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ChatGPT has gained significant attention in computer programming education due to its 
advanced capabilities in assisting coding processes and its growing impact on teaching and 
learning. Despite rapid technological progress and widespread adoption, further research 
is required to optimise its integration into programming education. This scoping review 
used the PRISMA–ScR framework to analyse 59 research articles published between 2022 
and 2025. The review identified major research areas related to ChatGPT’s use in 
programming education, including its role as a programming assistant, automated 
assessment and feedback, student and educator perceptions, curriculum design and 
instructional strategies, learning outcomes and performance, ethical and academic integrity 
considerations and applications across specific programming domains. It also examined 
methodological approaches, participant demographics and geographical distribution across 
the included studies. Findings highlight benefits of integrating ChatGPT, including enhanced 
student engagement, increased accessibility, support for bridging knowledge gaps and 
assistance with code optimisation. Meanwhile, challenges include risks of overreliance, 
reduced critical thinking, accuracy limitations and academic integrity concerns. This review 
provides practical insights for educators, universities, students and researchers. It 
emphasises using ChatGPT as a learning assistant, implementing clear policies, tailoring 
artificial intelligence (AI) tools to diverse student needs and guiding future research on 
effective and ethical AI-driven programming education. 
 
Implications for practice or policy: 

• ChatGPT should support debugging, exploration and collaboration rather than code 
generation. 

• Students must annotate AI outputs, reinforced by oral exams and reflective journals. 

• Educators should blend AI feedback with human evaluation through scaffolded, 
authentic assessments. 

• Institutions need clear ethical policies, equitable access and staff training. 

• Researchers should use longitudinal, mixed methods studies, while developers design 
explainable, adaptive and integrity-focused features aligned with course progression. 

 
Keywords: ChatGPT, programming education, systematic review 
 

Introduction 
 
The integration of artificial intelligence (AI) in education offers transformative possibilities (Adıgüzel et al., 
2023). Generative AI (GenAI) such as ChatGPT has gained attention for creating human-like text and 
supporting diverse educational activities (Bewersdorff et al., 2025). ChatGPT, introduced by OpenAI in 
November 2022 (Bhullar et al., 2024), is a leading GenAI platform. It generates high-quality text, learns 
continuously and offers a free tier with certain limitations compared to its paid versions (Adeshola & 
Adepoju, 2023). It supports programming education through coding, explanations and feedback (Yilmaz 
& Yilmaz, 2023). Programming is challenging in higher education due to abstract concepts and problem-
solving demands (Chang et al., 2024). ChatGPT helps bridge this gap by offering real-time support, 
debugging assistance and code improvements (Rawas, 2024). It also provides contextualised 
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explanations, aiding students in mastering complex programming concepts (Michel-Villarreal et al., 2023). 
ChatGPT explains code, adds comments for clarity and can translate programs between languages, such 
as converting Python to Java. It can detect syntax or logical errors, such as missing brackets or incorrect 
variables and help merge code segments by integrating functions or scripts seamlessly. ChatGPT’s instant 
feedback fosters self-directed learning by helping students quickly identify, correct and refine their 
programming solutions (Adeshola & Adepoju, 2023; Rahman et al., 2023). 
 
The literature has highlighted ChatGPT’s role in enhancing personalised learning, creativity, engagement, 
interactive coding support and short-term educational outcomes (Baidoo-Anu & Ansah, 2023; Baig & 
Yadegaridehkordi, 2024; Batista et al., 2024; Sok & Heng, 2023). Chugh et al. (2025) noted that GenAI 
tools in information and communications technology education have evolved from Codex to more 
advanced, user-friendly systems such as ChatGPT. Unlike specialised AI coding assistants such as GitHub 
Copilot or Codex, ChatGPT provides a conversational, multi-turn interface that allows users to generate, 
debug and explain code using natural language (Nizamudeen et al., 2024). Its accessibility, multilingual 
flexibility, step-by-step guidance and user-friendly interface make ChatGPT suitable for novice and 
experienced programmers, driving its adoption in education and professional practice (Akçapınar & Sidan, 
2024). Therefore, with growing interest from educational institutions, students and researchers in 
ChatGPT’s potential, a comprehensive examination of the nascent literature on its application in 
programming education is urgently needed. Reviews have explored ChatGPT's impact on education in 
general, highlighting benefits, challenges and teaching implications (Baig & Yadegaridehkordi, 2024; Lo, 
2023). Some studies have examined ChatGPT’s role in programming education, such as Garcia (2025), who 
conducted a bibliometric analysis to review teaching and learning computer programming using ChatGPT. 
However, despite growing interest, comprehensive reviews focusing specifically on ChatGPT’s role in 
computer programming education are still lacking. A systematic synthesis of existing studies is therefore 
needed to consolidate current knowledge and guide future research and pedagogical practice. 
Meanwhile, researchers have called for comprehensive reviews investigating the educational use of 
GenAI, particularly studies that explore its potential across diverse disciplines such as computer 
programming (Bhullar et al., 2024). Thus, this review aimed to examine ChatGPT’s role in computer 
programming education within higher education, focusing on emerging research areas, methodologies, 
benefits and challenges and offering actionable insights for educators and researchers. The study was 
guided by the following research questions (RQs): 
 

• RQ1: What are the specific areas of research in relation to the use of ChatGPT in computer 
programming education? 

• RQ2: How do research studies investigate the incorporation of ChatGPT in teaching and learning 
computer programming? 

• RQ3: What are the educational benefits and challenges of using ChatGPT in computer 
programming education? 

 
This systematic review of research areas, methods, benefits and challenges provides a clear 
understanding of ChatGPT’s role in programming education and guidance for effective integration. 
Examining prior research areas (RQ1) helps identify the current focus, gaps and emerging themes within 
this growing field. Investigating research methodologies (RQ2) provides insight into how existing studies 
have been designed and conducted, which can inform more rigorous and effective future applications of 
ChatGPT in programming education. Finally, analysing the educational benefits and challenges (RQ3) 
offers a balanced understanding of ChatGPT’s impact, guiding educators, institutions and developers 
towards responsible and evidence-based implementation. Generally, this study offers valuable insights 
for educators, researchers, universities and policymakers to effectively implement GenAI technologies in 
ways that support both student learning and academic integrity. 
 
This review is organised as follows: it begins with the methodology, followed by findings structured by the 
research questions, then presents a discussion and implications and concludes with limitations. 
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Research method 
 
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher et 
al., 2009) enhance systematic review quality by ensuring transparency and completeness through a 
detailed checklist, helping readers assess validity and reliability. PRISMA Scoping Reviews (PRISMA-ScR; 
Tricco et al., 2018) expanded the traditional PRISMA framework by allowing broader research questions 
and more flexible inclusion criteria, unlike standard systematic reviews and meta-analyses. This review 
followed the PRISMA-ScR guidelines, which provide a structured framework to enhance transparency, 
consistency and comprehensiveness in scoping review processes. PRISMA-ScR aids educational scoping 
reviews by ensuring transparency and identifying research gaps (McGowan et al., 2020). Its structured 
phases of identification, screening, eligibility and inclusion streamline source selection, enhancing clarity 
and efficiency (Tricco et al., 2018). 
 
Eligibility criteria 

 
Table 1 outlines the inclusion and exclusion criteria for selecting research papers related to ChatGPT in 
programming. The inclusion process relied on identifying relevant keywords in titles, abstracts or keyword 
sections. Papers lacking these keywords in these specified sections were excluded to ensure relevance. 
The review focused on research articles, as they offer original scientific insights and have a significant 
impact on academic journals. Since GenAI tools like ChatGPT were introduced in November 2022, the 
review included English-language publications from November 2022 to January 2025.  This study explored 
ChatGPT’s role in programming by examining research areas, its integration into education and associated 
benefits and challenges. Only studies explicitly focused on ChatGPT in programming were included. 
 
Table 1 
Inclusion and exclusion criteria 

Inclusion Exclusion 

Relevant search terms were identified within 
the titles, abstracts or keywords sections of the 
papers. 

Research papers lack search terms in the specified 
sections. 

Peer-reviewed journal and conference articles. Review papers, non-research materials, books, 
chapters, reports and workshops. 

Research papers published in English from 
November 2022 to January 2025.  

Articles published outside this time frame or not in 
English. 

Research articles specifically focused on 
ChatGPT and programming in higher education 
contexts. 

Research articles are not centred on higher 
education, ChatGPT and programming. 

 
Search and selection of sources 

 
The search for relevant studies was conducted across Scopus, Web of Science, the ACM Digital Library, 
the IEEE digital library and the Google Scholar database using a set of keywords combined with Boolean 
operators: (“ChatGPT”) AND (“programming” OR “computer programming” OR “language programming” 
OR “coding”). The search query was applied to titles, abstracts and keywords to ensure all relevant articles 
were captured. The database search returned the following records: Scopus (96), IEEE Digital Library (91), 
ACM Digital Library (78), Web of Science (59) and Google Scholar (72), for a total of 396 records.  A total 
of 291 duplicate records were identified and removed using EndNote. The final screening pool comprised 
n = 105 unique articles. Titles and abstracts were screened to exclude clearly irrelevant records, yielding 
n = 75 articles for full-text review. Each article was read in full and assessed for fit within the higher 
education context and compliance with all inclusion criteria, resulting in a final set of 59 articles (Figure 
1).  We independently screened and selected studies, resolving any inclusion or exclusion discrepancies 
through consensus. After agreeing on the sample pool, we fully reviewed, extracted and synthesised the 
remaining articles for reporting. 
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Figure 1. Selection of sources 

 
Findings 
 
RQ1: What are the specific areas of research in relation to the use of ChatGPT in 
computer programming education? 

 
This study analysed 59 selected studies, categorising them into seven groups, as shown in Table 2. The 
research areas summarised in Table 2 were derived inductively from the main objectives and focus of the 
reviewed studies. Each study was assigned to a single primary category based on its main focus to 
maintain clarity and avoid overlap. 
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Table 2 
Areas of research in relation to the use of ChatGPT in computer programming education 

Areas of research 
groups 

Definition No. & 
percentage 

References 

Role of ChatGPT 
as a programming 
assistant 

The use of ChatGPT to 
support programming 
learning and practice by 
generating, explaining, 
debugging and optimising 
code while providing 
interactive feedback. 

13 (22.03%) (Berrezueta-Guzman & Krusche, 
2023; Groothuijsen et al., 2024; 
Hasrod et al., 2024; Kuramitsu et 
al., 2023; McDaniel & Zibran, 2024; 
Moon et al., 2023; Nizamudeen et 
al., 2024; Ouh et al., 2023; Rees & 
Gibert, 2024; Sun et al., 2024; 
Urhan et al., 2024; Yang et al., 
2024; Yunianto et al., 2024) 

Automated 
assessment and 
feedback in 
programming 
education 

The use of ChatGPT to 
evaluate code quality and 
provide real-time, 
personalised automated 
feedback to students in 
programming 
assessment. 

10 (16.94%) (Callejo et al., 2024; Estévez-Ayres 
et al., 2024; Grandel et al., 2024; 
Kimmel et al., 2024; Kizilcec et al., 
2024; McGowan & Zibran, 2024; 
Piccolo et al., 2023; Savelka et al., 
2023; Smolansky et al., 2023; 
Willert & Würz, 2025) 

Student and 
educator 
behaviour and 
perceptions 

How students and 
instructors use, 
experience and evaluate 
ChatGPT in programming 
education, including 
motivation and 
engagement, technology 
acceptance and adoption 
of drivers or barriers. 

10 (16.94%) (Batac et al., 2024; Boguslawski et 
al., 2024; Boudia, 2024; 
García-Alonso et al., 2024; 
Hernandez et al., 2023; Husain, 
2024; Padilla et al., 2023; Prather 
et al., 2024; Țală et al., 2024; Zhang 
et al., 2024) 
 

Programming 
curriculum design 
and instructional 
strategies 

How ChatGPT is 
embedded into the 
design and delivery of 
courses, generating tasks 
and assessments. 

9 (15.25%) (Al Hajj & Sah, 2023; Baláž et al., 
2024; Dickey et al., 2024; French et 
al., 2023; Lau & Guo, 2023; Liu et 
al., 2024; Maher et al., 2023; 
Qureshi, 2023; Speth et al., 2023) 

Student learning 
outcomes and 
performance  

The impact of ChatGPT 
use on students’ learning 
achievements, 
programming proficiency 
and critical thinking skills. 

7 (11.86%) (Ellis et al., 2024; Ma et al., 2024; 
Park & Kim, 2025; Popovici, 2024; 
Styve et al., 2024; Wu et al., 2025; 
Yilmaz & Yilmaz, 2023) 

Ethical and 
academic 
integrity concerns 

Ethical issues and 
academic integrity risks, 
including plagiarism, 
cheating detection, 
misinformation and the 
responsible use of 
ChatGPT in teaching and 
learning contexts. 

6 (10.16%) (Akçapınar & Sidan, 2024; Al 
Ahmed & Sharo, , 2023; Amaro et 
al., 2024; Denzler et al., 2024; 
Laker & Sena, 2023; Malinka et al., 
2023) 

ChatGPT 
application in 
specific 
programming 
domains 

Use of ChatGPT for 
specific programming 
education courses or 
tasks. 

4 (6.77%) (Abdulla et al., 2024; García-Alonso 
et al., 2024; Johnson et al., 2024; 
Ma'ruf et al., 2023; 
Valverde-Rebaza et al., 2024) 
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Role of ChatGPT as a programming assistant 
A total of 13 studies (22.03%) examined ChatGPT as a programming assistant. Ouh et al. (2023) evaluated 
its ability to generate Java code, highlighting its syntax accuracy. Sun et al. (2024) found that ChatGPT-
assisted programming improves debugging efficiency and accuracy, highlighting its role as an interactive 
programming assistant for troubleshooting and code refinement. Nizamudeen et al. (2024) explored 
student perceptions of ChatGPT as a programming assistant, emphasising its usefulness in explanations, 
debugging and code suggestions. Berrezueta-Guzman and Krusche (2023) highlighted ChatGPT’s ability to 
generate correct code and explanations. Groothuijsen et al. (2024) examined ChatGPT’s impact on 
programming education, highlighting its role in speeding up debugging and code comprehension. Hasrod 
et al. (2024) explored its assistance for non-programmers in GUI development, showing how it lowers 
entry barriers and enables users to create functional applications with AI guidance. Moon et al. (2023) 
compared ChatGPT with human mentors, highlighting its quick, context-aware suggestions and 
immediate feedback. Yunianto et al. (2024) examined its role in enhancing computational thinking in 
programming and debugging using GeoGebra, showing its effectiveness in guiding command-based tasks. 
McDaniel and Zibran (2024) assessed ChatGPT’s impact on source code improvement. Rees and Gibert 
(2024) explored its role in explaining Python concepts to Spanish-speaking students, reporting improved 
comprehension through detailed responses. 
 
Yang et al. (2024) introduced PyTutor, a ChatGPT-powered tutoring system providing structured hints and 
code explanations for beginner Python programmers. Kuramitsu et al. (2023) developed KOGI, a ChatGPT-
integrated support system for programming education in Jupyter notebooks. Urhan and Kocadere (2024) 
found that ChatGPT supports computational thinking in Python problem-solving but requires structured 
tasks and carefully designed prompts for effective use. 
 
Automated assessment and feedback in programming education 

A total of 10 studies (16.94%) examined ChatGPT’s use for automated assessment and feedback in 
programming education.  Willert and Würz (2025) assessed ChatGPT’s role in quality assurance for 
formative assessments, identifying response patterns. McGowan et al. (2024) introduced a ChatGPT-
based feedback system for university programming assignments. Piccolo et al. (2023) demonstrated its 
effectiveness in real-time bioinformatics feedback, achieving high success rates. Similarly, Callejo et al. 
(2024) examined AI-assisted feedback in big data courses, supporting students with diverse backgrounds. 
Kimmel et al. (2024) found that ChatGPT improved students' understanding of programming mistakes. 
Savelka et al. (2023) analysed GPT’s performance in Python course assessments. Estévez-Ayres et al. 
(2024) and Grandel et al. (2024) highlighted ChatGPT’s role in complex programming exercises, improving 
grading efficiency in computer science courses. Similarly, Smolansky et al. (2023) and Kizilcec et al. (2024) 
examined AI’s impact on coding assessments and critical thinking. 
 
Student and educator behaviour and perceptions 
A total of 10 studies (16.94%) examined student and educator behaviour and perceptions. Boguslawski et 
al. (2024) highlighted ChatGPT’s role in social learning analytics and student engagement. García-Alonso 
et al. (2024) used the technology acceptance model (Davis, 1989) to show that prior experience and 
training shape student attitudes. Similarly, Zhang et al. (2024) analysed student perceptions of ChatGPT-
generated feedback in a Java course, noting mixed preferences on tone and specificity. Husain (2024) 
explored instructors' views, balancing instructional benefits with dependency concerns. Prather et al. 
(2024) found that AI accelerates learning but fosters overconfidence in novice programmers. Hernandez 
et al. (2023) and Batac et al. (2024) linked ChatGPT adoption to academic stress and self-efficacy. Likewise, 
Boudia (2024) emphasised psychological and behavioural factors, including academic pressure. Padilla et 
al. (2023) identified ChatGPT’s efficiency benefits, while Țală et al. (2024) found positive attitudes towards 
GenAI correlate with perceived creativity enhancement. 
 
Programming curriculum design and instructional strategies 

A total of nine studies (15.25%) examined ChatGPT’s role in programming education, focusing on 
curriculum design and instructional strategies. Dickey et al. (2024) introduced the AI-Lab framework to 
integrate ChatGPT while maintaining foundational skills. Similarly, Speth et al. (2023) found AI accelerates 
exercise creation but requires manual revisions. French et al. (2023) highlighted AI’s role in personalised 
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learning, aiding problem-solving and code refinement in game programming. Liu et al. (2024) presented 
an AI-based tutoring system at Harvard, providing real-time guidance. Likewise, Al Hajj and Sah (2023) 
found that AI significantly improves performance in PHP programming. Baláž et al. (2024) showed AI users 
complete tasks nearly three times faster. Maher et al. (2023) stressed balancing AI support with skill 
development. Lau and Guo (2023) identified a divide in instructor perspectives on AI integration. Qureshi 
(2023) found ChatGPT improved coding performance in data structures but noted inconsistencies in AI-
generated solutions. 
 
Student learning outcomes and performance with ChatGPT 

A total of seven studies (11.86%) explored the impact of ChatGPT on student learning outcomes and 
programming performance. These studies highlighted ChatGPT's prospective to develop computational 
thinking, problem-solving abilities and enhance academic performance.  Yilmaz and Yilmaz (2023) found 
that students using ChatGPT showed greater improvements in computational thinking and motivation 
than a control group. Popovici (2024) reported enhanced coding performance in functional programming 
tasks. Ma et al. (2024) and Park and Kim (2025) emphasised ChatGPT's role in personalised learning and 
real-time support, particularly in large-scale tasks like big data analytics. Wu et al. (2025) highlighted AI’s 
contribution to higher-order thinking and active learning. Ellis et al. (2024) compared student assignments 
with AI-generated code, assessing ChatGPT’s effectiveness in high-level programming. Likewise, Styve et 
al. (2024) underscored its role in fostering critical thinking, essential for programming proficiency. 
 
Ethical and academic integrity concerns 

A total of six studies (10.16%) explored ethical and academic integrity concerns related to the misuse of 
ChatGPT in academic contexts. Akçapınar and Sidan (2024) investigated students’ susceptibility to 
incorrect AI-generated information. Similarly, Denzler et al. (2024) found increased style anomalies in 
programming assignments, indicating AI-generated solutions and raising academic dishonesty concerns. 
Laker and Sena (2023) examined ChatGPT in business analytics education, highlighting integrity challenges 
alongside learning benefits. Malinka et al. (2023) and Al Ahmed and Sharo (2023) identified plagiarism 
risks and AI’s potential to aid problem-solving. Amaro et al. (2024) analysed AI-generated 
misinformation’s impact on user trust, stressing the need for critical engagement with AI tools. 
 
ChatGPT application in specific programming domains 
A total of four studies (6.77%) specifically examined the application of ChatGPT in particular programming 
domains or for specific tasks. Johnson et al. (2024) found that ChatGPT-assisted programming enhanced 
agriculture students' self-efficacy and microcontroller coding performance. Valverde-Rebaza et al. (2024) 
highlighted the benefits of integrating ChatGPT with visualisation tools for data analytics learning among 
non-computational students. Abdulla et al. (2024) demonstrated performance gains in visual 
programming.  Ma’ruf et al. (2023) examined task collaboration via ChatGPT, reporting high usability 
ratings and widespread academic acceptance. 
 
In summary, research on ChatGPT in programming education has focused on its role as a programming 
assistant and its use in automated assessment and feedback, improving efficiency and learning outcomes. 
Studies have also examined student and educator perceptions, noting positive attitudes alongside 
concerns. Ethical issues and domain-specific applications remain under-explored. 
 
RQ2: How do research studies investigate the incorporation of ChatGPT in teaching and 
learning computer programming? 
 

To address this research question, the extracted articles were categorised and analysed based on key 
aspects, including research method, research approach, sample population or user group and country of 
research (Table 3). 
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Table 3 
Research methods and contexts in ChatGPT for computer programming research 

Research method  Research approach User group Country References 

Quantitative 
24 (40.67%) 

Experimental research 
(N = 8) 

Students Germany (Berrezueta-Guzman & Krusche, 
2023) 

Students Turkey (Yilmaz & Yilmaz, 2023) 
Students Taiwan (Wu et al., 2025) 
Students  Not specified (Laker & Sena, 2023) 
Educational researchers Not specified (Savelka et al., 2023) 
Students Spain (Estévez-Ayres et al., 2024) 
Educational researchers United States of America (Piccolo et al. 2023) 
Students Not specified (Denzler et al., 2024) 

Survey research 
(N = 7) 

Students Indonesia (Ma'ruf et al., 2023) 
Students  United States (Dickey et al., 2024) 
Students The Philippines (Batac et al., 2024) 
Students Romania (Țala et al., 2024) 
Students The Philippines (Padilla et al., 2023) 
Students Spain (García-Alonso et al., 2024) 
Students  Not specified (Hernandez et al., 2023) 

Quasi-experimental design 
(one-group pretest–post-test) 
(N = 9) 

Students Turkey (Akçapınar & Sidan, 2024) 
Students  Saudi Arabia (Qureshi, 2023) 
Students Not specified (Johnson et al., 2024) 
Educational researchers Germany (Willert & Würz, 2025) 
Students United States of America (Grandel et al., 2024) 
Students Not specified  (Yang et al., 2024) 
Students Slovakia (Baláž et al., 2024) 
Students Cyprus  (Al Hajj & Sah, 2023) 
Students Not specified (Callejo et al., 2024) 

Mixed methods 
22 (37.28%) 

Survey + interview 
(N = 7) 

Students and educators Spain (Rees & Gibert, 2024) 
Students and educators Germany (Boguslawski et al., 2024) 
Students The Netherlands (Nizamudeen et al., 2024) 
Students South Korea (Park  & Kim, 2025) 
Students and educators Algeria (Boudia, 2024) 
Students and educator The Netherlands (Groothuijsen et al., 2024) 
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Research method  Research approach User group Country References 
Students Not specified (McGowan et al., 2024) 

Survey + open-ended 
responses (N = 6) 

Students United States of America (Kimmel et al., 2024) 
Students Japan (Ma et al., 2024) 
Students and educators  Australia, Cyprus, United States of 

America 
(Kizilcec et al., 2024) 

Students and educators  Australia, United States of America (Smolansky et al., 2023) 
Students  United States of America (Zhang et al., 2024) 
Students  Not specified (Styve et al., 2024) 

AI-generated responses + 
discussion (N = 2) 
 

-- Czechia (Malinka et al., 2023) 
50 essay papers from 
university students 

Not specified (Al Ahmed & Sharo, 2023) 

Quasi-experimental pre and 
post-test + interview (N = 1) 

Students United States of America (Maher et al., 2023) 

Quasi-experimental + video 
coding (N = 1) 

Students China (Sun et al., 2024) 

Observation + usage data 
analysis (N = 1) 

 Students Japan (Kuramitsu et al., 2023) 

Experimental + survey (N = 1) Education researchers   and 
students 

Romania (Popovici, 2024) 

Experiment + user 
perceptions (N = 1) 

Students Italy (Amaro et al., 2024) 

Interviews + experimental (N 
= 1) 

Students  Oman (Abdulla et al., 2024) 

Comparative analysis + 
System development + 
Experimental study (N = 1) 

Students  Korea  (Moon et al., 2023) 

Qualitative 
13 (22.03%) 

Case study (N = 4) 
 

Students and professionals Mexico (Valverde-Rebaza et al., 2024) 
Students Germany (Speth et al., 2023) 
Students United States of America (Liu et al., 2024) 
Students  United Kingdom (French et al., 2023) 

Observation and interaction 
analysis (N = 2) 

Students Turkey (Urhan et al., 2024) 
Students and visiting 
scholars  

Austria (Yunianto et al., 2024) 
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Research method  Research approach User group Country References 
Content analysis (N = 2) Educational researchers United States of America (McDaniel & Zibran, 2024) 

Students Not specified (Ouh et al.., 2023) 
Comparative analysis (N = 1) Students  Not specified (Ellis et al., 2024) 
Semi-structured interviews (N 
= 1) 

Educators  Not specified (Lau & Guo, 2023) 

Observations and semi-
structured interviews (N = 1) 

Students  United States of America (Prather et al., 2024) 

In-depth interviews (N = 1) Educators 
 

Jordan (Husain, 2024) 

ChatGPT-assisted software 
development (N = 1) 

Education researchers Not specified (Hasrod et al., 2024) 

Note. The numbers in the first column represent the number of studies employing each research method, and the percentages in parentheses indicate the proportion of studies 
in that category relative to the total number of studies reviewed. 
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Quantitative research in ChatGPT-assisted programming education 
A total of 24 quantitative studies (40.67%) examined ChatGPT’s integration into programming education 
using experimental, survey and quasi-experimental methods. 
 

• Experimental studies (N = 8) compared groups using ChatGPT with those that did not, assessing 
programming performance and learning outcomes. Berrezueta-Guzman and Krusche (2023) 
evaluated 65 German university students’ performance on 22 exercises via the Artemis platform. 
Yilmaz and Yilmaz (2023) conducted a pretest-post-test study with 45 Bartin University students, 
measuring computational thinking, self-efficacy and motivation using analysis of variance. Wu et al. 
(2025) performed a randomised controlled trial in Taiwan with 61 students. Laker and Sena (2023) 
analysed coursework performance in the United States of America using analysis of variance across 
six semesters. Savelka et al. (2023) compared AI outputs on multiple-choice and coding tasks. 
Estévez-Ayres et al. (2024) assessed AI feedback versus instructor grading for 104 Spanish students. 
Piccolo et al. (2023) tested ChatGPT and Bard on 184 coding exercises at Brigham Young University. 
Denzler et al. (2024) examined style anomalies and similarity results with 50 students per lab across 
six labs. 

• Survey-based studies (N = 7) explored student perceptions and behaviours towards ChatGPT. Ma’ruf 
et al. (2023) surveyed 102 Indonesian students. Dickey et al. (2024) collected anonymous responses 
from 41 students. Batac et al. (2024) surveyed 131 students in the Philippines with partial least 
squares structural equation modelling. Țala et al. (2024) analysed 364 Romanian students’ data via 
IBM SPSS. Padilla et al. (2023) surveyed 298 computing students in the Philippines. García-Alonso et 
al. (2024) surveyed 216 Spanish students and Hernandez et al. (2023) analysed 299 responses using 
exploratory data analysis and partial least squares structural equation modelling. 

• Quasi-experimental studies (N = 9), mainly one-group pretest–post-test designs, evaluated 
ChatGPT’s impact on learning by comparing performance before and after use. Akçapınar and Sidan 
(2024) analysed 45 first-year students’ scores using paired ttests. Qureshi (2023) tracked 
programming performance in Saudi Arabia through descriptive and inferential statistics. Johnson et 
al. (2024) assessed Arduino programming outcomes, while Willert and Würz (2025) compared AI-
human classification accuracy in German courses. Grandel et al. (2024) used rubric-based 
evaluations with 26 United States of America students. Yang et al. (2024) compared 35 PyTutor users 
with 36 controls. Baláž et al. (2024) examined linked list tasks with or without ChatGPT. Al Hajj and 
Sah (2023) analysed quiz scores of 50 Cyprus undergraduates. Callejo et al. (2024) studied 31 
students across entry-level and engineering groups using pretests and in-class exercises. 

 
Mixed methods research in ChatGPT-assisted programming education 
Mixed methods research accounted for 22 (37.28 %) and combines quantitative and qualitative 
approaches to examine ChatGPT in programming education. Studies integrated surveys, interviews, quasi-
experiments, observations, usage data analysis, experimental designs and AI-generated response 
evaluations. 
 

• Survey and interview combinations were common (N = 7). Rees and Gibert (2024) analysed 33 
Spanish students. Boguslawski et al. (2024) interviewed six educators and 44 students. Nizamudeen 
et al. (2024) surveyed 39 students and interviewed five, analysing familiarity with GenAI using 
descriptive statistics. Park and Kim (2025) collected 343 student surveys. Boudia (2024) surveyed 57 
Algerian students with 20 Likert-scale questions, recorded ChatGPT interactions and conducted 
semi-structured interviews, analysing responses across Arabic, French and English. Groothuijsen et 
al. (2024) studied 29 students and one educator, applying statistical and qualitative coding analysis. 
McGowan et al. (2024) compared ChatGPT- and human-generated feedback for 108 postgraduate 
students. 

• A survey with open-ended responses is another mixed method, combining quantitative and 
qualitative insights, accounting for a total of six studies. Kimmel et al. (2024) analysed submission 
logs and surveys from 52 United States of America students. Ma et al. (2024) surveyed 26 Japanese 
undergraduates, using Likert-scale analysis and thematic coding. Kizilcec et al. (2024) collected data 
from students and educators across three universities, using statistics, thematic coding and GPT-4. 
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Smolansky et al. (2023) examined data from 389 students and 36 educators in Australia and the 
United States of America, comparing responses via descriptive statistics and thematic analysis. 
Zhang et al. (2024) assessed 22 assignments via Artemis and Styve et al. (2024) analysed pretest and 
post-test surveys from 90 students, focusing on critical thinking practices. 

• Maher et al. (2023) used a quasi-experimental pretest and post-test and interviews with three 
students in the United States of America, analysing task time, ChatGPT interactions, quiz results and 
learning themes. Sun et al. (2024) conducted a controlled experiment with 30 Chinese students 
comparing unprompted versus prompt-based learning. Kuramitsu et al. (2023) observed AI use 
among 127 Japanese students, tracking errors and usage. Popovici (2024) surveyed 181 Romanian 
students and researchers on AI responses. Malinka et al. (2023) analysed Czech student discussions. 
Al Ahmed and Sharo (2023) compared 50 essays. Amaro et al. (2024) studied 62 Italian students’ 
perceptions. Abdulla et al. (2024) combined interviews and experiments with 26 Omani students, 
and Moon et al. (2023) integrated analysis, system development and experiments for Korean 
students. 

 
Qualitative research in ChatGPT-assisted programming education 

Qualitative research accounted for 13 (22.03%) of the reviewed studies, employing comparative analysis, 
case studies, interviews, content analysis, observations and software development. These studies offer 
in-depth insights into student and educator experiences with AI-assisted programming education. 
 

• Four case studies explored AI’s role in programming education within real-world settings, using small 
sample sizes. For instance, Valverde-Rebaza et al. (2024) studied 59 participants at Tecnológico de 
Monterrey, Mexico. Speth et al. (2023) examined nine students in beginner-to-intermediate 
programming courses in Germany. Liu et al. (2024) analysed AI’s impact on coding style among 70 
United States of America students. French et al. (2023) investigated AI interactions in a games 
programming course at London University, focusing on student projects. 

• Two studies using observation and interaction analysis examined student collaboration with 
ChatGPT in problem-solving. For example, Urhan et al. (2024) analysed video recordings of three 
students’ pair programming sessions in Turkey, assessing their practices and ChatGPT’s response 
accuracy. Yunianto et al. (2024) analysed screen recordings and conversations in Austria, focusing 
on prompts, final codes and iteration counts. 

• Two studies used content analysis to systematically evaluate ChatGPT's feedback. McDaniel and 
Zibran (2024) analysed ChatGPT’s responses to C++ code from graduate-level courses at Idaho State 
University, assessing strengths, weaknesses and recommendations through evaluation and 
subjective agreement ratings. Similarly, Ouh et al. (2023) examined ChatGPT’s solutions for 
undergraduate exercises, evaluating accuracy, readability and efficiency. 

• Lau and Guo (2023) conducted semi-structured interviews  with 20 university educators from nine 
countries, analysing AI’s role in introductory programming courses using thematic analysis. Ellis et 
al. (2024) used a comparative method  to examine 36 student and ChatGPT-generated code 
submissions, evaluating quality, structure and adherence to requirements. Prather et al. (2024) 
observed 19 students, combining observations with semi-structured interviews  in the United States 
of America. Husain (2024) conducted in-depth interviews  with 12 programming instructors at Al al-
Bayt University, Jordan, using thematic analysis. Hasrod et al. (2024) examined ChatGPT-assisted 
software development. Educational researchers interacted with ChatGPT to troubleshoot and refine 
GUI code, analysing its effectiveness in coding and debugging tasks. 

 
In summary, research to date on ChatGPT in programming education is predominantly quantitative, 
emphasising measurable outcomes and experimental validation. Mixed methods studies combine 
statistical findings with qualitative insights, while qualitative research offers contextual perspectives on 
experiences and classroom dynamics. Experimental and quasi-experimental designs are most common, 
alongside surveys of student and educator perceptions. Studies are globally distributed, mainly from 
Europe and Asia, with additional contributions from North America and Australia, reflecting widespread 
interest in AI integration. 
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RQ3: What are the educational benefits and challenges of using ChatGPT in computer 
programming education? 

 
While ChatGPT has emerged as a valuable tool for programming students and educators, offering 
numerous benefits, its integration also raises concerns. The following discussion explores both the 
advantages and challenges of using ChatGPT in this discipline. 
 
Benefits 

 
Adaptive learning in computer programming education 

One key advantage of ChatGPT in programming education is its ability to provide personalised learning 
(Park & Kim, 2025). Unlike traditional classrooms, where instant help may be limited, ChatGPT delivers 
immediate explanations, examples and step-by-step guidance tailored to individual needs. This flexibility 
enables self-paced learning, reinforcing programming concepts (Yang et al., 2024). Additionally, ChatGPT 
adapts it responses based on inquiry complexity, benefiting both beginners and advanced learners 
(Berrezueta-Guzman & Krusche, 2023). 
 
Automated assessment and feedback 

Traditional programming courses require extensive manual grading, which is time-consuming for 
educators. ChatGPT can evaluate code, detect syntax errors and suggest improvements in real time 
(McGowan et al., 2024). This reduces instructor workload while providing students with instant feedback, 
enabling them to correct mistakes and refine their code without delay. Immediate feedback is crucial for 
learning, helping students identify errors early and understand the logic behind corrections (Smolansky 
et al., 2023). 
Enhanced student engagement and motivation 

Incorporating ChatGPT into programming education enhances student engagement and motivation 
(Boguslawski et al., 2024). AI-driven learning makes problem-solving more interactive and less daunting. 
Instead of struggling alone, students can engage in real-time conversations with ChatGPT, simulating a 
mentor–student dynamic (Boudia, 2024). This fosters curiosity, encourages experimentation with coding 
techniques and deepens computational thinking (Padilla et al., 2023). Additionally, ChatGPT introduces 
real-world applications, helping students recognise the practical relevance of programming. 
 
Code optimisation 

Beyond assisting with coding, ChatGPT can optimise code quality and encourage best programming 
practices. It suggests improvements in code efficiency, readability and adherence to educational 
standards (McDaniel & Zibran, 2024). By guiding students towards writing structured and maintainable 
code, ChatGPT helps them develop habits that align with professional software development practices 
(Hasrod et al., 2024). This feature is particularly useful for students who struggle with writing clean and 
optimised code, as they can learn from AI-generated suggestions and refine their programming style. 
 
Bridging knowledge gaps and enhancing accessibility 

Another key benefit of ChatGPT is bridging knowledge gaps among students with diverse backgrounds. It 
simplifies complex programming concepts and offers explanations in multiple ways (Park  & Kim, 2025). 
Students can request practical examples or step-by-step guidance to matches their learning preferences 
(Boudia, 2024). ChatGPT also supports students with disabilities or learning difficulties, providing 
adaptive, interactive learning methods (Țală et al., 2024). 
 
Challenges 

 
Overreliance and reduced critical thinking 

Despite its numerous benefits, integrating ChatGPT into programming education comes with significant 
challenges. One of the most pressing concerns is the risk of student overreliance on AI-generated 
solutions (Akçapınar & Sidan, 2024) When students depend too heavily on ChatGPT for coding assistance, 
they may not develop essential problem-solving skills. While AI can provide immediate answers, it does 
not replace the critical thinking required to debug, optimise and fully understand code (Styve et al., 2024). 
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If students simply copy and paste ChatGPT-generated code without analysing it, their ability to think 
through programming logic may weaken over time. This raises concerns about whether AI is fostering 
genuine learning or merely enabling shortcuts. 
 
Accuracy and reliability concerns 

ChatGPT’s accuracy and reliability remain a challenge. While AI has advanced, it can generate incorrect or 
suboptimal code, misleading students (Yilmaz & Yilmaz, 2023). Unlike human instructors, it lacks 
contextual understanding and real-world experience, making complex debugging difficult (Ellis et al., 
2024). Students who are not yet proficient in programming may find it difficult to recognise when ChatGPT 
provides incorrect information, which can negatively impact their learning process. 
 
Limited context awareness 

A related issue is ChatGPT’s limited context awareness. While it can process queries effectively, it does 
not always understand vague or poorly structured questions, leading to responses that may not fully 
address a student’s needs. Programming problems often require a deep understanding of a student’s 
intent, which ChatGPT may not always capture accurately (Ma et al., 2024). Instructors usually tailor 
explanations to a student’s thinking, but ChatGPT can produce generic or misaligned responses due to its 
limited dynamic interaction (García-Alonso et al., 2024). 
 
Ethical and academic integrity concerns 
Ethical and academic integrity concerns also present significant challenges in AI-assisted programming 
education (Al Ahmed & Sharo, 2023). With ChatGPT readily available, there is a higher risk of plagiarism 
and academic dishonesty. Students may use AI to generate code for assignments without putting in the 
necessary effort to understand the logic behind it (Laker & Sena, 2023). This undermines the purpose of 
programming education, which is to develop computational thinking and problem-solving skills (Al Ahmed 
& Sharo, 2023). Educational institutions must implement guidelines to ensure that AI is used responsibly, 
balancing its benefits while discouraging dishonest practices (Amaro et al., 2024). 
 
Challenges in debugging code 

ChatGPT often identifies coding errors but lacks detailed explanations or alternative solutions (Abdulla et 
al., 2024). Effective debugging requires understanding logic, yet ChatGPT provides single fixes without 
alternatives. This may hinder students' debugging skills, which are crucial for real-world programming 
(McDaniel & Zibran, 2024), as understanding errors is key to learning. 
 
Integration challenges with curriculum and instruction 
Integrating ChatGPT into programming education presents challenges in curriculum design and 
instructional strategies. Many programming courses follow structured curricula that emphasise 
fundamental programming concepts, problem-solving techniques and software development 
methodologies (Dickey et al., 2024). Educators should integrate ChatGPT strategically to complement 
teaching, prevent learning gaps and may require training for effective AI use (Maher et al., 2023). 
 
In summary, ChatGPT enhances programming education through personalised learning, automated 
feedback, engagement and accessibility. However, effective integration requires ethical guidance and 
educator support. Challenges include student overreliance, reduced critical thinking, accuracy limitations, 
academic integrity concerns, limited debugging explanations and difficulties aligning AI use with existing 
curricula. 
 

Discussion and implications 
 
This review examined ChatGPT’s use in computer programming education and discusses key implications 
for different stakeholders (students, educators, researchers, institutions and developers). ChatGPT 
functions as an effective coding assistant, enabling students to debug errors, generate code more 
efficiently and grasp complex programming concepts. However, consistent with prior studies, concerns 
persist about overreliance on AI-generated code and weakened conceptual understanding that may 
undermine long-term learning and professional competence (Silva et al., 2024). Educators are therefore 
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encouraged to integrate ChatGPT into programming units or laboratory sessions that emphasise 
collaborative problem-solving and experimentation rather than basic code generation. Students should 
explain and annotate AI-generated code, while complementary assessments like oral exams reinforce 
critical thinking and mastery (Al Ahmed & Sharo, 2023; Urhan & Kocadere, 2024). Institutions need clear 
policies to ensure ChatGPT is used ethically as a supportive, not replacement learning tool. Ongoing 
professional development and best-practice sharing can help educators design AI-supported activities, 
like guided debugging, pair programming and AI-assisted code reviews, to boost student engagement and 
skills. 
 
In response to ChatGPT’s growing role in automated programming feedback, educators and institutions 
are encouraged to adopt formative, scaffolded assessments over purely summative ones. Authentic 
assessment can then be employed through reflection activities where students explain their reasoning 
and debugging strategies. Institutions should adopt existing frameworks (e.g., the AI Assessment Scale by 
Furze et al., 2024) or develop appropriate new ones to guide educators in redesigning assessments for 
the GenAI era and in systematically evaluating student work that incorporates AI tools. Institutions should 
provide professional development that enables educators to responsibly integrate AI into teaching and 
assessment. This includes training in prompt engineering, AI critique and the redesign of assessments to 
ensure transparency and integrity. The research community can advance this field by creating frameworks 
to assess AI-generated feedback’s validity and pedagogy and by comparing student performance in hybrid 
versus traditional feedback models. Drawing on other stakeholder guidance (e.g., research and 
institutional), developers can create explainable feedback features and interactive prompts that align AI 
tools with learning objectives and student-centred practice (Grandel et al., 2024). 
 
In the area of student and educator behaviour and perceptions, weekly learning journals give students 
structured opportunities to reflect on AI-assisted coding. This reflection helps them assess their choices, 
balance reliance on ChatGPT and strengthen self-regulated learning skills (Hernández et al., 2023; Silva et 
al., 2024). Building on these reflections, AI literacy workshops enable instructors to guide students in using 
AI feedback responsibly and applying suggestions thoughtfully (García-Alonso et al., 2024; Zhang et al., 
2024). Insights from behavioural research reveal patterns in motivation, engagement and technology 
acceptance, providing researchers with evidence to design strategies that reduce overdependence on AI 
and enhance learning outcomes (Batac et al., 2024; Boguslawski et al., 2024). Institutions can reinforce 
these efforts by establishing clear AI policies and structured programs that promote equitable access 
(Prather et al., 2024). Developers can add interactive prompts, reflective scaffolds and alerts to promote 
ChatGPT as a supportive not substitutive coding tool (Țală et al., 2024). 
 
In the area of programming curriculum design and instructional strategies, integrating AI tools allows 
students to engage in exploratory coding challenges and iterative problem-solving exercises. Maintaining 
structured reflections and mini code define sessions helps learners apply AI-generated suggestions while 
developing critical reasoning skills (Baláž et al., 2024). When instructors design AI-supported exercises, 
they can promote deeper understanding of programming concepts and creativity (Dickey et al., 2024). 
Insights from curriculum-focused findings can provide researchers with evidence to evaluate the 
effectiveness of AI integration and course design optimisation (Liu et al., 2024). Institutions can strengthen 
curriculum innovation by providing resources, frameworks and policies that support AI-enhanced 
instruction (French et al., 2023). Finally, developers can collaborate with educators to co-design AI tools 
that align with course progression, ensuring the technology enhances rather than replaces pedagogical 
design (Al Hajj & Sah, 2023). 
 
In the area of student learning outcomes and performance, AI-assisted exercises allow students to explore 
new programming tasks and test alternative coding approaches. Structured practice cycles that combine 
AI-supported activities with independent assignments help learners build confidence and fluency in 
applying programming concepts (Yilmaz & Yilmaz, 2023). When instructors design activities with 
incremental challenges and provide opportunities for peer review, students can better internalise course 
material and track their progress (Popovici, 2024; Wu et al., 2025). These study findings offer researchers 
evidence on the measurable impact of AI on learning efficiency and performance consistency across 
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programming courses (Ellis et al., 2024). Institutions can enhance outcomes by monitoring student 
analytics, identifying knowledge gaps and providing targeted support where needed (Park et al., 2025). 
Developers can create AI tools that guide learners through stepwise coding exercises and provide adaptive 
prompts to reinforce understanding (Silva et al., 2024). 
 
In the area of ethical and academic integrity concerns, ensuring that students submit AI-assisted code 
with accurate citations and annotations promotes accountability and transparency (Denzler et al., 2024; 
Akçapınar & Sidan, 2024). Educators can integrate ethics modules in programming courses, clearly 
outlining acceptable AI practices and consequences for misuse (Al Ahmed & Sharo, 2023; Amaro et al., 
2024). Research evaluating AI-detection systems and integrity interventions provides evidence for 
identifying unauthorised AI use, code plagiarism and inconsistencies in programming submissions 
(Malinka et al., 2023). Institutions can support ethical practices by establishing formal policies, 
implementing monitoring systems and ensuring adherence to academic standards (Denzler et al., 2024). 
Developers can promote integrity by adding traceability, role-based access and prompt-justification 
features to support responsible AI-assisted learning (Denzler et al., 2024). 
 
Considering the findings related to how research studies investigate ChatGPT in programming education 
(RQ2), future research should move beyond methodological fragmentation towards greater coherence 
and standardisation. The literature already to date has employed diverse approaches ranging from 
experiments and surveys to design-based case studies. But most studies have relied on small-scale 
quantitative or single-institution designs. Future studies should use longitudinal, cross-institutional 
designs to assess long-term learning, behavioural and pedagogical impacts. Mixed methods approach 
using surveys, interviews, system logs and performance analytics can offer a holistic view of how ChatGPT 
supports teaching and learning. Researchers should also develop standardised instruments and 
evaluation frameworks to ensure consistency and comparability across studies. Comparative studies that 
examine learner characteristics (e.g., novices vs advanced students, native vs non-native speakers), AI 
access (free vs paid), level of study (undergraduate vs postgraduate) and mode of study (face-to-face vs 
online) can provide new insights and inform developers and institutions to tailor ChatGPT and support to 
diverse student needs (Moon et al., 2023). Expanding research into under-represented regions such as 
Africa, the Middle East and the Americas can reveal cross-cultural adoption patterns and challenges. 
Comparative studies could be conducted to explore regional differences in access, perception and 
pedagogical integration of ChatGPT. The findings from such studies could then inform developers and 
policymakers to customize AI systems and educational resources that better align with local needs 
languages and cultural contexts. 
 
The findings related to RQ3 on benefits can help educators strategically use ChatGPT to enhance learning 
and support student understanding. At the same time, recognising the challenges enables institutions to 
design targeted interventions, training and policies to ensure responsible use (Adeshola et al., 2023). For 
researchers, this synthesis guides future studies on long-term learning outcomes and best practices for AI 
integration in programming education (Adel et al., 2024). 
 
The key implications for research, practice and policy are summarised in Figure 2. 
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Figure 2. Key implications across research, practice and policy domains 
 

 
Conclusions and limitations 
 

This scoping review examined the role of ChatGPT in computer programming education using the PRISMA-
ScR framework (Tricco et al., 2018). It mapped key research areas, explored how ChatGPT has been 
integrated into programming teaching and learning and identified the main benefits and challenges 
reported in the literature. Fifty-nine studies published between 2022 and early 2025 were retrieved from 
Scopus, Web of Science, the ACM Digital Library, the IEEE Digital Library and Google Scholar. The synthesis, 
guided by three RQs, offers insights for educators seeking to incorporate AI tools into curricula, for 
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policymakers developing ethical-use guidelines and for developers aiming to improve AI systems for 
diverse learner needs. The review establishes a foundation for further investigation into effective and 
ethical AI-driven learning. Several limitations can be acknowledged. English-language studies indexed in 
major databases were included, excluding books, technical reports and workshop papers. Many studies 
employed small samples, particularly in qualitative or experimental designs, limiting generalisability; 
these findings were interpreted cautiously. Methodological diversity also reduced comparability across 
studies. Finally, the exclusive focus on ChatGPT offers depth but constrains generalisation to other 
generative AI tools. Future work should examine a broader range of systems to capture varied capabilities 
and educational impacts. 
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