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Abstract. With the advent of GPT-AI, new possibilities in education emerged.
However, it is challenging to determine how and when to apply these new tech-
nologies and understand their actual impact on teaching and learning. This
study conducts a systematic mapping to gather, include, and classify scientific
papers that investigated the subject of generative AI in CS education. 31 rele-
vant studies that conducted empirical evaluations of the application of GPT-AI
tools in CS education were collected. Our findings highlight challenges regard-
ing plagiarism, learning perception, and AI capability. The main contribution
of this study is to present research opportunities and provide a background for
future studies that address the application of GPT-AI in CS education.

1. Introduction
The field of artificial intelligence (AI) applied to education is not new. As early as 1970,
a study by Jaime R. Carbonell introduced a prototype running on a PDP-10 that inter-
acted with students dialogically, assisting them in their studies [Carbonell 1970]. While
the prototype had limitations due to the technology of its time, it already highlighted the
potential of AI-assisted learning tools. Fifty years later, the extensive use of AI in edu-
cation had not become a reality until the release of ChatGPT [Williamson 2024], which
was made available to the general public in November 2022 [OpenAI 2022]. This event
marked the first time an AI tool based on the GPT (Generative Pre-trained Transformer)
architecture was freely accessible to the general public. The impressive characteristics of
this tool, along with its capacity for human-like natural language interactions, led to its
rapid adoption by the general public [Caldarini et al. 2022].

LLMs (Large Language Models) are a type of AI model developed to under-
stand and generate natural language [Minaee et al. 2024]. They are trained on enor-
mous amounts of textual data and based on Deep Neural Network architectures. GPT
[Achiam et al. 2023] is a specific architecture of LLMs developed by OpenAI, which un-
derpins the tools analyzed in the studies of this mapping, such as Copilot, Codex, and the
most widely used and known, ChatGPT.

Although the full impact of ChatGPT is still unfolding, some stud-
ies [Hammad and Bahja 2023, Ghassemi et al. 2023, Hwang and Chang 2021,
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Rotman 2023] indicate that its introduction may be as transformative as the inter-
net. Just as the internet fundamentally changed the way we access and share information,
generative AI like ChatGPT can change the way we work, learn, and interact with
technology, which is already being observed in education [Mosaiyebzadeh et al. 2023].

The educational use of ChatGPT and other generative AI tools was not ini-
tially planned; rather, their use emerged exploratively by both students and educators
[Dempere et al. 2023]. Initially unnoticed, their usage soon garnered attention and raised
concerns among many educators and researchers regarding their influence on learning
processes [Farhi et al. 2023]. The emergence and popularization of generative AI have
been met with diverse reactions. Initially, concerns about its use led to bans or restric-
tions [Lau and Guo 2023], not only within education [BBC News 2023]. Regardless of
the perception of various stakeholders, a revolution is happening, and its impact cannot
be ignored. Significant educational reforms can be necessary, or at least profound changes
may be considered, as combating or ignoring this technology does not seem to be a pro-
ductive approach. Faced with the new challenges brought by generative AI tools, it is
necessary to understand these technologies and consider the roles they can play in the
teaching and learning of computer science.

Given the challenge of understanding and harnessing the potential of generative
AI to enhance computer science education, this systematic mapping seeks to summarize
the works that empirically explore the use of Generative AI tools based on neural net-
works with transformer architecture in computer science education published in the first
16 months after the release of ChatGPT1, aiming to contribute to the understanding and
construction of successful practices in integrating these new technologies in computer
science education.

2. Methodology

This section outlines the formal guidelines adhered to, including the research questions,
study selection criteria, search string, and quality assessment used in this systematic map-
ping. To meet the objectives of this study, we followed the latest guidelines for systematic
mapping studies in software engineering by Petersen et al. [Petersen et al. 2015] accord-
ing to the scheme presented in Figure 1.

2.1. Research questions

This mapping study aims to understand how generative AI has been explored in the edu-
cational context of computer science teaching. We intend to identify the most frequently
studied subjects, analyze the findings and concerns raised, and assess the overall impact
of its use. The following Research Questions (RQs) were formulated to guide this inves-
tigation:

• RQ01: How has generative AI been used in computer science education?
• RQ02: Which subjects have employed generative AI in their teaching activities?
• RQ03: What are the observations regarding the use of generative AI in computer

science education?
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Figure 1. Research method representation inspired by Geraldi et al.
[Geraldi et al. 2020]

2.2. Sources and search strategy

The PICO approach (Population, Intervention, Comparison, and Outcomes), suggested
by Kitchenham and Charters [Kitchenham and Charters 2007], was employed to support
the formulation of the search string.

• Population: refers to the study’s target group, which may include computer sci-
ence students, instructors, educational institutions, specific courses or subjects,
researchers, or administrators. In this study, we included direct actors: students
and instructors.

• Intervention: refers to the specific AI action, strategy, or tool being implemented
in the educational context. Here, we focus on specifying generative AI tools.

• Comparison: refers to the reference group or condition used to evaluate the ef-
fectiveness of the AI intervention. Here we will include only empirical studies,
whether comparative or not.

• Outcomes: represent the desired outcomes or effects of the AI intervention. There
are no restrictions on the outcomes and effects obtained.

The search string employed was developed to combine various terms from three
main topics. The first group contains keywords indicating that the studies should address
the field of computing. The second group combines words indicating that the studies
focus on education. The third group clusters words related to generative artificial intelli-
gence. The keywords within each group are separated by the logical connector OR and
each group by the connector AND, aiming to find articles encompassing all three topics,
containing at least one word from each group in any combination.

The decision to explicitly include the terms GPT and Copilot in the search string
was motivated by the fact that ChatGPT and Github Copilot were the most widely used
generative AI tools at the time of the study’s data collection [FlexOS 2024]. However, to

1https://chatgpt.com/
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ensure that the identified studies were not limited to these two tools, additional terms rep-
resenting other generative AI tools were also included, connected by the logical operator
OR.

The search string employed is presented below, with adaptations made according
to the formatting required by each database, when necessary:

(”computer” OR ”computing” OR ”software” OR ”programming” OR ”algo-
rithm”) AND (”education” OR ”teaching” OR ”learning”) AND (”generative AI” OR
”GPT” OR ”copilot” OR ”generative artificial intelligence” OR ”Generative Pre-trained
Transformer”)

The electronic databases searched as sources for the articles used in this study and
the total number of articles found in each are presented in Figure 1.

2.3. Inclusion and exclusion criteria

Before applying the inclusion and exclusion criteria, duplicate articles were removed,
reducing the sample by 24.78%.

To extract the articles that match the study’s goal, we analyzed the articles based
on their titles and abstracts and applied the exclusion criteria in the order presented below.
Therefore, if an article met more than one exclusion criterion, its removal was motivated
by the first applicable criterion. Table 1 presents the scope of exclusions according to the
criteria.

Exclusion criteria Total exclusions
1. Studies not presented in English 2
2. Books and grey literature 17
3. Conference summaries, editorials, or guidelines 322
4. Studies that do not address the Computer Science field 2,465
5. Articles that do not employ generative AI 380
6. Studies that do not apply generative AI in education 1,645

Table 1. Scope of exclusions by criteria

With a reduced sample, we applied the inclusion analysis. At this stage, we con-
ducted a full-text reading of each article to determine if they were suitable according to
the following inclusion criteria:

1. Studies must be empirical.
2. Studies must address teaching and learning-related experiences.
3. Studies must be conducted under formal courses of computer science and imme-

diately related fields.
4. The research method must be clearly defined.

After removing duplicate articles and applying the exclusion and inclusion cri-
teria, five new articles were added through backward snowball sampling. These articles
were analyzed according to the same exclusion and inclusion criteria applied to the others.
Figure 1 describes the entire process, which resulted in a final set of 31 articles.
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2.4. Data extraction

Data from the included studies were extracted and organized in a spreadsheet according
to the form presented in Table 2. This table was developed to facilitate the identification
of key points in the articles and to assist in the process of classifying and extracting the
necessary information to address the research questions. Using these key points, it is
possible to classify the selected articles in various ways, making it important to detail
some key data.

Key point Details
ID Article identifier
Article title The title of article
Sample size Number of participants in the empirical study
Educational level Participants’ stage of formal education.
Courses and subjects Courses and subjects in which the empirical study was con-

textualized
Programming language The programming language used in the study experiments,

if applicable.
Country or region Country or region in which the study was conducted
AI tools AI tools used in the study
Teaching method If the empirical study took place in a context where a spe-

cific teaching method was applied, this field is filled with
the respective method

Methods Data collection methods employed
Evaluated aspects Aspects evaluated in the empirical study

Table 2. Form used for the extraction and organization of data from included
studies.

3. Results
In this section, we present the detailed findings of our study, focusing on the evaluated
aspects and the collected information. The objective was to understand how generative
AI tools are being used in computer science education, the subjects that have employed
these tools, and the general perceptions regarding their use.

3.1. Overview of included studies

The selected studies were conducted in various countries, as highlighted in Figure 2. Each
country has different characteristics for classifying higher education levels. To facilitate
organization and classification, the educational levels of the study participants were cat-
egorized into two groups: undergraduate and postgraduate. Among the articles selected
for this mapping, 28 studies were conducted with undergraduate students and 3 with post-
graduate students.

The majority of the studies (23) were conducted with samples consisting solely of
students, with an average of 135.1 participants. Four studies were conducted with samples
composed of both instructors and students, with averages of 3.5 and 63.5 participants,
respectively. Four studies were conducted with instructors only, having an average of 8.2
participants.
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Analyzing the publications from a chronological perspective, it is possible to ob-
serve an increase in the number of publications that meet the criteria of this study. Figure
2 and Table 3 details the publications by type, region and year. It’s important to state
that the timespan of the collected studies covers the first 16 months after the release of
ChatGPT, the first Generative AI tool publicly available, and only the year 2023 was fully
covered in the researched period, which help explain the disproportion in the number of
works per year.

Figure 2. Number of publications by year and region

Type 2022 2023 2024
Conference proceedings 2 7 2
Journal 1 14 5

Table 3. Number of publications by year and type

3.2. AI tools utilization

Most of the selected studies specified the generative AI tools employed, with ChatGPT
being the most used, present in more than half of the studies. Other tools, such as Codex2,
DaVinci3, DALL-E4, and Copilot5, were also present. Some studies employed multiple
technologies. Table 46 shows the variety of AI tools used in the studies, divided by sub-
jects.

Among these studies, ChatGPT and Copilot were the most commonly used AI
tools. Python was the most frequently used programming language, as shown in Figure
3, which presents the relationship between programming languages and AI tools.

2https://openai.com/index/openai-codex/
3https://davinci.ai/
4https://openai.com/index/dall-e-2/
5https://github.com/features/copilot
6Studies 16 and 17 employed image generation for the game-development activities associated with

programming.
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AI Tool Knowledge area
Programming Software Engineering General

ChatGPT 20 3 1
Copilot 6 0 1
Codex 3 0 0
DaVinci 1 0 0
DALL-E 1 0 0
Unspecified 0 0 1

Table 4. AI tools utilized in the mapped studies.

Figure 3. Programming languages used in the studies, by AI tool

The use of different generative AI tools in the selected studies is consistent with
the overall proportion of these tools’ general usage [FlexOS 2024]. It is important to note
that, during the development of this mapping, new generative AI products were launched,
and others were rebranded. For the classification presented here, the generative AI tools
are identified by their names as of June 2024.

The detailing of activities supported by AI tools presented in the studies is shown
in Figure 4, with the meaning of each application understood as follows:

• Code generation: Automatic code generation by AI.
• Debugging: Error identification and correction suggestions from faulty code or

error message.
• Data analysis: Data analysis, detailing, and summarization.
• Systems modelling: Creation of representations of a system’s components and

interactions.
• Refactoring: Improvement of code structure without changing its external behav-

ior.
• Software architecting: Design of structures and frameworks.
• Requirements engineering: Definition, documentation, and management of soft-

ware requirements and specifications.
• Code explanation: Explanation of the purpose and functionality of functions and

code snippets.
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• Technology suggestions: Suggestions for the use of libraries, frameworks, and
technologies to solve problems or add features.

• Software testing: Evaluation of software functionality and performance to iden-
tify defects.

• Conceptual support: Explanation and assistance in understanding certain con-
cepts.

Figure 4. Activities supported by Generative AI tools in educational context
present in studies

All selected articles in this mapping conducted empirical experiments, applying
multiple and varied designs, as shown in Figure 5.

Figure 5. Distribution of evaluation methods in selected studies

3.3. Educational aspects
The vast majority of the studies in the sample did not specify the application of differen-
tiated teaching methods in the context of their experiments. Among the two studies (26
and 29) that adopted a specific methodology, the flipped classroom model was applied.

Several studies addressed the observations of students and instructors regarding
the applicability and usefulness of generative AI tools in their academic routines. Both
students’ and instructors’ perceptions and concerns are presented in Figures 6 and 7.
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Figure 6. Perceptions and concerns reported in studies.

Figure 7. Number of works and pointed aspects

3.4. Quality assessment
As stated by Petersen et al. [Petersen et al. 2015], no quality assessment needs to be
performed in systematic maps, as the analysis of exclusion and inclusion criteria is suf-
ficient to evaluate the acceptance of articles in the mapping. However, the quality of the
articles was considered during their selection and evaluated during the full-text reading
conducted at the inclusion criteria analysis stage and the backward snowball sampling.
Figure 8 shows the results of the quality assessment of all articles included in this study.

The three criteria described below were used to evaluate the quality of the articles
and covered relevant aspects that needed to be clearly determined for them to be included.

1. QA1: There was an adequate description of the context in which the research was
carried out.

2. QA2: There was an adequate description of the sample used and the methods for
identifying and recruiting the sample.

3. QA3: There was an adequate description of the evaluated aspects, with the results
being presented coherently.

The quality scale of the articles has four possible values: Insufficient (I), Sufficient
(S), Good (G), and Excellent (E), applied to each of the three criteria. If an article was
evaluated as insufficient in any criterion, it would not be considered suitable for inclusion
in this mapping study.

The complete list of articles from this mapping study is available in an anonymous
repository 7, with each article assigned a number used for referencing within this study.

7https://anonymous.4open.science/r/GPTAICSEdu/
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Figure 8. Results of the quality assessment application.

4. Discussion

Throughout the investigation, we observed where and how AI tools are used, the subjects
that employ them, and the general perceptions and concerns of students and instructors
regarding their applicability and impact. Next, we discuss in detail the results related to
the three main research questions.

RQ01. How has generative AI been used in computer science education?
Generative AI has been primarily used for code generation, debugging, code explanation,
and conceptual clarification in programming tasks. Figure 4 provides more details on
the uses of generative AI mentioned in the articles. Students interact with the AI by
prompting topics, error messages, and code snippets, instructing tasks, seeking help, and
asking questions.

RQ02. Which subjects have employed generative AI in their teaching ac-
tivities? Generative AI tools have been studied in various computer science subjects,
as shown in Table 4. Programming-related subjects are the most prevalent in the col-
lected studies. Of these, 50% of the investigations focused on introductory programming
courses, while the remaining 50% were divided among web programming, data science,
game development, and other areas. Additionally, experiences of using these tools in
Software Engineering were also reported, although in small numbers.

RQ03. What are the observations regarding the use of generative AI in com-
puter science education?

Various impressions and concerns were identified in the mapped studies. From
the collected results, the positive and negative aspects of using GPT in computer science
education are mapped in Figure 7. In addition, general perceptions and concerns are listed
in Figure 6.

Among the observations regarding the positive contributions of generative AI
tools, most studies highlight that AI tools assist students in their academic activities sim-
ilarly to a tutor, providing immediate feedback. However, the uncertainty of the cor-
rectness of the generated information is a common negative perception noted by studies,
along with potential biases that can affect the precision and accuracy of the information.

The ability of generative AI tools to provide different perspectives and alterna-
tive explanations of topics is also commonly noted as a positive aspect, which can help
students when they encounter difficulties in their studies.

Nevertheless, some studies have expressed concerns about the pedagogical influ-
ence of AI tools in computer science education. Beyond issues of bias and accuracy,
studies point out that students might become overly dependent on AI tools, neglecting the
development of their own skills and intellect.
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Furthermore, the need for a generative AI tool that is aware of its role as a teaching
aid has been emphasized in various articles. The natural tendency of these tools to directly
produce answers may not be as beneficial for learning, as it allows students to bypass the
process and focus excessively on the answer. Although this concern aligns with academic
integrity issues, it is also noted by some studies that the tool neither exacerbates nor
alleviates this pre-existing difficulty, as students who simply plagiarize will continue to
do so regardless of the incorporation of AI tools.

Several studies have pointed out that the adoption of generative AI must be care-
fully planned to avoid the replacement of conceptual foundations and technical skills with
the ability to effectively use the tool, thereby impairing the intellectual development of
students. The risks of inadequate adoption of generative AI in teaching activities need to
be mitigated through deep and careful methodological planning.

The accuracy of the statements produced by AI is also closely monitored, with
a high level of incomplete or incorrect responses being reported. Some studies suggest
that well-crafted prompts can mitigate this problem, but even so, generative AI should
not be considered the sole source of information. All information provided by AI must
be verified, as the stochastic nature of AI makes it vulnerable to biases and incorrect
information.

Studies that addressed the perspective of instructors in the first months after the
public release of ChatGPT and other AI tools pointed to more intense concerns and even
a desire for the technology to be banned from educational processes. Subsequent studies
did not present this desire as frequently, indicating that the familiarization of students and
instructors with the tools allowed for a better understanding of the initial insecurities and
a more positive view of their potential.

Despite the various concerns presented, the overall conclusion of the studies is
that the use of generative AI is beneficial and positive. Its problems can be mitigated
by refining its incorporation into teaching activities and by maturing the relationship be-
tween students and the tools. Studies have identified positive feelings regarding students’
confidence when using generative AI tools, comparing their contribution to that of an
ever-available tutor, addressing the same topic in various ways according to the student’s
learning convenience.

5. Limitations and threats to validity
One significant limitation of this study is the rapidly evolving nature of generative AI
technology. As new features and tools are continually being introduced, the landscape
of AI applications in education is in constant flux. For instance, ChatGPT Edu8 was
announced while this mapping was being written, illustrating how quickly advancements
can occur. This rapid development makes it challenging to provide a comprehensive
and up-to-date analysis, as some of the latest innovations may not be fully covered or
evaluated in our study.

Another issue is the relatively small number and variety of studies available on
this topic. Due to the novelty of generative AI, there is a limited body of research ex-
ploring its implications and effectiveness in educational settings, specifically in computer

8https://openai.com/index/introducing-chatgpt-edu/
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science learning. This scarcity of studies focused on CS education not only restricts the
depth of analysis but also makes it difficult to draw broad conclusions about the technol-
ogy’s impact. Some interesting studies recently published, such as those by Ansari et al.
[Ansari et al. 2023], Yan et al. [Yan et al. 2024], Purnama et al. [Purnama et al. 2023],
Baber et al. [Baber et al. 2024], and Lin et al. [Lin et al. 2024], go beyond the scope
of this review by expanding the study beyond computer science education and provide
valuable insights aligned with the findings of this mapping. Moreover, the fast-paced na-
ture of AI advancements means that existing studies can quickly become outdated, further
complicating efforts to keep up with the latest developments and accurately assess their
validity.

6. Conclusion and Future Works

The integration of generative AI in computer science education presents both opportu-
nities and challenges. While it facilitates progress and the understanding of concepts,
it is essential to address their related concerns. Educators and students must adapt to
these tools, ensuring they complement rather than compromise educational integrity and
cognitive development.

The future perspectives of studying the application of GPT-AI in computer sci-
ence education involve promising opportunities. One area of interest is the development
of advanced, adaptive learning systems that can personalize students’ experiences based
on their individual needs and learning styles. Future research could explore teaching
methodologies that effectively integrate GPT-AI, ensuring that these tools enhance stu-
dents’ intellectual development and support the role of educators, maximizing their po-
tential. Additionally, it is necessary to study the long-term impacts of using GPT-AI tools
on student outcomes, including knowledge retention, problem-solving skills, and career
readiness. Finally, issues such as data privacy, bias, and copyright need to be addressed.
These future perspectives aim to improve the effectiveness of computer science education
and ensure that the implementation of generative AI tools is responsible and equitable.
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