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Universidade Federal de Goiás (UFG)
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Abstract—The integration of digital games in programming
education is an approach aimed at overcoming challenges such
as high dropout rates and learning difficulties in this sub-
ject. This systematic mapping examines digital games applied
to programming learning through the analysis of 19 selected
studies from a total of 1143. The results highlight that digital
games not only significantly increase student engagement, but
also improve their understanding of fundamental programming
concepts. Games offer a playful and interactive form of learning,
enabling a more engaging and effective educational experience.
This study contributes to the field of technology education by
demonstrating how digital games can be effectively used to teach
programming, suggesting a potential reduction in dropout rates
and an improvement in the quality of learning in technical and
engineering courses. The review also identifies a significant gap
in the literature on the potential disadvantages of using games
in educational environments, highlighting the need for future
research in this area.
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I. INTRODUCTION

The integration of digital games into programming education
emerges as a response to the challenges faced, often marked by
high dropout rates and learning difficulties. This raises ques-
tions about whether this integration offers a new perspective for
teaching programming concepts, enhancing student engagement
and understanding. Fundamental programming concepts, such
as iteration and specific language constructs, can be difficult
to grasp, affecting problem-solving in programming tasks [1].
Beginners often struggle to decompose tasks into manageable
parts and map them to programming constructs. This difficulty
arises from an uncertain understanding of both the problem and
the language constructs [2]. Additionally, they may find the syn-
tax and semantics of the programming language challenging.
This is exacerbated by the variety of programming contexts,
which require different skills and competencies [3]. Debugging
requires the coordination of multiple information sources and
is a complex skill that students often find challenging [2].

II. THEORETICAL BACKGROUND

Digital games combine rules, challenges, and rewards to
engage participants in cycles of trial and error that involve
decision-making and scoring systems [4]. When designed for
instructional purposes, they are referred to as educational
games or serious games, understood as interactive tools that
stimulate curiosity, fantasy, and challenge—classic elements
with educational value [4]. The study by [5] emphasizes that
such games reinforce intrinsic motivation through scenarios that
evoke a sense of control, imagination, and achievement.

The study by [6] distinguishes three approaches: playing
for entertainment, educational games (with explicit curricular
objectives), and gamification (inserting game elements without
the need to win or lose). In the scope of this research, we
focus primarily on educational games and serious games, while
recognizing gamification as a complementary strategy.

Furthermore, [4] points out that immediate visual feedback,
gradual challenges, and fantasy elements help maintain the
student in a “flow” state, promoting deep learning. Fogg’s Be-
havior Model (Motivation, Ability, and Triggers) supports the
idea that triggers embedded in game systems can drive desirable
behavioral changes in educational contexts. These perspectives
align with constructivist learning, as students build meaning
through active interaction with the playful environment.

In introductory teaching, the approach proposed by [7] sug-
gests starting with 2D game creation to capture attention before
addressing syntactic or paradigm-related issues. For specific
concepts, serious games have proven effective. One example
is a game focused on the concept of variables, which employs
semantic visualization and interaction to foster understanding
of assignment and data types [4].

Commercial platforms such as the one discussed in [6] apply
gamification to more advanced topics (object-oriented program-
ming, recursion), increasing motivation and engagement among
high school students. Comparative analyses also indicate two
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categories of programming games: titles focused on specific
units (e.g., variables, stacks, sorting algorithms) and games that
cover multiple curricular topics. Most published studies focus
on the first category and lack extensive empirical validation.

III. RELATED WORK

Several systematic reviews and meta-analyses investigate the
use of digital games in computing education, but their scopes
differ substantially from the present mapping, which specif-
ically focuses on games for teaching programming between
2018 and 2024.

Computational Thinking in Primary Education. Giannakoulas
and Xinogalos [8] analyzed 61 studies (2010 to 2022) on edu-
cational games aimed at cultivating computational thinking in
primary school students. Although some of the studies involve
programming, the focus is on dimensions of computational
thinking, such as abstraction and decomposition, rather than
the systematic learning of programming languages or concepts.
This study, in contrast, covers all age groups and considers
outcomes directly related to the acquisition of programming
skills.

Gamification in Programming Courses. The study by [9]
conducted a meta-analysis of 21 experiments on gamification in
programming education (2010 to 2020). The authors conclude
that gamification primarily increases motivation and academic
performance. Unlike the present work, their scope is limited to
gamification elements (points, badges, competitions), whereas
this study investigates complete games (serious games, game-
based learning) regardless of whether they include such ele-
ments.

Game-Based Learning in Artificial Intelligence Education.
The systematic review presented in [10] mapped 125 studies
that use games to teach AI concepts (computer vision, machine
learning, robotics, etc.). The focus is AI education, which
only tangentially addresses basic programming. In contrast, the
current mapping centers on games whose primary goal is to
develop programming skills.

Games and the Development of Computational Thinking.
Furthermore, the study by [11] synthesized 22 studies (2010
to 2020) showing an overall positive effect of games on the
development of computational thinking. However, the analysis
mixes unplugged activities, board games, and block-based envi-
ronments, without distinguishing formal programming content.
This contrasts with the approach taken in the present mapping.

In summary, previous works address computational thinking
in contexts not necessarily focused on formal programming,
isolated gamification strategies in programming courses, AI
education, or specific aspects and adaptations of games. This
mapping broadens the scope by systematically organizing re-
cent literature that uses games (digital or hybrid) explicitly

to teach programming, comparing methodologies, target audi-
ences, evaluation metrics, and research gaps.

IV. METHODOLOGY

This work presents a Systematic Mapping, characterized by
a methodical and replicable methodology, involving a compre-
hensive search to locate all published and unpublished works
on a given topic; a systematic integration of the results of this
search; and a critical analysis of the scope, nature, and quality
of the evidence concerning a specific research question. They
synthesize studies to draw broad theoretical conclusions about
the significance of a literature, connecting theory and evidence,
as well as evidence and theory [12].

The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) methodology in its 2020 version
was adopted, which consists of a set of guidelines aimed at
enhancing the transparency and quality of systematic review
reports, including new guidance reflecting advances in methods
for identifying, selecting, evaluating, and synthesizing studies
[13]. The Parsifal tool was used for planning, execution,
conduction, and documentation of the research. This tool allows
researchers to define goals and objectives, import articles using
BibTeX files, eliminate duplicates, establish selection criteria,
and generate reports [14]. Specific inclusion and exclusion
criteria were defined to select studies published since 2018 that
discussed the use of digital games in programming education.
The search was conducted across multiple databases, resulting
in 19 studies included in the final analysis.

A. Research Question

This systematic mapping aims to answer a single research
question:

[RQ1] What are the advantages and outcomes of applying
digital games in programming education?

B. Inclusion and Exclusion Criteria

The following inclusion criteria were used: [IC1] The study
involves the use of digital games for programming education;
[IC2] The study’s abstract or title relates to the research
objective; [IC3] The study was conducted in 2018 or later.
The applied exclusion criteria were: [EC1] The study does not
mention digital games in programming education in its title or
abstract; [EC2:] The study is a previous version of a previously
selected study; [EC3:] The study is a duplicate; [EC4:] The
study is prior to 2018; [EC5:] The study is not a primary
research; [EC6:] The study is not accessible.
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C. Search String

The search string used was:

(“video games” OR “digital games” OR “computer games”
OR “educational video games”) AND (“programming educa-
tion” OR “computer science education” OR “coding education”
OR “software development education”)

D. Databases

Table I presents the databases used and their respective
URLs.

Table I
DATABASES USED AND CORRESPONDING URLS.

Database URL
ACM Digital Library http://portal.acm.org
EI Compendex http://www.engineeringvillage.com
IEEE Digital Library http://ieeexplore.ieee.org
ISI Web of Science http://www.isiknowledge.com
Science Direct http://www.sciencedirect.com/
Scopus http://www.scopus.com

E. Execution

During the identification phase, records were found from
databases (n=6) and other sources (n=1,143), totaling 1,149
entries. Of these, 60 duplicate records, 640 ineligible records,
and 18 secondary studies were removed before screening,
resulting in 425 records for the next stage.

In the screening phase, the 425 records were analyzed,
of which 347 were excluded for not meeting the established
inclusion criteria. Thus, 78 records proceeded to the eligibility
assessment. There was no need to retrieve additional reports,
as all records were accessible.

In the eligibility phase, the 78 reports were evaluated based
on their alignment with the review objectives. In this stage,
59 reports were excluded for not addressing games aimed at
teaching programming. Finally, in the inclusion phase, 19 stud-
ies met all criteria and were incorporated into the systematic
review. The process was developed according to the PRISMA
flowchart in Figure 1.

Figure 1. Study selection process

V. RESULTS

Through the search string, a total of 1,143 results were
obtained, distributed as shown in Table II.

Table II
NUMBER OF RESULTS RETURNED BY DATABASE.

Database Number of Results
ACM Digital Library 18
EI Compendex 278
IEEE Digital Library 147
ISI Web of Science 91
Science Direct 169
Scopus 440

Among the main objectives of the analyzed studies, the in-
troduction of fundamental programming concepts for beginners
stood out, as in [15], which evaluated the effectiveness of
creative activities, such as character design, in learning basic
concepts. Similarly, [16] explored the impact of digital games
on students’ motivation and performance, obtaining positive
results.

Other studies focused on specific strategies to teach complex
concepts, such as recursion and functions, through games

3



designed for this purpose, as described in [17]. Additionally,
[18] showed that integrating digital games with traditional
teaching significantly improved learning C programming.

Gamification was creatively used in [19], which developed
the game ”CodeToProtect” to teach C++ engagingly, and in
[20], which introduced the concept of ”cobotic games” to align
programming and computational thinking with the game cycle.
Furthermore, [21] developed an inclusive game aimed at at-
tracting new audiences to programming, emphasizing diversity
and creativity.

Approaches focused on specific contexts were explored in
[22], which adapted commercial game rules for teaching pro-
gramming, and [23], which used the Nintendo Switch develop-
ment environment to teach virtual reality and game design.

Finally, studies like [24] and [25] highlighted project-based
methodologies, such as using game development and parallel
programming, to increase student engagement. Overall, the
included studies suggest that game-based learning can enhance
motivation, improve understanding, and make programming
education more accessible and efficient for diverse audiences.

The Figure 2 shows that 42% of the 19 selected articles were
indexed exclusively in Scopus, while EI Compendex accounts
for 26%. The ISI Web of Science and IEEE Digital Library
each contribute 16%. This imbalance was expected, as Scopus
covers a broader range of conferences and journals in Computer
Education. However, it also indicates a slight coverage bias
that may exclude works not indexed in commercial databases
or open repositories, such as the ACM Digital Library. For
future expansions of the mapping, it is recommended to include
additional databases in order to reduce the risk of selection bias.

Figure 2. Selected studies by source

The temporal evolution of the studies, shown in Figure 3,

reveals an initial peak in 2018 (5 articles), followed by a
sharp drop in 2020 (only 1 article). This decline coincides with
the first year of the pandemic, a period during which many
research initiatives faced logistical delays. Starting in 2021,
there is a recovery and steady growth, culminating in 2023
with 4 publications. This suggests that interest in games for
programming education has regained momentum.

Three patterns can be observed: relatively stable output of
approximately 3 ± 0.5 articles per year after the pandemic, no
prolonged gaps that would suggest a lack of interest in the field,
and a recent increase that may indicate the consolidation of the
topic as a research trend. This historical overview supports the
relevance and timeliness of the present mapping.

Figure 3. Selected studies by year

VI. RESPONDING TO RQ1

According to [26], digital games are a technology with which
today’s students are already familiar and comfortable. This
familiarity is reflected in the thematic focus of this study, and
Figure 4 shows that the category *Engagement and Motivation*
dominates the analyzed publications, accounting for more than
half of the citations.

Figure 4. Distribution of Themes Covered in the Publications
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[25] reinforces this idea by showing that games focused on
parallel programming increase student engagement by offering
a practical and enjoyable application. A similar result was
observed in introductory C programming courses, where the
integration of games into the traditional learning environment
led to improved performance [18].

Figure 5. Most Commonly Used Game Platforms in the Studies

Figure 5 shows that most of the studies (n = 7) adopt
custom-developed *serious games*, while game development
projects and block-based solutions appear less frequently. This
diversity of platforms illustrates the range of environments
in which the playful approach can be applied—from targeted
gamification efforts [27] to full-fledged game engines used in
VR environments [23].

[20] and [19] observe that the playful context helps maintain
students’ focus and encourages experimentation with code.
[24], in turn, shows that developing a game project stimulates
the learning of object-oriented programming concepts. These
findings align with the topic distribution shown in Figure 6,
where studies focused on general programming introductions
predominate, but specific themes such as parallel programming
and VR are also present.

Figure 6. Conceptual Focus of the Analyzed Studies

Figure 7. Educational Level of the Target Audiences

Although the literature demonstrates motivational gains
across different age groups, Figure 7 indicates a strong concen-
tration on higher education (13 publications). Even so, studies
such as [21] highlight the inclusive potential of games to attract
girls in elementary and secondary education, reinforcing the
importance of expanding research to younger and more diverse
audiences.

Figure 8. Types of Study (Empirical, Conceptual, Frameworks)

Figure 8 clearly shows that the majority of publications
present empirical evidence (14 out of 18), while design frame-
works or conceptual discussions remain a minority. Studies
such as [28] and [29] suggest that hands-on game development
projects can foster active learning of complex programming
concepts, reinforcing the need for more long-term experimental
research.

VII. CONCLUSION

Digital games emerge as an intriguing approach in program-
ming education, demonstrating a substantially positive impact
on student engagement and learning, as evidenced by this
systematic literature review. This method captures students’
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attention, facilitating intuitive understanding and practical ap-
plication of programming concepts, suggesting an effective path
to reduce dropout rates and improve the quality of programming
learning.

The results suggest that digital games have a positive impact
on students’ engagement and understanding of programming
concepts. This systematic review highlights improvements in
motivation, concentration, and comprehension of programming
concepts. However, as no research was found addressing the
disadvantages of using games for teaching programming, it
suggests that the drawbacks of using games in programming
education are an underexplored aspect. It is inferred, therefore,
that the emergence of research aimed at identifying, quanti-
fying, and understanding the potential disadvantages of using
games in programming education—both qualitative studies
exploring perceptions of students and educators, as well as
quantitative analyses investigating the impact of these teaching
methods on specific learning variables—would be a positive
gain for the field of study, given its scarcity.

Despite these positive points, current research is still insuffi-
cient for a comprehensive understanding of the limitations and
potential disadvantages of this methodology. It is important
for future studies to investigate not only the contexts and
conditions under which digital games maximize learning but
also the circumstances in which they may not be effective
or even counterproductive. Future research may include in-
depth qualitative analyses of the experiences of students and
educators, as well as longitudinal studies that monitor the long-
term impact of this educational approach.

Of the articles used in the systematic literature review,
none addressed the disadvantages of using games for teaching
programming. This identifies a significant gap in the current
literature: the absence of discussion about the disadvantages
or limitations of using digital games in programming educa-
tion. This lack of investigation highlights a possible area for
future research, as a complete understanding of any educational
methodology should consider both its benefits and its potential
flaws or challenges.

Additionally, it would be of considerable interest to develop
pedagogical guidelines based on solid evidence for the effective
implementation of games in programming education. These
guidelines would help educators integrate digital games more
effectively, ensuring they complement and enrich traditional
teaching methods.

Therefore, digital games represent a promising field for
pedagogical innovation in computer science. However, it is
essential for the academic community to continue critically
exploring both the potentials and the limits of this approach,
aiming for more inclusive, engaging, and effective program-
ming education.
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