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The Essential Re-evaluation of Programming Education in the Age of
Artificial Intelligence

Abstract

This study critically investigates the evolving effectiveness of teaching programming languages within contemporary
engineering education settings when students leverage advanced Atrtificial Intelligence (Al) tools. The increasing
integration of Al in student coursework presents complex challenges, notably concerning academic integrity, the
authenticity of submitted work, and maintaining instructional control over the learning process. Therefore, this
research urgently highlights the necessity for a comprehensive re-evaluation of established teaching methodologies
and traditional assessment criteria in programming education.

Employing a robust mixed-methods approach, our investigation draws upon insights from a thorough literature review,
student surveys exploring perceptions and usage patterns, and in-depth analyses of student performances, comparing
outcomes both with and without Al tool usage. The investigation revealed that students utilizing Al tools demonstrated
significantly better outcomes, achieving improved efficiency and notably shorter coursework completion times,
primarily by overcoming challenges related to syntax errors, debugging, and general inefficiency.

However, this sharp performance disparity raises profound concerns about genuine skill development and academic
honesty, as students themselves expressed apprehension about over-reliance on Al, fearing a potential reduction in
their critical thinking and independent problem-solving abilities. The data also revealed a widespread ambiguity
among the student population regarding how Al-generated code intersects with existing definitions of plagiarism,
underscoring the urgent need for clear ethical guidance.

The findings collectively argue for a fundamental shift in current teaching methodologies, moving beyond simple
prohibition to embrace a model of Al literacy and ethical collaboration. We propose that educators integrate Al literacy
into the curriculum and redesign assessments toward formats that are either Al-resistant—such as live coding
sessions—or Al-integrated, requiring critical review and justification of Al-generated outputs. The ultimate goal is to
enhance academic outcomes and foster genuine skill development by ensuring that students are prepared to
understand, leverage, and ethically navigate the complexities of an increasingly Al-driven professional landscape.

Keywords: Academic Integrity, Al in Education, Programming Education, Teaching Methodologies, Student
Assessment, Control Challenges.

1. Introduction

Programming education has traditionally relied on structured assignments designed to evaluate individual
comprehension and problem-solving ability. However, the widespread availability of generative Al tools such as
ChatGPT and Al-enabled development environments has altered how students approach programming tasks. Rather
than prohibiting Al use outright, educators are increasingly confronted with a practical question: How should
programming instruction adapt when Al tools are readily available to students? This paper presents classroom-based
observations and student feedback to inform instructional practice in this evolving context.

2. Literature Review

Advances in Al are transforming many sectors, including education. In programming instruction, Al tools are playing
an increasingly central role, influencing teaching methods and student learning. This review synthesizes research on
the use of Al in programming education, highlighting its benefits, the challenges it introduces, and its impact on
teaching and assessment.

Al tools—including intelligent tutoring systems, code generators (e.g., GitHub Copilot, ChatGPT), and adaptive
learning platforms—offer notable enhancements to programming instruction (Liu, 2024). Their primary contribution



is personalized learning: Al can track student progress, identify knowledge gaps, and tailor content and feedback
accordingly (Akintola et al., 2023), improving engagement and learning outcomes (Bhardwaj et al., 2025).

Al also strengthens assessment and feedback through automated grading, timely responses, and detailed performance
analytics (Vetrivel et al., 2025). These systems detect common errors, guide debugging, and support interactive
learning cycles (McCauley et al., 2008). Early findings show faster task completion and improved performance with
Al assistance, though gains in deeper understanding remain uncertain (Alanazi et al., 2025). Students generally view
Al tools as helpful for efficiency and proficiency (Kohen-Vacs et al., 2025).

Despite these benefits, Al’s accessibility raises concerns about academic integrity (Pedro et al., 2019). Tools like
ChatGPT can produce complete solutions, making it harder to judge authorship and actual student comprehension
(Atlas, 2023) and challenging traditional definitions of plagiarism (Ogwueleka, 2025).

Educators must balance restricting Al—risking misalignment with industry practice—and permitting it, which may
encourage superficial learning (Nwozor, 2025). Students also worry about overreliance, reduced critical thinking, and
Al inaccuracies (Zhai et al., 2024). These challenges highlight the need for clearer institutional policies and ethical
guidelines (Nguyen et al., 2023).

Al integration requires rethinking programming pedagogy and assessment (Pedro et al., 2019). Traditional
assignments and exams may no longer reflect genuine learning when Al can solve them effectively (Stanoyevitch,
2024). Instruction should shift toward deeper reasoning, debugging, and effective human—Al collaboration (George,
2023).

Emerging strategies include Al-resistant assessments—Ilive coding, code modification, algorithm design, and oral
explanations (Green, 2025)—and Al-integrated tasks, such as portfolios documenting Al use or reviews of Al-
generated code (Alenezi et al., 2025). These approaches emphasize conceptual understanding and informed use of Al
tools (Younis et al., 2024), aligning instruction with industry expectations of human—Al partnership (Luckin, 2025).

Although research on Al in education is expanding, comparative studies examining programming performance with
and without Al tools remain limited (Zawacki-Richter et al., 2022). More evidence is needed to guide effective
teaching and assessment in Al-supported environments.

This study addresses these gaps by examining AI’s impact on programming instruction through literature analysis,
student survey data, and performance comparisons. The findings aim to inform teaching methods and assessment
criteria that improve outcomes while addressing issues of assessment reliability, instructional effectiveness, and
academic integrity.

3. Study Framework

This research adopts a mixed-methods framework to examine how Al tools influence programming learning.
Quantitative evidence was gathered from student performance comparisons and survey responses, while qualitative
insights were drawn from open-ended feedback and existing literature.

3.1 Research Design

This study was conducted in undergraduate programming courses within Computer Science, Cybersecurity, and
Software Engineering programs. Two instructional conditions were observed: Al-Permitted Assignments (students
were allowed to use Al tools with ethical-use guidance) and Al-Restricted Assignments (students completed
comparable coursework without Al access). A total of 99 anonymized programming submissions were analyzed, and
99 students completed a survey on Al usage and perceptions. Assignments covered foundational programming
concepts such as control structures, object-oriented programming, data structures, debugging, and algorithm design.

3.2 Analytical Procedures



Survey responses were analyzed using descriptive statistics and thematic coding for open-ended items. Coursework
data were statistically compared across Al and non-Al conditions to identify differences in performance and potential
links to Al-detection indicators. Literature findings were used to support and interpret the empirical results.

All participants provided consent, and data were collected anonymously or anonymized before analysis. Storage and
access adhered to secure university protocols. All procedures complied with institutional and federal guidelines for
research involving human participants.

4. Student Performance Observations

This section presents key findings from the student survey and performance analysis, addressing the impact of Al
tools on programming education and associated challenges.

Performance Without Al: 25.93% earned B or higher, 18.52% failed, and students reported longer debugging time
and frustration.

Performance With Al Permitted: 50.93% earned B or higher, 0% failed, and students completed assignments
significantly faster.

A statistical comparison indicated a significant difference (p < 0.01) between the two conditions. Al tools dramatically
improved syntax correction, debugging speed, and code generation efficiency. However, faster completion did not
necessarily indicate deeper conceptual understanding.

4.1 Student Perception of Al

Students reported faster problem-solving, reduced frustration, clearer explanations, and increased confidence when
debugging. However, concerns included over-reliance, reduced independent problem-solving, and ambiguity
regarding plagiarism. When asked whether Al-generated code increases plagiarism risk: 44% said Yes, 46% were Not
Sure, and 10% said No. When asked about restrictions: 74% supported limited restrictions, 24% preferred no
restrictions, and 2% supported full restrictions.

4.2 Instructional Challenges Identified

Without Al access, students reported syntax errors, debugging difficulty, time inefficiency, lack of immediate
feedback, and difficulty understanding complex concepts. These findings suggest that Al tools are filling instructional
gaps traditionally addressed through instructor feedback and office hours.

4.3 Pedagogical Implications for Engineering Education

Programming instruction should shift from a binary 'allow vs prohibit' approach toward structured integration.

Teach Al Literacy: Students must learn when to use Al, how to verify Al output, how to critically evaluate generated
code, and ethical boundaries of Al usage.

Redesign Assessments: Al-Resistant assessments such as in-class coding exercises, live debugging sessions, and oral
code explanations. Al-Integrated assessments requiring documentation of Al usage, critical review of Al-generated
code, and reflection on Al-assisted decisions.
Emphasize Process Over Product: Instructors should evaluate student reasoning, design decisions, and ability to
modify and explain code, not merely final correctness.

5. Discussion



For engineering educators, Al is becoming a permanent component of professional practice. The question is not
whether students will use Al, but how programming education can be structured so Al enhances rather than replaces
learning. This requires transparent academic integrity policies, assessment redesign, faculty development in Al
pedagogy, and institutional clarity on ethical use.

Implications for teaching: Curricula should integrate Al literacy, teaching ethical and effective collaboration with
Al tools. Assessments require redesign:

e Al-Resistant: In-person coding challenges, live debugging, and code explanations to evaluate independent
skills.

e Al-Integrated: Assignments using Al with required documentation and critical review, focusing on process
and reasoning.

Overall, Al demonstrates transformative potential in programming education, enhancing efficiency and learning
outcomes while necessitating structured integration, responsible use, and clear assessment and policy frameworks.

6. Recommendations and Solutions

Our findings highlight the transformative yet challenging role of Al in programming education. To harness Al’s
benefits while mitigating risks to academic integrity and core skill development, we propose the following:

6.1 Teaching Methodologies for an Al-Integrated Classroom

Educators should treat Al as a collaborative learning aid rather than a shortcut, modeling responsible use for
debugging, conceptual understanding, and brainstorming. Curricula should shift toward higher-order thinking,
emphasizing algorithmic design, complex problem-solving, and critical analysis of Al-generated code through live
coding, code reviews, and explain-your-code assignments. Integrating Al literacy—covering tool capabilities,
limitations, biases, and ethics—prepares students for professional human-Al collaboration.

6.2 Assessment Strategies

Given students’ uncertainty about Al use and plagiarism, assessments should be redesigned to ensure genuine learning.
Recommendations include in-class proctored exams, iterative project-based submissions with documented Al usage,
and personalized tasks that challenge generic Al solutions. Clear Al usage policies should define acceptable practices
and emphasize the learning process alongside final outputs. Al detection tools should support feedback and learning
rather than serving purely punitive purposes.

6.3 Support and Resources

To reduce over-reliance on Al, institutions should provide structured debugging workshops, curated Al tutorials, and
guidance on effective Al use. Promoting human-to-human collaboration encourages deeper learning through inquiry,
peer discussion, and instructor support.

7. Study Contributions and Limitations

This study sheds light on AI’s impact in programming education within a real-world classroom setting at Robert
Morris University. Using a quasi-experimental design, we observed meaningful performance differences, though
causal claims should be interpreted cautiously due to potential pre-existing group differences. Student surveys
provided valuable self-reported perspectives, and future research could incorporate additional data collection to reduce
bias. While fully quantifying all Al interactions was beyond this study’s scope, the inclusion of Al detection scores
offered useful insights and highlights the evolving nature of Al assessment. Overall, the findings provide a foundation
for further research exploring broader applicability and methodological refinement.



8. Conclusion and Future Work

This study demonstrates that Al tools can significantly enhance programming education by improving performance
and efficiency, while also raising concerns about academic integrity and depth of learning. The results emphasize the
need for educators to adapt teaching methods and assessment strategies to integrate Al responsibly as a learning aid.

Future research should focus on longitudinal studies to assess long-term skill retention, controlled experiments with
larger and diverse samples, and the development of Al-integrated pedagogical interventions. Investigating specific Al
interactions that promote learning versus dependency, and exploring detailed perceptions of academic integrity
through qualitative methods, will further inform best practices. Addressing these areas can help institutions foster
equitable, effective, and ethical learning environments, preparing students to use Al thoughtfully in professional
contexts.
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