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ABSTRACT

Artificial intelligence (Al) is the powerful and the novelist tool used in a wide burden of applications and
field worldwide, in respect to Saudi vision 2030, the use of Al in different disciplines become important and
crucially adapted, computer science is the science of the Al as well. So, the different tools and methods
utilized for enhancing education and training for these fields is so important to be implemented. This
narrative review aims to give an overview about the tools, methods, and pathways for effective utilization
of Al in training of computer sciences. In conclusion, and through intelligent tutoring, predictive analytics,
and immersive simulations, learners can achieve deeper understanding, improved engagement, and
enhanced employability. However, challenges such as data privacy, bias, infrastructure gaps, and
resistance to adoption must be carefully addressed to ensure equitable and ethical utilization.
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1. INTRODUCTION

Artificial Intelligence (Al) has rapidly become a transformative force in computer science
education and training. With the exponential growth of technological innovation, the demand for
highly skilled professionals who can adapt to new programming paradigms [1], data-driven
decision-making, and intelligent systems development has never been higher. Traditional
methods of training in computer sciences often rely on static curricula and standardized
pedagogical techniques, which, while effective in foundational learning, fall short in addressing
the evolving complexities of modern computational fields. Al introduces dynamic, adaptive, and
personalized learning pathways that can enhance engagement, improve retention, and accelerate
mastery of technical skills [2].

The effective integration of Al in computer science training requires not only advanced tools but
also well-defined pathways that align with pedagogical goals, industry standards, and learners’
career trajectories [3].

2. THEORETICAL FRAMEWORK

The utilization of Al in computer science training can be understood through several
interconnected theoretical perspectives. The constructivist learning theory emphasizes that
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learners build knowledge through active engagement and interaction. Al tools, such as intelligent
tutoring systems and adaptive learning platforms, align with this framework by enabling
personalized exploration and problem-solving that mirrors real-world scenarios. For instance,
reinforcement learning algorithms can simulate trial-and-error processes, supporting experiential
learning [4].

Also, the cognitive load theory underscores the importance of optimizing the amount of
information learners process at once. Al-powered adaptive systems can regulate task complexity
based on a learner’s performance, thus reducing extraneous load while promoting germane load.
This ensures that learners focus their cognitive resources on meaningful skill acquisition rather
than being overwhelmed by irrelevant complexity [5].

The socio-cultural theory stresses the role of collaboration and social interaction in learning. Al
facilitates this through collaborative learning platforms, recommender systems for peer matching,
and virtual teaching assistants that moderate group projects. These align with Vygotsky’s concept
of the Zone of Proximal Development (ZPD), where learners achieve higher outcomes with
guided assistance [6].

Finally, human—computer interaction (HCI) theories highlight the need for intuitive, user-friendly
design in educational technologies. Al-driven interfaces leverage natural language processing,
speech recognition, and interactive dashboards to foster seamless learner engagement. These
tools bridge the gap between abstract computational concepts and practical applications [7].

3. MAIN COMPONENTS OF Al IN TRAINING AND EDUCATION

The main components of Al are the adaptive Learning Systems, which are the platforms that
customize content delivery, pacing, and assessment according to learner progress [8]. As well,
intelligent Tutoring Systems (ITS) that are acting as the virtual mentors offering immediate,
context-aware guidance and feedback.

Natural Language Processing (NLP) which enables chatbots, coding assistants, and question-
answering systems for real-time support and machine Learning for Assessment as they are the
algorithms that evaluate assignments, detect plagiarism, and identify misconceptions. Besides,
virtual and Augmented Reality (VR/AR) of the immersive simulations for understanding
complex computing environments such as networks or cybersecurity.

Predictive Analytics to identifies at-risk learners and suggests interventions. As well, the
automated Content Creation as the Al tools that generate problem sets, quizzes, and even code
examples tailored to curriculum needs.

Collaborative Al Systems that match learners for projects based on skills, learning styles, or

goals. Gamification Engines because the Al-driven reward systems that keep learners motivated
and engaged.
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Figure 1 The Main Components of Al in Training and Education [1,4,9,10]

4. IMPORTANCE OF USING Al APPLICATIONS IN TRAINING

The integration of Al in computer science training carries significant importance for both learners
and educators. For learners, Al ensures personalization of education, allowing each individual to
progress at their own pace while targeting weaknesses effectively. This improves retention,
mastery, and overall performance. By offering real-time feedback and adaptive assessments, Al
fosters a continuous improvement cycle that traditional approaches cannot match [3].

From an institutional perspective, Al enhances scalability. Training programs can reach large
groups of students without compromising quality. Intelligent grading systems, automated
curriculum generation, and performance analytics reduce the burden on instructors, allowing
them to focus on mentoring and higher-order teaching [11]. This efficiency translates into cost-
effectiveness, making quality computer science training more accessible worldwide [12].

Al applications also address the growing industry-academia gap. With computing technologies
evolving rapidly, Al systems can constantly update training materials, ensuring that learners
acquire relevant, up-to-date skills [7]. For example, Al can track trends in programming
languages, cybersecurity threats, or cloud computing practices, integrating them seamlessly into
curricula. This bridges the gap between theoretical knowledge and practical employability
[12,13].

5. CURRENT CHALLENGES

Despite its immense potential, the effective utilization of Al in computer science training faces
several challenges. These challenges span technical, ethical, institutional, and social domains [14]

(Fig. 2).
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Figure 2 Challenges of using Al in computer science training

Al systems require extensive data to personalize learning experiences. Collecting and analyzing
student data raises concerns about privacy, ownership, and misuse. Sensitive information, such as
learning behaviors or demographic details, could be vulnerable to breaches if not adequately
protected [3].Al models are prone to reflecting biases present in their training datasets. In
education, biased algorithms may disadvantage certain groups of learners by misrepresenting
their abilities or offering unequal opportunities for support and advancement [15].

Developing and deploying Al systems demands substantial investment in infrastructure, software,
and skilled personnel. Many institutions, particularly in developing countries, struggle to allocate
resources for such initiatives [9].Educators may resist adopting Al due to fear of job displacement
or lack of training in using Al tools. This reluctance hampers integration and leads to
underutilization of available resources [5].

Al often functions as a “black box,” making it difficult for educators and students to understand
how decisions are made. Lack of transparency undermines trust and raises ethical questions
regarding accountability [11].

Reliable internet, high-performing hardware, and supportive digital ecosystems are prerequisites
for Al in education. Many regions lack this infrastructure, limiting access to Al-powered training
[9].There is a risk of over-dependence on Al, reducing opportunities for human interaction,
critical thinking, and creativity. Training programs may become mechanized, neglecting the
human aspect of mentorship [12].

Integrating Al tools into existing curricula is complex. Misalignment between Al capabilities and
academic standards can lead to redundancy, inefficiency, or confusion among learners [14].

The broader implications of Alsuch as surveillance culture, deskilling of educators, and inequity

of accesspose ethical dilemmas. Failure to address these can result in mistrust and societal
backlash against Al in education [2,15].
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6. ADVANCED SOLUTIONS FOR COMBATTING THE RECENT CHALLENGES

To overcome the challenges of Al utilization in training, several solutions can be adopted.
Institutions should implement strict policies for data collection, storage, and usage. Encryption,
anonymization, and compliance with international regulations such as GDPR can safeguard
learners’ privacy. Transparent consent mechanisms should empower students to control their data
[16].

Developers must prioritize diverse datasets and implement bias-detection algorithms. Regular
audits of Al systems should be conducted to ensure equitable treatment of learners across gender,
ethnicity, and socio-economic backgrounds [3,17].

Training programs should equip instructors with skills to integrate Al into pedagogy effectively.
Rather than replacing teachers, Al should complement their role. Professional development
workshops and Al literacy courses can enhance adoption [18].

Curricula should emphasize critical thinking, creativity, and collaboration alongside Al-powered
learning. Hybrid learning models that combine human mentorship with Al personalization
provide the best of both worlds [6,19].

By adopting these solutions, institutions can transform Al from a disruptive challenge into a

constructive enabler, promoting sustainable, ethical, and equitable computer science training
[20].

7. AVAILABLE TooLS FOR Al IN COMPUTER SCIENCE TRAINING

A variety of Al-powered tools have emerged to enhance training in computer sciences, each
serving different aspects of the learning process.

Table 1 Available Tools for Al in Computer Science Training

Tool Description Reference
Intelligent Tutoring Platforms like *Carnegie Learning* and *ALEKS* | [2]
Systems (ITS) provide personalized instruction using Al algorithms that

adapt to learners’ strengths and weaknesses. These systems
simulate one-on-one tutoring experiences.

Al-Powered Coding Tools such as *GitHub Copilot* and *Kite* leverage | [7]
Assistants natural language processing to offer real-time code
suggestions, error detection, and debugging support,
significantly improving programming efficiency.

Virtual Labs and Al-enhanced platforms like *Labster* and *Codio* | [14]
Simulation Platforms provide immersive, hands-on experiences in virtual
environments. They allow learners to practice coding,
networking, and cybersecurity in safe, scalable simulations.

Adaptive Learning Systems Systems like *Coursera’s Al-driven | [19]
recommendations* and *Knewton* tailor learning pathways
by analyzing user performance and suggesting appropriate
resources and exercises.

Content Creation and Generative Al tools such as *ChatGPT* and | [20]
Knowledge Management *Perplexity Al* assist learners in brainstorming, summarizing
research, and generating practice problems, making them
invaluable for computer science education.
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Tool Description Reference
Al for Assessment and Platforms such as *Gradescope* use machine | [4]
Feedback learning to automate grading, provide real-time feedback, and

detect plagiarism. This reduces instructor workload while
ensuring timely assessment.

Collaborative Learning Al-driven platforms like *Slack with integrated Al | [12]
Tools bots* or *Piazza* facilitate peer collaboration by
recommending group matches, moderating discussions, and
curating resources.

Language and Accessibility Al-based speech-to-text and translation tools, such as | [9]
Tools *Otter.ai* and *DeepL*, enhance inclusivity by supporting
learners with disabilities or multilingual backgrounds.

Gamified Al Platforms Systems like Duolingo’s Al-driven gamification | [20]
illustrate how adaptive challenges and reward structures can
keep learners engaged, a model increasingly applied to
computer science training.

Predictive Analytics Platforms like Civitas Learning use Al to analyze | [21]
Systems student data, identify at-risk learners, and recommend
interventions, ensuring higher retention rates.

These tools demonstrate the diversity of Al applications, ranging from personalized tutoring to
immersive simulations and predictive analytics. Their effective deployment requires strategic
planning, teacher training, and alignment with curriculum objectives to maximize impact.

8. INSIGHTS ON SAUDI ARABIA

Saudi Arabia is rapidly embracing Artificial Intelligence (Al) as a cornerstone of its educational
transformation, particularly in fields such as computer science. The Kingdom has identified Al
not only as a technological advancement but also as a strategic enabler for achieving its Vision
2030 goals, which emphasize human capital development, digital innovation, and knowledge-
based economic growth. Within computer science training, Al applications are being introduced
to enhance learning efficiency, build digital competencies, and prepare students for an economy
that increasingly depends on advanced technologies [19].

Universities and technical institutes across Saudi Arabia are deploying Al-powered adaptive
learning systems, coding platforms, and intelligent tutoring tools to provide personalized and
industry-relevant training [20]. These innovations allow students to develop programming,
cybersecurity, and data science skills in simulated and immersive environments. Such
applications resonate with Vision 2030’s objective of equipping youth with future-ready skills,
reducing reliance on traditional teaching methods, and fostering innovation-driven education
[21].

Moreover, Al-driven analytics are helping institutions identify learners’ strengths and gaps,
thereby improving retention and graduation rates. By aligning training outcomes with market
needs, these tools ensure that graduates contribute effectively to Saudi Arabia’s growing digital
economy. Initiatives such as the National Strategy for Data and Al (NSDAI) further reinforce this
integration by promoting Al literacy and research [9,14,22].

Ultimately, Al in computer science training represents a vital pathway for achieving Vision
2030’s aspirations of a diversified economy, globally competitive workforce, and leadership in

digital transformation [23,24].
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9. CONCLUSION AND RECOMMENDATIONS

The Al has the potential to revolutionize computer science training by providing personalized,
adaptive, and scalable educational solutions. Through intelligent tutoring, predictive analytics,
and immersive simulations, learners can achieve deeper understanding, improved engagement,
and enhanced employability. However, challenges such as data privacy, bias, infrastructure gaps,
and resistance to adoption must be carefully addressed to ensure equitable and ethical utilization.

9.1. Recommendations

1. Institutions should invest in digital infrastructure and professional development for

educators.

Policymakers must enforce strict data privacy regulations and ethical guidelines.

3. Developers should design explainable, bias-free Al systems aligned with pedagogical
goals.

4. Curricula must integrate Al strategically, ensuring balance between technology and human
mentorship.

5. Collaboration between academia, industry, and government is essential for cost-effective
and sustainable Al adoption.

n

By implementing these recommendations, Al can serve not as a disruptive challenge but as a
transformative enabler of excellence in computer science education and training.

REFERENCES

[1] Memish ZA, Al-Omoush KI, Alshehri SM, Alabdulkareem LH, Al-Hajjaj AK. The Saudi Data &
Artificial Intelligence Authority (SDAIA) Vision. Lancet Digit Health. 2021;3(12):€774-e775.

[2]  Alotaibi NS, Alshehri AH. Prospers and Obstacles in Using Artificial Intelligence in Saudi Arabia
Higher Education Institutions — The Potential of Al-Based Learning Outcomes. Sustainability.
2023;15(13):10723.

[3] Alammari A. Evaluating generative Al integration in Saudi Arabian education: a mixed-methods
study. PeerJ Comput Sci. 2024;[e-pub ahead of print].

[4] Alqaed MA. Al in English Language Learning: Saudi Learners’ Perspectives and Usage. Advanced
Education. 2024;ISNN 2410-8286 (Online).

[5]  Sweller J. Cognitive load theory. InPsychology of learning and motivation 2011 Jan 1 (Vol. 55, pp.
37-76). Academic Press.

[6] Rahmatirad M. A review of socio-cultural theory. Siasat. 2020 Jul 8;5(3):23-31.

[71 MacKenzie IS. Human-computer interaction: An empirical research perspective. Khaleel M, Jebrel
A, Shwehdy DM. Artificial intelligence in computer science: Https://doi. org/10.5281/zenodo.
10937515. Int. J. Electr. Eng. and Sustain.. 2024 Mar 28:01-21.

[8] Umanets V, Shakhina I, Rozputnia B. Training future computer science teachers to use artificial
intelligence technologies in the educational process. Modern Information Technologies and
Innovation Methodologies of Education in Professional Training Methodology Theory Experience
Problems. 2024 Jul 10(72):162-9.

[9] Tapalova O, Zhiyenbayeva N. Artificial intelligence in education: AIEd for personalised learning
pathways. Electronic Journal of e-Learning. 2022;20(5):639-53.

[10] Xu Y, Liu X, Cao X, Huang C, Liu E, Qian S, Liu X, Wu Y, Dong F, Qiu CW, Qiu J. Artificial
intelligence: A powerful paradigm for scientific research. The Innovation. 2021 Nov 28;2(4).

[11] George B, Wooden O. Managing the strategic transformation of higher education through artificial
intelligence. Administrative Sciences. 2023 Aug 29;13(9):196.

[12] Alzahrani A. A systematic review of artificial intelligence in education in the Arab world. Amazonia
Investiga. 2022;11(54):293-305

53



International Journal of Artificial Intelligence and Applications (IJAIA), Vol.16, No.6, November 2025

[13]

[14]

[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

Hartung T, Kleinstreuer N. Challenges and opportunities for validation of Al-based new approach
methods. ALTEX-Alternatives to animal experimentation. 2025 Jan 14;42(1):3-21.

Dogan ME, Goru Dogan T, Bozkurt A. The use of artificial intelligence (Al) in online learning and
distance education processes: A systematic review of empirical studies. Applied sciences. 2023 Feb
27;13(5):3056.

Mohapatra PS. Artificial Intelligence-Driven Test Case Generation in Software Development.
Intelligent Assurance: Artificial Intelligence-Powered Software Testing in the Modern Development
Lifecycle. 2025 Jul 27;4:38.

Bello OA, Olufemi K. Artificial intelligence in fraud prevention: Exploring techniques and
applications challenges and opportunities. Computer science & IT research journal. 2024
Jun;5(6):1505-20.

Reddy S. Generative Al in healthcare: an implementation science informed translational path on
application, integration and governance. Implementation Science. 2024 Mar 15;19(1):27.
Neethirajan S. Artificial intelligence and sensor innovations: enhancing livestock welfare with a
human-centric approach. Human-Centric Intelligent Systems. 2024 Mar;4(1):77-92.

Morandini S, Fraboni F, De Angelis M, Puzzo G, Giusino D, Pietrantoni L. The impact of artificial
intelligence on workers’ skills: Upskilling and reskilling in organisations. Informing Science.
2023;26:39-68.

Kommisetty PD, Dileep V. Leading the future: big data solutions, cloud migration, and Al-driven
decision-making in modern enterprises. Educational Administration: Theory and Practice.
2022;28(03):352-64.

Fernandes CW, Rafatirad S, Sayadi H. Advancing personalized and adaptive learning experience in
education with artificial intelligence. In2023 32nd Annual Conference of the European Association
for Education in Electrical and Information Engineering (EAEEIE) 2023 Jun 14 (pp. 1-6). IEEE.
Alsohaimi M, Albahiri MH, Alhaj AAM. Addressing and Managing Artificial Intelligence (Al)
Challenges and Opportunities in Elementary Education in Saudi Arabia: An In-Depth Consideration.
Educ Process Int J. 2025;17:€2025324.

Al-Saiari SMH. Advancements in Artificial Intelligence in Saudi Arabia: A Critical Analysis of
Current Realities and Future Prospects. [Report/paper]. 2022.

Alnajim A. Transformation of Education System in Saudi Arabia through Artificial Intelligence.
SSRN. 2023.

54



	Abstract
	Keywords
	Artificial intelligence - AI - Training - Computer sciences - Narrative review.


