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Abstract: The rapid proliferation of digital infrastructures, including cloud computing, the Internet of Things (loT), and artificial
intelligence (Al), has transformed the landscape of cybersecurity, introducing both new opportunities and heightened risks. This paper
presents a comprehensive literature review of cybersecurity advancements between 2020 and 2024, focusing on the integration of Al
and machine learning to address evolving threats. Thirty academic studies were analyzed to explore key themes, including the role of
Al in threat detection, the security challenges posed by loT, and the impact of generative Al technologies. Al and machine learning
have demonstrated remarkable potential in improving cybersecurity frameworks, particularly through predictive models that enhance
threat detection and reduce false positives. Generative Al, while presenting significant opportunities for defence, also poses new risks
such as phishing, social engineering, and automated hacking, requiring sophisticated mitigation strategies. Similarly, the growing
reliance on 10T devices, especially in industrial systems, has introduced vulnerabilities in communication and management protocols,
which Al-driven solutions like federated learning aim to address by providing decentralized cybersecurity without compromising
privacy. In addition, emerging trends such as cyber threat intelligence (CTI) mining have positioned organizations to adopt proactive
defence strategies by identifying threats in real time. Despite these advancements, significant challenges remain, particularly around
the ethical implementation of Al in cybersecurity and the need for standardized frameworks capable of addressing both current and
future threats. The findings of this review emphasize the critical role of Al in shaping the future of cybersecurity while highlighting the
importance of robust ethical standards and regulatory frameworks to mitigate the risks associated with advanced technologies like Al
and loT. Future research should prioritize the development of Al-driven cybersecurity solutions that are both effective and ethically
sound.
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2. Explore the risks and opportunities presented by generative

1. INTRODUCTION

Cybersecurity has become an increasingly crucial area of
research and practice, especially given the rapid growth in
digital infrastructures, cloud computing, loT, and artificial
intelligence (Al). Between 2020 and 2024, cybersecurity
research has addressed challenges such as data breaches,
ransomware attacks, Al-driven cyberattacks, and the risks
posed by the Internet of Things (IoT). This review examines
thirty academic studies published during this period,
analyzing key contributions related to machine learning, Al,
generative Al, 10T, and cybersecurity frameworks.

The rapid advancement of digital technologies such as cloud
computing, the Internet of Things (loT), and artificial
intelligence (Al) has significantly increased the complexity of
cybersecurity threats. Despite ongoing improvements in
cybersecurity measures, the evolution of cyberattacks,
including Al-driven threats and vulnerabilities in 10T systems,
continues to outpace traditional security protocols. This
growing gap between security measures and emerging threats
poses a serious risk to individuals, businesses, and critical
infrastructures. Thus, there is a pressing need to explore
advanced methods, including the integration of Al and
machine learning, to bolster cybersecurity frameworks
effectively.

2. RESEARCH OBJECTIVES

The primary objective of this research is to critically review
recent advancements in cybersecurity, focusing on the
integration of Al and machine learning to enhance security
protocols. The study aims to:

1. Assess the role of Al and machine learning in threat
detection and mitigation.
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Al in cybersecurity.

3. Analyze security challenges related to 10T devices and
industrial systems.

To guide the investigation, the following research questions
are posed:

1. How do Al and machine learning contribute to improving
cybersecurity measures, particularly in threat detection?

2. What are the security risks posed by generative Al
technologies, and how can these be mitigated?

3. What vulnerabilities exist in 10T systems, and how can Al-
based solutions enhance 10T cybersecurity?

3. LITERATURE REVIEW

3.1 The Role of Al and Machine Learning

in Cybersecurity

The use of machine learning and deep learning techniques in
cybersecurity has gained significant attention. Mijwil (2023)
highlights the potential of Al in safeguarding systems against
unauthorized access by predicting the behavior of malicious
software. The introduction of Al-driven automation in threat
intelligence processes has also been a significant
development, as highlighted by (Shah & Parast, 2024), who
explored the use of GPT-40 models in threat report
generation. These techniques offer sophisticated tools for
threat detection and prevention in cybersecurity practices.
Kaur et al., (2023) extend this discussion by exploring Al's
role in enhancing security protocols, emphasizing its ability to
detect and respond to security threats more efficiently than
traditional methods. Furthermore, (Ferrari et al., 2024) discuss
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the application of Al in cybersecurity education, highlighting
its role in developing robust threat detection skills. Metta et
al., (2024) underscore the importance of generative Al in both
enhancing cybersecurity capabilities and introducing new
challenges for threat detection.

3.2 Impact of Generative Al on
Cybersecurity

The rise of generative Al, exemplified by models like
ChatGPT, poses both opportunities and risks. Gupta et al.,
(2023) discuss how adversaries exploit vulnerabilities in
generative Al to conduct social engineering attacks, phishing,
and automated hacking. The transformative role of generative
Al in enhancing threat detection and cyber resilience is further
discussed by (Usman et al., 2024), who detail Al's capacity to
automate complex cyber-attacks. Despite these risks,
generative Al also offers significant defense potential, from
threat intelligence automation to secure code generation.
Similarly, (Sebastian, 2023) explores how Al-based chatbots,
such as ChatGPT, pose potential cyber risks, highlighting
examples where malicious actors have exploited
vulnerabilities in these systems. Broklyn et al., (2024) argue
that while generative Al can be leveraged for defensive
measures like automated threat detection, it also introduces
new vulnerabilities. Meanwhile, (Ramakrishnan & Chittibala,
2024) examined the convergence of Security Information and
Event Management (SIEM), Security Orchestration,
Automation, and Response (SOAR), and Al technologies,
highlighting their role in proactive cybersecurity frameworks.

3.3 Cybersecurity in 10T and Industrial

Systems

10T devices have significantly expanded the attack surface,
leading to novel cybersecurity challenges. A recent study by
(Mekala et al., 2023) highlights the critical need for loT-
specific cybersecurity measures, especially in industrial 10T
(lloT) environments. The increasing reliance on loT devices
has introduced new cybersecurity challenges. Tariq et al.,
(2023) provide a comprehensive review of loT-related
security concerns, identifying key wvulnerabilities in
connectivity and management protocols. The integration of
10T in industrial environments, combined with Al, has
provided significant potential for improving threat detection.
Additionally, (Lone et al., 2023) discuss how loT integration
with Al can both enhance security and introduce new attack
vectors, requiring sophisticated countermeasures. Federated
learning, as discussed by (Ghimire & Rawat, 2022), is a
promising decentralized model to enhance 10T cybersecurity,
enabling better threat detection without compromising
privacy. Furthermore, (Wang, 2023) discusses robust
federated learning approaches for loT security, focusing on
anomaly detection to secure decentralized 10T networks. In
addition, the Edge-lloTset dataset introduced by (Ferrag et al.,
2022) has become a critical resource for intrusion detection
systems utilizing centralized and federated learning modes.
Zhu et al., (2023) emphasize the integration of federated
learning and blockchain to enhance the security of loT
networks without compromising data privacy.

3.4 Al-Driven Cyber Defense and Threat

Intelligence

Deep learning approaches have proven effective in detecting
cyberattacks on complex systems such as cyber-physical
systems (CPSs). Zhang et al., (2021) demonstrate that Al
models significantly improve the detection of cyber threats,
particularly within CPS environments. Furthermore, the
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deployment of machine learning techniques, such as support
vector machines (SVMs) and neural networks, has shown
promising results in reducing false positives and improving
the overall accuracy of threat detection systems. Additionally,
(Albshaier et al., 2024) explore ransomware detection
frameworks, stressing the need for proactive Al-driven
approaches to mitigate ransomware attacks. Advanced Al
algorithms are being utilized to bolster proactive defense
mechanisms. Studies emphasize that the fusion of Al with
cybersecurity frameworks significantly enhances resilience
against cyber threats. For instance, (Sarker, 2024) discusses
how Al-driven decision-making tools are transforming threat
intelligence and response strategies, as well as (Hummelholm,
2023) discusses the convergence of Al and quantum-safe
cybersecurity measures, especially in edge networks,
highlighting the need for scalable and robust cybersecurity
frameworks. Additionally, Al-based solutions, such as
federated learning, are becoming crucial in identifying and
countering complex cyber threats in real-time (Nyre-Yu et al.,
2022).

3.5 Digital Transformation and
Cybersecurity

The digital transformation of organizations has increased
cybersecurity risks, particularly with the integration of new
technologies such as blockchain, Al, and big data (Saeed et
al., 2023) discuss the cybersecurity challenges posed by
digital transformation and emphasize the importance of a
staged cybersecurity readiness framework. This approach
ensures that organizations can proactively address emerging
threats while maintaining business resilience. A study by
(Manea, 2023) underscores the crucial role of cybersecurity in
enabling digital transformation, emphasizing that robust cyber
defenses are critical for protecting sensitive information and
ensuring operational resilience. Li, (2024) discusses the
implications of digital transformation on supply chain
resilience, emphasizing the need for enhanced cybersecurity
measures to mitigate risks associated with the digitization of
supply chains. This sentiment is echoed by (Harshada Umesh
Salvi & Supriya Santosh Surve, 2023), who explore emerging
trends in cybersecurity technologies to address challenges
posed by digital transformation, proposing innovative
frameworks for digital security.

3.6 Emerging Trends in Cybersecurity

Research

Cyber threat intelligence (CTI) has emerged as a critical area
for proactive cybersecurity defense. Sun et al., (2023) explore
how CTI mining uncovers valuable insights into cyber threats,
enabling organizations to improve their security postures.
Similarly, (Ren et al., 2022) propose a cybersecurity
knowledge graph for advanced persistent threat (APT)
attribution, demonstrating its ability to enhance proactive
threat detection. Taskeen & Garai, (2024) provide a
comprehensive overview of emerging cybersecurity trends,
suggesting a shift towards holistic frameworks that integrate
Al for proactive threat detection. Akhtar & Rawol, (2024)
explore the dual-edged impact of Al in cybersecurity,
emphasizing both its potential in enhancing defense
mechanisms and its vulnerability to exploitation by cyber
adversaries. Srivastava et al., (2022) highlight the growing
relevance of Explainable Al (xAl) in cybersecurity,
advocating for transparent Al models to build trust and
efficacy in automated defense systems. Furthermore,
(Prathyush & Kumar, 2022) provide insights into the latest
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cybersecurity techniques, focusing on Al-driven solutions to
address challenges in 10T security.

4. RESEARCH METHODOLOGY

This study employs a systematic literature review to assess
current advancements in cybersecurity research between 2020
This study, adopted the systematic literature review
techniques developed by (Kitchenham et al., 2003) and
(Torres-Carrion et al., 2018).The systematic approach
encompassing the following key steps: Research questions,
definition, design of search strategy, selection of studies,
evaluation of quality, extraction and synthesis of data. The
review focuses on academic articles that discuss Al, machine
learning, 10T, and cybersecurity frameworks. A total of thirty
academic studies were analyzed to identify key trends,
challenges, and technological innovations. The selected
studies were sourced from reputable journals and conferences
in the fields of computer science and cybersecurity. The
search criteria used keywords; “Al in Cybersecurity”, “Al and
Cybersecurity” “Role of Al in Cybersecurity”, “Role of
Machine Learning in Cybersecurity”, “Security risks Gen
AI”. The results were grouped into themes for analysis. By
evaluating the findings of these studies, the research aims to
provide a comprehensive understanding of how Al and related
technologies are shaping the future of cybersecurity.

5. RESULTS AND DISCUSSION

The literature review reveals that Al and machine learning are
critical in enhancing cybersecurity, particularly in detecting
and mitigating sophisticated cyber threats. Several studies
demonstrate that Al-driven models, such as deep learning and
support vector machines (SVMs), have significantly improved
threat detection accuracy, especially in complex environments
like cyber-physical systems (CPSs). However, the rise of
generative Al technologies poses new risks, such as
automated phishing attacks and the exploitation of Al
vulnerabilities by adversaries. At the same time, generative Al
holds potential for automating threat intelligence and
generating secure code.

In the context of 10T, the increasing number of connected
devices has introduced new vulnerabilities, particularly in
industrial systems. Al-based solutions, such as federated
learning, offer promising decentralized approaches to loT
security, allowing for better threat detection while preserving
data privacy. Emerging trends such as cyber threat
intelligence (CTI) mining further underscore the shift toward
proactive defense strategies in cybersecurity, enabling
organizations to identify and respond to threats before they
cause significant damage.

Despite these advancements, the research highlights several
gaps, particularly in the ethical implementation of Al-driven
cybersecurity measures and the need for standardized
frameworks that address both current and future cyber threats.

6. CONCLUSION

The period from 2020 to 2024 witnessed significant
advancements in cybersecurity, driven largely by innovations
in Al, machine learning, and loT security. The reviewed
studies emphasize the importance of integrating Al-driven
solutions into cybersecurity frameworks, enabling faster threat
detection and mitigation. However, the risks posed by new
technologies, such as generative Al, underscore the need for
robust security measures and ethical guidelines. Future
research should focus on improving Al-based security
measures, enhancing loT security, and addressing the
evolving nature of cyber threats.
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