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Abstract

This thesis investigates whether digital banks differ from traditional institutions in
terms of structural characteristics, operational efficiency, and profitability. The
analysis is motivated by the rapid digital transformation of the banking sector and by
the growing relevance of technology-driven business models in financial
intermediation. While digitalization is often associated with lower operating costs,
greater scalability, and improved performance, the extent to which these advantages
translate into measurable differences in bank outcomes remains an open empirical
question. In this thesis, traditional banks are operationalized as incumbent hybrid

banks.

To address this issue, the study first compares the structural characteristics of digital
and traditional banks through descriptive statistics and then examines whether digital
status is associated with operational efficiency and profitability through panel data
regressions. The econometric analysis is estimated using random-effects models with
bank-clustered standard errors and year fixed effects, while correlated random-
effects specifications are employed as robustness checks to account for potential

unobserved heterogeneity.

The descriptive evidence shows that digital banks display a distinct structural profile
compared with traditional institutions. In particular, they are smaller, better
capitalized, less exposed to non-performing loans, less lending-intensive, more
focused on fees and digital services, and characterized by a lower share of personnel
expenses in total operating costs. In addition, the regression results point to a
moderately positive association between digital status and profitability. By contrast,
the relationship between digitalization and operational efficiency, measured through

the cost-to-income ratio, remains statistically inconclusive.

Taken together, these findings suggest that the advantages of digital banking may not
emerge exclusively through immediate reductions in operating costs, but rather
through broader differences in organizational structure, balance-sheet composition,

and business model configuration.
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1. Introduction

1.1. Digital Banking as an Empirical Question:

Context and Motivation

In recent years, banking has experienced a rapid reconfiguration of business models,
distribution channels, and operating processes. The diffusion of app-based services,
remote onboarding, automated credit scoring, and platform-based delivery has
reduced the role of physical infrastructure in many segments of retail banking and
has increased competitive pressure on incumbent institutions. This shift is not only
technological: it has strategic and organizational implications, as it changes how

banks acquire customers, deliver services, structure costs, and allocate assets.

Within this evolving landscape, digital banks have become an increasingly visible
phenomenon. These institutions are typically characterized by a stronger reliance on
digital channels, limited physical presence, and more standardized processes. At the
same time, many traditional banks have also adopted digital solutions, creating a
spectrum of “hybrid” models. As a consequence, the boundary between digital and
traditional banking is not always purely definitional: it is ultimately reflected in

observable differences in how banks operate and perform.

This thesis is motivated by a simple but relevant empirical question: does
digitalization translate into systematic differences in bank structure, efficiency, and
profitability? While the prevailing narrative suggests that digital models should be
leaner and more scalable, it is not obvious ex ante whether such advantages emerge
clearly in accounting-based outcomes. Digital banks may exhibit lower operating
costs, but they may also face challenges in monetization, customer acquisition, risk
management, and scale economies, especially in periods of macroeconomic stress.
Therefore, whether digitalization is associated with superior performance is

ultimately an empirical issue, rather than a purely theoretical expectation.



To address this question, this thesis compares digital and traditional banks through a
set of balance-sheet, risk, capitalization, revenue-structure, efficiency, and
profitability indicators. The empirical strategy combines descriptive and econometric
analysis. First, the study provides a descriptive comparison of the structural
characteristics of digital and traditional banks in order to assess whether they reflect
distinct business model configurations. It then examines whether digital status is
associated with higher operational efficiency, captured by the cost-to-income ratio,
and higher profitability, measured by return on assets, through panel data regressions.
By integrating these dimensions within a unified framework and evaluating the
results under alternative specifications, this work aims to provide a coherent

assessment of how digitalization relates to the observed heterogeneity across banks.

1.2. Research Motivation

The increasing diffusion of digital banking models has raised important questions
regarding the economic implications of technological transformation in the financial
sector. While digitalization is often associated with efficiency gains, scalability, and
improved service delivery, the extent to which these advantages translate into
observable differences in bank performance remains an open empirical issue. In
particular, the comparison between digital and traditional banks has become central
to understanding whether technology-driven institutions represent a genuinely

distinct and potentially more efficient form of financial intermediation.

A key aspect of this debate concerns operational efficiency. Digital banks are
commonly expected to operate with lower operating costs due to their reduced
reliance on physical branch networks and labor-intensive processes. The use of
automated systems, centralized technological infrastructures, and digital distribution
channels may allow these institutions to deliver financial services at lower marginal
costs and with greater scalability. However, the realization of these efficiency gains
is not guaranteed. Digital banks may face significant technology investment costs,
customer acquisition expenses, and regulatory compliance requirements, which can

offset part of the potential cost advantages associated with digitalization.

Another relevant dimension concerns profitability. From a theoretical perspective, a

more scalable and technology-driven operating model could improve profitability by
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reducing operational frictions and enabling banks to serve a larger customer base at
relatively low incremental cost. At the same time, digital banks often operate in
highly competitive market segments and may adopt aggressive pricing strategies to
expand their customer base. As a result, higher efficiency does not automatically
translate into higher profitability, making the relationship between digitalization and

financial performance an empirical question.

Beyond efficiency and profitability, the rise of digital banking also raises broader
questions about the sustainability of digital business models. Digital institutions often
exhibit different balance-sheet structures, funding strategies, and revenue
compositions compared to traditional banks. These structural differences may
influence both risk exposure and long-term performance dynamics. Understanding
whether digital banks display distinct structural characteristics compared to
traditional institutions is therefore an essential first step in evaluating the economic

implications of digital transformation in the banking sector.

Despite the growing importance of digital banking, the empirical evidence
comparing digital and traditional banks remains relatively limited and often
fragmented across different dimensions of performance. Many studies focus on
specific aspects of digital transformation, such as technological investment, online
banking adoption, or cost efficiency, without providing a comprehensive assessment
of how digital business models differ from traditional ones across structural,
efficiency, and profitability dimensions simultaneously. This thesis contributes to this
discussion by first providing a descriptive comparison of the structural characteristics
of digital and traditional banks, followed by an econometric analysis of the

relationship between digital status, operational efficiency, and profitability.

1.3. Research Questions

Building on the motivations outlined above, this thesis seeks to examine whether the
emergence of digital banking models is associated with systematic differences in how
banks are structured and how they perform. While the digital transformation of
financial services is widely discussed in both academic and industry contexts, it
remains important to empirically assess whether digital institutions differ from

traditional banks in observable economic outcomes.
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The central objective of this study is therefore to evaluate whether digital banks
exhibit distinctive characteristics compared to traditional banking institutions. In
particular, the analysis focuses on three key dimensions that are central to the
functioning and sustainability of banking business models: structural characteristics,
operational efficiency, and profitability. These dimensions capture complementary
aspects of banking performance, ranging from balance-sheet composition and cost

structure to the ability of banks to generate returns on their assets.

The first research question concerns the structural configuration of digital banks. This
question does not test a formal hypothesis but rather aims to describe and compare
the structural characteristics of digital banks versus traditional banks. By examining
balance-sheet indicators, cost structures, and other key variables, we will use
descriptive statistics to highlight whether observable differences exist. The focus is
on identifying and describing the structural features that distinguish digital

institutions from traditional ones, rather than testing for statistical significance.

The second research question addresses operational efficiency. A common argument
in discussions of digital banking is that technology-driven models allow financial
services to be delivered more efficiently, reducing operational costs and improving
the transformation of revenues into operating outcomes. This thesis investigates
whether digital banks exhibit lower operating cost ratios compared to traditional

institutions, as measured by the cost-to-income ratio.

The third research question focuses on profitability. Even if digital banks operate
with different structural configurations and potentially lower operating costs, it is not
immediately clear whether these characteristics translate into higher profitability. The
analysis therefore examines whether digital status is associated with higher returns
on assets once differences in size, risk exposure, capitalization, and business

orientation are considered.

Taken together, these research questions aim to provide a comprehensive empirical
assessment of how digitalization relates to observable differences across banks. By
jointly examining structural characteristics, efficiency indicators, and profitability
outcomes, the study seeks to assess whether digital banks represent a distinct and

economically differentiated model of financial intermediation.
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1.4. Empirical Strategy

To address the research questions outlined above, this thesis adopts an empirical
approach based on bank-level panel data analysis. The objective is to evaluate
whether digital banks differ systematically from traditional institutions across
structural characteristics, operational efficiency, and profitability outcomes. The
empirical strategy is designed to isolate the relationship between digital business
models and key banking indicators while controlling for relevant bank-specific

factors that may influence performance.

The analysis is conducted using a dataset of banks observed over multiple years,
allowing the study to exploit both cross-sectional variation across institutions and
time variation across the sample period. This panel structure provides a suitable
framework for examining differences between digital and traditional banks while
accounting for persistent heterogeneity across institutions and common

macroeconomic developments affecting the banking sector.

The empirical framework is organized around the three research questions introduced
in Chapter 3. First, the study provides a descriptive comparison of the structural
characteristics of digital and traditional banks, analyzing several balance-sheet and
cost structure indicators using descriptive statistics. This step allows the study to
describe and compare whether digital institutions differ from traditional banks in
terms of size, asset composition, capitalization, risk exposure, and revenue and cost

structures.

Second, operational efficiency is examined by estimating regression models in which
the cost-to-income ratio serves as the dependent variable. In these specifications,
digital status remains the key explanatory variable while additional control variables
are introduced to account for differences in bank size, asset composition, revenue
structure, and risk. This approach allows assessing whether digital banks operate with

greater cost efficiency after controlling for structural differences across institutions.

Third, the analysis evaluates the relationship between digitalization and profitability,
measured by return on assets (ROA). Like the efficiency models, profitability

regressions include a set of bank-level control variables capturing relevant aspects of
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bank structure and risk exposure. This specification allows isolating whether digital
status is associated with higher profitability once observable differences across banks

are considered.

To strengthen the empirical analysis, the baseline specifications include year fixed
effects in order to control for common time shocks affecting all banks in a given year.
In addition, robustness checks are conducted using correlated random effects
specifications, allowing the analysis to assess whether the estimated relationships

remain stable after accounting for potential unobserved bank-specific heterogeneity.

Overall, this empirical strategy provides a structured framework for testing the
research questions developed in the theoretical section while ensuring that the
comparison between digital and traditional banks is conducted within a consistent

and controlled econometric setting.

1.5. Main Findings

The empirical analysis provides several insights into how digital banks differ from
traditional institutions across structural characteristics, operational efficiency, and
profitability. Overall, the results suggest that digitalization is strongly associated with
structural differences in banking models and shows a positive relationship with

profitability, while the evidence regarding operational efficiency is less conclusive.

First, the descriptive analysis reveals that digital banks exhibit structural differences
compared to traditional institutions. Several balance-sheet and cost structure
indicators show differences between digital and traditional banks, suggesting that
digital banks operate under a distinct business model configuration. In particular,
digital institutions in the sample tend to be smaller in size, maintain lower levels of
non-performing loans, and display higher capitalization ratios. In addition, digital
banks allocate a smaller share of assets to lending activities, show a lower proportion
of personnel expenses relative to total operating costs, and exhibit a higher Non-
Interest Income/Total Income ratio. Taken together, these findings suggest that digital
banks are characterized by a different organizational structure and balance-sheet

composition, reflecting the adoption of technology-driven operating models.



Second, the analysis examines whether these structural differences translate into
higher operational efficiency. The estimated coefficient on the digital variable is
consistently negative in the regressions where the cost-to-income ratio is used as the
dependent variable, indicating that digital banks tend to operate with lower operating
cost ratios compared to traditional institutions. However, the estimated effect does
not reach conventional levels of statistical significance across model specifications.
Although the direction of the relationship is consistent with the expectation that
digitalization may reduce operating costs through automation and reduced reliance
on physical infrastructure, the empirical results do not provide sufficiently strong

evidence to confirm a systematic efficiency advantage.

Finally, the results provide moderate support for a profitability advantage associated
with digital status. Across all model specifications, the coefficient on the digital
dummy remains positive when return on assets is used as the dependent variable. In
the baseline specification the effect is close to conventional significance thresholds.
This positive association remains broadly stable in the robustness analysis based on
correlated random effects, suggesting that digital banks may exhibit higher
profitability even after controlling for structural characteristics and potential

unobserved heterogeneity.

Taken together, the findings suggest that the relationship between digitalization and
bank performance may operate through multiple channels. While the evidence does
not provide strong statistical support for a direct efficiency advantage in terms of
operating cost ratios, digital banks appear to exhibit distinct structural characteristics
and a relatively stable positive association with profitability. These results indicate
that the performance dynamics of digital banking models may depend not only on
cost efficiency but also on broader business model configurations and revenue-

generation mechanisms.

1.6. Contribution of the Study

This thesis contributes to the growing literature on digital transformation in banking
by providing an empirical comparison between digital and traditional banks across
multiple dimensions of performance. While existing research has extensively

examined the role of technological innovation in financial services, empirical
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evidence directly comparing the structural characteristics and performance outcomes
of digital and traditional institutions remains relatively limited and often fragmented

across specific aspects of banking activity.

A first contribution of this study lies in the integrated analysis of structural
characteristics, operational efficiency, and profitability, with the first part focusing
on the descriptive comparison of structural characteristics, while the latter part
addresses operational efficiency and profitability through regression analysis. Rather
than focusing on a single performance indicator, the thesis jointly examines balance-
sheet structure, cost efficiency, and profitability outcomes. This approach allows for
a more comprehensive understanding of how digital banking models differ from
traditional institutions and whether these differences translate into observable

economic advantages.

Second, this thesis contributes to the literature by providing empirical evidence on
the structural configuration of digital banks. By examining different indicators, the
analysis sheds light on whether digital institutions operate under a distinct business
model compared to incumbent banks. This perspective complements existing studies
that focus primarily on technological adoption or efficiency improvements without

explicitly examining broader balance-sheet and organizational characteristics.

Third, the study contributes to the debate on the economic implications of
digitalization for bank performance. The results provide evidence that digital banks
differ systematically from traditional institutions in several structural dimensions and
show indications of higher profitability, while the relationship between digitalization
and operational efficiency appears less clear-cut. These findings help refine the
common narrative that digital banking automatically leads to lower operating costs,
suggesting instead that performance differences may emerge through more complex

business model dynamics.

Finally, this thesis contributes to the broader discussion on the evolution of banking
models in the digital era. By empirically examining the relationship between
digitalization, bank structure, and performance, the study provides insights into how
technological transformation may reshape financial intermediation and competitive

dynamics within the banking sector. In this sense, the analysis contributes to



understanding whether digital banks represent merely a technological extension of

traditional banking or a structurally distinct model of financial intermediation.

1.7. Structure of the Thesis

The remainder of this thesis is structured as follows. The following sections outline
the main components of the research, including the review of the relevant literature,
the development of the theoretical framework and hypotheses, the empirical
methodology and data, and the discussion of the main empirical findings and their

implications for the banking sector.

Chapter 2 reviews the existing literature on digital transformation in banking and the
emergence of FinTech-driven business models. The chapter first discusses the role of
technological innovation in reshaping financial services and then examines how
traditional banks have responded to these developments through the adoption of
hybrid digital models. The literature review also explores the relationship between
digitalization, operational efficiency, and bank performance, concluding with the

identification of the research gap addressed in this study.

Chapter 3 develops the conceptual framework of the thesis and presents the testable
hypotheses. Building on the literature discussed in the previous chapter, it outlines
the theoretical links between digitalization, bank structure, operational efficiency,
and profitability. It also introduces the main variables used in the empirical analysis

and explains their economic interpretation.

Chapter 4 describes the data and empirical methodology adopted in the analysis. It
presents the structure of the dataset, the panel data framework underlying the study,
and the econometric models used to test the hypotheses. Particular attention is
devoted to the specification of the regression models, the role of year fixed effects in
the baseline estimations, and the use of correlated random effects as a robustness

check to address potential unobserved bank-specific heterogeneity.

Chapter 5 presents and discusses the empirical results. It first reports the findings
related to structural differences between digital and traditional banks, followed by

the analysis of operational efficiency and profitability. The results are then
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summarized and interpreted in light of the theoretical framework developed earlier

in the thesis.

Finally, Chapter 6 concludes the study by summarizing the main findings and
discussing their implications for the banking sector. The chapter also highlights the
limitations of the analysis and suggests possible directions for future research on

digital transformation in financial intermediation.
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2. Existing literature

This section reviews the existing literature on FinTech and digital transformation in
banking. In particular, it examines how FinTech-driven innovations have modified
financial services, influenced the transformation of traditional banks, and favoured
the rise of digital banks. The literature is analyzed with specific focus on efficiency,
cost structures, and profitability, providing the theoretical and empirical basis for the

comparative analysis of hybrid and digital banks.

2.1. FinTech and the Transformation of Financial

Services

Over the past 20 years, technological innovation has profoundly changed the
financial services industry. The term FinTech generally refers to the application of
digital technologies, including artificial intelligence, machine learning, big data, and
platform-based infrastructures, to financial services. These technologies have
transformed the main activities of the banks, such as payments, lending, wealth

management, and advisory services (Gomber et al., 2017; Vives, 2009).

A central theme concerns the impact of digital innovation on the economics of
financial intermediation. Traditional banks were born with branch networks,
hierarchical organizational structures, and labor-intensive processes, which imply
high fixed operating costs. On the other side, digital technologies allow financial
services to be automated, standardized, and distributed through online channels,
potentially reducing costs and improving scalability. From a theoretical perspective,
this transformation may alter the cost structure of financial institutions and change

the production function of banking services (Boot, 2017; Vives, 2009).

However, the expected efficiency gain from digitalization is not automatic. While
technological instruments can reduce certain categories of operating expenses, such
as the ones related to physical infrastructure and personnel (two of the main features
of neobanks), they also require substantial investments in IT systems, clouds, and

cybersecurity. As highlighted by Beccalli (2007) and Koetter et al. (2013), the
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productivity improvements depend on complementary organizational changes and
scale effects. In other words, digitalization may improve efficiency only when

supported by adequate adaptations.

FinTech has also changed financial services. By lowering entry barriers and enabling
the entrance of specialized providers of services, digital innovation has intensified
competition in different areas (Claessens et al., 2018; Stulz, 2022). Moreover,
Philippon (2016) argues that technological progress should theoretically reduce
intermediation costs; but historical evidence indicates that such reductions have been
limited, suggesting that market power and regulatory constraints may offset potential

efficiency gains.

Beyond cost considerations, digitalization has transformed the nature of bank-
customer relationships. Traditional relationship-based intermediation, based on long-
term relationship between people, is increasingly being replaced by algorithm-based
platforms, credit scoring and data-driven decision-making processes (Gomber et al.,
2017; Vives, 2009). This shift may influence not only operational processes but also
risk management practices and asset allocation strategies, with the birth of lots of

platforms that use robo-advisors.

Importantly, the literature does not predict a complete displacement of traditional
banks. Instead, digital innovation is viewed as a new force reshaping the industry.
Incumbent institutions are investing in I'T and are redesigning their operating models,
leading to the coexistence of different organizational forms. These range from fully
digital banks (e.g. Revolut), operating without extensive physical branch networks,
to the most famous too-big-too-fail hybrid institutions (e.g. the Italian banks Intesa
Sanpaolo or UniCredit) that combine digital channels with a reduced but still relevant

physical presence (Boot, 2017; Nicoletti, 2017).
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2.2. Transformation of Traditional Banks and the

Rise of Hybrid Models

So, incumbents have reacted to FinTech by reorganizing distribution channels and
redesigning internal structures and processes. Historically, branch networks
supported building the trust of people but also implied high fixed costs due to rent,
personnel, and administrative functions. With the diffusion of digital channels,
maintaining too many branches has become too costly relative to the availability of

online alternatives (Amberg & Becker, 2024).

Branch rationalization, however, does not necessarily imply the abandonment of
traditional banking. Instead, it often reflects a strategic reallocation of money toward
digital delivery while retaining selected elements of relationship banking. In this
context, digital transformation includes the integration of online platforms,
automated credit assessment, and data-driven customer management into existing
operations (Gomber et al., 2017). The expected outcome is a partial substitution of
physical infrastructure and routine labor with technology-enabled processes, yet the
net efficiency effect depends on implementation quality and the scale at which digital

systems operate.

This trade-off has contributed to the emergence of hybrid models that combine digital
channels with a reduced physical presence. Hybrid configurations aim to capture part
of the cost advantages of digital platforms without fully giving up the relational
benefits and trust associated with human interaction. In parallel, incumbents
increasingly collaborate with FinTech firms through partnerships or acquisitions to
accelerate capability building and expand into new segments (Nicoletti, 2017). These
strategies suggest that competitive advantage may depend not only on adopting
technology, but also on how successfully it is integrated into governance, processes,

and customer-facing design.

Nevertheless, the transition to hybrid models is costly and operationally complex.
Digital transformation requires a lot of money invested in IT infrastructure,
cybersecurity, and data governance; regulatory compliance and data protection

further raise fixed costs and may offset some savings from branch reduction (Stulz,
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2022). As a result, the performance impact of becoming “more digital” is
theoretically ambiguous: operating costs can decline in some dimensions while rising

in others, and margins may be affected by intensified competition (Vives, 2009).

This ambiguity explains why empirical evidence on hybrid performance remains
mixed. Some studies emphasize efficiency gains from channel diversification and
technology adoption (DeYoung et al., 2007), whereas others highlight that benefits
materialize only under specific conditions related to scale, management, and market
structure. These insights motivate a closer look at the most immediate margin of

comparison between business models: cost efficiency.

2.3. Digital vs Traditional Banks: Cost Efficiency

Whether digital-native institutions are structurally more cost-efficient than traditional
or hybrid banks is a central empirical question in the literature. Digital banks rely on
cloud-based infrastructures, automated processes, and data analytics to streamline
operations and redesign service delivery (Vives, 2009). In principle, the absence of
large branch networks should translate into lower fixed overheads relative to branch-

based models.

Earlier studies on internet-only banking suggest that cost advantages may depend on
timing and scale. DeYoung (2007; 2010) finds that internet-only banks may achieve
lower cost ratios as they mature, but early performance can be constrained by limited
scale, high customer acquisition costs, and the need for continuous investment. This
perspective frames digital banking efficiency as a dynamic outcome: technology may
reduce unit costs only once a sufficiently large customer base and operational

maturity are achieved.

Studies on IT investment reinforce this nuanced view. Beccalli (2007) and Koetter et
al. (2013) show that technology can enhance productivity, yet effects depend on
complementary organizational adjustments and market conditions. This implies that
“being digital” is not a guarantee of superior efficiency: it is the interaction between

technology, organization, and scale that ultimately shapes cost outcomes.
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Cost efficiency also interacts with competition. Philippon (2016) notes that despite
technological progress, aggregate intermediation costs have remained stable over
time, suggesting that institutional efficiency gains may be absorbed by competitive
pressure, regulation, or strategic reinvestment. Stulz (2022) similarly argues that
digital transformation intensifies competition and can compress margins, making it
essential to distinguish between lower operating costs and improved overall

performance.

At the same time, traditional and hybrid banks may retain advantages that affect
efficiency comparisons, including established customer bases, brand recognition, and
cross-selling opportunities. For this reason, empirical comparisons between digital-
only and hybrid institutions require careful controls for structural differences in scale,
risk exposure, capitalization, and business model composition, issues that become

even more critical when shifting from efficiency to profitability.

2.4. Digitalization, I'T investment, and Profitability

While digitalization is often associated with cost rationalization, its relationship with
profitability is less direct. IT spending can improve processes and service delivery,
but it may also raise fixed costs and intensify competitive pressure, making the net

effect on profitability ambiguous.

Beccalli (2007) finds that IT investment does not automatically translate into higher
profitability, emphasizing the importance of organizational integration. Koetter and
Noth (2013) similarly show that productivity gains are conditional on scale,
competition, and managerial efficiency, highlighting a distinction between achieving

operational improvements and generating sustainable returns.

Evidence from internet banking aligns with this interpretation. DeYoung (2007;
2010) finds that internet-only banks can obtain lower cost ratios, yet profitability may
lag in early stages due to customer acquisition and ongoing technology upgrades.
This suggests that profitability is shaped not only by operating efficiency, but also

by the ability to monetize digital capabilities and stabilize revenues over time.
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Hybrid banks face a different set of trade-offs. They may realize smaller structural
cost reductions than fully digital institutions but benefit from established customer
relationships and revenue diversification via cross-selling (Nicoletti, 2017; Vives,
2009). Moreover, digitalization can shift revenue composition toward fee-based
income from payments, advisory, and platform services (Gomber et al., 2017),
potentially compensating for pressure on interest margins, though the degree of

compensation is context-dependent.

Finally, competitive dynamics matter for profitability even when costs fall. Stulz
(2022) emphasizes that digital competition can compress spreads, implying that
improved operating efficiency does not necessarily imply higher ROA or ROE.
These considerations make it important to examine not only cost ratios but also how
digitalization changes revenue structures, particularly in advisory and wealth

management.

2.5. Digital Advisory Models and Revenue Structure

Transformation

The digital transformation of financial services has also significantly affected wealth
management and advisory activities. Traditionally, private banking has relied on
relationship-based advisory models, where human advisors provide personalized
portfolio management, estate planning, and investment strategies to high-net-worth
individuals. This model is characterized by intensive human capital involvement and
relatively high fee structures, reflecting the complexity and customization of services

provided.

The emergence of robo-advisors represents a structural innovation within this
segment. Platforms based on these advisors use algorithm-based portfolio allocation
models and automated investment strategies to deliver financial advice at
substantially lower cost. By relying on standardized digital processes rather than
personalized human interaction, these platforms reduce personnel intensity and
benefit from scalability advantages (Dhar & Stein, 2017). From a cost perspective,
robo-advisory models exemplify how digital technologies can alter the input mix of

financial services, shifting from labor-intensive to technology-intensive production.

16



However, the literature suggests that the advantages of robo-advisors are not limited
to cost reductions. Digital advisory platforms also reshape revenue structures. Unlike
traditional advisory models that may rely on commission-based compensation and
product distribution margins, robo-advisors typically adopt transparent, fee-based
revenue models linked to assets under management (AUM). This transition reflects
a broader industry shift toward non-interest income and service-based revenues

(Vives, 2009).

Despite their cost efficiency and scalability, robo-advisory models face important
limitations. Mullainathan et al. (2012) highlight that human advisors may better
address complex financial planning needs and behavioural aspects of investment
decisions. Furthermore, trust, brand recognition, and long-term client relationships
remain important competitive factors in wealth management. As Stulz (2022) notes,
digital models must overcome regulatory, reputational, and customization challenges

before fully replacing traditional advisory services.

The rise of digital advisory platforms has also contributed to the development of
hybrid banking models. Many incumbent institutions have integrated digital tools
into their advisory divisions, combining automated portfolio management with

human oversight.

From a broader perspective, the diffusion of robo-advisory models illustrates how
digitalization influences both cost structures and revenue composition within
banking. By reducing marginal service costs and expanding access to fee-based
activities, digital platforms may affect operational efficiency and business model
characteristics at the institutional level. These developments are particularly relevant
when comparing digital-native banks and hybrid institutions, as differences in
revenue mix and personnel intensity may contribute to variations in overall cost

performance.

2.6. Synthesis and Research Gap

The literature agrees that FinTech and digital transformation reshape banking
through changes in cost structures, competition, and organizational design (Boot,

2017; Vives, 2009). Studies suggest that technology adoption can improve
17



operational processes, but the effects depend on scale, integration, and
complementary organizational adjustments (Beccalli, 2007; Koetter & Noth, 2013).
In parallel, research on internet-only banking indicates that digital institutions may
achieve lower cost ratios, yet their early performance can be constrained by customer
acquisition costs and the need for continuous investment (DeYoung et al., 2007;

DeYoung, 2010).

At the same time, profitability effects remain heterogeneous. Competitive pressure,
regulatory costs, and strategic reinvestment may offset operating cost reductions
(Philippon, 2016; Stulz, 2022). Hybrid banking models are widely discussed as
adaptive responses (Gomber et al., 2017; Nicoletti, 2017), but systematic empirical
comparisons between hybrid and digital-only banks using consistent measures and

adequate controls remain limited.

This study addresses three related gaps. First, direct comparisons between digital-
only and hybrid banks using comparable operational efficiency indicators are still
relatively scarce. Second, existing evidence often does not simultaneously control for
structural determinants of performance, such as size, risk exposure, capitalization,
and asset/revenue composition, that may confound business model effects. Third,
part of the earlier literature predates the acceleration of digital adoption and the post-

2019 environment, which may have reshaped competitive conditions.

Accordingly, the analysis conducts a structured empirical comparison between
digital-only and hybrid banks, focusing on operational efficiency measured through
accounting-based indicators. By incorporating bank-specific controls commonly
emphasized in the literature, scale, credit risk, capital strength, asset structure, and
revenue composition, the study aims to isolate the association between digital

business models and efficiency outcomes.
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3. Theoretical framework and

hypotheses

3.1. Conceptual Framework

Digitalization has progressively reshaped the banking industry by altering how
financial services are produced, distributed, and priced. The previous chapter
highlights that digital transformation is not limited to the adoption of new channels
but can affect the core economics of banking through process automation, changes
in customer interaction, and the emergence of platform-based and data-driven
business models. In this context, comparing digital and traditional banks only in
terms of final outcomes risks overlooking the mechanisms through which

digitalization may operate.

This thesis therefore adopts a framework in which digitalization is expected to be
reflected first in structural differences between banks, and only subsequently in
operational efficiency and profitability. In other words, digital banks may differ from
traditional banks not merely because they provide services through digital interfaces,
but because they operate with a different balance-sheet configuration, a distinct cost
base, and a different exposure to credit risk. These structural features are central to
understanding efficiency and profitability, because they shape both the level of
operating costs and the ability to generate income, as well as the amount of capital

required to absorb potential losses.

Operational efficiency is captured through the cost-to-income ratio, a widely used
proxy for managerial and organizational efficiency in banking. A key channel
connecting bank structure and efficiency is credit risk. Asset quality deterioration
typically increases the cost of monitoring and recovery, affects provisioning
dynamics, and can weaken the income-generating capacity of a bank. As a result,
credit risk is expected to translate into poorer efficiency, potentially with delayed

effects due to the way loan quality evolves and losses are recognized.
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Finally, profitability, measured through ROA, can be understood as the combined
result of structural configuration, risk profile, and operational efficiency. Digital
banks may benefit from scalability and lower marginal costs, but profitability is also
influenced by credit risk, capitalization, and asset mix. The empirical strategy follows
this conceptual flow: it first examines whether digital banks systematically differ
from traditional ones in structural terms; it then analyzes the relationship between
digital status and efficiency; and it finally assesses whether digital status is linked to

higher profitability after considering bank fundamentals.

3.2. Hypotheses

Building on the literature on digital transformation in banking, this study investigates
whether digitalization is associated with systematic differences in bank structure,
operational efficiency, and profitability. If digital banks operate under a distinct
business model characterized by technological integration, lower reliance on physical
infrastructure, and process automation, these differences should be observable not
only in balance-sheet composition but also in efficiency and performance outcomes.

Accordingly, the following hypotheses are formulated.

e H1: Digital banks exhibit different structural characteristics compared to

hybrid banks.

This section highlights that 'digital' is not merely a distribution channel, but a
business-model choice that can shape how banks allocate resources and generate
income. Compared to traditional institutions, digital banks display a different
balance-sheet composition, potentially reflecting alternative funding profiles, asset
allocation strategies, and a different emphasis on fee-based activities versus interest-
based intermediation. These differences also emerge in capitalization and risk
metrics, as digitally oriented banks may adopt more conservative buffers to support
growth and credibility or alternatively pursue different risk-return trade-offs due to
their customer base and lending technologies. Overall, this comparison explores

whether digital banks are structurally different from traditional institutions.

e H2: Digital banks exhibit higher operational efficiency, reflected in a lower

cost-to-income ratio, compared to hybrid banks.
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This hypothesis is grounded in the expectation that digitalization improves efficiency
through automation, process standardization, and scalability. In theory, digital banks
can operate with lower fixed costs by relying less on physical infrastructure and by
delivering services through technology-enabled processes (e.g., onboarding,
customer service, credit screening). At the same time, improved data capabilities can
reduce frictions and enable leaner operating models. A lower cost-to-income ratio
would therefore indicate that digital banks are able to convert revenues into operating
results more efficiently than traditional banks, even after accounting for differences

in size, product mix, and risk profile.

e H3: Digital banks exhibit higher profitability, measured by return on assets
(ROA), compared to hybrid banks.

While H2 focuses on cost efficiency, H3 evaluates whether digital banks’ potential
structural and operational advantages translate into superior overall performance.
Profitability depends not only on cost discipline, but also on the ability to generate
sustainable revenues and manage risk. Digital banks may benefit from higher
scalability, improved customer acquisition efficiency, and data-driven pricing or
credit allocation, factors that could support higher returns on the asset base. However,
profitability may also be affected by strategic trade-offs (e.g., growth versus margins,
investment intensity, or competitive pressure). H3 therefore tests whether, on
balance, the digital model is associated with stronger profitability outcomes,
indicating that efficiency and structural features are not merely different, but

economically advantageous.

3.3. Variable Definition and Measurement

This section presents the variables employed in the empirical analysis. Consistent
with the conceptual framework, digitalization is treated as the main explanatory
factor, while structural characteristics, efficiency, and profitability indicators are
modeled as dependent variables depending on the hypothesis under consideration.
Several bank-specific controls are also included to isolate the effect of digital status

from other determinants of performance documented in the banking literature.
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3.3.1. Independent Variable

The key independent variable is digital, a binary indicator equal to one for banks
operating under a predominantly digital business model and zero for traditional

institutions.

This variable captures differences in organizational structure, delivery channels, and
technological intensity. In line with the literature on banking digital transformation
(Thakor, 2020; Vives, 2009), digital banks are typically characterized by lower
reliance on physical branch networks, greater automation of internal processes, and
technology-intensive customer interaction models. By operationalizing digitalization
as a dummy variable, the analysis allows for a direct comparison between two distinct
business model archetypes while maintaining interpretability of estimated

coefficients.
3.3.2. Structural Characteristics

In this section, we analyze the structural characteristics of digital and traditional
banks through descriptive statistics. The following indicators are examined to

highlight potential differences between the two groups:

e Total assets (logarithm) are used as a proxy for bank size. Size is a key
determinant of economies of scale, diversification capacity, and market
positioning (Berger & Mester, 1997). Taking the natural logarithm reduces
skewness and allows interpretation in relative terms.

¢ Non-performing loans over total loans capture asset quality and credit risk
exposure. Following (Berger & DeYoung, 1997), asset quality plays a central
role in explaining bank performance and risk dynamics. Structural differences
in underwriting standards or customer segmentation between digital and
traditional banks may be reflected in this ratio.

e Common Equity Tier 1 (CET1) ratio measures the bank’s core capital buffer
relative to risk-weighted assets. Capitalization levels reflect solvency strength
and risk tolerance and may differ across business models depending on

strategic orientation and regulatory positioning.
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e Loans over total assets capture the relative importance of traditional
intermediation activity within the balance sheet. Banks more heavily oriented
toward lending may display different income and risk profiles compared to
institutions relying more extensively on fee-based services.

¢ Non-interest income over total income measures revenue diversification. As
highlighted in the literature on banking structure (e.g., DeYoung & Rice, 2004),
diversification toward non-interest sources may alter both risk-return dynamics
and cost structures.

¢ Personnel expenses over operating costs capture the composition of the cost
base, reflecting the relative importance of labor-intensive processes. Digital
institutions are often expected to rely more heavily on automation and digital
infrastructure, potentially reducing the weight of personnel costs in total

operating expenses.

These indicators will be analyzed using descriptive statistics, such as mean, median,
and others, to assess and compare the structural characteristics of digital and

traditional banks.
3.3.3. Dependent Variables

e Operational efficiency

Operational efficiency is measured by the cost-to-income ratio, defined as operating
expenses divided by total operating income. This ratio is widely used in the banking
literature as an indicator of cost efficiency and managerial performance (Berger &
Mester, 1997). Lower values indicate that a bank is able to generate a given level of
income with relatively lower operating costs, suggesting more efficient internal

processes and cost management.

Given the emphasis of digital transformation on automation and lean operating
models (Gomber et al., 2017), this indicator provides a natural metric to evaluate
whether digital banks convert revenues into operating results more efficiently than

traditional institutions.
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¢ Profitability

Profitability is measured using return on assets (ROA), defined as net income divided
by total assets. ROA is one of the most employed indicators of bank profitability in
empirical banking research (Athanasoglou et al., 2008). It reflects the ability of a
bank to generate earnings from its asset base and is less affected by leverage

differences compared to return on equity.

ROA captures the overall outcome of managerial efficiency, risk management, asset
allocation, and revenue generation. If digitalization enhances business model
scalability, customer acquisition efficiency, or pricing strategies, as suggested in the
FinTech literature (Thakor, 2020), these advantages should ultimately be reflected in
higher profitability ratios.

3.3.4. Control Variables

In the analysis of operational efficiency (H2) and profitability (H3), several control
variables are included to isolate the effect of digitalization from other bank-specific

characteristics known to influence performance.

e Bank size (logarithm of total assets) is included to account for scale effects.
Larger institutions may benefit from economies of scale and diversification
(Berger & Mester, 1997), although increased complexity may offset such
advantages. Controlling for size prevents digital status from simply proxying
for differences in scale.

e Asset quality (non-performing loans over total loans) controls for credit risk
exposure. Poor asset quality can reduce profitability through higher loan-loss
provisions and impaired interest income, and may also increase monitoring and
recovery costs, thereby affecting efficiency.

e Capitalization (CET1 ratio) is included to account for solvency strength.
Better-capitalized banks may enjoy greater resilience and lower funding costs,
but higher capital buffers may also reduce leverage and risk-taking capacity,
influencing profitability outcomes.

e Asset composition (loans over total assets) captures differences in business

orientation. Lending-intensive banks may generate stronger interest income but
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may also be more exposed to cyclical risk. Including this variable allows
distinguishing digital effects from differences in intermediation intensity.

¢ Revenue diversification (non-interest income over total income) accounts for
variation in income structure. Diversified banks may exhibit different risk-
return profiles and cost dynamics compared to institutions predominantly
reliant on net interest margins.

¢ Cost structure composition (personnel expenses over operating costs) controls
for the labor intensity of the operating model. Since digital banks may rely
more heavily on technological infrastructure rather than branch-based staff,
including this variable helps separate the direct effect of digital status from

differences in cost allocation.

Finally, extended specifications incorporate year fixed effects to control for
macroeconomic and regulatory shocks common to all banks in a given period, such
as changes in monetary policy conditions, financial stress episodes, or systemic

industry developments.
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4. Data & Methodology

4.1. Empirical Strategy

This study adopts a panel data approach to investigate whether digital banks differ
from traditional institutions in terms of structural characteristics, operational
efficiency, and profitability. The empirical strategy is designed to isolate the
association between digital business models and key banking outcomes while

controlling for bank-specific heterogeneity and time-related effects.

The core objective is to assess whether digitalization is systematically associated
with differences in three key dimensions: structural characteristics, operational
efficiency, and profitability. To this end, the analysis follows a two-stage empirical
strategy. First, H1 is examined descriptively by comparing structural balance-sheet
and business-model indicators between digital and traditional banks. Second, H2 and
H3 are investigated through panel regression models, where digital status serves as
the main explanatory variable and cost efficiency and profitability are modeled as

dependent outcomes.

For H1, the analysis compares structural indicators, such as size, asset quality,
capitalization, balance-sheet composition, and cost structure, between digital and
traditional banks. Descriptive statistics are used to assess differences in these
characteristics. This step provides a preliminary assessment of whether digital and
traditional banks exhibit structural differences across key dimensions of their

business models.

For H2 and H3, the empirical models examine whether digital status is associated
with differences in operational efficiency and profitability. In these specifications,
the cost-to-income ratio and return on assets are treated as dependent variables, while
the digital dummy remains the key independent variable of interest. A set of control
variables capturing size, asset quality, capitalization, asset composition, revenue
structure, and cost structure is included to reduce omitted variable bias and isolate

the net association between digitalization and performance.
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The empirical analysis is conducted within a panel data framework that exploits both
cross-sectional and time-series variation in the data. The baseline specification relies
on random-effects regressions with bank-clustered standard errors and year fixed
effects, allowing the model to account for unobserved bank heterogeneity and
common macroeconomic shocks affecting all institutions in a given year. In addition,
a correlated random effects (Mundlak) specification is estimated as a robustness
check in order to relax the assumption that unobserved bank-level effects are

uncorrelated with the explanatory variables.

Overall, this empirical strategy provides a structured and internally consistent test of
the conceptual framework developed in Chapter 3, linking digitalization to structural

configuration and performance outcomes in the banking sector.

4.2. Panel Data Framework

The empirical analysis is conducted using a panel dataset covering a sample of 30
banks, equally divided into 15 digital and 15 traditional institutions, observed over
the period 2018-2024, for a total of 210 observations. The dataset combines cross-
sectional variation across institutions with time-series variation across years,
allowing for a comprehensive assessment of structural and performance differences

between digital and traditional banks.

The panel structure offers several methodological advantages. First, it increases the
number of observations relative to a purely cross-sectional approach, thereby
improving estimation efficiency. Second, it allows the analysis to exploit both
between-bank and over-time variation in the data. Third, it makes it possible to
account for common time-specific shocks affecting all institutions simultaneously,
such as changes in macroeconomic conditions, monetary policy, or regulatory

developments.

The dataset is structured at the bank-year level, with each observation referring to a
specific bank in a given year. The variable identifying digital status is time-invariant
for each institution, as it reflects the structural business model classification adopted

in the study rather than a characteristic that changes over time.
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Given the presence of repeated observations for each bank, standard errors are
clustered at the bank level in all regressions. This adjustment accounts for potential
serial correlation and heteroskedasticity within institutions over time, thereby
ensuring more reliable statistical inference. In addition, the baseline specifications
include year fixed effects in order to absorb common macroeconomic and systemic
shocks affecting all banks in a given period. Finally, the empirical strategy is
complemented by correlated random effects specifications as robustness checks,
allowing the analysis to account more explicitly for the potential correlation between

unobserved bank-specific heterogeneity and the time-varying regressors.

4.3. Model Specification

To empirically test the hypotheses 2 and 3 developed in Chapter 3, the analysis relies
on a general regression framework in which bank-level outcomes are modeled as a
function of digital status and a set of control variables. The baseline specification can

be expressed as follows:
Yie = a + B1Digital; + BoXir + v + €1t
Where

e Y} represents the dependent variable for bank i in year t.
e Digital; is a dummy variable identifying digital banks.
e X;; denotes a vector of bank-specific control variables.

e y, captures year fixed effects when present.

e &;; is the error term.

While this equation provides the general empirical structure, the model is specified

differently depending on the hypothesis being tested.

The analysis begins with H1, which investigates whether digital banks differ from
traditional institutions in terms of key structural characteristics. To do so, several
balance-sheet and business-model indicators are compared descriptively between
digital and traditional banks, with the digital dummy used to distinguish the two

groups. This first step is intended as a preliminary structural assessment, aimed at
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identifying whether digital status is associated with differences in size, risk exposure,

capitalization, asset allocation, revenue composition, and cost structure.

However, this initial comparison provides the empirical foundation for the
subsequent analysis of H2 and H3. By documenting whether digital banks operate
under a distinct structural configuration, the analysis establishes the relevant bank

characteristics that must be accounted for when examining performance outcomes.

In the models for H2 and H3, operational efficiency and profitability are respectively
treated as the dependent variables. In particular, the cost-to-income ratio is used to
capture operational efficiency, while return on assets is used as the profitability
indicator. In these specifications, the digital dummy remains the key independent
variable of interest, while the structural indicators previously examined under H1 are
incorporated as control variables. These controls include measures of bank size,
credit risk, capitalization, asset composition, revenue diversification, and cost

structure.

This modeling strategy allows the empirical analysis to progress from a descriptive
comparison of structural characteristics to a conditional assessment of whether digital
banks differ from traditional institutions in terms of efficiency and profitability once
those structural features are considered. In this sense, the three hypotheses are
empirically connected within a single framework: structural differences are first
identified with a statistical analysis and are then used to interpret and control for

performance differentials.

The baseline specifications for H2 and H3 include year fixed effects in order to
absorb macroeconomic and systemic shocks common to all banks in a given year.
This makes it possible to assess whether the estimated relationships remain stable
once common time effects are controlled for. In addition, a correlated random effects
(Mundlak) specification is estimated as a robustness check to address the potential
correlation between unobserved bank-specific heterogeneity and the time-varying

regressors.
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4.4. Estimation Method

For the structural comparison in H1, descriptive statistics are used to analyze the
differences between digital and traditional banks across several structural indicators.
The focus is on comparing means, medians, and other relevant measures of central
tendency and dispersion showed in the boxplots, without using regression analysis.
The empirical models are estimated using panel data regression techniques for H2
and H3. Given the structure of the dataset and the nature of the variables of interest,
the analysis relies on random effects estimators combined with clustered standard

errors at the bank level.

The choice of a random effects specification is motivated by the presence of a key
explanatory variable, digital status, that is time-invariant for each institution. Since
the digital classification does not vary across years for a given bank, a fixed effects
estimator would absorb this variable and prevent the estimation of its coefficient. By
contrast, the random effects framework allows exploiting both the cross-sectional
and time-series variation in the data while preserving the ability to estimate the effect

of time-invariant characteristics.

In addition, standard errors are clustered at the bank level in all specifications.
Clustering accounts for the potential presence of serial correlation and
heteroskedasticity within banks over time, ensuring more reliable statistical
inference. This adjustment is particularly important in panel data settings where
repeated observations for the same entity may violate the assumption of independent

CITOorS.

The baseline specifications for the efficiency and profitability models also include
year fixed effects. These time dummies capture common macroeconomic and
systemic shocks affecting all banks in a given year, such as changes in monetary
policy, regulatory developments, financial market conditions, or broader economic
disruptions. By absorbing these time-specific effects, the models isolate the
association between digital status and bank outcomes from common temporal

influences.
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In addition, the analysis implements a correlated random effects (Mundlak)
specification as a robustness check. This approach augments the standard random
effects model by including the bank-level means of the time-varying regressors,
thereby relaxing the assumption that unobserved bank-specific heterogeneity is
uncorrelated with the explanatory variables. The use of this specification provides an

additional test of the robustness of the baseline results.

All statistical analyses and regressions were conducted using Stata, ensuring that the

model specifications and robustness checks were rigorously implemented.

Overall, the estimation strategy combines a random effects panel framework with
bank-clustered standard errors, year fixed effects, and a correlated random effects
robustness check, allowing for a more reliable assessment of the relationship between

digitalization, bank structure, operational efficiency, and profitability.

4.5. Year Fixed Effects

To account for macroeconomic conditions and systemic factors affecting all banks
simultaneously, the baseline specifications for the efficiency and profitability
regressions include year fixed effects. These time dummies capture common shocks
that may influence bank performance across the entire sample, such as changes in
monetary policy, regulatory developments, financial market conditions, or broader

economic cycles.

By introducing year fixed effects, the model controls for time-specific influences that
could otherwise bias the estimated relationship between digital status and the
dependent variables. In particular, this approach allows the empirical analysis to
isolate the association between digital status and bank outcomes while netting out
macroeconomic fluctuations that affect the banking sector as a whole. As a result,
the inclusion of year dummies strengthens the baseline estimation framework and
reduces the risk that the estimated coefficients simply reflect common temporal

dynamics rather than differences between digital and traditional institutions.
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4.6. Robustness Checks

To further assess the robustness of the empirical findings, the analysis complements
the baseline random-effects specifications with a correlated random effects
(Mundlak) model. This approach extends the standard random-effects framework by
including the bank-level means of the time-varying regressors, thereby allowing for
the possibility that unobserved bank-specific heterogeneity may be correlated with

the explanatory variables.

The use of a correlated random effects specification is particularly relevant in this
context, as differences in managerial quality, strategic orientation, or organizational
characteristics may affect both bank performance and the explanatory variables
included in the model. By relaxing the strict exogeneity assumption underlying
standard random effects, the Mundlak approach provides a more demanding test of
the baseline results while preserving the possibility of estimating the coefficient

associated with the time-invariant digital dummy.

Comparing the results obtained from the baseline specification and the correlated
random effects model makes it possible to evaluate whether the estimated
relationship between digitalization and bank outcomes remains stable under a more
flexible treatment of unobserved heterogeneity. In this way, the robustness analysis

contributes to strengthening the credibility of the empirical findings.

4.7. Correlation Matrix and Endogeneity Check

Before running the regressions, a correlation matrix was generated to assess the
potential endogeneity of the key explanatory variable, digital status. The matrix
evaluates the relationships between digital status and all the other variables. It is
essential to ensure that the digital variable is not excessively correlated with any of
the control variables, which could indicate potential endogeneity and bias in the

estimated coefficients.

The correlation analysis revealed several key findings. Notably, the digital variable
showed moderate correlations with a few important control variables, such as

capitalization (CET1) and the loan-to-assets ratio. These correlations, although
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noteworthy, did not exceed the threshold commonly associated with multicollinearity
issues (e.g., 0.8). Therefore, while the correlations between digital status and certain
control variables are present, they are not strong enough to suggest significant
endogeneity concerns that would require further model adjustments, such as

instrumental variable approaches.

Since no high correlations were found, there is no significant concern regarding
endogeneity in the model. The empirical strategy proceeds with the baseline models
incorporating digital status and the control variables as specified. Given these
findings, the analysis does not require adjustments such as the use of instrumental

variables or further model corrections for endogeneity.

The correlation matrix is provided in the appendix for further reference (Figure 5.17).
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S. Empirical findings

S.1. Structural Differences Between Digital and

Traditional Banks

The empirical analysis begins with H1, which represents the first foundational step
of the broader framework developed in this thesis. Before assessing whether digital
banks differ from traditional institutions in terms of operational efficiency and
profitability, it is necessary to verify whether they also differ in their underlying
structural characteristics. This preliminary step is particularly important because any
observed difference in performance may partly reflect a distinct balance-sheet
configuration, risk profile, revenue composition, or cost structure, rather than the

direct effect of digitalization alone.

For this reason, a set of bank-specific characteristics, later used as control variables
in the efficiency and profitability analyses, is first analyzed descriptively. Structural
characteristics such as size, asset composition, credit risk exposure, capitalization,
revenue structure, and cost structure are compared between digital and traditional

banks using descriptive statistics.

This first step should not be interpreted as a stand-alone exercise, but rather as the
empirical foundation for the subsequent testing of H2 and H3. By documenting
whether digital banks display a structurally distinct configuration, the analysis
clarifies which dimensions of bank heterogeneity need to be considered when
evaluating efficiency and profitability outcomes. In this sense, H1 plays both a
descriptive and methodological role: it documents the existence of structural
divergence between business models and, at the same time, provides the justification

for including these same structural indicators as controls in the later regressions.
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The boxplots comparing hybrid and digital banks across various structural indicators
reveal important trends in the data. On average, hybrid banks tend to be larger in size,
with more consistent asset distributions. In contrast, digital banks show greater
variability in their asset sizes, reflecting the diverse stages of development within the
digital banking sector. These findings underscore the structural differences between
the two banking models, suggesting that digital banks, while generally smaller,

exhibit a broader range of asset sizes, potentially linked to their scaling challenges.
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The graphs comparing the NPL ratio for hybrid and digital banks highlight significant

differences in credit risk. Digital banks exhibit a lower median NPL ratio, suggesting
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that, on average, they manage credit risk more effectively than traditional banks.

While hybrid banks show slightly more variability in their NPL ratios, digital banks

display more consistency, reflecting better overall asset quality.
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The boxplots comparing the CET1 ratio for hybrid and digital banks reveal notable

differences in dispersion and central tendency. Hybrid banks show a more compact

distribution, suggesting greater consistency in their capitalization levels. In contrast,

digital banks exhibit a wider distribution, indicating greater variability in capital

strength. Moreover, the median CET1 ratio appears to be higher for digital banks

than for hybrid banks, although digital banks also display a much broader range of

values. This suggests that, while some digital banks maintain strong capital positions,

their capitalization is overall less homogeneous than that of hybrid banks.
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The boxplots comparing the Loans/Assets ratio show significant differences in
lending orientation between hybrid and digital banks. Hybrid banks have a higher
median ratio, indicating that they are more lending-focused relative to their total
assets. The distribution also shows a broader spread, suggesting greater variability in

the level of lending activity among traditional banks.

In contrast, digital banks exhibit a lower median ratio, reflecting a more diversified
approach to income generation, with less reliance on loans. The distribution is
narrower, indicating that digital banks tend to have a more consistent balance

between loans and other assets.
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Income distribution for hybrid banks Income distribution for digital banks

The Non-Interest Income/Total Income ratio boxplots highlight a significant
difference between hybrid and digital banks. Hybrid banks show a lower median
ratio, indicating that a larger portion of their income is derived from interest-based
activities. The distribution is relatively consistent, with a moderate spread, suggesting

that most traditional banks rely similarly on interest income.

On the other hand, digital banks exhibit a higher median ratio, which suggests a
stronger reliance on non-interest income, likely reflecting their business model
focused on fees or digital services. The wider distribution indicates greater variability
in income sources across digital banks, possibly due to differences in business models

or market strategies.
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The Personnel Expenses/Operating Costs ratio boxplots reveal clear differences
between hybrid and digital banks. Hybrid banks display a higher median ratio,
indicating a larger share of operating costs dedicated to personnel expenses. This is
likely due to their greater reliance on branch-based infrastructure, requiring a larger

workforce to maintain operations.

In contrast, digital banks have a lower median ratio, suggesting a reduced reliance on
personnel relative to their operating costs. This aligns with their business models,
which are more focused on automation and technology-driven services, requiring
fewer human resources. The relatively narrower distribution further suggests a more

consistent approach to cost allocation across digital institutions.

e Overall Assessment of H1

Taken together, the empirical evidence provides substantial support for HI,
indicating that digital and traditional banks exhibit systematic differences across

several structural dimensions.

First, digital banks are notably smaller in size, as evidenced by the lower median
values for In(Assets). This suggests that digital institutions tend to be relatively
younger, operate with leaner balance sheets, and have not yet reached the size or

scale of traditional banks. This difference is economically relevant, as bank size is
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closely linked to scale economies, production technology, and cost conditions in

banking (e.g., Berger & Mester, 1997).

Second, digital banks exhibit lower non-performing loan (NPL) ratios. The boxplots
show a more concentrated distribution for digital banks, reflecting a potentially
different risk profile, asset quality, and portfolio composition compared to hybrid
institutions. This finding is consistent with the broader view that asset quality is a
key structural determinant of bank outcomes (Berger & DeYoung, 1997) and may
reflect differences in underwriting approaches, customer segmentation, and portfolio

maturity.

Third, digital banks show higher CET]1 ratios, indicating stronger capitalization
relative to their hybrid counterparts. The boxplot confirms this trend, suggesting that
digital banks maintain a more conservative risk profile, possibly to mitigate risks

associated with their technological business models and rapid growth strategies.

Moreover, digital banks allocate a smaller share of assets to loans (as reflected in the
lower Loans-to-Assets ratio), which points to a more diversified asset allocation
strategy compared to hybrid intermediaries. This is consistent with the digital
business model's tendency to rely less on traditional lending and more on alternative
forms of intermediation, partnerships, and digital platforms, an evolution often
discussed in the digital transformation and FinTech literature (Gomber et al., 2017;

Thakor, 2020; Vives, 2009).

Additionally, digital banks show a higher median ratio of Non-Interest Income/Total
Income compared to traditional institutions. This suggests a stronger reliance on non-
interest income, which is likely a result of their business model, which emphasizes
fees and digital services. The wider distribution of this ratio in digital banks indicates
greater variability in their income sources, reflecting the diversity in business models

and revenue-generating strategies across digital banks.

Finally, digital banks have a lower ratio of personnel expenses to operating costs,
which is consistent with the core idea that digital banks leverage automation and
technology to reduce reliance on branch-based distribution and staff-intensive

processes, due to greater automation and technology-enabled delivery.
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Overall, the results suggest that digital banks are not just traditional banks with a
digital interface but represent a distinct structural model characterized by smaller
size, lower risk exposure, stronger capitalization, a different balance-sheet structure,
and reduced reliance on personnel. These findings underscore the profound impact
of digital transformation on the banking sector, going beyond mere cost efficiency
and extending into the very fabric of banking operations and business models.

(DeYoung et al., 2007; Thakor, 2020; Vives, 2009).

5.2. Digital Banks and Operational Efficiency

Before presenting the empirical estimates for H2, it is necessary to clarify the
theoretical rationale underlying the expected relationship between digitalization and

operational efficiency.

A well-established strand of the banking literature emphasizes that technological
innovation plays a central role in shaping cost structures and productivity. Berger
(1997) highlights how information technology adoption can significantly improve
bank performance by reducing operational inefficiencies and enhancing scale
economies. Similarly, DeYoung et al. (2007), in their study on internet-only banks,
argue that technology-driven models have the potential to reduce overhead costs
relative to traditional branch-based institutions, although efficiency gains may

depend on scale and organizational maturity.

More recent research on digital transformation reinforces this view. Vives (2009)
argues that digitalization enables cost reductions through automation, data analytics,
and streamlined customer interfaces, potentially reshaping competitive dynamics in
retail banking. Likewise, Gomber et al. (2017) and Thakor (2020) discuss how
FinTech-driven models rely on lower fixed infrastructure and leaner operating

processes, which may translate into improved cost efficiency.

From an empirical perspective, studies such as Beccalli (2007) show that IT
investments are associated with improvements in bank performance, particularly
when technology is integrated into core operations. However, the literature also
stresses that efficiency gains are not automatic: Jagtiani and Lemieux (2019) note
that digital innovation may initially increase costs due to investment and

restructuring efforts before efficiency benefits materialize.

40



Taken together, the theoretical and empirical literature suggests that digital banks,
characterized by reduced reliance on physical branches, greater automation, and
technology-intensive processes, may operate with structurally lower operating costs
relative to income generation capacity. This provides the theoretical foundation for

expecting a negative association between digital status and the cost-to-income ratio.

To empirically assess this relationship, two complementary model specifications are
estimated. The first represents the baseline specification, which includes year fixed
effects to control for common macroeconomic shocks affecting all banks
simultaneously, such as changes in monetary policy, regulatory interventions, or
industry-wide cost pressures. The second represents a robustness check based on a
correlated random effects (Mundlak) specification, which allows for potential
correlation between unobserved bank-specific heterogeneity and the time-varying
regressors. This approach strengthens the robustness of the results by addressing
potential endogeneity, as confirmed by the correlation matrix, which shows that
digital status is not strongly correlated with the key explanatory variables. This makes
it possible to assess whether the estimated association between digitalization and

operational efficiency remains stable under a more demanding specification.
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Figure 5.13: Regression results for Cost-to-Income ratio with Control Variables

and Year Fixed Effects
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Table 5.1: Linear regression results for Cost-to-Income ratio using Digital, Control

Variables and Year Fixed Effects

. . Std. Error CI Lower | CI Upper
Variable | Coefficient (Robust) p-value 959, 959,
Digital | -0.659699 | 0.4807703 | 0.170 | -1.601992 | 0.2825935
NPL/Loans | 3.443455 | 133953 | 0.010 | 0.8180239 | 6.068886
Non-Int. Inc./l /76054 | 06192363 | 0.017 | 2.691705 | -0.2643437
Total Inc.

Loans/Assets | -3.441707 | 0.8320896 | 0.000 | -5.072573 | -1.810841
I(TA) | -0.3645924 | 0.1976448 | 0.065 | -0.7519692 | 0.0227843
cons | 7.632561 | 2775374 | 0.006 | 2.192928 | 13.07219
Year FE Yes

In the baseline specification, the coefficient associated with the digital variable is
negative, indicating that digital banks display, on average, a lower cost-to-income
ratio compared to traditional banks. The sign of the coefficient is therefore consistent
with the theoretical expectation underlying H2. However, the effect is not statistically
significant at conventional levels (p-value > 0.05), suggesting that the observed
difference in operational efficiency cannot be considered systematic within the

sample.

Regarding the control variables, several structural characteristics appear to be
significantly associated with operational efficiency. The ratio of loans to total assets
is negative and highly significant, indicating that banks with a stronger lending
orientation tend to exhibit lower cost-to-income ratios. Similarly, the share of non-
interest income over total income is negative and statistically significant, suggesting
that a more diversified revenue structure is associated with improved efficiency.
Bank size shows a negative coefficient and is marginally significant, providing
tentative evidence of economies of scale. In this specification, the ratio of non-
performing loans is positive and significant, implying that higher credit risk is

associated with higher operating inefficiency.

Importantly, the inclusion of year fixed effects accounts for macroeconomic shocks

affecting all banks, but the correlated random effects (CRE) model was also used as
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a robustness check, yielding similar results. This indicates that the relationship
between digital status and operational efficiency remains stable even after controlling
for bank-specific unobserved heterogeneity. Nevertheless, the absence of statistical
significance in the cost-to-income ratio for digital banks means that, while the
relationship is directionally consistent with the hypothesis, it does not provide firm

empirical support for H2.
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Figure 5.14: Regression results for Cost-to-Income ratio with Control

Variables, Year Fixed Effects and Correlated Random Effects
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Table 5.2: Linear regression results for Cost-to-Income ratio using Digital,

Control Variables, Year Fixed Effects and Correlated Random Effects

Std. Error _value CI Lower | CI Upper
(Robust) | P 95% 95%,

Digital -0.6705366 | 0.4595761 | 0.145 | -1.571289 | 0.230216

Variable | Coefficient

NPL/Loans | 0.8341506 | 2.581096 0.747 | -4.224704 | 5.893005

Non-Int. Inc./
Total Inc.

Loans/Assets | -3.395725 | 0.8741219 | 0.000 | -5.108973 | -1.682478

-1.600498 | 0.6398903 | 0.012 -2.85466 | -0.3463365

In(TA) -0.3356955 | 0.1752342 | 0.055 |-0.6791482 | 0.0077572

_cons 7.432952 | 2.608158 0.004 2.321057 12.54485

Year FE Yes

Correlated RE Yes

When the correlated random effects are included, the coefficient on the digital
variable remains negative and of similar magnitude, but it continues to lack statistical
significance. This suggests that the baseline result is not robust to a more demanding
specification that accounts for the potential correlation between unobserved bank-
specific heterogeneity and the time-varying regressors. While the direction of the
relationship remains consistent with the hypothesis, the evidence becomes even less

supportive from a statistical perspective.

The correlated random effects specification also affects some of the control variables.
In particular, the coefficient on non-performing loans loses statistical significance,
suggesting that part of its explanatory power may be related to unobserved bank-
specific characteristics rather than to a direct and stable effect on operational
efficiency. By contrast, the negative effect of loans remains significant, reinforcing
the importance of asset composition in explaining cost efficiency. Bank size also
becomes more strongly associated with the cost-to-income ratio, pointing to the

relevance of structural scale differences across institutions.
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e Overall Assessment of H2

Taken together, the empirical evidence is directionally consistent with H2, as digital
banks tend to exhibit lower cost-to-income ratios. However, the lack of statistical
significance across specifications implies that the hypothesis is not fully supported
by the data. While digitalization may be associated with structural characteristics that
foster efficiency, the direct effect of being a digital bank does not emerge as
statistically robust once other determinants of cost structure and unobserved bank

heterogeneity are considered.

5.3. Digital Banks and Profitability

H3 posits that digital banks exhibit higher profitability, as measured by return on
assets, compared to traditional banks. The underlying expectation is that structural
and operational differences associated with digital business models may ultimately

translate into superior earnings performance.

From a theoretical perspective, the relationship between digitalization and bank
profitability can operate through several channels. Berger (1997) emphasizes that
technological innovation enhances productivity and improves revenue generation
capacity when effectively integrated into core banking operations. DeYoung et al.
(2007) argue that internet-based banks may achieve improved performance once
scale economies are realized and organizational learning effects materialize.
Similarly, Vives (2009) highlights that digital transformation reshapes competitive
dynamics by reducing intermediation costs and expanding market reach, potentially

supporting margins and profitability.

More recent FinTech-oriented research suggests that technology-intensive models
may enhance profitability by enabling data-driven credit assessment, customized
pricing, and more efficient customer acquisition (Gomber et al., 2017; Thakor, 2020).
At the same time, the literature also recognizes that digitalization may increase
competition and compress margins (Philippon, 2016), implying that the net effect on

profitability is ultimately an empirical question.

For this analysis as well, two complementary model specifications are estimated to

test whether digital status is associated with differences in profitability. As in H2, the
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first specification represents the baseline model with year fixed effects to account for
common macroeconomic shocks, while the second introduces correlated random
effects (Mundlak) to address potential unobserved heterogeneity between banks.
Comparing these two models allows for assessing the robustness of the results and
determining whether the relationship between digital status and profitability remains
stable when accounting for potential correlations between bank-specific unobserved

heterogeneity and time-varying regressors.
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Figure 5.15: Regression results for ROA with Control Variables and Year Fixed
Effects
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Table 5.3: Linear regression results for ROA using Digital, Control Variables and

Year Fixed Effects
Variable | Coefficient S(tl({i;)l]illggr p-value CI9L5(;/\;ver CIgISJOp/fer
Digital | 0.0045009 | 0.0023928 | 0.060 | -0.0001888 | 0.0091906
NPL/Loans | -0.0708198 | 0.0167463 | 0.000 |-0.1036419 | -0.0379976
CET1 | 0.0292151 | 0.0189107 | 0.122 |-0.0078492 | 0.0662794
Pers. Exp/ |6 004569 | 0.0102182 | 0.655 | -0.0154584 | 0.0245964
Op. Costs
Loans/Assets | 0.0178921 | 0.0064248 | 0.005 | 0.0052998 | 0.0304845
In(TA) | 0.0003083 | 0.0006627 | 0.642 |-0.0009906 | 0.0016072
_cons | -0.0143269 | 0.0128804 | 0.266 | -0.039572 | 0.0109182
Year FE Yes

In the baseline model, the coefficient associated with the digital variable is positive,
indicating that digital banks exhibit, on average, a higher return on assets compared
to traditional institutions. The effect is marginally significant, suggesting that the
difference is statistically meaningful at the 10% level and directionally consistent

with H3.

Among the control variables, NPL ratio is negative and highly significant,
confirming that asset quality deterioration is strongly associated with lower
profitability, as expected in the banking literature (Berger & DeYoung, 1997). The
ratio of loans to total assets is positive and significant, indicating that a stronger
lending orientation contributes positively to earnings generation. Bank size does not
appear statistically significant in this specification, suggesting that scale effects may
not directly translate into higher ROA once other factors are controlled for. The
CET]1 ratio is positive but not statistically significant, indicating that capitalization

levels do not show a direct association with profitability in this model.

Overall, the baseline results provide preliminary support for H3, as digital status is
positively associated with profitability. However, the marginal significance suggests
that the evidence is not fully conclusive, and further analysis may be needed to

confirm the robustness of this relationship under alternative specifications.
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Figure 5.16: Regression results for ROA with Control Variables, Year Fixed Effects
and Correlated Random Effects

Table 5.4: Linear regression results for ROA using Digital and Control Variables,

Year Fixed Effects and Correlated Random Effects

. . Std. Error CI Lower | CI Upper
Variable | Coefficient (Robust) p-value 95% 959,
Digital 0.0047118 | 0.0024488 0.054 | -0.0000877 | 0.0095114
NPL/Loans |-0.0447194 | 0.0203313 0.028 | -0.0845681 | -0.0048707
CET1 0.0179633 | 0.0190635 0.346 | -0.0194005 | 0.055327
Pers. Exp/ 1 0003267 | 0.0095746 | 0.973 |-0.0190927 | 0.0184392
Op. Costs
Loans/Assets| 0.012984 | 0.0063031 0.039 0.0006302 | 0.0253378
In(TA) 0.0001027 | 0.0006001 0.864 | -0.0010735 | 0.0012789
_cons -0.0053984 | 0.0122963 0.661 -0.0294986 | 0.0187019
Year FE Yes
Correlated RE Yes
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When the correlated random effects are introduced, the coefficient on digital remains
positive and of similar magnitude, while its statistical significance remains broadly
stable. This suggests that the positive association between digital status and ROA is
not solely driven by the restrictive assumptions of the standard random effects model

and continues to hold under a more demanding specification.

The correlated random effects model allows for the possibility that unobserved bank-
specific heterogeneity is correlated with the time-varying regressors. The stability of
the digital coefficient across specifications therefore strengthens the interpretation
that digital banks are consistently associated with higher profitability within the

sample.

Control variables largely retain their expected signs. The NPL ratio remains negative
and significant, reinforcing the importance of credit risk in shaping profitability.
Loans over total assets also continues to display a positive and significant association
with ROA. Other controls appear statistically weaker, suggesting that profitability

differences are primarily explained by asset quality and balance-sheet composition.

Overall, the correlated random effects specification does not materially alter the sign
or general interpretation of the digital coefficient, suggesting that the estimated
relationship between digital status and profitability is not driven exclusively by

unobserved bank-level characteristics.

e Overall assessment of H3

Taken together, the empirical evidence provides moderate support for H3. Across
both specifications, digital banks exhibit higher return on assets relative to traditional
institutions. The effect remains consistently positive and close to conventional

significance thresholds, including under the correlated random effects specification.

While the magnitude of the coefficient is economically moderate, the stability of both
its sign and statistical relevance suggests that digitalization may be associated with
enhanced profitability, potentially through more scalable operating models, broader
technological integration, and more efficient revenue-generation mechanisms. At the
same time, given the marginal significance levels, these results should be interpreted

with appropriate caution.
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5.4. Summary of Empirical Findings

This section summarizes the key empirical findings derived from the analysis of HI,
H2, and H3. Overall, the analysis highlights that digitalization is linked to meaningful
differences in bank structure and, to a more limited extent, in profitability outcomes.
However, evidence regarding operational efficiency, as measured by the cost-to-
income ratio, is directionally consistent with the hypothesis but remains statistically

inconclusive.

With respect to H1, the descriptive analysis reveals structural differences between
digital and traditional banks. These differences, observed across a range of balance-
sheet and business model indicators, suggest that digital banks operate under a
distinct structural configuration (Berger & DeYoung, 1997). Notably, digital banks
are smaller in size, have different risk exposures, higher capitalization, alternative
balance-sheet compositions, and lower personnel costs compared to their traditional
counterparts. This pattern underscores the idea that digital transformation
significantly reshapes the structure of financial institutions, rather than merely

modifying their distribution channels (Thakor, 2020; Vives, 2009).

Turning to H2, the estimated coefficient on the digital variable is consistently
negative across model specifications, indicating that digital banks generally have
lower cost-to-income ratios compared to traditional banks. However, this effect is
not statistically significant in either the baseline model with year fixed effects or in
the correlated random effects robustness check. Thus, while the association between
digitalization and operational efficiency aligns with expectations, the evidence does
not confirm a robust efficiency advantage once other factors, such as bank

characteristics and unobserved heterogeneity, are accounted for.

Finally, H3 receives moderate support. The coefficient for digital status is
consistently positive and approaches conventional significance thresholds across all
model specifications. This suggests that digital banks may have a profitability
premium relative to traditional banks, even when controlling for size, capitalization,
credit risk, and balance-sheet composition. Although the magnitude of the effect
remains moderate, the result supports the idea that digital banks benefit from more
scalable and efficient business models, as well as enhanced revenue generation
mechanisms (Thakor, 2020; Vives, 2009).
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6. Conclusion

6.1. Overview of the Study

This thesis examined the relationship between digitalization and bank performance
by comparing digital and traditional banks across structural characteristics,
operational efficiency, and profitability. The rapid digital transformation of the
banking sector has raised important questions regarding whether technology-driven
institutions represent a fundamentally different model of financial intermediation and

whether such differences translate into observable economic outcomes.

The study was motivated by the increasing relevance of digital banking models in
the financial sector and by the limited empirical evidence directly comparing digital
and traditional banks across multiple performance dimensions simultaneously. While
digitalization is often associated with efficiency gains and greater scalability, it
remains an empirical question whether these advantages are reflected in measurable

indicators of bank structure, cost efficiency, and profitability.

To address this question, this thesis developed a conceptual framework linking
digitalization to key dimensions of banking performance. Three main hypotheses
were formulated. The first hypothesis showed whether digital banks exhibit structural
characteristics that differ systematically from those of traditional institutions. The
second hypothesis examined whether digital banks achieve higher operational
efficiency, measured through the cost-to-income ratio. The third hypothesis tested

whether digital institutions display higher profitability, proxied by return on assets.

The empirical analysis for H2 and H3 was conducted using a panel dataset of banks
observed over multiple years and employed econometric models designed to control
for bank-specific characteristics, common time shocks, and potential unobserved
heterogeneity. The analysis incorporated correlated random effects (CRE) as a
robustness check, to ensure that the relationships observed were not biased by
unobserved factors correlated with the regressors. Additionally, a correlation matrix

was utilized to examine the potential endogeneity between key variables, ensuring
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that the digital variable did not suffer from high multicollinearity or other statistical

1Ssues.

By combining structural indicators, efficiency measures, and profitability outcomes
within a unified empirical framework, the study aimed to provide a comprehensive

assessment of how digitalization relates to observable differences across banks.

The following sections interpret the empirical results from a broader economic
perspective and discuss their implications for the evolution of banking business

models in an increasingly digital financial environment.

6.2. Interpretation of Results

The empirical results presented in this thesis provide several insights into how
digitalization relates to the structure and performance of banking institutions.
Overall, the statistical analysis suggests that digital banks differ from traditional
institutions in terms of organizational structure and balance-sheet composition, while
the advantages in terms of operational efficiency appear less clear-cut. At the same
time, the results indicate a relatively stable positive association between digital status

and profitability.

One of the most consistent findings concerns the structural differences between
digital and traditional banks. Digital institutions tend to operate with smaller balance
sheets, lower levels of non-performing loans, higher capitalization ratios, and a
different asset allocation compared to traditional banks. These characteristics are
broadly consistent with the idea that digital banks adopt a distinct business model
centered on technological infrastructure rather than on extensive physical branch
networks. Lower credit risk exposure and higher capitalization may also reflect a
more cautious balance-sheet strategy during the early stages of digital bank
development, where maintaining financial stability and regulatory credibility may be

particularly important.

Another notable result concerns the cost structure of digital banks. The analysis
indicates that digital institutions display lower personnel expenses relative to
operating costs, which is consistent with the expectation that digital banking models

rely less on labor-intensive processes and physical branch networks. Digital
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platforms allow many banking activities, such as customer onboarding, transaction
processing, and basic financial services, to be automated and delivered remotely,
reducing the need for large customer-facing workforces. This result suggests that
digitalization can indeed influence the internal organization of banks by shifting the

composition of operating costs away from traditional labor-intensive structures.

Moreover, the analysis shows that digital banks have a higher Non-Interest
Income/Total Income ratio than hybrid banks, indicating a greater reliance on non-
interest income. Hybrid banks, on the other hand, derive more of their income from
interest-based activities. This aligns with the theory that digital banks focus more on
fee-based services and digital platforms, while traditional banks rely more on lending

and interest income.

However, the results related to operational efficiency, measured through the cost-to-
income ratio, are less conclusive. Although the estimated relationship between digital
status and the cost-to-income ratio is negative, indicating that digital banks tend to
exhibit lower operating cost ratios, the effect does not reach conventional levels of
statistical significance. This finding suggests that while digital banks may operate
with different cost structures, these differences do not necessarily translate into a
clear and systematic efficiency advantage when considering the overall

transformation of revenues into operating costs.

Several factors may explain this result. First, digital banks often face substantial
technology investment costs, particularly in the early stages of development, when
platforms, cybersecurity systems, and digital infrastructures must be built and
continuously updated. Second, digital banks frequently incur significant customer
acquisition and marketing expenses, as they compete in highly contested online
markets. These costs may offset part of the potential savings associated with reduced
branch networks and lower personnel intensity. As a result, efficiency gains from

digitalization may materialize gradually rather than immediately.

In contrast, the results related to profitability provide more consistent evidence of a
potential advantage associated with digital banking models. Across different model
specifications, digital banks tend to exhibit higher return on assets compared to
traditional institutions, even after controlling for size, credit risk exposure,

capitalization, and other structural characteristics. Although the statistical
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significance of this relationship is moderate, the stability of the positive coefficient
across specifications suggests that digital status may be associated with a more

favorable profitability profile.

This finding may reflect the broader business model characteristics of digital banks.
Technology-driven institutions may benefit from greater scalability and the ability to
serve a large customer base through digital channels with relatively low marginal
costs. In addition, digital banks often focus on specific market segments or
standardized financial products, which may allow them to operate with simpler
organizational structures and more streamlined service delivery. These factors may
contribute to improved profitability outcomes even when direct cost-efficiency

advantages are not strongly evident.

Although the results are not fully conclusive, the observed positive trends and
structural differences between digital and traditional banks suggest a potential
competitive advantage for digital banks. This advantage may become more
pronounced over time as digital banks mature and overcome initial challenges such
as customer acquisition costs and technology investments. While further research
with longer time horizons and larger datasets is needed to confirm these results, the
evidence suggests that digitalization may lead to more scalable, cost-efficient, and

profitable business models in the long run.

6.3. Implications for the Banking Industry

The findings of this study have several implications for the ongoing transformation
of the banking industry. As financial institutions increasingly integrate digital
technologies into their operations, understanding how digital business models differ
from traditional banking structures becomes crucial for both market participants and
policymakers. The results of this thesis suggest that digital banks represent not only
a technological innovation but also a broader reconfiguration of banking organization

and strategy.

First, the evidence of structural differences between digital and traditional banks
highlights the emergence of alternative organizational models within the banking
sector. Digital banks appear to operate with leaner infrastructures, smaller balance

sheets, and different asset allocation patterns. These characteristics suggest that

54



digital institutions may rely less on traditional lending-based models and more on
flexible, technology-driven service provision. For incumbent banks, this implies that
digital transformation is not merely a matter of adopting new technological tools but
may require deeper adjustments to organizational structures, cost composition, and

strategic positioning.

Second, the results related to cost structures indicate that digitalization can influence
how operating expenses are distributed within banks. The lower share of personnel
expenses observed among digital banks reflects the reduced reliance on physical
branches and customer-facing staff. This trend suggests that technological adoption
may gradually reshape the internal organization of banking activities, with greater
emphasis on automated processes, centralized technological platforms, and digital
service channels. For traditional banks, this transformation may require substantial
investment in digital infrastructure as well as adjustments in workforce composition

and operational processes.

However, the results also indicate that operational efficiency advantages are not
automatically guaranteed. Although digital banks tend to exhibit lower operating cost
ratios, the empirical evidence does not show a statistically strong efficiency
advantage. This finding highlights that digitalization may involve significant
transitional costs, including investments in technology, cybersecurity, regulatory
compliance, and customer acquisition. As a result, the benefits of digital
transformation may depend not only on technological adoption but also on the ability
of banks to scale digital operations effectively and develop sustainable revenue

models.

The positive association between digital status and profitability further suggests that
the competitive advantage of digital banks may stem from broader business model
characteristics rather than from cost reductions alone. Digital institutions may benefit
from scalable platforms, simplified product offerings, and the ability to reach
customers through low-cost digital channels. These characteristics may allow digital
banks to achieve favorable profitability outcomes even when direct operating cost

advantages remain limited.

Overall, the results of this study indicate that the banking sector is likely to evolve

toward a more heterogeneous landscape, characterized by the coexistence of
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traditional banks, fully digital institutions, and hybrid models combining elements of
both approaches. Traditional banks may continue to leverage their established
customer bases, diversified product portfolios, and regulatory experience, while
digital banks may compete through technological innovation, flexibility, and
streamlined operations. In this context, the long-term competitive dynamics of the
banking sector will likely depend on how effectively institutions integrate digital

technologies into sustainable business strategies.

6.4. Limitations of the Study

Despite providing useful insights into the relationship between digitalization and
bank performance, this study is subject to several limitations that should be

acknowledged when interpreting the results.

A first limitation concerns the size and composition of the sample. The empirical
analysis is based on a relatively limited number of banks observed over a restricted
time period. While the panel structure allows the study to exploit both cross-sectional
and time variation, the sample may not fully capture the diversity of digital banking
models that exist across different countries and regulatory environments. In
particular, digital banks are still a relatively recent phenomenon, and many
institutions remain in early stages of development. As a result, the observed
performance indicators may reflect transitional phases rather than the long-term

equilibrium of digital banking models.

A second limitation relates to the definition and classification of digital banks.
Distinguishing between digital and traditional institutions is not always
straightforward, as many incumbent banks have progressively integrated digital
technologies into their operations. The binary classification adopted in this study is
necessary for empirical analysis but inevitably simplifies a more complex reality in
which banks operate along a continuum of digital adoption. Consequently, some
institutions categorized as traditional may still display substantial levels of
digitalization, potentially reducing the observable differences between the two

groups.

Another limitation concerns the use of accounting-based performance indicators.

Variables such as the cost-to-income ratio and return on assets provide useful
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measures of operational efficiency and profitability, but they may not fully capture
the broader strategic and technological advantages associated with digital banking
models. For instance, digital banks may invest heavily in technological
infrastructure, customer acquisition, and platform development in ways that affect
short-term financial indicators while supporting long-term growth and scalability.
Therefore, accounting measures may only partially reflect the economic impact of

digital transformation.

An additional limitation relates to the econometric strategy. Although the analysis
incorporates year fixed effects in the baseline specifications and correlated random
effects as a robustness check, the empirical framework cannot fully eliminate all
concerns related to unobserved heterogeneity. Differences in managerial quality,
strategic orientation, product specialization, or market positioning may still influence
both digital status and performance outcomes in ways that are only partially captured
by the available control variables. While the correlation matrix showed no significant
correlations between digital status and other control variables, suggesting minimal
risk of endogeneity, there remains a theoretical possibility that unobserved factors
could influence both the decision to become a digital bank and performance
outcomes. This could still present a limitation in terms of fully isolating the effect of

digitalization on bank performance.

Finally, the sample period includes significant macroeconomic events, such as the
COVID-19 pandemic and changes in interest rate conditions, which may have
affected banks differently depending on their business models and market exposures.
Although year fixed effects help absorb common shocks affecting all institutions in
a given period, they cannot fully account for heterogeneous responses to the same

macroeconomic environment.

These limitations suggest that the results of this study should be interpreted as
indicative evidence rather than definitive conclusions regarding the performance of
digital banking models. At the same time, they highlight several avenues through

which future research could further refine and extend the analysis.
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6.5. Directions for Future Research

The limitations discussed above open several avenues for future research on the
relationship between digitalization and banking performance. As digital
transformation continues to reshape the financial sector, further empirical work will
be necessary to better understand the long-term implications of technology-driven

business models for financial intermediation.

A first direction for future research concerns the expansion of datasets and
geographical coverage. Extending the analysis to a larger sample of banks across
different countries could provide a more comprehensive understanding of how digital
banking models operate under diverse regulatory frameworks, market structures, and
competitive environments. Cross-country analyses may also help identify whether
the performance of digital banks is influenced by institutional factors such as

financial regulation, technological infrastructure, or market concentration.

A second promising avenue involves the use of longer time horizons. Many digital
banks are relatively recent institutions, and their current performance indicators may
reflect early-stage growth strategies rather than mature business models. Future
studies covering longer time periods could examine whether the structural and
profitability patterns observed in this study persist as digital banks reach greater scale
and operational maturity. Such analyses would help clarify whether the advantages

associated with digital banking models strengthen or diminish over time.

Another important area for further investigation concerns the dynamic aspects of
digital transformation within traditional banks. Rather than focusing exclusively on
institutions classified as digital or traditional, future research could examine how
varying degrees of digital adoption influence bank performance. Measuring
digitalization along a continuum, through indicators such as IT investment, digital
service adoption, or platform-based operations, may provide a more nuanced
understanding of how technological innovation affects banking efficiency and

profitability.

Future research could also explore the interaction between digitalization and risk-
taking behavior. Digital platforms, automated decision systems, and data-driven

credit models may influence how banks assess credit risk, allocate assets, and manage
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financial exposures. Investigating whether digital banks differ from traditional
institutions in terms of risk-taking, lending behavior, or financial stability would
contribute to a broader understanding of the implications of digital transformation

for the resilience of the banking sector.

A further extension could involve the use of alternative econometric approaches to
better address issues of endogeneity. For instance, dynamic panel models, quasi-
experimental designs, or more robust bank-level institutional controls could help
isolate the causal impact of digitalization on bank outcomes by addressing potential

biases due to unobserved heterogeneity or reverse causality.

Finally, further studies may examine the strategic positioning and revenue models of
digital banks. As the results of this thesis suggest, profitability advantages may not
arise solely from lower operating costs but also from differences in product
specialization, customer segmentation, and service delivery models. Analyzing how
digital banks generate revenue, compete with traditional institutions, and develop
sustainable business models would provide valuable insights into the evolving

competitive dynamics of the financial sector.

Overall, continued research in these areas will be essential to deepen our
understanding of how digital technologies are reshaping banking systems and to
evaluate the long-term economic consequences of digital transformation in financial

services.
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Appendix

This appendix reports the numerical results of the linear regression models used in

the Empirical Results.

Table 1: Linear regression results for Cost-to-Income ratio using Digital, Control

Variables and Year Fixed Effects (Figure 5.13)

. . Std. Error CI Lower CI Upper
Variable | Coefficient (Robust) p-value 959, 959,
Digital -0.659699 | 0.4807703 0.170 | -1.601992 | 0.2825935
NPL/Loans | 3.443455 1.33953 0.010 | 0.8180239 | 6.068886
Non-Int. Inc./| - /260r4 | 06192363 0.017 | -2.691705 | -0.2643437
Total Inc.

Loans/Assets | -3.441707 0.8320896 0.000 -5.072573 -1.810841

In(TA) -0.3645924 0.1976448 0.065 -0.7519692 | 0.0227843

_cons 7.632561 2.775374 0.006 2.192928 13.07219

Year FE Yes

Table 2: Linear regression results for Cost-to-Income ratio using Digital, Control

Variables, Year Fixed Effects and Correlated Random Effects (Figure 5.14)

. . Std. Error CI Lower CI Upper
Variable | Coefficient (Robust) p-value 959 95%,

Digital -0.6705366 0.4595761 0.145 -1.571289 0.230216

NPL/Loans | 0.8341506 2.581096 0.747 -4.224704 5.893005

Non-Int. Inc./

-1.600498 0.6398903 0.012 -2.85466 -0.3463365
Total Inc.

Loans/Assets| -3.395725 0.8741219 0.000 -5.108973 -1.682478

In(TA) -0.3356955 0.1752342 0.055 -0.6791482 | 0.0077572

_cons 7.432952 2.608158 0.004 2.321057 12.54485
Year FE Yes
CRE Yes

63



Table 3: Linear regression results for ROA using Digital, Control Variables and Year
Fixed Effects (Figure 5.15)

Variable | Coefficient S(tl({i;)l]illggr p-value CIgLSg/:’)ver CIgISJ([;oper
Digital | 0.0045009 | 0.0023928 | 0.060 | -0.0001888 | 0.0091906
NPL/Loans | -0.0708198 | 0.0167463 | 0.000 | -0.1036419 | -0.0379976
CETI 0.0292151 | 0.0189107 | 0.122 | -0.0078492 | 0.0662794
Pers. Exp/ | 004560 | 0.0102182 | 0.655 | -0.0154584 | 0.0245964
Op. Costs
Loans/Assets| 0.0178921 | 0.0064248 | 0.005 | 0.0052998 | 0.0304845
In(TA) | 0.0003083 | 0.0006627 | 0.642 | -0.0009906 | 0.0016072
_cons | -0.0143269 | 0.0128804 | 0266 | -0.039572 | 0.0109182
Year FE Yes

Table 4: Linear regression results for ROA using Digital and Control Variables, Year

Fixed Effects and Correlated Random Effects (Figure 5.16)

. . Std. Error CI Lower CI Upper
Variable | Coefficient (Robust) p-value 959 95%
Digital 0.0047118 | 0.0024488 0.054 | -0.0000877 | 0.0095114
NPL/Loans | -0.0447194 | 0.0203313 0.028 | -0.0845681 | -0.0048707
CETI 0.0179633 | 0.0190635 0346 | -0.0194005 | 0.055327
Pers. Exp./ 1 0003267 | 0.0095746 0973 | -0.0190927 | 0.0184392
Op. Costs
Loans/Assets| 0.012984 | 0.0063031 0.039 | 0.0006302 | 0.0253378
In(TA) 0.0001027 | 0.0006001 0.864 | -0.0010735 | 0.0012789
_cons -0.0053984 | 0.0122963 0.661 | -0.0294986 | 0.0187019
Year FE Yes
CRE Yes
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Cost-to-Income ROA NPL/Loans CET1 Non-Int. Inc./Tot. Inc. Pers. Exp./Op. Costs Loans/Total Assets [n (Total Assets) Digital
Cost-to-Income 1
ROA -0,070714787 1
NPL/Loans 0,103853292  -0,44570692 1
CET1 0,81397825 0,26270098 -0,3646008 1
Non-Int. Inc./TotInc. -0,131981642 0,056349466 -0,02225328 0,106010717 1

Pers. Exp./Op. Costs
Loans/Total Assets
In (Total Assets)

Digital

-0,101040007

-0,172558329

-0,398810744

0,157399821

-0,52318006

-0,06203893

-0,27946942

0,457144077

0,322424124

0,212020795

0,152482873

-0,43987624

-0,33785035

-0,49113161

-0,49680838

0,435378727

-0,112175661

-0,143993187

-0,109400886

0,164492825

0,395631687

0,439997631

-0,656348664

0,438988468

-0,561643904

-0,426095097

1

Figure 5.17: Correlation matrix
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