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|. EXECUTIVE
SUMMARY

The rapid advancement of Artificial Intelligence (Al) is
reshaping the field of cybersecurity, introducing both
opportunities and challenges for the workforce. As a team
member of the National Cybersecurity Training & Education
Center (NCYTE) | will provides a comprehensive analysis of
the impact of Al on the current and future cybersecurity
workforce, focusing on the evolving landscape of
technologies, workforce needs, and strategies to prepare
cybersecurity professionals for emerging demands. This
analysis is based on my experiences and several recently
published studies and articles addressing the impact of Al on
the cybersecurity workforce.

EMERGING Al TECHNOLOGIES IN
CYBERSECURITY

The first step in my research involved examining how Al is
increasingly being used to automate and enhance
cybersecurity functions, such as threat detection, incident
response, and policy simulations. This trend can be found in
tools like Microsoft’s Security Copilot and Security Onion, an
open-source Linux distribution is leveraging generative Al to
streamline threat hunting, vulnerability management, and
report generation. Future applications may include predictive
analytics, autonomous system protection, and advanced
anomaly detection, offering significant benefits for
operational efficiency. Organizations are also using Al Large
Language Models to analyze cybersecurity related text like
logs, alerts or threat intelligent reports.

AI-DRIVEN THREATS

As the capabilities of Artificial Intelligence (Al) expand, they
bring with them not only transformative potential but also an
arsenal of novel threats. Among the most concerning are Al-
generated phishing schemes, where hyper-realistic emails
deceive even the most vigilant recipients; deepfake-based
social engineering, exploiting fabricated audio and video to
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manipulate trust; and adversarial machine learning exploits, which subvert Al systems to behave
unpredictably.

To prepare the next generation of cybersecurity professionals, it is imperative for educational programs to
go beyond merely acknowledging these risks—they must actively integrate them into curricula. By doing so,
students can learn to identify, analyze, and counteract such sophisticated attacks. For instance,
incorporating simulations of Al-generated phishing attacks into classroom exercises can cultivate a hands-
on understanding of these challenges.

However, tackling these threats requires a dual focus. On one hand, technical expertise is essential to
design robust defenses and develop countermeasures. On the other, educators must prioritize ethical
considerations, emphasizing the consequences of Al misuse. This includes discussing legal ramifications
and fostering a culture of accountability to ensure that students comprehend not just how to mitigate these
threats but also the ethical boundaries of Al deployment.

By embedding these lessons into academic frameworks, cybersecurity programs can bridge the gap
between theoretical knowledge and practical application, empowering future professionals to navigate and
neutralize the multifaceted risks posed by malicious uses of Al.

SKILLS AND COMPETENCIES FOR THE
FUTURE WORKFORCE

The rapid integration of Al into cybersecurity is transforming job
roles by automating routine tasks, enabling professionals to
focus on high-value activities such as strategic threat analysis
and advanced incident response. This evolution necessitates
the development of a workforce adept in critical Al-driven
competencies, including threat detection and response,
adversarial machine learning defense, and the use of
generative Al to identify and counter sophisticated attacks like
deepfakes and Al-generated phishing schemes.

Cybersecurity professionals must also cultivate skills in Al
model risk management to evaluate vulnerabilities and biases,
data analysis for managing large datasets critical to machine
learning models and securing cloud environments where Al
solutions are deployed. Ethical Al usage, automated incident
response, and Al-driven threat intelligence further underscore
the importance of aligning technical proficiency with an
understanding of the legal and ethical implications of Al
technologies.
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Cross-disciplinary collaboration with Al engineers, data scientists, and ethical experts is equally vital to
designing robust cybersecurity systems. To bridge the competency gap, community colleges play a pivotal
role by updating curricula to incorporate these technical and ethical knowledge areas. This includes
offering practical, hands-on training with cutting-edge Al tools and fostering soft skills such as critical
thinking, adaptability, and ethical decision-making. By embedding these competencies into continuous
education pathways, institutions can prepare a competitive and capable workforce for the challenges and
opportunities of an Al-driven cybersecurity landscape.

INDUSTRY AND ACADEMIC PARTNERSHIPS

The paper will also include some guidance in forming academic-government-business partnerships. To
effectively prepare students, academic institutions must form partnerships with businesses, government
agencies, and technology organizations. Collaboration with entities like NSF, NSA, DHS, NIST, Microsoft,
Cisco Systems, ISC2, CompTIA and SANS can provide access to cutting-edge tools, resources, and real-
world learning opportunities, ensuring programs remain aligned with industry standards.

The author will also discuss the role of NSF ATE Center and Projects in addressing these workforce needs.
The NCYTE Center an NSF ATE national Center for Cybersecurity is uniquely positioned to address many of
these challenges. By hiring Al experts, the center can provide targeted faculty development opportunities
that equip instructors with the knowledge and skills necessary to integrate Al concepts into their teaching.
Leveraging its highly experienced team, the NCYTE Center can develop new content, including
instructional materials, lab activities, case studies, animations, and student projects, tailored to Al and
cybersecurity topics. Additionally, the NCYTE Center can assist community college members in connecting
with business partners and government agencies to align programs with current workforce needs, ensuring
students are prepared to meet the demands of an evolving cybersecurity landscape. Through these
initiatives, the NCYTE Center serves as a critical resource in strengthening the national cybersecurity
education ecosystem.

As the author of this study, and a cybersecurity professor at a community college for over 35 years, | want
to highlight the need for a collaborative effort between academia, industry, and government to prepare the
cybersecurity workforce for an Al-driven future. By addressing competency gaps and leveraging
partnerships, community colleges can play a vital role in developing the next generation of skilled
cybersecurity professionals equipped to navigate the challenges and opportunities of Al in cybersecurity.
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II.INTRODUCTION

The adoption of Al technology in cybersecurity is progressing at
an unprecedented pace, driven by the need to combat
increasingly sophisticated threats and manage the
overwhelming volume of data generated by modern systems. Al

HILH

is now integral to many aspects of cybersecurity, including

i

automated threat detection, predictive analytics, incident
response, and even risk management. Tools like Microsoft’s
Security Copilot and Security Onion now include generative Al
applications. These applications have become standard
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features in many organizations, demonstrating how quickly Al is
becoming a cornerstone of cybersecurity operations. By

automatically escalating complex incidents to human analysts,
Al reduces the time between detection and mitigation, therefore
limiting damage. With automated guidance and context of
threats, tools like Copilot for Security and Security Onion offers
security teams the support they need to address threats quicker.
This is critical due to the wide use of Al by our advisories in
carrying out attacks on our systems and data stores.

As one of the nation’s indispensable resources for preparing the
cybersecurity technical workforce, community colleges must
adapt to these changes rapidly to meet the evolving demands of
the cybersecurity workforce. The skills required for cybersecurity

professionals now extend beyond traditional technical
knowledge to include expertise in Al, machine learning, and
data-driven decision-making. According to the 2024 ISC2
Cybersecurity Workforce Study, “45% of cybersecurity teams
have already integrated Generative Al into their operations,” highlighting the speed at which these
technologies are being adopted and the urgency for educational programs to align with industry needs.

To address these shifts, community colleges must update their curricula to include courses that focus on
Al applications in cybersecurity, such as machine learning for threat detection and data analysis for
incident response. They must also provide professional development opportunities for faculty to ensure
instructors are equipped with the latest knowledge and tools. Partnerships with industry and government
can further help align programs with current workforce needs, ensuring graduates are prepared for the
challenges and opportunities of an Al-driven cybersecurity landscape. By staying responsive to these
trends, community colleges can play a pivotal role in closing the skills gap and preparing the next
generation of cybersecurity professionals.
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IIT.EMERGING Al TECHNOLOGIES
IN CYBERSECURITY

The rapid development of Artificial Intelligence (Al) technologies has introduced transformative
advancements in the field of cybersecurity. These emerging Al tools and applications offer unprecedented
capabilities for threat detection, incident response, and overall cyber defense. However, they also bring
unique challenges, including the potential misuse of Al for malicious purposes. This section explores
several critical aspects of Al technologies in cybersecurity, including generative Al, Al-powered threat
detection, deepfake threats, incident response, and global Al trends.

GENERATIVE Al IN CYBERSECURITY

Generative Al, powered by Large Language Models (LLMs) like ChatGPT, LLAMA, and Claude, is
revolutionizing how cybersecurity professionals approach their work. These models excel at analyzing vast
datasets and generating human-like text, making them invaluable for tasks such as report generation,
policy simulation, and automated responses. For instance, Microsoft’s Security Copilot uses generative Al
to streamline threat intelligence, helping analysts identify and respond to threats more efficiently. These
tools can also simulate complex attack scenarios, allowing organizations to test their defensesin a
controlled environment.

Al Bots and Agents further enhance cybersecurity by automating repetitive tasks and augmenting decision-
making processes. Al bots can monitor networks 24/7, detecting unusual activity and escalating alerts to
human analysts. Meanwhile, Al agents, equipped with APls, can integrate seamlessly into existing systems,
providing real-time updates and recommendations. These capabilities significantly reduce the response
time to threats and improve overall security posture.

Security Onion, an open-source platform for threat hunting and intrusion detection, can be enhanced
through the integration of generative Al technologies in the following ways:

1. Automated Incident Analysis and Reporting: Generative Al models can process and summarize
extensive security logs and alerts, producing concise incident reports. This automation accelerates
the incident response process by providing analysts with clear, actionable insights, thereby
reducing manual effort and response times.

2. Dynamic Playbook Generation: By analyzing the specifics of security incidents, generative Al can
create tailored response playbooks that guide analysts through effective remediation steps. This
dynamic approach ensures that responses are customized to the unique context of each incident,
enhancing the efficiency and effectiveness of the incident response.




The Impact of Al on the Current and Future Cybersecurity Workforce A NCyTE Study

3. Natural Language Query Interface: Integrating generative Al enables analysts to interact with
Security Onion using natural language queries. This facilitates intuitive data exploration and rapid
retrieval of relevant information, streamlining workflows and making the platform more accessible
to users without extensive technical expertise.

These integrations can significantly enhance Security Onion's capabilities, leading to more efficient and
effective incident response processes.

AI-POWERED THREAT DETECTION

Al has become a cornerstone for anomaly detection, predictive analytics, and vulnerability management.
Advanced machine learning algorithms can analyze network traffic, user behavior, and system
configurations to identify deviations from normal patterns. According to the SANS Institute (2024), Al-
powered tools are increasingly used to prioritize vulnerabilities based on their potential impact, allowing
security teams to focus on the most critical issues. Predictive analytics, another key application, enables
organizations to anticipate potential attack vectors and proactively strengthen defenses.

DEEPFAKE AND AI-GENERATED THREATS

While Al offers significant advantages in cybersecurity, it also introduces new risks. Deepfake technology
and Al-generated threats have emerged as serious challenges. Malicious actors are leveraging Al to create
highly convincing phishing attacks, using deepfake audio or video to impersonate executives or trusted
individuals. According to the NSA (2024), these attacks are particularly dangerous because they exploit
human trust and are difficult to detect using traditional methods. Addressing these threats requires
advanced Al tools capable of identifying manipulated media and detecting unusual patternsin
communication.

Al IN INCIDENT RESPONSE

Al-driven tools are transforming incident response by enabling rapid and automated reactions to cyber
threats. Microsoft’s Copilot Guided Response is an example of such innovation, providing Security
Operations Centers (SOCs) with Al-enhanced capabilities for investigation, triaging, and remediation.
These tools can correlate data from multiple sources, generate detailed attack visualizations, and even
recommend specific countermeasures. By automating routine tasks, Al allows human analysts to focus on
complex and strategic aspects of incident response, reducing the time required to mitigate threats.

GLOBAL Al SKILL TRENDS

As Al technologies continue to evolve, the demand for Al-specific skills in cybersecurity is growing rapidly.
Reports such as the Lightcast Global Al Skills Outlook and The Al Index Report highlight the increasing
integration of Al into cybersecurity roles. Skills like machine learning, data analysis, and ethical Al use are
becoming essential for cybersecurity professionals. Organizations worldwide are seeking talent capable of
leveraging Al for both offensive and defensive purposes, emphasizing the importance of education and
training to address these needs.
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EMERGING Al TECHNOLOGIES IN CYBERSECURITY FINDINGS

Emerging Al technologies are reshaping the cybersecurity landscape, offering powerful tools for defense
while also introducing new threats. Generative Al, Al-powered threat detection, and Al-driven incident
response are enhancing the efficiency and effectiveness of cybersecurity operations. However, the rise of
deepfake and Al-generated threats underscores the need for vigilance and advanced detection methods.
As the demand for Al skills grows, it is crucial for academic institutions, particularly community colleges, to
adapt their curricula to prepare students for the challenges and opportunities of an Al-driven cybersecurity
industry. These advancements mark a pivotal moment in the ongoing evolution of cybersecurity, where Al

stands as both a critical asset and a formidable adversary.

The benefits of automating
Al in cybersecurity:

Ongoing learning Discovering unknown  Vast data volumes

threats
Improved vulnerability ~ Enhanced overall Better detection

management security posture and response
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IV.AI'S IMPACT ON THE
CYBERSECURITY WORKFORCE

The integration of Artificial Intelligence (Al) into cybersecurity is reshaping the workforce, introducing
transformative changes to job roles, skill requirements, and operational workflows. As Al becomes a
cornerstone in defending against increasingly sophisticated cyber threats, the cybersecurity workforce
must evolve to adapt to these advancements. This summary explores Al’s impact on workforce
transformation, the demand for Al-specific roles, skills gaps and opportunities, and the ethical
considerations essential for responsible Al use.

AI-DRIVEN WORKFORCE
TRANSFORMATION

Al is revolutionizing the cybersecurity workforce
by automating routine and repetitive tasks,
allowing cybersecurity professionals to focus
on higher-value, strategic work. According to
the ISC2 Cybersecurity Workforce Study (2024),
tasks such as log file analysis, basic threat
detection, and incident response triaging can
now be handled by Al-powered tools,
significantly reducing the workload of human
analysts. This transformation not only increases

operational efficiency but also allows

cybersecurity professionals to dedicate more

time to complex problem-solving, proactive threat hunting, and strategic planning.

For example, Al-driven tools like Microsoft’s Security Copilot and Security Onion can analyze vast amounts
of data in real-time, providing actionable insights and recommendations that enhance decision-making. As
aresult, the workforce is shifting from manual operations to roles that emphasize Al system management,
integration, and oversight. However, this transformation also requires workers to develop new skills,
particularly in understanding and leveraging Al technologies effectively.

DEMAND FOR AI-SPECIFIC ROLES

The rise of Al in cybersecurity has created a surge in demand for specialized roles, such as Al cybersecurity
technology specialist, cybersecurity analysts, network security technicians, and Al application specialist.
According to Lightcast (2024), postings for Al-related cybersecurity positions have increased significantly,
reflecting the industry’s need for professionals who can integrate and optimize Al tools in security
operations. These roles often require expertise in areas such as machine learning, data science, and
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automation technologies, highlighting a shift toward interdisciplinary knowledge within the cybersecurity
field.

Additionally, employers are seeking candidates who can manage Al-powered tools, analyze Al-driven
outputs, and design Al-based security systems. Professionals equipped with these skills are not only better
prepared to meet the current demands of the cybersecurity landscape but are also more competitive in a
job market that increasingly prioritizes Al competencies.

SKILLS GAPS AND OPPORTUNITIES

Despite the growing demand for Al-specific roles, there remains a significant skills gap in the cybersecurity
workforce. A report by Makridis & Alterovitz (2024) highlights discrepancies between the private and public
sectors in adopting Al technologies. While private sector organizations are rapidly incorporating Al into their
cybersecurity strategies, many public sector agencies lag, often due to budget constraints and slower
adaptation to emerging technologies.

This divide underscores the importance of addressing the skills gap through targeted education and
training programs. Students who graduate without foundational knowledge in Al technologies, such as
machine learning or Al-based threat detection, may struggle to compete in an increasingly Al-driven job
market. Community colleges and other academic institutions play a vital role in closing this gap by
integrating Al-focused curricula and providing hands-on training with tools commonly used in the industry.

ETHICS AND RESPONSIBLE USE

As the use of Al in cybersecurity grows, so does the need to address its ethical implications and the risks of
misuse. The Department of Homeland Security (2024) emphasizes the importance of responsible Al
development, including safeguards to prevent unintended consequences and malicious applications. Al-
driven cyberattacks, such as deepfake phishing schemes or automated exploitation tools, highlight the
dual-edged nature of these technologies.

Educators must prioritize teaching students the ethical considerations of Al use in cybersecurity, including
privacy protection, bias mitigation, and the responsible deployment of Al-powered systems. Without these
skills and an understanding of ethical frameworks, graduates risk entering the workforce unprepared to
address the challenges posed by Al misuse.

A1’S IMPACT ON THE CYBERSECURITY WORKFORCE FINDINGS

Al is fundamentally transforming the cybersecurity workforce, introducing new opportunities for innovation
while creating challenges that require adaptation and learning. The automation of routine tasks frees
cybersecurity professionals to focus on strategic initiatives, while the demand for Al-specific roles
underscores the importance of integrating Al skills into educational programs. However, addressing skills
gaps and ensuring ethical Al use remain critical priorities.
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Community colleges and other academic institutions have a unique opportunity to lead this transformation
by updating curricula, training faculty, and preparing students for the evolving demands of the
cybersecurity industry. By equipping the next generation of cybersecurity professionals with the skills and
knowledge to harness Al responsibly, these institutions can help build a workforce that is both prepared
and competitive in an Al-driven future.

V.SPECIFIC KNOWLEDGE,
SKILLS, AND COMPETENCIES
IN DEMAND

As the cybersecurity landscape evolves with the integration of Artificial Intelligence (Al), the knowledge,
skills, and competencies required for professionals in the field are shifting to align with emerging
technologies and challenges. Below is a summary of the specific areas in demand, including technical
skills, emerging competencies, soft skills, and educational strategies, as outlined in recent research and
studies.

TECHNICAL SKILLS

Technical expertise remains a cornerstone of the cybersecurity profession, with Al introducing new skill
requirements:

1. Machine Learning (ML): Proficiency in developing, training, and deploying ML models for tasks
such as threat detection and anomaly analysis (SANS, 2024).

2. Cloud Security: Knowledge of securing cloud environments, particularly as more Al-driven
systems rely on cloud-based architectures (SANS, 2024).

3. Python for Al Applications: The ability to use Python for Al-driven cybersecurity tasks, including
automation, data analysis, and building Al models (SANS, 2024).

EMERGING COMPETENCIES
Emerging technologies in Al demand specialized skills that go beyond traditional cybersecurity knowledge:
1. Risk Assessment in Al Systems: Understanding how to evaluate and mitigate risks specific to Al-
driven systems, such as data poisoning or model inversion attacks (NIST, 2024).

2. Adversarial Machine Learning: Expertise in detecting and defending against adversarial attacks
that manipulate Al models (NIST, 2024).
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SOFT SKILLS

The integration of Al into cybersecurity also emphasizes the importance of non-technical skills that enable
professionals to navigate complex, evolving environments:

1. Problem-Solving: The ability to address unexpected challenges, such as Al system failures or new
threat vectors, with innovative solutions (ISC2, 2024).
2. Adaptability: A willingness to continuously learn and adapt as Al technologies and their

applications in cybersecurity evolve (ISC2, 2024).
3. Ethical Decision-Making: Ensuring responsible and fair use of Al technologies, especially in
sensitive applications like threat analysis and automated decision-making (ISC2, 2024).

EDUCATIONAL STRATEGIES

To address skill gaps and prepare the workforce for an Al-driven future, strategic educational approaches

are essential:

1. Leveraging Open Educational Resources (OER): Incorporating free or low-cost resources to make
Al training accessible to diverse learners (ISC2, 2024).
2. Certifications: Encouraging industry-recognized certifications in Al-related fields to validate

competencies and improve job readiness (ISC2, 2024).

By focusing on these areas, academic institutions and training programs can better prepare students and
professionals for the demands of an Al-integrated cybersecurity workforce. These competencies not only
enhance individual career prospects but also strengthen organizational defenses in an increasingly Al-

driven threat landscape.

Learning Analytical
agility : thinking
Problem-solving '\ 0 Effective
and creativity communication
Critical 9 -— Data
thinking == literacy
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VI.WHAT ARE THE ACTUAL AND
PREDICTED INDUSTRY NEEDS
AND WORKFORCE GROWTH
TRENDS

The cybersecurity industry is undergoing rapid expansion, fueled by the increasing complexity of cyber
threats and the integration of advanced technologies like Artificial Intelligence (Al). This evolution has not
only created new demands for technical skills but also reshaped workforce dynamics across the globe.
Recent studies, including the ISC2 Workforce Study (2024), research by Makridis & Alterovitz (2024), and
insights from The Al Index Report and Cyber Signals, provide critical data on global workforce expansion,
sector-specific trends, and future workforce needs.

GLOBAL WORKFORCE EXPANSION

The ISC2 Workforce Study (2024) reveals that the global cybersecurity workforce grew by 11% over the past
year, reaching over 5.5 million professionals. Despite this growth, the study highlights a significant talent
gap, with an estimated 3.4 million unfilled cybersecurity positions worldwide. This shortage underscores
the urgent need to recruit, train, and retain skilled professionals.

Al-driven roles are contributing to this expansion, as organizations increasingly rely on machine learning
and automation to enhance their cybersecurity operations. The study also notes a rising demand for
professionals who can manage Al tools, analyze data generated by these systems, and implement Al-
powered solutions. Regions with mature economies, such as North America and Europe, are leading in Al-
related cybersecurity job postings, while emerging markets are quickly catching up, driven by a growing
focus on digital transformation and cyber resilience.

SECTOR-SPECIFIC TRENDS

Research by Makridis & Alterovitz (2024) highlights stark discrepancies between private and public sector
adoption of Al technologies in cybersecurity. Private sector organizations are rapidly integrating Al tools into
their security infrastructures, leveraging advancements in predictive analytics, anomaly detection, and
automated threat response. This adoption is driven by competitive pressures and the need for efficient
solutions to manage increasingly sophisticated cyberattacks.

Conversely, the public sector lags in Al adoption due to budgetary constraints, bureaucratic processes, and
a slower pace of technological integration. Government agencies, in particular, face challenges in
recruiting talent with Al expertise, as they often compete with higher-paying private sector jobs. This gap
presents a critical opportunity for collaboration between public institutions and academic programs to
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bridge the divide and ensure that public sector cybersecurity capabilities keep pace with private
advancements.

FUTURE WORKFORCE NEEDS

The Al Index Report and Cyber Signals provide compelling predictions about the future of the cybersecurity
workforce. Both studies emphasize the growing reliance on Al to address emerging threats, such as Al-
generated phishing attacks, deepfake impersonations, and automated malware. To combat these
challenges, the workforce must develop expertise in areas such as adversarial machine learning, Al ethics,
and secure deployment of Al-driven systems.

According to Cyber Signals (2024), organizations are increasingly seeking professionals with hybrid skill
sets that combine traditional cybersecurity knowledge with Al competencies. These include skills in
machine learning, data analytics, and Al system management. The Al Index Report projects that demand
for these hybrid roles will grow by 25% annually over the next five years, creating both opportunities and
challenges for educational institutions and training programs.

KEY CHALLENGES AND OPPORTUNITIES

Despite the industry’s growth, the global cybersecurity workforce faces several challenges. The talent gap,
discrepancies in Al adoption between sectors, and the rapid evolution of technologies demand a proactive
approach to workforce development. Community colleges and other educational institutions are uniquely
positioned to address these challenges by:

1. Updating curricula to include Al-focused courses.
2. Providing faculty development to ensure instructors can teach cutting-edge technologies.
3. Partnering with industry leaders to create work-based learning opportunities.

These efforts can help align educational outcomes with industry needs, ensuring a steady pipeline of
skilled professionals to fill critical roles in cybersecurity.

CONCLUSION

The cybersecurity industry’s growth is intrinsically linked to the adoption of Al and the evolving threat
landscape. While the global workforce is expanding, significant gaps in skills and sector-specific adoption
highlight the need for targeted efforts to prepare the next generation of cybersecurity professionals. By
leveraging insights from studies like the ISC2 Workforce Study (2024), Makridis & Alterovitz (2024), and The
Al Index Report, stakeholders in education, government, and industry can develop strategies to meet the
demands of the future workforce and build a more resilient cybersecurity ecosystem.
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VII.CHALLENGES FOR
COMMUNITY COLLEGES IN
PREPARING THE
CYBERSECURITY WORKFORCE
IN THE ERA OF Al

The rapid integration of Artificial Intelligence (Al) into cybersecurity has introduced both transformative
opportunities and substantial challenges for community colleges tasked with preparing the next generation
of cybersecurity professionals. As Al reshapes the cybersecurity landscape, community colleges must
address the complexities of keeping curricula updated, providing faculty with adequate development
opportunities, and balancing resource allocation to meet the growing demands of industry-aligned
programs.

KEEPING CURRICULA
UPDATED A

One of the primary challenges for = A IS B 7 ‘ ‘
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the cybersecurity workforce, with
applications ranging from Al-driven threat y

detection to advanced automation in “ /
incident response. To meet these

demands, community colleges must
frequently revise their course offerings to

include emerging technologies, tools, and methodologies. This requires integrating machine learning
concepts, Al-enabled threat detection tools, and ethical considerations for Al use in cybersecurity.

The pace of Al advancements poses a particular challenge for institutions with limited flexibility in
curriculum updates due to accreditation requirements, faculty workload, or resource constraints. Courses
that once focused solely on traditional skills like network security and cryptography must now incorporate
Al applications, predictive analytics, and automated risk assessment. Without timely updates, community
colleges risk producing graduates who lack the skills necessary to navigate Al-driven cybersecurity
environments.




The Impact of Al on the Current and Future Cybersecurity Workforce A NCyTE Study

EXAMPLES OF UPDATING CURRENT CYBERSECURITY COURSES TO
INCORPORATE Al

Integrating Al-Powered Threat Detection into Network Security Courses: Traditional network security
courses often focus on firewalls, intrusion detection systems (IDS), and basic network protocols. These
courses can be updated to include modules on Al-powered threat detection tools and techniques. For
instance, students could learn to use machine learning models to analyze network traffic patterns, detect
anomalies, and identify potential breaches in real time. Labs could focus on training students to deploy
and configure Al-enhanced IDS/IPS tools like Darktrace or Palo Alto Networks’ Cortex XDR, enabling hands-
on experience in leveraging Al to combat evolving threats.

TEACHING AI-DRIVEN RISK MANAGEMENT IN GOVERNANCE, RISK,
AND COMPLIANCE (GRC) COURSES

GRC courses traditionally focus on frameworks like NIST, ISO, and risk assessment methodologies. By
incorporating Al, these courses can teach students how to use Al tools to automate risk assessments and
prioritize remediation efforts based on predictive analytics. For example, students could work on case
studies where Al models identify high-risk vulnerabilities by analyzing system configurations and historical
attack data. Additionally, students can learn to use Al-powered governance tools that automate
compliance checks against frameworks, ensuring faster and more accurate risk mitigation.

ENHANCING INCIDENT RESPONSE TRAINING WITH Al TOOLS IN
CYBER DEFENSE COURSES

Incident response courses typically cover manual processes for identifying, containing, and mitigating
security incidents. These courses can be enhanced by introducing Al-enabled tools that streamline these
tasks. Students could learn to use Al-driven solutions like Microsoft Security Copilot or IBM QRadar to
automate event correlation, generate real-time attack visualizations, and simulate attack scenarios for
training. Labs can involve building playbooks that integrate Al responses to ransomware attacks, phishing
campaigns, or malware infections, preparing students to respond effectively to Al-driven adversaries.

IMPACT ON LEARNING OUTCOMES

These updates would provide students with the practical knowledge and skills needed to operate in an Al-
driven cybersecurity landscape. By incorporating Al, courses can align with the evolving demands of
employers, ensuring graduates are equipped to implement advanced security measures and protect
against sophisticated threats.

FACULTY DEVELOPMENT

Equipping instructors with the knowledge and skills to teach Al-related cybersecurity concepts is another
significant hurdle. Faculty members may not have the background in Al or machine learning required to
effectively deliver new content, and the pace of Al innovation makes ongoing professional development
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essential. As highlighted by the NSA (2024), training instructors in emerging Al applications is critical to
ensuring that they can teach students how to use Al tools and frameworks effectively.

To address this, community colleges must invest in faculty development programs, including workshops,
certifications, and hands-on training opportunities. Partnering with industry organizations and government
agencies like the NSA or private companies offering Al-driven cybersecurity tools can help colleges provide
cutting-edge training to their instructors. However, these initiatives require significant planning and
resources, making it challenging for colleges already operating on tight budgets.

FACULTY DEVELOPMENT ACTIVITIES TO INCORPORATE Al INTO
CYBERSECURITY PROGRAMS

Hands-On Workshop: “Al in Cybersecurity Tools and Threat Detection”

This workshop would provide faculty with hands-on experience using Al-driven tools commonly employed
in cybersecurity operations. Participants would learn to configure and deploy tools such as Microsoft’s
Security Copilot, Darktrace, and IBM QRadar. The workshop would include:

1. Introduction to Al Concepts: Foundational knowledge of machine learning and Al applications in
cybersecurity.

2. Practical Labs: Simulating threat detection, anomaly analysis, and automated incident response
using Al tools.

3. Use Case Studies: Analyzing real-world Al use cases in threat detection and response, with an
emphasis on how these tools align with current industry demands.

By the end of the workshop, faculty would have practical skills to teach Al-enhanced threat detection and
analysis in their courses.

Certification Program: “Al and Machine Learning for Cybersecurity Professionals”
Faculty can enrollin specialized certifications designed for cybersecurity professionals, such as SANS’ Al
and Machine Learning Cybersecurity Essentials or Microsoft Al certifications. The program would focus on:

1. Al-Driven Threat Intelligence: Leveraging Al for predictive analytics and real-time threat
monitoring.

2. Adversarial Al Defense: Understanding and mitigating risks posed by Al-powered attacks.

3. Al Ethical Frameworks: Learning about responsible Al use and its implications for cybersecurity.

Completion of these certifications would ensure that faculty are equipped with the knowledge and
credentials to integrate Al content into their curricula.

Collaborative Learning Program: “Al Curriculum Development Bootcamp”
This faculty development initiative would focus on helping instructors collaboratively design and integrate
Al-focused modules into existing cybersecurity courses. The bootcamp would include:
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1. Curriculum Alignment: Guidance on aligning Al topics with industry standards such as NIST, NSA
CAE Knowledge Units, and employer expectations.

2. Resource Creation: Developing instructional materials, including lectures, lab exercises, and case
studies centered on Al applications like machine learning for malware detection and Al-powered
risk assessments.

3. Peer Networking: Opportunities to collaborate with fellow instructors and industry experts to share
best practices and resources.

The bootcamp would result in faculty-created, ready-to-deploy instructional content that emphasizes Al’s
role in cybersecurity. These activities would provide faculty with the foundational knowledge, practical
skills, and collaborative opportunities needed to incorporate Al into their cybersecurity programs. By
engaging in hands-on workshops, earning certifications, and participating in curriculum development
initiatives, instructors can ensure their courses align with emerging industry demands and adequately
prepare students for Al-driven cybersecurity careers.

RESOURCE ALLOCATION

Balancing limited funding with the growing demands of Al-integrated cybersecurity programs presents one
of the most persistent challenges for community colleges. Implementing Al-focused curricula and faculty
development programs often requires new software, lab environments, and training materials, all of which
come at a cost. According to SANS (2024), the high demand for cybersecurity education coupled with the
growing complexity of Al applications has placed increased pressure on institutions to expand their
programs without a proportionalincrease in funding.

Community colleges must navigate these financial constraints while ensuring that students have access to
the tools and technologies they will encounter in the workforce. This might include virtual labs for Al-based
threat simulations, Al-enabled incident response tools, and open educational resources (OER) to
supplement proprietary materials. Additionally, partnerships with industry and government entities can
provide funding, software licenses, and training resources, but securing and maintaining these
partnerships often requires administrative bandwidth that many colleges struggle to allocate.

CONCLUSION

Community colleges play a vital role in preparing the current and future cybersecurity workforce, but the
challenges introduced by the rapid integration of Al require strategic planning and investment. Keeping
curricula updated, providing faculty with the necessary training, and effectively allocating limited resources
are all essential components of this effort. By addressing these challenges through partnerships, resource-
sharing, and innovative instructional strategies, community colleges can equip their students with the
skills needed to succeed in an Al-driven cybersecurity industry. Without proactive measures, the skills gap
in cybersecurity may widen, leaving both students and employers unprepared for the complexities of the
evolving threat landscape.
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VIII.RECOMMENDATIONS FOR
PROGRAM DEVELOPMENT

As Artificial Intelligence (Al) reshapes the cybersecurity landscape, academic institutions must adapt their
programs to prepare students for the rapidly evolving workforce demands. Community colleges have a vital
role in equipping future cybersecurity professionals with the knowledge, skills, and hands-on experience
necessary to navigate Al-driven challenges. The following recommendations focus on curriculum updates,
certifications, work-based learning opportunities, and partnerships with industry leaders to align
cybersecurity programs with industry needs.

CURRICULUM UPDATES

To address the growing integration of Al in cybersecurity, colleges
must update their curricula to reflect emerging technologies and
practices:

1. Embedding Al Modules into Existing Programs:
Incorporate Al-specific content into foundational
cybersecurity courses. For example, topics like Al-
powered threat detection, risk assessmentin Al systems,
and ethical Al use can complement traditional subjects
like network security and cryptography.

2. Developing New Courses: Create specialized courses
focused on machine learning and adversarial Al. These
courses could teach students how to build and defend
against Al-driven attacks, such as data poisoning and
adversarial inputs designed to deceive Al models.

By embedding Al into core courses and offering advanced Al-
focused electives, institutions can ensure students are equipped

with both foundational and specialized knowledge.

CERTIFICATIONS AND CREDENTIALS
Certifications and micro-credentials provide students with industry-recognized qualifications that validate

their expertise in high-demand areas:

e Offering Micro-Credentials: Partner with leading organizations, such as Microsoft and ISC2, to
offer micro-credentials in Al and cybersecurity. Certifications like Microsoft’s Security Copilot




The Impact of Al on the Current and Future Cybersecurity Workforce A NCyTE Study

training or Al-specific CompTIA certifications can enhance students’ employability by
demonstrating proficiency in Al tools and methodologies (Microsoft, 2024).

These credentials can serve as steppingstones to more comprehensive certifications, bridging the gap
between academic learning and industry requirements.

WORK-BASED LEARNING OPPORTUNITIES

Practical experience is critical for preparing students to apply their knowledge in real-world scenarios:

e Internships and Apprenticeships: Collaborate with employers to offer internships and
apprenticeships that focus on Al in cybersecurity. Students could work on projects like
implementing Al-powered threat detection systems, conducting vulnerability assessments using Al
tools, or participating in Al-driven incident response exercises.

These opportunities not only help students develop technical and soft skills but also allow employers to
identify and nurture talent tailored to their specific needs.

PARTNERSHIPS WITH INDUSTRY LEADERS

Strong partnerships with industry leaders and organizations are essential for accessing resources, staying
updated on emerging trends, and aligning educational programs with workforce demands:

1. Collaborating with Organizations: Partner with entities like ISC2, Microsoft, and Lightcast to
provide students and faculty access to cutting-edge tools, training materials, and real-world case
studies. For example, Microsoft can provide licenses for Al-enabled cybersecurity tools, while ISC2
can offer guidance on integrating industry-standard certifications into curricula.

2. Engaging with Government and Industry Networks: Collaborate with government agencies, such
as the Department of Homeland Security and the NSA, to align programs with national security
needs and emerging standards.

FINDINGS

By implementing these recommendations, community colleges and other academic institutions can
position themselves as leaders in preparing the cybersecurity workforce of the future. Updated curricula,
industry-aligned certifications, hands-on learning opportunities, and strong partnerships will ensure that
graduates are well-equipped to meet the demands of an Al-driven cybersecurity field. These strategic
efforts will not only enhance the employability of students but also contribute to closing the critical skills
gap in the cybersecurity workforce.
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