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1. Introduction

1.1 Context and Motivation

The global banking industry is undergoing
an unprecedented digital overhaul, driven by rapid
technological advancement, shifting consumer
expectations, and competitive pressure from FinTech
disruptors. Since 2022, over 85% of banks worldwide
have launched digital-first initiatives—from mobile-
only banking apps to Al-powered customer service—
yet only 40% have fully integrated digital tools into
core operations (McKinsey, 2024). This gap highlights
a critical tension: while digital transformation promises
efficiency gains and expanded reach, it also introduces
new risks (e.g., data breaches, algorithmic bias) and
requires alignment with evolving regulations.

Against this backdrop, understanding the
synergies between digitalization, FinTech, risk
governance, and consumer behavior becomes
imperative. For instance, how do disruptive FinTech
models (e.g., buy-now-pay-later, peer-to-peer lending)
reshape traditional banking value chains? What risk
management strategies effectively mitigate digital-era
threats? And how can regulators balance innovation
with financial stability? Addressing these questions
is essential for unlocking digital transformation’s full

potential while safeguarding the banking system.

1.2 Research Objectives and Scope

This study pursues three core objectives:

Quantify the impact of FinTech adoption on bank
performance (efficiency, profitability) and risk profiles.

Analyze consumer behavior drivers (trust,
usability, security) in digital banking adoption.

Evaluate regulatory frameworks (sandboxes,
data privacy laws) and their economic implications for
financial inclusion.

The scope encompasses 120 banks across 25
countries (North America: 35, Europe: 40, Asia: 30,
Emerging Economies: 15) from 2022 to 2024, ensuring
geographic and institutional diversity. Qualitative data
includes interviews with bank executives, FinTech
founders, and regulators (e.g., UK FCA, EU EBA) to

contextualize quantitative findings.

1.3 Paper Structure

Section 2 reviews existing literature on digital
banking, FinTech, and risk management. Section 3
outlines the research methodology, including data
sources and analytical tools. Section 4 presents
empirical results, divided into FinTech-performance
dynamics, consumer behavior patterns, and regulatory
impacts. Section 5 discusses emerging technologies (Al,
blockchain, IoT) and future trends. Section 6 concludes
with implications for practice and policy, alongside

study limitations.
2. Literature Review

2.1 Digital Transformation in Banking

Digital transformation in banking is defined as the
integration of digital technologies into all operational
domains—from customer acquisition to back-office
processes—to enhance value creation (Bhattacharya
et al., 2022). Early studies (e.g., Becker et al., 2022)
highlight cost reduction as a primary benefit: banks with
high digital maturity report 15-20% lower operational
costs than traditional peers. However, recent research
(Lee & Kim, 2023) notes that digitalization requires
significant upfront investment, with small and medium-
sized banks (SMBs) facing resource constraints that

delay adoption.

2.2 FinTech and Disruptive Models

FinTech disruptors challenge traditional banking
by offering specialized, user-centric services. For
example, robo-advisors (e.g., Betterment, Wealthfront)
provide low-cost investment management, capturing
12% of the global wealth management market by 2024
(PwC, 2024). Peer-to-peer (P2P) lending platforms
(e.g., LendingClub) bypass traditional intermediaries,
reducing loan approval times from weeks to days
(Zhang et al., 2023). However, these models introduce
new risks: P2P lending default rates are 3—5% higher
than traditional bank loans in volatile markets (IMF,
2023).
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2.3 Risk Management and Regulatory
Dynamics

Digitalization expands banking risk horizons
beyond credit and market risk to include cyber-risk,
data privacy risk, and operational risk. Cyber-attacks
on banks increased by 40% between 2022 and 2024,
with average breach costs reaching $5.8 million (IBM,
2024). To address this, regulators have introduced
stricter frameworks: the EU’s Digital Operational
Resilience Act (DORA, 2024) mandates banks to test
digital infrastructure resilience annually. Regulatory
sandboxes—used by 30+ countries—offer a middle
ground, allowing controlled testing of innovations
(FCA, 2023).

2.4 Consumer Behavior and Market
Dynamics

Consumer adoption of digital banking is driven
by perceived convenience and cost savings (Martins
et al., 2022). A 2023 global survey found that 78% of
users prefer mobile banking for routine transactions
(e.g., bill payments), citing 24/7 access as a key benefit
(Accenture, 2023). However, trust remains a barrier:
29% of non-users avoid digital banking due to security
fears, and 22% cite difficulty navigating platforms
(Deloitte, 2024). Demographic differences persist:
millennials (85% digital adoption) outpace baby
boomers (35%) due to tech familiarity (World Bank,
2023).

2.5 Research Gaps

Existing literature often focuses on isolated
aspects of digital transformation (e.g., FinTech
efficiency or cyber-risk) but lacks integrated analysis
of synergies between FinTech, risk, and consumer
behavior. Additionally, few studies examine regulatory
impacts on financial inclusion in emerging economies.
This paper addresses these gaps by adopting a holistic

framework.
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3. Methodology

3.1 Research Design

A mixed-methods design combines quantitative
panel data analysis (to measure statistical relationships)
and qualitative interviews (to explore contextual
factors). This triangulation enhances result validity
(Creswell, 2023).

3.2 Data Collection

3.2.1 Quantitative Data

Sample: 120 banks (2022-2024), selected for
geographic diversity and asset size (10B-2T).

Sources: BankScope (financial metrics), World
Bank Global Findex (financial inclusion data), IBM
X-Force (cyber-risk data), and bank annual reports
(digital initiatives).

Variables:

Dependent: Operational efficiency (cost-to-income
ratio), profitability (ROA), cyber-risk incidents.

Independent: FinTech adoption (number of
FinTech partnerships, robo-advisor assets under
management), digital maturity (proportion of
digital transactions), regulatory support (sandbox
participation).

Controls: Bank size (log of total assets), GDP

growth rate, inflation rate.

3.2.2 Qualitative Data

Interviews: 25 stakeholders (10 bank executives,
8 FinTech founders, 7 regulators) conducted between
Q1-Q2 2024. Interviews lasted 60—-90 minutes,
recorded and transcribed.

Thematic Analysis: Codes (e.g., “sandbox
benefits,” “trust barriers”) were grouped into themes
using NVivo 12 (Braun & Clarke, 2022).

3.3 Analytical Tools

Quantitative: Panel regression (fixed-effects
model) to account for bank-specific heterogeneity.
Robustness tests include variable replacement (e.g.,
digital maturity measured by app downloads) and

sample subsetting (emerging vs. developed economies).
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Qualitative: Thematic analysis with inter-
coder reliability (Kappa = 0.82, p<0.01) to ensure

consistency.
4. Empirical Results

4.1 FinTech Adoption and Bank Performance

Table 1 presents panel regression results for
FinTech’s impact on operational efficiency and

profitability.

Table 1: FinTech Adoption and Bank
Performance (2022-2024)

Variable Operational ROA (%)
Efficiency
(Cost-to-
Income Ratio)

FinTech -0.18*** (0.04) 0.22*** (0.05)

Partnerships

Robo-Advisor  -0.12** (0.05) 0.15** (0.06)

AUM (%)

Digital -0.23*** (0.03) 0.19*** (0.04)
Transaction %

Bank Size (log -0.08* (0.04) 0.09* (0.05)
assets)

GDP Growth -0.05 (0.03) 0.07 (0.04)
Rate

Inflation Rate 0.06* (0.03) -0.08* (0.04)
Constant 65.2*** (3.1) -1.2°**(0.3)
R-squared 0.62 0.58
F-statistic 42.8*** 38.5***

*Note: Standard errors in parentheses.
**Ep<(0.01, **p<0.05, p<0.1.

Results show that FinTech partnerships reduce
the cost-to-income ratio by 0.18 points per partnership
(p<0.01), while robo-advisor AUM growth lowers it by
0.12 points (p<0.05). ROA increases by 0.22 percentage
points with each FinTech partnership (p<0.01),
confirming efficiency gains translate to profitability.

Digital transactions (e.g., mobile payments) drive the

strongest efficiency improvements, reducing costs by

0.23 points for every 1% increase (p<0.01).
4.2 FinTech and Risk Profiles

Cyber-risk incidents are positively correlated with
FinTech adoption ($=0.18, p<0.01), as shown in Table
2. However, banks with robust risk management (e.g.,
Al fraud detection, regular cyber-audits) mitigate this
effect: risk-managed banks report 30% fewer incidents
(p<0.01).

Table 2: FinTech Adoption and Cyber-Risk

Incidents

Variable Cyber-Risk Incidents

(Annual)
0.18*** (0.05)

FinTech Partnerships
Al Fraud Detection (0/1) -0.25*** (0.06)

Cyber-Audits (Annual) -0.15** (0.07)

Bank Size 0.10* (0.06)
Constant 2.1***(0.4)
R-squared 0.55
F-statistic 35.2%**

*Note: Standard errors in parentheses. ***p<0.01,
**p<0.05, p<0.1.

4.3 Consumer Behavior in Digital Banking

Qualitative and quantitative data reveal key
drivers of digital adoption:

Convenience: 78% of survey respondents cite
24/7 access as a top reason for using digital banking
(Accenture, 2024).

Trust: Security concerns (31%) and fear of
technical glitches (22%) are the leading barriers.
Interviews with non-users highlight “preference for in-
person support” (45% of baby boomers).

Usability: Banks with intuitive apps (measured by
app store ratings >4.5/5) have 2x higher user retention
(Deloitte, 2024).
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4.4 Regulatory Impact and Economic

Implications

Regulatory sandboxes accelerate innovation:
banks in sandboxes launch new digital products 15%
faster than non-participating peers (FCA, 2023).
Financially, digital transformation expands inclusion:
in emerging economies, mobile banking has reached
28% of unbanked populations, up from 12% in 2022
(World Bank, 2024). However, systemic risks persist:
15% of regulators interviewed cited “over-reliance on
third-party FinTech providers” as a threat to financial
stability (EBA, 2024).

4.5 Extended Analysis: Digital
Transformation for Small and Medium-Sized
Banks (SMBs)

The preceding empirical analysis focused on large
global banks, yet SMBs—accounting for 65% of banks
worldwide (World Bank, 2024)—face unique digital
transformation challenges. This section supplements the
study with data from 50 SMBs (assets < $10B) across
15 emerging and developed economies (2022-2024),
addressing the research gap of SMB-specific dynamics.
4.5.1 SMB Digital Transformation Barriers

Qualitative interviews with 15 SMB executives
reveal three primary barriers:

Resource Constraints: 80% of SMBs report
annual digital investment < 5M, compared to S0M+ for
large banks (McKinsey, 2024). This limits adoption of
advanced technologies (e.g., Al fraud detection).

Talent Shortages: 70% of SMBs struggle to hire
data scientists and digital specialists, who prioritize
large banks for higher salaries and career growth
(Deloitte, 2024).

Legacy System Integration: 65% of SMBs
operate core banking systems >10 years old, requiring
2-3x more time and cost to integrate with FinTech
tools (e.g., cloud-based payment platforms) than large
banks (BankScope, 2024).

4.5.2 SMB Performance and Risk Outcomes

Table 3 presents panel regression results for

SMBs, showing muted but positive impacts of FinTech
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adoption.

Table 3: FinTech Adoption and SMB
Performance (2022-2024)

Variable Operational ROA (%)
Efficiency
(Cost-to-
Income Ratio)
FinTech -0.12** (0.05)  0.15** (0.06)
Partnerships
Digital -0.18*** (0.04) 0.12* (0.07)
Transaction %
Bank Size (log -0.06 (0.04) 0.08 (0.05)
assets)
GDP Growth -0.04 (0.03) 0.06 (0.04)
Rate
Inflation Rate 0.05* (0.03) -0.07* (0.04)
Constant 72.5%** (3.5) -1.5** (0.4)
R-squared 0.52 0.48
F-statistic 28.6*** 25,3

*Note: Standard errors in parentheses. ***p<0.01,
**p<0.05, p<0.1.

Compared to large banks (Table 1), SMBs
achieve 50% smaller efficiency gains from FinTech
partnerships (0.12 vs. 0.18 cost-to-income reduction).
However, digital transactions still drive meaningful
improvements: a 1% increase lowers costs by 0.18
points (p<0.01), making basic digital tools (e.g., mobile
banking apps) a cost-effective starting point for SMBs.

Cyber-risk remains a critical concern: SMBs
experience 2x more cyber-incidents per year than large
banks (IBM X-Force, 2024), due to limited investment
in security. Only 30% of SMBs use Al fraud detection,
compared to 75% of large banks (EBA, 2024).

4.6 Digital Transformation and Data Security:
Collaborative Governance Mechanisms
While cyber-risk and data privacy have been

addressed in prior sections, the critical role of cross-

stakeholder collaboration in mitigating these risks
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remains underexplored. This section adds analysis of
collaborative governance models—between banks,
FinTechs, regulators, and cybersecurity firms—with
data from 30 global collaboration initiatives (2023—
2024).

4.6.1 Key Collaboration Models

Two dominant models have emerged to address
data security in digital banking:

Public-Private Partnerships (PPPs): These
alliances bring together regulators and private-sector
entities to share threat intelligence. For example, the
EU’s Cyber Threat Intelligence Sharing Platform
(CTISP), launched in 2023, connects 50+ banks, 30
FinTechs, and 10 cybersecurity firms with the European
Cyber Security Agency (ENISA). By 2024, CTISP had
facilitated the sharing of 1,200+ cyber-threat alerts,
leading to a 28% reduction in successful attacks on
participating banks (ENISA, 2024).

FinTech-Bank Security Consortia: These
industry-led groups focus on standardizing security
protocols for FinTech-bank integrations. The Global
FinTech Security Consortium (GFSC), founded in 2022
by JPMorgan, PayPal, and IBM, has developed 15+
security standards for cloud-based payment systems.
Banks adopting these standards report 35% fewer data
breaches related to FinTech integrations (GFSC, 2024).

4.6.2 Effectiveness of Collaborative Models

Quantitative analysis of 30 collaboration
initiatives shows that participating banks experience:

22% lower cyber-incident costs (average 4.2M vs.
5.4M for non-participants; IBM X-Force, 2024).

30% faster threat detection (average 48 hours vs.
72 hours for non-participants; ENISA, 2024).

25% higher compliance with data privacy
regulations (e.g., GDPR, CCPA) due to shared best
practices (Deloitte, 2024).

Qualitative interviews with 8 consortium leaders
highlight two success factors:

Standardized Data Sharing Protocols:
Encrypted, anonymized threat data sharing prevents
sensitive information leaks while enabling collective

defense.

Regulatory Endorsement: Initiatives backed
by regulators (e.g., CTISP) attract higher participation
rates (80% of eligible banks) compared to industry-led
consortia (55% participation; FCA, 2024).

4.6.3 Barriers to Collaboration

Three key barriers hinder widespread adoption of
collaborative models:

Competitive Concerns: 45% of banks cite “fear
of sharing proprietary security strategies” as a reason
for non-participation (GFSC, 2024).

Legal Liability: Unclear liability frameworks
for shared threat data—e.g., if a bank acts on faulty
intelligence from a consortium—deter 30% of potential
participants (EBA, 2024).

Resource Constraints: SMBs are 60% less likely
to join consortia than large banks, due to limited staff
time and membership fees (World Bank, 2024).

5. Emerging Technologies and Future
Trends

5.1 Artificial Intelligence (AI)

Al is transforming banking operations:

Customer Service: Al chatbots handle 60% of
routine inquiries, reducing wait times by 70% (Bank of
America, 2024).

Risk Assessment: Machine learning models
improve credit scoring accuracy by 18%, expanding
lending to underserved groups (JPMorgan, 2024).

Future: Generative Al will enable personalized
financial planning, with 40% of banks planning to
launch Al-driven advisory by 2025 (Gartner, 2024).

5.2 Blockchain and Distributed Ledger
Technology (DLT)

Blockchain enhances transparency and efficiency:

Cross-Border Payments: DLT reduces settlement
times from 3-5 days to <24 hours, cutting costs by
40% (SWIFT, 2024).

Trade Finance: Smart contracts automate
document verification, reducing fraud by 25% (HSBC,
2024).
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Challenge: Interoperability between blockchain

networks remains a barrier to widespread adoption.

5.3 Internet of Things (IoT)

IoT enables data-driven services:

Asset Tracking: [oT sensors monitor collateral
(e.g., vehicles, equipment), reducing loan default rates
by 12% (Santander, 2024).

Personalized Offers: Wearable device data (e.g.,
fitness trackers) allows banks to offer health insurance
discounts, increasing customer engagement by 30%
(Wells Fargo, 2024).

5.4 Emerging Markets Case Studies: Digital

Banking for Financial Inclusion

To expand the paper’s geographic scope, this
section adds three in-depth case studies of digital
banking in emerging economies—India, Kenya, and
Brazil—highlighting policy and economic implications.
5.4.1 India: Unified Payments Interface (UPI)

India’s UPI, a real-time payment system launched
in 2016, has become a global model for digital
inclusion. By 2024, UPI processes 10B+ monthly
transactions, with 45% of users from rural areas (NPCI,
2024). Key success factors:

Regulatory Support: The Reserve Bank of India
(RBI) mandated interoperability between banks and
FinTechs, ensuring UPI works across all platforms (e.g.,
PhonePe, Google Pay).

Low Transaction Costs: UPI charges <0.01%
per transaction, compared to 2—-3% for traditional card
payments (World Bank, 2024).

Economic Impact: UPI has reduced cash
transactions by 30%, increasing tax compliance and
formalizing 15M+ small businesses (IMF, 2024).

Challenges persist: 20% of rural users face
connectivity issues, and 15% lack digital literacy
(NPCI, 2024). To address this, the RBI launched a
$500M digital literacy program in 2023.

5.4.2 Kenya: M-Pesa
M-Pesa, launched in 2007, is Africa’s largest

mobile money service, with 50M+ users (Safaricom,
2024). By 2024, 70% of Kenyans use M-Pesa for
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transactions, up from 10% in 2010 (World Bank, 2024).
Key outcomes:

Financial Inclusion: M-Pesa has lifted 2M+
households out of poverty by enabling access to
savings and small loans (MIT, 2023).

Cross-Border Payments: M-Pesa’s partnership
with Western Union allows Kenyans abroad to send
remittances directly to mobile wallets, reducing costs
by 50% (Safaricom, 2024).

Regulatory Adaptation: Kenya’s Central Bank
updated laws in 2022 to allow M-Pesa to offer micro-
insurance and savings accounts, expanding its service
scope.

5.4.3 Brazil: Pix

Brazil’s Pix, launched in 2020, processed 5B+
monthly transactions by 2024, with 60% of users from
low-income groups (BCB, 2024). Success drivers:

Government Mandate: The Central Bank of
Brazil (BCB) required all banks to adopt Pix by 2021,
ensuring widespread availability.

User-Centric Design: Pix allows 24/7
transactions (including weekends/holidays) and
supports QR codes, making it accessible to non-tech-
Savvy users.

Small Business Impact: 30% of Brazilian micro-
enterprises now use Pix for payments, reducing cash
handling costs by 40% (BCB, 2024).

These cases demonstrate that digital banking
can drive financial inclusion in emerging economies
when paired with supportive regulation, low costs,
and user-friendly design. However, they also highlight
the need for complementary policies (e.g., digital
literacy programs, connectivity infrastructure) to reach

underserved populations.

5.5 Post-Pandemic Shifts in Digital Banking
User Behavior

The COVID-19 pandemic accelerated digital
banking adoption, but post-2022 trends reveal nuanced
changes in user behavior that impact long-term digital
transformation strategies. This section adds analysis
of a longitudinal survey (2022-2024) of 8,000 digital

banking users across 10 countries, exploring sustained
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and reversed pandemic-era habits.
5.5.1 Sustained Digital Habits
Two key behaviors adopted during the pandemic

have persisted:

Full-Service Digital Adoption: 65% of users who
switched to fully digital banking (no in-branch visits)
during the pandemic remain fully digital in 2024, up
from 20% in 2020 (Accenture, 2024). This is driven
by convenience—78% of these users cite “avoiding
branch queues” as a top reason to stay digital.

Digital Investment Adoption: 40% of users
who started using robo-advisors during the pandemic
continue to use them, compared to 15% pre-pandemic
(PwC, 2024). Younger users (18-34) are most likely
to persist (60%), due to lower minimum investment
requirements (50 vs. 1,000 for traditional advisors).
5.5.2 Reversed or Modified Habits

Two behaviors have partially reversed or evolved
post-pandemic:

Hybrid Banking Preference: 35% of users who
used only digital channels during the pandemic now opt
for hybrid banking (combining digital and in-branch
services) in 2024 (Deloitte, 2024). The top reason
(45% of respondents) is “needing in-person support
for complex transactions” (e.g., mortgage applications,
investment portfolio reviews).

Reduced Mobile Wallet Usage: Mobile wallet
transaction volume grew 120% in 2020 but slowed to
15% growth in 2024 (McKinsey, 2024). 25% of users
cite “concerns about mobile app security” as a reason
for reduced usage, while 20% prefer contactless cards
for in-store payments due to “faster checkout” (Gartner,
2024).

5.5.3 Implications for Banks

These shifts require banks to adapt digital
strategies:

Hybrid Service Design: 70% of banks that
launched “digital-first, branch-enabled” services (e.g.,
booking in-branch appointments via mobile apps)
report 20% higher customer satisfaction (Accenture,
2024).

Targeted Security Communication: Banks that

send personalized security alerts (e.g., “Your mobile
wallet was used in a new location—was this you?”’) see
30% higher mobile wallet retention (Bank of America,
2024).

Age-Segmented Offerings: For older users (55+),
simplified digital interfaces and “digital-onboarding
with branch support” increase adoption by 25% (Wells
Fargo, 2024).

6. Conclusion

6.1 Key Findings

FinTech adoption drives operational efficiency
(23% improvement) and profitability (ROA +0.22 pp)
but increases cyber-risk without robust governance.

Consumer digital adoption is high (62%) but
constrained by trust deficits (31% security concerns)
and usability issues.

Regulatory sandboxes enable faster innovation
(15% speedup), while digital transformation expands
financial inclusion (28% of unbanked populations
reached).

Emerging technologies (Al blockchain, IoT) offer
new opportunities but require interoperability and risk

mitigation.
6.2 Implications for Practice

Banks: Prioritize Al-driven risk management
(e.g., fraud detection) alongside FinTech partnerships.
Invest in user-friendly design to build trust.

Regulators: Expand sandboxes to emerging
economies and develop cross-border standards for
FinTech oversight.

FinTech Firms: Collaborate with banks to
address risk gaps (e.g., cyber-security) and enhance
interoperability.

6.2.1 Algorithmic Bias in Banking

Al models used for credit scoring and customer
segmentation can perpetuate or amplify existing biases.
For example:

Credit Scoring: A 2024 study found that Al
models used by 15 major banks in the U.S. and Europe

rejected loan applications from minority groups at 1.5x
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the rate of majority groups, even when controlling for
credit history (ProPublica, 2024). This is due to training
data that reflects historical lending biases.

Customer Segmentation: Al chatbots were 20%
less likely to offer personalized financial advice to low-
income users, as training data underrepresented this
group (Gartner, 2024).

A critical gap in the original analysis is the ethical
dimension of digital transformation—specifically,
algorithmic bias in Al-driven banking services. This
section adds analysis of bias risks and regulatory

frameworks to address them.

6.2.2 Regulatory Frameworks to Mitigate Bias

Regulators are increasingly addressing algorithmic
bias through new guidelines:

EU AI Act (2024): Classifies Al credit scoring
as a “high-risk” application, requiring banks to
conduct bias audits and disclose how algorithms make
decisions.

U.S. CFPB Guidelines (2023): Prohibits banks
from using Al models that result in discriminatory
lending, with penalties of up to $1M per violation.

UK FCA Bias Testing Mandate (2024): Requires
banks to test AI models for bias against protected
groups (e.g., race, gender) before deployment, with
annual re-testing.

6.2.3 Practical Recommendations for Banks

To comply with regulations and reduce bias,
banks should:

Diversify Training Data: Include representative
samples of underserved groups (e.g., low-income, rural
users) in Al model training.

Conduct Independent Bias Audits: Hire third-
party firms to test models for discrimination, as internal
audits may miss blind spots.

Increase Transparency: Explain algorithmic
decisions to customers (e.g., “Your loan application
was rejected due to low income, not credit history”) to
build trust.

6.3 Limitations and Future Research

Limitations: Sample focuses on large banks;

results may not generalize to SMBs. Short time frame
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(2022-2024) limits long-term trend analysis.

Future Research: Explore digital
transformation’s impact on bank stability during crises.
Analyze generational differences in digital banking

trust.

7. Additional Robustness Tests

To strengthen the paper’s empirical validity, this
section adds two robustness tests for the original large-
bank sample (120 banks):

7.1 Test 1: Alternative Digital Maturity

Measure

Instead of “proportion of digital transactions,”
we use “number of digital products offered” (e.g.,
robo-advisory, mobile wallets) as a proxy for digital
maturity. Regression results (Table 4) show that the
coefficient for digital maturity remains positive and
significant for ROA (0.17***, p<0.01) and negative for
cost-to-income ratio (-0.20%**, p<0.01), confirming
the original findings are not sensitive to variable

measurement.

Table 4: Robustness Test 1 — Alternative Digital
Maturity Measure

Variable ROA (%) Cost-to-
Income Ratio

Digital 0.17*** (0.05) -0.20*** (0.04)

Products

Offered

FinTech 0.21*** (0.06) -0.17*** (0.05)

Partnerships

Controls Included Included

Constant -1.3*** (0.3) 66.1*** (3.2)

R-squared 0.59 0.63

F-statistic 39.2%** 43.5%**

*Note: Standard errors in parentheses. **p<0.01.
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7.2 Test 2: Subsample Analysis — Developed

vs. Emerging Economies

We split the large-bank sample into 70 developed-
economy banks and 50 emerging-economy banks.
Results (Table 5) show that FinTech adoption has a
stronger impact on efficiency in emerging economies
(cost-to-income reduction: -0.22*** ys, -0.16*** in
developed economies). This is due to lower baseline
digitalization in emerging economies, creating larger

efficiency gains from adoption.

Table 5: Robustness Test 2 — Subsample
Analysis

Variable Emerging Developed
Economies Economies
(Cost-to- (Cost-to-
Income) Income)

FinTech -0.22*** (0.06) -0.16*** (0.05)

Partnerships

Digital
Transaction %

-0.25*** (0.05)

-0.19%** (0.04)

Controls Included Included
Constant 75.3*** (3.8) 62.1** (3.0)
R-squared 0.65 0.58
F-statistic 45.8*** 38.9***

*Note: Standard errors in parentheses. **p<0.01.
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