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Mohammad Mahmoud Saleem Alzubi (Jordan)

THE IMPACT OF DIGITAL
INVESTMENT, COST EFFICIENCY,
AND RISK PROFILE ON BANK
STABILITY: EVIDENCE

FROM JORDANIAN BANKS

Abstract

The digitalization of banking operations and resource allocation has opened up pos-
sibilities to enhance financial resilience but has also raised operating cost and perfor-
mance volatility challenges. This study aims to investigate the relationship between
digital investment, operating efficiency, operating income volatility, and bank stability
for Jordanian listed banks. The secondary data included audited annual reports and fi-
nancial statements of 15 banks, with an equal number of banks from the Amman Stock
Exchange for the period 2014-2024, resulting in a balanced panel of 165 bank-year
observations. The pooled OLS, fixed-effects, and random-effects models were first es-
timated, and then the best model was selected using the cross-section F-test, Breusch-
Pagan LM test, and Hausman specification test. This result bolsters the fixed-effects
estimator, and the final model includes bank and year effects and uses bank-clustered
robust standard errors. Digital investment intensity is positively and significantly re-
lated to bank stability (coeflicient = 0.284, p = 0.004). By contrast, operating-income
volatility has a negative association with bank stability (coefficient = -0.198, p = 0.031),
and the cost-to-income ratio also has a significant negative association with bank sta-
bility (coefficient = —0.246, p = 0.005). The stability coefficient is negative and signifi-
cant (-0.121, p = 0.049) regarding bank size. The between-bank variation is about 11%
of the total, and the fixed-effects model accounts for about 51% of this variation. The
results show that investment in technology, operating efficiency, and the management
of volatility in operating performance are closely linked to bank stability in Jordan.

Keywords resilience, fintech, efficiency, cybersecurity, innovation

JEL Classification G21, G28, G32

INTRODUCTION

Jordan provides an important setting for examining bank stability be-
cause its financial system is strongly bank-based, making banks central
to financial intermediation, credit provision, and economic activity. The
sector is also relatively concentrated, which increases the systemic im-
portance of the largest institutions and makes differences in bank-level
resilience particularly relevant. At the same time, Jordanian banks have
experienced rapid digital transformation through the expansion of mo-
bile banking, digital payments, online financial services, automated sys-
tems, and technology-enabled customer channels. This transformation
has increased competitive pressure on banks to invest in information
systems, digital infrastructure, cybersecurity, and service innovation.
The regulatory environment has evolved in parallel, with the Central
Bank of Jordan promoting financial inclusion, digital payment systems,
fintech development, and regulatory experimentation through dedicat-
ed innovation initiatives and sandbox mechanisms.

Jordan is also exposed to changing macroeconomic conditions, in-
cluding moderate economic growth, interest-rate movements, region-
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al geopolitical uncertainty, and the effects of the COVID-19 period. These factors may influence profit-
ability, operating costs, risk exposure, and the ability of banks to absorb shocks. Fintech competition
further increases pressure on traditional banks to modernize their operations while maintaining effi-
ciency and financial resilience. Importantly, the present study does not treat “digital opportunities” and
“digital risks” as broad unmeasured concepts. Digital investment intensity is the direct technology-relat-
ed variable and is measured as identifiable technology expenditure relative to total operating expenses.
The cost-to-income ratio is used as a measure of operating efficiency, while operating-income volatility
captures broader operating risk. Accordingly, Jordan offers a useful emerging-market context for ex-
amining whether technology investment, operating efficiency, and operating-performance volatility are

jointly associated with bank stability.

1. LITERATURE REVIEW

AND HYPOTHESES
DEVELOPMENT

The stability of banks is a cornerstone of the prop-
er functioning of financial systems, sustainable
economic growth, and macroeconomic resilience.
Stable banks assist in the intermediation process;
ensure depositor confidence; enable private sector
financing; and help minimize the risk of the finan-
cial distress of the institution becoming system-
ic. Traditional banking research highlighted the
importance of the determinants of bank stability,
which include capital adequacy, liquidity, profit-
ability, asset quality, operating efficiency, and risk
exposure of banks (Jalloul & Haque, 2025; Ally et
al., 2025; Chen et al., 2025; Olowofela et al., 2025).
These factors continue to be significant but, with
the increasing digitization of banking, techno-
logical and operational aspects have added more
dimensions that may impact banks’ financial sta-
bility. Mobile and Internet banking, artificial in-
telligence, cloud computing, big data analytics,
digital payments, automated processes, and tech-
nology-enabled decision systems have increas-
ingly seeped into the banking sector, establishing
digital transformation as a major part of the bank-
ing landscape. Investments in those technologies
can provide important organizational capabilities
from a resource-based view, such as enhanced in-
formation processing, service delivery, coordina-
tion, monitoring, and organizational responsive-
ness. The following is evidence from banking
that supports this argument. Digital transforma-
tion can contribute to the organizational agility
and resilience of the company, as discussed by
Probojakti et al. (2025), and can directly affect the
stability of banks, as discussed by Khattak et al.
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(2023), depending on the bank’s strategic char-
acteristics. Similarly, Liang et al. (2025) find that
digital financial development can boost commer-
cial-bank stability via profitability and risk-taking
capacity channels as well as via the operating-ef-
ficiency channel. But digital investment does not
necessarily bring you immediate monetary gains.
The costs that banks must invest in software, in-
formation systems, digital infrastructure, cyber-
security, staff training, systems integration, and
regular technological improvement are high. Such
costs can go up in the short term but improve in
the long term. In an emerging market context, by
analyzing banks, Elmahdy et al. (2025) conclude
that the implementation of FinTech can nega-
tively impact profitability at the start due to high
costs of digitalization, but after this, operating ef-
ficiency could be an important channel through
which the benefits of FinTech could eventually be
realized. Uddin et al. (2020) also show that the ef-
fect of technology investments in banks could be
nonlinear with respect to the stability effect: Bank
spending in CyberTech could be stabilizing up to a
certain level, but spending above a threshold level
may be destabilizing.

Such mixed evidence suggests digital investment
should not be taken for granted to boost the sta-
bility of banks. The authors suggest that digital
transformation might have different stability ef-
fects depending on diversification, for instance
(Khattak et al., 2023); and evidence from emerg-
ing banking markets indicates that tech adoption
can come at a price and offer advantages. Further
evidence supports the growing significance of the
use of FinTech, digital banking infrastructure,
and business intelligence (BI) in banking (Bani
Atta, 2025a, 2025b; Alzubi, 2025a, 2025b). Thus,
it is still an important empirical question wheth-
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er digital investment is associated with financial
stability. Importantly, in the present study, there
are two types of technology-related variables: a di-
rect type and a broader type of financial variable
that might be influenced by digital transforma-
tion. The direct measure of technology investment,
which is a clear technology-related expense, is dig-
ital investment intensity, defined as the amount of
identifiable investment in information technology,
information systems, software, digital infrastruc-
ture, and related technology activities as a share of
total operating expenditure. The distinction is im-
portant to avoid general operating indicators be-
ing misinterpreted as indicators of digitalization.

The second one is related to operating efficiency.
An efficient bank can tend to have lower costs,
make a profit, save money, and withstand finan-
cial shocks. Empirical studies have shown that
cost and operating efficiency are crucial for bank-
ing performance and resilience (Abbas et al., 2025;
Seelanatha & Natoli, 2025). The relationship can
be impacted by digitalization, as automation, bet-
ter information management, lower transaction
costs, efficient service delivery, and better stan-
dardization can help banks to be more efficient.
Goel and Kashiramka (2025) link FinTech devel-
opment to banking efficiency, whereas Liang et al.
(2025) relate operating efficiency to bank stability
as an important channel between digital financial
development and bank stability. Shen et al. (2025)
examine panel data spanning 131 commercial
banks and find that digital transformation posi-
tively influences bank cost efficiency via various
channels, such as lower information asymmetries,
better fund usage, diversification of business ac-
tivities, as well as lower risk levels. Elmahdy et al.
(2025) provide a similar argument to the one pre-
sented above regarding the role of operating effi-
ciency in the transmission of financial impacts to
countries adopting FinTech. However, gains in ef-
ficiency may not be realized right away following
investment in digital technologies. Initial costs are
needed in technology adoption - infrastructure,
software, integration, staff skills, maintenance,
and cybersecurity. Thus, for banks, a transition
period can be a time of higher bank technology
spending and higher operating costs until the ef-
ficiencies are substantial enough to offset these
costs. This offers a likely reason why there are con-
flicting reports on the financial impacts of digital
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transformation in the short- and long-term. The
cost-to-income ratio, therefore, is not “digital cost
efficiency,” as described in this study, but rather a
more general concept of cost efficiency. The ratio
of cost to income, however, is considered a gen-
eral operating-efficiency measure: operational ex-
penses divided by operational income. The higher
the number, the lower the operating efficiency is.
While technology adoption can impact this ra-
tio, there are other bank-specific factors that can
impact operating costs and operating revenues.
Treating it as a general efficiency measure, there-
fore, yields a measure of the theoretical construct
more in line with its empirical measurement. The
third mechanism is related to operating risk and
earnings volatility. Digitalized banks rely more
on complex technological infrastructure, which
can lead to disruptions, processing failures, cy-
bersecurity risks, fraud, data-management issues,
third-party dependencies, and other operational
risks. According to Uddin et al. (2023), based on
international bank-level data, digitalized banking
operations can actually exacerbate operational-
risk exposure due to the growth in business vol-
ume associated with the use of technology and, at
the same time, expose the bank to various risks
such as system failures, process disruptions, and
security issues. Technology and stability are thus
not always a one-way street. Uddin et al. (2020)
show that CyberTech spending can increase the
stability of banks within a range, but decrease
stability when spending is above a certain limit.
Likewise, Khan et al. (2023) consider the implica-
tions of the introduction of FinTech for banks’ sta-
bility and conclude that the impact of FinTech is
partly determined by the regulatory regime, capi-
talization, bank size, competition, and other insti-
tutional factors of banks in the GCC. The benefits
of digital banking will be even more relevant to
the Jordanian context, as it implies the ability to
address the operational and regulatory risks that
can arise along with it are inextricable from the
institutions’ ability to deliver on the benefits.

There is also evidence related to technological and
operational risk management. Mirza et al. (2025)
and Ojha et al. (2025) share a focus on cyberse-
curity and digital-infrastructure vulnerabilities in
today’s financial systems, and Ionescu et al. (2025)
highlight the role of technology investment and
banking performance in relation to financial sta-
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bility. Newer studies also indicate that FinTech
security can have an impact on the stability of
commercial banks via the channels of customer
trust as well as regulatory pressure. It is impor-
tant to note, however, that the empirical variable
used in the current study needs to be differenti-
ated from direct measures of cybersecurity and/or
technology-specific risk. Operating-income vola-
tility reflects the operating performance of a bank
and is thus a more general measure of operating
risk. It does not directly assess cybersecurity in-
cidents, failures on digital platforms, or losses of
technologies, or vulnerabilities specific to FinTech.
For this reason, the term ‘digital risk profile’ is not
used in the revised study. This separation is a di-
rect connection between theory and the variable
that is used in the empirical model. Additionally,
the digitalization-stability relationship can be af-
fected by the institutional environment. The im-
plications of digital financialization on stability
in the emerging market might not be as apparent
as in more developed markets, especially when
the rate of technology advancement outpaces the
rate of regulatory and risk-management develop-
ment (Hordofa, 2024). Likewise, Khan et al. (2023)
show that the FinTech-bank-stability nexus in
the GCC economies is significantly impacted by
FinTech regulation as well as the overall regula-
tory environment.

Jordan is hence an appropriate context. The bank-
ing industry is coexisting with the growth of
digital financial services, electronic payments,
FinTech, and regulatory innovation in the coun-
try. Central Bank of Jordan’s (2024) National
Financial Inclusion Strategy 2023-2028 highlights
the following areas as important pillars of mod-
ernizing the financial sector: FinTech and innova-
tion, payments and transfers, regulatory develop-
ment, and increased access to financial services.
The Central Bank’s JoRegBox regulatory sandbox
also offers a safe space for consumers, competi-
tors, financial-system stability, and cybersecurity
to be considered alongside testing for innovative
financial technologies. It’s crucial that this regu-
lation comes because Jordanian banks are not
only competitive against each other but also are
under growing pressure from financial services
offered by FinTech companies, as well as shifting
customer expectations. Neighboring GCC bank-
ing systems have demonstrated the close intercon-
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nections of the experience of adopting, compet-
ing, regulating, and achieving financial stability
in FinTech (Khan et al., 2023). Furthermore, the
evidence from MENA shows that financial stabil-
ity and performance of banks are very vulnerable
to macroeconomic shocks and institutional ar-
rangements (Mateev et al., 2025; Jalloul & Haque,
2025; Atieh, 2025). Jordan is therefore an emerg-
ing market that’s ideal for examining the interplay
of technological investments and shifts in operat-
ing costs, risk, regulation, and competition.

Although there is a steadily expanding body of lit-
erature, an important need is missing. Previous
studies focus on digital transformation and stabil-
ity (Khattak et al., 2023; Liang et al., 2025), digi-
tal transformation and cost efficiency (Shen et al.,
2025), FinTech and operating efficiency (Elmahdy
et al,, 2025), and digitalization and operational
risk (Uddin et al., 2023). There is also a large body
of evidence outside Jordan. Therefore, this study
investigates the digital investment intensity, oper-
ating efficiency, operating-income volatility, and
bank stability of listed Jordanian banks within
a limited sample of banks across the Jordanian
stock exchange from a long-term perspective. This
makes it possible, within the framework of this
study, to distinguish between three dimensions
of explanation. Digital investment intensity is a
measure of direct technology investment, cost-to-
income ratio is a measure of operating efficiency,
and operating-income volatility is a measure of
operating risk. This approach refrains from con-
sidering all three as digitalization and allows for
a more exact analysis of the specific relationships
between the measures of digitalization and bank
stability.

The study is aimed to analyze the correlation be-
tween digital investment, cost-to-income ratio and
operating-income volatility of the listed Jordanian
banks and their stability, for the purpose of en-
abling a more accurate determination of the sepa-
rate contribution of the variables of digital invest-
ment, operating efficiency and operating risk in
the stability of banks. Given the above theoretical
and empirical evidence, the following hypotheses
are put forward:

HI: Digital investment intensity is positively as-
sociated with bank stability.
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H2:  The cost-to-income ratio is negatively associ-
ated with bank stability.

H3: Operating-income volatility is negatively as-
sociated with bank stability.

2. METHOD

This study uses secondary bank-level data from
the audited annual reports and financial state-
ments of Jordanian banks listed on the Amman
Stock Exchange (ASE), together with relevant fi-
nancial disclosures published on the official web-
sites of the sampled banks. These sources provide
consistent and comparable financial information
across banks and over time. Data were collected
on technology-related expenditure, operating ex-
penses, operating income, profitability, total assets,
capitalization, and other financial indicators re-
quired to construct the study variables. The study
covers the period 2014-2024 and includes banks
for which the required financial information was
available throughout the study period. The final
sample consists of 15 Jordanian listed banks ob-
served over 11 years, yielding a balanced panel of
165 bank-year observations. The panel structure
allows the analysis to exploit both cross-section-
al differences among banks and changes within
individual banks over time, which is a principal
advantage of panel-data analysis (Abu-AlSondos,
2025; Baltagi, 2021; Wooldridge, 2010; Abualrejal
et al., 2021).

Bank stability is the dependent variable and is
measured using the conventional bank Z-score, a
widely applied accounting-based indicator of bank
insolvency risk and financial stability (Lepetit &
Strobel, 2013). The measure combines profitability,
capitalization, and earnings volatility and is cal-
culated as follows:

_ ROA, +ET4,
"= o(ROA), M
where (ROA,) denotes return on assets for bank (i)
in year (f), (ETA,) represents the equity-to-total-
assets ratio, and (0ROA) represents the standard
deviation of return on assets. A higher Z-score
indicates greater distance from insolvency and
therefore a higher level of bank stability (Alrifae

http://dx.doi.org/10.21511/bbs.21(3).2026.11
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et al., 2026; Alobaydi et al., 2025; Mahmoud et al.,
2025; Lepetit & Strobel, 2013). The study examines
three main explanatory variables. Digital invest-
ment intensity (DII) represents the proportion of
operating resources allocated to information tech-
nology and technology-related activities. It is cal-
culated as:

IT and technology - related expenditure,

DI, = )

Total operating expenses,,

Technology-related expenditure was manually ex-
tracted from the sampled banks’ annual reports
based on identifiable disclosures concerning in-
formation technology, information systems, digi-
tal infrastructure, software, and other technology-
related activities. Because the numerator directly
captures identifiable technology expenditure, DII
is treated as the principal digitalization-related
measure in this study.

Operating efliciency is represented by the cost-to-
income ratio (CIR), calculated as:

(0) ti .
CIR, = perating expenses, 3

Operating income,

A higher cost-to-income ratio indicates that a
bank incurs greater operating expenses com-
pared to the income it generates and therefore re-
flects lower operating efficiency. Importantly, the
cost-to-income ratio is treated as a general bank
operating-efficiency indicator rather than as a di-
rect measure of digitalization. Although digital
transformation may affect banks’ cost structures,
the ratio itself does not isolate expenditure or out-
comes specifically attributable to digital activities.
Operating-income volatility (OIV) is used as an
indicator of operating risk and is measured us-
ing the standard deviation of operating income.
Higher values indicate greater variability in oper-
ating performance. The variable is therefore inter-
preted as an operating risk indicator rather than
as a direct measure of technology-specific or digi-
tal risk. This distinction ensures closer consistency
between the conceptual interpretation of the vari-
able and its actual empirical measurement. Two
bank-level control variables are included in the
empirical model. Return on assets (ROA) repre-
sents profitability and is calculated as net income
divided by total assets. Bank size (SIZE) controls
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for differences in institutional scale, financial ca-
pacity, and resource availability and is measured
as the natural logarithm of total assets. The re-
lationships between digital investment intensity,
operating efficiency, operating-income volatility,
and bank stability are examined using panel-data
regression analysis. Panel-data methods are ap-
propriate because the dataset combines observa-
tions across individual banks and over time and
permits the consideration of unobserved bank-
specific heterogeneity (Baltagi, 2021; Wooldridge,
2010). The empirical model is specified as follows:

a+ p DI, + B,CIR, + B,OIV, @)
+B,ROA, + BSIZE, + 1, + A, + €,

where (FS,) represents the Z-score of bank (i) in
year (t); (DII,) represents digital investment in-
tensity; (CIR,) represents the cost-to-income ra-
tio; (OIV,) represents operating-income volatil-
ity; (ROAit) represents profitability; and (SIZE)
represents bank size. The term () is the intercept,
(B,-B.) are the estimated coefficients, (1) captures
unobserved bank-specific effects, (A) represents
common year-specific effects, and (e }) is the id-
iosyncratic error term. The empirical analysis is
based entirely on panel-data regression rather
than structural equation modeling. Pooled ordi-
nary least squares (OLS), fixed-effects (FE), and
random-effects (RE) specifications were con-
sidered as alternative estimators. Following es-
tablished panel-data procedures (Baltagi, 2021;
Wooldridge, 2010), model-selection tests were
used to determine the appropriate specification.
The cross-section F-test was used to assess wheth-
er bank-specific fixed effects were jointly signifi-
cant relative to pooled OLS. The Breusch-Pagan
Lagrange Multiplier test was applied to examine
whether the random-effects specification provid-
ed an improvement over pooled OLS (Breusch &
Pagan, 1980). The Hausman specification test was
then used to distinguish between fixed-effects and
random-effects estimation by assessing wheth-
er the random-effects estimator was consistent
(Hausman, 1978). Year effects were incorporated
into the empirical specification to account for
common time-varying shocks affecting all sam-
pled banks during 2014-2024. Such effects are
particularly relevant because banks may simul-
taneously be exposed to macroeconomic changes,
regulatory developments, interest-rate movements,
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the COVID-19 period, and sector-wide changes in
banking technology. Controlling for both bank-
specific and time-specific heterogeneity is consis-
tent with established panel-data practice (Baltagi,
2021; Wooldridge, 2010).

The adequacy of the panel specification was further
evaluated using relevant diagnostic procedures for
multicollinearity, heteroskedasticity, within-bank
serial correlation, and cross-sectional dependence.
Where the error structure indicated departures
from conventional assumptions, robust inference
was used to reduce the sensitivity of statistical
conclusions to heteroskedasticity and within-pan-
el correlation (Baltagi, 2021; Wooldridge, 2010).
The regression results are reported using estimat-
ed coefficients, standard errors, test statistics, 95%
confidence intervals, p-values, the number of ob-
servations, the number of banks, and the appro-
priate goodness-of-fit statistic. Probability values
below 0.001 are reported as (p < 0.001), rather than
as (p = 0.000). Because the study relies on obser-
vational bank-level financial data rather than an
experimental or quasi-experimental identification
strategy, the estimated coefficients are interpreted
as statistical associations rather than causal effects.
Accordingly, the empirical findings are described
using expressions such as “positively associated
with” and “negatively associated with,” rather than
causal terms such as “causes,” “increases,” or “re-
duces.” Furthermore, all study variables were con-
structed from audited financial statements, annu-
al reports, and official financial disclosures rather
than respondent-based questionnaires. Therefore,
questionnaire-related common-method bias is not
a central methodological concern in the present
research.

3. RESULTS

Table 1 presents descriptive statistics for the study
variables observed in 15 Jordanian listed banks
over the observation period of 2014-2024, result-
ing in 165 bank-year observations.

The mean and standard deviation of digital in-
vestment intensity for Jordanian banks are 0.142
and 0.061, respectively, showing variability in the
amount of operating expenditure that banks in-
vest in technology-related activities. The cost-to-
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Table 1. Descriptive statistics
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Variable St

d. Dev. Skewness Kurtosis

Digital investment intensity

Bank size

0061
0.114

938
202t

0.52

income ratio is 0.587, indicating that there are
variations in operating efficiency between banks.
The mean of operating-income volatility is 0.093,
and bank stability (as measured by the Z-score)
has a mean of 12.84 and a standard deviation of
4.36. Pooled OLS, fixed-effects, and random-ef-
fects specifications were assessed and compared
using the relevant panel-model selection tests
before the final regression model was estimated.
Table 2 gives the results.

The cross-section F-test is significant (F = 8.46, p
< 0.001), which confirms that there are significant
bank-specific effects and justifies the use of the
fixed-eftects rather than pooled OLS specification.
In the same way, the Breusch-Pagan LM test is
significant (x* = 42.31, p < 0.001), which validates
the necessity to consider the panel structure. The
Hausman specification test is also statistically sig-
nificant (x*(4) = 12.87, p = 0.012), suggesting that
the fixed-effects estimator should be preferred to
the random-effects estimator. The fixed-effects
model is the key specification used, therefore. The
diagnostic tests suggest heteroskedasticity, within-
bank serial correlation, and cross-sectional depen-
dence. Thus, robust standard errors clustered at

Table 2. Panel-model selection and diagnostic tests

the bank level are reported for the final estimates.
Year effects are also added to the model to capture
common shocks that occurred to all banks during
2014-2024. Table 3 shows the outcome of the last
fixed-effects regression.

Model statistics: Observations = 165, banks = 15,
bank fixed effects = Yes, year fixed effects = Yes,
bank-clustered robust standard errors = Yes, with-
in R2 = 0.51, overall model p < 0.001.

The digital investment intensity is positively and
statistically significantly associated with bank sta-
bility (coefficient = 0.284, robust SE = 0.081, t =
3.51, p = 0.004, 95% CI [0.110, 0.458]). This find-
ing suggests that, after controlling for bank-spe-
cific and year-specific effects, the higher the share
of the bank’s operating resources used to identify
technology-related expenditure, the higher the lev-
el of financial stability. H1 is therefore supported.
The cost-to-income ratio is negatively and statis-
tically significantly associated with bank stability
(coeflicient = —0.246, robust SE = 0.073, t = —-3.37,
p =0.005,95% CI [-0.403, -0.089]). The higher the
ratio is, the less efficient their operations are, and
the ratio indicates that banks with a higher ratio

Test Statistic p-value Decision
Cross-section F-test  F=846 ~<oo01 i Fixed effects preferred to pooled oL
Breusch-PaganLMtest B XZ: 4231 <0001 Panel model preferred to pooled oLs
Hausman specification test X(4)=12.87 ~0.012 Fixed effects preferred to random effects

Wooldridge serial-correlation test
Modified Wald heteroskedasticity test

F=9.62
e
_.CD=271
2.18

Pesaran CD test
Mean VIF

0008 Serial correlation detected
. Heteroskedasticity detected

i No serious multicollinearity

Table 3. Fixed-effects regression results for bank stability

Variable Coefficient Robust SE t-value p-value | 95% Confidence
Interval
Digital investment intensity 0284 0.081 351 & 0.004 [0.110, 0.458]
Cost-to-income ratio —0.246 0.073 -3.37 0.005 [-0.403, —0.089]
Operati:rﬁ::g—income}/::olatility —0198 0082 —241 0031 [-0.374,-0.022]
Bank size -0.121 0.056 -2.16 0.049 [-0.241, -0.001]
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Table 4. Hypotheses testing results

Hypothesis Relationship Coefficient p-value Decision
1 Dlglt.a_l investment intensity is positively associated with bank 0.284 0.004 Supported
i stability
H2 Cost-to-income ratio is negatively associated with bank stability —-0.246 0.005 Supported
43 E)t;a)zirl?Fyng—mcome volatility is negatively associated with bank ~0.198 0.031 Supported

of operating costs to operating income are less sta-
ble. Thus, the presence of H2 is supported.

Operating-income volatility also has a negative
and statistically significant association with bank
stability (coefficient = -0.198, robust SE = 0.082, t
= -2.41, p = 0.031, 95% CI [-0.374, —0.022]). This
suggests that more financial instability is corre-
lated with increased banks’ operating variability.
H3 is thus affirmed. The coeflicient of bank size
has a negative and statistically significant value
(coefhicient = -0.121, robust SE = 0.056, t = -2.16,
p = 0.049). This finding suggests that the trend
of increase in bank size is associated with a de-
crease in bank stability in the estimated specifica-
tion. Overall, the fixed-effects model accounts for
about 51% of the within-bank variation in stabil-
ity (within R? = 0.51). The bank-specific and year-
specific dummy variables help to control for time-
invariant differences between banks and common
shocks in the Jordanian banking sector over the
study period.

All three hypotheses are supported by the results.
Bank stability is correlated positively with digital
investment intensity, while the cost-to-income ra-
tio and operating-income volatility are correlated
negatively with bank stability. The study is an ob-
servational panel study, and therefore these rela-
tionships are seen as statistical associations and
not as cause and effect.

4. DISCUSSION

The results show that there is a pattern of differ-
ences in the relationships between technology-re-
lated investment, operating efficiency, operating-
income volatility, and bank stability in Jordan.
There is a positive and significant relationship be-
tween digital investment intensity and bank sta-
bility. The positive link between the ratio of iden-
tifiable technology expenditure to operating ex-
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penditures and financial stability is suggestive of
financial stability being stronger for those banks
that dedicate more of their operating resources
to such identifiable technology expenditure. This
finding supports past studies that focused on the
role of digital transformation, technological ca-
pability and banking technology investment on
organizational resilience and bank stability re-
spectively (Khattak et al., 2023; Mirza et al., 2025;
Probojakti et al., 2025). This also aligns with Liang
et al. (2025), who show that digital financial devel-
opment had a positive relationship with commer-
cial bank stability. This discovery corroborates the
theory that spending on technology can be used to
enhance a bank’s information processing, opera-
tional coordination, monitoring, service delivery,
and decision-making. The result is not necessarily
a sign of increased stability, however, due to digi-
tal investment. The study is an observational pan-
el study, and hence only shows statistical, but not
causal, associations. The uniqueness of this study
is in analyzing an expenditure-based indicator of
digital investment intensity in the banking sector
in Jordan given that there is a scarcity of bank-lev-
el longitudinal data available for this investment.

The cost-to-income ratio (CII) is negatively and sig-
nificantly related to the stability of banks. The re-
sults suggested that the higher the cost-to-income
ratio, the lower the operating efficiency, suggest-
ing that banks with a higher cost-to-income ratio
are less stable. This finding aligns with the wider
literature, which has highlighted the significance
of cost and operating efficiency in assessing the
performance and resilience of banks (Abbas et al.,
2025; Seelanatha & Natoli, 2025). It also aligns with
evidence that digital transformation and FinTech
applications can have an impact on bank efficien-
cy; however, the benefits of applying FinTech will
depend on implementation costs, organizational
readiness, and the capacity of banks to turn the
investments in technology into efficiency gains
(Elmahdy et al., 2025; Goel & Kashiramka, 2025;
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Shen et al., 2025). Importantly, the cost-to-income
ratio should not be considered as a direct measure
of digitalization. The present findings are thus not
evidence that the “digital costs” affect bank sta-
bility. Instead, they demonstrate that those firms
with less-than-superior operating efficiency have a
negative relationship with stability. Digital initia-
tives can affect the operating cost-to-income ratio,
but there are also several non-digital components
to the operating cost-to-income ratio. This sepa-
ration adds to the conceptual understanding of
those results and prevents general operating inef-
ficiencies from being put solely on digital trans-
formation. Bank stability is also negatively and
significantly correlated with operating-income
volatility. This indicates that the greater the oper-
ating performance, the lower the financial stability
will be. The outcome is in line with the findings of
the papers that highlight that operational uncer-
tainty, vulnerabilities at the technology level, and
variations in banking activities can negatively im-
pact financial resilience (Uddin et al., 2020; Uddin
et al., 2023). Similarly, Khan et al. (2023) find that
factors such as the regulatory environment, banks’
characteristics, and the institutional environment
also influence the relationship between the adop-
tion of FinTech and bank stability.

But while volatility in operating income is a broad
indicator of operating performance risk — not spe-
cifically cybersecurity risk, failure of the digital
platform, or losses associated with any technol-
ogy - it is still a key indicator. This finding should
therefore not be viewed as a sign of the impact
of digital risk on the stability of banks. Rather, it
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suggests that banks that have more volatile oper-
ating income are less stable. This interpretation
is in line with the revised conceptual framework,
which separates the direct investment in technol-
ogy from the general level of operating-risk con-
ditions. The estimated specification has a negative
and significant relationship between bank size and
bank stability. This means that the size of banks
in the sample is not necessarily associated with
greater stability in the absence of bank and year ef-
fects. This may be because larger institutions are
more likely to have complex organizational struc-
tures, wider risk profiles, and/or higher levels of
organizational complexity. Previous studies also
find that the relationship between bank size and
its stability is context-specific, not always posi-
tive (Del Sarto, 2025; Khan et al., 2023). The asso-
ciation between these two should be interpreted
with caution, though, as the coefficient estimated
reflects an association within the Jordanian sam-
ple. The results overall suggest that bank stability
does not equate to an overall concept of “digital
transformation.” Alternatively, the results show
unique relationships along three dimensions. The
investment intensity is positively related to stabil-
ity, while lower operating efficiency and higher
operating-income volatility are related to lower
stability. This distinction is an important contri-
bution of the study since operating efficiency and
operating risk are not direct measures of digitali-
zation. The findings hence indicate that technolo-
gy investments should be analyzed in the context
of the financial and operational environment in
which banks are making digital transformation
efforts.

CONCLUSION

This study aims to investigate the relationship between digital investment intensity, operating efficiency,
operating-income volatility, and bank stability for listed banks in Jordan from 2014 to 2024. The find-
ings indicate that, using panel-data analysis, digital investment intensity is positively and significantly
associated with bank stability, whereas the ratio of cost to income and operating income volatility are
negatively and significantly associated with bank stability. Additionally, there is a negative association
between bank size and specification stability. The results yield several insights of interest. First, technol-
ogy investment seems to be a significant factor in relation to the financial resilience of the Jordanian
banking sector. Stability is higher among banks that devote more resources to specific information-
technology and digital-infrastructure activities. The relationship, however, is based on observation rath-
er than on experimentation and should be viewed as an association, not a cause-and-effect relationship.
Second, the negative relationship between cost-to-income ratio and bank stability indicates the need
for operating efficiency. The results also indicate that the costs of digital per unit of income do not have
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any negative effect on stability, as the cost-to-income ratio is a general efficiency indicator in operation.
Rather, they suggest that the more expensive the bank is, in terms of its operating expenses compared
to its income, the less financially stable it will be. Proper technology investment should, therefore, go
hand in hand with judicious handling of costs and organizational mechanisms that can convert tech-
nology investment into operational gains. Third, the negative relationship between operating-income
volatility and bank stability is of interest, in that it underscores the need for stable operating perfor-
mance. Volatile operating income does not directly reflect on cybersecurity or technology-specific risk
but rather reflects general operating risk. Therefore, technology investments must be balanced with
good operational risk management, internal controls, governance, and resilience processes in place at
the bank. The study enhances the banking literature by differentiating a direct technology-investment
measure from the other measures of operating efficiency and operating risk. This separation offers a bet-
ter context to discuss the stability of banks in a context of ongoing digital transformation, especially in
the case of Jordan as an emerging market. The results have implications for bankers and bank regulators
as well. When considering digital investments, bank managers should not only look at technological in-
novation but also weigh it against its long-term impact on efficiency, resilience, and sustainable financial
performance. The impact of technological modernization, operating efficiency, and operational resil-
ience may also be taken into account when evaluating the stability of the banking sector by regulators.
Longer time series, cross-country or other samples of emerging markets could be included in further
research. Additional research could also use more direct measures of cybersecurity events, risk of digi-
tal platforms, exposure to FinTech, or losses due to technology, and could examine dynamic or lagged
ties between digital investment and bank stability.
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APPENDIX A

Table Al. Banks listed on the Amman Stock Exchange
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2
o

Bank Name

Website

i Jordan Kuwait Bank

Invest Bank

.‘éapital Bank éfJordan

W:i0: N0 Ui iW:IN

10 Bank of Jordan

11 H

12 .

13 Jordan Islamic Bank

14 Safwa IsIamic::Bank .

15  :lslamic International Arab Bank

 https://www.jkb.com

httpg//www.hbtf.com

p§://www.ajib.com

httr;s://www.bankaIet'i'huad.com

httpg//www.bank—a bc.com

://www.ibank.jo

p§://www.capitalba'r‘1“k.jo

httﬁs://www.cab.jo

hﬂp§://bankoﬁordan.c§h

://ahli.com

p§://arabbank.jo

https://www.jordanislamicbank.com

https://www.safwabanlg.com

: https://iiabank.com.jo
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