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Abstract: The rapid digitalization of financial services in Bangladesh has increased the sector's
vulnerability to cyber threats, making cybersecurity a critical concern. Traditional security
measures are proving insufficient against evolving cyber risks, necessitating advanced
technologies for effective threat detection and mitigation. Machine Learning (ML) has emerged
as a powerful tool in enhancing cybersecurity by enabling real-time threat detection, anomaly
detection, fraud prevention, and predictive risk assessment. This research explores the role of
ML in enhancing cybersecurity in the financial services sector of Bangladesh. ML algorithms,
such as supervised and unsupervised learning, deep learning, and reinforcement learning, are
used to analyze vast amounts of transactional data, detect suspicious patterns, and automate
security protocols. The study examines how financial institutions in Bangladesh leverage ML-
driven cybersecurity solutions, including fraud detection systems, intrusion detection systems
(IDS), behavioral analytics, and biometric authentication. Additionally, it evaluates the
challenges of implementing ML-based cybersecurity, such as data privacy concerns, model
interpretability, and regulatory compliance. Given the rising cyber threats, including phishing,
ransomware, and identity theft, this research highlights the need for strong Al-driven security
frameworks and collaborative industry-government initiatives to safeguard financial institutions
in Bangladesh. The study aims to provide insights into the effectiveness of ML-based
cybersecurity solutions and recommend strategies for financial organizations to strengthen their
cyber resilience in an increasingly digital financial landscape.
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1. Introduction

The increasing reliance on digital financial services in
Bangladesh has led to significant growth in online banking, mobile
financial services (MFS), and electronic payment systems. While
this digital transformation enhances financial inclusion and
efficiency, it also exposes the financial sector to rising cyber
threats, including phishing, identity theft, malware attacks, and
data breaches (Khan & Alam, 2021). Traditional cybersecurity
measures, such as rule-based intrusion detection systems and
firewalls, are no longer sufficient to combat sophisticated cyber
threats. In response, Machine Learning (ML) has emerged as a
crucial technology for improving cybersecurity in financial
services by enabling real-time threat detection, fraud prevention,
and automated risk assessment (Rahman et al., 2022). ML-driven
cybersecurity solutions leverage predictive analytics, anomaly
detection, and behavioral analysis to identify suspicious activities
and mitigate security risks before they escalate. ML algorithms
such as supervised learning, unsupervised learning, and deep
learning are widely used to enhance fraud detection, secure
authentication, and prevent cyberattacks in banking systems
(Hossain & Karim, 2020). In the context of Bangladesh, financial
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institutions, including banks and fintech firms, are gradually
integrating ML-based security systems to protect sensitive
financial data and prevent financial crimes (Islam et al., 2023).
However, the adoption of ML in cybersecurity in Bangladesh faces
several challenges, including limited access to quality datasets,
regulatory constraints, infrastructure limitations, and cybersecurity
awareness gaps (Ahmed & Sultana, 2021). Additionally, concerns
over data privacy and model interpretability pose obstacles to full-
scale ML implementation. Addressing these challenges requires
collaboration between financial institutions, technology firms, and
regulatory bodies to develop effective Al-driven security
frameworks and compliance standards (Chowdhury et al., 2022).
This research explores the role of Machine Learning in enhancing
cybersecurity within the financial services sector of Bangladesh. It
examines the effectiveness of ML-based security systems in
mitigating cyber risks, identifies existing challenges, and provides
recommendations for strengthening cybersecurity resilience in the
banking and financial industry. The study aims to contribute to the
growing body of knowledge on Al-driven cybersecurity solutions
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and their potential impact on financial security in developing
economies like Bangladesh.

2. Literature Review

The rise of digital banking and financial services in
Bangladesh has significantly increased cybersecurity challenges.
Financial institutions face a growing number of cyber threats,
including phishing, identity theft, ransomware, and fraud (Khan &
Alam, 2021). To combat these threats, the integration of Machine
Learning (ML) in cybersecurity has become an emerging area of
research, enabling financial institutions to detect, analyze, and
respond to cyber risks in real time. This section reviews existing
literature on the role of ML in financial cybersecurity, focusing on
key aspects such as threat detection, fraud prevention, risk
assessment, and implementation challenges in the Bangladeshi
context. ML has been widely adopted to enhance cyber threat
detection in financial institutions. Supervised learning algorithms
such as Support Vector Machines (SVM), Decision Trees, and
Random Forest are commonly used for malware classification and
phishing detection (Rahman et al., 2022). Unsupervised learning
techniques, including clustering and anomaly detection, are
effective in identifying previously unknown cyber threats by
detecting deviations from normal transaction patterns (Hossain &
Karim, 2020). For instance, deep learning models such as
Convolutional Neural Networks (CNNs) and Recurrent Neural
Networks (RNNs) have demonstrated high accuracy in intrusion
detection systems (IDS), allowing real-time analysis of network
traffic to identify potential attacks (Ahmed & Sultana, 2021). In the
context of Bangladesh, research indicates that the integration of
ML-driven intrusion detection and prevention systems (IDPS)
could significantly reduce cyberattacks on financial institutions,
but challenges such as infrastructure limitations and data scarcity
remain prevalent (Chowdhury et al., 2022).

ML has also proven effective in detecting fraudulent
activities in digital financial transactions. Banks and fintech firms
leverage predictive analytics and behavioral biometrics to identify
unusual transaction patterns that may indicate fraud (Islam et al.,
2023). Research suggests that Neural Networks and Gradient
Boosting Machines (GBM) outperform traditional rule-based fraud
detection methods by reducing false positives and improving
accuracy (Rahman et al., 2022). A study by Khan & Alam (2021)
highlights that in Bangladesh, mobile financial services (MFS)
such as bKash, Nagad, and Rocket experience a high volume of
fraud attempts, emphasizing the need for Al-driven fraud
prevention mechanisms. The implementation of ML-driven
authentication systems, including facial recognition, voice
biometrics, and multi-factor authentication (MFA), has been
proposed as a viable solution for enhancing transaction security.
The predictive capabilities of ML have transformed cyber risk
assessment in financial institutions. Research indicates that ML
models can assess vulnerabilities in banking systems by analyzing
historical attack data and predicting potential security breaches
(Chowdhury et al., 2022). Bayesian Networks and Reinforcement
Learning (RL) have been successfully used to optimize
cybersecurity risk management strategies by continuously learning
from new threats (Ahmed & Sultana, 2021). Furthermore, Natural
Language Processing (NLP) has been utilized to analyze
cybersecurity reports, fraud cases, and dark web activities to
anticipate future threats (Islam et al., 2023). However, in
Bangladesh, the lack of comprehensive cybersecurity databases
and real-time threat intelligence sharing among financial
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institutions presents a major barrier to effective risk assessment
(Hossain & Karim, 2020).

Many financial institutions lack high-quality labeled
datasets for training ML models, reducing the accuracy of cyber
threat detection (Rahman et al., 2022). Cybersecurity regulations in
Bangladesh are still evolving, with concerns over data privacy, Al
ethics, and regulatory compliance slowing down ML adoption
(Khan & Alam, 2021). Implementing ML-based security solutions
requires advanced computing infrastructure, which remains costly
for many banks and fintech firms in Bangladesh (Chowdhury et al.,
2022). The shortage of cybersecurity and Al experts in Bangladesh
hinders the widespread deployment of ML-driven security
frameworks (Ahmed & Sultana, 2021). Financial institutions
should collaborate to create shared threat intelligence platforms to
enhance ML model training and cyber risk assessment.
Strengthening data protection laws and cybersecurity policies will
encourage responsible Al adoption in financial services. Promoting
Al and cybersecurity education through academic and industry
collaborations will address the talent gap in Bangladesh. To build
trust in ML-driven cybersecurity, banks should adopt interpretable
ML models that provide transparent decision-making processes for
fraud detection and risk assessment (Rahman and Ahmed, 2020).

The literature underscores the transformative role of ML in
enhancing cybersecurity in financial services. From fraud detection
to real-time threat mitigation, ML-powered security systems have
proven to be more efficient than traditional cybersecurity
measures. However, the successful implementation of ML-driven
cybersecurity in Bangladesh requires overcoming data limitations,
regulatory challenges, and skill shortages. By fostering
collaborative industry initiatives, regulatory reforms, and Al-driven
research, Bangladesh’s financial sector can strengthen its
cybersecurity resilience and ensure a secure digital financial
ecosystem.

Expected Outcomes and Implications:

This research explores how Machine Learning (ML) can
significantly enhance cybersecurity in Bangladesh's financial
services sector. Based on the various models, scenarios, and
sensitivity analyses described, the following expected outcomes
and implications will emerge from the study, guiding future actions
for financial institutions, policymakers, and technology providers
in Bangladesh. ML models are expected to significantly enhance
the ability of financial institutions to detect and respond to cyber
threats in real-time. Advanced algorithms such as Anomaly
Detection, Neural Networks, and Random Forests will be more
effective than traditional rule-based systems in identifying
previously unknown threats like zero-day attacks, advanced
persistent threats (APTS), and insider threats (Rahman et al., 2022).
The predictive power of ML will enable systems to detect even
subtle or novel patterns of malicious behavior in network traffic or
transactions, reducing the chances of successful cyberattacks.

The use of ML algorithms for fraud detection in digital
banking, such as K-means clustering for anomaly detection and
supervised learning for transaction verification, will lead to higher
accuracy in identifying fraudulent activities, including identity
theft, account takeovers, and money laundering. Machine learning
models are expected to offer better predictive capabilities for
recognizing patterns of fraudulent transactions even in dynamic or
previously unseen behaviors (Islam et al., 2023). While ML can
offer significant cybersecurity benefits, it also depends heavily on
the availability and quality of data. Financial institutions in
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Bangladesh may face challenges in data collection, data labeling,
and ensuring data integrity. However, with improved data
governance practices and data sharing mechanisms among
institutions, ML models could become more accurate and effective
over time (Chowdhury et al., 2022). Additionally, improvements in
computational infrastructure will help mitigate performance
bottlenecks associated with large-scale ML applications. The
research will highlight the role of regulatory frameworks in
shaping the adoption of Al-based cybersecurity solutions in
Bangladesh. While Bangladesh has started to develop a more
robust framework for digital financial services, clear guidelines for
Al adoption and cybersecurity regulations are expected to play a
key role in determining the success of ML-based cybersecurity
models. Financial institutions will need to comply with existing
laws regarding data privacy, cybersecurity, and Al ethics to
implement ML technologies effectively (Khan & Alam, 2021).

As ML technologies improve cybersecurity resilience, they
are expected to enhance consumer confidence in using digital
financial services. The reduction in fraud, data breaches, and cyber
risks will encourage more people, especially those in rural and
underserved areas, to trust and engage with mobile banking and
other online financial services. This will result in greater financial
inclusion (Islam et al., 2023). A key expected outcome is the
recognition that despite the potential advantages of ML, its
deployment and maintenance in real-world settings—especially in
a developing economy like Bangladesh—will face technical and
operational challenges. Issues such as model drift, the evolution of
new threats, and resource constraints may impact the continued
success of ML-based cybersecurity systems (Hossain & Karim,
2020). The research on the role of Machine Learning in enhancing
cybersecurity for Bangladesh’s financial services sector will have
profound implications for technology adoption, policy
development, and security practices. The expected outcomes
emphasize a significant opportunity to improve cyber resilience,
fraud detection, and financial inclusion, albeit with challenges
regarding data quality, infrastructure, and regulatory frameworks
(Hossain and Karim, 2020). The research will provide actionable
insights into how policymakers, financial institutions, and
technology vendors can collaborate to harness the full potential of
Al and ML technologies for a secure, inclusive, and resilient
financial ecosystem in Bangladesh.

3. Methodology

This study aims to explore the potential of Machine
Learning (ML) techniques in enhancing cybersecurity within
Bangladesh’s financial services sector. The methodology adopted
for this research will combine both quantitative and qualitative
approaches to gather comprehensive insights into the role of ML in
tackling cybersecurity challenges in the banking industry
(Dhurandher and Pandey, 2020). The research will follow a
descriptive, exploratory design to understand the current
cybersecurity challenges in Bangladesh's financial institutions and
assess how ML can address these issues. The study will also adopt
a comparative approach to evaluate different ML models and their
effectiveness in cyber threat detection, fraud prevention, and risk
mitigation.

» Data Collection

A comprehensive data collection strategy has been employed,
consisting of the following sources:
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< Primary Data: The Primary data has collected through
surveys, interviews, and workshops from key stakeholders,
including:

e  Cybersecurity professionals and IT managers within
Bangladeshi financial institutions, to gather insights into
the current cybersecurity practices, challenges, and
expectations regarding ML.

e Regulatory authorities and policy makers to understand
the existing regulatory environment related to Al and
cybersecurity in Bangladesh.

e  End-users (customers) to evaluate their perception of
cybersecurity in digital banking and their trust in Al-
driven systems.

Survey questionnaires and interview guides has been
developed to capture the required data, ensuring that all aspects of
cybersecurity and ML adoption are covered. The data are focused
on:

e The current state of cybersecurity systems in place.

e Security breaches and cyberattacks that have occurred in
the past.

e The degree of trust in Al-based solutions and ML tools
within the financial sector.

% Secondary Data: Secondary data has been gathered from
published sources, including:

e Reports from government agencies and financial
institutions about cybersecurity incidents, regulations,
and policies.

e Peer-reviewed journals and conference papers discussing
ML models, cybersecurity trends, and their applications
in the financial sector (Rahman et al., 2022).

e Industry reports from consultancy firms and technology
providers regarding Al adoption and ML techniques in
cybersecurity.6. Qualitative Analysis: The Role of Policy
and Regulation

In parallel with the quantitative analysis, qualitative
analysis will be conducted to examine the regulatory environment
surrounding Al and cybersecurity in Bangladesh. This will involve:

e Interviews with regulators and industry leaders to assess
the current policies and future regulatory changes needed
to encourage ML adoption in cybersecurity.

e  Content analysis of regulatory documents and reports to
identify gaps in existing policies, data protection
regulations, and Al governance frameworks.

> Boundaries of the Method

While this methodology provides a comprehensive approach,
there are several limitations to be considered:

e Data Availability: The lack of publicly available or
proprietary data on cyber incidents in Bangladesh’s
financial institutions may limit the scope of model
development.



IRASS Journal of Multidisciplinary Studies Vol-2, Iss-2 (February-2025): 33-43

e  Generalizability: The findings may be specific to
Bangladesh and might not apply directly to other
financial markets, especially those with more advanced
technological infrastructures.

e Computational Constraints: Implementing complex ML
models might require significant computational power,
particularly for large datasets.

» Ethical Considerations
The research will adhere to ethical standards by ensuring:

e  Confidentiality: All data collected, particularly from
surveys and interviews, will be kept confidential.

e Informed Consent: Participants will be informed about
the purpose of the study and their right to opt-out at any
stage.

e Bias Minimization: Efforts will be made to minimize
biases in the data collection process and model training
by using representative datasets and avoiding overfitting.

» Research questionnaires

The research questionnaires aim to gather insights from
various stakeholders within Bangladesh’s financial sector,
including cybersecurity professionals, IT managers, regulatory
authorities, and financial customers. The questionnaires are
designed to explore the current state of cybersecurity in
Bangladesh’s financial institutions and assess the potential role of
Machine Learning (ML) in enhancing security measures.

e  Area: Cybersecurity Practices in Bangladesh's Financial
Institutions

e  Stakeholders:
Managers

Cybersecurity Professionals and IT

e Arca: Adoption of Machine Learning for Cybersecurity

e  Stakeholders: and IT

Managers

Cybersecurity Professionals

e  Arca: Regulatory and Policy Environment
e  Stakeholders: Regulatory Authorities and Policymakers

e Area:
Machine Learning

Customer Perceptions of Cybersecurity and

e  Stakeholders: Banking Customers (End-Users)
e Area: Impact of Machine Learning on Financial Service

e  Stakeholders: Cybersecurity Professionals, IT Managers,
and Policymakers

» Hypothesis Development

In order to explore the role of Machine Learning (ML) in
enhancing cybersecurity within Bangladesh’s financial services
sector, this research develops several hypotheses based on the
existing literature and theoretical foundations of cybersecurity and
Al. These hypotheses aim to test the effectiveness, challenges, and
impact of ML-driven cybersecurity systems in the financial sector,
while also addressing the specific context of Bangladesh.
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Hypothesis 1 (H1): Machine Learning enhances the efficiency of
cyber threat detection in Bangladesh's financial sector.

< Rationale: Machine learning algorithms, particularly
supervised and unsupervised learning models, have been
widely acknowledged for their ability to detect cyber threats
with greater precision and speed than traditional methods.
Studies have shown that ML models, including Support
Vector Machines (SVM) and Random Forests, can
significantly improve detection rates of fraud, malware, and
phishing attempts (Hossain & Karim, 2020). This hypothesis
explores whether these advanced techniques can also be
applied effectively in Bangladesh’s banking and financial
institutions to combat rising cyber risks.

Hypothesis 2 (H2): ML-driven fraud detection systems reduce the
incidence of financial fraud in digital banking transactions in
Bangladesh.

+« Rationale: The growth of mobile financial services (MFS) in
Bangladesh, such as bKash, has led to a surge in fraudulent
activities, including account takeovers, identity theft, and
transaction fraud (Islam et al., 2023). Machine learning
algorithms, such as Neural Networks and Gradient Boosting
Machines (GBM), have been shown to enhance fraud
detection systems by identifying unusual transaction patterns
and minimizing false positives (Rahman et al., 2022). This
hypothesis investigates whether the adoption of ML-driven
fraud detection mechanisms has helped reduce fraud rates
within the financial services sector in Bangladesh.

Hypothesis 3 (H3): The integration of Machine Learning (ML)
into financial institutions (FI) Cybersecurity strategies is
hindered by data quality and infrastructure limitations in
Bangladesh.

+« Rationale: Despite the benefits of ML, implementing Al-
based cybersecurity systems in Bangladesh faces substantial
barriers. These include data scarcity, lack of high-quality
datasets for model training, limited computational
infrastructure, and the cost of advanced Al technologies
(Chowdhury et al., 2022). This hypothesis seeks to explore
how these challenges affect the broader adoption of ML-
driven cybersecurity measures in Bangladesh’s financial
services sector.

Hypothesis 4 (H4): Regulatory frameworks and policies in
Bangladesh support or hinder the adoption of ML-based
cybersecurity systems in the financial sector.

« Rationale: The regulatory environment plays a crucial role
in shaping the adoption of advanced technologies, including
ML, in the financial sector. In Bangladesh, the evolution of
cybersecurity laws and data protection regulations may either
foster or obstruct the integration of Al and ML into financial
security frameworks. This hypothesis examines whether
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existing regulatory frameworks enable or inhibit the
implementation of ML-based cybersecurity measures in
Bangladesh’s banking industry.

Hypothesis 5: The adoption of Machine Learning in
cybersecurity enhances the overall cybersecurity resilience of
financial institutions in Bangladesh.

< Rationale: As financial services in Bangladesh face an
increasing number of cyber threats, it is essential to assess
whether ML-based security systems can improve the cyber
resilience of financial institutions. Cyber flexibility states to
the ability of an organization to formulate for, reply to, and
get well as of cyberattacks. This hypothesis tests the premise
that the integration of ML into security strategies improves
the overall security posture, enabling financial institutions to
better withstand cyber threats.

These hypotheses collectively aim to explore the role of
Machine Learning in enhancing cybersecurity within the context of
Bangladesh’s rapidly evolving financial sector. They focus on
testing the effectiveness of ML-driven solutions in addressing
cyber threats, improving fraud detection, overcoming infrastructure
and data limitations, and navigating regulatory challenges (Rahman
and Karim,2020). By investigating these relationships, this
research seeks to contribute valuable insights into the practical
applications, challenges, and opportunities for Al-driven
cybersecurity in the Bangladeshi financial ecosystem.

4. Operational Framework: Cybersecurity
in Financial Services

The Operational Framework for cybersecurity in the
financial services sector provides a comprehensive approach to
managing cyber risks. By leveraging Machine Learning and
Artificial Intelligence, financial institutions can enhance their
ability to detect and mitigate cyber threats, ensuring the protection
of sensitive financial data and maintaining customer trust. This
framework requires a strong governance structure, a robust
technological infrastructure, continuous employee training, and an
adaptive incident response mechanism to keep pace with the ever-
evolving cyber threat landscape.

Risk and Challenges for Customers Perspective

The risks and challenges from the customer's perspective
regarding the role of machine learning (ML) in enhancing
cybersecurity in financial services, specifically in Bangladesh, with
references to support the discussion. Machine learning requires
vast amounts of data, including sensitive customer information, for
training and operation. This raises concerns about how this data is
stored, processed, and protected. Institutions must ensure that their
ML models are not susceptible to cyber-attacks or data breaches. In
the event of a breach, customers' sensitive financial data may be
exposed. Incomplete anonymization or flaws in data-sharing
practices could result in customers' private information being
inadvertently shared. Machine learning algorithms are often
complex and operate as "black-box" systems, which can lead to a
lack of transparency in decision-making processes (

Chowdhury and Sarker, 2021). Customers may not
understand how their personal or transactional data is being
analyzed, leading to confusion and mistrust. In cases where ML
systems flag fraudulent activities, customers may be unable to
understand why specific actions (such as blocking a transaction)
were taken.
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learning models are prone to errors, particularly in cases of
false positives or false negatives. Legitimate customer transaction
may be blocked or flagged, causing inconvenience. In Bangladesh,
where cash-based transactions are still prevalent, this could disrupt
business and daily activities. Fraudulent transactions may go
undetected, resulting in financial losses for customers. Financial
customers might lose trust in ML-powered systems due to potential
system failures or vulnerabilities. There could be a belief that the
system is flawless, and customers may fail to take additional
precautions or assume all their data is safe. Cybersecurity threats
evolve rapidly. If an ML system is not updated regularly, it may
become outdated and less effective at defending against new kinds
of fraud. ML systems can inherit biases from their training data,
leading to unfair treatment of specific customers. If training data
lacks diversity, ML models may disproportionately flag or block
transactions from certain groups. If an ML model discriminates
against certain demographic groups, it could lead to legal action or
public backlash.

Machine learning in financial services must adhere to data
protection and cybersecurity regulations, which can vary
regionally. Bangladesh has its own set of data protection laws, such
as the Digital Security Act, which must be adhered to. Non-
compliance could result in legal and financial consequences for
institutions. Customers may not always have clear avenues for
seeking redress if an ML-powered system fails, such as failing to
detect fraud. Limited access to technology and digital
infrastructure in Bangladesh could create inequalities in the
effectiveness of ML-driven cybersecurity for financial services.
Not all customers have access to smartphones or reliable internet
connections, especially in rural Bangladesh, which may limit the
reach and effectiveness of machine learning-based solutions. Many
customers, particularly in rural areas, may not have the necessary
digital literacy to understand and trust ML-driven security systems.
Some customers might resist the adoption of machine learning-
driven systems due to mistrust or unfamiliarity with the
technology. Traditional customers may prefer human interaction
and are wary of relying on automated systems that could
malfunction. Older financial infrastructure in Bangladesh may
make it difficult to seamlessly integrate ML systems, causing
service disruptions or confusion among customers.

Risk and Challenges for Organizations Perspective

The integration of machine learning (ML) in enhancing
cybersecurity within the financial services sector offers significant
benefits, but it also presents several risks and challenges from an
organizational perspective, particularly in the context of
Bangladesh. Organizations in the financial sector must navigate
these challenges effectively to ensure the successful deployment of
ML-powered systems. Below is an analysis of these risks and
challenges, supported by references to relevant research. Adopting
machine learning technologies in cybersecurity can be costly,
especially for organizations that are not yet equipped with the
required infrastructure. Financial institutions in Bangladesh must
invest heavily in acquiring the necessary hardware, software, and
talent to build and deploy ML models effectively. Continuous
monitoring and updating of ML systems to address emerging
threats also incur significant costs (Akter and Das, 2021). This
could be a financial burden for smaller financial institutions.
Financial institutions must comply with stringent data protection
regulations when deploying ML models that process sensitive
customer information.
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Ensuring compliance with local regulations, such as the
Digital Security Act of Bangladesh and international frameworks
like the General Data Protection Regulation (GDPR), is critical.
Non-compliance could lead to legal liabilities and reputational
damage. Financial institutions must stay updated on evolving
regulatory requirements around data security and machine learning
usage, which can be complex and resource-intensive. (Rahman and
Rahman, 2020).

Integrating ML into existing legacy systems can be
difficult, especially for financial institutions in Bangladesh that
may rely on older technologies. Legacy systems may not support
the integration of advanced ML algorithms, requiring significant
overhaul or replacement of existing infrastructure. During the
integration process, there could be service disruptions or
operational inefficiencies, affecting the overall functionality and
security of the financial services (Chowdhury and Uddin, 2021). A
key challenge is the shortage of qualified professionals who can
design, implement, and manage ML-based cybersecurity systems
effectively.

In Bangladesh, the demand for data scientists and
cybersecurity experts who understand both ML and the specific
needs of financial institutions is high, but the supply of qualified
individuals is limited. Organizations must invest in training and
upskilling existing employees or hire expensive external experts to
manage and develop ML systems. While ML systems are designed
to improve the detection of cybersecurity threats, they are not
infallible and may produce false positives or fail to detect some
attacks. Overly sensitive ML models may flag legitimate
transactions or activities as suspicious, causing unnecessary
disruptions and customer dissatisfaction (Ali and Hossain, 2021). If
ML models fail to detect genuine threats, the organization faces the
risk of undetected cyberattacks, leading to potential financial losses
and reputational damage. Machine learning models, while
powerful, can be vulnerable to adversarial attacks, where attackers
manipulate input data to mislead the model’s decision-making
process. Cybercriminals can launch targeted attacks to deceive the
machine learning models into misclassifying malicious activity as
benign. Organizations must ensure that their ML systems are
robust enough to resist adversarial manipulation, which requires
continuous monitoring and fine-tuning of models.

Machine learning systems can perpetuate biases, which
may result in unfair treatment of certain customers or demographic
groups. If training data is not representative, ML models might
unfairly flag certain customer groups as higher risk, leading to
discrimination. Financial institutions must ensure that their ML
models are ethical and transparent, balancing security with fairness
in the decision-making process. Organizations may face resistance
to adopting machine learning from both customers and employees,
which can affect the overall effectiveness of the cybersecurity
system (Chowdhury and Islam, 2020). Customers may be skeptical
of automated systems, especially if they are not transparent about
how decisions are made. This may affect the adoption rate of ML-
based security solutions. Employees may resist the shift to
automated cybersecurity systems due to a lack of understanding or
fear of job displacement.

Risk and Challenges for Financial Institutes perspective

The adoption of machine learning (ML) for enhancing
cybersecurity in financial services offers numerous benefits, but it
also presents a range of risks and challenges for financial
institutions (FIs) in Bangladesh. These institutions must navigate
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several technical, operational, and regulatory hurdles to implement
ML-based cybersecurity solutions effectively. Below is an analysis
of the key risks and challenges from the perspective of financial
institutions, supported by relevant references. Financial institutions
may face significant initial and ongoing costs when implementing
machine learning systems for cybersecurity. Developing,
purchasing, and integrating ML-based cybersecurity systems can
be expensive (Bhuiyan and Chowdhury, 2020). This includes the
costs of acquiring hardware, software, and specialized personnel.
ML systems require constant updates, monitoring, and
maintenance to ensure effectiveness against evolving cyber threats,
which can incur continuous costs. Smaller financial institutions in
Bangladesh may find it particularly difficult to bear these costs,
leading to an uneven adoption rate across the sector.

Many financial institutions in Bangladesh still rely on
legacy IT systems, which may not easily integrate with advanced
machine learning technologies. Legacy systems may lack the
necessary infrastructure to support machine learning algorithms,
requiring costly system upgrades or replacements (Hossain and
Rahman, 2021). The integration process could cause temporary
disruptions in daily operations, affecting customer service and
transaction processing. The complexity of integrating advanced
technologies may demand specialized technical skills that the
institution may lack.

Machine learning requires large volumes of sensitive
customer data to train and operate effectively. This raises concerns
about data privacy and compliance with local and international
regulations. Financial institutions must comply with Bangladesh's
data protection laws, such as the Digital Security Act and
potentially the GDPR for international transactions, which require
careful handling of customer data. Handling vast amounts of
sensitive customer data increases the risk of data breaches, which
could lead to legal penalties and reputational damage if data
protection laws are violated. Financial institutions must
continuously monitor and adapt their ML systems to stay in
compliance with evolving regulatory requirements, which can be
resource-intensive  (Sarker and Chowdhury, 2021). The
implementation and maintenance of machine learning-based
cybersecurity solutions require skilled personnel, which are in
short supply, particularly in Bangladesh.

There is a significant shortage of professionals in
Bangladesh with expertise in both machine learning and
cybersecurity, making it difficult for financial institutions to recruit
or train the necessary talent. Financial institutions must invest in
training their existing staff or hire consultants, both of which incur
additional costs. With the growing demand for ML and
cybersecurity professionals globally, financial institutions may
struggle to retain skilled workers. Machine learning models can
suffer from reliability issues, especially in detecting and mitigating
emerging and sophisticated cyber threats. ML-based systems may
flag legitimate transactions as fraudulent (false positives) or fail to
detect real threats (false negatives). This can lead to financial
losses, customer dissatisfaction, and operational disruptions. Over
time, as new types of cyber threats emerge, ML models may
become less effective if not retrained, leading to a deterioration in
the system'’s accuracy and reliability. The effectiveness of machine
learning models depends heavily on the quality and diversity of
data used for training.

Machine learning systems, like all automated systems, are
susceptible to adversarial attacks, where attackers manipulate input
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data to deceive the system. Cybercriminals may attempt to exploit
weaknesses in ML algorithms by feeding them carefully crafted
inputs to cause misclassification or disruption of services.
Financial institutions must implement countermeasures such as
adversarial training to make their ML models more robust to such
attacks. Institutions must constantly monitor their ML models for
signs of adversarial behavior, requiring additional resources and
expertise. Machine learning models can inherit biases from the data
used to train them, leading to ethical concerns and potential
discriminatory practices. If the training data is not diverse enough,
ML models may disproportionately flag certain customers or
transactions as suspicious based on demographic factors such as
age, gender, or location, leading to biased outcomes. Financial
institutions must ensure that their ML systems operate in an ethical
manner, providing fair and unbiased services to all customers. If
customers perceive that the system is biased or unfair, it could
damage the institution's reputation and lead to a loss of trust. There
may be internal resistance within financial institutions to adopting
machine learning systems, particularly from employees or
stakeholders who are unfamiliar with or skeptical of the
technology. Employees may fear job displacement or struggle to
adapt to the new systems, particularly if they have limited
experience with machine learning. Financial institutions with a
traditional mindset may face difficulties in fostering a culture that
embraces advanced technologies such as machine learning. Senior
management and stakeholders may be hesitant to allocate resources
to the adoption of ML, especially if they perceive the technology as
risky or unproven in the local context.

Risk and Challenges for MFS Operational Perspective

The integration of machine learning (ML) in enhancing
cybersecurity within Mobile Financial Services (MFS) has gained
momentum, particularly in Bangladesh, where MFS plays a crucial
role in financial inclusion. However, MFS providers face unique
risks and challenges from an operational perspective when
adopting ML-driven cybersecurity solutions. Below is an
exploration of the key risks and challenges with references to
relevant literature. The adoption of machine learning systems may
disrupt ongoing MFS operations due to the complexities of
integrating new technologies into existing systems.

Transitioning to ML-based cybersecurity systems can cause
temporary service outages, affecting customer experience and
transaction processing, which is particularly sensitive in MFS
environments. The integration process can be complex, especially
for MFS providers with legacy systems. Customization may be
required to make ML systems compatible with existing platforms,
leading to further delays and risks of data loss. Operational staff
must be trained in the new systems, and the models need extensive
testing to ensure they function without issues, requiring additional
operational time and resources. MFS systems handle sensitive user
data such as transaction history and personal identification details.
ML systems may expose data to potential breaches or misuse. MFS
providers need to ensure that ML systems are designed with data
protection in mind. Improper handling of personal financial data
could lead to privacy violations. Compliance with local regulations
such as the Digital Security Act and international standards (e.g.,
GDPR) becomes even more critical. MFS providers must
implement robust encryption methods and comply with data
storage and handling regulations to mitigate the risk of breaches.
MFS often involve cross-border transactions and data sharing.
Handling this data in compliance with diverse regulatory
environments adds operational complexity.
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The operational success of ML models depends heavily on
having the right talent to manage and maintain these systems, an
area where Bangladesh’s MFS sector faces challenges. There is a
lack of professionals skilled in both cybersecurity and machine
learning, which complicates the deployment and fine-tuning of ML
systems for MFS providers. MFS operators need to invest in
continuous training programs for their teams to keep up with
evolving ML techniques and emerging cybersecurity threats. The
high demand for data scientists and cybersecurity experts means
that trained professionals may leave for higher-paying
opportunities, leaving gaps in MFS providers’ operations. Machine
learning models require continuous monitoring, retraining, and
fine-tuning to adapt to new threats, adding to the operational cost
for MFS providers. ML models may become less effective over
time if not retrained with new data, potentially allowing undetected
cybersecurity threats. Regular model updates, data collection, and
monitoring to ensure accuracy and effectiveness against emerging
threats require dedicated resources, increasing operational
expenditures. As MFS providers expand, their systems may
generate more data, which will necessitate more computational
power and larger datasets, further escalating costs. MFS users may
distrust machine learning-driven decisions, especially if they are
not transparent about how these systems detect fraud or suspicious
activities. ML models, particularly deep learning models, are often
seen as “black boxes,” making it difficult for MFS providers to
explain to customers how decisions are made. Customers may
question the fairness and accuracy of fraud detection systems if
they do not fully understand how ML models work. This
skepticism may reduce the adoption rate of ML-based
cybersecurity solutions. MFS providers must ensure that ML
algorithms do not inadvertently introduce bias, especially in fraud
detection, to avoid unfair treatment of certain customer segments.
MFS platforms in Bangladesh handle millions of transactions
daily, creating a performance challenge for ML models that need to
process vast amounts of real-time data efficiently.

Cybersecurity threats in MFS require real-time detection
and response. ML models must be fast and scalable to process
large volumes of transactional data without latency, which can
strain system performance. The sheer volume of data from mobile
transactions requires advanced data processing and storage
solutions. Managing big data in an operational context introduces
complexity in data handling and analysis. Delay in fraud detection
or transaction approval can lead to customer dissatisfaction and
financial losses, making system responsiveness a critical
operational concern. Machine learning models, though advanced,
are vulnerable to adversarial attacks where malicious actors
manipulate input data to deceive the model into making incorrect
decisions. Cybercriminals can exploit weaknesses in ML models
by feeding them intentionally deceptive data to bypass fraud
detection or security measures. MFS providers need to
continuously test and reinforce their ML systems against
adversarial manipulation, requiring additional operational
resources and expertise. Ensuring that the data used to train ML
models is secure from manipulation is also a significant operational
concern. MFS providers must adhere to both local and international
standards and regulations, particularly concerning cybersecurity
and data protection, when adopting ML technologies. Compliance
with Bangladesh's Digital Security Act and other data protection
regulations is essential for MFS providers to avoid penalties. For
MFS providers engaged in cross-border transactions, compliance
with international standards such as the GDPR becomes critical to
avoid legal challenges and fines. Continuous auditing of ML
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models for regulatory compliance is necessary, adding to the
operational burden.

5. Technological Infrastructure  and
Readiness
The implementation of Machine Learning (ML) in

cybersecurity within Bangladesh’s financial services sector
requires a solid technological infrastructure and a high level of
readiness. This section examines the state of technological
infrastructure in Bangladesh’s financial institutions and their
preparedness to incorporate Machine Learning techniques in
combating cyber threats (Ahmed and Sultana, 2021). The research
will explore various aspects such as the availability of
computational resources, data collection systems, Al and ML
adoption, and the readiness of financial institutions to integrate
these technologies into their cybersecurity systems.

The financial sector in Bangladesh has experienced a
significant technological transformation in recent years. Many
institutions have transitioned from traditional banking models to
digital banking and online payment systems, leveraging cloud
computing, big data analytics, and artificial intelligence to enhance
efficiency and service delivery. However, the technological
infrastructure still faces several challenges in terms of scalability,
security, and integration with advanced systems like ML. Most
Bangladeshi financial institutions have established digital
platforms for mobile banking, internet banking, and ATM systems.
However, legacy systems and siloed data management systems are
still common, posing challenges to the seamless integration of Al
and ML models in the cybersecurity infrastructure. A significant
portion of the country’s financial data is stored in on-premise data
centers, and cloud adoption is still at an early stage compared to
more developed nations. While large banks may have access to
private cloud solutions, smaller institutions are often constrained
by insufficient IT budgets, limiting their ability to scale up their
cybersecurity defenses. The hardware resources needed for ML
model training—such as high-performance servers and GPUs—are
not yet widely accessible in all financial institutions. Most banks
rely on off-the-shelf solutions, which may not be adequate for
handling the volume and complexity of real-time cybersecurity
threats.

Data is the backbone of Machine Learning, and the quality
and quantity of data in Bangladesh’s financial sector are crucial for
building effective cybersecurity models. Financial institutions
typically collect large amounts of transactional data, but the data is
often scattered across various systems, making it difficult to
integrate into a unified framework suitable for ML-based analysis.
While Bangladesh has begun implementing data protection
regulations, concerns over data privacy and compliance with
international standards (such as GDPR) persist, which may limit
the scope of data available for ML models (Akter and Ali, 2021).
Overcoming. Many institutions are still at a nascent stage in terms
of data governance. Without clean, structured, and labeled data, it
is challenging to develop effective ML models for cybersecurity.

Although some of the leading banks and financial
institutions in Bangladesh have started incorporating Al
technologies, the widespread adoption of ML in cybersecurity
remains a work in progress. Some banks have made strides in
adopting Al-powered fraud detection systems and using predictive
analytics to identify patterns in fraudulent behavior. However, ML
tools for cybersecurity risk management, malware detection, and
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anomaly detection have not been fully embraced across the
industry. many financial institutions, traditional cybersecurity
solutions (firewalls, antivirus software, intrusion detection
systems) are still the primary defense mechanisms. These systems
are not optimized for evolving cyber threats that require real-time
analysis and adaptive threat detection, areas where ML models
excel (Digital Security Act., 2018). The readiness of financial
institutions to incorporate Machine Learning into their
cybersecurity strategies depends on several key factors, including
organizational culture, investment in technology, and staff
expertise.

A significant barrier to the adoption of ML-based
cybersecurity solutions is the shortage of skilled personnel in Al,
data science, and cybersecurity. Although there is an increasing
number of professionals in the tech industry, specialized expertise
in cybersecurity applications of ML remains limited. Training
programs and partnerships with academic institutions could help
fill this gap. to industry experts, awareness of AI/ML’s potential in
cybersecurity is still low among decision-makers in many financial
institutions. This leads to a slow adoption of emerging technologies
like Machine Learning. However, awareness is increasing through
various government initiatives, industry forums, and collaboration
with international organizations. Larger banks are generally more
willing to invest in advanced cybersecurity systems powered by
AI/ML, whereas smaller institutions often struggle due to limited
budgets. The lack of investment in state-of-the-art technology is a
major factor hindering the widespread use of ML in cybersecurity
across the sector.

Regulatory readiness plays a crucial role in creating an
environment that encourages the adoption of Machine Learning in
cybersecurity. Bangladesh has implemented the Digital Security
Act (2018), which lays the foundation for the protection of
sensitive data and cybersecurity infrastructure. However, specific
regulations addressing the use of Machine Learning in
cybersecurity are still in their infancy. A clearer regulatory
framework is needed to govern the ethical use of Al, particularly
concerning data privacy and transparency in decision-making
processes. Bangladesh government has recognized the importance
of digital transformation and has launched several initiatives to
promote ICT innovation. These include providing support for
startups, establishing cybersecurity task forces, and encouraging
research and development in AlI/ML technologies. However, policy
incentives for integrating Al in cybersecurity are still minimal.
While there is growing collaboration between banks and
technology providers, more efforts are needed in terms of cross-
sector collaboration to advance Al-powered cybersecurity
solutions. Partnerships with global tech companies could enable
Bangladesh’s financial institutions to access cutting-edge tools and
technologies (Islam, Akhter and Rahman, 2023).

The readiness of financial institutions in terms of
cybersecurity infrastructure is crucial for supporting the
deployment of Machine Learning models. Cloud technology has
the potential to significantly improve the scalability and flexibility
of cybersecurity solutions (Khan and Alam, 2021). While larger
institutions have embraced private and hybrid cloud models,
smaller institutions face barriers such as costs, security concerns,
and lack of cloud expertise. with a strong cybersecurity framework,
such as those adhering to 1SO 27001 or NIST standards, may be
more prepared to integrate ML models. However, institutions with
minimal or outdated cybersecurity protocols will face challenges in
adopting Al-based solutions effectively. Financial institutions,
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especially smaller banks, must allocate more resources to
upgrading their IT infrastructure to support the heavy
computational needs of ML models. national strategy to train
cybersecurity professionals in Al and ML is necessary (Alam and
Hossain, 2021). This could involve collaborations with academic
institutions, offering certification programs, and capacity building
for current employees in the financial sector.

The government must introduce more supportive policies
and financial incentives to encourage the use of Al and Machine
Learning for cybersecurity. Additionally, policies around data
privacy, Al ethics, and Al governance should be revisited to ensure
that ML adoption aligns with global standards. Stronger
collaboration between banks, tech providers, and government
entities will ensure that financial institutions have access to the
necessary tools, research, and expertise for effective ML
integration in cybersecurity (Rahman, Jahan and Alamgir, 2022).
The technological infrastructure and readiness of Bangladesh’s
financial sector play a pivotal role in the successful adoption of
Machine Learning for enhancing cybersecurity (Islam and Hossain,
2021). While some banks have made significant strides in adopting
Al and ML-based cybersecurity solutions, widespread adoption is
hindered by challenges related to data quality, legacy systems,
skilled personnel, and investment constraints. Addressing these
barriers through targeted investments, policy support, and capacity
building can pave the way for a more secure digital banking
ecosystem in Bangladesh.

6. Findings, Discussions and
Recommendations

The integration of machine learning in cybersecurity
presents a transformative opportunity for Bangladesh’s financial
sector. By adopting ML-driven threat detection, predictive
analytics, and automated security solutions, financial institutions
can enhance their resilience against cyber threats (Ahmed and
Rahman, 2020). However, addressing challenges such as data
privacy, skill shortages, and regulatory compliance will be crucial
in ensuring the successful deployment of these technologies. With
strategic investments, policy support, and industry collaboration,
Bangladesh can strengthen its financial cybersecurity landscape
and mitigate the risks of cyber-attacks effectively.

Findings
e  Growing Cybersecurity Threats

o  The financial sector in Bangladesh has seen a rise in
cyber threats, including phishing, ransomware, and
financial fraud.

o The Bangladesh Bank heist (2016) highlighted
vulnerabilities in banking cybersecurity.

e Adoption of Machine Learning (ML) in
Cybersecurity

o ML is increasingly being used to detect fraudulent
transactions, malware, and insider threats.

o Banks in Bangladesh have started deploying Al-driven
fraud detection systems but are still in early adoption
stages.

e  Effectiveness of ML in Fraud Detection
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o ML algorithms, such as Random Forest, Neural
Networks, and Support Vector Machines, improve
anomaly detection.

o Real-time transaction monitoring using ML has
reduced fraudulent activities in financial services.

e Challenges in Implementation

o Data Privacy lIssues: Sharing data for training ML
models raises privacy concerns.

o Lack of Skilled Professionals: The shortage of ML
and cybersecurity experts hinders large-scale adoption.

o Regulatory Limitations: Bangladesh lacks
comprehensive cybersecurity regulations for Al-driven
solutions

Discussions
e Impact of ML on Cybersecurity in Financial Services

o ML-based security solutions provide real-time threat
detection and adaptive security measures.

o Banks using ML for fraud prevention report better
accuracy than rule-based systems.

o The integration of ML with blockchain could further
enhance security.

e  Adoption Barriers and Potential Solutions

o Financial institutions face challenges in infrastructure
and expertise.

o Collaboration between government, academia, and
private sectors can help address skill shortages.

o Establishing clear regulatory frameworks will
encourage innovation while ensuring security.

e  Comparative Analysis with Other Countries

o Countries like the USA, UK, and Singapore have
implemented ML-driven security measures more
effectively.

o Bangladesh can learn from their regulatory frameworks
and investment strategies in cybersecurity.

Recommendations
e Investment in Al and ML-Based Security Solutions

o  Financial institutions should allocate more funds to Al-
driven security tools.

o Encourage partnerships with Al firms to enhance
security frameworks.

e  Skill Development and Training

o Universities should introduce specialized courses in Al
and cybersecurity.

o Banks should conduct regular training programs for IT
professionals.

e Regulatory and Policy Development

o The Bangladesh government should create Al-specific
cybersecurity policies.
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o Compliance requirements should be aligned with
global cybersecurity standards.

e  Public-Private Collaboration

o Establish a cybersecurity consortium
financial institutions, regulatory
technology firms.

involving
bodies, and

o  Share threat intelligence to improve collective security.
e Research and Development

o Encourage local research initiatives in ML-driven
cybersecurity.

o Create testbeds for Al-based financial

applications.

security

7. Conclusion

The rapid digitalization of Bangladesh’s financial sector
has increased both opportunities and vulnerabilities in
cybersecurity. As financial institutions increasingly rely on digital
banking, mobile financial services (MFS), and electronic
transactions, they also face rising cyber threats such as phishing,
ransomware, identity theft, and data breaches. Traditional security
mechanisms are proving inadequate in countering these evolving
threats, necessitating the adoption of Machine Learning (ML)-
based cybersecurity solutions. This study highlights the crucial role
of ML in enhancing cybersecurity in Bangladesh’s financial
services sector. ML algorithms, including supervised learning,
unsupervised learning, and deep learning, have demonstrated
significant effectiveness in fraud detection, anomaly detection, and
predictive risk assessment. These Al-driven technologies enable
real-time threat identification, automate security responses, and
strengthen the overall resilience of financial institutions against
cyberattacks. Banks, fintech firms, and regulatory bodies in
Bangladesh have begun incorporating ML-based security
frameworks to safeguard sensitive financial data and protect
consumer trust. However, several challenges hinder the widespread
implementation of ML in cybersecurity. Data quality issues,
infrastructure limitations, lack of skilled professionals, regulatory
constraints, and privacy concerns pose significant barriers to full-
scale ML adoption in Bangladesh’s banking sector. Addressing
these challenges requires a collaborative approach involving
financial institutions, technology experts, regulatory authorities,
and policymakers. Investment in cybersecurity infrastructure,
workforce training, and regulatory alignment is essential to
maximizing the potential of ML in strengthening financial security.
In conclusion, Machine Learning has the potential to revolutionize
cybersecurity in Bangladesh’s financial services, providing
advanced threat detection, fraud prevention, and real-time security
monitoring. However, to fully leverage ML-driven cybersecurity,
financial institutions must overcome implementation challenges
through strategic investments, regulatory reforms, and cross-sector
collaboration. Future research should focus on developing context-
specific Al models for Bangladesh’s financial sector and exploring
the ethical implications of Al-driven cybersecurity solutions. By
embracing innovation and fostering a secure digital financial
ecosystem, Bangladesh can achieve a resilient, technology-driven
banking sector capable of mitigating cyber risks effectively.
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