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Abstract – This study aims to investigate the emerging trends and research patterns surrounding 

generative AI in computer programming education through bibliometric analysis. It seeks to identify 

descriptive characteristics of existing literature, influential research contributions, core terms, and future 

research directions. A bibliometric analysis was conducted using data from the Scopus database, focusing 

on publications related to generative AI in programming education. The analysis employed techniques 

such as citation analysis, co-author analysis, and keyword co-occurrence, utilizing R Studio and 

VOSviewer for data visualization. The analysis revealed 48 publications, predominantly research articles, 

with a significant increase in output during 2023-2024. Key journals identified include Applied Sciences 

and Computers and Education: Artificial Intelligence. Influential authors and countries were highlighted, 

with China and the USA leading in scientific production. Core terms included "programming education," 

"artificial intelligence," and "ChatGPT." The thematic map analysis identified motor themes such as 

"Programming" and "AI in Education," alongside emerging themes like "computational thinking," 

indicating areas requiring further exploration. This study contributes to the understanding of generative 

AI's role in programming education by mapping existing research and identifying gaps. The findings from 

this bibliometric analysis provide a basis for directing future research and cultivating a thorough 

understanding of how generative AI is shaping the future of computer programming education.   
 

Keywords – Generative Artificial Intelligence, Generative Ai, Computer Programming Education, Large Language Models 

Bibliometric Analysis. 

 

I. INTRODUCTION 

Generative AI is a transformative technology that can create novel content by analyzing complex 

patterns in extensive datasets using deep learning models. This innovative capability extends across 

diverse domains, including text, images, audio, video, and code, fostering creativity and innovation in 

fields like education, art, and research ([1], [2], [3]). 

Generative AI tools like ChatGPT and GitHub Copilot are revolutionizing programming education by 

enhancing software development through real-time code suggestions, error detection, and intelligent 

completions. These tools can significantly boost developer productivity and learning outcomes ([4], [5], 

[6]). However, integrating generative AI into programming education raises critical concerns regarding 
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accuracy, context, and ethics, necessitating a careful examination of its impact on student engagement, 

motivation, and skill development ([7], [8]). 

While generative AI tools offer potential benefits, over-reliance can lead to academic dishonesty and 

shallow understanding of programming for novice learners. Therefore, educators must find a balance 

between leveraging AI advantages and ensuring students deeply engage with programming principles 

([9], [10]). 

The emergence of generative artificial intelligence in recent years and its widespread adoption have led 

to a growing body of research on its applications in various fields, including computer programming 

education. Although this research area is relatively new, there has been a noticeable increase in the 

number of studies conducted in recent years. Examining the trends and developments within this research 

landscape is crucial in informing and guiding future studies in this domain. 

The rise of generative artificial intelligence and its widespread adoption in recent years have sparked a 

growing body of research exploring its applications across diverse fields, including computer 

programming education. While this research domain is relatively novel, there has been a notable surge in 

the number of studies conducted in recent times. Examining the trends and advancements within this 

research landscape is pivotal in informing and guiding future investigations in this domain. 

This study aims to explore the emerging trends and research landscape surrounding generative AI in 

computer programming education through bibliometric analysis. By investigating the characteristics of 

existing literature, influential research, core terms, and future research directions, this study seeks to 

provide a comprehensive future research direction. 

A. Literature Review 

Generative AI is a form of artificial intelligence that can generate unique content. It analyzes patterns 

and structures in existing data, then leverages this understanding to generate similar yet unique outputs. In 

contrast to traditional AI systems that categorize or forecast based on input, generative AI produces 

something novel. Specifically, generative AI utilizes deep learning models to accomplish this content 

creation process. The models are trained on huge datasets, enabling them to detect complex patterns and 

structures within the data. The model generates outputs that resemble the training data in style and 

content, without simply copying it. A generative AI model can create new, realistic images that it has not 

encountered before ([1], [2], [3]). Generative AI can produce various contents, including text, images, 

audio, video, and computer code. It can be used to create articles, poems, scripts, translations, realistic 

photos, artwork, design mockups, music, sound effects, and software programs ([1], [3]). The 

development of generative AI has introduced captivating opportunities for creativity and innovation in 

multiple disciplines, encompassing education, art, and scientific endeavors ([11], [12]).  

Generative AI is rapidly transforming many aspects of education, including computer programming 

education. Several recent papers discuss the opportunities and challenges presented by generative AI tools 

like ChatGPT, CoPilot and others ([4]-[6], [13]-[17]).  

Generative AI tools have significantly advanced programming, automating and enhancing software 

development. Tools like GitHub Copilot and OpenAI Codex provide real-time code suggestions, error 

detection, and intelligent completions, improving productivity. However, these tools also face accuracy, 

contextual, and ethical challenges. Generative AI tools can automate a range of programming tasks, 

including generating code snippets, offering context-aware recommendations, and predicting code 

completions. This can improve developer productivity by speeding up coding and reducing errors ([7], 

[8]). Additionally, AI can analyze code and explain its functionality, helping developers better understand 

complex codebases ([18], [19]). 

Generative AI tools can assist programming in various ways, such as simplifying code, translating 

between languages, refactoring to improve quality, identifying and correcting bugs, and providing 

personalized feedback and guidance ([5], [18], [20]-[23]). However, translations may not be perfect, and 

human validation is often needed for code refactoring. AI tools can benefit novice programmers by 

improving task completion, code quality, and learning efficiency. They can also make complex 

programming concepts more accessible, which can boost student engagement and motivation ([12], [20]).  
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Generative AI tools can enhance students' learning by providing personalized guidance and 

explanations. Studies show students who use AI to understand programming concepts tend to have better 

learning outcomes ([24], [25]). These tools can also boost students' confidence and self-assurance, as seen 

with agriculture students using ChatGPT for microcontroller programming [26]. Generative AI can 

further aid novice programmers by offering hints and explanations to help them overcome challenges and 

improve problem-solving [27].  

Generative AI tools can aid programming tasks, but their usefulness for novice learners varies [5]. 

These tools may cause misunderstandings and increased cognitive load, especially for complex problems. 

While effective for simpler tasks, generative AI struggles with more complex issues, requiring additional 

effort for accurate solutions [2]. Institutions have differing views on integrating these tools, with some 

banning and others encouraging use with caution [28].  

However, there are crucial factors that must be considered when integrating generative AI into 

computer programming education. Overreliance on generative AI tools in programming education can 

lead to concerning issues. Students may become overly dependent on these tools, using them to complete 

assignments without fully grasping underlying concepts. This can foster academic dishonesty and 

undermine the development of essential problem-solving and critical thinking skills ([9], [10], [15]). 

Additionally, heavy reliance on AI tools may reduce students' tendency to explore other educational 

resources, and their academic performance may not improve as a result [2]. Research indicates that heavy 

reliance on AI-generated solutions can reduce students' engagement in problem-solving and critical 

thinking [2]. This can be especially problematic for high-achieving students, as over-dependence on AI 

may hinder their learning process [29]. Students may incorrectly judge their programming skills due to 

the ease of getting AI-generated solutions, leading to an unrealistic confidence that can leave them 

unprepared for real-world programming challenges 1 . 

In conclusion, generative AI represents a transformative force in programming education, offering 

significant advantages in productivity and learning outcomes. However, its integration must be 

approached with caution, as overreliance can hinder the development of critical skills and foster academic 

dishonesty. Educators and institutions must strike a balance, leveraging the benefits of generative AI 

while ensuring that students engage deeply with programming concepts to cultivate problem-solving 

abilities and genuine understanding. 

B. Significance and Purpose of the Study 

Existing research on the impact of AI-powered code generation tools in programming education lacks 

depth and comprehensiveness. The current literature does not provide a thorough understanding of the 

educational implications and practical application value of these tools. Educational research lags behind 

the rapid technical development of AI tools. This shows the need for literature to provide guidance on 

integrating AI into programming education [14]. Existing research suggests several research gaps that 

need to be investigated:  

Examining how generative AI impacts student engagement, motivation, and learning in programming 

courses ([14], [30]), developing strategies to promote responsible and ethical use of these tools while 

addressing over-reliance and misuse [5], investigating ethical concerns like plagiarism, bias, and impact 

on creativity [14], studying the long-term effects on programming skills, problem-solving, and career 

paths [31], examining how the tools work for diverse learners [31], exploring how they can aid 

collaborative and project-based learning [14], and analyzing the novelty effect in programming education 

[30] are important areas for further research. 

Moreover, identifying the trends of previous studies in the field of generative artificial intelligence in 

computer programming education is also crucial. This relatively new area has garnered increasing 

attention from researchers in recent years. Examining these trends can shed light for future research and 

identify potential areas warranting further exploration. The findings from evaluating the scientific activity 
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in this research area can benefit various stakeholders, including researchers, academics, educators, 

managers, and other interested parties. 

This study aims to explore the emerging research trends and patterns surrounding the use of generative 

AI in computer programming education by examining the following research questions: 

RQ1. What are the descriptive features of research on generative AI in programming education? 

RQ2. What is the significant research on generative AI in programming education? 

RQ3. What are the key terms explored in research on generative AI in programming education? 

RQ4. What are the existing research themes and future research directions of research on generative 

AI in programming education? 

 

II. METHODOLOGY 

A. Research Design 

Bibliometrics, a subfield of Scientometrics, employs mathematical and statistical techniques to analyze 

scholarly literature, with the goal of studying and evaluating scientific activities ([32], [33]). Pioneered by 

E. Garfield in the mid-20th century, bibliometrics has become a widely adopted approach to help revise 

knowledge across various disciplines [34].  

The aim of this study is to investigate and analyze research trends and patterns related to generative AI 

in programming education. To accomplish this, bibliometric analysis has been conducted which is a 

reliable technique [35] that examines important aspects and emerging themes within a particular field 

[36]. Bibliometric analysis visually depicts the connections between central concepts in a research area, 

helping researchers better comprehend these relationships [37]. Bibliometric analysis has contributed to 

the review of scientific knowledge and has been used successfully in different scientific fields ([38], [39], 

[40]).  

The study's methodology provided a framework that guided the research questions, with a focus on 

performance analysis and science mapping [36]. Performance analysis evaluates the contributions made 

by research entities, while science mapping explores the relationships between these entities [36]. 

Performance analysis examines various research components commonly found in review studies, 

including authors, institutions, countries, and journals. This study utilized various science mapping 

techniques, such as citation analysis, co-citation analysis, bibliographic coupling, co-word analysis, and 

co-authorship analysis, to explore the research landscape. Specifically, the first and second research 

questions examined performance metrics related to the use of generative AI in programming education, 

while the third and fourth questions employed these science mapping approaches. 

The researchers employed R-studio software and open-source bibliometrix packages to perform in-

depth science mapping and visualizations for the bibliometric analysis [41]. Researchers also used the 

VOSviewer software tool (version 1.6.20) for bibliometric mapping and analysis due to its reliability and 

suitability for this purpose. The VOSviewer tool enabled the processing and grouping of keywords to 

visualize co-occurrence patterns [42].  

B. Dataset 

Relying on data from multiple databases for bibliometric analysis can yield divergent results [43]. 

Therefore, choosing the appropriate database is crucial.  Scopus was selected as the database for this 

study due to its recognition as a comprehensive scholarly resource within the academic community [44]. 

A search was conducted in the Scopus database, leveraging its extensive coverage and reliability to 

facilitate the bibliometric mapping analysis ([45], [46]). The search was carried out by examining the 

title, abstract, and keyword fields in the Scopus database, employing the provided search string: (TITLE-

ABS-KEY("artificial intelligence" OR "ai" OR "chatgpt" OR "generative ai" OR "generative artificial 

intelligence") AND TITLE-ABS-KEY("programming education" OR "teaching programming" OR 

"learning programming" OR "computer science education" OR "computer programming education")). 

The initial search yielded 670 records, which were then filtered according to document type (article, 

review) and language (English) with no timespan limitation. The decision was to include only articles, 
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both in open and unopen access, as they are the only documents that have undergone the peer review 

process to ensure scientific quality. The search returned 157 articles after refinement. After that, the 

researchers reviewed the titles and abstracts of all publications, removing those that were not relevant to 

generative AI in computer programming education. Thus, the final sample of articles analyzed was 

obtained through a search in December 2024 and included a total of 48 articles. 

C. Data Analysis 

The researchers compiled and organized the data from the Scopus core collection into BibTeX and CSV 

file formats. The study employed the user-friendly biblioshiny web interface within RStudio, in 

combination with the bibliometrix package, to conduct a bibliometric analysis and visualization. This 

allowed the researchers to generate tables and graphs without the need for extensive coding expertise, 

leveraging the intuitive interface provided by these tools. 

The study's data analysis encompassed four key stages: descriptive, influential, core, and conceptual 

foundations of this research domain. The initial stage offered an overview of the field, examining its 

descriptive characteristics and research topics from the perspective of the authors' countries. The second 

stage involved an analysis of influential factors, such as journals, articles, authors, institutions, and 

countries that have significantly shaped the research on generative AI in computer programming 

education. The third stage examined the frequently used keywords, evaluating the knowledge structure 

through an analysis of keyword plus and author keywords. The fourth stage then explored the field's 

conceptual foundation by analyzing the relationships between key concepts and conducting a thematic 

assessment [38]. 

 

III. RESULTS AND DISCUSSION 

RQ1. Descriptive Features of Research on generative AI in generative AI in computer programming 

education 

The analysis of the Scopus database revealed 48 publications on the use of generative AI in computer 

programming education literature between 1994 and 2024 (see Table 1). But the vast majority (%87,5) of 

the studies were conducted in the 2023-2024 time span. The analysis suggests that the field of generative 

AI in computer programming education is relatively new and demonstrates a growing trend. The findings 

align with a previous study that examined research trends on ChatGPT in education [38]. 
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Table 1. Descriptive Characteristics of Studies on Generative AI in Computer Programming Education  

Description  n  %  

Timespan    

       2024 34 70.8 

       2023 8 16.7 

       1994-2022 6 12.5 

Types   

    Research article 46 95.8 

      Review article  2 4.2 

Keywords   

       Keywords Plus (ID) 222 55,6 

   Author’s Keywords (DE)  177 44.4 

Authors    

      Total number of authors  153 100 

      Single-authored 8 16.7 

      Multi-authored 40 83.3 

    International co-authorships   9 18.75 

  Avg. of co-authors per doc  3.29 - 

 

The analysis reveals that 95.8% of the publications are research articles, while the remaining 4.2% are 

review articles. The publications collectively included 222 keywords plus and 177 author keywords. Each 

publication had approximately 3 co-authors (Mean = 3.29), with collaborative authorship observed in 

research papers (83,3%). The analysis indicates that 18.75% of the publications involved international 

collaboration among authors. 

The analysis suggests a growing interest and emphasis on generative AI within the field of computer 

programming education, particularly in the 2023-2024 timeframe. The predominance of research articles 

suggests a focus on empirical studies, while the collaborative nature of authorship highlights the 

interdisciplinary approach needed to advance this innovative field. Future research should further explore 

international partnerships. 

RQ2. Significant Research on generative AI in computer programming education 

Influential Sources 

The researchers employed Source Impact and Bradford's Law to identify the core journals in this 

research domain. Table 2 lists the most prominent journals in this research field, ranked based on their g-

index, h-index, m-index, total citations (TC), and net production (NP). These metrics are presented in 

descending order by the g-index, which is an author-level measurement. The three most influential 

sources in the field are: Applied Sciences (Switzerland), Computers and Education: Artificial Intelligence 

and ACM Inroads.   
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Table 2. Source Impact of the Most Influential Journals  

Top Influential Sources  h_index   g_index m_index  TC  NP  

Applied Sciences (Switzerland) 2 4 0.4 366 4 

Computers and Education: Artificial Intelligence 2 4 1 136 4 

ACM Inroads 2 2 1 22 2 

ACM Computing Surveys 1 1 0.33 25 1 

Computers and Education Open 1 1 1 1 1 

Decision Sciences Journal of İnnovative Education 1 1 1 1 1 

Education and Information Technologies 1 1 1 2 1 

Electronic Journal of E-learning 1 1 1 3 1 

Engineering Letters 1 1 0.25 69 1 

Humanities and Social Sciences Communications 1 1 1 7 1 

 

Table 3 categorizes the top journals in this research domain into three zones based on Bradford's Law, 

which groups journals by their citation frequency. The analysis identified 5 journals out of the 36 

analyzed as core sources in Zone 1, highlighting their significance in the research on generative AI in 

computer programming education. Moreover, 16 sources were in Zone 2, and 15 were in Zone 3. Applied 

Sciences (Switzerland) was ranked as the top journal in Zone 1, followed by Computers and Education: 

Artificial Intelligence in this research domain. The prominence of journals such as Applied Sciences 

(Switzerland) and Computers and Education: Artificial Intelligence underscores their critical role in 

advancing scientific literature and innovation in this field. 

Table 3. Sources Categorized According to the Bradford’s Law 

Sources F CF Zone 

Applied Sciences (Switzerland) 4 4 

Zone 

1 

Computers and Education: Artificial Intelligence 4 8 

IEEE Transactions on Education 3 11 

IEEE Transactions on Learning Technologies 3 14 

ACM Inroads 2 16 

Note: F = citation frequency, CF = cumulative citation frequency. 

 

Influential Articles 

Table 4 presents the list of the top 10 most influential articles in the selected timeframe. Studies are 

listed in descending order according to the total number of citations. These studies collectively examine 

diverse aspects of generative AI and associated technologies within the context of computer programming 

education. 
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Table 4. Most Globally Cited Documents  

Author 

(year) TC NTC Title 

[47] 318 5.14 
ChatGPT for Education and Research: Opportunities, Threats, and 

Strategies 

[48] 131 2.12 

The effect of generative artificial intelligence (AI)-based tool use 

on students' computational thinking skills, programming self-

efficacy and motivation 

[49] 69 1.00 Python-bot: A chatbot for teaching python programming 

[50] 47 1.00 

Source Code assessment and classification based on estimated 

error probability using attentive lstm language model and its 

application in programming education 

[51] 44 1.00 
A review of AI-supported tutoring approaches for learning 

programming 

[52] 38 1.00 
The impact of a peer-learning agent based on pair programming in 

a programming course 

[53] 25 1.00 
A Survey of Automated Programming Hint Generation: The 

HINTS Framework 

[54] 15 7.08 
ChatGPT: Challenges and Benefits in Software Programming for 

Higher Education 

[55] 15 0.24 Teaching CS-101 at the Dawn of ChatGPT 

[56] 14 6.61 

Would ChatGPT-facilitated programming mode impact college 

students’ programming behaviors, performances, and perceptions? 

An empirical study 
Note: TC = total citation, NTC = normalized total citation 

After analyzing the titles of these studies, they explore various aspects of incorporating generative AI 

into computer programming education. The studies examine the integration of AI-based tools in computer 

programming education, investigating their impact on student learning and engagement. They also 

explore collaborative learning approaches that leverage these generative AI technologies. Additionally, 

the publications address the potential challenges and benefits of integrating AI in educational settings, 

providing a comprehensive understanding of this emerging field. This indicates that the integration of 

generative AI in computer programming education presents significant opportunities for enhancing 

student engagement and learning outcomes, while also posing challenges that require careful 

consideration and strategic implementation 

Influential Authors, Affiliations, and Countries 

This section examines the key contributors, including influential authors, organizations, institutions, and 

countries, who have made significant impacts in this research field. As seen in Table 5, the top five 

influential authors in this field are presented based on their h-index scores.  
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Table 5. Most Influential Authors  

Author h_index g_index m_index TC NP 

RAHMAN MM 2 2 0.4 365 2 

STRICKROTH S 2 2 0.167 48 2 

WATANOBE Y 2 2 0.4 365 2 

ADE-IBIJOLA A 1 1 0.25 69 1 

AZAIZ I 1 1 0.5 4 1 

Note: TC=total citation, NP=net production. 

Table 6 ranks the most cited and productive countries and organizations in generative AI in the 

computer programming education literature. China, the USA, Brazil and Germany have emerged as the 

leading countries in terms of scientific production, while Bangladesh, Turkey, Japan, and Korea appear to 

be the countries with the highest citation impact. The analysis reveals that Goethe University, Zhejiang 

University, Southwest University, University of Maribor, and University of Naples "Parthenope" are 

among the top-ranked affiliations in terms of the number of published articles in this research domain. 

The findings highlight a significant disparity in scientific production and citation impact among countries 

in generative AI research within computer programming education. Notably, while China and the USA 

lead in output, nations like Bangladesh and Turkey excel in citation influence, suggesting diverse research 

strengths and strategic focuses across global institutions. 

 

Table 6. Influential Countries by Scientific Production and Citations  

Scientific Production      Most Cited Countries     

 

TC     

Relevant Affiliation   

Country  f     Country Organization  Article  

CHINA 22 BANGLADESH 318 
GOETHE UNIVERSITY 

FRANKFURT 
8 

USA 10 TURKEY 131 ZHEJIANG UNIVERSITY 7 

BRAZIL 6 JAPAN 47 SOUTHWEST UNIVERSITY 6 

GERMANY 5 KOREA 42 UNIVERSITY OF MARIBOR 6 

JAPAN 4 CHINA 27 
UNIVERSITY OF NAPLES 

“PARTHENOPE” 
6 

NETHERLANDS 4 USA 21 BEIHANG UNIVERSITY 4 

PORTUGAL 4 GERMANY 17 
EINDHOVEN UNIVERSITY OF 

TECHNOLOGY 
4 

SOUTH KOREA 4 BRAZIL 15 
ST. PÖLTEN UNIVERSITY OF 

APPLIED SCIENCES 
4 

GHANA 3 AUSTRIA 7 THE UNIVERSITY OF AIZU 4 

IRAQ 3 UNITED KINGDOM 7 
CODE UNIVERSITY OF 

APPLIED SCIENCES 
3 

 

The top 10 countries of corresponding authors in this research field are illustrated in Figure 1. The term 

"MCP" refers to publications involving collaboration among researchers from multiple countries. In 

contrast, SCP refers to publications involving researchers from a single country, without international 

collaboration. For a study to be considered as a MCP, it must have at least one researcher from a country 

different from the corresponding author's country. 
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Figure 1. Top Ten Countries of Corresponding Authors  

As seen in Figure 1, China is the leading country for corresponding authors, publishing 10 articles with 

8 SCPs and 2 MCPs, followed by Germany and USA. Germany has 4 articles (all of them SCPs), and 

USA has 4 articles (3 SCPs and 1 MCPs). While Japan, Portugal, Ghana, and Iraq are among the top 10 

countries in terms of scientific production according to Table 6, they are not represented in the top 10 list 

of corresponding author countries shown in Figure 1. This suggests that the research contributions from 

these countries may have different patterns of authorship and collaboration compared to the top 

corresponding author countries. The analysis reveals that single-country publications (SCPs=77.8%) from 

leading countries tend to be more prevalent than multi-country publications (MCPs=22.2%) in this 

research domain. The limited MCPs indicate potential barriers to international collaboration. Further 

investigation into the factors influencing these trends is needed. 

RQ3. Key Terms of Research on generative AI in computer programming education 

Table 7 summarizes the top ten most frequently used terms in the literature, encompassing both 

"keyword plus" and "author's keywords" as the units of analysis. Keyword plus, labeled as IDs, are 

algorithmically generated from cited reference titles, while author's keywords, labeled as DEs, are directly 

provided by the researchers [57]. The analysis uses both author keywords and ID keywords, as each 

provides valuable insights for the bibliometric study, even though IDs may not fully represent the article 

content. The findings from both keyword types are therefore considered. 
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Table 7. Most Frequently Used Keywords  

Keywords Plus (ID)    Author’s Keywords (DE)    

Words f     Words f 

students 17 chatgpt 16 

educational computing 11 programming education 15 

programming education 10 artificial intelligence 11 

language model 9 computer science education 8 

artificial intelligence 6 large language models 6 

chatbots 6 generative ai 3 

teaching 6 intelligent tutoring systems 3 

chatgpt 5 large language model 3 

computer science education 5 programming 3 

engineering education 5 ai in education 2 

 

The IDs include terms such as “students”, “educational computing”, “programming education”, 

“language model”, “artificial intelligence”, “chatbots”, “teaching”, “chatgpt”, “computer science 

education” and “engineering education”. DEs include terms like “chatgpt”, “programming education”, 

“artificial intelligence”, “computer science education”, “large language models”, “generative ai”, 

“intelligent tutoring systems”, “large language model”, “programming” and “ai in education”. Overall, 

the terms in IDs and DEs exhibit a number of shared concepts, including “chatgpt”, “programming 

education”, “artificial intelligence”, “computer science education” and “large language models”. But, the 

order of the terms is different between the IDs and DEs. For example, chatgpt is first order in DEs, while 

it is 8th order in IDs, which means that the researchers are focusing on using chatgpt for teaching 

computer programming. The difference between the concepts emphasized in the publication titles and the 

keywords may be attributed to the fact that authors often highlight different aspects in their titles 

compared to the key themes captured by their keywords. In addition, IDs provide more general terms 

such as "chatbots," "teaching," "students," "educational computing," and "language model," while DEs 

provide more specific terms such as "chatgpt," "generative ai," and "intelligent tutoring system". For 

instance, the term "chatbots" which appears in the top ten list of IDs but not in the DEs, is a more generic 

term than the term “chatgpt”. 

RQ4. Existing Research Themes and Future Directions of generative AI in computer programming 

education 

This section examines the relationships between terms and illuminates how generative AI is utilized 

within the computer programming education. This section explores insights gleaned from the co-

occurrence network analysis and examines the findings of the thematic map analysis, shedding light on 

potential avenues for future research. 

Co-Occurrence Network 

The analysis of keyword co-occurrences is employed to uncover potential research areas, their 

interconnections, and the insights embedded within thematic clusters in this research domain [38]. The 

author keywords (DEs) are used as the fundamental unit of analysis to capture the primary ideas in the 

documents within the co-occurrence network. 

The Scopus database included 177 author keywords. Vosviewer has been used with the default 

parameters as the full counting method has been selected and the minimum number of occurrences of a 

keyword has been selected as 2. Figure 2 shows the co-occurrence network of author keywords. 
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Figure 2. Author Keywords Co-occurrence Network  

 

The central and bigger nodes in Figure 2 represent the terms with the highest occurrence frequencies 

within the co-occurrence network. The connections among the nodes in the co-occurrence network 

determine the grouping of keywords into clusters. The terms at the center of the network with the largest 

nodes, such as "ChatGPT", "programming education", "artificial intelligence", "copilot", and "generative 

AI", are the most prevalent concepts that frequently appear together in the research papers. Additionally, 

these terms are closely associated with concepts such as "computer science education", "large language 

models", "engineering education", "computational thinking", "programming", "higher education", 

“collaborative learning” and "project-based learning". The prominence of terms such as "ChatGPT" and 

"programming education" underscores a growing interest in integrating advanced AI tools into 

pedagogical frameworks. Moreover, some more generic keywords like "computer science", "gpt", and "ai 

in education" have relatively fewer co-occurrences because they are broader concepts compared to the 

more specific terms.  

The co-occurrence of terms like "generative AI" and "ChatGPT" with pedagogical concepts such as 

"collaborative learning", "project-based learning", and "computational thinking" is noteworthy. The 

interconnectedness of these terms with concepts like "collaborative learning" and "project-based learning" 

indicates a potential shift towards innovative teaching methodologies that leverage AI to enhance student 

engagement and computational thinking. This analysis highlights the necessity for further exploration into 

the implications of generative AI on educational practices and curricular development. 

Thematic Map 

The researchers conducted thematic map analysis using author keywords to explore the prominence of 

various themes and identify areas warranting further research in the literature on generative AI in 

computer programming education. The researchers set the following parameters for their thematic map 

analysis: limiting the analysis to 250 words, requiring a minimum of 5 occurrences per cluster, using 3 

labeled terms per cluster, and employing the "walktrap clustering algorithm" proposed by [58]. 

Synonymous terms, such as "generative artificial intelligence" and "generative ai," were consolidated 

prior to conducting the thematic map analysis. The thematic maps are defined by two primary 

dimensions: centrality and density. Centrality denotes the significance of a theme, while density reflects 

its level of development [59]. The thematic map depicted in Figure 3 presents a comprehensive overview 
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of the research field, facilitating the identification of various themes and their relative positioning within 

the domain based on their significance and development. 

 

 
Figure 3. The Thematic Map of Author Keywords.  

Figure 3 is divided into four quadrants: i) motor themes, ii) basic themes, iii) niche themes, and iv) 

emerging themes. Motor themes are pivotal within the research landscape, as they are both prominent and 

well-established. Niche themes, though well-developed, hold a relatively limited overall significance 

within the research landscape. Emerging themes are characterized by their isolated and underdeveloped 

nature, whereas basic themes are significant within the field but necessitate further exploration and 

maturation to reach their full potential. 

This study identifies author keywords under 3 motors, 4 basics, 5 niches, and 1 emerging themes. The 

first research themes, "Programming," "AI in Education," and "GPT," under the motor themes category, 

describe the general framework of research on generative AI in computer programming education. The 

research themes "chatgpt", "programming education", "artificial intelligence" and "intelligent tutoring 

systems" which are categorized as basic themes can be viewed as core concepts in the field of generative 

AI in computer programming education. The niche themes identified in the analysis of the thematic map 

consist of 5 research themes: “chatbot”, “"engineering education”, “project-based learning”, “computer 

science” and “higher education”. While these niche themes have garnered growing interest from 

researchers, their relevance to the aforementioned research field still requires further improvement. The 

thematic map analysis also revealed 1 emerging theme that warrant further exploration: “computational 

thinking”. The "computational thinking" theme exhibits a relatively small number of associated author 

keywords compared to other themes, indicating that it is not yet fully developed or mature. Consequently, 

there is a clear need for further research that focuses on this emerging theme. 
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IV. CONCLUSION 

The present study has explored the burgeoning field of generative AI in programming education 

through a comprehensive bibliometric analysis, revealing significant trends, influential research, and core 

themes within this dynamic area. As generative AI technologies, such as ChatGPT and GitHub Copilot, 

increasingly permeate educational contexts, particularly in programming instruction, it becomes 

imperative to understand the current research patterns and trends to shed light for future research. The 

findings of this study highlight the need for a careful understanding of how these tools impact educational 

practices. 

Our findings highlight a marked increase in research output related to generative AI in programming 

education, particularly in the years 2023-2024, indicating a growing recognition of its relevance and 

potential in this field. The analysis identified 48 publications, predominantly research articles, 

underscoring the academic community's commitment to investigating the intersection of AI and 

educational practices. The bibliometric analysis also illuminated influential authors, journals, and 

countries contributing to this research domain. Notably, the leading journals and authors have established 

themselves as key contributors in the literature surrounding generative AI in programming education. The 

analysis of core terms and keyword co-occurrence reveals a focus on critical themes such as 

"programming education," "artificial intelligence," and "ChatGPT," indicating a concentrated effort to 

understand how these technologies can be effectively leveraged to foster learning. Furthermore, the 

thematic map analysis revealed key research themes, including motor themes like "Programming" and 

"AI in Education," and emerging themes such as "computational thinking," which warrant further 

exploration. 

In conclusion, while generative AI holds transformative potential for programming education, it is 

imperative that future research continues to explore its implications, focusing on pedagogical strategies 

and the long-term effects on student learning outcomes. The insights gained from this bibliometric 

analysis serve as a foundation for guiding subsequent investigations and fostering a comprehensive 

understanding of the role of generative AI in shaping the future of computer programming education. 
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