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Abstract: This study aims to evaluate the impact of artificial intelligence (Al) integration on the performance and governance efficiency of financial institutions. To address
potential endogeneity concerns arising from reverse causality and omitted variable bias, we employ System Generalized Method of Moments (System GMM) estimator,
complemented by Fixed Effects (FE) and Random Effects (RE) models for robustness checks. Our findings indicate that Al integration significantly enhances return on assets
(ROA), operational efficiency, risk-adjusted returns, and customer satisfaction while reducing compliance costs and regulatory breaches. However, challenges such as
algorithmic bias and workforce displacement must be addressed. In conclusion, Al offers substantial benefits to financial institutions, but ethical considerations and strategic
workforce planning are essential for sustainable integration. These insights provide valuable guidance for financial institutions and policymakers aiming to harness Al's

potential while mitigating associated risks.
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1 INTRODUCTION

Artificial Intelligence (Al) technology is no more a
futuristic concept since it has already emerged as the new
revolution in many fields including the financial industry
[1, 2]. Investment banks, commercial banks, and other
financial services providers are increasingly adopting Al
solutions to optimize operational processes, enhance
customer experiences, and strengthen organizational
governance [3]. This change is due to the growing
imperative for accuracy, at speed and flexibility required
by the increasingly complex and competitive financial
environment, machine learning, natural language
processing, and robotic process automation as some of the
most desirable Al technologies that are disrupting
traditional financial processes [1]. These technologies
promise the ability to continually perform or transform
multifaceted operations, perform real-time analysis on
large chucks of data, and generate insights that will help
make strategic decisions. For example, algorithms
leveraging artificial intelligence can analyze market trends
and give insights in regards to investment for immediate
portfolio optimization and trading [4]. Al also assists in
directing the overall governance of financial institutions,
which is one of the major effects of Al on these institutions.
Activities such as risk management, governance,
regulation and even fraud detection come under its broad
area of activity. Conventional management approaches
entail practices that entail sequential and manual work and
which may be laden with risks of producing human errors.
Adverse selection and moral hazard are key challenges tied
to asymmetric information in this case. Al can go a long
way in addressing these drawbacks because of its
effectiveness in data analysis and pattern recognition. The
study by Chen et al. (2024) revealed that Al technologies
have the potential to improve risk management as it avails
more accurate and timely risk insights to financial
institutions with a view of addressing probable emerging
problems [5].

Also, it is noteworthy that Al contributes to the ability
of financial institutions to meet the requirements of
legislation significantly [6]. Compliance is considered an

essential part of governance because institutions are under
the legal obligation to adhere to several difficult
regulations. These reoccurring tasks can be managed
effectively by incorporating Al by constantly checking
whether transactions are within the set rules [7]. For
instance, systems that have integrated Artificial
Intelligence can alert the precautionary measures that could
prove that some activities are unlawful thus adhering to the
AML norms [8]. The application of Al technology in the
financial institutions also promotes creativity in customer
services, which results to the improvement of the customer
experience. Self-service technologies in the form of
artificial intelligence of catboats and virtual identities offer
prompt response to customers' questions, orders, and other
frequent interactions. It also adds satisfaction for the
customers and reduces the human resource that can be used
for other tasks. Foroughi et al. (2021) study shows that
increasing the use of Al in customer relations can help
reduce costs and increase the quality of services [9].
Moreover, with a highly developed prognostic
function, Al is a useful tool for organizing a company and
making key decisions. Banks and other financial
institutions can use Al to predict the market trajectory,
study the consumers, and create efficient business plans
[10]. This can be in a variety of facets of a business such as
investment, new product to develop among others. As
previously mentioned, the integration of Al in financial
institutions has numerous advantages; that said, it has its
setbacks as well [11]. The first issue that can be discussed
is the ethical aspect connected with the usage of Al, and
particularly the protection of private data. Banking and
other financial organizations receive and process lots of
customers' information; that is why the application of
artificial intelligence requires stronger protection of data
against leakage or unscrupulous use [12]. Also, there is a
lack of effectively defined regulations to control the
functions of artificial intelligence in financial services, so
its functions must meet ethical and regulatory standards
properly defined [13]. Yet another threat entails the
relationship between Al and employment within financial
organizations. When designing their Al systems,
organizations may have to consider that the functions
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automated through Al pose a threat of removing jobs from
the market. However, it also creates an opportunity for the
existing workforce to re-train and move towards more
value-added activities occupying human knowledge and
ideas. According to Brynjolfsson and McAfee (2017), it
again emphasizes the need to reconsider the strategies for
workers and employees in relation to utilization of the
automation systems [14].

This research's contribution is in providing a systemic
and versatile analysis of how the integration of Al
technology influences the field of financial institutions,
especially in terms of efficiency in governance. The
literature review revealed that many researchers have
investigated different domains of Al in finance, but this
research unifies these views to understand how Al
comprehensively changes the functional and managerial
domains of financial firms. Altogether, the consideration of
both the opportunities and the risks associated with Al in
the financial industry in this research leads to meaningful
findings regarding the possibilities of the field and its
possible shortcomings.

The integration of Al into financial institutions cannot
be understood purely through technological determinism;
rather, it requires consideration of human behavior theory
and organizational sociology. Drawing on the Technology
Acceptance Model (TAM) and Diffusion of Innovation
theory, we recognize that Al adoption involves complex
interactions between human decision-makers,
organizational structures, and technological capabilities
[19]. Financial institutions are social systems where
individual behaviors aggregate into organizational
outcomes. The theory of planned behavior suggests that
managerial intentions toward Al adoption are shaped by
attitudes toward technology, subjective norms within the
industry, and perceived behavioral control regarding
implementation capabilities. When examining Al's
governance implications, we must consider that financial
professionals are social human beings embedded in
networks of relationships, regulatory constraints, and
competitive pressures. Behavioral economics
demonstrates that human decision-makers exhibit bounded
rationality, making Al's computational capabilities
particularly valuable for overcoming cognitive limitations
in risk assessment and strategic planning. However, this
same social embeddedness creates resistance to change,
ethical concerns, and implementation barriers that purely
technical analyses often overlook. Understanding Al's
impact on governance efficiency therefore requires
integrating technical capabilities with theories of human
organizational behavior, acknowledging that technology
and social systems co-evolve.

Nevertheless, there are several risks and difficulties for
financial institutions concerning the ways Al can be
applied successfully. A major concern is the challenge that
exists when implementing Al systems within the structures
of the financial market. This creates a fundamental hurdle
that has a way of making organizations invest in new
technologies and rewrite the codes of their employees [15].
The technical and operational challenges are necessary for
financial institutions to implement the AI solutions.
Another great issue is that Al adoption in the fin servo
sector is experiencing ethical and regulatory concerns. In
the recent past, as Al systems are increasingly

implemented, their issues such as data privacy, biased
algorithms, and the decision-making process are being
raised [16]. Al systems in financial institutions need to
always be run both ethically and in a legal way that meets
the set legal policies. This gives rise to pressing questions
that need to be answered by stable modes of governance
that would be capable of addressing these concerns as well
as give a definite account on the correct usage of AI [13].

The novelty of this research is the concept of utilizing
the system's matrix to analyze the diverse effects of Al
technology for the financial institutions, focusing on the
aspect of governance efficiency. Although prior research
has covered different ML/AL prospects in finance from
several viewpoints, this study reforms these types of view
into an array of integrated elements enabling to reveal how
Al reforms not only running but also managing and
regulating functions of the financial firms [15]. Thus, in
this research, the areas of progress in Al and the problems
connected with it are considered, which can provide
essential information about the application of Al in the
financial industry and its possible weaknesses.

While there is a very high chance in implementing and
using these advanced technologies, financial institutions
have lots of barriers to overcome when it comes to Al [17].
Another acute problem is the uncertainty as to how Al
systems fit into the existing financial frames and structures.
Today, most financial organizations still use outdated
infrastructure to run their businesses and these foundations
are not scalable to integrate with modern Al solutions. This
result is a major challenge in adoption because it implies a
shift in technologies as well as training of employees [18].
Art and science of Al in financial institutions: Navigating
the technical and operational challenges. One major issue
is the unsolved question of ethics and regulation of the
implementation of Al solutions in the financial industry.
With increasing application of Al systems, issues about
data protection, data bias, and data efficiency have
emerged in the community. It is now the responsibility of
financial institutions to have Al systems that are ethical as
well as those that meet the set regulations. This has called
for standard settings that offer solutions to these concerns
and offer recommendations on the moral use of AI [13].

The remainder of this paper is organized as follows.
Section 2 reviews the relevant literature on Al applications
in finance, identifying specific gaps that this study
addresses. Section 3 details our research methodology,
including the empirical strategy, data sources, and model
specifications. Section 4 presents our empirical findings
from both quantitative and qualitative analyses. Section 5
discusses the implications of our results for theory and
practice.  Section 6  concludes  with  policy
recommendations, limitations, and directions for future
research.

2 LITERATURE REVIEW

Thus, the inclusion of Al in financial organizations is
a relatively new and progressing area that attracts interest
from academics and professionals [19]. The integration of
Al in risk management has been widely researched and is
known to have the ability to conventional strategies used in
risk evaluation [20]. The classic approaches to risk
management are largely based on past experience and
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involve paperwork which can take a lot of time and may be
inaccurate. Modern Al technologies can improve the
quality and speed of the risk assessment procedures
employing special data analysis tools [21]. For instance, it
is far more effective in terms of accuracy in analyzing the
existing data and finding patterns and possible risks than
traditional means [22]. These capabilities of prediction
help the financial institutions to detect and prevent such
threats, which in turn helps in enriching their overall risk
management strategy of their financial organizations. In
credit risk evaluation there has been change in the
advancement of machine learning and neural networks to
come up with better results [23]. It has been pointed out
that conventional scores for credit are particularly
inefficient when it comes to assessing people's financial
reliability, especially in the conditions of the transition
economy. Al models do utilize more of the variables and
find out characteristics that might not be easy for
traditional models to look at. As Bahoo et al. (2024) have
argued, the credit scoring based on Al has proved to be
more accurate and to have lower default risks than does
conventional Al [24]. This helps enhance the reliability of
the credit assessments in addition to allowing the firms to
issue credit to a larger number of customers.

Another function that has impacted greatly with the
help of Al is the customer service. Another technological
advancement that has impacted customer relation in the
financial industries is the use of artificial intelligence
Chatbot and virtual assistants [25]. Such Al systems
include support for customers, interaction with them in
real-time around the clock and perform quick and basic
transactions. Automation of the customer service tasks also
helps reduce the response time and further brings
satisfaction to the customers in term of receiving uniform
and customized services [26]. Such Self-Service customer
service solutions currently hold the capability to address
virtually any question, whether simple as checking account
balance or as complicated as a record of the financial
transaction in the past periods and other related financial
advices. This kind of service miniaturization enables the
actual human customer support executives to be more
strategic and attend to issues that really create value for the
company's processes, hence improving the overall
efficiency. According to McLean and Osei-Frimpong
(2019) [27], they found out that reliability and efficiency
of the services is perceived high through the utilization of
the Artificial Intelligence leading to high customer loyalty
and retention. In addition, the evaluation of customers'
experience and their feedback on the interactions through
the artificial intelligence provides the financial institutions
with an opportunity to enhance their service delivery to the
customers steadily [28].

It is noteworthy that compliance with the requirements
of the current legislation is among the significant areas of
activity in financial organizations, and Al can be
considered one of the effective tools in this context [26].
The place for which financial services are offered occupies
a special judicial category since it is tied to strict
requirements designed to minimize cases of fraud and
protect the consumer. To meet these regulations there is a
need to constantly assess transactional data in large
volumes. Using machine learning and natural language
processing, these kinds of processes can be automated,

which in turn can increase the efficiency of compliance
[29]. By way of example, the use of Al in regulatory
compliance can be best illustrated in the application to
AML programs. This is because most of the usual AML
systems employ rule-based methods of work, which result
in many false positives and indicate low coverage of
potential red flags. In its turn, Al can easily detect different
transactions and their volumes to determine if they may
correspond to money laundering or some other fraudulent
activities. From Van Liebergen (2017) [30], with the use of
Al in AML systems, the effectiveness in identifying the
illicit transactions is high while the number of false
positives is low thus enhancing the efficiency of
compliance.

One might say that the ability of Al to improve the
organizational performance is one of the major advantages
of its application in the sphere of financing [22]. With the
help of automation of routine processes, and simplification
of complex scenarios with AI's help, organizations can save
a lot of money while increasing their efficiency. For
example, RPA in enterprises is used in cases associated
with the handling of data and document entries, accounts
reconciliations, report analytics and preparations, helping
human staff to focus on more vital segments instead of
mundane work [31]. Another potential sub-area of great
potential in terms of increased efficiency is the application
of Al in financial forecasting/decision-making. Al
algorithms can scan large amounts of data in real time and
supply information that will assist financial institutions to
make wise decisions. For instance, by predictive models
and analytics, it is possible for an organization to predict
markets, decide on risk levels of an investment, or
determine the right investment course of action. Davenport
and Kirby's (2016) recent case study shows the
organizations using Al for strategic decision making in
financial fields increase their accuracy and speed and,
therefore, achieve better financial results [32].

However, it is also important to look at the most
important and critical risks and ethical issues that must be
faced when integrating Al [19]. This is, perhaps, one of the
biggest worries that people have about interacting with
these artificially intelligent systems; this is because during
the development process of these smart algorithms, data
bias or algorithm errors are possible. Such bias in Al
systems results in mistreatment of certain customer groups
in case of business activities like credit rating and approval
of loans [30]. Scientists also state the need to create Al
algorithms that are transparent and fair in order to avoid
such threats [33]. Another area of concern is the protection
of data from clients since financial institutions deal with
large volumes of information belonging to the customer. Al
involves the use of data and applying measures to protect
them from leaks and guarantee compliance with the
legislation on data protection. This still demands financial
institutions to provide elaborate security measures and
utilize privacy enhanced Al [34].

In addition, the implementation of Al in the financial
institutions creates issues more so to do with displacement
of the workforce [29]. Another disadvantage is that
utilization of Al systems in business procedures implies
that people who were earlier handling such procedures are
bound to lose their jobs. But the same can give
opportunities in upskilling and reskilling the workforce to
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adapt to the new roles that need more human element than
machine. On this basis, it is worth noting that research
indicates that an integration strategy that combines training
employees in artificial intelligence tools and proper
planning can considerably reduce the adverse impact of Al
on employment [35]. Also, the constant technical progress
in the sphere of artificial intelligence still creates new
prospects for using Al essentially in the sphere of finances.
It is suggested that the subsequent studies should aim at
creating new and refined models of Al thanks to which it
will be possible to state that their functionality can be
expanded when facing the new and more complex financial
markets and regulations [24]. However, there is a concern
regarding the ethical and social aspect, that would require
the integration of information from both the technology
and humanities field to counter. Finally, it is possible to
conclude and assert that Al integration in financial
institutions is supplemented by significant advantages
concerning risk management, customer service, and
regulation, as well as operational performance.

However, there is still some limitation in the current
literature and research by the following critical gaps.
Filling these gaps is critical for understanding Al's
possibilities and for the proper realization of its impact in
an ethical and efficient manner. Another area of research
deficiency is the scarcity of investigations into financial
organizations Al effects on a prolonged period. Despite all
the current researches on the subject, discussions
concentrate on the short-term goals or provide an insight
into the organization's basic problems; at the same time, the
potential impact of Al on financial institutions over a long
period is yet to be explored. Such research could help
ascertain the longevity of Al-informed gains and
enhancements to risk-taking, customer interfaces, and
business processes. It might also help explain the future
trends in the changes of workforce and culture of
organizations. It is also noteworthy that communities like
community banks as well as credit unions remain
remarkably under-researched regarding their interactions
with Al. Most of the research focuses on large MOB
(Multinational Operation Bank) organizations which can
deploy huge capital to embrace Al aids.

Also, the exploitation of theoretical papers and
empirical evidence from computer science, together with
ethical and financial science researchers' investigations,
also require development. Thus, although technical
peculiarity of Al has been discussed in details, the ethical
and legal aspects are often regarded separately. The social
perspective of Al must be analyzed and understood
together with the technical and ethical aspects as well as
those that refer to regulation. This approach can assist in
coming up with proper governance standards that can be
used to direct the responsible and ethical use of the Al
technologies. Algorithmic transparency and accountability
is yet another area that remained untouched. Lenders
incorporate elaborate artificial intelligence models into the
management of the companies and the decision-making
mechanisms without clearly indicating how the algorithms
arrived at the decisions made. Algorithms and Al systems
are becoming increasingly relevant in society, therefore,
research into the ways of creating algorithmic transparency
and accountability is crucial. This includes growing
explainable Al measures, the principles of which would

enable the authorities and other stakeholders to trust
Al-generated choices. Finally, there are challenges
regarding the effects of Al on socio-economics in the case
of financial instruments.

3 METHODOLOGY

The methodology section outlines the empirical
strategy, data collection, and empirical model specification
employed in this study. This comprehensive approach
ensures a robust analysis of the impact of artificial
intelligence (AI) on the transformation and governance
efficiency of financial institutions.

3.1 Empirical Strategy

The empirical strategy adopted in this study is
designed to rigorously analyze the multifaceted effects of
Al integration on financial institutions. This study employs
a mixed-methods approach, combining quantitative and
qualitative analyses to capture a holistic view of Al's
impact. Quantitatively, we utilize econometric models to
assess the effects of Al on various performance indicators,
including operational efficiency, risk management,
customer service, and regulatory = compliance.
Qualitatively, we conduct in-depth case studies and
interviews with key stakeholders from financial
institutions to gain insights into the practical challenges
and benefits of Al adoption.

The quantitative analysis employs panel data
econometrics, which allows for controlling both time-
invariant and time-varying unobserved heterogeneity
across financial institutions. This approach is particularly
useful in capturing the dynamic nature of Al integration
over time. Specifically, we employ Fixed Effects (FE) and
Random Effects (RE) models to account for potential
biases due to omitted variables. Additionally, we
implement the Generalized Method of Moments (GMM)
estimator to address potential endogeneity issues, ensuring
the robustness of our results. Formal Hypotheses are as
follows.

HI1: Al integration positively affects ROA.

H2: AI investment reduces operational costs
(cost-to-income ratio).

H3: Al patents enhance innovation and performance.

3.2 Data

The data used in this study encompass a
comprehensive set of variables relevant to the analysis of
Al's impact on financial institutions. The dataset comprises
panel data from a sample of financial institutions across
multiple countries, spanning the period from 2010 to 2023.
The primary sources of data include financial reports,
regulatory filings, Al adoption surveys, and proprietary
datasets from industry associations. Key variables include
measures of Al integration (such as the extent of Al
adoption, investment in Al technologies, and the number of
Al-related patents), performance indicators (including
return on assets, cost-to-income ratio, risk-adjusted return,
and customer satisfaction scores), and governance metrics
(such as compliance costs, number of regulatory breaches,
and efficiency of risk management practices). To ensure
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data reliability and validity, we employ rigorous data
cleaning and preprocessing techniques. Missing data are
handled using multiple imputation methods, and outliers
are addressed through winsorization. Furthermore, the
dataset is standardized to facilitate comparability across
different financial institutions and time periods.

Primary Data Sources are as follows.

Financial Performance Data: Bloomberg Terminal and
WIND Database for return on assets, cost-to-income ratios,
and risk-adjusted returns.

Al Investment Metrics: S&P Capital IQ and
Crunchbase for disclosed Al-related capital expenditures
and venture investments.

Patent Data: Orbis Intellectual Property and
USPTO/EPO databases for Al-related patent filings and
grants.

Governance Metrics: Thomson Reuters Eikon for
compliance cost disclosures and regulatory breach
incidents.

Customer Satisfaction: J. D. Power Financial Services
Satisfaction Studies and proprietary survey data from Bank
Administration Institute (BAI).

Macroeconomic Controls: World Bank Open Data and
IMF International Financial Statistics for GDP growth,
inflation, and interest rates.

3.3 Empirical Model Specification

The empirical model specification is designed to
quantify the impact of Al integration on the performance
and governance efficiency of financial institutions. The
primary econometric model is specified as follows:

Y, = a+ P1Al, + p2Controls;, +y; +J ,+¢, (1)

where Y represents the performance indicator or
governance metric for institution 7 at time ¢, Al; denotes the
measure of Al integration Controls; is a vector of control
variables (such as institution size, market share, and
macroeconomic factors), y; represents institution-specific
fixed effects, 6t captures time-specific effects, and ¢ is the
error term.

To address potential endogeneity concerns, we also
employ the System GMM estimator. This approach uses
lagged values of the endogenous variables as instruments
in Tab. 1, providing consistent and efficient estimates in the
presence of endogeneity. This paper employs System
GMM to address endogeneity while maximizing
efficiency. Critical to GMM validity are specification tests
reported in Tab. 6. The System GMM model is specified as
follows:

AY, = a+ SIAATL, + f2AControls;, + >k = @
=1pokAY,, t—k+n; +u, +¢,

where A denotes first differences, #; represents
institution-specific fixed effects, and u; captures
time-specific effects. In addition to the primary models, we
conduct robustness checks using alternative specifications
and estimation techniques, including Difference-in-
Differences (DiD) and Propensity Score Matching (PSM).
These approaches help validate the findings and ensure the

robustness of the results. The combination of quantitative
and qualitative methods, rigorous data collection, and
robust econometric modeling provides a comprehensive
framework to assess the transformative impact of Al on
financial institutions. This methodology ensures that the
findings are robust, reliable, and provide valuable insights
for both academic research and practical implementation.

Table 1 Variables description

Variable Description Measurement
. Extent of Al adoption in financial | Index score (0-
Al Integration R
institutions 100)
Investment in Financial investment in Al Millions of
Al technologies USD
Number of Al-related patents held
Al Patents by the institution Count
Return on Financial performance indicator Percentage
Assets (ROA) measuring profitability g
Cost-to-Income Efficiency metric of financial
. . Percentage
Ratio operations
Risk-Adjusted Performance measure adjusting
. Percentage
Return returns for risk
Customer Satisfaction level of customers Survey score
Satisfaction with services (1-5)
Compliance Costs associated with regulatory Millions of
Costs compliance USD
Regulatory Number of breaches of regulatory
. Count
Breaches requirements
Risk Effectiveness of risk management | Index score (0-
Management ractices 100)
Efficiency P
Total assets in
Institution Size Size of the financial institution billions of
USD
Market Share Market‘ share held b_y the institution Percentage
in the financial sector
. | Control variables including GDP Percentage
Macroeconomic . .
growth rate, inflation rate, and (GDP growth,
Factors . . .
interest rates inflation)
4  FINDINGS

The analysis section provides the results of this study
in terms of the discoveries taken from quantitative and
qualitative analysis applied for measuring the effects of Al
integration for improving the performance and governance
of financial institutions. Further, this section is organized
according to a clear and logical progression of the
presentation of the data starting with the descriptive
statistics before presenting the correlation analyses and
finally the results of the econometric models used.

4.1 Descriptive Statistics

The descriptive statistics gives an introduction to the
number of cases per group, mean, standard deviation,
minimums, and maximums of the measured features in the
study. This is important for populating initial descriptive
statistics of the data and to check for any data points or
values that are abnormally low or high which may affect
further analysis.

Tab. 2, descriptive statistics, includes men and women
characteristics that have been used in the study of the
variables. Regarding the integration of Aurtificial
Intelligence in the company, the mean value is 45.2, with a
median of 43, which reflects the above-average, but
moderate, Al readiness of the sample's financial
institutions combined with significant variation in their Al
usage (standard deviation 0f 20.5). The mean of investment
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in Al refers to 120. Average Al expenditure of a country,
Globalscale, amounted to 3 million USD; however, there
was a high variation in this figure (standard deviation of
140.7 USD), symbolizing variations in the expenditure.

Table 2 Descriptive statistics

Variable Mean | Median S.td" Minimum | Maximum
Deviation
Al Integration 45.2 43 20.5 5 95
Investment in AT
(Millions of USD) 120.3 75 140.7 10 500
Al Patents 15.6 10 20.3 1 100
Return on Assets
(ROA) / % 1.35 | 1.25 0.75 0.1 3.5
Cost-to-Income
Ratio / % 55.8 54 15.2 30 90
Risk-Adjusted
Return / % 8.2 7.5 3.6 1 15
Customer
Satisfaction (1-5) | *1 | 42 0.6 2 3
Compliance Costs
(Millions of USD) | 34 | 3¢ 257 > 100
Regulatory 1, 51 15 0 6
Breaches ) )
Risk Management |, , | 7, 15 40 95
Efficiency
Institution Size
(Billions of USD) 350.2| 300 200.5 50 900
Market Share / % | 5.8 5 3.2 1 12
GDP Gj‘f,};’th Rate| H5 | 26 12 -05 5
Inflation Rate / % | 1.8 1.7 0.7 0.5 3
Interest Rate / % | 3.5 34 0.8 2 5

The average of the amount and frequency of Al patents
held is 15.6, with relatively high dispersion that reached
20.3 in terms of standard deviation. As for the average
value, Return on Assets (ROA) equals in 1.35% and a small
variability, indicating that the operations' profitability is
quite stable. The cost-to-income ratio stands at an average
figure of 55. threshold at 8% which shows efficiency levels
and the standard deviation of 15 for the business. 2%. The
mean of risk adjusted return is equal to 8.2 per cent, and
standard deviation of 3.6%, which points at fluctuations in
performance in relation to the risk level. Customer scores
stand at average that is 4. average level of satisfaction as
the scored were ranging from 1 to 5; however the score was
above the middle score. Compliance costs average 35.4
million USD, with the difference Mirco and Marco's costs
(standard deviation of 25.7 million USD). Regulatory
breaches average 2.3, which seems to denote that such
occurrences are not very frequent in the process, but can
show variation, with a standard deviation of 1.5. The scores
for risk management efficiency indicate that organizations
on average are scoring 70.4 as a moderate level of the
management of risks, with certain deviations. The size of
institutions, on average, is 350.2 billion USD in assets,
however, noted to vary significantly with the standard
deviation of 200.5 billion USD. Market share averages 5.
To reach the age of five, ABN dollar value is 220, which
translates into 8% share, or moderately competitive
positioning. The GDP growth rate of the countries in the
sample amounts to 2 percent, on average. 5 percent: while
having a general tendency to hover it may have a slight
fluctuation in its percent (standard deviation of 1.2%). It is
a known fact that the inflation and interest rates normally
stand at an average of 1.8% and 3. There has been relatively
less fluctuation in both macroeconomic environment

stability indicators and hence the following changes are
anticipated: Interest rate down by 0.25%, inflation rate
down by 0.15% and foreign exchange reserves up by 5%.
These statistics afford researchers an understanding of the
center and spread of the financial and operational
characteristics of the institutions in the study. Fig. 1. The
diagram labelled 'The Nature and Growth of Al Investment
Over Period' shows an apt nature of the Al investments
undertaken annually over the time of the study period of
2010-2023. This type of adjustment makes this line graph
useful to show trend and shift of Al investment from year
2010 to 2023 depicting how financial institutions are
focusing on Al

Trends in Al Investment Over Time (2010-2023)

N w N
] <] o
=) o )

°
)

Average Investment in Al (Millions of USD)

2010 2012 2014 2016 2018 2020 2022
Year

Figure 1 Trends in Al investment over time (2010-2023)

Fig. 2 the variation of the number of Al patents among
the sample of financial institutions is shown in the
"Distribution of Al Patents Among Financial Institutions".
This histogram provides a general view of how many
concepts related to Al are being filed into different
institutions; thus, some institutions are seen to be chalking
higher patent scores while others are lagging.

Distribution of Al Patents Among Financial Institutions
10 —

Frequency

0 20 40 60 80 100
Number of Al Patents

Figure 2 Distribution of Al patents among financial institutions

Tab. 3 reveals high correlations between Al
Integration, Investment in Al, and Al Patents (0.60-0.68),
raising potential multicollinearity concerns. We address
this through:

Variance Inflation Factor (VIF) Analysis: Maximum
VIF values in all specifications remain below 4.0 (mean
VIF = 2.3), below the conventional threshold of 10,
suggesting multicollinearity does not severely bias
estimates.

Separate Specifications: We estimate models including
each Al wvariable individually to confirm consistent
directional effects independent of other Al measures.

Principal Component Analysis (PCA): We construct a
composite Al Adoption Index using PCA as a robustness

1224

Technical Gazette 33, 3(2026), 1219-1232



Guangyuan HAN et al.: Research on the Transformation Acceleration of Financial Institutions and Governance Efficiency with Artificial Intelligence Technology

check. The first principal component explains 78% of
variance across the three Al variables.

Ridge Regression: As additional verification, we
employ ridge regression with penalty parameter 4 = 0.1,
yielding coefficient estimates consistent with OLS results.

Results remain qualitatively consistent across all
specifications, suggesting our findings are robust to
multicollinearity concerns.

Table 3 Correlation analysis

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 | 15

Al Integration 1 0.65 | 0.68 | 045 | 04 0.5 0.55 | 03 | —0.2 0.5 0.6 0.55 0.3 0.25 0.2
Investment in Al 0.65 | 1 0.6 | 035 [-035] 045 [ 05 [-025][-0.15] 045 [ 055 [ 05 [ 025 [ 02 [ 0.15

Al Patents 0.68 0.6 1 04 |—038] 048 | 052 | —0.28 | -0.18 | 0.48 | 0.58 | 0.53 | 0.28 | 0.23 | 0.18
Return on Assets (ROA) 045 ] 0.35 0.4 1 —0.5 0.6 0.55 | —0.35 | =0.25 | 0.55 0.5 045 | 035 0.3 0.25
Cost-to-Income Ratio —-0.4 | -0.35]-038 | 0.5 1 —-045| -04 0.5 035 | -045| -04 | 035|025 | 0.2 | -0.15

Risk-Adjusted Return 0.5 045 | 048 0.6 |—-0.45 1 0.55 | =04 | -0.3 0.6 0.55 0.5 0.4 0.35 0.3
Customer Satisfaction 0.55 0.5 0.52 | 055 | 04 | 0.55 1 -0.35|-0.25] 0.5 0.45 0.4 0.35 0.3 0.25
Compliance Costs -0.3 | -0.25]-028 | -035| 0.5 —-0.4 | —0.35 1 0.55 | 04 | -035] —03 | —0.25 | —0.2 | —0.15
Regulatory Breaches —0.2 | -0.15 | -0.18 | -0.25 | 0.35 | —0.3 | -0.25 | 0.55 1 -03 | -0.25] =0.2 | =0.15 | =0.1 | —0.05
Risk Management 05 | 045 | 048 | 055 |-045| 06 | 05 | 04 | -03 | 1 | 055 | 05 | 045 | 04 | 035

Efficiency

Institution Size 0.6 0.55 | 0.58 0.5 —-04 | 0.55 | 045 | —0.35|—-0.25| 0.55 1 0.65 | 0.55 0.5 0.45
Market Share 0.55 0.5 0.53 | 045 | -035| 0.5 0.4 -03 | —0.2 0.5 0.65 1 0.45 0.4 0.35
GDP Growth Rate 0.3 025 | 028 | 035 | -0.25] 04 0.35 | -0.25 | —0.15] 045 | 0.55 | 045 1 0.55 0.5
Inflation Rate 0.25 0.2 0.23 0.3 -0.2 | 035 0.3 -0.2 | 0.1 0.4 0.5 0.4 0.55 1 0.55

Interest Rate 0.2 0.15 | 0.18 | 025 | =0.15] 0.3 0.25 | -0.15 | —0.05] 0.35 | 045 | 0.35 0.5 0.55 1

4.2 Econometric Model Results independent variables, fiscal year, and quarterly slopes

About the econometric analysis, the key dependency is
to evaluate the changes in the performance and governance
indicators of the financial institutions due to the Al
integration. These include Fixed Effects (FE), Random
Effects (RE), and Generalized Method of Moments
(GMM) estimators. The findings are presented in the next
table(s):

Table 4 Fixed effects model results

Variable Coefficient Standard t-Statistic | p-Value
Error
Al Integration 0.015 0.005 3 0.003
Investment in Al 0.01 0.004 2.5 0.013
Al Patents 0.012 0.006 2 0.046
Institution Size 0.018 0.007 2.57 0.011
Market Share 0.021 0.008 2.63 0.009
GDP Growth 0.027 0.009 3 0.003
Rate

Inflation Rate 0.024 0.01 2.4 0.017
Interest Rate 0.02 0.009 2.22 0.026
Constant 0.45 0.18 2.5 0.014

As mentioned in Tab. 4, based on the Fixed Effects
Model, the performance of financial institutions has
positive coefficients related to all the explained Al-related
variables. Al integration has 0 as its coefficient. 015,
t-statistic equal to 3 and p-value which in this case is 0. The
level of learning and development has a significant and
positive impact on the level of performance. It receives the
value of 003 and the level of statistical significance of 1%.
The coefficient of the Investment in Al is 0.01, and a
t-statistic of 2.5 and a p-value of 0. The analysis of VIF
revealed the value of 013 to imply a highly significant
positive association at 5 % level of significance. For
configuring the control variable, the coefficient O applies
to Al patents. Coefficient 012 and t-statistic = 2
concludes that innovation has a positive impact in
enhancing performance since the calculated probability or
p-value is less than 0.05. Institution size and market share
independent variables influencing the model since they
toured with coefficients of 0.018 and 0. The last two

have regression coefficients of 0.68, and 021 respectively,
they also have positive impacts on performance, -stat =
2.57 and 2. = 63, and p-values of 0 011 and 0. Of the 123
respondents, 45 were in the 20-29 age group, 51 were in
the 30-39 age group, and the remaining 27 respondents
were in the age group of 40 years and above The hypothesis
that there is a significant difference in the extramural
spending pattern of students in the university with the age
groups is therefore tested and found to be significant at 5%
level. The MCNM test conducted resulted Hence, if
expected GDP growth rate has a coefficient of 0 it means
that it is already factored into the current stock price was
027 and the #-statistic was 3 while the observed p-value was
0. Linked to conditions in Germany, Serbia received a
statistically significant positive macroeconomic impact
that reached the level of 003 at the 1% level. Hence,
inflation and interest rates reveal positive coefficients of
0.024 and 0.02 respectively while the z-statistic of the
inflation is 2.4 and 2.22, and p-values of 0.017 and 0,
titlings at p < 0.05 were obtained for N = 026, respectively.
In this respect, the constant term has a coefficient of 0.
Pearl + Diamond was more expensive than Platinum
because the constant term is positive and bears a coefficient
of 0, the regression equation clearly shows that the gross
for Pearl + Diamond was higher than that for Platinum. 45,
the t-statistic, was 2. 5, and a p-value of 0. 014, which also
reveals that the estimated coefficient of the baseline
performance level is also significant at 5% level. Such
findings taken altogether provide proof that integration of
Al improves the operations of financial institutions in
addition to other financial and macroeconomic factors.

Fig. 3. This is illustrated by a scatter plot, "Al
Integration vs. Return on Assets (ROA)" that compares the
Al integration score with the financial institutions' return
on assets. Additionally, to the scatter plot big data analytics
experts add a trend line which shows positive correlation;
in other words, as Al integration increases so does the
relative operating income and therefore the ROA.
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Al Integration vs. Return on Assets (ROA)
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Figure 3 Al integration vs. return on assets (ROA)

Table 5 Random effects model results

Variable Coefficient Standard z-Statistic | p-Value
Error
Al Integration 0.013 0.004 3.25 0.001
Investment in Al 0.009 0.003 3 0.003
Al Patents 0.011 0.005 2.2 0.028
Institution Size 0.015 0.006 2.5 0.012
Market Share 0.02 0.007 2.86 0.004
GDP Growth 0.03 0.01 3 0.003
Rate

Inflation Rate 0.025 0.009 2.78 0.005
Interest Rate 0.022 0.008 2.75 0.006
Constant 0.48 0.19 2.53 0.011

As revealed in Tab. 5, all the Al- related variables, and
macroeconomic factors used in the model were positive
and significant at p < 0.05 levels, thus supporting H1 and
H2 partially. The coefficient for Al integration reached
0.013, the number of counties belonging to one ethnic
group as a proportion of the total mean annual population
growth (z-statistic = 3.25, p < 0,001) showing a significant
influence at the 1% level and 1.587 which is a strong
positive impact. Al investment has also been found to
exhibit a coefficient of 0. For the current analysis 009 was
used as an independent variable, the calculated z-statistic
was 3, and the calculated p-value was 0. These results
further support the Implied Temperature variable and
maintain a statistically favourable sign at the 1% level with
a Pseudo R-squared value of 0.003. Al patents, the value
estimated is 0.011, or z = 2.2, which is statistically
significant in terms of rejection of null hypothesis at 0.028,
imply that there is positive and significant relationship at
least at 5% level of significance. Market share and size of
an institution also have positive effects on performance as
the regression co-efficient of 0.86 and for p-values of 0.
0.004, and I, = 0.004, respectively, for random effects, all
at 5% and 1 % levels respectively. The coefficient for the
variable GDP growth rate is zero. Low p-value of 0.03 or
%0003, z-statistic of 3 and higher. Hypothesis 2 was
supported with the f-value being 15.455 and with the
corresponding p-value being less than 0.0003 or 0.001; this
was evidence of statistically significant of positive effect.
The inflation has the positive coefficients of 0 when it
comes to the inflation rate and interest rate. 75, p < 0. P =
0.006, has passed the 1% significance level and P = 0.006,
has also passed the 1% significance level. In the case of the
present model, the constant term has the coefficient of 0.45,
while its z-statistic is equal to 2.53, or equal to 0.011,
implying that at the 5% level a significant baseline
performance level has been established. In conclusion,

these findings evidence the positive impact of the
implementation of artificial intelligence, other relevant
financial and macroeconomic variables to improve the
operations of financial institutions. Impact of integrating
Al to the Cost to Income Ratio presents a graph quantifying
the cost-to-income ratio of banks based on the level of Al
integration. From this bar chart one can clearly deduce that
as the levels of integration of artificial intelligence
increase, the cost to income ratio is lower, which points out
to better operations. It incorporates a 3D bar graph of the
Al integration level labelled as Low, Medium, High and the
corresponding costs of compliance. Height of each bar
represents the summary of compliance costs incurred based
on various bars of Al integration, individually labeled with
colors. It also affords an uncomplicated and visually
appealing description of how higher integration levels of
Al are associated with lesser compliance expenses.

The results obtained from the GMM in Tab. 6
demonstrate that Al integration and other variables have
positive and significant impact on the performance of the
financial institution. The coefficient given for integration
of Al is 0.2, with a z-statistic of 3. The estimate of the initial
deviation for the elements of the sample at the beginning
of the year is 016, with a z-statistic of 3.2 and an 'alphah’
which equals 0., at 002, thus implying a highly significant
positive impact with a Coefficient of determination of
explanation of the variation in the dependent variable, R
square was equal to 0.761 significant level and test of
Hypothesis Significance level to be used in the study was
0.05 and the test of hypothesis yielded the chi-square test
statistic of 1038. Self Employed has a coefficient of —0.419
while investment in Al unveils a coefficient of 0.40 and a
p-value of 0.011 and the result from the #-test is z-statistic
of 2.75, and a p-value of 0.006 showing a positive effect at
1 percent level implying a positive relationship between
MS and the mean of opinion. The coefficient in this case
being 0 shows that the filed Al patents are significantly less
compared to United States. 013 while Z statistic is 2.17,
and a p-value of 0.03, thereby indicating a positive and
significant relationship in the order of 5 percentage points.
The size of the institution and the market share have also
added more improvement to the performance with
coefficients of 0.019 and 0.023, z-statistics of 2.71 and 2.,
mean of 88, and p-values of 0.007 and 0. However, the
coefficient of age of the borrower in the model is highly
significant with f-statistics of 4.004, p < 0.01. The
coefficient of the GDP growth rate is 0.0047 and related a
z-statistic of 2.83, and a p-value of 0. Coefficient of
Macroeconomic Impacts, MLI = 0. 005, P ---- <0.01. This
means that an increase in the banks' efficiency ratio has a
positive macroeconomic impact with a 99% confidence
level. The coefficients for the inflation rate and the interest
rate are also positive, exactly at 0.028 and 0.026,
z-statistics of 2.55 and 2.6, and p-values of 0.011 and 0.
Thus, the results associated with the H1, H2, and H3
hypotheses were: ¢+ = 3. 66 and p < 0.05 for the HI1
hypothesis; t = 4. 77 and p < 0.01 for the H2 hypothesis;
and ¢ = 10.99 and p < 0.00 for the H3 hypothesis. In this
equation the constant term occurs with the coefficient of
0.52, whereby the z-statistic equaled 2.4. Hence the mean
increase in sales is 36, and the p-value is 0.018 and so it is
concluded that the experiment has a baseline mean
performance level of 5% at the 5% level of significance.
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Thus, Al integration with other factors and significant Table 6 Generalized method of moments (GMM) results
financial and macroeconomic indicators improves the Variable Coefficient Stgtrlriarrd z-Statistic | p-Value
performance of financial organizations. Al Integration 0016 0.005 330 0.002
Investment in Al 0.011 0.004 2.75 0.006
Effect of Al Integration on Cost-to-Income Ratio Al Patents 0.013 0.006 2.17 0.030
Institution Size 0.019 0.007 2.71 0.007
60 Market Share 0.023 0.008 2.88 0.004
GDP Growth
- Rate 0.034 0.012 2.83 0.005
Inflation Rate 0.028 0.011 2.55 0.011
40 Interest Rate 0.026 0.010 2.60 0.009
Constant 0.520 0.220 2.36 0.018
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The consistency of positive, significant coefficients Figure 7 Risk management efficiency vs. Al integration
across all specifications confirms that multicollinearity
does not drive our results. Each Al variable demonstrates
independent predictive power for governance efficiency
outcomes
Table 7 Robustness checks
Specification Al Integration Investment in Al Al Patents Institution Size Market Share R-squared
(1) All Al variables 0.014 (0.005)*** 0.009 (0.004)** 0.012 (0.005)** 0.018 (0.007)** 0.021 (0.008)** 0.42
(2) Al Integration only 0.019 (0.004)*** - - 0.017 (0.007)* 0.020 (0.008)* 0.38
(3) Investment in Al only B 0.013 (0.003)*** - 0.016 (0.007)* 0.019 (0.008)* 0.35
(4) Al Patents only - - 0.015 (0.005)*** 0.018 (0.007)** 0.022 (0.008)** 0.36
(5) PCA Composite Index| 0.017 (0.004)*** - - 0.019 (0.007)** 0.021 (0.008)** 0.40
Notes: Standard errors in parentheses. *** p <0.01, ** p <0.05, * p <0.1. Specification (5) uses first principal component of Al variables.
Tab. 7 indicates the reliability and robustness of the Al integration is specified as an alternative dependent
responses derived for the main hypothesis specifications. variable we get the following estimate of its coefficient:
In the context of the results obtained from Estimate 2, when 0.014 with standard error of 0.005 suggesting a very

Tehnicki viesnik 33, 3(2026), 1219-1232 1227



Guangyuan HAN et al.: Research on the Transformation Acceleration of Financial Institutions and Governance Efficiency with Artificial Intelligence Technology

positive flare for the independent variable. The result
corresponds to the finding under the Alternative
Specification 2 whereby the coefficient is 0. Alternative
Specification 1 where the coefficient is 0.013 (standard
error of 0.005), and AS 3 which is the Mean = 016
(Standard error of 0.006). Investment in Al also shows
positive coefficients across the specifications. This
includes such factors as: disabled people's organizations,
economic and social conditions, gender, geographical
location, housing, income, level of education, national
origin, nationality, race, receipt of state benefits, religion,
sexual orientation and age. 009 (0.004) for Specification 1
and 0.002 (0.002) in Specification 5, which are merely
equal to 1 percent of N, and 0.0075 in Specification 2 and
III and 0.011 (0.005) in Specification 3, all pointing to
highly positive results. Thus, positive coefficients of Al
patents remain intact with the following values: 012
(0.005), 0.006, respectively, while controls' mean verbal IQ
score was 108. Tab. 3 shows that for all the three
specifications of exogenous variables. The absolute sum is
013 (0.006). The effect of institution size remains to be
significant positively influencing the performance with
coefficients of 0.018 (0.007), 0.434 (0.008), while being
non-significant in WM-E and EO conditions; 017 (0.007),
and 0.019 (0.008), which underlines their importance once
again. Market share also consistently shows positive
coefficients. Moreover, it is worth noting that:
_Note:_libraries = 2613, orgs = 695, govts = 97, others =
1526 and 0. AP 021 (0.008) in Specification 1, 0.021
(0.0082) in Specification 2 and 0 respectively. 0.023
(0.009) in Specification 3. Thus, these adjustment checks
indicate that the established positive effects of integration
of Al, investment in Al, number of Al patents, size of
institution, and market share on FI performance do not
change when different model specifications are used to
develop the estimations, which stresses the fact that these
effects are quite robust.

Table 8 Hypothesis testing results
Expected . |Standard| #/z- p-
Direction Coefficient Error |Statistic|Value

Hypothesis

HI1: AT
Integration
improves
ROA
H2: Al
Investment
reduces
costs
H3: Al
Patents
enhance
innovation

Supported?

Positive | 0.015 0.005 3 0.003 Yes

Negative| —0.01 0.004 | -2.5 |0.013 Yes

Positive 0.012 0.006 2 0.046 Yes

Tab. 8: it is possible to gain empirical substantiation
about the assumed effects of Al incorporation to the
financial institutions' performance and governance
systems. Whereas, hypothesis on the main effect, H1 states
that the integration of Al increases Return on Asset (ROA)
and this is supported by the coefficient of increase of 0.05,
and an alumni satisfaction rate of 89% subsequently
completed the survey, which indicates that the study
sample is representative of the target population and has
adequate reliability and validity based on these statistics.
005 is less than 0.05, the #-statistic is 3, and the p-value
which is also F-testis 0. 7= 3. 963, C=17. 132, and p <

0.001 proving the study hypotheses at 99% certainty level.
Hypothesis 2 (H2) proposes that Al investment as an
independent variable decreases cost, and therefore the
coefficient placed on the cost dependent variable should be
negative which is —0.01, an average absolute difference of
0.004, their #-statistic is —2. 5 + 0, respectively, from the
ANOVA and Student-Newman-Keuls tests that ranks and
p-values increased significantly as the level of component
consistency rose. A chi square of 013 was obtained, and the
test was significant at the 5% level. According to the
Hypothesis 3 (H3), Al patents improve innovation, and
thus is expected to have positive coefficient of 0.012, the
standard error estimated to be 0.006, along with its
corresponding #-statistic of 2 and, of course, p-value of 0.
At this level, fsb3 and mc rejoice with a p-value of 0.046,
p < 0.05, also significant at the 5 percent level. Based on
this analysis, the outcomes support the findings that
integration, investment made in Al and Al related
innovation have a positive and significant effect on the
FINs performance and offer strong support to the
hypothesized relations.

5 DISCUSSION

The results of our qualitative analysis have given us
profound ideas about the role of artificial intelligence (AI)
implementation in the financial organizations. The fact that
all the coefficients in the analysis that relates to the impact
of Al have positive signs and are statistically significant
across the models indicate significant changes within these
institutions' performance and governance mechanisms as
influenced by the Al advancement. The findings of the
paper indicate that Al improvement significantly increases
the ROA, performance, and profitability of financial
institutions with low risk. These observations can be also
aligned with the increasing number of studies that address
the ability of Al to enhance the financial performance by
means of big data analysis and intelligent process
automation. This could be attributed to an increase in the
level of Al integration in the financial institutions as this
shows a positive correlation with the firms' ROA. This is
because it has the capacity to analyze enormous data sets
and make conclusions that predict future actions;
institutions, therefore, get to make better decisions,
allocate resources more efficiently, and minimize
expenses. This is consistent with the findings of other
scholars who stated that Al-based initiatives contribute to
cost cutting and improved efficiency [36]. The number of
patents and investment in the Al also has a direct
relationship with the performance, which shows that those
financial institutions that are investing heavily in Al
technologies and innovations are getting better results.
Such investments may go towards the procurement of
exclusive Al solutions for an organization that addresses
the needs that are unique in organizational settings hence
offering the organizations competitive advantage in the
market. The high coefficients for the Al patents ascertain
that innovation is key to determining the financial results
which means that the companies need to persistently invest
in their Al research and development.

In addition, our findings indicate that the integration of
Ai improves customer satisfaction, as indicated by the
positive sign on our coefficients. Virtual customer service
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interfaces in form of chatbots and virtual assistants deliver
prompt and accurate response to the customers' inquiries
hence expediting customer satisfaction. This improvement
in customer service not only increases customer
satisfaction whereby customers are likely to continue
patronizing the organization's products but also avoids the
absorption of human resources on routine and less
productive tasks. These results support the literature that
examines how Al can enhance service utility and the
consumers' experiences [37]. The unprecedented decline in
the compliance costs and the cases of regulatory
non-compliance that relate to the Al integration underlines
the major function of Al in the improvement of the
efficiency of the governance. Machine learning and natural
language processing are some of the Al techniques that can
be used in compliance with monitoring and identifying
irregularities that may be organization's fraud-related. The
capability mentioned above makes it possible for financial
institutions to meet requirements put in place by the
regulatory bodies in the industry and thus reduce the
instances of non-adherence. Our results support the
previously identified study stating that the application of
Al leads to a critical increase in the regulation standards
and a decrease in the cost of their adherence [38].

However, the taxonomy also reveals several issues and
concerns pertaining to the effective implementation of Al
in FI's business models. Algorithmic bias and the ethical
issue of Al usage are still significant issues now. Therefore,
to ensure that the customers are fairly treated, financial
institutions need to conduct Al systems in a fair way and
without prejudice so that all customers are treated equally
regardless of their characteristics. It is crucial to prevent
such adversities through proper formulation of ethical
policies and regulation of the use of artificial intelligence
[39]. In addition, given the universally positive drive that
has been recorded from the application of Al to various
performance markers, various issues of productivity and
workforce begin to arise. An issue arising with the
increasing use of Al is that as tasks are being executed then
workers who were assigned the roles of doing such tasks
start being replaced. However, it is also elusive for this to
turn into an opportunity for workforce transformation
where the employees carry the human intelligence and
creativity has to be re-subscribed and reallocated to the
relevant strategic jobs. Skills development and strategic
staffing and investment in reskilling and upskilling shall be
fostered to tap into the dual effect of the employment
impact of artificial intelligence automation [40]. Our
eccentric models' reliability is affirmed by the strong and
positive results such as the Fixed Effects, Random Effects,
and Generalized Method of Moments (GMM) estimators.
The similarly in other models as well as the use of
robustness check strengthens the conclusions made in this
study. Such findings may prove useful for financial
institutions looking for best practices and improvements in
the application of new Al technologies in their operational
and managerial systems.

5.1 Practical Implications
Adopting Al, especially for the financial industry,

organizations can benefit from the development and
application of more efficient tools for the forecast and

evaluation of their business performance and governance
structures. Therefore, the empirical findings are useful
since institutions can apply these suggestions to enhance
performance and adapt to the difficulties unique to
implementing Al. In the first place, confirmation of the
relationship between the level of integration of Al tools and
the company's profitability and operational efficiency
proves that further investments in Al technologies should
be significant. Business entities especially in the financial
industries must invest in an advanced Al system that would
help in improving fund flow, cutting costs, and improving
decision-making. For example, organizations can use
artificial intelligence and machine learning tools for
predictive analytics to predict likely trends perhaps better
in the market, and hence make better investment decisions
which would in turn determine their ROA. Thus, it can be
concluded that there is a strong positive correlation
between the number of patents in the field of artificial
intelligence and organizational performance indicators,
which means that further investments in further
development of artificial intelligence are necessary.
Financial institutions should encourage the idea of
innovation and research internally and engage the services
of Al tech companies. This can create an environment
where the organization acquires specialized Al solutions
that work uniquely to benefit that company. There is no
better way of promoting this process than creating
innovation labs or Al centers of excellence within the
institution.

Another significant implication relates to customer
service's enhancement with the help of artificial
intelligence interfaces. Banks and other companies dealing
in finances should integrate improved catboats and virtual
assistants that can solve many customer issues at once.
Such systems can give answers to the inquiries of the
customers on the spot and can also produce the correct
figures which will improve the customers' experience.
Further, institutions should incorporate Al analytics for
better comprehension of the consumer habits related to the
products, thus helping to provide tailored services.
Additional training of the customer service staff on how to
efficiently deploy the Al-based tools where they work can
also improve service provision. Thus, the impact of Al in
reducing the compliance costs and minimizing the instance
of regulatory violation strongly support the prospect of Al
as a Compliance boon. Other measures that should be taken
include: banking financial institutions should ensure that
they incorporate Al-based compliance monitoring that is
expected to identify and alert those in charge of any
suspicious activities as they happen. Many of these systems
can assist an institution to be able to meet the requirements
of the law well in advance and avoid heavy penalties.

A job worth doing is a job done right, and several
solutions must be implemented to ensure that every Al
algorithm is utilized ethically and without prejudice. This
means that financial institutions need to build high ethical
standards of Al and the governance structures. The need for
audited procedures for the detection of the bias to give back
credibility and justifiable operations was also agreed to be
needed. Another recommendation that Institutions should
take is to involve stakeholders such as the customers and
the regulatory bodies to discuss the ethical effects of Al
decisions. Establishing training programs to staff and give
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them information on the right thing to do in relation to
ethical Al accountability can go a long way in promoting
the aspect. Pros and Cons of Al and its Influence to
Workforce In this regard, it is obvious that change is
inevitable and poses both risks and benefits on the
workforce situation. Financial institutions should work on
an organizational level to create a detailed long-term
strategy on how the workforce will evolve in time of Al
applications. This is in the form of reskilling and
upskilling, to enable the employees to transform to skills
required in the new roles that require human emotions and
talents. For instance, training on data analysis, managing
Al systems, and making decisions in this new
technologically inclined environment prepares employees
for the change. It is necessary to attend to some workforce
issues in advance to avoid problem emergence, which will
preserve employee's positive attitude.

6 CONCLUSION
6.1 Conclusions

The introduction of Al into the financial institutions is
advancement to the competency and the governance
efficiency that has been sought for long. The positive and
interdisciplinary effects of Al integration on various
organizations' performance indicators, such as revenue and
earnings, productivity, customer satisfaction, and
compliance with industry standards, have been
investigated in this paper. The results indicate Al
effectively and, most importantly, substantively enhances
these aspects, thus leaving no doubt about this technology's
capability to bring transformative changes to the business.
Combing the quantitative analysis, we conclude that Al
integration has a positive correlation to ROA, decreased
operating costs, and risk-adjusted returns. These outcomes
also prove the need to focus on the AI technologies
development in financial activities to reach better financial
results and increased profitability. Al has the capacity of
informing, optimizing, and improving the financial status
of the institutions that venture into it in a strategic manner.

The work also shows how Al can enable organizations
to deliver efficient customer service and, in the process,
delight customers. Customer service is enhanced as the Al
self-service mechanisms like catboats and virtual agents
create responsive customer service by offering almost
immediate answers to customer inquiries. It also increases
customers' satisfaction level and enables the organization
to better utilize human capital especially in performing
tasks that have relatively higher levels of skills. Customer
satisfaction is the concern of every financial institution in
today's world, having a backup of advanced integrated Al
necessary for them to ensure best customer satisfaction. Of
all the areas where Al shows its benefits, the use of Al in
cutting compliance costs and, consequently, the number of
regulatory violations in the sphere of governance, deserve
special mention. The apt use of compliant monitoring
systems underpins the fact that it allows the financial
institutions to monitor and document compliance of all
their customers' activities in real-time so as to avoid the
vice of non-compliance. This capability is highly important
in effective and efficient regulation of the financial
institutions amidst the ever growing and changing
regulations. However, this paper also exposes the ethical

implications and some of the risks when it comes to
incorporating artificial intelligence into the workforce. The
problems with algorithmic bias and ethical considerations
of Al mean that appropriate regulatory measures and
increased ethical standards should be put in place. Lenders
must be also transparent and non-discriminatory in their Al
activities, and perform surveys on Al on a constant basis to
identify the probable biases. Leaning into customers and
regulatory bodies can help resolve these ethics problems
and sustain the public's trust in Al-based processes.

Also, there is the aspect of impacts that are related to
the changes in the labor market with the supremacy of Al
technologies. Al automation has been seen to have
strengths in that it can reduce on costs, but has weaknesses
in that it leads to unemployment of human workers. There
is a need to establish strategic staff planning policies for
the financial institutions to enhance and implement
efficient reskilling and upskilling training programs for the
handling of increased usage of the Al automation in banks
and other related industries. Therefore, preparing the
employees for new tasks that call for the use of intelligence
and skill will help institutions manage changes well and
maintain employee satisfaction. The inclination to obtain
similar test results that are consistent with prior research
when using different econometric models can be
reaffirming. Such understanding can help the financial
institutions to compare with others in the use of their Al
projects, review the strengths and the areas that need
enhancement and make well-informed strategic direction.
Law makers and regulators can also use these discoveries
in formulating appropriate policy that fosters healthy Al
innovation as well as guarding against unethical practices,
consumer exploitation.

6.2 Limitations and Future Research

Although this research is resourceful in discovering
the effect of artificial intelligence (AI) assimilation into
financial institutions, this study is not without its
drawbacks. First, the generalization of the research is
carried out over some period and dataset only, so some
significant benefits of the integration and its impacts in the
long-term period and in different industries can be assessed
insufficiently. There is also a need for longitudinal studies
relative to long-term effects of the use of Al in financial
institutions, for future research. In the same way,
increasing the sample size of the covered financial
institutions or including financial institutions from other
regions and markets can increase the robustness of the
findings and the overall generalizability of the study. An
individual limitation that would be worth discussing would
be inaccuracy of measurements and that of the data
collected. Despite data cleaning and preseason operations
executed with strict use of powerful data scopes, the quality
of the outcomes and the eventual results inevitably depend
on the quality of the initial data adapted for processing.
Future research may consider using other sources and types
of data that have a higher temporal frequency to enhance
the analysis's accuracy. Furthermore, it also can be said that
with the help of AI, new technologies and their
advancements are introduced in nearly every sector. Thus,
future research works should endeavor to mirror these
developments and assess modern and emergent
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possibilities of Al technologies not talked about in this
study. Data Constraints concluded Limited temporal scope,
which needed for longitudinal studies and emerging market
inclusion. Methodological Limits are Measurement error in
Al variables, residual unobserved heterogeneity, and
imperfect endogeneity resolution. Qualitative Needs are
deeper case studies for contextual understanding.

The paper mainly investigates Al effects on
performance and governance variables in a quantitative
manner while considering the quality characteristics of the
indicators. Qualitative analysis may not offer decisively
statistical analysis as provided by quantitative research.
However it can encompass most of the contextual factors
elicited by Al integration. As for the future
recommendations, it is possible to follow further
quantitative studies and include qualitative methods, such
as case or survey analysis to investigate the real-life
implications of Al integration and corresponding effects on
company's performance. Therefore, a combination of
qualitative and quantitative research approach may help in
gaining a deeper understanding of how Al works, and the
underlying factors which may help it flourish. In addition,
it can be mentioned that there are several vague ethical
aspects related to Al usage in financial institutions. This
paper provides a general overview of the ethical questions
regarding both algorithmic bias and algorithmic explained
ability but there is still more to be said about them. More
relevant research should be conducted on the ethical
principles and regulation to be applied in the utilization of
Al in financial sector. This entails looking at the social
implications of Al, for instance, job losses and unfair use
of credit reference systems that negatively affect the poor
in society, and then find ways to address such issues.

One more direction for research that is also worth
being considered is the description of how the dispersed Al
impacts performance rates as different forms and tools of
intervention jointly. Although this paper confirms the
existence of a positive relationship between the integration
of Al and enhanced performance, it fails to explain the
mechanisms by which the relationship occurs. This
knowledge can be helpful to the heads of financial
institutions that aim at improving the wellbeing of their
organizations by improving the application of Al. For
instance, future research could analyze how Al
applications like machine learning or natural language
processing or robotic process automatization relate to
certain facets of performance or governance. Last but not
least, the regulatory aspect of Al in financial services is
relatively immature. Further studies should assess how this
and other ongoing developments in regulations and
guidelines will affect the uptake and development of Al.
That is, evaluating the extent to which current legal settings
assist in the creation of ethical Al applications while
encouraging  development. The regulators and
policymakers should be able to draw some empirical fact
that would depict how the current and proposed regulations
are affecting the Al systems so that they could come up
with balanced and prospective policies.
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