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Abstract 

The integration of Artificial Intelligence (AI) into education has transformed the way students 

acquire and develop technical skills, especially in programming. This study investigates the 

impact of AI-based tools and platforms on enhancing programming skills among university 

students. Through a mixed-method approach, quantitative data were collected from 200 

computer science undergraduates across three universities using a structured questionnaire, 

while qualitative feedback was obtained via interviews with instructors. The findings reveal 

that students who actively engage with AI-assisted learning environments demonstrate 

improved problem-solving abilities, faster debugging skills, and higher code efficiency. 

However, concerns related to over-reliance on AI and the erosion of foundational 

understanding were also noted. This paper discusses the pedagogical implications of 

integrating AI in programming education and provides data-driven recommendations for 

educators and institutions to optimize its use. 

Keywords: Artificial Intelligence, Programming Education, University Students, Skill 

Development, AI Tools, Educational Technology 

1. Introduction 

In the last decade, the proliferation of Artificial Intelligence (AI) has significantly influenced 

educational methodologies. From intelligent tutoring systems to adaptive learning platforms, 

AI has opened new avenues for improving how students learn, especially in fields requiring 

technical proficiency such as computer programming. Traditional programming education 

often struggles with bridging the gap between theory and practice. Students frequently 

encounter difficulties in logic building, debugging, and code optimization. AI-based tools offer 

personalized feedback, code suggestions, and error detection, enabling students to enhance 

their learning efficiency. This study aims to explore the real impact of such tools on 

programming skill development among university students. It further seeks to analyze the 

perceived benefits and potential risks associated with relying on AI in educational settings. 

Despite the growing adoption of AI-assisted programming tools, there remains a limited body 

of empirical research that quantifies their measurable effect on student performance within the 

context of Libyan higher education. Most existing studies originate from Western academic 

settings, leaving a gap in understanding how these tools perform across different educational 

infrastructures, curricula, and student populations. This study addresses that gap by providing 

localized, data-driven evidence from three Libyan universities, and by translating that evidence 

into actionable recommendations for instructors and institutions. 
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2. Literature Review 

Several studies have highlighted the benefits of integrating AI into education. AI-driven code 

assistants have been shown to significantly improve student performance in introductory 

programming courses [1]. Similarly, increased student engagement and reduced dropout rates 

have been observed when AI-enhanced platforms are used in technical curricula [2]. Beyond 

programming specifically, intelligent tutoring systems have demonstrated measurable gains in 

personalized feedback delivery and learner motivation across STEM disciplines [3], [4]. 

Tools such as GitHub Copilot have been evaluated for their effect on code completion speed 

and error reduction, with findings suggesting substantial productivity gains for novice 

programmers [5]. Likewise, large language model-based assistants such as ChatGPT have been 

investigated for their role in explaining programming concepts and debugging logic errors, 

showing positive effects on conceptual understanding when used as a supplementary aid rather 

than a replacement for instruction [6]. 

However, some researchers warn against over-reliance on such tools, noting that they may 

inhibit critical thinking and problem-solving [7]. Concerns have also been raised regarding 

academic integrity and the risk that students may submit AI-generated code without 

understanding its underlying logic [8]. Other work has examined the cognitive load 

implications of AI assistance, suggesting that excessive dependence may reduce the depth of 

learning achieved during early-stage skill acquisition [9]. 

Within the Arab region, research on AI adoption in technical higher education remains 

comparatively limited, though emerging studies point to growing institutional interest in AI-

supported learning environments [10], [11]. This paper builds upon these discussions by 

conducting an empirical investigation into students' actual performance and feedback on AI-

based tools in programming, with a specific focus on the Libyan university context, which has 

not been substantially examined in prior literature. 

3. Methodology 

This study employed a mixed-method approach combining quantitative and qualitative data 

collection. A quantitative survey was distributed to 200 undergraduate students majoring in 

computer science from three Libyan universities, selected using a convenience sampling 

technique across institutions that offered comparable programming curricula. The 

questionnaire focused on students' experiences with AI programming tools such as GitHub 

Copilot, ChatGPT, and CodeT5, and employed a five-point Likert scale to measure perceived 

improvement in problem-solving, debugging speed, and code efficiency. Additionally, semi-

structured interviews were conducted with 10 programming instructors to gain qualitative 

insights into the tools' effectiveness and classroom impact. 

Two research hypotheses guided the quantitative analysis: (H1) students with higher 

engagement in AI-assisted learning report significantly greater improvement in debugging 

speed and code efficiency than students with lower engagement; (H2) frequency of AI tool use 

is positively correlated with perceived problem-solving ability, but this relationship is 

moderated by concerns over reduced conceptual understanding. Data were analyzed using 

SPSS, including Pearson correlation, linear regression, and independent-samples t-test 

comparisons between high-engagement and low-engagement groups. Ethical approval was 

obtained from the participating academic institutions, and participation was voluntary and 

anonymous, with informed consent collected from all respondents. 
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4. Results 

Of the 200 students surveyed, 138 (69%) reported using at least one AI-based programming 

tool on a regular basis (defined as three or more times per week), while 62 (31%) reported 

infrequent or no use. Table 1 summarizes the self-reported mean improvement scores (on a 5-

point scale, where 5 indicates the greatest improvement) across three core skill areas, 

segmented by engagement level. 

Table 1. Mean Self-Reported Improvement Scores by AI Engagement Level (n = 200) 

Skill Area High Engagement 

(n=138) 

Low Engagement 

(n=62) 

Mean Difference 

Problem-solving 

ability 

4.12 3.21 0.91 

Debugging speed 4.35 3.05 1.30 

Code efficiency 3.98 3.18 0.80 

 

An independent-samples t-test confirmed that the difference in debugging speed scores 

between high-engagement and low-engagement students was statistically significant (t(198) = 

4.87, p < 0.001), supporting H1. Pearson correlation analysis showed a moderate positive 

correlation between frequency of AI tool use and perceived problem-solving ability (r = 0.46, 

p < 0.01). However, regression analysis revealed that this relationship weakened when self-

reported reliance on AI exceeded a threshold of daily use, suggesting a moderating effect 

consistent with H2: students who reported using AI tools for nearly every assignment showed 

a smaller marginal gain in problem-solving scores compared to moderate users, alongside 

higher reported difficulty completing tasks without AI assistance. 

Qualitative interviews with the 10 instructors reinforced these patterns. Eight of the ten 

instructors observed that students using AI tools moderately tended to submit cleaner, better-

structured code and asked more conceptually focused questions during office hours. 

Conversely, seven instructors expressed concern that a subset of high-frequency AI users 

struggled to explain their own code when asked to do so verbally, indicating a possible gap 

between code production and conceptual mastery. Instructors also noted that AI tools were 

most beneficial in early debugging stages and least beneficial when used as a substitute for 

understanding core algorithmic logic. 
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Fig. 1. Mean self-reported improvement scores by AI engagement level (n = 200). 

 
Fig. 2. Relationship between AI tool use frequency and perceived problem-solving ability (n = 

200). 

5. Discussion 

The findings of this study are broadly consistent with prior research indicating that AI-assisted 

tools can meaningfully accelerate skill acquisition in programming education [1], [5]. The 

significant improvement in debugging speed among high-engagement students supports the 

view that real-time, personalized feedback reduces the cognitive friction typically associated 
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with locating and resolving syntax or logic errors. This aligns with earlier findings on the 

productivity benefits of AI code assistants for novice programmers [5]. 

At the same time, the moderating effect identified between frequency of use and problem-

solving gains echoes concerns raised in the literature regarding over-reliance and reduced 

critical thinking [7], [9]. The qualitative reports from instructors, particularly the observation 

that some high-frequency users could not verbally explain their own code, suggest that AI tools 

may sometimes decouple code production from conceptual understanding. This is a meaningful 

pedagogical risk: programming education aims not only to produce working code but to build 

durable problem-solving capacity that transfers beyond any single assignment or tool. 

These results suggest that the relationship between AI use and skill development is not strictly 

linear, but rather follows a pattern in which moderate, intentional engagement yields the 

strongest educational benefit, while unchecked or passive reliance may erode the foundational 

understanding that AI tools were meant to support. This nuance has direct implications for how 

institutions design coursework, assessment, and AI usage policies, and it is addressed further 

in the recommendations below. 

6. Recommendations 

Based on the findings above, the following recommendations are proposed for educators and 

institutions seeking to integrate AI tools into programming curricula responsibly and 

effectively: 

1. Encourage moderate, intentional use of AI tools rather than unrestricted access, for 

example by requiring students to first attempt debugging independently before consulting 

an AI assistant. 

2. Incorporate verbal or written code-explanation components into assessments, so that 

students must demonstrate conceptual understanding of any AI-assisted code they submit. 

3. Provide targeted training for instructors on how to identify over-reliance patterns and how 

to guide students toward balanced AI usage. 

4. Introduce AI literacy modules early in the curriculum, covering both the capabilities and 

the limitations of code-generation tools, including their tendency to produce plausible but 

incorrect solutions. 

5. Establish clear institutional policies on acceptable AI use in graded coursework to address 

concerns around academic integrity raised in the literature. 

6. Prioritize AI tool integration during early debugging and error-detection stages of 

learning, where the evidence indicates the strongest positive effect, while limiting their 

role in foundational algorithm-design exercises. 

 

7. Conclusion 

This study examined the impact of AI-based tools on programming skill development among 

200 university students across three Libyan universities, supported by qualitative insights from 

10 programming instructors. The findings indicate that moderate, engaged use of AI tools is 

associated with meaningful improvements in debugging speed, problem-solving ability, and 

code efficiency, while excessive reliance may weaken the depth of conceptual understanding 

that programming education seeks to build. These results underscore the importance of 
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deliberate pedagogical design when integrating AI into technical education, balancing the 

genuine productivity benefits of these tools against the risk of skill erosion. 

Future research should explore longitudinal effects of AI tool use on long-term retention of 

programming concepts, expand the sample to include postgraduate students and additional 

institutions across the region, and examine whether tailored AI usage policies measurably 

affect learning outcomes over multiple academic semesters. 

8. Limitations 

This study has several limitations. The sample was drawn using convenience sampling from 

three Libyan universities, which may limit the generalizability of findings to other regional or 

institutional contexts. Self-reported survey data are subject to recall and social-desirability bias, 

particularly regarding perceived skill improvement. Additionally, the cross-sectional design 

captures a single point in time and cannot establish long-term causal effects of AI tool use on 

programming proficiency. Future studies employing randomized or longitudinal designs would 

help address these constraints. 
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