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FinTech has emerged as a transformative force in the global banking industry, especially in
developing economies where digital solutions are rapidly redefining financial access, effi-
ciency, and competition. Despite its growing relevance, empirical research remains limited
regarding the heterogeneous effects of FinTech on banking performance and the role of
institutional quality in shaping these outcomes. This study investigates the impact of FinTech
adoption on bank performance in 33 developing Asian countries from 2010 to 2022 while
assessing the moderating effect of economic governance. Using the Method of Moments
Quantile Regression and Bootstrapped Quantile Regression, the analysis captures distribu-
tional dynamics and robustly estimates relationships across different levels of bank perfor-
mance. Findings reveal a consistently positive and statistically significant impact of FinTech
on bank performance, particularly in lower-performing banks, suggesting that FinTech fosters
financial inclusion and competitiveness. Economic governance is also shown to exert a direct
and positive influence, especially in institutional environments where regulatory stability and
accountability enhance operational outcomes. Furthermore, the interaction between FinTech
and governance is significant, indicating that stronger institutional frameworks amplify the
beneficial effects of FinTech. These results are stable across various quantiles and robust to
alternative specifications. The study offers critical insights for policymakers and financial
regulators, emphasizing the need for synchronized development of digital financial infra-
structure and governance frameworks to maximize performance gains in the banking sector.
In light of the COVID-19 pandemic's role in accelerating digital adoption, the findings
underscore the importance of institutional resilience in mitigating associated risks. This
research contributes to the ongoing discourse on digital finance and economic development
by integrating technological innovation and institutional quality into a unified empirical fra-
mework, offering actionable recommendations for sustainable banking reforms in developing
regions.
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Introduction

n recent years, the financial technology (FinTech) sector has

reshaped the global banking industry, transforming how

financial services are delivered and consumed. FinTech
includes a diverse set of innovations, such as automated teller
machines (ATMs), mobile banking, and digital payment plat-
forms, all of which have significantly improved convenience,
operational efficiency, and financial accessibility (Belanche et al.
2019). As fintech evolves, its influence on bank performance
becomes a critical area of study, warranting comprehensive
exploration and analysis (Pandey et al. 2024). The integration of
FinTech into financial services has also led to the emergence of
novel products and services, leading to innovative products and
services created by well-established pecuniary organizations and
technological innovators (Lagna and Ravishankar 2022).

FinTech has notably influenced financial inclusion and user
engagement (Omarini 2024). This transformation is particularly
evident in the proliferation of ATMs, which offer 24/7 access to
banking services, and the increasing use of mobile phones for
financial transactions, enhancing accessibility and user engage-
ment (Jourdan et al. 2023). The widespread adoption of fintech is
also reflected in the growing number of adults with access to bank
accounts, signifying a shift towards financial inclusion and
modernization (Thottoli 2024). According to the World Bank’s
Global Findex Database, the percentage of adults with a bank
account worldwide increased from 51% in 2011 to 71% in 2021,
highlighting the significant impact of fintech on financial inclu-
sion (World bank (2021)). In addition, the impact of FinTech on
the efficiency of banking operations is influenced by different
business factors, highlighting the growing importance of tech-
nology in strengthening banking systems (Kayed et al. 2025).

FinTech is having a significant impact on the banking industry,
affecting profitability to some extent, although not necessarily in a
significant way (Keliuotyté-Staniuléniené and Smolskyté 2019).
The impact of this phenomenon extends to various aspects of the
banking industry, including consumers, businesses, financial
institutions, regulatory frameworks, and societal dynamics (Elia
et al., 2023). In addition, incorporating FinTech into financial
services is expected to enhance bank profitability through colla-
borative strategies (Kurniawati 2023).

The COVID-19 pandemic has accelerated digital transforma-
tion in the banking sector, particularly in developing countries,
compelling an agile transition towards digital technologies to
meet changing societal demands and sustain future viability
(Olena et al. 2021). This shift has catalyzed the growth of Fin-
Tech, electronic banking, and financial ecosystems to cater
(Aniqoh et al. 2022; Elsaid 2023; Rahman and Islam 2021) to the
heightened demand for digital services in light of social distan-
cing, concurrently boosting competitiveness within the FinTech
domain. Although the pandemic initially slowed FinTech
investment, the demand for digital financial services has markedly
increased, propelling investment, operational efficiency, and
customer satisfaction throughout the industry (Khatun et al.
2021; Rahman and Islam 2021). In locales such as Bangladesh,
digital banking usage has significantly risen, underscoring the
critical importance of digital conduits in finance and the rapid
embrace of mobile banking to expand access to the financially
underserved (Banna and Alam 2021; Pellegrino and Abe 2022).

FinTech has also played an essential role in helping the
banking sector as well as small and medium-sized enterprises
(SMEs) recover post-pandemic, suggesting a broader implication
for digital financial inclusion in the sector’s resilience and
recuperation (Pellegrino and Abe 2022). Moreover, prior research
highlights the positive effects of FinTech on banking operations.
These researches demonstrate a noticeable improvement in
operational effectiveness thanks to technological advancements
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(Maryunita and Nugroho 2022). Conversely, the disruption
occasioned by FinTech also carries negative connotations for the
banking industry. Specific investigations indicate a potential
deleterious effect of FinTech firms on banking profit margins
(Verma and Chakarwarty 2024). This revolutionary wave is
associated with diminished market share and revenue for banks,
impacting their operational performance (Yin et al. 2022). Fur-
thermore, the sustainability of the banking sector faces jeopardy
due to the burgeoning presence of FinTech as a formidable
contender (Yan and Jia 2022).

EG significantly influences institutional performance,
innovation, and financial regulation, where the quality of
governance augments the impact of human capital on eco-
nomic growth, especially in nations with medium governance
quality (Chen and Xing 2025). It similarly affects the out-
comes of private economic endeavours (Wibowo et al. 2021)
and significantly impacts the dynamics among Sukuk issuance,
Value-Added Tax (VAT) implementation, terrorism, eco-
nomic policy uncertainty, and economic complexity (Chan
et al. 2021; Ogbuabor et al. 2023; Yuliani et al. 2022). The
quality of governance emerges as a crucial determinant of
economic growth, underscoring its essential role in achieving
optimal economic outcomes (Qazi 2025). It also moderates the
effects of political risk and governmental expenditure efficacy
on sectoral and economic growth, respectively, and influences
the correlation between IT innovation and organizational
performance through entrepreneurial innovation and the
business landscape (Chan et al. 2017; Chege et al. 2020;
Erickson 2021; Molonko and Ampah 2017).

Existing literature delineates a lacuna in understanding the
modulation by economic governance of the relationship
between FinTech and bank performance, especially across the
heterogeneous Asian continent, characterized by diverse
stages of governance quality and FinTech adoption. This study
aims to investigate the impact of FinTech on bank perfor-
mance and assess how economic governance may influence or
moderate this relationship. Specifically, we explore whether
stronger governance frameworks amplify the benefits of Fin-
Tech while mitigating associated risks. This study also con-
tributes to the broader literature by addressing a critical gap:
the lack of multi-country empirical studies on FinTech-bank
performance linkages within the context of economic gov-
ernance in Asia. The research questions guiding this
investigation are:

QI: How does fintech positively impact bank performance?

Q2: How does economic governance positively impact bank
performance?

Q3: How does economic governance moderate the relationship
between fintech and bank performance?

By addressing these questions, this research offers practical
insights for policymakers, regulators, and financial institu-
tions. Encompassing a wide geographical area and spanning
the years 2010-2022, this study makes a substantive con-
tribution to scholarly discussions, laying the groundwork for
future research, policy formulation, and strategic adaptations
in the banking sector to technological progress. Figure 1
depicts an uninterrupted rise in FinTech adoption in the
Developing countries’ banking industry over time. From 2014
onwards, economic governance has shown a diverse trajectory
but has consistently risen. On the other hand, banks have been
declining in performance over time, indicative of a downward
drift in the banking sector of developing countries.

Using a rigorous empirical framework, we analyze data
from BankFocus, the International Monetary Fund (IMF),
World Development Indicators (WDI), and the Global
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Fig. 1 Statistical trend of BP, FT, & EG.

Financial Development Database (GFDD). These sources
provide insights into bank performance, FinTech adoption
rates, and governance metrics. The Method of Moments
Quantile Regression (MMQREG) is applied to investigate
FinTech’s varied effects across different levels of bank per-
formance under diverse governance conditions. Bootstrap
Quantile Regression (BSQREG) further corroborates these
results, bolstering the reliability of the estimates. Spanning
2010-2022, the research captures significant shifts in FinTech
and governance, facilitating a comprehensive analysis of the
research objectives. This study significantly contributes to the
growing knowledge of fintech and bank performance. Eluci-
dating the complex interplay between fintech, economic gov-
ernance, and bank performance provides a robust framework
for understanding the dynamics of financial innovation in the
modern banking landscape. The insights from this research
are poised to inform future scholarly endeavours, guiding the
development of more nuanced and contextually relevant the-
ories and models. Additionally, the practical implications of
this study can help shape effective policies and strategies for
leveraging fintech to enhance bank performance in diverse
economic contexts.

The rest of the research is arranged as follows: Section “Review
of Literature” interprets the historical literature. Section
“Research Methods” explains the data source and methodology.
Section 4 demonstrates the models’ estimations. The last section
expresses the study’s conclusion, policy recommendations, and
limitations.

Review of Literature

The impact of fintech on bank performance. FinTech has gained
growing attention in financial research due to its transformative
role in banking and financial services. While its exact origins in
the financial lexicon remain unclear, it has been applied in var-
ious contexts. Scholars have defined FinTech by examining its
core functions. According to Hu et al. (2025), FinTech comprises
businesses that enhance the efficiency of financial products.
FinTech is a recently emerged segment within the banking and
financial sector that utilizes technology to enable a wide range of
financial endeavours, including trade, corporate operations, and
retail consumer services (Micu and Micu 2016). The integration
of technology into banking operations has led financial institu-
tions to adopt FinTech into their strategic frameworks. This shift
has fostered the advancement of technologies such as blockchain
and artificial intelligence (AI), transforming how financial ser-
vices are delivered.

Acar & Citak, (2019) examine the Turkish financial structure.
They describe the progression of recommending the amalgama-
tion of new financial Digitization for Turkish financial institu-
tions. Before implementing technological-financial services, their
task included investigating the need to familiarize FinTech with
the internal structure of banks. Rapid developments in techno-
logical means have induced a shift away from personal
connections and toward reliance on data. Arnoud Boot et al.
(2020) assessed the implications of technological advances and
digital venues on financial conciliation. Also, the proliferation of
innovative mediums of expression might compromise the
traditional banking system. Furthermore, as a result of these
recent adaptations, we are confronted with new hazards,
including but not limited to data loss, technological advance-
ments, and alterations in development, which pose challenges in
management and Control.

As FinTech adoption increases, developing reliable indicators
to measure its integration into banking becomes essential. Web
crawlers and word analysis of frequency underpin the FinTech
index bank (Cheng and Qu 2020). Liu et al. (2020) delineate the
several stages implicated in developing the FinTech index for
Chinese banks. More precisely, they use search engines like Baidu
to systematically analyze text and determine the frequency of
terms related to FinTech. In addition, Deng et al. (2021) derived
the FinTech indexes using the government’s digital financial
index. The research data used in this study was acquired from the
Peking University Digital Finance Research Center. The evalua-
tion of the degree of FinTech development was carried out via a
keyword search methodology, as described in the study by (Wang
et al. 2021). Based on the theoretical insights and empirical
findings discussed above, we propose the following hypothesis:

H1: FT has a positive effect on BP in emerging economies.

Economic governance and bank performance. Economic gov-
ernance is a key institutional factor influencing banking system
performance. It affects regulatory quality, investor confidence,
and overall economic stability, all of which are critical to bank
profitability and resilience (Haile, Mulugeta (2025)). Numerous
studies have emphasized that good governance enhances financial
performance by reducing systemic risk and strengthening
operational efficiency (Bakar 2020).

For instance, Athari et al. (2023) examined how country-level
governance affects the sustainability of the banking sector in
vulnerable environments across emerging economies. They found
that stronger governance, especially in areas like government
effectiveness, political stability, and regulatory quality, helps
banks perform better over the long term and reduces their
exposure to risks. These results highlight that good governance is
important not just for everyday operations but also for keeping
the banking sector stable during economic crises or external
shocks.

Lestari and Rahmanto, (2021) employed the Worldwide
Governance Indicators to quantify governance quality across
countries. Their analysis reveals that stronger governance
correlates with improved financial sector performance, including
higher bank profitability and lower risk levels. The methodology
employed in their study, which includes extensive data collection
and rigorous statistical analysis, lends credibility to their findings.
However, the broad scope of their study necessitates more
focused research on specific regions, such as Asia, to understand
the nuanced effects of governance on bank performance in
different contexts (Fu and Mishra 2022).

In Asia, governance quality varies significantly, influencing
bank outcomes across the region. A study by the Asian
Development Bank (2021) highlights that countries with robust
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Table 1 FinTech and bank performance literature summary.
Authors Period Approach to analyze Findings
Cheng and Qu 2020) 2008-2017 Analysis by regression (=) Credit risk
Phan et al. (2020) 1998-2017  Analysis by regression (=) Bank performance
Katsiampa et al. (2022) 2013-2019  Analysis by regression (=) Bank performance
Zhao et al. (2022) 2003-2018 Dynamic GMM estimator (Two-step (+) Bank CAR
system), (=) EPS & Asset quality

Wang et al. (2021) 2008-2017 Analysis by regression (+) Total productivity
Keliuotyté-Staniuléniené & Smolskyté 2010-2017  Panel data fixed effects regression (+4) Bank performance
(2019)
Nguyen et al. (2022) 2013-2018  Analysis by regression (=) ROE

(+) ROE & RAROA
Chen et al. (2019) 2003-2017 Machine learning regression analysis (4) Financial sector
Lee et al. (2021) 2003-2017 Dynamic panel GMM (+) Cost efficiency
Tang (2019) 2009-2012 Analysis by regression P2P systems complement and replace

banks.
Li et al. (2022) 2003-2019 FinTech textual analysis, regression analysis (—) Bank performance

governance frameworks, such as Singapore and Hong Kong,
exhibit higher levels of financial sector development and stability.
These findings are supported by empirical evidence showing that
effective governance mechanisms, including robust regulatory
frameworks and transparent financial practices, contribute to
improved bank performance. However, these findings are echoed
by Bashayreh Ala’and Wadi (2021), who also notes considerable
variation within the region, highlighting the need for country-
specific studies to understand governance heterogeneity. Drawing
on the preceding literature, we formulate the following
hypothesis:
H2: EG exerts a positive influence on BP.

Interplay between fintech, economic governance and bank
performance. The interaction between FinTech and economic
governance presents a complex yet critical determinant of bank
performance. While fintech innovations can enhance efficiency
and broaden financial inclusion, their impact is mediated by the
quality of economic governance (Phan et al. 2020). Strong gov-
ernance frameworks can facilitate the seamless integration of
digital technologies into the financial system, amplifying its
positive effects on bank performance.

A study by Pavlov et al. (2022) explores this interaction,
focusing on the Chinese banking sector, showing that the benefits
of FinTech adoption are more pronounced in regions with
stronger governance institutions. Their findings are based on an
analysis of governance quality and FinTech uptake, which
supports the view that economic governance moderates FinTech’s
effects. However, due to the study’s national focus, broader
comparative analyses are needed across different Asian
economies.

Conversely, studies such as those by Bin-Nashwan (2022)
suggest that poor governance can exacerbate the risks associated
with fintech adoption. Their research indicates that fintech can
increase financial instability and operational risks for banks in
countries with weak regulatory frameworks. This underscores the
importance of effective governance in mitigating the potential
downsides of fintech and ensuring its positive impact on bank
performance. Following the discussion above, we advance the
third hypothesis as follows:

H3: EG moderates the relationship between FT and BP, such
that the positive effect of FT on BP is enhanced under stronger
governance frameworks.

Moreover, several research gaps remain Despite the extensive
literature on fintech, economic governance, and bank

performance. First, there is a need for more region-specific
studies that capture the unique dynamics of fintech adoption and
governance in the Asian context. While global and country-
specific studies provide valuable insights, Asia’s diverse economic
and regulatory landscapes necessitate a more granular analysis.
Second, existing studies often examine fintech and economic
governance in isolation, overlooking their potential interactions.
This study aims to bridge this gap by exploring how economic
governance moderates the impact of fintech on bank perfor-
mance, providing a more holistic understanding of these
interdependencies. Third, the literature lacks a critical synthesis
of the methodologies and findings of existing studies. This study
aims to provide a more nuanced understanding of the fintech-
bank performance relationship and its governance context by
critically evaluating prior research’s provenance, methodology,
objectivity, persuasiveness, and value. The preceding scholarly
works are briefly outlined in Table 1. The academic paper
emphasizes the duration of the research, the methodologies used,
the researchers involved, and the outcomes obtained.

After evaluating the prior research by (Bellardini et al. 2022),
Zhao et al. (2022), Nguyen et al. (2022), and Lee et al. (2021), we
found an absence of investigation into how FinTech and
economic governance affect the banking sector performance of
Developing economies, including underdeveloped nations. Few
empirical studies analyze FinTech adoption holistically Bellardini
et al. (2022) and Arnoud Boot et al. (2020). The role of economic
governance and bank performance are interconnected. While
individual aspects of these factors have been explored in isolation,
there is a gap in the literature that integrates these elements into a
cohesive framework, especially within the unique context of
Developing countries. Furthermore, the existing body of literature
(Antwi-Wiafe et al. 2023; X. Chen et al. 2021) often lacks a
regional-specific approach, particularly concerning Developing
countries.

Given the significant diversity among Developing economies,
the implications of FinTech on economic governance can vary
considerably across nations. This gap in region-specific empirical
research limits our understanding of how these factors interact
within the Asian context. Another literature gap this study aims
to address is the need for a more in-depth examination of
banking performance, especially in underdeveloped nations
(Bashayreh Ala’and Wadi 2021; Phan et al. 2020). The banking
sector plays a pivotal role in these economies, and knowing
whether FinTech and economic governance affect bank perfor-
mance is vital for economic development and stability. Further-
more, our objective is to tackle the use of sophisticated statistical

| (2025)12:1455 | https://doi.org/10.1057/s41599-025-05571-8



ARTICLE

approaches. Numerous studies on FinTech use traditional
statistical methods (Cheng and Qu 2020; Katsiampa et al. 2022;
Nguyen 2022), which may not fully reflect the complexities of the
examined relationships.

The research aims to use advanced approaches such as MMQR
and BSQR to provide a more detailed and thorough analysis.
Furthermore, the research often overlooks the consequences of
the connections between FinTech, economic governance, and
bank performance. Policymakers and industry stakeholders seek
insights into how these factors inform policy formulation. The
finding aspires to conduit this slit by examining the practical
implications and offering guidance on policy decisions within the
financial sector. In conclusion, due to the lack of literature on the
topic, the research further narrows its attention to Developing
economies in their developmental stages. The Developing
countries were selected because they share comparable economic
structures, trade profiles, and development and technological
innovation projections.

Using the MMQR & BSQR method, this study analyzed data
from 2010 to 2022 to determine how advances in technology and
economic governance would affect the Bank’s intensity. Including
economic governance as a moderating variable adds a layer of
complexity, raising questions about how regulatory frameworks
can potentially shape the outcomes of this relationship. This
research holds particular relevance as Developing countries chart
their course in the COVID-19 post-era, where the interplay of
technology, governance, and performance has far-reaching
consequences for their financial landscapes.

Research Methods

Data. The epistemology that underpins this present research
study is positivism, which posts an objective, measurable, and
verifiable understanding of reality to account for the phenom-
enon under study. This theoretical framework facilitates the
application of quantitative procedures to develop correlations
between factors so that formulated findings can be accurate and
applicable to other circumstances. It is similar to the epistemology
view that knowledge is obtained from research findings and
evidence.

The study, therefore, adopted a correlational research design
using Panel Data Analysis as the primary analytical tool. This
plan allows the analysis of how FT correlates with EG and BP in
several countries over a given period. In light of this, the
correlational design is appropriate in establishing the existence
degree and direction of the relationships between the study
variables, thus warranting comprehensive and methodical
responses to the research questions.

This study employs a country-level panel dataset comprising 33
developing Asian countries over the period 2010-2022. BP is
constructed using principal component analysis (PCA) on
aggregated financial ratios such as Return on Equity, Net Interest
Margin, Tobin Q, and liquidity ratio, derived from BankFocus.
Given that the FinTech and economic governance indicators are
constructed from country-level data, the bank performance
metrics were also used at the national level. This approach
ensures consistency in the unit of analysis and avoids the need for
multilevel modelling. Given the aggregation of all key metrics at
the country level and limited variation in the number of banks
per country, multilevel modelling was deemed unnecessary and
potentially over-specified.

Similarly, FT adoption is measured using country-level
indicators, such as ATMs per 100,000 adults, financial institution
account ownership (age 15+ ), and outstanding loans from
commercial banks, sourced from IMF’s FAS and GFDD. The EG
variable is also constructed at the country level using PCA on

three World Bank governance indicators: Political Stability,
Government Effectiveness, and Voice & Accountability. Since
both independent (FT, EG) and dependent (BP) variables operate
at the country level, no multilevel modelling was required. The
final panel includes country-year observations, with control
variables aligned accordingly. Figure 2 presents the geographic
distribution of the countries included in the study.

Econometric specification. To further assess the potential impact
of economic governance and innovation in technology on Bank
performance, we build on the prior argument and the work
performed by various scholars to create the multivariate frame-
work (Fig. 3) below:

BP;, =f(FTit7EGita OE;, CAD;,, GDPy, INGiz) (D

Where in Eq. (1): the t and i (2010-2022) and (Developing
economies). BP denotes bank performance and the explained
variable in the study, FT denotes FinTech and the explanatory
variable, EG donates economic governance and the moderating
variable, and Control represents all the control variables,
including Return on Assets, Z-score, economic growth, and
inflation. Integrating the interaction term into Eq. (1)

BP, = f(FT,, EG,, FT;, x EG,, , OE;,, CAD;,, GDP;, ING;) (2)

1

In Eq. (2), FT*EG is the notation for the interacting term
between FinTech and economic governance.

BP, =9y + 9, FT;;, ),EG;, 9, FT;, * EG;9,0E,,

3
9;CAD,,, 9;GDP,,, 9,ING,, + ¢;,) ®)

Where in Eq. (3): & is the model’s error term. Specifics, such as the
unit of measurement and the data sources, are listed in Table 2.
Natural logarithm forms for all parameters are used. Expected
values for the variables under consideration are as follows: FT is
hypothesized to have positive interconnection BP, as defined by
(9, = 9,BP,,/FT;, >0). Furthermore, we anticipate a positive
relationship  between EG and BP, as shown by
(9, = 9,BP,/EG, >0). It is expected that the interacting term
FT*EG will have a positive relationship with EG and that the
relationship between FT and BP will be positive

;= 93% >0), and that the relationship between the

various BP;,. Control variables would be mixed (plus and minus).

Methods of Econometrics

Cross-sectional dependence test. The methods proposed by
Pesaran (2004) and Hashem Pesaran and Yamagata (2008)
evaluate the possibility of cross-sectional dependence and the
homogeneity or heterogeneity of the slope coefficients. The
inherent ambiguity in slope coefficients and the difficulty of using
a cross-sectional study approach might lead to misleading and
inconsistent results (Tufail et al. 2023; L. Wang et al. 2020). So,
the heterogeneity of the slope coefficient was examined using the
methodology suggested by (Hashem Pesaran and Yamagata
2008). Also, to check for cross-section dependence, we used the
test that (Hashem Pesaran and Yamagata 2008) and (Pesaran and
Yamagata 2021) created. After that, we looked at the features of
stationarity. As seen in Eq. (4), the Pesaran cross-section (CD)
test’s fundamental Equation is:

2T N-1 N @
SD=\INN-DN (; i COW”)

Unit root test. In previous decades, the prevalent technique for
evaluating the dependability of a single time series included the
use of typical unit root tests. The process of assessing the presence
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Fig. 2 Geographical locations of study.

of a unit root in a panel framework is a comparatively recent
technique encompassing intricate asymptotic characteristics,
which are highly dependent on the anticipated structure of the
analyzed data. Multiple tests have been conducted to assess the
conformity of our outcomes with other theories and standards.
Levin et al. (2002) suggest using panel unit root testing as a
feasible alternative to doing single unit root tests on each expla-
natory sample. There is a prevailing notion that this test
demonstrates higher reliability. The alternative hypothesis states
that all-time series must have a unit root, whereas the null
hypothesis states that no such root exists. The entire set remains
in its original state, with no alterations made. The under exam-
ination reveals a configuration similar to a panel-based structure,
which is then analyzed using the Augmented Dickey-Fuller
(ADF) method. From a mathematical perspective, the Eq. (5) is in
disarray.

pi
Ayy =00+ LZ giLyi,t—L + @il + €,m =1,2,3  (5)
=i

According to Im et al. (2003), the LLC test must exhibit
individual homogeneity. This study proposes the inclusion of a
heterogeneous coefficient on the lagged dependent variable,
Yir—1» and presents a testing methodology that involves
aggregating unit root test statistics. The Equation provides the
computed model (1). The null hypothesis posits that each series
inside the panel has a unit root, denoted as HO : pi = p = 0.
The alternative hypothesis proposes that particular series have
unit roots while others are stationary. Specifically, the

alternative hypothesis states that HI : piOfori=1,2........ N
and pi=0fori=N+1,..........N. The IPS t statistic is
6

»
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computed as the mean of N separate ADF statistics, provided
in the following Eq. (6).
ES> ©)
t==—>t,
Nzt

In addition to the more standard LLC and IPS testing, we
performed numerous more complex panel root checks. These
new tests were intended to address many issues with previous
tests. Each sample’s ADF Fisher chi2 test, Pesaran IPS test and PP

Fisher chi2 test outperformed the LLC and IPS tests in Monte
Carlo simulations for identifying the panel’s unit root.

Cointegration test. We employ the Westerlund (2007) coin-
tegration test to investigate the persistence of correlations across
time. The Westerlund error correction-based study uses two
groups of mean data types and two-panel statistics data types. Gt,
Ga, and Pt, Pa are the statistics groups used to represent panel
data. A panel study corroborates evidence opposing cointegration
and the absence of groups. The cross-section does seem coin-
tegrated if one believes the group statistic employed for the
decision. This formula may compute various helpful group mean
and panel group statistics.

1Y g
Ga = N igl SE(a;) @
1 X Ta;
G = NiZial(1) ®)
a
= Sk ©)

| (2025)12:1455 | https://doi.org/10.1057/s41599-025-05571-8



HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-025-05571-8 ARTICLE

_______—

BP;, = f(FEy, EGy, FTEGy, CADy, ING;,,, GDPy,)

s:lection o erfgirrtlrtnce Fintech (FT) (Eaflzr:g::cce ac(l::pzxt:' infiation \ ELONORIG
variables T T (cap)|  / (no) growth (GOP)

33 Asian From 2010 to
economies Y, 2022

/

Slop
heterogeneity

Cross-section Pesaran &
- lLe s /4 Yamagata, 2021

Panel Unit
/" root test

Panel Westerlund,
“cointegration 2007
Machado, J.A.F.
Rios-Avila,
mz‘.’s‘aa‘(u;(’igz" >F.l’“a"do (zozn' >

Koenker, R.

/ BSQR / 2005 y >

Fig. 3 Study analysis chart.

Variables Description Source
Dependent
Bank Performance (BP) A composite index was generated using Principal Component Analysis (PCA) of five BankFocus (BvD)

financial ratios: Return on Equity (ROE), Net Profit Margin, Liquidity Ratio, Tobin's Q,
and Net Interest Margin. These indicators collectively reflect a bank’s profitability and

performance.
Independent
FinTech (FT) A composite index created via PCA based on the following indicators: Number of IMF-FAS, Global Findex, GFDD
ATMs per 100,000 adults, Financial institution account ownership (% of population ~ (World Bank)
aged 15 + ), and Outstanding loans from commercial banks (% of GDP). These
indicators capture the level of FinTech adoption and financial access.
Moderating
Economic Governance An index constructed using PCA from three governance dimensions: Political Stability ~World Bank, (WGI)
(EG) and Absence of Violence/Terrorism, Government Effectiveness, and Voice and
Accountability. These reflect the quality of institutional governance in each country.
Control
Economic Growth (GDP) GDP per capita (%), a standard measure of economic growth World Bank, (WDI)
Inflation (ING) Population total was initially listed but replaced with Inflation rate (%) as a more

relevant macroeconomic control.
Industry-specific Control Variable
Capital adequacy ratio CAD is a measurement of a bank’s available capital expressed as a percentage of a  BankFocus (BvD)
(CAD) bank’s risk-weighted assets (Tier 1 Capital + Tier 2 Capital) / Risk-Weighted Assets

P T 10 Benchmark Estimations (MMQR). Due to the deficiencies of
a= “a (10) " traditional methods of assessing distributional and heterogeneity

In Egs. (7) to (10), the group T-statistics are G,, and G, & effects, panel quantile regression analysis across quantiles is
T-statistics for the panel are P, and P,. increasingly being employed (Sarkodie and Strezov 2019). Panel
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Table 3 Descriptive statistics.
Variable BP FT EG CAD ING GDP FTEG
Mean 3.035 —3.505 —8.165 2.681 17.000 8.745 1272
Median 0.046 0.162 0.247 2.830 17.000 8.482 0.568
Maximum 3.450 2223 2118 4134 33.000 11.493 12.242
Minimum —8.471 —3.879 —6.349 0.385 1.000 6.286 —1.502
Std. Dev. m7 1.317 1.402 0.698 9.533 1.294 2179
Skewness —1.534 —-0.517 —1.706 —0.697 —6.275 0.220 2.559
Kurtosis 11.537 2375 7.781 3.377 1.798 2.054 10.744
Jarque-Bera 1470.899 26.125 616.632 37.256 25.835 19.461 1540.140
Source: The authors’ estimations.
quantile regression was developed in 1978 by Koenker & Bassett, .
(1978) to assess the conditional means of several dependent Table 4 Slope coefficients are homogenous.
variables in light of explanatory variables employing quantile | )
regressions. The quantile regression estimate method is less [A prdusted
affected by outliers since it determines the conditional standard of | 2.964 5.343
the independent parameters. This approach is suggested when
two variable-dependent methods are unstructured (Aziz et al. | Source: The authors’ estimations.
2020). Moment’s quantile regression (MMQR) using a fixed
effects approach was employed by (Machado and Santos Silva .
2019). Unobserved panel diversity cannot be handled by quantile | Table 5 Cross-Section Dependence Test.
regression, only outliers.
Unlike previous solutions, the method described here reflects | Variables cD CDw CDw++
the predetermined heterogeneous covariance implications of bank BP 18.4702 5.2502 766.5802
performance variables by allowing the particular influence to | FT 37.7302 11.0402 1090.410°
affect the complete distribution (Canay 2011; Koenker 2004). In | EG 1.9602 3.5602 818.4402
the case of cloistered effects and endogenous explanatory | CAD —0.270° —1.4302 655.4802
variables, the method employed is the most suited. Quantile | GDP 22.940° 7.6902 558.770°
regression generates realistic non-crossing valuing quotations. ING 23.740° 4.760° 841.860°
Since it generates non-crossing price quotations, MMQR is Source: The authors' estimations. The coefficient is significant at 1%2, 5%P and 10%¢.

straightforward. Using the Equation below, we can estimate the
conditional quantiles for the location-scale alternative Qy(]X)

Y,=a+ Xitﬁ + (51‘ + Zity)uit (11

Equation (11) requires examining the probability, P = (a, /3, 5, y),
and parameters. Z indicates the k-vector of known elements of X,
whereas the individual i-fixed effects are (ai, 51‘)7 i=1,...,n

Results & Discussion

Empirical estimations. The estimates obtained using the
econometric methodologies discussed in this section are offered
here, along with a comprehensive breakdown and argument of
the resultant statistics. Descriptive statistics offer comprehensive
insights into the variables studied, and the results are reported in
Table 3. BP shows a notable disparity between its mean of 3.035
and its standard deviation (SD) of 1.117. Notably, Iraq has the
minimum BP value at —8.471, indicating its banks are among the
least stable in the dataset. The other countries with the lowest BP
values are the Syrian Arab Republic (SAR), Georgia, and Japan,
which reflect higher financial risk for them. The maximum BP
value, 3.450, was attributed to Kazakhstan in 2010, along with
other top emitting nations, including Kyrgyzstan, Tajikistan, and
Azerbaijan.

The FT mean is —3.505, with an SD of 1.317 values. Notable
countries like Tajikistan, Pakistan, Cambodia, Nepal, and Iraq
reflect lower values. Tajikistan reported a minimum value of
—3.879 in 2011, indicating varied levels of FT. On the other hand,
the United Arab Emirates (UAE), Japan, Thailand, and Kuwait
consistently exhibit higher FT wvalues, often surpassing 2.
However, UAE achieved a maximum of 2.223 in 2017, high-
lighting commendable achievements and indicating strong digital
financial service adoption.
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The mean EG during the sample period is —8.165, with an SD
of 1.402. Across most Asian economies, mixed-trend EG values
are prevalent, with Japan, Singapore, Cyprus, and Malaysia
reporting high values. Syrian Arab Republic records a minimum
EG value of —6.349 in 2022. In contrast, Japan consistently
demonstrates high EG values, reaching a maximum of 2.117 in
2015. The mean of OE is 0.172, with an SD of 0.791. The mean of
CAD is 32.681, with an SD of 0.698. The mean of ING is 17.000,
with an SD of 9.533, and the mean of GDP is 8.745, with an SD of
1.294.

The study evaluates the asymmetry of the numbers, specifically
focusing on the non-normal distribution of the variables as
indicated by their skewness and kurtosis values. In this
examination, it is crucial to prioritize verifying the normal
distribution of the statistics. Therefore, a normality test is
employed (Jarque and Bera 1987). Consequently, it is experi-
mental that all variables exhibit anticipated nonlinear patterns
and refute the null hypothesis.

This study further employs two conventional methods to detect
the presence of panel data issues, namely the tests for
heterogeneity of slope coefficients and cross-sectional depen-
dence. According to Tables 4 and 5, these assessments led to the
following conclusions. The arithmetic significance of both the
delta and the corrected delta was determined at the 1% level after
examining the diversity in slope coefficients. Based on the
findings of Hashem Pesaran & Yamagata, (2008), which rejected
the null hypothesis of equal slope coefficients, it was determined
that slopes exhibited non-uniformity across the distribution.

This observation affirms the distinctiveness of these economies
in terms of their economic status, national political systems,
power dynamics, monetary aspects, and other relevant factors.
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Table 6 Panel unit root analysis.

Variables LLC IPS ADFF PPF

BP —8.9252 —3.7232 108.3282 138.1822
FT —11.6262 —6.659P 177.4012 168.8102
EG —11.5602 —7.7822 176.542> 378.8312
CAD —7.0302 —3.3402 102.4702 139.1342
GDP —5.9802 —5.181° 131.606P 173.4510
ING —5.9042 —4.2472 128.5082 141.9942

Source: The authors’ estimations. The coefficient is significant at 1%2 and 5%?.

Table 7 Cointegration analysis.

Statistic Gt Ga Pt Pa
Values —6.1392 —0.731 —9.7402 —0.998
P-Values 0.000 1.000 0.000 1.000

Source: The authors’ estimations. The coefficient is significant at 1%?2.

On the other side of the picture, CD evaluation results indicate
that nearly all components have significant impacts. Hence, it
may be deduced that the Developing economies exhibit
characteristics of cross-sectional reliance. The CD test yielded
noteworthy findings, particularly indicating the potential for
interdependence among economies; any change in one economy
could affect how healthy measures are done in other countries.

Table 6 presents the panel unit root test results using four
approaches: Levin, Lin & Chu (LLC), Im, Pesaran & Shin (IPS),
ADF-Fisher Chi-square (ADFF), and PP-Fisher Chi-square
(PPE). These tests assess the stationarity of all variables employed
in the analysis. The results indicate that all variables are stationary
at level form across most testing methods at the 1% or 5%
significance level. Specifically, BP, FT, CAD, GDP, and ING reject
the null hypothesis of a unit root under all four test criteria,
confirming their stationarity. However, EG displays mixed
results. While the ADFF and PPF tests suggest significance at
the 1% level, the LLC and IPS tests do not consistently reject the
unit root hypothesis at conventional significance levels.

These mixed results for EG suggest that it may not be
stationary in level form across all test methods. However, when
first differenced, the variable achieves stationarity at the 1%
significance level across all test types, indicating that it is
integrated of order one, I(1). This finding implies that all variables
included in the model are suitable for further panel data analysis,
such as co-integration testing or dynamic panel estimation, as the
majority demonstrate stationarity or become stationary after first
differencing.

According to Table 7, the cointegration study yielded the
following results. Consider a test statistic that is statistically
significant at a 1% level for a cointegrated variable. In that case, it
may be inferred that the variable is cointegrated. In the Asian
setting, there are enduring associations among many financial
indicators, namely BP, FT, EG, CAD, GPD, and ING. The
confirmation of long-run cointegrating correlations is achieved
using the suitable panel regression approach to predict long-run
coefficients.

Empirical analysis outcomes. The results from the MMQR are
presented in Table 8, providing detailed estimates across location,
scale, and quantile-specific effects. The findings show that FT has
a positive and statistically significant impact on BP across all

quantiles, though the magnitude of this effect decreases at higher
quantiles. Specifically, FT’s effect ranges from 0.135 (z=2.09,
p <0.05) at the 10th quantile to 0.055 (z=1.08, p <0.10) at the
90th quantile. This pattern indicates that FT contributes more
substantially to BP improvements in lower-performing banks
compared to higher-performing ones.

This phenomenon may arise because FT provides financial
goods and services to individuals and small firms without access
to such resources. While the credit risk profiles of these new
participants remain a concern, the results indicate that FT’s net
impact is beneficial, potentially driving inclusivity without the
destabilizing effects previously theorized. However, challenges
persist, as regulatory and supervisory bodies in developing
countries might face difficulties consistently keeping up with
the rapid evolution of financial technologies. Ensuring that newly
introduced participants in the financial system adhere to
prudential norms and consumer protection requirements con-
tinues to pose significant challenges, particularly at higher
quantiles where the impact of FT diminishes.

The study’s findings are partially consistent with those of
Antwi-Wiafe et al. (2023), who showed that FT positively impacts
African banks’ short-term and long-term performance. However,
the new results suggest that the relationship between FT and BP is
context-dependent, with FT providing net positive effects under
specific economic conditions. Similarly, Nguyen et al. (2022)
noted an adverse association between financial inclusion and
performance, which may still apply in specific contexts but is less
pronounced in the current study’s findings. The positive
correlation between FinTech and bank profitability aligns with
the view that FinTech credit can diversify financial portfolios,
enhancing BP in emerging markets. However, these findings
challenge the conclusions drawn by Dasilas and Karanovi¢
(2023), Yudaruddin, (2023), and (Kharrat et al. 2023), which
suggested a uniformly positive relationship between FT use and
improvements in BP.

The interaction term, FTEG, also shows a positive and
statistically significant relationship with BP across all quantiles,
although its effect is more modest. The coefficient is highest at the
median quantile (0.097, z=4.07, p<0.01) and remains signifi-
cant up to the 90th quantile (0.059, z=2.09, p<0.05). This
implies that the effectiveness of FinTech is enhanced in countries
with stronger governance structures, as sound regulation and
accountability help mitigate risks associated with rapid financial
innovation.

EG independently exerts a strong and statistically significant
positive effect on BP throughout the distribution. At the 10th
quantile, the coefficient is 0.288 (z = 4.08, p <0.01), declining to
0.110 (z=1.90, p < 0.10) at the 90th quantile. This result suggests
that economic governance plays a more influential role in
improving the performance of weaker banking systems, where
institutional frameworks are essential for reducing systemic risk
and ensuring confidence in financial operations.

Our findings align with those of (Ozili 2018), who determined
that many factors, such as political stability, government efficacy,
investor protection, regulatory quality, unemployment rates, and
corruption control, play a crucial role in influencing banking
stability in the African context. Study findings suggested that
governance structures (GS) and law and order (LAO) have
favourable and statistically significant effects on foreign policy
(Danlami et al., 2023). Regarding control variables, all three, ING,
CAD, and GDP, exhibit statistically significant relationships with
BP. ING shows a consistent positive effect across quantiles, with a
coefficient of 0.037 (z = 1.30, p < 0.10) at Q10, increasing to 0.062
(z=2.75, p<0.01) at Q90. This may reflect the pricing power of
banks in inflationary contexts, particularly in developing
economies.
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Table 8 MMQR analysis.
Variables FT EG FTEG CAD ING GDP _cons
Location 0.0992 0.2092 0.0902 0.2142 0.0482 —0.2872 2.9372
z-stats 2.58 4.86 424 553 2.83 —-9.13 10.18
Scale 0.026 0.058¢ 0.018° 0.002 0.008 —0.026 0.531°
z-stats 0.88 178 112 0.08 0.64 -1 2.42
Lower Quantile 0.1 0.135b 0.2882 0.1152 0.2112 0.037¢ —0.25712 2.2172
z-stats 2.09 4.08 3.26 3.26 1.30 —4.81 4.67
0.2 0.124b 0.2652 0.1082 0.2122 0.040¢ —0.2612 2.4243
z-stats 2.26 437 3.57 3.82 1.65 —5.82 5.94
0.3 omze 0.2472 0.1022 0.2122 0.043b —0.2692 2.5842
z-stats 2.39 4.60 3.82 4.33 1.98 —6.77 7.4
Middle Quantile 04 0.109° 0.2292 0.0972 0.2132 0.045b —0.2782 2.7502
z-stats 2.51 4.80 4.07 491 2.37 —7.89 8.56
0.5 0.100b 0.2102 0.0912 0.2142 0.0482 —0.2862 29262
z-stats 2.58 4.89 4.25 55 2.81 —9.08 10.13
0.6 0.092b 0.1922 0.0852 0.2152 0.051@ —0.2952 3.0932
z-stats 2.52 474 424 5.88 3.15 9.93 11.36
Higher Quantile 0.7 0.083b 0.171@ 0.0792 0.2152 0.0542 —0.3042 3.280°
z-stats 2.27 4.22 3.91 5.90 333 -10.23 12.03
0.8 0.073¢ 0.1492 0.0722 0.2162 0.057° —0.3142 3.4782
z-stats 1.85 3.37 3.28 5.46 3.24 —-9.72 1.66
0.9 0.055¢ 0.110¢ 0.059b 0.2182 0.0622 —0.332° 3.8412
z-stats 1.08 1.90 2.09 4.25 2.75 —7.93 9.88
Source: The authors’ estimations. The coefficient is significant at 1%2, 5%P and 10%¢.

CAD also has a strong and stable positive impact on BP,
ranging from 0.211 (z=3.26, p<0.01) to 0.218 (z=4.25,
p<0.01) across all quantiles, indicating that well-capitalized
banks are better positioned to absorb risks and maintain
performance levels. In contrast, GDP shows a statistically
significant negative relationship with BP throughout the distribu-
tion. The coefficient declines from —0.251 (z = —4.81, p < 0.01) at
the 10th quantile to —0.332 (z = —7.93, p < 0.01) at the 90th. This
counterintuitive result may be due to the delayed transmission of
macroeconomic growth benefits to individual bank performance
in developing countries or possibly reflects increased competition
and margin pressures during periods of economic expansion.

The empirical evidence from Table 8, along with the
corresponding z-statistics and significance levels, confirms that
FT, EG, and their interaction play crucial roles in shaping BP in
emerging economies. These findings not only reinforce the
positive impacts highlighted in earlier studies such as those by
Antwi-Wiafe et al. (2023) and Ozili (2018) but also contribute to
the ongoing debate regarding the potential risks and limitations
associated with financial innovation in developing contexts
(Nguyen et al. 2022; Dasilas and Karanovi¢ 2023; Yudaruddin
2023; Kharrat et al. 2023). Additionally, the significant effects of
control variables like ING, CAD, and GDP provide further
insights into how macroeconomic factors interact with techno-
logical and institutional variables to influence BP.

Discussion of results. The findings from our empirical analysis
offer several important insights into the relationship between FT,
EG, and BP in developing countries. The results indicate that FT
is positively and significantly associated with BP across all
quantiles. This effect is more pronounced at lower quantiles, i.e.,
the FT coefficient is approximately 13.5% at the 10th quantile,
suggesting that financial technology may contribute more sub-
stantially to improving performance in relatively weaker banks.
At higher quantiles, the impact declines to around 5.5%, indi-
cating a diminishing marginal benefit of FT among higher-
performing institutions. This pattern suggests that FT' could play
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a facilitative role in enhancing financial inclusion by extending
services to underserved populations and small enterprises. While
some prior studies Antwi-Wiafe et al. (2023) and Nguyen et al.
(2022) have reported negative associations between FT and BP,
often attributed to credit risks or loan quality concerns, our
findings underscore that these outcomes may vary by context.
Differences in institutional environments, regulatory standards,
and technological maturity likely influence the direction and
magnitude of FT’s effects. In this regard, our findings are partially
consistent with more optimistic perspectives presented by Dasilas
& Karanovié, (2023), Yudaruddin (2023), and Kharrat et al.
(2023).

In parallel, EG is found to have a positive and statistically
significant relationship with BP across all quantiles. For instance,
a one-percent improvement in EG corresponds to a 28.8%
increase in BP at the 10th quantile, with a gradual decline in effect
size at higher quantiles. This suggests that robust governance
frameworks, encompassing regulatory quality, rule of law, and
institutional effectiveness, are especially critical for supporting
banking performance in less stable financial environments. These
findings are aligned with earlier work by Ozili (2018) and Hassan
et al. (2023), who emphasize the importance of governance
mechanisms in mitigating the risks associated with financial
inefficiencies and corruption. Furthermore, the interaction term
between FT and EG (FTEG) shows a modest yet statistically
significant positive effect on BP, particularly around the median
quantile. A coefficient of 0.097 at the 50th quantile implies that
the complementarity between digital innovation and institutional
strength can enhance bank performance. This reinforces the
argument that FT’s benefits are maximized when embedded
within a supportive regulatory and governance context.

The control variables also reveal noteworthy associations. ING
has a positive effect on BP across quantiles, potentially reflecting
banks’ ability to maintain pricing power in inflationary environ-
ments. CAD also shows a consistent and positive relationship
with BP, highlighting the role of capital buffers in enhancing
banking resilience. Conversely, GDP is negatively associated with
BP at all quantiles, with coefficients ranging from —0.251 to
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Table 9 Bootstrap quantile regression.

Variables FT EG FTEG CAD ING GDP _cons

Lower Quantile 0.1 0.1062 0.227° 0.me2 0.212 0.036°¢ —0.2472 2.1962
z-stats 3.07 6.78 472 3.59 1.65 —7.48 7.84
0.2 0.1262 0.2492 0.1092 0.1822 0.0382 —0.2482 2.2362
z-stats 5.12 11.50 6.80 471 3.06 -1.14 11.98
0.3 0.1512 0.2312 0.1132 0.2092 0.0482 —0.2222 21612
z-stats 498 7.58 7.02 9.14 3.54 —10.16 12.43

Middle Quantile 0.4 0.1222 0.2122 0.1012 0.207° 0.0582 —0.2422 2.3882
z-stats 3.17 8.46 5.39 6.03 244 —7.98 10.43
0.5 0.142 0.2022 0.0822 0.2242 0.0762 —0.2242 2.3432
z-stats 4.43 7.39 6.68 6.25 5.15 —13.32 14.26
0.6 o.na 0.1782 0.0712 0.2322 0.0772 —0.2442 2.6242
z-stats 313 5.26 3.44 9.70 5.21 —7.54 8.67

Higher Quantile 0.7 0.086P 0.2002 0.0562 0.2072 0.0812 —0.2932 3.0742
z-stats 2.45 3.91 3.15 5.38 2.99 —6.93 9.69
0.8 0.036 0.114¢ 0.0622 0.1882 0.035 —0.3082 3.3542
z-stats 0.68 1.96 3.42 513 0.85 -10.47 1.93
0.9 0.039 0.13b 0.061° 0.1822 0.037 —0.3312 3.7152
z-stats 0.87 2.32 2.20 3.98 1.45 -10.19 10.44

Source: The authors’ estimations. The coefficient is significant at 1%2, 5%P and 10%¢.

Table 10 Comparison of COVID-19.

Variables Pre-2020 Covid-19 During-2020 Covid-19 Post-2021 Covid-19

Coefficients T-statistics Coefficients T-statistics Coefficients T-statistics

FT 0.0852 1.820 0.1322 2.210 0.1032 3.300

EG 0.2282 4734 0.3342 5.640 0.0802 2.780

FTEG 0.0882 3.934 0.1092 4140 0.ne? 8.250

CAD 0.2032 3.640 0.2722 4.480 0.2742 5.540

ING 0.0492 1.877 0.1462 4.060 0.1892 8.810

GDP —0.301° —6.807 —-0.3152 —6.110 —0.4042 —15.010

R2 0.830 0.849 0.824

Adj R2 0.826 0.805 0.772

Obs 329 67 33

Source: The authors’ estimations. The coefficient is significant at 1%2, 5%P and 10%¢.

—0.332. This counterintuitive result may reflect macroeconomic
pressures or market competition in rapidly growing economies
that constrain profitability. The findings suggest that FT may
support banking performance, particularly among lower-
performing institutions, but its effectiveness depends heavily on
the quality of governance. Strong EG not only improves BP
directly but also enhances the positive influence of FT. These
insights contribute to the broader literature on the interplay
between financial technology and economic governance, while
also highlighting the importance of macroeconomic stability and
sound regulation in shaping financial outcomes.

The robustness of these empirical results is further confirmed
through Bootstrap Quantile Regression (BSQR), as illustrated in
Table 9. The consistency between the MMQR and BSQR
estimates reinforces the reliability of our findings and underscores
the critical roles of both FT and EG in shaping bank performance
in emerging economies.

Covid-19 (Covid-2020). The global outbreak of COVID-19 has
adversely affected global economic conditions. In this study,
Table 10 is used to examine the COVID-19 exogenous shock and
its effects on the causative relationships between the level of
banks’ pre-2020 FinTech expenditure and their performance

throughout the progression of the pandemic. The present study
reproduces the previously established results reported by (Ali et
al. 2023; Phan et al. 2021; Shabir et al. 2022). Thus, the overall
dataset, comprising 429 observations from 33 developing Asian
countries over the period 2010-2022, was divided into three
distinct subsamples. These subsamples represent the pre-COVID
period (2010-2019), the COVID shock period (2020-2021), and
the post-COVID recovery period (2022 onwards). The differences
in subsample sizes arise solely from variations in the number of
observations available each year and the total number of years
included in each period. In other words, as the dataset is broken
down by year, the total observations for each subsample reflect
the data reporting practices and availability for that specific time
window. The data presented in this study demonstrate a degree of
resilience against the bearings of COVID-19. Research has shown
that COVID-19 has severely impacted financial services due to
the pandemic (Hassan et al. 2025; Phan et al. 2021; Shabir et al.
2022). With the COVID-19 pandemic factored in, the FinTech
impact showed a consistent direction, statistical significance, and
economic significance.

In both the pre-COVID-19 and during-COVID-19 periods,
FinTech has consistently contributed to the positive performance
of banks due to its presence. Notably, FinTech’s impact on bank
performance was most apparent during Covid-19. After COVID-
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Table 11 Causality test (Hurlin and Dumitrescu).

Ho Wald - Stats Z-Stats p-values
BP¢FT 2.7490 2152 0.031
FT ¢ BP 4.461 7.068 0.000
BP¢EG 2.0922 4.434 0.000
EG ¢ BP 3.1342 3.258 0.001
BP ¢ FTEG 2.776b 2229 0.026
FTEG$ B P 2.0212 4149 0.000
BP¢ CAD 3.5092 10.193 0.000
CAD ¢ BP 2.747 2147 0.032
B P ¢ ING 4.0682 5.939 0.000
ING ¢ BP 1.8252 3.351 0.001
B P ¢ GDP 6.3122 12.386 0.000
GDP ¢ BP 1.8552 3.474 0.001
Source: The coefficient is significant at 1%2 and 5%P.

19, the current landscape has enhanced the benefits of FinTech
for banks. Cutting-edge technology is one of the main factors
contributing to the ongoing collaboration flanked by banks and
FinTech businesses. In the post-pandemic period, it is imperative
to bolster digital capabilities, optimize operational processes, and
provide customer-centric services (Toumi et al. 2023). Analyzing
COVID-19 results with post-adjustment procedures, utilizing
panel data set at the country level.

Robustness analysis. To perform a robustness check, A further
investigation was conducted using BSQR to assess the relation-
ship between our crucial study variables, including BP, FT, EG,
FTEG, CAD, ING, and GDP. We find that estimates of coeffi-
cients from all three approaches are consistent. The coefficient
estimates in all models exhibit consistent magnitudes, signs, and
significance levels. As a result, the results are more robust. FT,
FTEG, CAD, and GDP stability variables significantly negatively
correlate with BP over the long term. Meanwhile, CAD and ING
have a positive effect on BP over time.

Panel causality outcomes. This analysis uses the Dumitrescu &
Hurlin (2012) test to look for relationships between bank per-
formance, FinTech, economic governance, and other control
factors. As mentioned earlier, the technique has a causal rela-
tionship between these factors and practical qualities (this test can
resolve the CSD problem). The causality is determined using the
heterogeneous test non-causality (alternative hypothesis) and
homogeneous non-causality (null hypothesis). Table 11 presents
the test results from (Dumitrescu and Hurlin 2012).

The Dumitrescu-Hurlin panel technique was used in the
current investigation to determine the causal relationship between
each likely determinant. The cause-and-effect relationships
between  FT,,EGy,FT, * EG;, , CAD,,, GDP,,,andING,,  are
shown in Table 11. Banking performance and FinTech have a
bidirectional causal relationship in Developing economies.
Dumitrescu-Hurlin panel test results further demonstrated the
existence of two-way causation between BP¢FT, BP¢EG,
BP$FTEG, BP$CAD, BPSING, and BP@GDP, and BPuGDP.
The bidirectional causality between BP and key predictors
indicates a feedback loop where FinTech and governance reforms
not only influence performance but are also shaped by it.
However, GDP shows a consistent inverse causality, possibly
reflecting structural lags in economic benefit transmission to
bank-level outcomes.
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Theoretical implications. This research has significant theore-
tical and practical implications for the study of FinTech, eco-
nomic governance, and the performance of banks in developing
countries. The prevailing positive assumptions about the impact
of financial technology on banking need to be reconsidered in
light of new evidence showing a positive correlation between
FinTech development and bank performance. Additionally, our
research underscores the importance of Asian financial institu-
tions managing their FinTech resources effectively. This study
further emphasizes the need to explore the complex relationships
between legal frameworks, financial performance, and technolo-
gical advancements. Gaining a deeper understanding of these
connections can significantly enhance current frameworks and
theories in finance.

Managerial implications. This study has important implications
for financial industry professionals and decision-makers. First, it
underscores the need for a balanced and sustainable approach to
developing FinTech. Emphasizing responsible digitization and
sustainability in FinTech initiatives is crucial for creating a strong
and resilient financial landscape. Government oversight should be
strengthened to ensure that FinTech initiatives are well-governed.
Collaboration between various sectors is essential for establishing
regulations that balance innovation with financial performance.
Enhancing cybersecurity measures and enforcing strict data
privacy regulations are vital for building trust in FinTech services
and ensuring the stability of financial systems.

Interdisciplinary and societal implications. While our findings
confirm the positive role of FinTech in improving bank perfor-
mance, they also carry significant societal implications. In
developing economies, the expansion of digital financial services
is closely linked to broader efforts in reducing income inequality,
enhancing financial inclusion, and bridging the urban-rural
digital divide. The role of economic governance is particularly
relevant in ensuring that FinTech does not exacerbate existing
disparities, but rather supports equitable access to financial tools
across socioeconomic groups.

Additionally, this study indirectly touches on emerging ethical
considerations, including the use of AI and data-driven decision-
making in banking systems. As FinTech becomes more integrated
with artificial intelligence and algorithmic credit scoring,
concerns arise regarding bias, transparency, and accountability
in financial services. These questions underscore the need for not
only sound governance frameworks but also ethical oversight in
digital finance, a topic of growing interest in both economics and
the humanities.

Conclusions

This study contributes to the growing literature on the role of
financial technology in shaping banking performance within
developing economies, particularly in Asia. While existing studies
emphasize the efficiency gains and innovation brought by Fin-
Tech, there remains a gap in understanding its varied effects
across different levels of bank performance and governance
contexts. Using panel data from 2010 to 2022 and robust
econometric techniques including MMQR and BSQR, we assess
how FinTech and economic governance interact to influence
banking outcomes.

The results show that financial technology is positively asso-
ciated with bank performance across all quantiles, with stronger
effects observed among lower-performing banks. This suggests
that financial technology may offer greater relative benefits to less
efficient institutions, possibly through improved access to digital
services and cost-effective delivery models. However, these
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benefits may be accompanied by operational risks and institu-
tional challenges, particularly in under-regulated environments.
Therefore, the impact of financial technology appears to be
context-dependent and contingent on complementary institu-
tional factors.

Economic governance is found to have a consistently positive
relationship with bank performance across the distribution.
Strong governance frameworks, characterized by accountability,
regulatory quality, and institutional stability, appear to enhance
the resilience and operational capacity of financial institutions.
The interaction between financial technology and governance
further reinforces these effects, indicating that financial technol-
ogy adoption yields the best outcomes when embedded within a
sound institutional environment. Among the control variables,
GDP exhibits a statistically significant negative association with
bank performance across quantiles. While this may reflect the
pressures of rapid economic expansion on financial institutions, it
also underscores the need for banks to strengthen risk manage-
ment as economies grow. Inflation and capital adequacy, on the
other hand, show positive associations with performance, aligning
with theoretical expectations.

Limitations and prospects. This study is subject to several lim-
itations that should be acknowledged. First, the exclusive reliance
on quantitative panel data restricts the exploration of behavioral
and contextual dynamics that are often better captured through
qualitative methods. Consequently, deeper socio-institutional
mechanisms influencing the relationship between financial tech-
nology, economic governance, and bank performance may
remain underexplored.

Second, while the sample includes 33 developing Asian
economies, the findings may not be generalizable to other regions
due to significant variations in institutional quality, regulatory
frameworks, and cultural settings. These regional differences limit
the external validity of the results, particularly when applied to
developed economies or low-income countries with weaker data
availability.

Third, the post-2021 segment of the dataset shows a decline in
available observations, which may introduce attrition bias.
Although the core structure of the panel remains intact, future
research should evaluate whether the missing data affects sample
representativeness or alters underlying relationships.

Finally, this study does not account for certain emerging
determinants of bank performance, such as environmental risks,
cross-border trade linkages, or technological absorptive capacity.
In addition, non-economic factors like institutional trust, digital
literacy, and public attitudes toward financial surveillance were
not captured in the model but may significantly shape FinTech
adoption and governance effectiveness.

Moreover, these limitations suggest several avenues for future
research. Mixed-method approaches, including case studies or
expert interviews, could complement quantitative findings and
provide a more nuanced understanding of institutional behavior.
Expanding the geographic scope to include underrepresented
regions (e.g., Sub-Saharan Africa, Latin America) would enhance
comparative insights. Furthermore, interdisciplinary research that
integrates political economy, sociology, and information systems
perspectives may offer a richer, socially grounded view of digital
financial transformation.

Data availability
The data used in this study are available from the corresponding
author upon reasonable request.
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