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Abstract
While prior research emphasizes the socio-economic benefits of financial inclusion, its implications 
for bank profitability remain underexplored. This paper employs seven traditional and four digital in-
dicators to create a financial inclusion index through principal component analysis (PCA). To capture 
potential nonlinearities, quadratic specifications are incorporated within a  two-step system gen-
eralized method of moments (GMM) framework and validated using the Lind and Mehlum (2010) 
U-shape test, while Granger causality tests examine directional effects over the 2015–2023 period. 
Results indicate that traditional financial inclusion positively influences profitability, although the hy-
pothesized inverted U-shaped effect is economically plausible but not statistically confirmed. Digital 
financial inclusion initially reduces profitability, but its squared term reveals a statistically significant 
U-shaped effect, indicating gains after reaching a critical threshold. Granger causality test indicates 
a bi-directional relationship for traditional inclusion and a uni-directional for digital inclusion. The re-
sults emphasize the need for banks to integrate cost-effective digital tools alongside traditional ser-
vices. Policymakers recommended adopting supportive regulatory frameworks, enhancing financial 
literacy, and ensuring consumer protection to  foster digital transformation without undermining 
profitability. An integrated and phased approach aligning financial inclusion with profitability strat-
egies is essential for promoting a resilient and inclusive banking sector. 

Keyword: Traditional financial inclusion; digital financial inclusion; principal component analysis; 
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1.	 Introduction

Banks serve as critical components of the financial system, acting as intermediaries that 
channel surplus capital into productive investments, thereby facilitating efficient resource 
allocation and serving as a key driver of economic growth (Jajah et al., 2022; Guo and He, 
2019; Bayiley, 2013). Beyond their direct contributions to growth, banks influence finan-
cial markets, controlling significant portions of the money supply and shaping the pro-
duction landscape through the regulation of money circulation (Al Karim and Alam, 2013; 
Brigham and Houston, 2011). Furthermore, banks serve as  conduits for transmitting 
government economic policies, particularly monetary policy, into the broader economy 
(Musau et al., 2018). Consequently, a well-functioning banking sector is essential for sus-
tained economic progress, while poorly functioning banks can impede development and 
exacerbate poverty (Joseph et al., 2012).

The full potential of the financial sector can be realized if it is inclusive (Jajah et al., 
2022). Financial inclusion (FI), facilitated largely by financial institutions, plays an  im-
portant role in providing vulnerable and underserved populations with access to afford-
able financial services (Kanungo and Gupta, 2021; Demirguc-Kunt et al., 2018). This ac-
cess is instrumental in elevating both individual economic standing and societal welfare, 
particularly for low-income society (Demirguc-Kunt et  al., 2018; Lal, 2018). FI is com-
monly examined through access, availability, and usage of banking products and services 
(Erlando et al., 2020). ‘Access’ pertains to the penetration of financial services into society, 
‘availability’ to the infrastructure that supports these services, and ‘usage’ to the actual 
adoption and utilization of  financial products (Sedera et  al., 2022). While banks strive 
to maximize shareholder value (Pilloff, 1996; Kumar, 2016; Pennacchi and Santos, 2021), 
there is an increasing demand from underserved segments of society for affordable, inno-
vative financial services with flexible terms (Shihadeh, 2021; Arner, 2020; Fernandez-Olit 
et al., 2019). Governments are instrumental in promoting FI through initiatives that en-
hance financial literacy and incentivize banks to extend their services, particularly in rural 
areas (Arebo et al., 2025b; Shihadeh, 2021).

Historically, commercial banks have centered their business models on urban, for-
mally employed, and well-documented clients, leaving vast segments of  the population 
excluded from formal finance (Perdana et al., 2025). Efforts to extend conventional ser-
vices to these underserved groups have increased workforce requirements, operational 
burdens, and risk exposure. As banks allocate more resources to long-tail customers, their 
ability to maintain service quality for high-value clients may weaken, contributing to de-
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teriorating overall performance (Zhao et al., 2024). For decades, these customers were 
considered unprofitable due to high transaction costs, regulatory barriers, and perceived 
risks (Perdana et al., 2025). Expanding outreach often elevates operational costs and capi-
tal expenditures (Mehrotra and Yetman, 2015; Shihadeh, 2020), and lending to individuals 
and SMEs involves heightened credit risks arising from inadequate collateral, competition, 
and volatile income (Shihadeh et al., 2019). However, emerging evidence points to a struc-
tural transformation. Advances in digital finance, data analytics, and alternative delivery 
channels are enabling banks to serve previously excluded populations in commercially 
viable ways. Digital transformation has reduced marginal service costs, strengthened risk 
assessment, and broadened access for millions of consumers (Perdana et al., 2025; Zhao 
et  al., 2024). In  parallel, incorporating unbanked individuals and firms into the  formal 
system can expand customer bases, mobilize deposits, and create new lending opportuni-
ties, thereby enhancing profitability (Ahamed et al., 2021; Shihadeh, 2020). Accordingly, 
the relationship between FI and bank profitability remains multifaceted, context-depen-
dent, and theoretically contested (Jajah et al., 2022), underscoring the need to balance 
outreach with prudent risk management (Shihadeh, 2020).

This study offers several significant contributions to  broader literature. First, de-
spite the growing recognition of FI’s importance, research on its effect on bank profitabil-
ity remains sparse, particularly in the emerging economies context (Yakubu and Musah, 
2022; Vo and Nguyen, 2021). Several empirical studies in Ethiopia have examined bank 
profitability (e.g., Mengstie et al., 2024; Muhammed et al., 2024; Addisu et al., 2023; Bu-
shashe, 2023; Mohammed, 2023; Tura, 2023; Yusuf and Shikur, 2023; Isayas, 2022; Tibebe 
and Gujral, 2022; Ayalew, 2021; Biru, 2021; Tibebe, 2020; Berhe, 2019; Shifa et al., 2019; 
Teshome et al., 2018; Merin, 2016). These studies predominantly focus on macroeconom-
ic and bank-specific factors affecting profitability, yet they fail to  link bank profitability 
with FI. Similarly, research on FI in Ethiopia is emerging, with studies focusing on various 
aspects of FI, such as access to banking services, usage, and inclusion in rural areas (e.g., 
Arebo et al., 2025a; Denegetu, 2024; Fielding and Regasa, 2024; Menza et al., 2024; Mudes-
sir et al., 2024; Ruey, 2024; Adera and Abdisa, 2023; Giday, 2023; Hundie and Tulu, 2023; 
Hussen and Mohamed, 2023; Dagnachew and Mawugatie, 2022; Mossie, 2022; Abdu and 
Adem, 2021; Oshora et al., 2021; Lakew and Azadi, 2020; Teka et al., 2020; Timbula et al., 
2019; Desalegn and Yemataw, 2017; Rao and Baza, 2017; Alemu, 2014). However, these 
studies, too, overlook the critical intersection between FI and bank profitability. 

Moreover, existing international studies provide mixed evidence. Some find FI en-
hances performance (e.g., Ayele et al., 2025; Guo and Ma, 2025; Aziz et al., 2024; Zhao et al., 
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2024; Zheng et al., 2023; Al-Eitan et al., 2022; Erülgen et al., 2022; Jajah et al., 2022; Sedera 
et al., 2022; Pal and Bandyopadhyay, 2022; Shihadeh, 2021; Vo and Nguyen, 2021; Shiha-
deh et al., 2018), while others document profitability-reducing effects (e.g., Djani-Feuzeu 
et al., 2025; Nguyen et al., 2025; Yakubu and Musah, 2022). A major gap in this literature is 
the neglect of potential nonlinearities, limiting understanding of how FI affects profitabil-
ity across different levels of development, scale and adoption stages. Most existing works 
(e.g., Ayele et al., 2025; Guo and Ma, 2025; Aziz et al., 2024; Zheng et al., 2023; Erülgen 
et al., 2022; Jajah et al., 2022; Khatib et al., 2022; Yakubu and Musah, 2022; Kumar et al., 
2021; Vo and Nguyen, 2021) apply linear GMM methods to address endogeneity arising 
from simultaneity, dynamism and heteroscedasticity in panel data. To the best of the re-
searcher’s knowledge, this study is the first to examine the nonlinear FI–profitability rela-
tionship in Ethiopia using a nonlinear two-step system GMM framework, with the turning 
point validated through Lind and Mehlum’s (2010) U-test.

Secondly, a significant challenge in FI studies lies in the limited and often inconsistent 
metrics used to construct FI indices (Zheng et al., 2023; Jajah et al., 2022). Cross-country 
analyses relying on various datasets such as FAS, GFDD, or Findex often suffer from in-
consistent periodicity, heterogeneous measurement scales, and limited sectoral coverage 
than single-country banking data. As a result, most studies employ only a few traditional 
indicators (such as branches, ATMs, accounts, cards, loan, deposits) to construct FI indi-
ces (e.g., Ayele et al., 2025; Bhatter et al., 2025; Djani-Feuzeu and Nguena, 2025; Hassan 
et al., 2025; Nguyen et al., 2025; Saidi et al., 2025; Sha’ban et al., 2023; Al-Eitan et al., 2022; 
Khatib et al., 2022; Jajah et al., 2022; Yakubu and Musah, 2022; Kumar et al., 2021; Vo and 
Nguyen, 2021). Although recent studies (e.g., Guo and Ma, 2025; Aziz et al., 2024; Zhao 
et al., 2024; Zheng et al., 2023) have begun to recognize the growing importance of dig-
italized banking services incorporating metrics (such as mobile banking, internet bank-
ing, agent banking, or  mobile money), the  integration of  these metrics often overlooks 
the foundational role of traditional banking infrastructure, which underpins and enables 
digital expansion. As a result, most FI measurement frameworks still fall short of captur-
ing the full spectrum of traditional and digital inclusion. This study addresses these gaps 
by constructing a comprehensive, data-driven FI index for Ethiopian commercial banks 
using PCA, combining seven traditional and four digital indicators from 2015–2023. It de-
velops separate indices for traditional FI (TFI) and digital FI (DFI) to capture their distinct 
asymmetric returns for the banking sector.  Finally, this study tests the causality between 
FI and profitability to understand the directional relationship.
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The remainder of the study is structured as: Section 2 presents literature reviews. 
Section 3 outlines the methodology aspects. Section 4 presents the empirical findings, and 
Section 5 concludes with policy implications.

2.	 Literature Review

2.1  Theoretical Literature Review

The discourse surrounding FI has increasingly aligned with core banking theories, offering 
varied perspectives on the linkage between FI and bank performance. Three predominant 
schools of thought elucidate the banking sector’s role in fostering financial development 
and stimulating economic growth. The relationship between FI and bank performance is 
illuminated through three major theoretical frameworks. 

First, financial intermediation theory posits that banks function as  crucial inter-
mediaries between savers and borrowers, optimizing capital allocation and minimizing 
transaction costs linked to asymmetric information (Scholtens and Wensveen, 2003). This 
perspective highlights the role of banks in improving savings mobilization and credit al-
location efficiency, particularly in emerging economies where financial exclusion is ram-
pant (Maity and Sahu, 2020; Collard, 2007). As Mester (1992) and Allen and Santomero 
(1997) note, intermediation theory has expanded alongside changes in banking practice. 
Recent scholarship distinguishes between traditional and digital intermediation channels 
(Arebo et al., 2025a; Wang et al., 2024; Mao et al., 2023; Ren et al., 2023), with tradition-
al finance relying on physical delivery mechanisms (Wang et al., 2024; Jin et al., 2023) 
and digital finance supplementing these through technological innovation (Wang et al., 
2024; Yu and Wang, 2021). Within this theoretical frame, TFI can enhance profitability by 
expanding deposits, strengthening credit allocation, and reducing information frictions, 
particularly at early or moderate levels of expansion. However, as Babilla (2023) argues, 
TFI also imposes rising costs once outreach becomes geographically stretched as branch 
proliferation increases monitoring burdens, aggravates agency problems, dilutes mana-
gerial efficiency, and generates diminishing marginal returns. Consistent with Hong et al. 
(2025), financialization may therefore follow a nonlinear pattern due to early-stage gains 
in resource mobilization to improve performance, but extensive expansion raises operat-
ing complexity, credit risk, and cost burdens, weakening profitability at higher inclusion 
levels. From a digital intermediation perspective, the concept of technology spillover sug-
gests that digital innovation through data analytics, AI, mobile platforms, or blockchain, 
can enhance banks’ efficiency and convenience through knowledge diffusion, competition, 
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and collaborative learning. Yet in early-stage markets, digital expansion typically lowers 
profitability because financial institutions must commit substantial resources to technol-
ogy, infrastructure, cybersecurity, system integration, and human capital development 
(Yuan et al., 2025; Song et al., 2023). Yin et al. (2024) argue that digital finance initially ex-
erts negative effects because scale requirements exceed technological gains, while digital 
adoption remains uneven across customer segments. This generates “tool exclusion” and 
“evaluation exclusion” (Yin et al., 2024) or a general “digital divide” (Putra et al., 2024), 
wherein low-income, rural, or digitally illiterate customers cannot fully access digital ser-
vices. In such settings, digital finance becomes dependent on traditional banking users, 
limiting its ability to generate new business and inflating short-term costs. The early-stage 
cost burden is further amplified in  banking because digital finance requires robust in-
frastructure, interoperable payment systems, high supervisory capacity, and regulatory 
alignment (Yin et al., 2024). Under weak digital endowment, the digital divide deepens ac-
cess inequality and restricts the effective use of digital financial services, especially in ru-
ral and vulnerable communities (Putra et al., 2024). These dynamics explain why DFI may 
exhibit a nonlinear relationship with profitability during its formative stages. As digital 
systems mature, however, the mechanisms predicted by financial intermediation theory 
reemerge in digital form (Yin et  al., 2024). Digital platforms reduce information asym-
metry, strengthen risk monitoring, enhance credit scoring, lower transaction costs, and 
expand the long-tail customer base, thereby improving the profitability of banks (Hassan 
et al., 2025; Yin et al., 2024; Zhao et al., 2024; Babilla, 2023). Digital channels relax tempo-
ral and spatial constraints, reduce marginal service costs, and unlock previously latent de-
mand among underserved customers (Wang et al., 2024; Mao et al., 2023). Once learning 
effects accumulate and “break-in” periods dissipate, digital finance enhances operational 
efficiency, reduces resource wastage, and supports sustainable growth (Yin et al., 2024). 

Second, fractional reserve theory extends intermediation view by emphasizing 
the systemic ability of banks to generate money through multiple deposit expansion (Wer-
ner, 2016; Humphrey, 1986), which is enhanced by FI initiatives that enhance deposit 
growth and subsequently credit expansion. This systemic credit creation underpins eco-
nomic activity and banks’ financial performance (Sapriza and Temesvary, 2024). In con-
trast, credit creation theory asserts bank as active creators of credit, asserting that lend-
ing activities generate new deposits irrespective of prior reserves (Werner, 2014), which 
significantly impacts profitability (Nair and Von Pischke, 2007; Jakab and Kumhof, 2014). 
This theory suggests that FI initiatives can significantly boost bank profitability by facil-
itating new credit creation, although it also cautions against the risks of macroeconomic 
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instability stemming from unchecked credit expansion, as evidenced by past financial cri-
ses (Schularick and Taylor, 2012; Sutherland and Hoeller, 2012). Collectively, based these 
theories, it can be argued that FI is not merely about expanding access but fundamentally 
transforms the mechanisms of money creation and credit allocation, thereby reshaping 
bank performance and economic development.

2.2 	 Empirical Literature Review

In the growing body of empirical research, FI has emerged as a key component of financial 
sector development (Collard, 2007), particularly in its intersection with bank profitabil-
ity. The relationship between FI and profitability remains an intricate subject, as empir-
ical studies across various contexts yield mixed results. A robust review of recent litera-
ture underscores this dynamism, highlighting variations across regions, methodologies, 
and specific indicators of  FI. Recognizing this conceptual and empirical heterogeneity, 
the present review classifies prior evidence based on the specific indicators used to con-
struct FI indices and the linear versus nonlinear mechanisms underlying FI–performance 
linkages.

2.2.1  Nexus between traditional FI and bank  
      performance

Analyzing a developed market, Kumar et al. (2021), for instance, examined the profitabil-
ity of 122 Japanese banks from 2004 to 2018, revealing that FI, when measured through 
branch contraction, negatively impacts profitability. However, other indicators like loan 
accounts and ATM penetration showed no significant effect. Their study challenges 
the broad assumption that FI uniformly enhances profitability, particularly in developed 
markets where the  maturity of  financial services may reduce the  incremental benefits 
of expanding access. This highlights the importance of country-specific factors such as cost 
management and bank size, which play more dominant roles in established financial eco-
systems. Consistently, Sha’ban et al. (2023), using OLS for 88 high- and 43 low-income 
countries (2005–2014), find a trade-off between bank performance and credit deepening 
in  high-income nations, whereas in  low-income counterparts, FI (captured by deposits 
to  GDP, number of  deposits, and borrower accounts) does not harm profitability. Saidi 
et  al. (2025) further reveal that FI improves bank performance in  GCC economies and 
raises ROA (but not ROE) in non-GCC countries, implying that the profitability effects of FI 
depend on countries’ structural characteristics and financial maturity.
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In the context of emerging markets, empirical evidence presents a mixed result. Vo 
and Nguyen (2021), studying 1507 Asian banks, employed PCA and GMM to demonstrate 
a  positive relationship between FI and bank profitability. Their research underscores 
the importance of financial product penetration and utilization as key drivers of profit-
ability. However, in Jordan, even though the overall FI index has a positive effect, Al-Eitan 
et al. (2022) reported a negative relationship between usage of financial services (mea-
sured through loan and deposit size) and profitability, with financial leverage and bank 
size emerging as  the  most important determinants. These regional differences suggest 
that FI alone may not always suffice to boost profitability, particularly in economies where 
banking structures are heavily deposit accumulation and credit driven. This is corroborat-
ed by Shihadeh et al. (2018), who explored the Jordanian banking sector and found that 
while certain dimensions of FI, such as SME credit and ATM proliferation, positively affect-
ed bank performance, results varied depending on the specific measure of FI employed. 
These findings underscore that FI’s profitability effects are highly dimension-sensitive 
and depend on the cost–risk structure of local banking markets.

In an exploration of Sub-Saharan Africa (SSA), Yakubu and Musah (2022), analyzing 
the region from 2000 to 2017, applied PCA to construct an FI index and utilized GMM 
to address endogeneity concerns. Their findings reveal a negative relationship between 
FI and bank profitability, particularly in the post-global financial crisis era. This suggests 
that inclusive financial policies may impose cost pressures on banks, particularly in fragile 
financial ecosystems. In addition, Djani-Feuzeu and Nguena (2025), using Driscoll–Kraay 
and GMM for 46 SSA countries (2004–2021), likewise document a negative effect. In con-
trast, Jajah et al. (2022), studying a longer time frame (1990-2017) for SSA banks, found 
a positive relationship between FI and profitability using system GMM. This discrepancy 
can be attributed to the broader dataset and longer time horizon employed by Jajah et al. 
(2022), which captures a more stable period for SSA bank’s post-financial crisis. These 
divergent results imply that SSA banks’ ability to translate FI into profitability depends 
on macro-financial stability, institutional quality, and innovation banking strategies that 
lower the costs of servicing new, previously excluded segments of the population.

In smaller, niche markets, such as Northern Cyprus, Erülgen et al. (2022) used dy-
namic panel techniques (GMM, PMG, and CS-ARDL) to demonstrate a positive relation-
ship between FI and profitability, emphasizing deposit ratios and bank size as  crucial 
drivers. Their study illustrates that FI can significantly enhance banking sector perfor-
mance in smaller economies by encouraging deposit growth. Their policy recommenda-
tions, which advocate for relaxing customer identification criteria to include marginalized  
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populations, highlight the  social equity dimension of  FI in  insular markets. Similarly, 
in Palestine, Shihadeh (2021) found that branch and ATM proliferation enhance bank per-
formance, further supported by Khatib et al. (2022), whose findings from 2012 to 2020 
employing GMM and linear regression techniques revealed that the accessibility and qual-
ity of financial services drive profitability.

Sedera et al. (2022) explore FI’s effect on bank profitability in Indonesia from 2015 
to  2020. Their panel data analysis with fixed effects reveals a  positive relationship be-
tween FI and profitability across all dimensions. The study distinguishes itself by focusing 
on bank-level data, as opposed to national-level analyses common in existing literature. 
This bank-centric perspective enriches the understanding of FI’s microeconomic impacts 
in emerging markets, particularly in the Indonesian context. It suggests that FI policies 
can directly enhance bank performance, offering strategic insights for policymakers and 
financial institutions alike. Employing linear mixed model, Obiedallah and Abdelaziz 
(2024) examined Egyptian banks, found that the capital adequacy ratio (CAR) moderates 
the relationship between FI and performance. The study indicates that high CAR strength-
ens the association but also suggests that FI’s impact on profitability may be constrained 
by regulatory requirements.

Recent studies increasingly highlight the nonlinear dynamics between FI and bank 
performance. Bhatter et al. (2025) report a U-shaped nexus between FI and profitability 
in Indian banks, suggesting that initial FI expansion imposes cost and risk pressures be-
fore profitability improves beyond a critical inclusion threshold. Djani-Feuzeu and Ngue-
na (2025), using quantile regression, find FI exerts a consistently negative effect across 
the profitability distribution in SSA, though the magnitude varies by quantile. Shihadeh 
(2020) shows that additional branches disproportionately benefit low-ROA and mid-
ROE banks, implying diminishing marginal returns to FI for highly profitable institutions. 
Ahamed et al. (2021) report FI improves efficiency only for mid-tier banks, while Setianto 
et al. (2025) observe that banks with greater market power benefit more from FI expan-
sion. Beyond bank performance, Fomum and Opperman (2023) show that FI significantly 
enhances MSME turnover and business progression in Eswatini, though insurance effects 
vary by enterprise size. Hong et  al. (2025) document an  inverted-U effect of  financial-
ization on  performance in  Chinese private firms, reinforcing broader evidence that in-
clusion-or financialization-related expansions often yield diminishing marginal returns 
after a threshold. Together, these nonlinear studies suggest that FI can be either benefi-
cial or detrimental depending on a bank’s efficiency tier, market power, and expansion 
stage. Ahamed et al. (2021) claims that broadening access across diverse customer groups 
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requires banks to offer a wider product mix, which can increase agency problems, operat-
ing costs, and organizational complexity. Thus, the empirical literature indicates that TFI 
produces competing effects like enhancing deposits, outreach, and intermediation effi-
ciency at moderate levels, but raising costs and risks as scale intensifies.

Hypothesis 1: There is an inverted U-shaped nexus between TFI and bank profitability.

2.2.2   Nexus between digital FI and bank performance

Digitalisation is widely associated with improved outreach efficiency as  “volume in-
creased, scale expanded, price reduced, and risk controlled” (Zhu and Guo, 2024), yet 
digitalization’s profitability implications are not linear. Tong and Yang (2025) note both 
positive channels (product innovation, cost reduction, customer expansion) and negative 
channels (competition intensification, customer attrition).

The empirical evidence largely confirms these mixed effects. Zheng et al. (2023) an-
alyzed 40 developing countries between 2011-2021, using fixed-effects, two-stage least 
squares (2SLS-IV), and two-step system GMM. Their study found that fintech-driven FI 
significantly boosts profitability, with traditional and larger banks benefiting more than 
smaller or Islamic banks. This highlights the transformative potential of technology in am-
plifying the profitability gains from FI, particularly in high-growth developing economies. 
The role of fintech was also explored by Aduba et al. (2023), who found that fintech sig-
nificantly drives financial development and, consequently, profitability in emerging econ-
omies, where traditional banking systems are less efficient. In  a  broader context, Akh-
isar et al. (2015) demonstrated that electronic banking innovations significantly impact 
profitability across both developed and developing countries, though their effects vary 
based on levels of financial development. Similarly, studies (like Zhao et al., 2024; Guo and 
Ma, 2025; Aziz et al., 2024) also document strong positive associations between digital FI 
and profitability. Liu et al. (2024) find that FinTech improves performance by promoting 
better lending and liability structures, especially for national and rural banks. However, 
Wu and Ma (2025) find digital finance weakens profitability due to volatility, heightened 
competition, and regulatory uncertainty around off-balance-sheet activities. Bashiru et al. 
(2023) find financial development reduces profitability in SSA, while Wang et al. (2025) 
report fintech improves liquidity rather than immediate profitability, emphasizing lagged 
effects and high adjustment costs.

A recent growing branch of  literature reveals nonlinearities. Hassan et al. (2025) 
show that FinTech disproportionately improves performance among lower-performing 
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banks, consistent with technology-enabled inclusion effects. Yuan et al. (2025) identify 
a  critical fintech threshold (4.169), below which fintech significantly suppresses prof-
itability due to customer diversion and cost escalation, but the negative effect weakens 
once maturity is reached, reflecting reduced competitive displacement and stronger com-
plementarities. Zhu and Guo (2024) further show that while inclusive lending may ini-
tially depress profits due to cost–benefit asymmetry “doing business at a loss”, digital FI 
mitigates these losses by reducing information asymmetry and transaction costs. Wang 
et al. (2024), using a threshold panel model, find that digital finance improves efficiency 
only after achieving sufficient scale, with diminishing returns beyond a critical point. Yang 
and Masron (2023) further document profit-reducing effects of early-stage digital trans-
formation in China due to high initial investment and operational lags. Overall, these stud-
ies converge on the view that digital FI exerts competing effects as enhancing efficiency 
and outreach once digital maturity or scale is achieved, but compressing margins during 
early-stage adoption due to technological investment, competition, and risk exposure.

Hypothesis 2: There is a U-shaped nexus between DFI and bank profitability.

Existing research on the relationship between FI and bank profitability shows var-
ied outcomes contingent upon regional, institutional, and economic factors. In develop-
ing economies, FI can enhance profitability, especially with innovative banking practic-
es and conducive macroeconomic conditions. However, the Ethiopian context has been 
largely overlooked, and many studies lack digital metrics in their analyses. This research 
aims to fill this gap by incorporating digital initiatives to better understand their asym-
metric impact on bank profitability in Ethiopia. Additionally, much of the existing litera-
ture neglects potential endogeneity in panel datasets. To address this, this study employs 
the GMM approach.

3.	 Methodology

3.1  Sample Population

This paper employed a data set of 17 commercial banks in Ethiopia from 2015-2023, ex-
cluding recently established banks with insufficient data. The included banks represent 
approximately 91 percent of total assets, 98 percent of deposits, 94 percent of credit, and 
76 percent of equity in the financial sector (NBE-FSR, 2024; Arebo et al., 2024). Data was 
sourced from the National Bank of Ethiopia (NBE), annual reports from commercial banks 
(CBs), and the World Bank (WB), based on data availability.
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To measure traditional and digital FI, the study employed PCA to develop composite 
indices. For estimation, the two-step system GMM approach was adopted, as supported by 
Jajah et al. (2022) and Kumar et al. (2021), to address econometric problems such as en-
dogeneity and unobserved bank-specific effects, common in panel data settings. A detailed 
description of the variables and their symbols is mentioned in Table 1.

Table 1: Description of variables

Variables Symbol Unit of measurement Source

Dependent Variable

Profitability Index PI Developed employing PCA combining ROA, ROE and NIM NB

Main independent Variable

Traditional availability 
dimension index

TFI

Developed employing PCA combining BRP, ATMP and 
PoSP NB, WB

Traditional usage 
dimension index

Developed employing PCA combining DAP, CDCP, PLOAN 
and PDEP NB, WB

Digital Accessibility 
dimension index DFI Developed employing PCA combining MBP, IBP, MMP and 

APP NB, WB

 Control Variables

Z-score lnZS Natural logarithm of return to asset + equity-to-assets 
ratio/ standard deviation of return on asset NB

Scale efficiency SE Using DEA to calculate SE based on the result of VRS/CRS NB

Loan to deposit ratio LDR Overall extended loans/total deposits NB

Real deposit interest 
rate RDIR Deposit interest rate minus inflation rate NB

Total asset lnTA Natural logarithm of total asset NB

Broad money supply BM Money supply/GDP NB

Source: Prepared by authors
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3.2 	 Variable Description

3.2.1  Dependent Variable

In line with the extant literature on bank performance measurement, profitability is of-
ten captured using ROA (Zheng et al., 2023; Khatib et al., 2022; Yakubu and Musah, 2022; 
Kumar et al., 2021; Vo and Nguyen, 2021; Jajah et al., 2022; Shihadeh et al., 2018), ROE 
(Zheng et al., 2023; Yakubu and Musah, 2022; Kumar et al., 2021; Jajah et al., 2022), and 
NIM (Zheng et al., 2023; Khatib et al., 2022; Jajah et al., 2022). Specifically, ROA reflects 
how effectively a bank uses its assets to generate earnings, while ROE measures the prof-
itability relative to shareholder equity (Zheng et al., 2023; Kumar et al., 2021). In addition, 
NIM, provides insights into the ability with which a bank’s interest-earning assets are em-
ployed to generate interest income (Khatib et al., 2022).

Different methods and combinations of variables have been proposed in  the  liter-
ature to  construct a  comprehensive measure of  bank profitability. For instance, Aduba 
et  al. (2023) developed a  non-parametric approach to  create a  composite profitability 
index using ROA, ROE, and NIM as key metrics. This approach acknowledges that bank 
profitability is multifaceted and cannot be fully captured by any single measure. Similarly, 
Popa et al. (2021) employed PCA to construct a composite indicator of financial perfor-
mance, which integrated both traditional accounting metrics (such as Earnings per share, 
ROA, ROE, Solvency) and value-based indicators (such as Economic value-added, Market 
value-added, Cash flow return on investment, Cash value-added). The advantage of such 
an approach lies in its ability to capture the latent dimensions of profitability while reduc-
ing the dimensionality of the data, thereby minimizing potential multicollinearity among 
the original variables. Sha’ban et al. (2023) employed PCA to construct a banking sector 
performance index employing the CAMEL rating system, including banks’ solvency, asset 
quality, efficiency, profitability and liquidity.

In this study, we employ PCA to construct a composite index for bank profitability, 
drawing on  the  metrics of  ROA, ROE, and NIM. The  rationale for adopting PCA is two-
fold. First, PCA extracts the  most significant information from a  set of  correlated vari-
ables, ensuring that the composite index captures the underlying structure of bank prof-
itability. This aligns with the objectives of PCA, as outlined by Abdi and Williams (2010), 
which aim to reduce the attribute space from a larger set of variables to a smaller number 
of components that retain the highest variance. By doing so, PCA minimizes redundancy 
and ensures that the  resulting index is both parsimonious and robust. Second, the  use 
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of PCA in the context of financial performance measurement is supported by its applica-
tion in various studies. For instance, Sha’ban et al. (2023), Popa et al. (2021) and Liu et al. 
(2020) used PCA to combine multiple financial performance indicators into a single com-
posite score, allowing for a more holistic assessment of a  firm’s financial performance. 
This method allows for a more accurate reflection of bank performance by aggregating 
the individual metrics (ROA, ROE, and NIM) into a single profitability index, which can be 
interpreted as a comprehensive measure of bank financial success. By capturing the com-
mon variance among these profitability metrics, the PCA-derived index provides a reliable 
measure that mitigates the risks of over-reliance on any single indicator, thereby offering 
a more nuanced understanding of bank profitability.

3.2.2  Independent Variables

FI and financial exclusion (FE) are binary terms that reflect the accessibility of financial 
services (Koefer et al., 2024; Fernández-Olit et al., 2019). FI aims to bridge the gap of FE, 
particularly for disadvantaged populations, by enabling affordable access to basic finan-
cial services (Hannig and Jensen, 2010; Dabla-Norris et al., 2015). The measurement of FI, 
its barriers, and its relation to real sector outcomes is critical (Beck, 2016). Sarma (2016) 
further emphasizes that effective measurement is fundamental to comprehending the ef-
fects of  FI and informing policy measures. Nguyen (2021) and Vo and Nguyen (2021) 
highlight comparable indices across time and space are essential for evaluating FI efforts.

In this research, FI is categorized into traditional financial inclusion (TFI) and dig-
ital financial inclusion (DFI), both of which are analyzed as separate variables. Accord-
ing to Ren et al. (2023) and Jain et al. (2021), TFI encompasses financial services offered 
by conventional financial institutions, which include traditional banking methods such 
as  physical branches, ATMs, and point-of-sale (PoS) systems. In  contrast, DFI pertains 
to  services provided by innovative entities that leverage technological advancements, 
specifically through the internet, mobile networks, and digital wallets. This dual catego-
rization aligns with the structural transition occurring in modern banking, where digital 
tools expand scale and convenience, but traditional channels remain critical for complex 
services and trust formation (Keil and Ongena, 2023; Madegowda, 2025). Recent evidence 
shows that technological diffusion is reshaping financial systems, shifting decision-mak-
ing from humans to algorithms and creating new vulnerabilities such as cyberattacks and 
digital-infrastructure dependence (Trotta et al., 2025; Omarova, 2020). Likewise, acceler-
ated de-branching has produced adverse effects on firm creation, particularly when older 
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or large-bank branches close (Cardamone and Trivieri, 2024). These findings underscore 
why separating TFI and DFI provides a clearer analytical lens since each dimension carries 
distinct operational costs, risks, and channels of profitability transmission in the banking 
sector. This study employs these classifications to evaluate the respective impacts of TFI 
and DFI on bank profitability. TFI is composed of seven indicators across two dimensions: 
availability and usage. Availability dimension includes: Bank branches per 100,000 adults 
(BRP), ATMs per 100,000 adults (ATMP), PoS terminals per 100,000 adults (PoSP). For 
the usage dimension, indicators include: Depositor accounts per 1,000 adults (DAP), Deb-
it card holders per 1,000 adults (CDCP), Loan-to-GDP ratio (PLOAN), and Deposit-to-GDP 
ratio (PDEP). Similarly, DFI is captured through four indicators in the digital accessibili-
ty dimension: Mobile banking users per 1,000 adults (MBP), Internet banking users per 
1,000 adults (IBP), Mobile wallet users per 1,000 adults (MMP), and Agents per 1,000 
adults (APP).

Given the multidimensional nature of FI, this study applies PCA to construct com-
posite indices for TFI and DFI. PCA is widely used to reduce data dimensionality while 
preserving the maximum amount of information (Nguyen, 2021; Vo and Nguyen, 2021). 
The  principal component typically explains the  highest variance, exceeding 60%, mak-
ing it  the most representative factor in  the dataset (Hair et al., 2019). However, before 
applying PCA, as  Freudenberg, (2003) and Jacobs et  al., (2004) claimed, normalization 
is required to account for the heterogeneity of measurement units and to mitigate out-
liers.  In the broader context of data scaling, techniques such as Min–Max scaling, mean 
normalization, Z-score standardization, and Gaussian-based transformations are sensi-
tive to extreme values. Although outliers can influence range-based transformations, Min–
Max normalization remains appropriate when the goal is to place all indicators on a fixed, 
interpretable scale. As  demonstrated by Kim et  al. (2024), Swift et  al. (2023), and Ali 
(2022), constraining variables to a bounded interval enhances interpretability and pro-
vides a stable range for prediction and comparative analysis. This is particularly suitable 
for FI measurement, where a 0–1 scale allows direct interpretation of inclusion intensity. 
For this reason, the study adopts the Min–Max approach (MMA), where 1 represents full 
financial inclusion (FI) and 0 denotes financial exclusion (FE). The Min–Max formula is 
expressed as:
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≥ 0.5), significant Bartlett’s test results (p < 0.05), and strong internal 

After normalization, PCA is applied to calculate the eigenvalues of the variance ma-
trix for each indicator. All sub-indices should meet standard PCA assumptions, including 
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sufficient sampling adequacy (KMO ≥ 0.5), significant Bartlett’s test results (p < 0.05), 
and strong internal consistency (Cronbach’s alpha ≥ 0.6), supporting the reliability and 
suitability of PCA for index construction. The composite indices for TFI and DFI are then 
constructed using the following formulas:
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Where, PCATFI  and PCADFI  denotes the number of selected components for TFI and 
DFI, as well, TA stands for the traditional availability indicators, TU indicates traditional 
usage indicators, and DA represents digital accessibility indicators. loading, stands for 
the factor loadings of the corresponding indicators.

3.2.3  Control Variables

This study incorporates both bank-specific and macroeconomic control variables to en-
hance the robustness of the analysis. Among the bank-specific variables, scale efficiency 
is employed to assess the efficiency ratio. Technical efficiency scores serve as a critical in-
dicator for monitoring the operational dynamics and potential of individual banks (Ullah 
et al., 2023), reflecting their capacity to conduct activities in an efficient manner. To mea-
sure efficiency, this research applies the Data Envelopment Analysis (DEA) approach, uti-
lizing scale efficiency (SE) based on an output-oriented method. Following the methodol-
ogy proposed by Li et al. (2013), scale efficiency is calculated using the formula,
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Where, SE represents the ratio of constant returns to scale (CRS) efficiency to vari-
able returns to scale (VRS) efficiency. In alignment with the work of Arebo et al. (2024), 
the Data Envelopment Analysis (DEA) model identifies inputs as salary and benefits, pro-
visions, general expenses, and deposits, whereas outputs are characterized by net interest 
income and non-interest income. 

Beyond scale efficiency, the  study examines factors influencing banking perfor-
mance, including banking stability (ZS), which reflects a bank’s response to risks through 
the variability of returns relative to total assets (Vo and Nguyen, 2021).  Consistent with 
Yakubu and Musah (2022), stability is represented by the Z-score, indicating default like-
lihood, calculated as:
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Where, ROA  represents the return on assets, EQA denotes equity-to-assets ratio and 
sd stands with standard deviation.

Additionally, the loan-to-deposit ratio (LDR) assesses liquidity’s effect on profitabili-
ty (Kumar et al., 2021), as well, bank size (log of total asset) can be used to capture the ef-
fect of size (Vo and Nguyen, 2021). Macroeconomic control variables including the real de-
posit interest rate (RDIR), adjusted for inflation, which is crucial for understanding bank 
profitability (López-Penabad et al., 2022). Lastly, the broad money supply (BM) measures 
overall market liquidity’s impact on profitability (Omankhanlen et al., 2021).

3.3.	 Model specification

Building on  prior empirical studies (Yakubu and Musah, 2022; Vo and Nguyen, 2021; 
Zheng et al., 2023; Jajah et al., 2022; Kumar et al., 2021; Khatib et al., 2022), this study 
specifies its model as follows:
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𝐗𝐗𝐢𝐢𝐭𝐭 

𝛂𝛂𝐢𝐢 𝛄𝛄
𝛃𝛃𝐢𝐢𝐭𝐭, 𝛆𝛆𝐢𝐢𝐭𝐭 

Where, i and t, denote the  cross-sectional and time dimensions, respectively. Y, indicates 
the dependent variable and X, signifies the vector of explanatory variables. The term β, signi-
fies coefficients of these variables, while α, is the constant term. The error term is denoted by ε.

To address endogeneity, heteroscedasticity, and serial-correlation biases, this study 
employs a  two-step robust system GMM estimator, as proposed by Arellano and Bover 
(1995) and Blundell and Bond (1998), with further insights from Baltagi (2008) and 
Roodman (2009). This estimator effectively mitigates dynamic endogeneity, simultaneity, 
and time-invariant unobserved heterogeneity, which are common in panel regressions in-
volving banking data (Khatib et al., 2022; Kumar et al., 2021). The GMM approach is wide-
ly validated in the literature for its robustness in resolving endogeneity concerns in such 
contexts (Yakubu and Musah, 2022; Vo and Nguyen, 2021; Zheng et al., 2023; Jajah et al., 
2022; Kumar et al., 2021; Khatib et al., 2022).

However, in contrast to earlier works that assume linearity, this study explicitly in-
corporates nonlinear dynamics to examine whether the effects of traditional and digital FI 
on bank profitability vary across different stages of FI development. Following emerging 
nonlinear evidence (Arebo et al., 2025b; Bhatter et al., 2025; Xie and Deng, 2025; Yuan 
et al., 2025; Song et al., 2023), a quadratic specification is introduced to capture possible 
U-shaped or inverted-U patterns.
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Nonlinear modeling is theoretically justified because the  impact of  FI is unlikely 
to be constant across all intensities or market conditions. As noted by Shaddady (2023), 
banking environments, especially in developing economies often face abrupt structural 
changes, making nonlinear responses more realistic. Assuming linearity when threshold 
effects exist can lead to biased coefficients and misleading policy implications. According-
ly, the nonlinear dynamic model is specified as:
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3.3. Model specification 

𝐘𝐘𝐢𝐢𝐭𝐭 = 𝛂𝛂 + 𝛃𝛃𝛃𝛃𝐢𝐢𝐭𝐭 + 𝛆𝛆𝐢𝐢𝐭𝐭 

i t Y
X β

α ε

𝐏𝐏𝐈𝐈𝐢𝐢𝐭𝐭 = 𝛂𝛂𝐢𝐢 + 𝛄𝛄𝛄𝛄. 𝐏𝐏𝐈𝐈𝐢𝐢,𝐭𝐭−𝟏𝟏 + 𝛃𝛃𝟏𝟏𝐓𝐓𝐅𝐅𝐅𝐅𝐢𝐢𝐭𝐭 + 𝛃𝛃𝟐𝟐𝐓𝐓𝐅𝐅𝐅𝐅𝟐𝟐𝐢𝐢𝐭𝐭 + 𝛃𝛃𝟑𝟑𝐃𝐃𝐅𝐅𝐅𝐅𝐢𝐢𝐭𝐭 + 𝛃𝛃𝟒𝟒𝐃𝐃𝐅𝐅𝐅𝐅𝟐𝟐𝐢𝐢𝐭𝐭 +∑ 𝛃𝛃𝐢𝐢𝐭𝐭𝐗𝐗𝐢𝐢𝐭𝐭
𝐧𝐧

𝟏𝟏
+ 𝛆𝛆𝐢𝐢𝐭𝐭 

𝐏𝐏𝐈𝐈𝐢𝐢𝐭𝐭 𝐏𝐏𝐈𝐈𝐢𝐢,𝐭𝐭−𝟏𝟏 𝐓𝐓𝐅𝐅𝐅𝐅𝐢𝐢𝐭𝐭 𝐃𝐃𝐅𝐅𝐅𝐅𝐢𝐢𝐭𝐭 
𝐗𝐗𝐢𝐢𝐭𝐭 

𝛂𝛂𝐢𝐢 𝛄𝛄
𝛃𝛃𝐢𝐢𝐭𝐭, 𝛆𝛆𝐢𝐢𝐭𝐭 

Where, PIit denotes bank performance, PIit–1 is its lagged value, TFIit and DFIit repre-
sent traditional and digital FI scores, and their squared terms capture nonlinear effects, 
Xit is the vector of control variables, αi is the individual-specific effect, γ is the coefficient 
for the lagged dependent variable, βit , are the coefficients for the explanatory variables εit 
the idiosyncratic error.

To validate whether the estimated relationship truly exhibits a U-shape (or inverted 
U-shape) rather than a monotonic but curved form, this study employs the U-test devel-
oped by Lind and Mehlum (2010). Traditional quadratic models may incorrectly suggest 
a U-shape even when the true relationship is convex yet monotonic (Arebo et al., 2025b; 
Law et al., 2017). Hence, the U-test is applied to test the composite null hypothesis that 
the slope is non-increasing at the lower bound and non-decreasing at the upper bound 
of the FI range. Formally, the conditions are:
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(𝛃𝛃𝟑𝟑 + 𝛃𝛃𝟒𝟒𝐃𝐃𝐅𝐅𝐅𝐅𝐦𝐦𝐢𝐢𝐢𝐢) ≤ 𝟎𝟎) ∪  (𝛃𝛃𝟑𝟑 + 𝛃𝛃𝟒𝟒𝐃𝐃𝐅𝐅𝐅𝐅𝐦𝐦𝐚𝐚𝐚𝐚 ≥ 𝟎𝟎)

3.4. Index development 

(KMO) statistic and Bartlett’s test of sphericity. A significant Bartlett’s test (P < 0.05) indicates 

≥

Cronbach’s alpha, with a threshold of 0.6 considered acceptable (Bonett 

Table 2: Principal component analysis result 
Estimation of principal components and eigenvalues for TFI and DFI sub 
indices 

  

Component Eigenvalue Difference Explained 
variance (EV) 

Cumulative   

TFI Index (Availability Dimension)   
2.7368 0.9123 

TFI Index Usage Dimension) 
3.4725 0.8681 

DFI Index (Accessibility Dimension)   
2.6249 0.8750 

Scoring coefficients from orthogonal varimax rotation and related test outcomes 
Dimensions Indicators Weight 

(PC1) 
EV KMO Sphericity test & 

Overall KMO 
Cronbach alpha 

χ2(3)
P=0.000

0.76

0.95

χ2(6)=1111.108 
P=0.000

0.62

0.94 

The  likelihood-ratio test of Lind and Mehlum (2010) is then applied to determine 
whether the null hypothesis of a monotonic relationship can be rejected. Rejecting the null 
confirms a  statistically valid U-shaped or  inverted U-shaped relationship, while failure 
to reject implies that the quadratic term does not represent a true turning point.

3.4 	 Index development

In  this study, we evaluated sample adequacy for factor analysis using the  Kaiser-Mey-
er-Olkin (KMO) statistic and Bartlett’s test of  sphericity. A  significant Bartlett’s test  
(P < 0.05) indicates that the correlation matrix is not an identity matrix (Watkins, 2018). 
The KMO statistic vary between 0 and 1, with a commonly accepted minimum value of 0.5 
(Chan and Idris, 2017; Hair et al., 2019).
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Table 2: Principal component analysis result

Estimation of principal components and eigenvalues for TFI and DFI sub 
indices    

Component Eigenvalue Difference Explained 
variance (EV) Cumulative    

TFI Index (Availability Dimension)    

Comp1 2.7368 2.5655 0.9123 0.9123    

Comp2 0.1713 0.0795 0.0571 0.9694    

Comp3 0.0919   0.0306 1.0000    

TFI Index Usage Dimension)    

Comp1 3.4725 2.9920 0.8681 0.8681    

Comp2 0.4804 0.4430 0.1201 0.9882    

Comp3 0.0374 0.0278 0.0094 0.9976    

Comp4 0.0096   0.0024 1.0000    

DFI Index (Accessibility Dimension)    

 Comp1 2.6249 2.3927 0.8750 0.8750    

 Comp2 0.2322 0.0893 0.0774 0.9524    

 Comp3 0.1429   0.0476 1.0000    

Scoring coefficients from orthogonal varimax rotation and related test outcomes

Dimensions Indicators Weight (PC1) EV KMO Sphericity test & 
Overall KMO

Cronbach 
alpha

TFI Index 
(Availability-
Dimension)

 BRP 0.5847 0.0644 0.7047
χ2(3)=472.28 

(P=0.000),   
Overall-KMO=0.76            

0.95ATMP 0.5778 0.0862 0.7560

PoSP 0.5694 0.1126 0.8353

TFI Index 
(Usage-
Dimension)

CDCP 0.4691 0.2360 0.5593

χ2(6)=1111.108 
(P=0.000),   

Overall-KMO=0.62          
0.94

DAP 0.5195 0.0627 0.6725

PLOAN 0.4978 0.1396 0.5795

PDEP 0.5121 0.0892 0.6540

DFI Index 
(Accessibility-
Dimension)

 MBP 0.5832 0.1072 0.7236
χ2(3)=366.502 

(P=0.000), Overall-
KMO=0.76

0.92APP 0.5665 0.1576 0.8300

MMP 0.5822 0.1103 0.7289

Source: Computed from Stata 18 result. Note: internet banking indicator’s KMO result was less than 0.5, thus 
excluded from our analysis.
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Table 2 presents the PCA results for the TFI and DFI, showing KMO values (≥ 0.5) and 
significant p-values that support the applicability of PCA. Internal consistency was exam-
ined using Cronbach’s alpha, with a threshold of 0.6 considered acceptable (Bonett and 
Wright, 2015). Correspondingly, the results indicate strong reliability, with scores of 0.95 
for traditional availability, 0.84 for traditional usage, and 0.92 for digital accessibility.

In the process, the study employed an eigenvalue threshold exceeding 1 as the basis 
for factor selection (Phanniphong et al., 2024; Nguyen, 2021). The eigenvalues derived 
from PCA estimate the  latent variables: traditional availability, traditional usage, and 
digital accessibility, with components that retain significant variance. An explained vari-
ance (EV) of 60% or more was regarded as acceptable (Hair et al., 2019), with the first 
principal component (PC1) accounting for over 91% of  the  variance for traditional 
availability, 87% for usage, and 88% for digital accessibility dimensions. The composite 
indices for TFI (Eq-3) and DFI (Eq-4) were formulated as follows:
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χ2(3)
P=0.000

0.76
0.92 

Note internet banking indicator’s KMO result was less than 0.5, 
thus excluded from our analysis. 
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4. Discussion of empirical results 
4.1. Descptive analysis 

– –

–0.115), consistent with Ethiopia’s 

fluence banks’ cost structures. Broad money

 

For TFI, branch availability (0.5847) has the highest weight, emphasizing the con-
tinued importance of physical branches in Ethiopia, consistent with Kebede et al. (2021) 
findings. Within the usage dimension, deposit accounts (0.5195) rank highest, reflecting 
the sector’s focus on customer base expansion and savings. In DFI, mobile banking holds 
the highest weight (0.5832), highlighting its preference over agency banking, which re-
mains in its early stages in Ethiopia.

4.	 Discussion of empirical results

4.1 	 Descptive analysis

Table 3 provides a descriptive analysis of both the dependent and independent variables, 
including standard deviation, average, minimum, and maximum points, based on 153 ob-
servations from 2015 to 2023 across 17 commercial banks. Profitability (PI) shows a mean 
value of 0.123, indicating that Ethiopian commercial banks, on average, generated modest 
returns during 2015–2023. The minimum value is slightly negative (–0.008), suggesting 
that some banks experienced marginal losses in certain periods, while the upper bound 
(0.474) reflects periods of high profitability for a few institutions. TFI and DFI mean val-
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ues are 0.334 and 0.071, respectively, suggest that, compared with traditional services, 
the adoption of digital channels remains at an early stage. The broader range of TFI (0.008 
to 2.971) indicates larger variation in traditional outreach across banks, while the narrow-
er range of DFI (0 to 1.584) reflects more homogeneous but lower levels of digital usage. 
The Z-score, a proxy for bank stability, averages 3.349, implying relatively stable banking 
conditions during the period, though the variation (2.194 to 4.383) highlights differences 
in risk profiles among banks. Scale efficiency (SE) is high, with a mean of 0.974, indicating 
that most banks operate close to their optimal production frontier. However, the  lower 
bound of 0.708 shows that some banks experience operational inefficiencies. Bank size 
displays substantial variation (7.042 to 14.082), reflecting the wide differences between 
large and small commercial banks in  Ethiopia. The  loan-to-deposit ratio (LDR) averag-
es 0.963, suggesting that banks deploy a significant proportion of mobilized deposits for 
lending, although some banks appear more conservative (0.533). The real deposit inter-
est rate (RDIR) has a negative mean (–0.115), consistent with Ethiopia’s inflation-driven 
negative real returns on savings during the sample period. This may discourage deposit 
mobilization and influence banks’ cost structures. Broad money averages 0.518, indicat-
ing moderate liquidity in the banking system relative to total output. Its variation (0.277 
to 0.890) reflects changes in monetary conditions influenced by policy adjustments and 
macroeconomic shocks.

Table 3: Summary analysis

Variable Obs Mean Std. Dev. Min Max

PI 153     0.123       0.053  (0.008)     0.474 

TFI 153     0.334       0.601    0.008     2.971 

DFI 153     0.071       0.204    0.000       1.584 

lnZS 153     3.349       0.529    2.194      4.383 

SE 153     0.974       0.049    0.708     1.000 

lnTA 153    10.155       1.32    7.042     14.082

LDR 153     0.963       0.089    0.533     1.159 

RDIR 153   (0.115)       0.096  (0.293)   (0.022)

BM 153     0.518       0.198    0.277     0.890 

Source: Computed based Stata 18 result
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4.2   Pre-estimation tests

4.2.1   Correlation and multicollinearity analysis

Multicollinearity can impede accurate regression coefficient estimation, potentially un-
dermining model reliability (Al-Eitan et al., 2022). It indicates the strength and direction 
of relationships among explanatory variables (Kumar et al., 2021). Pearson correlation 
analysis shows most variables are within acceptable ranges, except for a significant nega-
tive correlation of -0.96 between inflation-adjusted deposit interest rates and the money 
supply, as shown in Table 4. This inverse relationship aligns with established economic 
theory, particularly the  liquidity effect described by Monnet and Weber (2001), where 
unanticipated money supply reductions lower interest rates. Cooley and Hansen (1995) 
also noted a  negative association between these variables, suggesting monetary policy 
shocks. To this end, despite the high correlation, both real deposit interest rates and mon-
ey supply were included in the model, as they represent distinct economic concepts. Real 
deposit interest rates embody the opportunity cost of holding money, influencing the de-
mand for liquidity within the economy. Conversely, the money supply, reflects the overall 
availability of funds within the financial system. In addition, the average variance inflation 
factor (VIF) is 5.91, indicating weak correlation and minimal multicollinearity among in-
dependent variables.

Table 4: Correlation and multicollinearity test

Variables VIF PI TFI DFI lnTA SE lnZS LDR RDIR

TFI 7.00 0.358

DFI 3.32 0.117 0.759

lnTA 4.84 0.289   0.783  0.645

SE 1.80 0.005 –0.58 –0.61 0.204

lnZS 1.22 –0.09  –0.375  –0.308  –0.239   0.273

LDR 1.32 0.12 0.436 0.311 –0.02 –0.16 0.22

RDIR 13.1 0.135 –0.13 –0.36 0.067 0.044 –0.12 –0.16

BM 14.7 –0.16 0.14 0.356 –0.08 –0.06 0.11 0.189 –0.96

Mean VIF 5.91

Source: Computed based on Stata 18 result
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4.2.2  Authocorrelation and  heteroskedasticity tests

Autocorrelation and heteroskedasticity pose a problem in regression analysis, potentially 
leading to biased results. Autocorrelation involves correlated residuals across observa-
tions, which can underestimate standard errors and inflate t-statistics (Akpan and Moffat, 
2018; Gujarati et al., 2012). Heteroskedasticity occurs when error term variances differ, 
resulting in inefficient estimates and unreliable confidence intervals (Onifade and Olanre-
waju, 2020). This study uses the Wooldridge test for autocorrelation and both the modi-
fied Wald test and Breusch-Pagan (BP) test for heteroskedasticity. As revealed in Table 4, 
both issues were present in the dataset. To address these, the research employs the GMM 
estimator as suggested by Vo and Nguyen (2021).

Table 4: Heteroskedasticity and autocorrelation test

Tests Wooldridge test Modified Wald test BP test

Type Serial correlation Heteroskedasticity Heteroskedasticity

Sig level F(1,16) = 52.38 (p = 0.0000) χ2(17) = 477.87 (p = 0.0000) χ2(1) = 118.19 (p =0.0000)

Source: Computed based on Stata 18 result

4.2.3  Cross-sectional dependence and unitroot test

Cross-sectional dependence (CD), often referred to  as  common correlation, can lead 
to under-rejection of the null hypothesis in panel unit root tests, resulting in type II errors 
(Khalid and Shafiullah, 2021). Implementing CD tests is crucial for selecting appropriate 
unit root tests, as panel data often exhibit dependencies from shared economic influences 
(Chen et al., 2023; Yameogo et al., 2020; De Hoyos and Sarafidis, 2006). This CD typically 
arises when error terms share unobserved common factors or are affected by external 
shocks (Khalid and Shafiullah, 2021; Shafiullah et al., 2019; De Hoyos and Sarafidis, 2006). 
First-generation tests considers cross-sectional independence, whereas second-gener-
ation tests account for interdependencies (Tugcu, 2018; Barbieri, 2009). The  Pesaran 
(2004), Frees (1995), and Friedman (1937) tests in Table 5 confirm cross-sectional inde-
pendence. Furthermore, considering the heterogeneity among banks, this study employs 
first-generation unit root tests, including the Levin, Lin and Chu (LLC) test (2002), Harris 
and Tzavalis test (1999), and Augmented Dickey-Fuller (ADF) test, to avoid imposing uni-
form effects across different cross-sections. This approach aligns with the country-spe-
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cific approach of Yameogo et al. (2020) and accommodates unit-specific characteristics. 
As indicated in Table 5, all variables are stationary at I(0) or I(1), confirming the model’s 
reliability in the absence of cross-sectional dependence.

Table 5: Cross-sectional dependence and unitroot test

Variables LLC I(0) LLC I(1) HT I(0) HT I(1) ADF I(0) ADF I(1)

PI –7.7799*** –6.5116*** 0.3932*** –0.1551*** 4.4453*** 6.8781***

TFI –3.1044*** –12.2265*** 0.7814 0.2689*** 1.9209* 3.8158***

DFI 13.0704 –5.2572*** 1.1862 0.0628*** 4.9985*** 10.5007***

lnTA –6.7186*** –5.2178*** 0.9592 0.0677*** 5.0190*** 2.3367***

lnZS –6.5670*** –8.8614*** 0.5099*** –0.2704*** 4.6292*** 9.0794***

SE –12.1552*** –39.3679*** 0.3208*** –0.4831*** 14.0325*** 21.2525***

LDR –3.7723*** –4.4916*** 0.1663*** –0.2987*** 3.7896*** 7.834***

RDIR –5.0827*** 22.1295 0.0000*** –0.3577*** –4.0411 12.7806***

BM –8.5431*** 1.6763* 0.0000*** 0.0000*** –3.5919 2.159*

Pesaran CD test 0.346 (P=0.1987)

Frees CD test 0.630 (P=0.2828)

Friedman CD test 15.843 (P= 0.464)

Source: Computed based on Stata 18 result, Notes: H0 states that the model shows no cross-sectional de-
pendence and should be rejected if the p-value is below 0.01

4.3 	 Regression Result

Table 6 presents the results of the two-step GMM estimation, showing the effects of TFI, 
DFI, stability, scale efficiency, bank size, loan-to-deposit ratio, real deposit interest rate, 
and money supply on bank profitability. 

The empirical results indicate that TFI exerts a positive and statistically significant 
impact on bank profitability. This finding supports the  findings of previous studies, in-
cluding Yakubu and Musah (2022), Vo and Nguyen (2021), Jajah et al. (2022), and Kumar 
et al. (2021), who employed TFI indicators, all of which highlight the critical role of TFI 
in  enhancing bank performance. Kumar et  al. (2021) emphasize that the  proliferation 
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of bank branches leads to an increase in customer acquisition, thereby boosting deposit 
mobilization, loan portfolio expansion, and risk diversification. Similarly, Nguyen (2014) 
highlights that maintaining bank branches in underserved regions is critical for fostering 
compliance with know-your-customer (KYC) requirements. Such compliance mitigates 
credit risks and enhances loan quality, whereas the closure of bank branches, especially 
in regions where lending is relationship-driven and information-intensive, can adversely 
impact credit availability to vulnerable sectors. In line with Hong et al. (2025), the findings 
also suggest that at  lower levels, traditional financial inclusion improves capital access, 
resource allocation, and operational efficiency, thereby enhancing profitability. However, 
when TFI expands excessively, it may divert managerial attention and financial resources, 
increase operational costs, and expose banks to higher risks, ultimately weakening per-
formance. Although the coefficients of TFI and TFI² point to an  inverted U-shaped pat-
tern, where profitability initially rises with TFI but eventually diminishes, the Lind and 
Mehlum (2010) U-test does not statistically validate this turning point. This implies that 
while the economic intuition for diminishing returns is plausible, the nonlinearity is not 
statistically confirmed in the Ethiopian banking context.

The results show that DFI exhibits a statistically significant U-shaped nonlinear re-
lationship with bank profitability, reflected in the negative coefficient of DFI and the posi-
tive coefficient of DFI². The Lind and Mehlum (2010) test in Table 7 confirms this pattern, 
with a significantly negative lower bound (–1.001708) and a significantly positive upper 
bound (0.8328111). Thus, Hypothesis 2 is supported, indicating that profitability begins 
to rise only after the inflection point at a DFI level of 0.865. This result aligns with recent 
evidence (Xie and Deng, 2025; Yuan et al., 2025; Yin et al., 2024; Song et al., 2023; Yang 
and Masron, 2023) showing that digitalization initially depresses profitability due to high 
fixed costs, technological investments, capability-building, and intensified competition. 
As  Xie and Deng, (2025) claimed, in  this early “investment phase,” returns are limited 
while expenses accumulate. Once digital usage and scale increase through greater cus-
tomer adoption, higher transaction volumes, and improved data capabilities, unit costs 
fall, operational efficiency improves, and technology spillovers dominate the competition 
effect, lifting profitability in the “return phase.” In Ethiopia’s context, the early-stage na-
ture of digital finance amplifies the negative side. Digital transformation remains nascent, 
and banks face substantial upfront investment costs and operational risks. According 
to the NBE-FSR (2024), data privacy vulnerabilities and weak consumer protection fur-
ther undermine trust. Moreover, digital channel expansion mainly targets existing cus-
tomers and relies on regressive service pricing models, limiting outreach to underserved 
populations and reducing potential gains. Low digital literacy and rural infrastructure 
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gaps (Arebo, 2025) slow digital adoption, delaying the transition toward the profitabili-
ty-enhancing stage of digital FI.

Despite earlier studies such as Erülgen et al. (2023), Yakubu and Musah (2022), and 
Vo and Nguyen (2021) reporting a positive association between Z-score and bank profit-
ability, this study finds a negative and statistically significant effect. This result aligns with 
the “risk–return tradeoff” documented by Bakó and Neszveda (2024), Wang et al. (2017), 
Bhootra and Hur (2015), and Harvey (2001), who argue that institutions with higher 
stability often earn lower returns because they adopt more conservative risk exposures. 
Bhootra and Hur (2015) note that the negative risk–return relationship is most evident 
among firms with unrealized losses, while Wang et al. (2017) show that the negative pat-
tern is particularly pronounced where capital gains overhang is low, implying that entities 
avoiding risk generate lower short-term returns. Within Ethiopia’s context, this negative 
relationship is both economically intuitive and structurally driven. Ethiopian banks rely 
heavily on interest income, yet recent policy measures (the recent 18% credit cap) restrict 
loan expansion and limit access to high-yield credit markets. As a result, banks maintain 
higher liquidity buffers and allocate more resources toward low-risk assets, which im-
proves stability but suppresses returns. Additionally, persistent high inflation and macro-
economic volatility have encouraged banks to shift toward short-term, low-risk lending 
to protect real returns and reduce exposure to  long-term credit and interest-rate risks. 
While these strategies strengthen banks’ solvency positions, they simultaneously depress 
profitability by limiting engagement in higher-yield, longer-maturity financing.

The  loan-to-deposit ratio finding demonstrates a  positive impact on  bank profit-
ability, aligning with the findings of (Muhammed et al., 2024; Ozili and Ndah, 2024; Jajah 
et al., 2022), but contrasting with Zheng et al. (2023). This finding reinforces the fraction-
al reserve theory, as claimed by Espinosa et al. (2023), whereby banks profit by lending 
a significant portion of deposits while maintaining minimal reserves. Heffernan (-2005) 
highlights that this practice generates profit through interest rate differentials, provided 
intermediation costs and loan risk are managed. Supporting this, Jajah et al. (2022), this 
positive relationship reflects the wide gap between low deposit rates and high lending 
rates prevalent in  Sub-Saharan Africa, which can enhance profitability. From Ethiopian 
context, Muhammed et al. (2024) attributes the positive effect in Ethiopian banking sector 
to interest revenues from loans exceeding the interest paid to depositors, demonstrating 
effective use of deposits in credit allocation. Similarly, Soesetio et al. (2022) argues that 
a  high LDR enables robust credit distribution, increasing profitability despite liquidity 
risks. 
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Table 6: Non-linear empirical findings 

Main test Robustness test

Variables Two-step system GMM Inclusion of ROE

l.PI
–0.0273
(–0.18)

l.ROE
–0.043
(–0.24)

TFI
0.842* 1.121*
(2.08) (1.80)

TFI2
–.125* –0.147
(–1.77) (–1.37)

DFI
–1.002* –1.446*
(–2.01) (–1.81)

DFI2 0.579* 0.814*
(2.11) (1.83)

lnTA
–0.098 –0.147*
(–1.67) (–1.8)

SE
–0.087 –0.015
(–0.4) (–0.05)

lnZS
–0.526*** –0.749***

(–3.51) (–3.23)

LDR
0.601*** 0.833**

(3.17) (2.87)

RDIR
–0.319** –0.435**

(–2.81) (–2.58)

BM
 

–0.109 –0.067

(–0.58) (–0.24)

N 119 119

Groups 17 17

Instruments 14 14

AR(2) test
0.962 0.901
(0.05) (0.12)

Hansen test
0.882 0.665
(0.66) (1.58)

Source: Computed based on Stata 18 result, Notes *p < 0.1, **p < 0.05, ***p < 0.01
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Real deposit interest rates negatively affect profitability, consistent with Ogunbiyi 
and Ihejirika (2014). Higher inflation-adjusted deposit interest rates reduce the interest 
spread, leading to lower profits (Ogunbiyi and Ihejirika, 2014). Banks incur higher fund-
ing costs to attract deposits while inflation diminishes the value of future income, com-
pounding profitability challenges.

Table 7: Results of Lind and Mehlum (2010) U-test

TFI DFI

Lower bound Upper bound Lower bound Upper bound

Interval 0.0077457 2.971483 0.00 1.58376

Slope 0.8395606 0.0960843 –1.001708** 0.8328111**

Extreme point 3.35 0.865**

Source: Computed based on Stata 18 result, Notes *p < 0.1, **p < 0.05, ***p < 0.01

4.4 	 Causality test

This study undertook a causality test to investigate the relationship between traditional 
and digital financial inclusion in the context of bank profitability. While the findings of Du-
mitrescu and Hurlin (2012) suggest a unidirectional influence of TFI on bank profitability, 
the  test by Juodis et  al. (2021) indicates a  bidirectional relationship, where TFI affects 
profitability and vice versa. This bidirectional dynamic posits that TFI not only impacts 
profitability but is also influenced by it. Furthermore, the Dumitrescu and Hurlin (2012) 
test emphasizes that bank profitability drives innovation and expansion into digital chan-
nels, reinforcing the unidirectional view that profitability catalyzes digital financial inclu-
sion advancement. Additionally, the directional relationships of other variables with bank 
profitability, as analyzed through both models, are summarized in Table 8.
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Table 8: Causality test

Test(Ho) Dumitrescu and Hurlin 
(2012) Direction Juodis et al. (2021) Direction

Direction → ← → ←

PI ≠ DFI - - PI ≠ DFI –1.0383*** PI → DFI

PI ≠ TFI 3.5361*** 4.6299*** PI ↔ TFI - –0.1773** PI ← TFI

PI ≠ lnZS  9.6162*** 1.9227* PI ↔ lnZS - 0.4458** PI ← lnZS

PI ≠ LDR 5.1433*** 2.6134*** PI ↔ LDR –0.1081** 0.1713* PI ↔ LDR

PI ≠ RDIR - 2.1438** PI ← RDIR - 0.8380*** PI ← RDIR

Source: Computed based on Stata 18 result, Notes *p < 0.1, **p < 0.05, ***p < 0.01

4.5 	 Robustness test

The robustness of the regression model is substantiated by a series of diagnostic tests, 
as highlighted in pertinent literature (Aziz et al., 2024; Jajah et al., 2022; Yakubu and Mu-
sah, 2022; Kumar et al., 2021; Vo and Nguyen, 2021). These tests include the Hansen test 
for instrument validity and the  Arellano-Bond tests for autocorrelation, both of  which 
confirm the absence of second-order serial correlation and validate the model’s specifica-
tion. The results from the AR (2) and Hansen tests indicate that the conditions for GMM 
estimation are met. Furthermore, two approaches were employed to analyze the model’s 
robustness. Initially, given the sensitivity of ROE to fluctuations in financial leverage, ROE 
(Pennacchi and Santos, 2021) was employed interchangeably with PI to evaluate the con-
sistency of the results. The findings presented in Table 6 demonstrate that the results for 
each variable align with those obtained from the  primary analysis, thereby reinforcing 
the validity of our earlier conclusions.

5.	 Conclusion

While the societal and economic benefits of FI are widely acknowledged, its direct impli-
cations for bank performance have received limited attention in the academic literature 
(Yakubu and Musah, 2022; Vo and Nguyen, 2021), particularly in the Ethiopian context. 
Moreover, whether FI unequivocally enhances bank profitability remains an unresolved 
question (Kumar et al., 2021). To that end, the present study analyzed the nonlinear im-
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pact of TFI and DFI on the profitability of 17 fully operational Ethiopian commercial banks 
over the period 2015–2023. Using PCA, indices for TFI and DFI were constructed from sev-
en traditional and four digital indicators, respectively, while bank profitability index was 
developed using ROA, ROE, and NIM. To ensure methodological rigor, the study employed 
a two-step system GMM estimator and Granger causality test to analyze the directional re-
lationships between FI and bank profitability. Robustness checks incorporated alternative 
specifications, considering the inclusion of ROE as a profitability measure to account for 
the pandemic’s disruptive effects.

The  findings reveal a  positive impact of  TFI on  bank profitability, underscoring 
the role of physical banking services in mobilizing deposits and generating sustainable 
revenue streams. However, the diminishing marginal gains observed beyond a certain ex-
pansion point suggest that excessive outreach to long-tail segments may strain operation-
al resources and elevate risk. DFI, in contrast, follows a nonlinear trajectory as its initial 
phases impose financial and operational burdens, consistent with Yuan et al. (2025), who 
emphasize that early digital adoption is typically costly due to investment in infrastruc-
ture, cybersecurity, system integration, and talent. In Ethiopia, this adverse impact is ex-
acerbated by regulatory constraints, limited financial literacy, and the  underutilization 
of digital platforms for core services like lending. Yet, as digital platforms scale, interop-
erability improves, and banks accumulate learning effects, DFI transitions into a profit-
ability-enhancing force. This turning point mirrors the digital transformation path docu-
mented by Yuan et al. (2025), where efficiency gains, cost compression, and data-driven 
lending gradually outweigh upfront expenses. In addition, Granger causality tests indicate 
unidirectional causality between DFI and profitability, while TFI maintains a bidirection-
al impact, emphasizing its foundational role in the banking sector’s revenue generation 
strategy.

These results have several policy implications. Regulators should develop compre-
hensive strategies to  strengthen both traditional and digital financial infrastructures. 
Regulators should pursue a phased digital support strategy, initially easing cost burdens 
through targeted incentives and regulatory sandboxes, then gradually tapering support 
as banks reach maturity in digital adoption. Strengthening digital literacy, expanding infra-
structure in rural areas, and incentivizing banks to diversify digital offerings will be vital 
for accelerating digital uptake. Relaxing stringent digital ID requirements in underserved 
areas, as posited by Jajah et al. (2022) and De Sousa (2015), could accelerate the inclusion 
process while the infrastructure for digital identification matures. Additionally, a strategic 
emphasis on consumer protection, data privacy, and the mitigation of cybersecurity risks 
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is critical for sustaining trust in digital financial services.

Despite banking sector dominance as the primary source of credit, 99.8% of loans 
and advances are concentrated in urban areas (NBE-FSR, 2024), leaving rural populations 
underserved. This urban-centric focus undermines the paradigm of FI, which seeks to pro-
vide equitable financial access. Banks should adopt innovative approaches such as agent 
banking, partnerships with fintech firms, and a more efficient deployment of digital tools 
to reach underserved populations. 

Finally, echoing Jajah et  al. (2022), relaxing borrowing constraints and enhancing 
operational efficiencies can promote FI and, by extension, enhance profitability. A con-
certed effort from policymakers, regulators, and financial institutions is essential to align 
the banking sector with the broader developmental goals of FI, ensuring a sustainable and 
inclusive financial ecosystem.
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