340* -0.0383%* -0.0312%  .0.0294*
(0.0188) (0.0196) (0.0197) (0.0166) (0.0157) (0.0167)
Arellano-Bond AR(I)  -2.95%% 2.8 -2.90% -2.89% -2.89% -2.86%
Arellano-Bond AR(2) 131 1.25 1.25 .24 1.33 .41
Hansen Test 3.48 2.78 2.97 2.19 442 6.24

Note(s): Number of instruments = 8, Number of observations = 555, LROA = Lagged of Return on Assets, MIBT_CB = Number of mobile & internet banking transactions
(during reference yr, commercial banks), MIBT_AD = Number of mobile and internet banking transactions (during reference yr) per 1,000 adults, VMIBT = Value of mobile
and internet banking transactions (during reference yr) (% of GDP), MMA_AD = Number of active mobile money accounts per 1,000 adults, MMT_AD = Number of
mobile money transactions (during the reference year) per 1,000 adults, VMMT = Value of mobile money transactions (during the reference year) (% of GDP), LSIZE =
Log of bank size, LCAP = Log of Capital Adequacy, LAQ = Log of Asset Quality, LLIQ = Log of Liquidity, RGDPG = Real GDP Growth, INF = Inflation. **** denote
statistical significance at the 10%, 5% and 1% levels, respectively. Windmeijer Corrected Standard Error is in parentheses.

5. Conclusion

This study scrutinizes the impact of DFI on bank profitability across nine countries from 2016 to 2020, affirming that
DFI notably enhances profitability. The analysis underlines the crucial role of both supply and demand aspects of DFl in
broadening market access, enhancing service efficiency, and elevating customer engagement—factors that collectively
contribute to higher profitability in banks within developing nations. The robustness of these findings suggests the
imperative for these countries to expand DFl implementation across banking institutions, leveraging features like
convenience, affordability, and accessibility, underpinned by robust policies and regulations.

It is recommended that policymakers develop comprehensive DFl strategies to bolster digital financial
infrastructure and widen consumer access to digital services. This should include regulatory support for digital banking
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innovations, incentives for banks to diversify digital offerings, and efforts to boost digital literacy among consumers.
Furthermore, policies should ensure consumer protection and data privacy to maintain trust in digital services.
Continuous evaluation of these policies will optimize the benefits of DFI on bank performance. Addressing challenges
related to data security and privacy is crucial in the era of financial digitization.

Despite some data limitations, these insights lay a foundation for future research in different regions or through
different lenses, such as the effects of COVID-19, varying bank sizes, or stages of country development. Future studies
might also consider the quality of digital services to refine the DFI index further and examine the long-term impacts of
DFI on broader economic outcomes, thereby providing a fuller picture of its benefits.
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