
The 2024 Third Place Research Paper Winner
“Kuwaiti Economic Student Prize

رؤية بنك الكويت المركزي والبنوك الكويتيةالبحث الفائز بالمركز الثالث  بجائزة الطالب الاقتصادي الكويتي  لعام 2024

لتطوير الشباب الكويتي

أحد مشاريع 

DIGITAL TRANSFORMATION 
AND BANK PROFITABILITY 
IN KUWAIT: A COMPARATIVE 
AI PREDICTIVE ANALYSIS





DIGITAL TRANSFORMATION 
AND BANK PROFITABILITY 
IN KUWAIT:A COMPARATIVE 
AI PREDICTIVE ANALYSIS
Dalal Jassim Judy Darweesh

The 2024 Third Place Research Paper Winner
“Kuwaiti Economic Student Prize“





التحول الرقمي وربحية البنوك في الكويت: 

تحليل تنبؤي مقارن باستخدام الذكاء الاصطناعي.

الهدف:
تهــدف هــذه الدراســة إلى تحليــل تــأثير التحــول الرقمــي على ربحيــة البنــوك الكويتيــة مــن 
ــاص  ــكل خ ــة بش ــز الدراس ــم الآلي. ترك ــات التعل ــتخدام تقني ــة باس ــاذج تنبؤي ــر نم خلال تطوي
على المــؤشرات الرئيســية للربحيــة، وهــي العائــد على الأصــول )ROA( والعائــد على حقوق 

.)ROE( الملكيــة

المنهجية:
اتبعت الدراسة منهجية منظمة شملت:

ــة إلى  ــة، بالإضاف ــوك الكويتي ــر البن ــن تقاري ــة م ــات مالي ــع بيان ــم جم ــات: ت ــع البيان 1. جم
مقاييــس التحــول الرقمــي والمتــغيرات الاقتصاديــة الكليــة.

2. معالجــة البيانــات: تــم تنظيــف البيانــات ومعالجتهــا للتأكــد مــن جودتهــا، بمــا في ذلــك 
معالجــة القيــم المفقــودة والتأكــد مــن تطابــق المقاييــس.

3. تحليــل الميــزات: تــم اختيــار المتــغيرات ذات الصلــة التــي تؤثــر على ربحيــة البنــوك، 
وإنشــاء ميــزات جديــدة لتعزيــز دقــة الــنماذج.

4. تطويــر الــنماذج: تــم اســتخدام خوارزميــات التعلــم الآلي مثــل الانحــدار الخطــي والغابات 
العشــوائية )Random Forest( لبنــاء نمــاذج تنبؤية.

ــأ  ــط الخط ــل متوس ــس مث ــتخدام مقايي ــنماذج باس ــم أداء ال ــم تقيي ــنماذج: ت ــم ال 5. تقيي
.R² قيمــة )MSE( ومتوســط مربــع الخطــأ )MAE( المطلــق

النتائج:
أظهــرت النتائــج أن التحــول الرقمــي لــه تــأثير كــبير على ربحيــة البنــوك. حقــق نمــوذج 
الغابــات العشــوائية R² بقيمــة 0.999 لــكل مــن ROA وROE، مما يــدل على دقــة تنبؤيــة 
قريبــة مــن الــكمال و هــو ماقــد يعكــس فــرط التكيــف مــع البيانــات. في المقابــل، كان أداء 
.ROE و0.987 لـــ ROA بقيمــة 0.737 لـــ R² نمــوذج الانحــدار الخطــي أقــل بكــثير، حيــث حقــق

التوصيات:
1. زيــادة الاســتثمار في البنيــة التحتيــة الرقميــة: يجــب على البنــوك التركيــز على تعزيــز 

اســتثماراتهم في التقنيــات الرقميــة لتحــسين الكفــاءة التشــغيلية ورضــا العــملاء.
2. تبنــي تقنيــات جديــدة: مــن الضروري أن تتبنــى البنــوك الابتــكارات الرقميــة مثــل الــذكاء 

الاصطناعــي وتحليــل البيانــات الكــبيرة لتحــسين اتخــاذ القــرارات وزيــادة الربحيــة.
ــات رقميــة  ــة: يجــب على البنــوك وضــع استراتيجي ــة متكامل ــات رقمي ــر استراتيجي 3. تطوي
ــول  ــة على التح ــد المترتب ــم الفوائ ــة لتعظي ــل العام ــداف العم ــع أه ــتماشى م ــة ت متكامل

ــي. الرقم
4. المراقبــة وتحديــث الــنماذج: ينبغــي على البنــوك مراقبــة أداء الــنماذج التنبؤيــة بشــكل 

دوري وتحديثهــا باســتمرار لــضمان دقتهــا وفعاليتهــا في ظــل الظــروف المتــغيرة.

تســاهم هــذه الدراســة في فهــم كيفيــة تــأثير التحــول الرقمــي على ربحيــة البنــوك، مما 
يوفــر إطــار عمــل للبنــوك الأخــرى التــي تســعى لتعزيــز قدراتهــا الرقميــة.



The rapid advancement of digital technologies has revolutionized 
the banking sector, compelling financial institutions to adapt to new 
paradigms of customer engagement and operational efficiency. In 
Kuwait, the banking industry has embraced digital transformation 
to enhance service delivery, reduce costs, and improve profitability. 
This study investigates the impact of digital transformation on the 
profitability of Kuwaiti banks by leveraging advanced artificial intelligence 
(AI) techniques to develop predictive models. The banking sector 
has undergone significant changes due to the integration of digital 
technologies, which have reshaped traditional banking operations and 
customer interactions. This research aims to quantitatively evaluate the 
effects of digital transformation on key profitability metrics, specifically 
Return on Assets (ROA) and Return on Equity (ROE).The analysis draws 
on a dataset comprising 10 major Kuwaiti banks over the period 2018–
2023, providing a comprehensive overview of digital adoption trends and 
financial outcomes across the sector. By employing machine learning 
algorithms, including Linear Regression and Random Forest, we analyze 
a comprehensive dataset comprising financial performance indicators, 
digital adoption metrics, and macroeconomic variables. The results 
demonstrate that digital transformation significantly influences bank 
profitability. The Linear Regression model for ROA achieved an R² value 
of 0.8672, indicating strong predictive capability, while the Random 
Forest model for ROA showed a slightly lower R² of 0.8247. For ROE, the 
Linear Regression model yielded an R² of 0.9956, and the Random Forest 
model achieved an R² of 0.9939, both demonstrating excellent predictive 
performance. These findings underscore the critical role of digital 
transformation in enhancing bank profitability and provide valuable 
insights for stakeholders in the banking sector. The study concludes 
that investments in digital infrastructure and the adoption of digital 
banking services are pivotal drivers of profitability. Policymakers and 
banking executives can utilize these insights to formulate strategies that 
prioritize digital transformation, thereby fostering sustainable growth and 
competitive advantage in the evolving financial landscape.

Keywords: : Digital Transformation, Bank Profitability, Return on Assets 
(ROA), Return on Equity (ROE), Machine Learning, Predictive Models, 
Artificial Intelligence, Linear Regression, Random Forest, Financial 
Performance, Digital Banking, Macroeconomic Variables, Kuwait, Banking 
Sector, Digital Adoption, Financial Forecasting, Operational Efficiency, 
Customer Engagement, 

ABSTRACT



The rapid evolution of digital technologies has significantly reshaped 
the global banking sector, introducing new operational paradigms that 
enhance efficiency, customer experience, and financial performance 
(Feyen et al., 2023). The adoption of digital banking solutions—ranging 
from artificial intelligence (AI)-driven automation to blockchain 
applications—has not only streamlined traditional banking processes 
but also enabled financial institutions to offer more personalized and 
secure services (Nguyen et al., 2022). In Kuwait, this transformation is 
accelerating, driven by rising consumer expectations, regulatory support, 
and increasing competition among banks aiming to leverage digital 
innovations for sustained profitability.

The financial sector in Kuwait has witnessed a surge in digital banking 
adoption, with institutions increasingly investing in fintech solutions 
to enhance operational efficiency and customer engagement. The 
Central Bank of Kuwait (CBK) has played a pivotal role in fostering this 
transformation through regulatory frameworks that encourage digital 
innovation while ensuring financial stability (CBK, 2023). Additionally, the 
growing penetration of smartphones and internet accessibility has fueled 
a shift towards mobile banking and cashless transactions, reflecting a 
broader trend of digitalization in the region (Statista, 2023).

Despite the evident benefits, the transition to digital banking also presents 
challenges, including cybersecurity threats, regulatory compliance 
complexities, and the need for continuous technological upgrades (PwC, 
2023). However, empirical evidence suggests that banks that successfully 
integrate digital technologies tend to achieve higher profitability through 
cost reduction, enhanced risk management, and improved customer 
satisfaction (Deloitte, 2023). Digital technologies are revolutionizing the 
banking sector globally. In Kuwait, the adoption of online and mobile 
banking, alongside investments in digital infrastructure, has grown 
rapidly. Despite the benefits, challenges such as cybersecurity risks 
and regulatory compliance costs remain. This study addresses two key 
questions: How does digital transformation quantitatively influence 
bank profitability in Kuwait? Which digital adoption metrics exhibit the 
strongest predictive power for ROA and ROE ?

The integration of digital technologies in banking encompasses a 
broad array of innovations, including mobile banking, digital payment 
systems, and AI-powered credit risk assessment. These advancements 
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have been instrumental in improving operational agility, minimizing 
transaction costs, and expanding financial inclusion, aligning with the 
broader global shift towards digital economies (World Bank, 2023). Recent 
studies highlight that digital transformation not only enhances customer 
engagement but also plays a pivotal role in shaping financial institutions' 
competitive advantage and market positioning (Gomber et al., 2021).

This study makes three significant contributions to the extant literature on 
digital transformation in banking: 1. It provides the first comprehensive AI-
driven analysis of Kuwait's banking sector. 2. It develops novel predictive 
models comparing traditional and machine learning approaches. 3. It 
offers region-specific strategic insights for digital adoption in GCC banking 
environments. The study addresses three core research questions: RQ1: 
How do different dimensions of digital transformation quantitatively 
impact ROA and ROE in Kuwaiti banks? RQ2: Which machine learning 
model demonstrates superior predictive accuracy for banking profitability 
metrics? RQ3: What policy recommendations emerge from the Kuwaiti 
context that could inform digital transformation strategies in similar 
emerging markets?

This study aims to investigate the impact of digital transformation on 
the profitability of Kuwaiti banks by leveraging advanced machine-
learning techniques. Specifically, it examines the relationship between 
digital adoption and key financial performance indicators—Return on 
Assets (ROA) and Return on Equity (ROE). By incorporating financial data, 
digital adoption metrics, and macroeconomic variables, the study seeks 
to construct robust predictive models that provide actionable insights for 
banking executives and policymakers.

The findings of this research are expected to contribute to both 
academic literature and practical banking strategies by offering a data-
driven perspective on how digital transformation influences financial 
performance. Understanding these dynamics is crucial for banks in 
Kuwait as they navigate the challenges and opportunities of a rapidly 
evolving financial landscape. Moreover, this study underscores the 
importance of strategic digital investments in fostering long-term 
profitability, operational resilience, and sustainable growth in the banking 
sector (Arner et al., 2022).

The remainder of this paper is organized as follows: Section 2 presents the 
theoretical framework and literature review; Section 4 details the research 
methodology; Section 6 analyzes the empirical results and discusses 
the findings and implications; and Section 7 concludes with policy 
recommendations.



2. LITERATURE REVIEW
This study is grounded in established theoretical frameworks, drawing 
upon the Resource-Based View (Barney, 1991) and the Technology-
Organization-Environment (TOE) framework (Tornatzky & Fleischer, 
1990) to conceptualize digital transformation as both an organizational 
capability and a strategic response to environmental pressures. 
Additionally, the Dynamic Capabilities Theory (Teece, 2007) enhances 
the understanding of how banks reconfigure digital resources to achieve 
competitive advantage. The research hypotheses posit that there is a 
positive correlation between investment in digital infrastructure and 
bank profitability (measured by ROA and ROE) within Kuwaiti banks, with 
organizational size and market position serving as moderating factors 
in the relationship between digital adoption and profitability. Moreover, 
it is hypothesized that machine learning models, particularly Random 
Forest, will exhibit superior predictive accuracy compared to traditional 
statistical methods in forecasting the impacts of digital transformation. 
The conceptual framework synthesized from the literature review 
integrates key constructs, illustrating antecedents including technological, 
organizational, and environmental factors; dimensions of digital 
transformation encompassing process automation, customer experience, 
and data analytics; and performance outcomes reflected in financial, 
operational, and strategic metrics. This framework informs the research 
design and analytical approach, bridging theoretical foundations with 
empirical investigation.

Digital transformation has become a cornerstone in the evolution of 
the banking sector, influencing its operational, strategic, and financial 
dimensions. Researchers have extensively explored its impact on 
profitability, providing insights into both its benefits and associated 
challenges. For instance, Zhang, Wang, and Zhang (2024) investigated the 
effects of digital transformation on the performance of 90 commercial 
banks over the period 2013–2021. Their research highlighted that 
strategic and management digitization, which involves integrating 
digital strategies into overall business plans and leveraging digital tools 
for decision-making, positively influences bank performance. However, 
they observed that business digitization, characterized by the adoption 
of digital technologies in daily operations, often has a negative impact on 
profitability due to the high costs and complexities of implementation. 
The study concluded that banks need to prioritize investments in digital 
infrastructure and promote digital credit solutions to realize the full 
potential of digital transformation.

Further evidence is provided by Nguyen-Thi-Huong, Nguyen-Viet, Nguyen-
Phuong, and Van Nguyen (2023), who analyzed the dynamics of digital 
transformation on banking performance using text analysis of annual 
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reports from 2015 to 2021. Their findings indicated a negative relationship 
between digital adoption and short-term financial metrics, such as return 
on assets (ROA) and return on equity (ROE), primarily due to the significant 
costs associated with technology adoption and employee training. 
Interestingly, the study noted a paradoxical increase in bank profits during 
the COVID-19 pandemic, attributed to the accelerated adoption of digital 
banking channels and a shift toward more efficient digital operations. 
This suggests that while digital transformation poses initial challenges, its 
long-term benefits can be substantial if managed strategically.

These studies collectively underscore the importance of a balanced 
approach to digital transformation. They highlight the need for banks 
to carefully manage costs while aligning digital strategies with broader 
organizational goals. Moreover, the findings emphasize the critical role 
of flexibility and adaptability, particularly in responding to external 
disruptions such as global crises. By integrating digital transformation 
into their strategic frameworks, banks can enhance their competitiveness 
and profitability in an increasingly digital economy (Zhang et al., 2024; 
Nguyen-Thi-Huong et al., 2023).

Recent studies continue to emphasize the significant role of digital 
transformation in enhancing the profitability and operational efficiency 
of banks. One such study by Gomber, Koch, and Siering (2018) highlighted 
that the adoption of fintech innovations, such as blockchain technology 
and AI-driven financial solutions, can drastically reduce operational 
costs and improve the speed and security of transactions. Their research 
suggests that these technologies offer banks a substantial competitive 
advantage by streamlining processes and enabling the development 
of new financial products tailored to customer needs. Moreover, they 
argue that the integration of AI into banking operations enhances 
decision-making processes, risk management, and customer relationship 
management, ultimately leading to improved financial outcomes.

In another recent study, Mihardjo, Sasmoko, and Alamsjah (2019) explored 
the impact of digital banking solutions on the competitive positioning 
of banks in Southeast Asia. Their findings revealed that banks that 
aggressively embraced digital transformation achieved higher profitability 
and greater customer satisfaction. They emphasized the role of mobile 
banking applications, digital payment systems, and AI-powered customer 
service in enhancing the customer experience and expanding market 
reach. These advancements were found to have a direct correlation with 
higher returns on assets (ROA) and equity (ROE), as well as improved cost-
efficiency.

Furthermore, the World Bank (2021) has noted that digital transformation 
in the banking sector is a key driver of financial inclusion, particularly 
in developing economies. Digital banking services enable underserved 
populations to access financial products, fostering greater economic 



participation. The World Bank's Digital Development Agenda underscores 
the importance of fostering digital ecosystems that enhance financial 
inclusion, supporting economic growth through greater access to credit, 
savings, and insurance products.

A recent study by Chen, Liu, and Tang (2023) examined the role of big 
data analytics in enhancing bank profitability through improved risk 
assessment and customer segmentation. Their research found that 
banks leveraging big data solutions experienced lower default rates and 
higher customer retention, leading to increased profitability. The study 
emphasizes that data-driven decision-making allows financial institutions 
to personalize services, optimize lending practices, and enhance fraud 
detection, reinforcing the strategic importance of digital transformation.

Similarly, Kumar and Singh (2023) analyzed the impact of cloud 
computing adoption on banking sector efficiency in emerging markets. 
Their study revealed that cloud-based banking systems significantly 
reduced infrastructure costs while improving scalability and service 
delivery. By utilizing cloud computing, banks can enhance their 
operational agility, enabling faster deployment of financial products and 
services. The authors argue that cloud integration is essential for banks 
aiming to sustain competitive advantages in an increasingly digital 
landscape.

Recent empirical studies have significantly advanced our understanding 
of digital transformation's impact in GCC banking sectors. Al-Dabbous 
and Youssef (2024) demonstrated that digital adoption enhances both 
operational transparency (β=0.42, p<0.01) and customer retention, with 
mobile banking investments reducing churn rates by 27% annually. 
Complementing these findings, Salem and Al-Sabah (2025) established 
that AI-driven customer analytics improve cross-selling conversion rates 
by 33% and contribute to a 1.8 percentage point ROE increase in Kuwaiti 
retail banks. Hussein et al. (2025) further enriched this discourse by 
quantifying how real-time digital feedback systems boost profitability 
resilience during economic downturns (ΔROA = +0.9% during volatility 
periods). These studies collectively underscore three critical insights: (1) 
customer-centric digital tools deliver measurable financial returns, (2) 
AI integration transforms traditional banking analytics, and (3) digital 
adaptability mitigates macroeconomic shocks. Particularly noteworthy is 
their methodological innovation in combining traditional financial metrics 
with digital engagement data, creating new paradigms for performance 
assessment in digital banking research.

The empirical evidence on digital transformation in banking continues to 
grow, with several 2024–2025 studies offering nuanced insights. Recent 
work by Al-Mansoori and Rajhi (2024) has revealed that blockchain 
integration in GCC banks reduces transaction costs by 38% while 
improving settlement speed by 72 hours on average, directly contributing 



to profitability margins. Their findings, published in the Journal of FinTech 
Innovation, employed a difference-in-differences approach across 45 
banks. Simultaneously, Khan and Al-Hamad (2025) demonstrated that 
cloud-based core banking systems enhance operational efficiency, 
showing a 22% reduction in IT infrastructure costs and 19% faster product 
deployment times in their comprehensive study of Kuwaiti and UAE 
institutions. Particularly noteworthy is their development of a Cloud 
Adoption Maturity Index that correlates strongly with ROA (r=0.78). These 
technological dimensions complement the customer-focused findings of 
Al-Dabbous and Youssef (2024), Salem and Al-Sabah (2025), and Hussein 
et al. (2025), collectively painting a comprehensive picture of digital 
transformation's multifaceted impact on banking performance. The 
emerging consensus suggests that successful digital strategies require 
simultaneous investment in customer-facing technologies, backend 
infrastructure, and data analytics capabilities to maximize profitability 
gains.

Finally, a report by McKinsey & Company (2024) highlights the 
transformative potential of digital ecosystems in banking. The study 
identifies that banks adopting platform-based business models—
integrating banking services with fintech partnerships—witness greater 
customer engagement and revenue growth. The report underscores that 
banks should embrace open banking frameworks and digital partnerships 
to expand their service offerings, drive innovation, and enhance overall 
profitability.

These studies provide a broader understanding of how digital 
transformation is not only reshaping the profitability of banks but also 
enabling them to be more competitive, efficient, and inclusive in a rapidly 
evolving financial landscape (Gomber et al., 2018; Mihardjo et al., 2019; 
World Bank, 2021; Chen et al., 2023; Kumar & Singh, 2023; McKinsey & 
Company, 2024).



3. PRIMARY OBJECTIVES
The primary objectives of this research are as follows:

I. Assess the Impact of Digital Transformation: To evaluate how 
digital transformation initiatives influence key profitability indicators, 
specifically Return on Assets (ROA) and Return on Equity (ROE), within 
Kuwaiti banks.

II.	Develop a Robust Predictive Model: To construct an advanced 
predictive model utilizing machine earning techniques that integrates 
financial data, digital adoption metrics, and macroeconomic variables.

III. Provide Strategic Insights: To deliver actionable insights and 
recommendations for banking executives and policymakers, facilitating 
informed strategic decision-making aimed at improving financial 
performance.

4. METHODOLOGY 
This study adopts a rigorous and systematic methodology designed to 
analyze the impact of digital transformation on the profitability of Kuwaiti 
banks. The methodological framework integrates comprehensive data 
collection, meticulous preprocessing, sophisticated feature engineering, 
and robust modeling techniques, combining econometric analysis with 
advanced machine learning to generate both explanatory and predictive 
insights.

4.1 Data Collection and Preprocessing

Data were sourced from multiple authoritative repositories to ensure 
representativeness and reliability. Financial indicators—such as net 
income, total assets, total equity, Return on Assets (ROA), and Return on 
Equity (ROE)—were extracted from audited financial reports of Kuwaiti 
banks. Digital transformation metrics encompassed online and mobile 
banking usage, digital transaction volumes, and investments in digital 
infrastructure. Macroeconomic variables including GDP growth, inflation, 
and interest rates were initially incorporated to capture external economic 
influences.

Comprehensive preprocessing was conducted to enhance data quality. 
Missing values were imputed using Predictive Mean Matching (PMM), 
while robust outlier detection and treatment were applied to minimize 
distortion. Stationarity tests using the Augmented Dickey-Fuller (ADF) 
method ensured temporal data suitability, with differencing applied where 
necessary to achieve stationarity.



4.2 Feature Engineering

Feature selection employed a combination of domain knowledge and 
statistical techniques to isolate variables with significant explanatory 
power. Interaction terms were derived to model complex relationships, 
particularly between digital adoption indicators and financial outcomes. 
Principal Component Analysis (PCA) was utilized to synthesize multiple 
digital metrics into a composite Digital Adoption Index (DAI), capturing the 
multifaceted nature of digital transformation.

4.3 Model Selection and Training

A suite of machine learning algorithms was evaluated, including Linear 
Regression, Random Forest, Gradient Boosting Machines, Support Vector 
Machines (SVM), and Artificial Neural Networks (ANN). The dataset was 
partitioned into training and validation subsets to safeguard against 
overfitting. Hyperparameter optimization was systematically performed 
via Grid Search and Random Search methodologies to maximize model 
performance.

4.4 Model Evaluation

Models were rigorously assessed using performance metrics such as 
Mean Absolute Error (MAE), Mean Squared Error (MSE), Root Mean 
Squared Error (RMSE), and the coefficient of determination (R²). These 
metrics facilitated objective model comparison and informed the selection 
of the optimal predictive framework.

4.5 Model Deployment

The best-performing model was deployed for real-time forecasting with 
mechanisms in place for ongoing monitoring and periodic retraining, 
ensuring sustained accuracy in dynamic market conditions.

4.6 Interpretation and Strategic Insights

Model outputs were analyzed to elucidate the influence of digital 
transformation on profitability metrics. The findings informed strategic 
recommendations targeted at banking executives and policymakers, 
aiming to optimize digital adoption initiatives and reinforce competitive 
positioning.



4.7 Research Sample

The study encompasses all ten licensed commercial banks in Kuwait, 
representing a comprehensive and diverse cross-section of the national 
banking sector. This includes institutions varying in size, ownership 
structure, technological advancement, and strategic priorities, thereby 
enhancing the external validity of the findings. The banks included are: 
National Bank of Kuwait (NBK), Kuwait Finance House (KFH), Gulf Bank, 
Commercial Bank of Kuwait (CBK), Burgan Bank, Al Ahli Bank of Kuwait, 
Boubyan Bank, Kuwait International Bank, Warba Bank, and Ahli United 
Bank – Kuwait.

4.8 Descriptive Statistics of Key Variables 

A descriptive statistical summary of the main variables used in the 
analysis is presented below. This provides an overview of central 
tendencies and variability across financial, digital, and macroeconomic 
indicators: A descriptive statistical summary of the main variables used 
in the analysis is presented in Table 1, providing an overview of central 
tendencies and variability across financial, digital, and macroeconomic 
indicators.

Table 1: Descriptive statistics of key financial, digital, and 
macroeconomic variables used in the study.

VARIABLE DESCRIPTION MEAN MEDIAN STD. 
DEV. MIN MAX 

RETURN ON 
ASSETS (ROA) 

PROFITABILITY 
METRIC (%) 1.25 1.20 0.45 0.50 3.10 

RETURN ON 
EQUITY (ROE) 

PROFITABILITY 
METRIC (%) 12.5 12.0 4.3 5.0 24.0 

TOTAL ASSETS 
TOTAL BANK 

ASSETS 
(BILLIONS USD) 

7.8 6.5 2.1 3.2 15.6 

NET INCOME 
QUARTERLY 
NET INCOME 
(MILLIONS) 

240 220 85 50 450 

DIGITAL 
ADOPTION 

INDEX (DAI) 

COMPOSITE 
DIGITAL 

MATURITY 
INDEX 

0.58 0.60 0.12 0.30 0.85 

GDP GROWTH 
QUARTERLY 

GDP GROWTH 
RATE (%) 

2.4 2.5 0.6 1.5 3.5 

INFLATION 
RATE 

QUARTERLY 
INFLATION 

RATE (%) 
2.1 2.0 0.5 1.0 3.2 

INTEREST RATE 
CENTRAL BANK 

BENCHMARK 
RATE (%) 

2.5 2.5 0.4 1.8 3.3 



4.9 Econometric Regression Analysis

The study employs a fixed-effects panel regression model to estimate 
the causal impact of digital transformation on bank profitability while 
controlling for unobserved heterogeneity across banks. The regression 
model is specified as follows: 

ROA_it = α_i + β₁ DAI_it + β₂ GDPGrowth_t + β₃ Inflation_t + ε_it 

where: 

 - ROA_it is the return on assets for bank i at time t, 
- α_i represents bank-specific fixed effects capturing time-invariant      
characteristics, 
- DAI_it denotes the Digital Adoption Index, 

- GDPGrowth_t and Inflation_t serve as macroeconomic control variables, 

- ε_it is the error term. 

Robust standard errors are applied to address potential heteroscedasticity 
and serial correlation. Model diagnostics, including the Hausman test, 
confirm the appropriateness of the fixed-effects specification. This 
econometric approach complements the machine learning analysis by 
providing statistically valid causal inferences regarding the effect of 
digital transformation on bank profitability. 

4.10 Flowchart Structure



The algorithm for analyzing the impact of digital transformation on 
profitability follows a structured approach see Figures 1,2: The process 
of analyzing the impact of digital transformation on bank profitability 
involves several key steps. First, data collection and preprocessing take 
place, where financial data such as Return on Assets (ROA) and Return on 
Equity (ROE) are gathered as key indicators of profitability. Additionally, 
metrics related to digital transformation, including online banking usage, 
are collected to measure the level of digital adoption within the banks. 
Macroeconomic variables, such as GDP growth, are incorporated to 
account for broader economic factors influencing profitability. The data 
is then cleaned to address missing values, and normalization is applied 
to ensure consistency, which enhances the accuracy of the subsequent 
analyses.

Next, feature engineering is performed to select relevant features that 
capture the relationship between digital transformation and profitability. 
New derived features, like interaction terms between digital metrics and 
macroeconomic indicators, are created to improve the model’s ability 
to capture complex relationships within the data. Following this, model 
selection and training are carried out, considering several machine 
learning algorithms such as Linear Regression, Random Forest, Gradient 
Boosting, Support Vector Machine (SVM), and Artificial Neural Networks 
(ANN). The data is divided into training and validation sets for model 
evaluation, and hyper parameter optimization is conducted through 
techniques like Grid Search or Random Search to enhance the predictive 
capabilities of the models.

Once the models are trained, their performance is evaluated using various 
metrics, including Mean Absolute Error (MAE), Mean Squared Error (MSE), 
Root Mean Squared Error (RMSE), and R² score. These metrics help assess 
the accuracy and effectiveness of each model in predicting profitability, 
enabling the selection of the best-performing model. The chosen model 
is then deployed in a production environment to make continuous 
predictions. Regular monitoring and maintenance are critical to ensure 
the model remains accurate and adaptable to new data and evolving 
trends.

Finally, the model’s predictions are analyzed to derive insights into the 
impact of digital transformation on profitability. These insights provide 
actionable recommendations for banking executives and policymakers, 
helping to inform strategic decisions related to digital adoption and 
transformation initiatives. By following this algorithm, the research 
provides a comprehensive framework for understanding how digital 
transformation influences bank profitability, offering valuable insights for 
strategic decision-making.



5. DATA SOURCES
The dataset used in this study comprises three integrated tables that 
collectively enable a comprehensive and multi-dimensional analysis 
of Kuwaiti banks’ performance, digital transformation progress, and 
macroeconomic context.

1.	 Financial Metrics (financial_data):

This table includes essential financial indicators such as net income, 
total assets, total equity, Return on Assets (ROA), and Return on Equity 
(ROE) across multiple quarters (2017–2023). These metrics form the basis 
for evaluating banks’ profitability and financial health in relation to their 
digital transformation strategies.

2.	 Digital Metrics (digital_metrics):

This dataset captures key indicators of digital adoption, including online 
banking usage, mobile banking transactions, digital transaction volumes, 
and investments in digital infrastructure. These variables reflect the 
degree of technological integration and provide insights into the efficiency 
and customer engagement gains associated with digital transformation.

3.	 Macroeconomic Data (macroeconomic_data):

This component includes critical economic variables such as quarterly 
GDP growth, inflation rates, and interest rates. These indicators 
help contextualize financial and digital metrics within the broader 
macroeconomic environment, providing a foundation for interpreting 
bank performance trends.Data were collected from reliable and verifiable 
sources including Kuwait Finance House, National Bank of Kuwait, 
Gulf Bank, Commercial Bank of Kuwait, Central Bank of Kuwait, and 
supplemented with international financial databases such as Bloomberg, 
the International Monetary Fund (IMF), and the World Bank. This ensures 
the accuracy, credibility, and consistency of the analytical framework.

4. Scope and Sampling Considerations: Inclusion of Small and Medium 
Banks

The primary dataset focuses on the ten largest licensed commercial 
banks in Kuwait, selected due to their dominant market share, consistent 
digital reporting, and comprehensive financial disclosures. However, 
this focus inherently limits the generalizability of the findings to the 
broader banking ecosystem, particularly small and mid-sized banks. 
These institutions often operate under different technological, regulatory, 
and operational constraints, which may influence both their digital 
transformation trajectories and profitability outcomes. Future research 
is encouraged to broaden the scope of the sample to include these 
underrepresented banks, allowing for a more granular analysis of digital 
adoption patterns across various institutional scales. Expanding the 
dataset in this way would enhance the robustness, representativeness, 
and policy relevance of the study's conclusions.



6. EXPERIMENTAL RESULTS
This section presents a comprehensive analysis of the impact of digital 
transformation on Kuwaiti banks' profitability, using Return on Assets 
(ROA) and Return on Equity (ROE) as key indicators. The analysis 
includes multicollinearity diagnostics, panel regression, and predictive 
modeling with Linear Regression and Random Forest algorithms. Detailed 
evaluation metrics and feature importance results are also provided.and 
policy relevance of the study's conclusions.

6.1 Multicollinearity Analysis and Variable Selection

The initial dataset comprised financial performance indicators, 
digital adoption metrics—specifically online banking usage, mobile 
banking usage, digital transaction volume, and investment in digital 
infrastructure—aggregated into a composite Digital Adoption Index (DAI), 
alongside macroeconomic variables such as GDP growth, inflation rate, 
and interest rate. To assess the suitability of variables for inclusion in 
regression and predictive modeling, a Variance Inflation Factor (VIF) 
test was conducted to detect multicollinearity. As shown in Table 2, 
the macroeconomic indicators (GDP growth, inflation rate, and interest 
rate) exhibited infinite VIF values, indicating perfect multicollinearity. 
Such excessive correlation among explanatory variables is statistically 
problematic, as it inflates the variance of coefficient estimates, leading 
to unreliable and unstable model outcomes. Therefore, these variables 
were removed to preserve model validity and statistical robustness. By 
contrast, the Digital Adoption Index recorded a VIF of 2.64, which is well 
below the commonly accepted threshold of 5, suggesting that it does not 
pose multicollinearity concerns and is thus appropriate for inclusion in 
subsequent analysis.

Table 2: Variance Inflation Factor (VIF) for Independent Variables

of all independent variables using a comparative bar chart. The figure 3 
clearly highlights the disproportionate multicollinearity associated with 
the macroeconomic variables (indicated by infinite bars), while the Digital 
Adoption Index remains well within acceptable limits. The stark contrast 
in bar heights visually substantiates the methodological decision to retain 

FEATURE VIF 

DIGITAL ADOPTION INDEX 2.64

GDP GROWTH INF

INFLATION RATE INF

INTEREST RATE INF



only the DAI in subsequent modeling steps. Such visualization not only 
enhances interpretability but also supports transparency in variable 
selection, in line with established econometric best practices (Gujarati, 
2004; Wooldridge, 2010).

Figure 3: Variance Inflation Factors for Independent Variables

6.2 Panel Regression Results for ROA

A fixed-effects panel regression model was estimated with Return on 
Assets (ROA) as the dependent variable and the Digital Adoption Index 
(DAI) as the main independent variable, controlling for unobserved bank-
specific effects over 28 time periods.As detailed in Table 3, the model is 
based on 280 observations from 10 banks across 28 time intervals. The 
within R² value of 0.9969 indicates that approximately 99.7% of the within-
bank variation in ROA is explained by digital adoption. The coefficient for 
the Digital Adoption Index is positive and highly significant (β = 0.0021, 
standard error = 9.52e-06, t-statistic = 221.75, p < 0.001).

Table 3: Panel Regression Results for ROA

METRIC VALUE 

OBSERVATIONS 280

ENTITIES (BANKS) 10

TIME PERIODS 28

WITHIN R² 0.9969

COEFFICIENT (DIGITAL ADOPTION 
INDEX) 0.0021

STANDARD ERROR 9.52E-06

T-STATISTIC 221.75

P-VALUE < 0.001



This fixed-effects specification effectively accounts for time-invariant 
heterogeneity among banks, thereby strengthening the causal inference 
regarding the impact of digital transformation on profitability. These 
findings are consistent with prior literature that highlights the positive 
effects of digital investments on banking performance (Bharadwaj et al., 
2013; Susanti & Wardhana, 2020).

6.3 Predictive Modeling: Linear Regression vs. Random Forest

6.3.1 ROA Prediction

Both Linear Regression and Random Forest models were trained to predict 
ROA using the Digital Adoption Index. Their performance metrics are 
summarized in Table 4.

Table 4: Performance Metrics for ROA Prediction Models

Regression slightly outperformed Random Forest, indicating that the 
relationship between digital adoption and ROA is predominantly linear 
within this dataset. The low MAE and MSE values across both models 
reflect strong predictive performance, but the R² value confirms that the 
linear model explains a greater proportion of variance in ROA.

6.3.2 ROE Prediction

Similarly, the models' performance in predicting ROE is shown in Table 5.

Table 5: Performance Metrics for ROE Prediction Models

While both models achieved outstanding predictive accuracy in ROE 
prediction, Linear Regression again exhibited a marginal advantage in 
terms of R², affirming the suitability of simpler linear models for this 
dataset. The very high R² values (>0.99) suggest that the Digital Adoption 
Index alone explains nearly all of the variance in ROE.

MODEL MAE MSE R² 

LINEAR REGRESSION 0.0010 0.0000 0.8672

RANDOM FOREST 0.0012 0.0000 0.8247

MODEL MAE MSE R² 

LINEAR REGRESSION 0.0004 0.0000 0.9956

RANDOM FOREST 0.0004 0.0000 0.9939



Figure 4:  Performance Comparison for ROA and ROE

Figure 4 bar chart compares the predictive performance of Linear 
Regression and Random Forest across three key metrics (MAE, MSE, 
R²) for both ROA and ROE. The blue bars represent ROA performance, 
while the orange bars represent ROE. Linear Regression consistently 
outperforms Random Forest on all three metrics for ROA and slightly for 
ROE. The visual clarity provided by the  layout emphasizes the superiority 
of the linear model, especially in R² scores, and illustrates the near-parallel 
performance in ROE prediction across the two models.

6.4 Feature Importance Analysis

In the Random Forest models developed for both ROA and ROE prediction, 
the Digital Adoption Index (DAI) emerged as the sole and dominant 
predictor, achieving a normalized importance score of 1.0 in both 
cases. This means that all the predictive power of the Random Forest 
model was attributed solely to DAI, while all other variables had zero 
importance—largely due to their removal in earlier steps because of 
perfect multicellular. This result highlights two critical implications. First, 
it underscores the robustness and sufficiency of the Digital Adoption Index 
as a composite measure of digital transformation. Second, it validates the 
decision to exclude the macroeconomic variables (GDP growth, inflation 
rate, interest rate) without compromising model performance. The DAI 
not only serves as a statistically sound predictor but also encapsulates 
multiple dimensions of digital transformation—ranging from mobile and 
online banking usage to investment in digital infrastructure—providing 
a comprehensive signal for banks' digital maturity. Table 6 below 
summarizes the relative importance of features used in the Random 
Forest model. As shown, only the DAI has any non-zero contribution, 
further justifying its central role in the analysis.



Table 6: Feature Importance Scores

These scores reflect the model's reliance on DAI and the successful 
exclusion of multicellular variables that added no additional predictive 
value.

Figure 5:  Feature Importance in Random Forest for ROA and ROE

The bar chart in Figure 5 visually demonstrates the exclusive dominance 
of the Digital Adoption Index as the only feature contributing to prediction 
in both ROA and ROE models. Bars for other features are absent (i.e., score 
= 0), reinforcing the conclusion that digital transformation, as captured 
by DAI, is the sole driver of profitability in the predictive framework. This 
visualization not only confirms the statistical outcomes but also enhances 
interpretability, offering a powerful visual justification for the model’s 
simplicity and focus. The results strongly align with previous research 
emphasizing the central role of digital adoption in banking profitability 
(Zhu et al., 2019).

6.5 Summary Table of Model Performance

To evaluate the predictive accuracy of the developed models for both 
Return on Assets (ROA) and Return on Equity (ROE), Table 7 presents 
a comparative summary of the coefficient of determination (R²) for 
Linear Regression and Random Forest models. The results indicate that 
the Linear Regression model slightly outperforms the Random Forest 
algorithm in both profitability measures, with R² values of 0.8672 for 
ROA and 0.9956 for ROE, compared to 0.8247 and 0.9939, respectively, for 
Random Forest.

FEATURE IMPORTANCE SCORE

DIGITAL ADOPTION INDEX 1.000

GDP GROWTH 0.000

INFLATION RATE 0.000

INTEREST RATE 0.000



Table 7: Comparison of Predictive Model Accuracy

These findings suggest that the relationship between digital adoption 
and bank profitability is predominantly linear. The marginally higher 
predictive accuracy of the Linear Regression model implies that increased 
algorithmic complexity, as embodied by Random Forest, does not 
necessarily lead to superior forecasting performance in this context. This 
outcome underscores the sufficiency and interpretability of linear models 
in capturing the effect of digital transformation on financial outcomes in 
the banking sector.

Figure 6:  Comparison of Model R² Scores for ROA and ROE

Figure 6 visually presents a comparison of the predictive accuracy for 
both models across the two profitability indicators (ROA and ROE). Each 
colored bar represents the R² score for a specific model and metric. The 
blue bars correspond to the Linear Regression model, while the orange 
bars indicate the Random Forest model. The height of each bar reflects the 
strength of the model’s predictive capability, where higher values denote 
better accuracy. It is evident from the figure that the Linear Regression 
model consistently achieves marginally higher R² scores, reinforcing the 
conclusion drawn from Table 5 about the dominance of linear effects in 
modeling bank profitability.

6.6 Correlation Matrix with Statistical Significance

Significant correlations (p < 0.05) are indicated by an asterisk (). The matrix highlights 
strong and significant positive relationships between the Digital Adoption Index (DAI) 

MODEL ROA R² ROE R²

LINEAR REGRESSION 0.8672 0.9956

RANDOM FOREST 0.8247 0.9939



VARIABLE DAI GDP INFLATION INTEREST 
RATE ROA ROE

DIGITAL 
ADOPTION 

INDEX
1.00 0.10 0.05 0.07 0.85* 0.90*

GDP 
GROWTH

0.10 1.00 0.95* 0.93* 0.12 0.08

INFLATION 
RATE

0.05 0.95* 1.00 0.89* 0.05 0.02

INTEREST 
RATE

0.07 0.93* 0.89* 1.00 0.03 0.01

ROA 0.85* 0.12 0.05 0.03 1.00 0.95*

ROE 0.90* 0.08 0.02 0.01 0.95* 1.00

Figure 7:  Bar Plot of Correlation Matrix

and the profitability measures — Return on Assets (ROA) and Return on Equity 
(ROE) — with correlation coefficients of 0.85 and 0.90*, respectively. Conversely, 
macroeconomic variables such as GDP Growth, Inflation Rate, and Interest 
Rate exhibit significant inter-correlations among themselves but lack 
meaningful direct associations with bank profitability after controlling 
for multicollinearity. This distinction underlines the pivotal role of 
digital adoption at the firm level in driving profitability, overshadowing 
broader economic factors in the observed timeframe. Such differentiation 
facilitates a robust interpretation of the interrelationships between 
variables and supports the emphasis on digital transformation as a key 
strategic driver.

Table 8: Correlation Matrix with Statistical Significancet

Refer to Table 8 for the detailed correlation matrix and Figure 7 for a visual 
representation of these coefficients.



This figure depicts the correlation coefficients between variable pairs 
as bars, where the height of each bar represents the strength of the 
correlation. The color gradient from light cyan to deep blue visually 
emphasizes the magnitude of these relationships, making it easier 
to identify statistically significant correlations and interpret complex 
variable interactions.

6.7 Discussion and Literature Integration

The results consistently demonstrate a strong positive impact of digital 
transformation on Kuwaiti banks’ profitability. The panel regression 
confirms that the Digital Adoption Index (DAI) significantly explains 
variations in Return on Assets (ROA), while predictive models reveal 
predominantly linear relationships for both ROA and Return on Equity 
(ROE).

This relationship is visually supported by Figure 8, which presents a 
heatmap of the correlation matrix among key variables. The heatmap 
clearly illustrates strong positive correlations between DAI and profitability 
measures (ROA and ROE), highlighted by darker color intensities. This 
visual representation confirms the statistical significance of these 
relationships and reinforces the centrality of digital adoption in driving 
financial performance.

Figure 8: Heatmap of Correlation Matrix Among Digital and Financial 
Indicators

Figure 9 extends this insight by depicting a scatter plot comparing actual 
versus predicted profitability values from Linear Regression and Random 
Forest models. The close clustering of points along the diagonal surface 
for both models, especially for Linear Regression, underscores the models’ 
high predictive accuracy. This further validates the predominance of 
linear effects between digital adoption and bank profitability in this 
dataset.



Figure 9:  Scatter Plot Comparing Actual vs. Predicted Values for 
Predictive Models

Lastly, Figure 10 offers a bar chart comparing the predictive performance 
(R² scores) of the two models for both ROA and ROE. The taller blue 
bars representing Linear Regression across both profitability indicators 
visually confirm its slight but consistent superiority over Random 
Forest, supporting the conclusion that the impact of digital adoption on 
profitability is proportional and straightforward within this context.

Figure 10:  Bar Chart Comparing Predictive Accuracy (R²) of Linear 
Regression and Random Forest Models

These findings corroborate prior studies emphasizing the beneficial 
effects of digital banking investments on operational efficiency, customer 
engagement, and revenue growth (Bharadwaj et al., 2013; Zhu et al., 2019; 
Susanti & Wardhana, 2020). Moreover, the exclusion of macroeconomic 
variables due to multicollinearity indicates that firm-level digital 
initiatives provide stronger explanatory power for profitability than 
broader economic indicators over the short- to medium-term horizon 
(Gujarati, 2004).



7. RECOMMENDATIONS
7.1 Addressing Cybersecurity Risks and Compliance Costs

One critical dimension that warrants deeper consideration in evaluating 
digital transformation is the role of cybersecurity and regulatory 
compliance costs. As banks increase their reliance on digital platforms, 
they become more exposed to cyber threats, which can erode customer 
trust and impose substantial remediation costs. Moreover, regulatory 
requirements—such as data protection, anti-money laundering (AML), and 
open banking standards—demand continuous investments in compliance 
systems and skilled personnel. These burdens can offset the profitability 
gains from digitalization, particularly for institutions with limited 
technological resilience. Therefore, an effective digital strategy must 
integrate robust cybersecurity protocols and cost-effective compliance 
mechanisms to ensure long-term financial sustainability and trust in 
digital channels.

7.2 Customized Recommendations Based on Bank Size and Technological 
Capabilities

The analysis demonstrates that the Digital Adoption Index (DAI) is a 
pivotal predictor of profitability across Kuwaiti banks. However, the 
capacity of individual banks to leverage digital transformation depends 
heavily on their size and existing technological infrastructure. Larger 
banks with advanced digital ecosystems can pursue comprehensive 
strategies, involving full-scale digital platforms, AI-enabled services, 
and real-time analytics. In contrast, small and medium-sized banks 
may benefit more from incremental adoption, focusing on core digital 
functionalities such as mobile banking, digital onboarding, and cloud-
based solutions. By tailoring digital transformation pathways to their 
capabilities and constraints, banks can optimize resource allocation 
and mitigate implementation risks, while still capitalizing on the linear 
profitability benefits confirmed in this study.

7.3 Regional Comparative Analysis to Identify Gaps and Opportunities

Although this study focuses on Kuwaiti banks, positioning the results 
within a regional context provides an avenue for strategic insights. Gulf 
Cooperation Council (GCC) countries—such as the UAE, Saudi Arabia, and 
Bahrain—have adopted varying levels of digital innovation, with some 
demonstrating accelerated adoption of fintech, open banking, and digital 
identity frameworks. Conducting a structured benchmarking exercise 
using metrics such as digital revenue contribution, customer digital 
engagement, and AI utilization can help identify performance gaps and 
adaptation strategies. This comparative lens not only reinforces Kuwait’s 
competitive position but also highlights transferable innovation practices 
that can enhance sector-wide outcomes.



7.4 Clarification of Implementation Mechanisms for Predictive Model 
Integration

To translate the study’s predictive insights into tangible business value, 
it is essential to provide a structured implementation framework for the 
Digital Adoption Index–based model. Banks can integrate this model 
into their enterprise resource planning (ERP) or performance monitoring 
dashboards through secure APIs that feed real-time operational and 
financial data. Visualization tools such as Power BI or Tableau can be 
used to present profitability predictions, while thresholds and alerts can 
support risk and performance oversight. Governance mechanisms should 
define update frequencies, access roles, model validation intervals, and 
escalation procedures for outlier results. This operationalization ensures 
the predictive model functions not merely as an academic tool but as 
a practical decision-support system embedded within strategic and 
compliance workflows.

8. CONCLUSION
This study offers a comprehensive empirical assessment of the impact 
of digital transformation on the profitability of Kuwaiti banks, employing 
both econometric analysis and machine learning techniques. By utilizing 
a fixed-effects panel regression model alongside predictive algorithm, 
the research isolates the role of digital adoption—measured through a 
composite Digital Adoption Index (DAI)—as a critical determinant of 
financial performance. The findings reveal that the DAI is a statistically 
significant and robust predictor of both Return on Assets (ROA) and Return 
on Equity (ROE). In the panel regression model, digital adoption explained 
a substantial proportion of the within-bank variance in ROA, reinforcing 
the positive impact of digital initiatives on profitability. Furthermore, 
predictive modeling results showed that Linear Regression slightly 
outperformed Random Forest in terms of predictive accuracy, suggesting 
that the relationship between digital transformation and profitability is 
largely linear. Feature importance analysis confirmed the dominance 
of the DAI in explaining the outcome variables, while macroeconomic 
indicators were excluded due to multicollinearity. Correlation analysis 
further supported these conclusions, with strong, statistically significant 
correlations found between digital adoption and both ROA and ROE.
These findings carry significant implications for policymakers and 
banking executives alike. Digital transformation should be seen not as 
a supplementary technological enhancement but as a strategic driver of 
financial performance and competitive advantage. Investments in digital 
platforms—such as mobile and online banking—and infrastructure should 
be prioritized for long-term value creation. The study also demonstrates 
the utility of machine learning tools in enhancing decision-making 
through accurate, data-driven predictions. For future research, it is 
recommended to explore nonlinear relationships and interaction effects 
between digital transformation and other organizational capabilities. 
Additionally, expanding the dataset to include post-2023 data and 
conducting cross-country comparative analyses could provide broader 
generalizability and insight into the evolving role of digitalization in the 
financial sector.
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