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Abstract: This study explores the effect of fintech-driven inclusive finance on the profitability of
banks using an unbalanced panel dataset from 660 banks across 40 developing countries between 2011
and 2021. We start with a fixed-effect estimate and subsequently validate our main findings using
two-stage least squares (2SLS-IV), two-step system generalized method of moments (GMM), and
generalized least squares (GLS) methodologies. Our analysis centers on three key profitability metrics:
ROA, ROE, and NIM. Our findings suggest that fintech-backed inclusive finance boosts ROA by
9.10%, ROE by 18.87%, and NIM by 7.98%, highlighting the growing importance of mobile, internet,
and agent banking in these nations. We also note that large banks benefit more from inclusive finance
than small ones. Additionally, conventional banks see a more marked improvement in profitability
than Islamic and savings banks. The relationship between inclusive finance and bank profitability
is stronger in countries with higher GDP growth and those actively advancing financial inclusion
through fintech, compared to countries with slower GDP growth and less emphasis on financial
inclusion. When examining the interaction effects, the COVID-19 pandemic has further emphasized
the positive connection between fintech and bank profitability. This suggests that fintech-driven
inclusive finance can play a role in enhancing bank profitability, even in challenging times like
the COVID-19 period. The transition towards fintech, however, mandates substantial investments,
enhanced financial literacy, and heightened customer security, presenting persistent challenges for
governments, policymakers, regulators, and financial institutions.

Keywords: fintech; inclusive finance; bank profitability; developing countries

1. Introduction

In developing countries, the banking sector plays a pivotal role as a bridge between
surplus capital and productive investments, facilitating resource allocation and driving
economic growth (Issaka Jajah et al. 2022). Technological innovations now allow this sector
to leverage digital platforms and fintech solutions, extending financial services to remote
areas and addressing the needs of underserved communities. Broadly, fintech refers to
the amalgamation of finance and technology by employing cutting-edge technologies to
optimize financial activities, especially within the banking sector (Alkhwaldi et al. 2022).
Notably, the adoption of fintech to broaden banking access to the previously unbanked
populace fosters a more inclusive financial system in a country.

According to the World Bank, financial inclusion denotes the ability of individu-
als and businesses to access valuable and affordable financial products and services—
encompassing transactions, payments, savings, credit, and insurance—that cater to their
needs in a sustainable and responsible manner. Consequently, inclusive finance aims to
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broaden the accessibility and utility of these financial products across a diverse population
(Yadav et al. 2021).

Inclusive finance is increasingly recognized in many developing countries as a means
to enhance bank profitability and enhance overall performance (Issaka Jajah et al. 2022;
Wang et al. 2022). The thrust of this concept is to empower marginalized and vulnerable
populations to access a range of financial products, such as savings facilities, credit avenues,
insurance services, and financial literacy tools. Such initiatives not only promote financial
stability and capital-raising endeavors but also potentially boost bank profitability (Kumar
et al. 2021). Indeed, the expansion of financial inclusion via fintech can result in an in-
creased customer base, leading to heightened deposits, loans, and subsequent profitability
(Banna et al. 2021b; Hakimi et al. 2021; Wu et al. 2023). Despite these insights, there is a
noticeable gap in the literature exploring the relationship between inclusive finance and
bank profitability (Issaka Jajah et al. 2022; Kumar et al. 2021; Yakubu and Musah 2022).

Numerous studies underscore the potential of fintech-driven inclusive finance as a
means to alleviate poverty (Kelikume 2021; Lee et al. 2023). Beyond poverty reduction, this
approach has implications for bank risk management (Banna and Alam 2021; Banna et al.
2021b; Deng et al. 2021; Wang et al. 2021), improving financial system stability (Jonker and
Kosse 2022), and promoting economic growth and sustainability (Shen et al. 2021; Tay et al.
2022). Despite these insights, the connection between fintech-driven inclusive finance and
bank profitability remains largely unexplored in the finance and development economics
literature. This oversight signals a significant research gap, emphasizing the need to delve
deeper into the impact of fintech-driven inclusive finance on bank profitability.

To the best of our knowledge, this study represents the first effort to explore the
influence of fintech-centric inclusive finance on the profitability of 660 banks across 40 de-
veloping nations over the period from 2011 to 2021. In gauging profitability, we utilize
metrics such as return on assets (ROA), return on equity (ROE), and net interest margin
(NIM), as recommended by the prevailing literature (Issaka Jajah et al. 2022; Khatib et al.
2022; Kumar et al. 2021; Saif-Alyousfi and Saha 2021; Wang et al. 2022). In alignment with
empirical studies (Khatib et al. 2022; Kumar et al. 2021; Neaime and Gaysset 2018), we
control for various bank-specific variables—namely, cost efficiency, credit risk, liquidity risk,
lending capacity, and bank size—all of which substantially influence bank profitability. This
study seeks to lay the foundation for central banks, governments, and financial institutions
to reconfigure public policies, thereby fostering financial inclusion via fintech.

This study offers several significant contributions to the broader literature of financial
economics, with a special emphasis on fintech-driven inclusive finance. Primarily, it is
pioneering in its focus on developing countries, examining the effect of fintech-driven
inclusive finance on bank profitability. While prior research has delved into the relationship
between inclusive finance and profitability—Issaka Jajah et al. (2022) in Sub-Saharan Africa;
Kumar et al. (2021) in Japan; Lv et al. (2022) in China; Al-Eitan et al. (2022) and Shihadeh
et al. (2018) in Jordan; Khatib et al. (2022) in Palestine; Oranga and Ondabu (2018) in
Kenya; Ikram and Lohdi (2015) in Pakistan; and Wang et al. (2022) in emerging countries—
there remains a noticeable dearth of such research in a broader context with regard to
developing countries. Notably, the intersection of fintech-driven inclusive finance and bank
profitability, especially in the digital age, has been largely overlooked. Our study addresses
this research gap and enriches the literature on fintech-driven inclusive finance.

Secondly, while much existing research (Al-Eitan et al. 2022; Issaka Jajah et al. 2022;
Jungo et al. 2022; Khatib et al. 2022; Kumar et al. 2021; Yakubu and Musah 2022) on inclusive
finance employs traditional variables such as ATMs, bank branches, and loan accounts
to formulate the inclusive finance index, it is pertinent to note the technological shift in
developing countries. A significant 79% of the populace in these nations have access to
a mobile phone (Demirgüç-Kunt et al. 2020). Furthermore, the availability of financial
services on these mobile platforms is expanding rapidly (Cho et al. 2023; Mehrotra and
Nadhanael 2016; Nguyen 2021). Concurrently, global internet user rates surged from 31%
to 63% between 2011–2021 (World Bank 2022). In light of these transitions, our approach
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distinctively emphasizes fintech aspects, notably mobile and internet, when developing
the indices.

Thirdly, a significant challenge in studying the relationship between inclusive finance
and bank profitability lies in the utilization of insufficient and inappropriate financial
inclusion metrics (Issaka Jajah et al. 2022). To address this, we constructed a composite
inclusive finance index using three dimensions and a host of fintech proxies, implementing
a two-stage principal component analysis (PCA). This methodology not only bridges the
measurement gap but also provides a more comprehensive depiction of inclusive finance.
Significantly, our two-stage PCA approach, employed in creating the fintech index, is
identified as optimal (Nguyen 2021; Tram et al. 2023) as it circumvents biases in weighing
both indicators and dimensions (Gharbi and Kammoun 2023).

Finally, investigating the relationship between inclusive finance and bank profitability,
potential endogeneity issues emerge (Issaka Jajah et al. 2022), potentially leading to skewed
outcomes if overlooked (Cameron and Trivedi 2013; Wooldridge 2010). In contrast to certain
studies (Al-Eitan et al. 2022; Kumar et al. 2021; Wang et al. 2022) that neglect these concerns,
our research rigorously addresses endogeneity, heteroscedasticity, and autocorrelation. We
tackle these challenges through two methodologies: the instrumental variables estimation
(2SLS-IV), drawing on Ahamed and Mallick (2019) and Banna et al. (2021b), and a dynamic
two-step system GMM approach, informed by Hakimi et al. (2021), Khatib et al. (2022),
and Vo et al. (2021), elucidating the relationship between fintech-driven inclusive finance
and bank profitability.

The rest of this paper is structured as follows: Section 2 offers a review of the current
literature on inclusive finance and bank profitability. The research methodology and data
sources are outlined in Section 3. Section 4 describes the major findings, and Section 5
concludes the study.

2. Literature Review and Hypothesis Development

Building upon the diversification theory (Markowitz 1952; Ross et al. 2016), inclusive
finance improves the diversity of loan portfolios, thereby reducing the incidence of non-
performing loans. This, in turn, promotes the accrual of ample savings and consistent retail
deposits, which are pivotal elements underpinning the stability of banks (Hakimi et al.
2021). Kumar et al. (2021) further corroborate that the proliferation of financial inclusion
can tap into a more expansive customer base, resulting in increased deposits and loans,
culminating in augmented profitability. Notably, the advent and progression of fintech
play a pivotal role in propelling financial inclusion in emerging and developing nations
(Lyons et al. 2021).

The exponential rise in financial technology (fintech) innovations has increasingly
captivated researchers, prompting them to assess its implications for the banking sector
(Yin et al. 2022). Yet, research that delves into fintech-driven inclusive finance and its
correlation with bank profitability, especially in developing countries, remains limited.

Wang et al. (2022) explored the relationship between inclusive finance and bank prof-
itability measured by ROA, ROE, and NIM across emerging countries from 2000 to 2019.
Their findings underscored a unidirectional relationship, where inclusive finance enhances
banks’ profitability. In a similar vein, Vo and Nguyen (2021) analyzed data from 1507 banks
in Asian emerging markets spanning from 2008 to 2017. They posited that financial inclu-
sion amplifies Asian bank performance. Akhisar et al. (2015) deduced that debit and credit
cards, ATMs, and bank branches serve as catalysts for bank performance, as evidenced
by ROA and ROE metrics. Contrarily, they observed that point of sale (POS) systems can
adversely affect bank performance across both developing and developed regions.

Taking a different geographical focus, Yakubu and Musah (2022) leveraged country-
level data from 30 Sub-Saharan African nations, covering 2000 to 2017, to gauge the
influence of inclusive finance on bank profitability. Their research unveiled an inverse
relationship between the two variables. Contradicting this, Issaka Jajah et al. (2022)
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endorsed a positive correlation between inclusive finance and bank profitability estimated
by ROA, ROE, and NIM within the Sub-Saharan African context.

Further broadening the geographic scope, Shihadeh (2020) utilized data from 24
countries to ascertain the repercussions of inclusive finance on bank risk and overall
performance, revealing a beneficial impact of bank branches on performance. Meanwhile,
Jouini and Obeid (2021), through their investigation of a sample of 11 Arab nations between
2013 and 2019, found an inconclusive link between the presence of ATMs and bank branches
and the resultant profitability.

Khatib et al. (2022) conducted an analysis of 11 Palestinian banks spanning from 2012
to 2020, aiming to discern the influence of financial inclusion on bank performance as
indicated by ROA and NIM metrics. Their findings suggest that factors like ATMs, bank
branches, and the quality of products bolster profitability. Interestingly, they noted that
POS terminals had no tangible impact on profitability. Shihadeh (2021), in a similar vein,
analyzed 15 Palestinian banks from 2006 to 2016 and found that financial inclusion not only
enhanced bank performance but also drove increased revenue.

Turning the focus to Jordan, Al-Eitan et al. (2022) probed into the relationship between
inclusive finance and bank profitability. Drawing from a sample of 13 banks between 2009
and 2019, they ascertained that bank profitability in Jordan suffered due to factors like the
size of loans accounts and deposits. However, the number of branches and ATMs appeared
to have no substantial influence on profitability. Further examining the Jordanian landscape,
Shihadeh et al. (2018) studied 13 commercial banks from 2009 to 2014. Their framework for
financial inclusion encompassed parameters like SME credit, ATM services, deposits, credit
cards, and innovative services. Using ROA and gross revenue as performance indicators,
they concluded that ATMs bolstered bank performance, whereas bank credit adversely
affected earnings. Interestingly, the introduction of innovative banking services was linked
with an upsurge in bank profitability.

Broadening the scope to Kenya, Nzyuko et al. (2018) deduced that tools like ATMs,
mobile banking, and online banking played a pivotal role in augmenting bank performance.
Finally, in a departure from the African and Middle Eastern context, Kumar et al. (2021)
examined 122 Japanese banks from 2004 to 2018. Their findings highlighted that while
bank branches were instrumental in enhancing profitability, loan accounts and ATMs did
not significantly influence the profitability metric.

Despite numerous empirical studies exploring the relationship between inclusive
finance and profitability, many have confined their investigations to specific inclusive
finance indicators. Recognizing this limitation, our study pioneers the construction of
a fintech-driven inclusive finance index. This index melds three critical dimensions—
availability, penetration, and usage—with ten distinct indicators, providing a nuanced lens
through which we can view inclusive finance. Our methodology harnesses the power of a
two-stage principal component analysis (PCA) to ensure precision.

A survey of the existing literature reveals an ambiguous consensus on how inclusive
finance influences bank profitability. Strikingly, amid this digital age, there seems to be a
notable void in studies delving into the nexus between fintech-based inclusive finance and
the profitability of banks in developing nations. Informed by the aforementioned literature
and this observed gap, we propose the following hypothesis:

H1. Fintech-driven inclusive finance induces bank profitability in developing countries.

3. Data and Methodology
3.1. Data

While this study focuses exclusively on the banking sector, the profitability of this
sector is not merely a concern for individual banks and their shareholders. It also has
systemic implications for the broader health of the economy and the entire financial system.
To assess the impact of fintech-driven inclusive finance on bank profitability, we sourced
secondary data from various databases: (a) Orbis Bank Focus (OBF) from Bureau van Dijk;
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(b) the Financial Access Survey (FAS-IMF); (c) the World Development Indicators (WDI);
(d) the World Governance Indicators (WGI); and (e) the Global Findex database (Findex).

Our dataset is an unbalanced panel spanning from 2011 to 2021, encompassing 40 de-
veloping countries. To mitigate potential sample selection bias, we note the exclusion
of several developing nations in Table 1 due to data limitations. A detailed list of the
sample countries can be found in Table A1 in Appendix A. The final dataset includes
5991 observations, representing 660 banks: 593 conventional, 49 Islamic, 13 savings, and
5 cooperative banks. To mitigate the impact of outliers, we implemented winsorization on
each variable, setting threshold values at the 5th and 95th percentiles. All values in the
dataset are presented in thousands of USD.

Table 1. Sample selection for developing countries.

Particulars Number

Population: All developing countries included in the database (FAS–IMF1) 148
Less: Countries lacking fintech data in the FAS and WDI databases (104)
Less: Countries * lacking required bank-specific data in the OBF database (4)
Final sample of developing countries 40

Note: * Guinea-Bissau, Solomon Islands, Samoa, and Tonga.

3.2. Bank Profitability (Dependent Variables)

We measure profitability using return on assets (ROA), return on equity (ROE), and
net interest margin (NIM), consistent with the existing literature (Issaka Jajah et al. 2022;
Khatib et al. 2022; Kumar et al. 2021; Saif-Alyousfi and Saha 2021; Wang et al. 2022). These
metrics offer insights into a bank’s financial performance, making them suitable indicators
for evaluating profitability. Moreover, NIM directly reflects a bank’s ability to generate
profit from its lending and investment activities compared to its funding costs (Issaka Jajah
et al. 2022; Khatib et al. 2022). A higher NIM suggests better profitability and vice versa.
Given the considerable fluctuations in banks’ balance sheets—attributed to seasonal factors,
economic conditions, and other market imperfections—we employ average assets and
average equity when calculating ROA and ROE. This approach provides a more consistent
representation of a bank’s profitability over a specific timeframe.

3.3. Construction of Fintech-Driven Inclusive Finance Indices (Independent Variables)

Indices based on fintech for measuring inclusive finance are currently lacking (Banna
et al. 2021b). In response, we developed a composite fintech-driven inclusive finance index
that integrates the dimensions of availability, penetration, and usage, consistent with the
recent literature (Cámara and Tuesta 2014; Nguyen 2021; Park and Mercado 2018; Tram
et al. 2023). This index also emphasizes the fintech-related components, specifically mobile
and internet, that were overlooked in previous studies (Ahamed and Mallick 2019; Hakimi
et al. 2021; Li and Wang 2023; Sethy and Goyari 2022).

We begin by forming the availability dimension index (FIA), incorporating four in-
dicators: mobile money agent outlets (active) per 100,000 adults, mobile money agent
outlets (active) per 1000 km2, and percentages of mobile phone and internet users within
the population. Next, the penetration dimension index (FIP) integrates three indicators:
the number of active mobile money accounts per 1000 adults, mobile money transactions
per 1000 adults, and mobile and internet banking transactions per 1000 adults. The usage
dimension index (FIU) is devised using three metrics: the percentage of GDP represented
by the value of mobile money transactions, the percentage of GDP represented by the
value of mobile and internet banking transactions, and the percentage of GDP reflected
by the balance on active mobile money accounts. By amalgamating FIA, FIP, and FIU,
we formulate a new composite fintech index (FI) to gauge inclusive finance. We employ
principal component analysis (PCA2) to meld these dimensions, mitigating the weighting
bias inherent in non-parametric methods.
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PCA is a multivariate statistical method to build indices that is well recognized in
numerous studies (Tram et al. 2023; Nguyen 2021; Ahamed and Mallick 2019; Bali et al.
2014; Ellul and Yerramilli 2013). The model to build fintech indices is as follows:

Fintechi =
n

∑
i=1

WijXi (1)

where Fintechi = fintech indices (FIA, FIP, FIU, and FI); Wij = weight’s or component’s
loadings for i = 1, 2, 3, . . ., n and j = 1, 2, 3, . . ., m; and Xi = (X1, X2, X3, . . ., Xn) variables
related to each index. The fintech indices are normalized from 0 to 1, where 1 represents
the highest degree of financial inclusion, and 0 signifies the lowest level. Table A1 in
Appendix A summarizes the mean value of fintech-driven inclusive finance indices derived
from Equation (1) from 2011 to 2021.

3.4. Control Variables

We incorporated a variety of control variables tailored to bank-specific attributes,
which include the cost-to-income ratio, non-performing loan ratio, capital adequacy ratio,
loan-to-deposit ratio, bank size, and liquidity ratio. The cost-to-income ratio is commonly
recognized as a gauge of operational efficiency. Many studies, including those by Khatib
et al. (2022) and Kumar et al. (2021), have utilized the cost-to-income ratio to discern its
impact on bank profitability. Predominantly, the evidence suggests a negative correlation.

The capital adequacy ratio, intended to ensure banks hold adequate capital relative to
their risk exposure (Sugianto et al. 2020), has been a focal point of various studies examining
its influence on bank profitability (Forcadell et al. 2020; Khatib et al. 2022; Kumar et al.
2021). However, the nature of this relationship has been contested. While Lee and Hsieh
(2013) and Athanasoglou et al. (2008) found it exerts a positive influence on profitability, as
assessed by ROA, Dietrich and Wanzenried (2014) documented a negative impact when
profitability is gauged using ROE. On another note, the non-performing loan ratio, a
metric often used to evaluate credit risk, inherently suggests banks with elevated levels of
such loans possess deficient credit risk management, potentially diminishing profitability.
This association has been validated by studies like those of Khatib et al. (2022), Tran and
Nguyen (2020), and Kumar et al. (2021), which unanimously identified a detrimental effect
of non-performing loans on bank profitability.

The relationship between bank size and profitability remains a topic of contention.
While Smirlock (1985) suggests a positive correlation, both Saif-Alyousfi and Saha (2021)
and Kumar et al. (2021) observed a negative one. In contrast, Shehzad et al. (2013) found
no clear relationship. The loan-to-deposit ratio offers insights into a bank’s liquidity and
lending potential. Its impact on bank profitability has been debated. Tan and Floros (2012)
have identified a negative relationship, whereas Heffernan and Fu (2010) noted a positive
one. The interplay between liquidity ratios and bank profitability is complex. Alshatti
(2015) demonstrated a negative influence on profitability. Conversely, Islam and Nishiyama
(2016) detected a positive association. It is worth noting that achieving a balance between
liquidity and profitability remains a persistent challenge for bank managers.

We consider three macroeconomic control variables: GDP growth rate, inflation rate,
and institutional quality (IQ). IQ is quantified based on six components from the World
Governance Indicators (WGI3), as validated by Kaufmann et al. (2011). To derive a
composite score for IQ, we employ Principal Component Analysis (PCA), following the
methodology of Banna et al. (2021b) and Ahamed and Mallick (2019). Previous studies
suggest that during economic upswings, business activity and loan demand typically
escalate. As such, Saif-Alyousfi and Saha (2021) and Kumar et al. (2021) identified a
positive correlation between GDP growth and bank profits. Furthermore, while several
studies (e.g., Athanasoglou et al. 2008; Kumar et al. 2021; Tan 2016; Yakubu and Musah
2022) propose that the inflation rate bolsters bank profitability, Saif-Alyousfi and Saha (2021)
posit that banks often grapple with challenges during inflationary periods. Meanwhile,
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Bashiru et al. (2023) contended that institutional quality can significantly shape profitability.
For a comprehensive understanding, Table 2 outlines the variables, their measurements,
and their projected influences on bank profitability as deduced from the literature.

Table 2. Variable measures, symbols, and data sources.

Variables Symbol Measurement Sign Data

Bank profitability (dependent variables)

Return on assets ROA Net profits/Average total assets (%) OBF
Return on equity ROE Net profits/Average total equity (%) OBF

Net interest margin NIM Net interest income/Earning assets (%) OBF

Fintech indices (independent variables)

Fintech index FI Using PCA combining FIA, FIP, and FIU + FAS, WDI
Availability dimension index FIA Using PCA including four components + FAS, WDI
Penetration dimension index FIP Using PCA including three components + FAS

Usage dimension index FIU Using PCA including three components + FAS

Bank-specific control variables

Cost-to-income ratio CIR Operating expenses/Operating revenue (%) - OBF
Capital adequacy ratio CAR Tier 1 plus Tier 2 capital/ Risk-weighted assets (%) +/- OBF

Non-performing loan ratio NPL Non-performing loans/Gross loans (%) - OBF
Bank size SIZE ln(Total assets) +/- OBF

Loan-to-deposit ratio LDR Total loans/Total deposits (%) +/- OBF
Liquidity ratio LR Liquid assets/Total assets (%) - OBF

Macro-specific variables

GDP growth GDP Annual increase rate of GDP (%) + WDI
Inflation INF Change in consumer price index (%) +/- WDI

Institutional quality index IQ Using PCA adding six elements of WGI +/- WGI

Instrumental variables

Mobile phone share MPS In the nearby countries within the same region (%) WDI
Emergency fund sources FnF Borrowed from friends or family (%) Findex

Note: OBF = Orbis Bank Focus; FAS = Financial Access Survey; WDI = World Development Indicators;
WGI = World Governance Indicators; Findex = Global Findex database. ‘+’, ‘-’, and ‘+/-’ signs represent expected
positive, negative, and either positive or negative connections between dependent and explanatory variables.

3.5. Model Specification

The development of the research models considered the following relevant studies:
(Al-Eitan et al. 2022; Issaka Jajah et al. 2022; Khatib et al. 2022; Kumar et al. 2021). Hence, we
developed the following baseline econometric models to evaluate the relationship between
fintech-driven inclusive finance and bank profitability:

ROAijt = β0 + β1Fintechjt + β2CIRijt + β3CARijt + β4NPLijt+β5SIZEijt+β6LDRijt+β7LRijt+β8GDPjt+β9INFjt+β10IQjt + ε ijt (2)

ROEijt = β0 + β1Fintechjt + β2CIRijt + β3CARijt + β4NPLijt+β5SIZEijt+β6LDRijt+β7LRijt+β8GDPjt+β9INFjt+β10IQjt + ε ijt (3)

NIMijt = β0 + β1Fintechjt + β2CIRijt + β3CARijt + β4NPLijt+β5SIZEijt+β6LDRijt+β7LRijt+β8GDPjt+β9INFjt+β10IQjt + ε ijt (4)

where the subscript i (number of banks) = 1, 2, . . ., 660; j (number of the country) = 1,2, . . .,
40; and t (time period) = 2011, 2012, . . ., 2021; ROA, ROE, and NIM are the proxy of bank
profitability and refer to the dependent variables; Fintech = fintech-driven inclusive finance
indices (FI, FIA, FIP, and FIU) and refers to the main explanatory variables; CIR, CAR, NPL,
SIZE, LDR, and LR are bank-specific control variables; GDP, INF, and IQ are macro-specific
variables; β0 represents a constant; β1 to β10 = coefficients of the variables; and εijt is the
error term.
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3.6. Data Analysis Techniques
3.6.1. Fixed Effect Regression

For our analysis, we considered both fixed-effect (FE) and random-effect (RE) models
to determine the most appropriate fit. The Hausman test stands out as the prevailing
econometric tool to choose between FE and RE in panel data regression, as cited in multiple
studies (Banna et al. 2021a; Hausman 1978; Khatib et al. 2022; Kumar et al. 2021). This
test compares the estimates and their standard errors derived from both the FE and RE
models. If the estimates from these models diverge significantly, it implies a correlation
between the individual-specific effects and the explanatory variables. In our study, the
results from the Hausman test (with a p-value > 0.10) robustly favored the fixed-effects
model. Notably, the fixed-effect estimation effectively handles challenges stemming from
unobserved heterogeneity across banks. This approach is particularly relevant when the
unobserved variations within a bank remain stable over time (Schultz et al. 2010).

3.6.2. Two-Stage Least Squares (2SLS-IV) Regression

To address potential endogeneity concerns, we employ the two-stage least squares
instrumental variables (2SLS-IV) regression method. We identify two instrumental variables
for this analysis: (i) the proportion of mobile phone usage (MPS) in neighboring countries
within the same region, and (ii) reliance on friends and family (FnF) as emergency financial
sources. Our selection resonates with the prevalent literature on financial inclusion, as cited
in works by Ahamed and Mallick (2019) and Banna et al. (2021b). Crucially, while MPS and
FnF can potentially influence fintech-driven inclusive finance (our endogenous variable),
they are unlikely to have a direct bearing on bank profitability, the dependent variable in
our model.

3.6.3. Two-Step System GMM Estimation

We employ the two-step system GMM method, as proposed by Arellano and Bover
(1995) and Blundell and Bond (1998), and further refined by Roodman (2009), to address
prevalent challenges, such as endogeneity, heteroscedasticity, and autocorrelation, often
encountered in cross-country studies. This method has been widely recognized by numer-
ous scholars for its efficacy in resolving the endogeneity concern within banking datasets
(Hakimi et al. 2021; Khatib et al. 2022; Vo et al. 2021). Our primary aim is to pinpoint
instruments that are not correlated with bank profitability but are associated with relevant
endogenous factors, specifically fintech-driven inclusive finance.

3.6.4. Generalized Least Squares (GLS) Estimation: Random Effects

The random-effects GLS method is a commonly used approach for panel data that
involves multiple entities observed across different periods, as cited by Renzhi and Baek
(2020). Such entities often possess unobserved heterogeneity, influencing the dependent
variable. The random effects GLS method caters to this by introducing entity-specific
random effects into the model. As articulated by Kharabsheh and Gharaibeh (2023) and
Sodokin et al. (2022), these random effects capture the specific deviations from the mean of
each entity, proving pivotal in elucidating the variations in the dependent variable.

4. Results and Discussion
4.1. Descriptive Statistics

Table 3 provides a comprehensive snapshot of the descriptive statistics for the variables
employed in this study. This table sheds light on key details of both independent and
dependent variables, highlighting the number of observations, standard deviation, mean,
and minimum and maximum values.
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Table 3. Descriptive statistics.

Variables Obs. Mean Std. Dev. Min Max

Dependent variables
ROA 5463 1.45 1.02 0.044 3.35
ROE 5459 11.99 8.07 0.32 25.81
NIM 5945 4.78 2.78 1.36 10.97

Independent variables
FI 5991 0.285 0.190 0.00 1.00

FIA 5991 0.189 0.222 0.00 1.00
FIP 5991 0.397 0.186 0.00 1.00
FIU 5991 0.138 0.190 0.00 1.00

Bank-specific
CIR 5981 57.412 17.007 33.786 87.958
CAR 4391 19.16 8.315 10.43 42.89
NPL 4336 6.464 6.541 0.293 24.964
SIZE 5991 13.380 1.875 6.606 19.520
LDR 5776 76.673 24.994 37.894 119.937
LR 5986 29.397 14.323 11.482 55.516

Macro-specific
GDP 5991 4.139 3.125 −3.63 8.642
INF 5991 4.683 4.202 −0.846 16.564
IQ 5991 0.496 0.206 0.00 1.00

Instrumental variables
MPS 5991 0.981 0.019 0.869 1.00
FnF 5832 31.009 16.924 3.410 77.150

Note: ROA = return on average assets; ROE = return on average equity; NIM = net interest margin; FI = fintech-
driven financial inclusion index; FIA = availability dimension index; FIP = penetration dimension index; FIU = us-
age dimension index; CIR = cost-to-income ratio; CAR = capital adequacy ratio; NPL = non-performing loan
ratio; SIZE = ln(total assets); LDR = loan-to-deposit ratio; LR = liquidity ratio; GDP = annual increase rate of
GDP; INF = inflation rate; IQ = institutional quality index; MPS = mobile phone share; and FnF = borrowed from
friends/family.

On average, the Return on Assets (ROA) stands at 1.45% with a standard deviation
(SD) of 1.02. Return on Equity (ROE) averages 11.99% with an SD of 8.07, while the Net
Interest Margin (NIM) averages 4.78% with an SD of 2.78. Figure 1 reveals that among
the banking categories, Islamic banks lead in generating ROA and ROE, followed by
conventional, savings, and cooperative banks. In contrast, savings banks register the
highest NIM, followed by cooperative, Islamic, and conventional banks. However, the
fluctuation in ROE and NIM is notably higher compared to ROA throughout the period
from 2011 to 2021.

The mean value of the Fintech Index (FI) is 0.29 with an SD of 0.19. Breaking it down,
the Availability Index (FIA) has a mean of 0.19 with an SD of 0.22, the Penetration Index
(FIP) averages 0.40 with an SD of 0.19, and the Usage Index (FIU) stands at 0.14 with an SD
of 0.19. In terms of macroeconomic indicators, the average GDP growth rate is 4.14% with
an SD of 3.13%, and the inflation rate averages 4.68% with an SD of 4.20%. The relatively
high standard deviations underscore significant variations across countries, a finding that
resembles the observations of Ahamed and Mallick (2019).
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4.2. Granger Causality Tests

To examine the potential bidirectional relationship between fintech-driven inclusive
finance and bank profitability (as measured by ROA, ROE, and NIM), we conducted
Granger causality tests, drawing inspiration from Kumar et al. (2021) and Wang et al. (2022).
Nonetheless, our results (as depicted in Table A2 in Appendix A) suggest that it is the
fintech index (FI), representing inclusive finance, that influences bank profitability, rather
than the other way around. This implies a unidirectional link, underscoring the importance
of inclusive finance as a catalyst for improving bank profitability in developing nations.

4.3. Regression Results: Fixed Effect

Table A3 in Appendix A confirms that our independent variables are free from mul-
ticollinearity concerns, with the mean Variance Inflation Factor (VIF) standing at 1.67 (as
supported by Montgomery et al. 2021; Wooldridge 2015). The fixed-effect outcomes are de-
tailed in Table 4, derived from Equations (2) through (4). We employ three proxies for bank
profitability: ROA (Models I–IV), ROE (Models V–VIII), and NIM (Models IX–XII), and four
for fintech-driven inclusive finance indices: FI (Models I, V, IX), FIA (Models II, VI, XI), FIP
(Models III, VII, XI), and FIU (Models IV, VIII, XII). Our findings highlight that FI exerts a
positive and significant impact on ROA, ROE, and NIM at both the 1% and 5% significance
levels. Specifically, the coefficients reveal that a one-standard-deviation increase in FI
(equivalent to 0.19 as presented in Table 3) augments ROA by 9.10% (0.19 × 0.477), ROE by
18.87% (0.19 × 0.993), and NIM by 7.98% (0.19 × 0.420). Moreover, the coefficients of FIA,
FIP, and FIU consistently indicate a statistically significant positive relationship with ROA,
ROE, and NIM at the 1%, 5%, and 10% levels. These results suggest that the integration of
fintech in promoting financial inclusion has a positive impact on bank profitability, which is
consistent with findings from earlier studies by Baker et al. (2023), Issaka Jajah et al. (2022),
Khatib et al. (2022), and Kumar et al. (2021).
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Table 4. Fintech-driven financial inclusion and bank profitability: fixed effect.

Variables

ROA ROE NIM

I II III IV V VI VII VIII IX X XI XII

FI FIA FIP FIU FI FIA FIP FIU FI FIA FIP FIU

FI 0.477 *** 0.241 *** 0.243 * 0.421 *** 0.993 *** 0.314 * 0.912 ** 0.881 *** 0.420 ** 0.388 *** 0.704 *** 0.129 *
(0.104) (0.08) (0.145) (0.092) (0.309) (0.070) (0.265) (0.203) (0.185) (0.142) (0.256) (0.165)

CIR −0.031 *** −0.031 *** −0.031 *** −0.031 *** −0.25 *** −0.251 *** −0.249 *** −0.248 *** −0.027 *** −0.028 *** −0.027 *** −0.027 ***
(0.001) (0.001) (0.001) (0.001) (0.009) (0.009) (0.009) (0.009) (0.002) (0.002) (0.002) (0.002)

CAR 0.015 *** 0.016 *** 0.016 *** 0.016 *** −0.009 −0.004 −0.005 −0.007 −0.009 ** −0.009 ** −0.009 ** −0.007 *
(0.002) (0.002) (0.002) (0.002) (0.021) (0.021) (0.021) (0.021) (0.004) (0.004) (0.004) (0.004)

NPL −0.024 *** −0.023 *** −0.023 *** −0.023 *** −0.221 *** −0.218 *** −0.218 *** −0.219 *** −0.014 *** −0.014 *** −0.014 *** −0.014 ***
(0.002) (0.002) (0.002) (0.002) (0.019) (0.019) (0.019) (0.019) (0.004) (0.004) (0.004) (0.004)

SIZE −0.099 *** −0.093 ** −0.083 ** −0.085 ** −0.681 ** −0.724 ** −0.774 ** −0.763 ** −0.732 *** −0.736 *** −0.72 *** −0.716 ***
(0.038) (0.038) (0.038) (0.038) (0.333) (0.333) (0.332) (0.331) (0.069) (0.069) (0.069) (0.069)

LDR −0.001 −0.002* −0.002* −0.001 −0.035 *** −0.039 *** −0.037 *** −0.033 *** 0.007 *** 0.007 *** 0.007 *** 0.007 ***
(0.001) (0.001) (0.001) (0.001) (0.008) (0.008) (0.008) (0.008) (0.002) (0.002) (0.002) (0.002)

LR −0.004 *** −0.004 *** −0.004 *** −0.004 *** −0.022 * −0.024 ** −0.023 * −0.021 * −0.003 −0.003 −0.003 −0.003
(0.001) (0.001) (0.001) (0.001) (0.012) (0.012) (0.012) (0.012) (0.003) (0.003) (0.003) (0.003)

GDP 0.022 *** 0.023 *** 0.023 *** 0.021 *** 0.157 *** 0.165 *** 0.164 *** 0.152 *** 0.005 0.004 0.004 0.005
(0.004) (0.005) (0.005) (0.005) (0.039) (0.039) (0.039) (0.039) (0.008) (0.008) (0.008) (0.008)

INF 0.004 0.005 0.004 0.003 0.15 *** 0.155 *** 0.15 *** 0.142 *** 0.036 *** 0.038 *** 0.036 *** 0.036 ***
(0.004) (0.004) (0.004) (0.004) (0.034) (0.034) (0.034) (0.034) (0.007) (0.007) (0.007) (0.007)

IQ 0.119 0.04 0.20 0.296 0.561 * 0.883 * 0.343 * 0.423 0.592 0.793 0.589 0.508
(0.341) (0.348) (0.342) (0.34) (0.979) (0.034) (0.983) (0.969) (0.600) (0.606) (0.599) (0.600)

Constant 4.51 *** 4.55 *** 4.29 *** 4.25 *** 24.36 *** 24.47 *** 22.75 *** 22.71 *** 16.01 *** 16.22 *** 15.73 *** 15.80 ***
(0.55) (0.555) (0.551) (0.549) (4.807) (4.845) (4.804) (4.796) (1.002) (1.009) (0.999) (1.00)

Obs. 3615 3615 3615 3615 3612 3612 3612 3612 3871 3871 3871 3871
R-squared 0.33 0.327 0.326 0.33 0.299 0.297 0.298 0.299 0.14 0.13 0.14 0.14
F-statistic 76.76 *** 75.88 *** 75.41 *** 76.76 *** 66.48 *** 65.96 *** 66.08 *** 66.62 *** 22.97 *** 23.10 *** 23.10 *** 22.71 ***
Time fixed yes yes yes yes yes yes yes yes yes yes yes yes
Bank fixed yes yes yes yes yes yes yes yes yes yes yes yes

Note: FI = fintech-driven financial inclusion index; FIA = availability dimension index; FIP = penetration dimension index; FIU = usage dimension index; CIR = cost-to-income
ratio; CAR = capital adequacy ratio; NPL = non-performing loan ratio; SIZE = ln(total assets); LDR = loan-to-deposit ratio; LR = liquidity ratio; GDP = annual increase rate of GDP;
INF = inflation rate; and IQ = institutional quality index. The standard errors are in parentheses. * p < 0.1, ** p < 0.05, and *** p < 0.01.
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Nevertheless, it is worth noting that the models’ R-squared values, which measure
their overall explanatory power, are moderately robust. This observation is consistent
with trends in academic research focusing on topics like financial inclusion, bank risk-
taking, stability, and profitability, as evidenced by works such as Ahamed and Mallick
(2019), Banna et al. (2021b), Khatib et al. (2022), and Kumar et al. (2021). Importantly, the
coefficients of key variables, namely ROA, ROE, and NIM, remain consistent throughout
various robust tests, pointing to the stability of these models.

In terms of bank-specific control variables, our analysis reveals that several vari-
ables, including cost-efficiency indicators (CIR), credit risk management (NPL), bank size
(SIZE), lending capacity (LDR), and liquidity ratio (LR), play pivotal roles in shaping bank
profitability. Specifically, banks with a higher cost-to-income ratio (CIR) typically exhibit
reduced profitability. This is evidenced by the consistent negative coefficients for CIR
with ROA, ROE, and NIM, confirming our expectations and aligning with prior findings
(Khatib et al. 2022; Kumar et al. 2021). The CAR coefficient is positively associated with
ROA, although it displays a negative association, albeit insignificant, with ROE, and a
significant negative relationship with NIM. This suggests a complex relationship between
CAR and bank profitability, a finding that resonates with the existing literature (Khatib et al.
2022; Kumar et al. 2021). The coefficient for NPL is negative and statistically significant
across ROA, ROE, and NIM, replicating conclusions from earlier studies (Issaka Jajah et al.
2022; Khatib et al. 2022; Kumar et al. 2021; Tran and Nguyen 2020). Further, bank size
(Kumar et al. 2021), loan-to-deposit ratio (Tan and Floros 2012), and liquidity ratio (Alshatti
2015) negatively influence bank profitability. On the other hand, country-specific control
variables like GDP growth, inflation, and institutional quality appear to enhance bank
profitability, a sentiment reflected by previous research (Bashiru et al. 2023; Kumar et al.
2021; Yakubu and Musah 2022).

4.4. Robustness Tests: 2SLS-IV Regression

To ensure the reliability of our instrumental variables, we applied two diagnostic tests,
suggested by relevant studies (Ahamed and Mallick 2019; Banna et al. 2021b): the under-
identification LM test proposed by Kleibergen and Paap (2006), and the over-identification
test formulated by Hansen (1982).

In this analysis, we considered three measures representing bank profitability: ROA
(Models I–IV), ROE (Models V–VIII), and NIM (Models IX–XII). Simultaneously, we looked
at four metrics for fintech-driven inclusive finance indices: FI (Models I, V, and IX), FIA
(Models II, VI, and XI), FIP (Models III, VII, and XI), and FIU (Models IV, VIII, and XII).
From the outcomes of the 2SLS-IV regression presented in Table 5, it is evident that fintech-
driven inclusive finance positively affects bank profitability. This outcome further supports
our previous results.
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Table 5. Fintech-driven financial inclusion and bank profitability: 2SLS-IV.

Variables

ROA ROE NIM

I II III IV V VI VII VIII IX X XI XII

FI FIA FIP FIU FI FIA FIP FIU FI FIA FIP FIU

FI 0.325 * 0.263 * 0.469 ** 0.256 * 0.525 * 0.438 * 0.753 ** 0.293 * 0.525 * 0.395 * 1.122 *** 0.214 *
(0.184) (0.163) (0.211) (0.186) (0.604) (0.425) (0.837) (0.425) (0.317) (0.292) (0.364) (0.322)

CIR −0.031 *** −0.031 *** −0.031 *** −0.031 *** −0.248 *** −0.249 *** −0.248 *** −0.248 *** −0.028 *** −0.028 *** −0.027 *** −0.027 ***
(0.001) (0.001) (0.001) (0.001) (0.009) (0.009) (0.009) (0.009) (0.002) (0.002) (0.002) (0.002)

CAR 0.015 *** 0.016 *** 0.016 *** 0.016 *** −0.005 −0.003 −0.007 −0.001 −0.009 ** −0.009 ** −0.01 ** −0.008 *
(0.002) (0.002) (0.002) (0.002) (0.02) (0.02) (0.02) (0.02) (0.004) (0.004) (0.004) (0.004)

NPL −0.024 *** −0.023 *** −0.023 *** −0.023 *** −0.219 *** −0.218 *** −0.219 *** −0.217 *** −0.013 *** −0.014 *** −0.013 *** −0.014 ***
(0.002) (0.002) (0.002) (0.002) (0.018) (0.018) (0.018) (0.018) (0.004) (0.004) (0.004) (0.004)

SIZE −0.093 ** −0.093 ** −0.083 ** −0.083 ** 0.716 ** 0.723 ** 0.777 ** 0.778 ** −0.72 *** −0.721 *** −0.707 *** −0.701 ***
(0.036) (0.036) (0.036) (0.036) (0.315) (0.317) (0.311) (0.311) (0.066) (0.066) (0.064) (0.064)

LDR −0.001 −0.002 ** −0.001 * −0.001 −0.038 *** −0.04 *** −0.037 *** −0.039 *** 0.007 *** 0.007 *** 0.007 *** 0.007 ***
(0.001) (0.001) (0.001) (0.001) (0.008) (0.007) (0.007) (0.008) (0.002) (0.002) (0.002) (0.002)

LR −0.004 *** −0.004 *** −0.004 *** −0.004 *** −0.025 ** −0.026 ** −0.025 ** −0.026 ** −0.003 −0.003 −0.003 −0.003
(0.001) (0.001) (0.001) (0.001) (0.012) (0.011) (0.011) (0.012) (0.002) (0.002) (0.002) (0.002)

GDP 0.024 *** 0.025 *** 0.025 *** 0.024 *** 0.176 *** 0.183 *** 0.183 *** 0.177 *** −0.003 −0.002 −0.001 −0.003
(0.004) (0.004) (0.004) (0.004) (0.038) (0.038) (0.038) (0.039) (0.008) (0.008) (0.008) (0.008)

INF 0.004 0.006 0.005 0.004 0.159 *** 0.166 *** 0.161 *** 0.156 *** 0.036 *** 0.038 *** 0.036 *** 0.036 ***
(0.004) (0.004) (0.004) (0.004) (0.032) (0.033) (0.032) (0.032) (0.007) (0.007) (0.007) (0.007)

IQ 0.169 0.029 0.159 0.29 0.884 * 0.568 * 0.242 * 0.182 0.855 0.042* 0.879 0.732
(0.325) (0.353) (0.325) (0.321) (0.839) (0.079) (0.832) (0.805) (0.568) (0.601) (0.566) (0.568)

Constant 5.073 *** 5.225 *** 4.902 *** 4.902 *** 29.09 *** 29.89 *** 27.62 *** 28.33 *** 19.79 *** 20.01 *** 19.44 *** 19.58 ***
(0.47) (0.484) (0.475) (0.481) (4.116) (4.235) (4.152) (4.209) (0.859) (0.89) (0.86) (0.87)

Obs. 3565 3565 3565 3565 3562 3562 3562 3562 3815 3815 3815 3815
R-squared 0.798 0.798 0.797 0.798 0.761 0.761 0.761 0.761 0.908 0.908 0.908 0.908

Chi2 140.6 *** 140.6 *** 140.2 *** 140.0 *** 113.7 *** 113.5 *** 113.1 *** 113.7 *** 375.1 *** 375.2 *** 375.3 *** 375.2 ***
Time fixed yes yes yes yes yes yes yes yes yes yes yes yes
Bank fixed yes yes yes yes yes yes yes yes yes yes yes yes

LM test 147.91 153.18 133.67 168.24 101.38 123.32 79.21 163.87 149.65 174.81 97.32 189.57
Hansen J 0.31 0.25 0.43 0.23 0.56 0.39 0.67 0.27 0.49 0.41 0.89 0.32

p-value (J) 0.18 0.48 0.34 0.24 0.31 0.21 0.56 0.32 0.71 0.43 0.87 0.23

Note: FI = fintech-driven financial inclusion index; FIA = availability dimension index; FIP = penetration dimension index; FIU = usage dimension index; CIR = cost-to-income
ratio; CAR = capital adequacy ratio; NPL = non-performing loan ratio; SIZE = ln(total assets); LDR = loan-to-deposit ratio; LR = liquidity ratio; GDP = annual increase rate of GDP;
INF = inflation rate; and IQ = institutional quality index. The standard errors are in parentheses. * p < 0.1, ** p < 0.05, and *** p < 0.01.
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4.5. Robustness Tests: A Dynamic Panel Model

Within the framework of the dynamic panel analysis, we employed three indicators
representing bank profitability: ROA (Models I–IV), ROE (Models V–VIII), and NIM
(Models IX–XII), in conjunction with four indicators for fintech-driven inclusive finance
indices: FI (Models I, V, and IX), FIA (Models II, VI, and XI), FIP (Models III, VII, and XI),
and FIU (Models IV, VIII, and XII). The GMM estimation results are illustrated in Table 6.
The Arellano-Bond tests for AR(1) and AR(2) suggest an absence of second-order serial
correlation. Furthermore, the over-identification restrictions test, as proposed by Hansen
(1982), validates the appropriateness of the instrumental variables, signifying a suitable
fit between endogenous variables and their instruments. Consequently, the specification
of the GMM model is deemed accurate. The results suggest that fintech-driven inclusive
finance positively impacts bank profitability, as measured by ROA, ROE, and NIM.

4.6. Robustness Tests: Random-Effects Generalized Least Squares (GLS)

Within the GLS framework, we employ three metrics for bank profitability: ROA
(Models I–IV), ROE (Models V–VIII), and NIM (Models IX–XII), along with four measures
for fintech-driven inclusive finance indices: FI (Models I, V, and IX), FIA (Models II,
VI, and XI), FIP (Models III, VII, and XI), and FIU (Models IV, VIII, and XII). The data
presented in Table 7 reveal that fintech-centric inclusive finance promotes profitability,
further confirming the credibility of our prior analyses.

4.7. Robustness Tests: Split Samples Based on FI Intensity (High FI vs. Low FI)

To show the influence of fintech-enabled inclusive finance on bank profitability across
regions with varied financial inclusion, we segregate our fintech index (FI) into two distinct
categories: those above the sample mean, termed high FI, and those below, termed low
FI. Thereafter, we execute a fixed-effect regression analysis for both low FI (Models I,
II, and III) and high FI (Models IV, V, and VI) utilizing three profitability indices: ROA
(Models I and IV), ROE (Models II and V), and NIM (Models III and VI). Data from Table 8
convey that while the impact of FI remains positive across all models, it attains significance
(at the 1% level) for high FI across ROA, ROE, and NIM. This complements our earlier
conclusions regarding the beneficial effects of intensified fintech-driven inclusive finance
on banking profitability.
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Table 6. Fintech-driven inclusive finance and bank profitability: two-step system GMM.

Variables

ROA ROE NIM

I II III IV V VI VII VIII IX X XI XII

FI FIA FIP FIU FI FIA FIP FIU FI FIA FIP FIU

Lag depen. 0.717 *** 0.72 *** 0.72 *** 0.72 *** 0.725 *** 0.714 *** 0.717 *** 0.715 *** 0.925 *** 0.931 *** 0.929 *** 0.927 ***
(0.007) (0.008) (0.008) (0.008) (0.006) (0.007) (0.008) (0.007) (0.002) (0.003) (0.003) (0.002)

FI 0.276 *** 0.323 *** 0.172** 0.192 *** 0.551 * 1.793 *** 2.629 *** 0.458 * 0.277 *** 0.859 *** 0.526 *** 0.494 ***
(0.061) (0.056) (0.078) (0.064) (0.329) (0.425) (1.016) (0.214) (0.105) (0.106) (0.09) (0.106)

CIR −0.009 *** −0.008 *** −0.009 *** −0.008 *** −0.042 *** −0.052 *** −0.049 *** −0.048 *** −0.002 *** −0.003 *** −0.002 *** −0.002 **
(0.001) (0.001) (0.001) (0.001) (0.003) (0.003) (0.003) (0.003) (0.0003) (0.0003) (0.0003) (0.0002)

CAR 0.006 *** 0.006 *** 0.006 *** 0.006 *** −0.036 *** −0.028 *** −0.025 *** −0.023 *** 0.005 *** 0.006 *** 0.005 *** 0.005 ***
(0.002) (0.002) (0.002) (0.001) (0.003) (0.004) (0.004) (0.004) (0.001) (0.0005) (0.001) (0.001)

NPL −0.002 *** −0.003 *** −0.002 *** −0.002 *** −0.057 *** −0.087 *** −0.086 *** −0.086 *** −0.005 *** −0.006 *** −0.004 *** −0.004 **
(0.001) (0.001) (0.001) (0.001) (0.006) (0.007) (0.007) (0.007) (0.001) (0.001) (0.001) (0.001)

SIZE −0.001 −0.001 −0.001 −0.003 0.166 *** 0.163 *** 0.172 *** 0.195 *** 0.011 *** 0.013 *** 0.011 *** 0.013 ***
(0.002) (0.002) (0.002) (0.002) (0.02) (0.017) (0.02) (0.02) (0.002) (0.003) (0.003) (0.003)

LDR −0.001 *** −0.001 ** −0.001 *** −0.001 *** −0.014 *** −0.013 *** −0.014 *** −0.011 *** 0.001 0.001 0.001 0.001 *
(0.001) (0.001) (0.002) (0.001) (0.001) (0.002) (0.002) (0.002) (0.0002) (0.0002) (0.0002) (0.0002)

LR 0.002 0.003 0.001 0.004 0.007 *** 0.004 0.003 0.007** −0.005 *** −0.005 *** −0.005 *** −0.005 **
(0.001) (0.001) (0.001) (0.001) (0.003) (0.003) (0.003) (0.003) (0.0004) (0.0004) (0.0004) (0.0004)

GDP 0.015 ** 0.016 *** 0.03 *** 0.014 ** 0.605 *** 0.473 *** 0.279 *** 0.194 *** 0.036 *** 0.007 0.034 *** 0.04 ***
(0.006) (0.006) (0.006) (0.006) (0.048) (0.049) (0.062) (0.061) (0.006) (0.009) (0.008) (0.006)

INF 0.02 *** 0.022 *** 0.027 *** 0.019 *** 0.132 *** 0.145 *** 0.051 0.094 ** −0.072 *** −0.069 *** −0.075 *** −0.086 **
(0.005) (0.004) (0.005) (0.004) (0.031) (0.044) (0.044) (0.047) (0.007) (0.007) (0.008) (0.009)

IQ 0.972 *** 0.452 *** 0.575 *** 0.141 *** 0.38 *** 0.13 *** 0.47 *** 0.092 *** 0.449 ** 0.722 *** 0.552 ** 0.032 **
(0.032) (0.028) (0.0261) (0.012) (0.024) (0.0517) (0.021) (0.032) (0.221) (0.233) (0.225) (0.036)

Constant 0.719 *** 0.979 *** 0.874 *** 0.96 *** 4.691 *** 6.602 *** 5.707 *** 5.612 *** 0.684 *** 0.619 *** 0.651 *** 0.666 ***
(0.161) (0.157) (0.16) (0.155) (1.37) (1.033) (1.17) (1.077) (0.218) (0.238) (0.221) (0.231)

Obs. 3087 3087 3087 3087 3084 3084 3084 3084 3338 3338 3338 3338
Time fixed yes yes yes yes yes yes yes yes yes yes yes yes
Bank fixed yes yes yes yes yes yes yes yes yes yes yes yes

AR(1) 0.001 0.000 0.002 0.001 0.000 0.000 0.000 0.003 0.000 0.005 0.000 0.001
AR(2) 0.185 0.188 0.193 0.178 0.497 0.446 0.423 0.410 0.429 0.373 0.427 0.393

Hansen test 0.753 0.835 0.789 0.763 0.688 0.685 0.738 0.825 0.631 0.707 0.731 0.695

Note: FI = fintech-driven financial inclusion index; FIA = availability dimension index; FIP = penetration dimension index; FIU = usage dimension index; CIR = cost-to-income
ratio; CAR = capital adequacy ratio; NPL = non-performing loan ratio; SIZE = ln(total assets); LDR = loan-to-deposit ratio; LR = liquidity ratio; GDP = annual increase rate of GDP;
INF = inflation rate; and IQ = institutional quality index. The standard errors are in parentheses. * p < 0.1, ** p < 0.05, and *** p < 0.01.
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Table 7. Fintech-driven inclusive finance and bank profitability: GLS (random effects).

Variables

ROA ROE NIM

I II III IV V VI VII VIII IX X XI XII

FI FIA FIP FIU FI FIA FIP FIU FI FIA FIP FIU

FI 0.155 *** 0.027 * 0.615 *** 0.941 *** 1.303 *** 0.053 ** 4.348 *** 6.603 *** 1.338 *** 0.015 * 2.457 *** 3.14 ***
(0.056) (0.003) (0.078) (0.036) (0.401) (0.003) (0.542) (0.35) (0.145) (0.003) (0.199) (0.155)

CIR −0.031 *** −0.031 *** −0.031 *** −0.032 *** −0.234 *** −0.233 *** −0.238 *** −0.241 *** −0.013 *** −0.01 *** −0.012 *** −0.013 ***
(0.001) (0.001) (0.001) (0.001) (0.004) (0.004) (0.004) (0.004) (0.001) (0.001) (0.001) (0.001)

CAR 0.021 *** 0.023 *** 0.019 *** 0.017 *** −0.061 *** −0.069 *** −0.077 *** −0.103 *** 0.037 *** 0.04 *** 0.035 *** 0.035 ***
(0.001) (0.001) (0.001) (0.001) (0.009) (0.009) (0.009) (0.008) (0.003) (0.003) (0.003) (0.002)

NPL −0.016 *** −0.017 *** −0.016 *** −0.016 *** −0.183 *** −0.184 *** −0.176 *** −0.182 *** 0.02 *** 0.018 *** 0.021 *** 0.021 ***
(0.001) (0.001) (0.001) (0.001) (0.011) (0.011) (0.01) (0.01) (0.003) (0.003) (0.003) (0.002)

SIZE −0.071 *** −0.076 *** −0.08 *** −0.071 *** −0.152 *** −0.108** −0.229 *** −0.056 −0.494 *** −0.462 *** −0.521 *** −0.463 ***
(0.005) (0.004) (0.005) (0.005) (0.044) (0.049) (0.044) (0.041) (0.016) (0.014) (0.017) (0.016)

LDR −0.002 *** −0.002 *** −0.002 *** −0.002 *** −0.055 *** −0.052 *** −0.056 *** −0.049 *** −0.003 *** −0.005 *** −0.003 *** −0.002 **
(0.0001) (0.0001) (0.0001) (0.0001) (0.003) (0.003) (0.003) (0.002) (0.001) (0.001) (0.001) (0.001)

LR 0.002 *** 0.001 ** 0.001 *** 0.001 0.019 *** 0.016 *** 0.02 *** 0.021 *** −0.004 *** −0.009 *** −0.001 −0.001
(0.001) (0.001) (0.001) (0.001) (0.005) (0.005) (0.004) (0.004) (0.001) (0.001) (0.001) (0.001)

GDP 0.016 *** 0.019 *** 0.02 *** 0.011 *** 0.069 *** 0.11 *** 0.085 *** 0.038** −0.012 *** −0.008** 0.001 −0.01 **
(0.002) (0.002) (0.002) (0.002) (0.017) (0.017) (0.016) (0.017) (0.004) (0.004) (0.004) (0.004)

INF 0.024 *** 0.026 *** 0.024 *** 0.025 *** 0.253 *** 0.266 *** 0.246 *** 0.216 *** 0.061 *** 0.057 *** 0.07 *** 0.062 ***
(0.002) (0.002) (0.002) (0.002) (0.017) (0.018) (0.017) (0.017) (0.005) (0.005) (0.005) (0.005)

IQ 0.249 *** 0.249 *** −0.079 0.164 *** −0.292 −0.779 ** −2.56 *** −0.083 0.587 *** 1.165 *** −0.304 * 0.897 ***
(0.042) (0.036) (0.06) (0.045) (0.368) (0.379) (0.439) (0.292) (0.14) (0.126) (0.168) (0.108)

Constant 3.63 *** 3.765 *** 3.855 *** 3.849 *** 32.31 *** 31.94 *** 34.13 *** 32.09 *** 10.91 *** 10.49 *** 11.12 *** 10.3 ***
(0.111) (0.105) (0.103) (0.112) (0.963) (1.049) (0.945) (0.921) (0.29) (0.277) (0.317) (0.305)

Obs. 3603 3603 3603 3603 3600 3600 3600 3600 3862 3862 3862 3862
Wald chi2 128.2 *** 79.6 *** 150.8 *** 138.5 *** 120.1 *** 70.8 *** 117.5 *** 210.7 *** 67.3 *** 24.7 *** 93.8 *** 97.1 ***
Time fixed yes yes yes yes yes yes yes yes yes yes yes yes

Note: FI = fintech-driven financial inclusion index; FIA = availability dimension index; FIP = penetration dimension index; FIU = usage dimension index; CIR = cost-to-income
ratio; CAR = capital adequacy ratio; NPL = non-performing loan ratio; SIZE = ln(total assets); LDR = loan-to-deposit ratio; LR = liquidity ratio; GDP = annual increase rate of GDP;
INF = inflation rate; and IQ = institutional quality index. The standard errors are in parentheses. * p < 0.1, ** p < 0.05, and *** p < 0.01.
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Table 8. FI and bank profitability: split samples based on FI (fixed effect).

Variables

Low FI High FI

I II III IV V VI

ROA ROE NIM ROA ROE NIM

FI 0.471 0.717 0.091 0.517 *** 0.559 *** 1.153 ***
(0.248) (0.543) (0.053) (0.169) (0.477) (0.272)

CIR −0.03 *** −0.248 *** −0.022 *** −0.033 *** −0.257 *** −0.034 ***
(0.001) (0.012) (0.002) (0.002) (0.015) (0.004)

CAR 0.013 *** −0.05 * −0.006 0.018 *** 0.035 −0.009
(0.003) (0.028) (0.008) (0.004) (0.032) (0.008)

NPL −0.022 *** −0.257 *** −0.009* −0.026 *** −0.19 *** −0.021 **
(0.003) (0.024) (0.005) (0.004) (0.031) (0.008)

SIZE −0.078 −0.197 −0.53 *** −0.083 2.127 *** −1.074 ***
(0.049) (0.419) (0.105) (0.063) (0.554) (0.155)

LDR −0.001 −0.059 *** −0.003 −0.001 −0.008 0.019 ***
(0.001) (0.01) (0.002) (0.001) (0.012) (0.003)

LR −0.003 −0.018 −0.006 * −0.004 −0.03 −0.001
(0.002) (0.015) (0.003) (0.002) (0.02) (0.005)

GDP 0.002 −0.063 −0.024 ** 0.046 *** 0.405 *** 0.016
(0.006) (0.05) (0.011) (0.007) (0.063) (0.014)

INF −0.003 0.111 ** 0.015 0.004 0.141 *** 0.062 ***
(0.006) (0.049) (0.011) (0.006) (0.049) (0.016)

IQ −0.639 −6.82 ** −0.517 2.11 *** 11.259 * 2.139 *
(0.397) (3.429) (0.733) (0.733) (6.425) (0.281)

Constant 4.606 *** 39.72 *** 11.676 *** 3.14 *** −7.089 17.462 ***
(0.694) (5.995) (1.539) (0.969) (8.501) (2.306)

Observations 2014 2013 2148 1601 1599 1723
R-squared 0.337 0.339 0.098 0.351 0.299 0.289
F-statistic 44.15 *** 44.38 *** 10.14 *** 37.02 *** 29.11 *** 17.31 ***

Time fixed effect yes yes yes yes yes yes
Bank fixed effect yes yes yes yes yes yes

Note: FI = fintech-driven financial inclusion index; low FI = below mean value of FI; high FI = above mean value
of FI; CIR = cost-to-income ratio; CAR = capital adequacy ratio; NPL = non-performing loan ratio; SIZE = ln(total
assets); LDR = loan-to-deposit ratio; LR = liquidity ratio; GDP = annual increase rate of GDP; INF = inflation rate;
and IQ = institutional quality index. The standard errors are in parentheses. * p < 0.1, ** p < 0.05, and *** p < 0.01.

4.8. Sample Segmentation Based on Economic Development (High GDP vs. Low GDP)

To investigate the influence of fintech-driven inclusive finance on bank profitability as
per the economic development stages measured by the GDP growth rate of countries, we
first segment our FI dataset into two categories: high GDP growth (above sample mean)
and low GDP growth (below sample mean). We then employ fixed-effect regression for the
low GDP segment (Models I, II, and III) and the high GDP segment (Models IV, V, and VI)
using three profitability indicators: ROA (Models I and IV), ROE (Models II and V), and
NIM (Models III and VI). Table 9 reveals that while there is a general positive association
between FI and profitability across all models, it is notably significant (at the 1% level) for
the high GDP growth segment across all profitability metrics (ROA, ROE, and NIM). This
suggests that fintech-driven inclusive finance plays a notably effective role in enhancing
bank profitability in countries experiencing higher GDP growth compared to others.
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Table 9. FI and bank profitability: split samples based on GDP growth (fixed effect).

Variables

Low GDP High GDP

I II III IV V VI

ROA ROE NIM ROA ROE NIM

FI 0.233 0.107 0.254 0.913 *** 1.802 *** 0.778 ***
(0.176) (0.117) (0.334) (0.16) (0.452) (0.269)

CIR −0.035 *** −0.27 *** −0.023 *** −0.032 *** −0.255 *** −0.033 ***
(0.002) (0.016) (0.004) (0.001) (0.013) (0.003)

CAR 0.01 ** −0.022 −0.013 * 0.018 *** 0.002 −0.009
(0.004) (0.033) (0.007) (0.004) (0.032) (0.006)

NPL −0.032 *** −0.305 *** 0.027 *** −0.014 *** −0.149 *** −0.005
(0.003) (0.029) (0.006) (0.003) (0.03) (0.006)

SIZE −0.101 1.116 ** −0.571 *** −0.122 ** 0.752 −1.026 ***
(0.064) (0.535) (0.117) (0.055) (0.496) (0.099)

LDR −0.001 −0.04 *** 0.007 *** −0.001 −0.025 ** 0.006 ***
(0.001) (0.012) (0.003) (0.001) (0.011) (0.002)

LR −0.002 −0.03 0.000 −0.004 * −0.008 −0.009 **
(0.002) (0.019) (0.004) (0.002) (0.018) (0.004)

GDP 0.018 * 0.208 ** −0.008 0.011 0.136 0.003
(0.01) (0.086) (0.019) (0.01) (0.095) (0.019)

INF −0.027 *** −0.083 0.052 *** 0.004 0.216 *** 0.04 ***
(0.006) (0.053) (0.012) (0.007) (0.062) (0.012)

IQ 0.022 −6.01 −0.617 0.426 2.746 0.413
(0.58) (4.87) (0.988) (0.486) (4.405) (0.876)

Constant 5.11 *** 23.40 *** 13.37 *** 4.60 *** 17.38** 19.85 ***
(0.925) (7.783) (1.707) (.799) (7.243) (1.441)

Observations 1625 1622 1749 1990 1990 2122
R-squared 0.349 0.352 0.085 0.322 0.276 0.182
F-statistic 31.44 *** 31.81 *** 6.01 *** 36.73 *** 29.45 *** 18.70 ***

Time fixed effect yes yes yes yes yes yes
Bank fixed effect yes yes yes yes yes yes

Note: FI = fintech-driven financial inclusion index; low GDP = below mean value of GDP growth; high
GDP = above mean value of GDP growth; CIR = cost-to-income ratio; CAR = capital adequacy ratio; NPL = non-
performing loan ratio; SIZE = ln(total assets); LDR = loan-to-deposit ratio; LR = liquidity ratio; GDP = annual
increase rate of GDP; INF = inflation rate; and IQ = institutional quality index. The standard errors are in
parentheses. * p < 0.1, ** p < 0.05, and *** p < 0.01.

4.9. Further Insights: FI and Profitability Nexus Considering the Size and Type of Banks

In a further exploration, we examine the relationship between FI and bank profitability,
taking into account both the size and type of banks. We employ a threshold of USD 1 billion
in total assets to categorize banks as either small or large, a classification approach informed
by Banna et al. (2021b) and Čihák and Hesse (2010). In examining the correlation between
FI and bank profitability, we consider a range of bank types, including conventional,
Islamic, and savings banks. Cooperative banks were excluded from this analysis due to an
insufficient number of such entities.

The findings presented in Table 10 show that while there is a universally positive
relationship between FI and profitability metrics (ROA, ROE, and NIM) for both small and
large banks, the association is notably significant (at the 1% level) for the large banks. This
implies that large banks could potentially overshadow their small counterparts, which
may introduce instability within the broader financial ecosystem. Furthermore, the data in
Table 11 highlights that the effect of FI on profitability measures (ROA, ROE, and NIM) is
positively significant (at the 1% level) for conventional banks when contrasted with their
Islamic and savings bank peers.
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Table 10. FI and bank profitability by bank size: fixed effect.

Variables

ROA ROE NIM

I II III IV V VI

Small Banks Large Banks Small Banks Large Banks Small Banks Large Banks

FI 0.074 0.639 *** 1.003 3.011 *** 0.183 0.403 ***
(0.211) (0.106) (1.699) (1.044) (0.193) (0.35)

CIR −0.035 *** −0.026 *** −0.256 *** −0.242 *** −0.027 *** −0.029 ***
(0.002) (0.001) (0.014) (0.012) (0.003) (0.002)

CAR 0.018 *** 0.012 *** 0.016 −0.034 −0.003 −0.011
(0.004) (0.004) (0.029) (0.037) (0.006) (0.007)

NPL −0.025 *** −0.022 *** −0.23 *** −0.224 *** 0.023 *** −0.002
(0.003) (0.003) (0.028) (0.029) (0.006) (0.005)

SIZE −0.059 −0.199 *** 0.771 0.697 −1.089 *** −0.539 ***
(0.063) (0.055) (0.51) (0.54) (0.109) (0.101)

LDR 0.002 −0.002 ** −0.022 ** −0.032 *** 0.01 *** 0.007 ***
(0.001) (0.001) (0.011) (0.012) (0.002) (0.002)

LR −0.004 * −0.002 −0.013 −0.011 −0.006 −0.009
(0.002) (0.002) (0.018) (0.018) (0.004) (0.003)

GDP 0.014 * 0.026 *** 0.087 0.186 *** −0.011 −0.002
(0.007) (0.005) (0.06) (0.052) (0.013) (0.01)

INF −0.007 0.029 *** 0.078 0.258 *** 0.042 *** 0.036 ***
(0.006) (0.005) (0.049) (0.051) (0.011) (0.01)

IQ 0.756 0.655 * −1.444 3.355 0.682 −1.407 *
(0.614) (0.396) (4.947) (3.891) (0.983) (0.739)

Constant 3.574 *** 5.948 *** 20.326 *** 20.449 ** 19.44 *** 13.718 ***
(0.865) (0.844) (6.996) (8.296) (1.496) (1.564)

Observations 1669 1946 1666 1946 1862 2009
R-squared 0.331 0.397 0.295 0.339 0.134 0.171
F-statistic 33.20 *** 55.05 *** 28.09 *** 42.75 *** 11.82 *** 17.84 ***

Time fixed effect yes yes yes yes yes yes
Bank fixed effect yes yes yes yes yes yes

Note: FI = fintech-driven inclusive finance index; CIR = cost-to-income ratio; CAR = capital adequacy ratio;
NPL = non-performing loan ratio; SIZE = ln(total assets); LDR = loan-to-deposit ratio; LR = liquidity ratio;
GDP = annual increase rate of GDP; INF = inflation rate; and IQ = institutional quality index. The standard errors
are in parentheses. * p < 0.1, ** p < 0.05, and *** p < 0.01.
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Table 11. FI and bank profitability by bank type: fixed effect.

Variables

ROA ROE NIM

I II III IV V VI VII VIII IX

Conventional
Bank Islamic Bank Savings Bank Conventional

Bank Islamic Bank Savings Bank Conventional
Bank Islamic Bank Savings Bank

FI 0.521 *** 0.121 −0.055 3.622 *** 1.323 2.973 0.694 *** 0.291 0.828
(0.107) (0.513) (1.311) (0.944) (4.013) (10.906) (0.185) (0.393) (0.353)

CIR −0.031 *** −0.03 *** −0.038 *** −0.249 *** −0.278 *** −0.274 *** −0.028 *** 0.006 −0.082 ***
(0.001) (0.004) (0.011) (0.01) (0.031) (0.093) (0.002) (0.011) (0.016)

CAR 0.018 *** −0.01 0.072 *** 0.013 −0.193 *** 0.459 ** 0.001 −0.053 *** −0.032
(0.003) (0.006) (0.022) (0.023) (0.05) (0.187) (0.005) (0.019) (0.032)

NPL −0.022 *** −0.051 *** −0.036 * −0.216 *** −0.416 *** −0.255 −0.017 *** −0.057 ** 0.014
(0.002) (0.008) (0.02) (0.02) (0.066) (0.166) (0.014) (0.024) (0.03)

SIZE −0.101 ** −0.257 ** 0.376 0.685 * −1.643 * 2.407 −0.746 *** 0.153 −1.215 **
(0.04) (0.111) (0.362) (0.353) (0.868) (3.01) (0.07) (0.309) (0.518)

LDR −0.001 −0.006 * −0.015 −0.035 *** −0.035 −0.158 * 0.011 *** −0.007 −0.056 ***
(0.001) (0.003) (0.011) (0.008) (0.023) (0.09) (0.002) (0.009) (0.015)

LR −0.004 *** 0.006 −0.062 *** −0.019 0.049 −0.518 *** −0.005 * 0.046 *** −0.068 **
(0.001) (0.005) (0.019) (0.013) (0.037) (0.158) (0.003) (0.013) (0.027)

GDP 0.021 *** 0.025 0.084 * 0.162 *** 0.031 0.613 −0.001 −0.03 0.046
(0.005) (0.017) (0.049) (0.041) (0.132) (0.411) (0.008) (0.046) (0.061)

INF 0.009 ** −0.032 ** −0.142 *** 0.191 *** −0.218 * −0.967 *** 0.044 *** −0.024 0.03
(0.004) (0.016) (0.038) (0.035) (0.125) (0.313) (0.007) (0.046) (0.055)

IQ 0.002 1.296 −0.654 5.556 * −0.652 −5.054 0.827 ** 13.402* −9.667
(0.358) (1.074) (4.368) (3.149) (8.396) (36.339) (0.305) (3.081) (5.806)

Constant 4.454 *** 6.793 *** 2.109 23.602 *** 55.91 *** 26.429 15.841 *** −4.302 39.93 ***
(0.577) (1.776) (5.774) (5.072) (13.889) (48.033) (1.013) (5.033) (8.307)

Obs. 3314 219 77 3311 219 77 3550 231 84
R-squared 0.336 0.482 0.718 0.306 0.502 0.679 0.152 0.378 0.594
F-statistic 72.48 *** 8.04 *** 5.72 *** 63.04 *** 8.71 *** 4.77 *** 27.74 *** 5.62 *** 3.81 ***
Time fixed yes yes yes yes yes yes yes yes yes
Bank fixed yes yes yes yes yes yes yes yes yes

Note: FI = fintech-driven inclusive finance index; CIR = cost-to-income ratio; CAR = capital adequacy ratio; NPL = non-performing loan ratio; SIZE = ln(total assets); LDR = loan-to-deposit
ratio; LR = liquidity ratio; GDP = annual increase rate of GDP; INF = inflation rate; and IQ = institutional quality index. The standard errors are in parentheses. * p < 0.1, ** p < 0.05, and
*** p < 0.01.
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4.10. Effect of Interaction between FI and COVID-19 (2020–2021) on Bank Profitability

To understand the interaction effects of FI and the COVID-19 pandemic (2020–2021)
on bank profitability, we assigned a value of 1 to the pandemic years (2020–2021) and 0
to the pre-pandemic phase (2011–2019). Four fintech-driven inclusive finance indices (FI,
FIA, FIP, and FIU) are utilized to measure the impacts on profitability, as represented by
ROA. The findings presented in Table 12 suggest that FI exerts a significant (at both 1%
and 5% levels) positive influence on bank profitability across all indices (Models I–IV). In
terms of the interaction effect, the pandemic amplifies the favorable association between
the fintech indices (FI, FIA, FIP, and FIU) and bank profitability. This implies that fintech-
enabled inclusive finance can boost bank profitability even during disruptive events like
the COVID-19 pandemic.

Table 12. FI and COVID-19 interaction effects on bank profitability (fixed effect).

Variables

ROA

I II III IV

FI FIA FIP FIU

FI 0.47 *** 0.216 ** 0.31 ** 0.373 ***
(0.126) (0.091) (0.158) (0.111)

COVID-19 −0.501 *** −0.41 *** −0.368 *** −0.466 ***
(0.079) (0.069) (0.096) (0.071)

FI × COVID-19 0.101 ***
(0.309)

FIA × COVID-19 0.143 ***
(0.105)

FIP × COVID-19 0.131 ***
(0.319)

FIU × COVID-19 0.174 ***
(0.106)

All control variables yes yes yes yes
Observations 3615 3615 3615 3615

R-squared 0.33 0.327 0.326 0.33
F-statistic 73.08 *** 72.26 *** 71.88 *** 73.12 ***

Time fixed effect yes yes yes yes
Bank fixed effect yes yes yes yes

Note: FI = fintech-driven financial inclusion index; FIA = availability dimension index; FIP = penetration
dimension index; FIU = usage dimension index. The standard errors are in parentheses. ** p < 0.05, and
*** p < 0.01.

5. Conclusions, Policy Implications, and Limitations

This study investigates the connection between fintech-driven inclusive finance and
bank profitability, analyzing 660 banks from 40 developing nations over the period of 2011
to 2021. We employed a diverse set of methodologies, including fixed-effect regression,
2SLS-IV, two-step system GMM, and fixed-effects GLS estimation, to probe the relationship.
Our research establishes a clear unidirectional relationship between inclusive finance and
bank profitability. Specifically, the findings highlight that advancing inclusive finance
through fintech results in elevated profitability (as measured by ROA, ROE, and NIM)
among the sampled banks in these developing countries. Fintech’s influence translates to a
significant 9.10% increase in ROA, a commendable 18.87% rise in ROE, and a noteworthy
7.98% jump in NIM, indicating the era of mobile, internet, and agent banking. Additionally,
the impact of fintech-driven inclusive finance on profitability metrics is more pronounced
for large banks compared to small ones. Conversely, the positive effect on profitability
metrics is more evident for conventional banks than Islamic and savings banks. Moreover,
the robust connection between inclusive finance and bank profitability is more apparent in
countries actively promoting fintech-based inclusive finance.
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Importantly, several bank-specific control variables, such as cost efficiency, credit risk,
bank size, lending capacity, and liquidity ratio, have a marked effect on banks’ profitability.
On a country level, factors like GDP growth, inflation, and institutional quality also have a
positive bearing on bank profitability. The relationship between fintech-driven inclusive
finance and bank profitability is more positive in countries with higher GDP growth com-
pared to those with slower growth. The era of COVID-19 further strengthened the positive
relationship between fintech and bank profitability. Thus, while fintech plays a beneficial
role in amplifying profitability during economic upswings, it retains its importance even
during anomalous periods. However, the increasing reliance of banks on fintech can also
pave the way for potential challenges, notably heightened competition. Consequently,
large banks may overshadow small ones, potentially leading to disruptions in the broader
financial landscape.

From a theoretical perspective, the influence of fintech-driven inclusive finance on
bank profitability manifests in numerous advantages. These include the broadening of the
customer base, an enhanced range of services, cost-effective retail deposits, the diversifi-
cation of loan portfolios, and efficient risk management strategies. On the practical front,
while there are evident merits, there also exist certain challenges. Financial institutions
may encounter the initial establishment costs, the potential for lower margins, stringent
regulatory compliances, and increased credit risks. Moreover, the optimal harnessing of
fintech’s potential necessitates a comprehensive approach. It calls for promoting financial
literacy among consumers, fortifying cybersecurity measures, and ensuring adequate safe-
guards to cultivate confidence in individuals venturing into the realm of fintech. These
multifaceted challenges serve as essential considerations for decision makers, regulators,
and financial institutions.

While our study offers significant insights, it does not account for other potential
indicators of financial inclusion, such as credit scores or blockchain adoption, due to the
scope of the research. Subsequent studies can seek to incorporate these variables. There
is also a need for an in-depth analysis of the varied influences of fintech on economic
growth and sustainability, incorporating additional macroeconomic control variables like
unemployment rates, interest rates, and stock market trends. Upcoming research might
also investigate possible nonlinear connections between fintech and bank profitability.
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Appendix A

Table A1. List of countries with mean value of fintech-driven inclusive finance indices.

Country FI FIA FIP FIU

(1) Afghanistan 0.0491 0.0031 0.1278 0.0011
(2) Albania 0.1871 0.0658 0.4118 0.0161
(3) Armenia 0.2579 0.1312 0.4603 0.0790
(4) Bangladesh 0.4016 0.5918 0.2801 0.1088
(5) Benin 0.3242 0.2012 0.3644 0.2614
(6) Botswana 0.4137 0.0541 0.6876 0.3463
(7) Burkina Faso 0.2900 0.1205 0.3156 0.3090
(8) Cambodia 0.2209 0.0838 0.3669 0.1247
(9) Cameroon 0.2330 0.1043 0.3123 0.1845
(10) Chad 0.0419 0.0120 0.0969 0.0022
(11) Eswatini 0.3227 0.1731 0.4540 0.2039
(12) Fiji 0.2877 0.0717 0.6474 0.0438
(13) Ghana 0.4688 0.3187 0.5534 0.3225
(14) Guinea 0.1955 0.1065 0.2664 0.1298
(15) Guyana 0.1391 0.0226 0.3189 0.0287
(16) Jordan 0.1642 0.0406 0.3863 0.0094
(17) Lesotho 0.2919 0.1398 0.4227 0.1914
(18) Madagascar 0.0809 0.0360 0.1304 0.0436
(19) Malawi 0.1643 0.1129 0.1919 0.1136
(20) Maldives 0.4162 0.3797 0.5764 0.0997
(21) Mali 0.2420 0.1005 0.3360 0.1893
(22) Mauritius 0.3569 0.2885 0.5550 0.0691
(23) Myanmar 0.0892 0.0258 0.2039 0.0067
(24) Namibia 0.3661 0.0656 0.6036 0.2914
(25) Nepal 0.1730 0.1477 0.2722 0.0219
(26) Niger 0.0668 0.0288 0.1252 0.0206
(27) Pakistan 0.1476 0.1122 0.2031 0.0613
(28) Panama 0.2390 0.0795 0.4590 0.0886
(29) Philippines 0.2212 0.0953 0.4054 0.0765
(30) Qatar 0.3191 0.1351 0.6790 0.0243
(31) Rwanda 0.4855 0.5331 0.3901 0.2834
(32) Senegal 0.3443 0.2108 0.3921 0.2759
(33) Seychelles 0.3269 0.1843 0.6522 0.0153
(34) South Africa 0.2451 0.0746 0.5552 0.0189
(35) Sudan 0.1004 0.0129 0.2242 0.0302
(36) Thailand 0.4815 0.3407 0.6352 0.2535
(37) Togo 0.1875 0.0847 0.2719 0.1283
(38) Uganda 0.4906 0.3024 0.3779 0.5614
(39) Zambia 0.2577 0.1159 0.3651 0.1849
(40) Zimbabwe 0.4351 0.1273 0.4760 0.5198

Note: FI = fintech-driven financial inclusion index; FIA = availability dimension index; FIP = penetration
dimension index; and FIU = usage dimension index. FIA, FIP, and FIU indices are estimated using first-stage
principal component analysis (PCA), and FI is calculated by combining FIA, FIP, and FIU employing two-stage
PCA. Mean values are calculated based on the yearly index from 2011 to 2021.

Table A2. Granger causality results.

Null Hypothesis p-Value

H0 FI does not Granger cause ROA 0.000 ***
H0 ROA does not Granger cause FI 0.258
H0 FI does not Granger cause ROE 0.002 ***
H0 ROE does not Granger cause FI 0.541
H0 FI does not Granger cause NIM 0.000 ***
H0 NIM does not Granger cause FI 0.397

Note: FI = fintech-driven financial inclusion index. *** Significance at 1%.
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Table A3. VIF and correlations matrix among independent variables.

Variables VIF (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

(1) FI - 1.000
(2) FIA 1.50 0.804 * 1.000
(3) FIP 3.04 0.729 * 0.334 * 1.000
(4) FIU 2.41 0.813 * 0.462 * 0.575 * 1.000
(5) CIR 1.30 −0.016 −0.082 * −0.023 0.090 * 1.000
(6) CAR 1.32 0.167 * 0.058 * 0.144 * 0.203 * 0.077 * 1.000
(7) NPL 1.18 0.026 0.054 * −0.069 * 0.059 * 0.240 * 0.024 1.000
(8) SIZE 1.56 0.161 * 0.152 * 0.231 * 0.036 * −0.320 * −0.390 * −0.143 * 1.000
(9) LDR 1.54 0.027 * 0.033 * 0.078 * −0.063 * −0.102 * −0.068 * −0.298 * 0.007 1.000
(10) LR 1.46 −0.057 * −0.157 * −0.046 * 0.064 * 0.090 * 0.228 * 0.118 * −0.155 * −0.452 * 1.000

(11) GDP 1.18 −0.016 0.109 * −0.220 * −0.071 * −0.002 −0.052 * −0.020 −0.063 * 0.090 * −0.047 * 1.00
(12) INF 1.26 −0.118 * 0.004 −0.283 * −0.019 −0.076 * 0.059 * 0.109 * −0.150 * −0.260 * −0.011 −0.10 * 1.00
(13) IQ 2.33 0.225 * 0.013 0.609 * 0.050 * −0.015 −0.012 −0.078 * 0.166 * 0.083 * −0.045 * −0.02 −0.40 * 1.00

Mean VIF 1.67

Note: VIF = variance inflation factor; FI = fintech-driven financial inclusion index; FIA = availability dimension index; FIP = penetration dimension index; FIU = usage dimension index;
CIR = cost-to-income ratio; CAR = capital adequacy ratio; NPL = non-performing loan ratio; SIZE = ln(total assets); LDR = loan-to-deposit ratio; LR = liquidity ratio; GDP = annual
increase rate of GDP; INF = inflation rate; and IQ = institutional quality index. * p < 0.05.
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Notes
1 Financial Access Survey (FAS) of International Monetary Fund (IMF), available online: https://data.imf.org/regular.aspx?key=

61063968 (accessed on 15 January 2023).
2 The detailed results of fintech indices (FI, FIA, FIP, and FIU) constructed by PCA are available from the corresponding author on

reasonable request. We also calculated fintech indices based on alternative methods of measurement (weighted average method)
and found almost the same results (92.42% correlation).

3 We constructed the institutional quality (IQ) index as one of the control variables using PCA, including six components of world
governance indicators: (i) Rule of Law, (ii) Regulatory Quality, (iii) Control of Corruption, (iv) Accountability, (v) Political Stability,
and (vi) Government Effectiveness.
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