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Abstract. Introduction: Exact science subjects are constantly labeled difficult
and are known for causing difficulties for students during the learning
process. Educational games are an alternative to complement and improve the
teaching process, combining entertainment and pedagogical purposes.
Objective: This research presents a ten-year systematic mapping study of
scientific articles published in specialized events and journals in Brazil,
aiming to identify educational games for teaching the essential bases of exact
sciences. Methodology or Steps: The study started with an extensive search of
scientific databases, identifying 537 initial publications. After applying
selection and exclusion criteria, the final dataset was narrowed down to 86
publications. Results: The main results showed that the content covered is
related to teaching mathematics, its availability to the general public is
limited, and the predominant genre of games is quizzes using gamification.
Keywords: Educational Games, Systematic Mapping Study, Exact Sciences.

1. Introduction

Exact sciences play an essential role in the foundation of education. Mathematics, for
example, is taught to children from the earliest years of life and is considered a
fundamental educational requirement, as it allows them to build cognitive skills that are
relevant to various other areas, such as engineering, physics, chemistry, technology, and
finance [Kacmaz and Dubé¢ 2022]. In the Brazilian context, chemistry and physics
subjects are covered in high school [MEC 2018] and are essential for engineering and
technology. However, teaching these subjects faces challenges, and some students
usually have difficulties while learning, which can lead to frustration and lack of interest
[de Lima and Gitirana 2021]. Given this reality, games can be used as educational
resources.

When applied to a pedagogical context, the term ‘serious game’ can be used, as
the aim is to extract from these games the entertainment they provide, and that
something is taught. Serious games engage and motivate students, providing an
interactive and rewarding learning experience. In addition, they allow complex concepts
to be explored practically and entertainingly, stimulating logical reasoning, problem-
solving, and critical thinking [Victal et al. 2015]. Pedagogical games have helped
students develop the skills and abilities required by the National Common Core
Curriculum [MEC 2018], helping to reduce the anxiety related to studying mathematics
and other subjects in exact sciences [Rocha and Dondio 2021].

To identify the presence of educational games in the research of the Brazilian
scientific community, this paper presents the result of a ten-year systematic mapping
study on educational games developed for teaching the essential bases of exact sciences,
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which is its main contribution. The study aims to contribute to future researchers,
teachers, and students searching for tools to help teach the subject through educational
games. On this occasion, the areas of mathematics, physics, and chemistry for primary
and secondary education in Brazil were considered.

This research expands the study by Damaceno Junior et al. [2023] for different
reasons. Firstly, the study above searched for references published only from 2020 to
2022; our article, in contrast, covers a study spanning 10 years. Secondly, the study
cited investigated articles dealing only with approaches in mathematics; our research
encompasses work in three disciplines: mathematics, chemistry, and physics. Thirdly,
our approach considers the availability and platforms on which the games were
developed.

The article is structured as follows: Section 2 presents the background; Section 3
reports on the research methodology used, as well as the research questions, stages, and
processes carried out; Section 4 explains the results and discusses the research questions
defined in Section 3; and finally, Section 5 provides the final considerations.

2. Background

Education experts established and investigated a relationship between the practice of
games and the learning process at the beginning of the 21st century [Prensky 2003],
arousing interest in using and implementing educational games in the context of
teaching and learning. According to Tarouco et al. [2004], games with an educational
character, commonly called educational games, are created in a specific way to instruct
people on certain subjects, expand concepts, and strengthen the development and
understanding of historical or cultural events.

The term ‘serious game’ describes games with objectives beyond mere
entertainment [de Vasconcellos ef al. 2017]. As Raessens and Goldstein [2005] state,
serious games are designed and used to address more pressing everyday issues with
real-life consequences. In this sense, educational games can bring various benefits to
teaching and learning processes [Savi and Ulbricht 2008], for example:

e Motivating effect: Educational games are fun and encourage learning through
interactive and dynamic environments, stirring interest and motivation in
students. They encompass challenges, curiosity, interaction, and fantasy [Hsiao
2007].

e Facilitating learning: Digital games facilitate learning in various areas of
knowledge by putting the student in the role of decision-maker. In addition, they
present increasing levels of challenge to enable learning through trial and error
[Mitchell and Savill-Smith 2004].

e Development of cognitive skills: Games promote intellectual development and
various cognitive skills, such as problem-solving, decision-making, pattern
recognition, information processing, creativity, and critical thinking
[Balasubramanian and Wilson 2006].

e Discovery learning: Games develop the ability to explore, experiment, and
collaborate [Mitchell and Savill-Smith 2004]. Instant feedback and a risk-free
environment kindle experimentation and exploration, stimulating curiosity and
learning by discovery [Dawes and Dumbleton 2001].

e Motor coordination: Different types of digital games promote the development
of motor coordination and special skills [Gros 2003].
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The following section presents the research methodology used in this work and
the research questions, stages, and processes carried out during the systematic mapping
study conducted on this occasion.

3. Research Definition

The study aimed to identify educational games for teaching the essential foundations of
exact sciences in Brazil. This research is justified since it explores the national literature
in search of applying this game category to the teaching and learning process of subjects
labeled as problematic for students in general. In addition, the research presents the
main content covered in the games identified, the genre most present in the studies, and
how these games are currently made available. The research methodology was based on
Petersen et al. [2015]. It addresses questions of interest, the search protocol and
selection of repositories, the execution, application of inclusion and exclusion criteria,
and data extraction.

3.1 Questions of Interest

The primary purpose of the questions of interest is to provide insight into using
educational games to teach the essential foundations of exact sciences in Brazil. To this
end, three research questions were defined:

Q1: What content from the core foundations of the exact sciences is most often
covered in educational games? This question sought to identify which mathematics,
chemistry, and physics content is most explored in educational games. The aim is to
determine which areas have the highest priority for developers and educators. In
addition, we sought to identify areas of deficiency that could be further explored with
games as a teaching support tool.

Q2: What genre is most present in the educational games identified? There are
a variety of game genres, such as first-person shooter, 2D platformer, strategy, third-
person action, and treasure hunt, among others. The question investigated which game
genre was most adopted, making it possible to direct future developers of educational
games or to ask whether other genres could be better explored.

03: How are these games made available? There are various ways of making
educational games available, such as Google Play Store or App Store, the game official
website or the company responsible for developing it, or via direct download links. The
question investigated which platform was most used to run the games: mobile, personal
computer, console, or multiplatform.

3.2 Research Execution

To outline the scope of the research, specific criteria were established to guarantee the
reliability and viability of the mapping process. The study was carried out using five
databases, namely: Revista Brasileira de Informatica na Educagdo (RBIE), Revista
Informética na Educacdo: Teoria e Pratica (IETP), Revista Novas Tecnologias na
Educacdo (RENOTE) and SBC Open Lib — by their respective search engines. A direct
search was also carried out in the Proceedings of the Brazilian Symposium on Games
and Digital Entertainment (SBGames), representing the fifth database. In this case, the
tracks of interest were “Education and Culture” and “Arts and Design”. The criterion for
selecting the databases was that they are the primary outlets for publishing scientific
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articles in Brazil aimed at the research objective and are recognized from an academic
point of view.

The search was restricted to publications obtained exclusively from the selected
repositories, and the period considered was from January 1, 2015, to December 31,
2024. The dates were chosen to obtain the most recent publications spanning a decade
of study. Note that SBC Open Lib has become a popular base for centralizing work
published in national events and journals supported by the Brazilian Computer Society.
For example, since 2021, papers published at SBGames have been indexed in this
database. In addition, papers published from June 2021 onwards in RBIE have also
migrated to this database. However, to include the search starting in 2015, it was
necessary to search the SBGames website for papers published before 2021 manually.
The RBIE database also had to be searched for documents before 2021. In this process,
duplicate articles appeared in both databases and were carefully analyzed to be
eliminated. RENOTE and IETP, conversely, are not integrated with SBC Open Lib; the
search was thus carried out directly into the database.

The search strings used were eight, namely: “game” AND “math”, “game” AND
“chemistry”, “game” AND “physics”, “game” AND “mathematics”, “game” AND
“chemistry”, “game” AND “physics”, (game OR jogo) AND (mat* OR quimica OR
chemistry OR fisica OR physic*) AND (educ*).”

Using these strings, 537 articles were identified and distributed as follows:
SBGames — 58 papers; RBIE (until June 2021) — 6 papers; RENOTE — 71; IETP — 24;
SBC Open Lib — 378. Note that this total included duplicates in this first phase, which
were eliminated in the second filtering phase. In the second phase, the titles and
abstracts of the identified studies were read, and inclusion (IC) and exclusion (EC)
criteria were applied, as shown in Table 1. After this filtering, the 91 selected papers
were distributed as follows: SBGames — 39 papers; RBIE (until June 2021) — 0;
RENOTE — 13; IETP — 2; SBC Open Lib — 37.

Table 1. Set of inclusion (IC) and exclusion (EC) criteria. Source: The authors.

Criteria Description

IC-01 | Games that cover topics related to the essential foundations of the exact sciences:
mathematics, chemistry, and physics.

IC-02 | Games designed to help Brazilian primary and/or secondary schools.

IC-03 | Games published between 2015 and 2024.

IC-04 | Papers that describe the development of the game

EC-01 | Games that address themes from other subjects in Brazilian primary and/or secondary
education.

EC-02 | Games that aim to help teaching at other levels.

EC-03 | Games published before 2015 or after 2024.

EC-04 | Papers that analyzed games developed by a third party

The full texts of the 91 papers were read in the third filtering phase. Five were
excluded, leaving 86 articles. The aim was to ensure the articles were relevant and
adhered to the established selection criteria. Two research authors completed the
identified papers complete reading and data extraction process, and a third author
contributed to resolving any discrepancies. The process consisted of the authors’
detailed reading of the papers and merging each author’s extractions as the final data to
be considered. The selected studies are tabulated in Table 2, which contains the
references for each work identified.
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Table 2. Catalog of studies selected (continued). Source: The authors.

1D Citation ID Citation

S1 | Santos, J. V. M. et al. (2022) S44 | Santos, W. e Alvez, L. (2016)

S2 | Alves, A. G. et al. (2020) S45| Leite, B. S. (2020)

S3 | Minholi, F. S. et al. (2022) S46 | de Melo Santos, C. E. e Leite, B. S. (2019)
S4 | Soares, C. N. e da Nobrega, G. M. (2021) | S47| Vahldick, A. e da Silva, W. T. (2020)
S5 | Santiago, J. M. S. et al. (2018) S48 | Sande, D. et al. (2021)

S6 | Silva, E. e de Sousa Pires, F. G. (2017) S49 | Laurindo, L. E. C. et al. (2019)

S7 | de Oliveira, A. M. D. et al. (2020) S50 | Minussi, M. M. e Wyse, A. T. S. (2016)
S8 | de Lima Moreira, 1. E. et al. (2019) S51 | Meira, M. C. et al. (2019)

S9 | de Castro, J. B. et al. (2021) S52 | Benedetti Filho, E. et al. (2019)

S10 | de Souza Chagas, J. V. et al. (2022) S53 | Guimardes Dias, S. et al. (2024)

S11 | Barros, G. C. et al. (2022) S54 | Cintra, L. F. R. e Sarinho. V. T. (2024)
S12 | Alvez, C. N. H. et al. (2019) S55| dos Santos, R. W. P. et al. (2023)

S13 | Macédo, P. H. et al. (2017) S56 | Pinheiro, W. S. et al. (2023)

S14 | Vogel, B. et al. (2020) S57| Silva, I. O. et al. (2023)

S15 | Stochero, A. D. et al. (2018) S58 | Pedrosa, C. et al. (2024)

S16 | Parmegiani, L. C. (2022) S59| Conde, A. et al. (2024)

S17 | da Silva Aratjo, A. et al. (2020) S60 | Miguel, J. et al. (2024)

S18 | Vieira, M. et al. (2019) S61 | Martins, W. et al. (2024)

S19 | Silva, A. C. S. e Falcdo, T. P. (2019) S62 | Andreucci, B. et al. (2024)

S20 | Gomes, W. et al. (2018) S63 | Brilhante, M. et al. (2023)

s21 ?;Ozcor)uz’ E. F. Martins e Pereira, R- M{ g64| Atves Junior, F. er al. (2024)

S22 | Pereira Junior, C. X. ef al. (2016) S65| Rolim, L. ef al. (2023)

S23 | Mayer, R. et al. (2022) S66 | Higa, H. et al. (2024)

S24 | Tito, J. e Moraes, R. (2022) S67 | Cardoso, R. C. et al. (2024)

S25 | Santos, F. A. O. et al. (2018) S68 | Moura, T. et al. (2024)

S26 | da Conceicdo Silva, F. et al. (2020) S69 | Lais, R. et al. (2024)

S27 | Jardim, A. M. e de Paiva, D. C. (2016) S70| de Souza, G. G. e da Mota, R. R. (2023)
S28 | Lemes, J. S. e de Paiva, D. C. (2016) S71| Estevam, L. C. et al. (2024)

S29 | Moraes, I. G. e Colpani, R. (2016) S72 | Gripp, C.R. S. et al. (2024)

S30 | Sobrinho, M. E. et al. (2016) S73 | Amaral, L. et al. (2024)

S31 | de Carvalho, M. F. et al. (2017) S74 | Monteiro, N. et al. (2024)

S32 | Santos, W. O. et al. (2017) S75| Oliveira, M. C. et al. (2023)

S33 | Martins, T. C. (2017) S76 | Ortolan, V. A. e Modesto, F. A. C. (2023)
S34 | Corréa, E. B. et al. (2017) S77| Siedler, M. S. et al. (2024)

S35 | Belli, M. e Alvez, A. G. (2018) S78 | Correia, R. R. S. et al. (2023)

S36 | Rios, L. C. et al. (2018) S79 | de Carvalho, V. R. et al. (2023)

S37 | de Barros, A. C. M. et al. (2018) S80 | Shimohara, C. e Sobreira, E. S. R. (2015)
S38 | Cunha, O. A. L. et al. (2019) S81 | Otsuka, J. L. et al. (2015)

S39 | Colombini, F. R. e von Lochter, J. (2019) | S82 | Frade, B. V. et al. (2015)

S40 | Silva, E. P. et al. (2020) S83 | Dourado, J. B. et al. (2015)

S41 | Costa, T. F. et al. (2020) S84 | Fo, M. R. e da Silva, A. C. (2015)

S42 | Alencar, L. et al. (2020) S85 | de Oliveira, R. G. S. G. et al. (2015)
543 dRbeS:; N eg%’flfzsblé\;[' ¢ de Souzdl gg6 | Madeira, C. ef al. (2015)

4. Results and Discussion

We read the papers identified (Table 2) from the systematic mapping to answer the
research questions proposed in the article.

Regarding the first research question — QI: What content from the core
foundations of exact sciences is most often covered in educational games? — it is
necessary to reinforce the scope of the work and the understanding of the subjects of the
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essential foundations of the following exact sciences: mathematics, chemistry, and
physics.

As shown in Figure 1, most educational games focus on teaching mathematics,
represented by 67 articles. Physics and chemistry are represented by six and 14 papers,
respectively. One RENOTE article deals with a game aimed at teaching chemistry and
physics, which justifies the total of 87 documents in terms of subjects. This result
suggests that mathematics is highly relevant to teaching and can be seen as an essential
subject in exact sciences since it is a prerequisite for physics and chemistry [MEC
2018], promotes the development of thought, and lays a solid foundation for later grades
[Alves 2016]. However, mathematics is also considered an arid and challenging subject
and is often demotivating [Santos 2015]. For these reasons, the Brazilian community
seeks to improve mathematics teaching through educational games. As Araujo et al.
[2000] argued, educators strive to disseminate and demystify the use of playful
activities in teaching mathematics. The aim is for the subject to be increasingly accepted
and to overcome its negative characteristics. The results of this study reaffirm this
observation.
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Figure 1. Number of games per subject. Source: The authors.

Still considering the math games shown in Figure 2, the four basic operations
(addition, subtraction, multiplication, and division) were the most covered topic, with
40 games standing out.

One example is the game Chocomatica, mentioned in S9 (Table 2). This game
was developed to help students in the first year of elementary school and learners at
other levels who need to understand the concept of basic operations. The game is
collaborative, and the aim is to open a chocolate store. To open the store, the players
must reach a consensus and organize the space according to the stipulated rules. The
gameplay consists of creating sequences of figures with different colors and different
amounts of chocolates of the same color. These sequences must follow a progression of
one, two, or three units, allowing the formation of four different types of sequences [de
Castro et al. 2021]. The second most covered theme was geometry, explored in 21
games.

Among the works identified, seven articles on mathematics dealt with two
subjects simultaneously: geometry and basic operations (S4, S21, S31, S32, S43, S49,
S80 — Table 2). We also identified a single game covering fractions, numbering
systems, and matrix (S86 — Table 2).
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Figure 2. Topics covered in math games. Source: The authors.

An example of research concerning physics teaching is Santos et al. [2018],
which focuses on learning kinematics. The game is a gamified test in which players
control a character who travels along a trail, encountering challenges. To overcome each
obstacle, the player must press a button to display a question related to kinematics. By
choosing the correct answer and directing the character appropriately, the game
progresses to the next stage.

In chemistry, different topics are covered in the games identified. These include
Bohr’s atomic model, the periodic table, and radioactivity. Of note is the game featured
in S50 (Table 2), which offers a broad approach to various aspects of chemistry,
exploring topics such as the structure of the atom, changes in the state of matter, and the
factors that influence them (such as temperature and pressure). In addition, the game
also deals with the names and symbols of the chemical elements, the organization of the
periodic table, chemical bonds, biogeochemical cycles, life on Earth, and the
relationship between chemistry and pollution, among other relevant subjects.

The second research question — Q2: What genre is most present in the
educational games identified? — involves various game genres, such as strategy,
quizzes, puzzles, shooting, RPG (role-playing game), etc. These games can be played
on various platforms, such as consoles, personal computers, mobile devices, and
browsers. In the context of educational games, this research question sought to identify
which genres were most present in the mapped works. It was observed that most games
belong to the quiz, puzzle, platform, and point-and-click genres, with 67 games
combined (Figure 3).

Games in quiz format are gamified tests. Gamification uses elements
traditionally found in games, such as narrative, feedback systems, and rewards [Fardo
2013]. Having a gamified test in the game leads to the idea of a traditional assessment in
the question/answer format. If the player gets the answer right, various elements can
occur, such as earning points, gaining a new power, a new narrative emerging, and other
rewards. If the player gets it wrong, punishment or frustration can arise. Thus, there is
no elaborate implementation in terms of game mechanics, and it is mainly presented as
a question-and-answer game with gamified elements.

The puzzle genre, found in 14 articles, consists of games whereby the player
must solve increasingly complex and intriguing problems, usually with one main
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mechanic remaining throughout the game [Frazer et al. 2008]. A widely popular
example of a puzzle-style game is Tetris. About the mapping conducted, one example
found in the searches carried out is S35 — “Tangible interfaces in a digital game:
Learning mathematics using logic blocks.” This game uses augmented reality to teach
geometry, and the player must position the shapes according to the application example
image. Other puzzle-style games also follow this idea, in which the problem to be
solved is the positioning of elements.
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Figure 3. Genres of educational games. Source: The authors.

The platformer genre in nine games refers to 2D games in which a character
moves horizontally, continuously or not, in a lateral view. The player only sees part of
the scenery, and new areas are revealed as the character moves [El-Habr 2019]. Two
popular commercial games in this genre are Mario and Sonic. The Serra Pelada game
(S30 — Table 2) is an example of the mapping. The focus is on teaching geometry, in
which the player needs to recognize angles and flat figures. The game has ladders and
boards, forming angles and figures that the player needs to realize for the character to
advance. Note that the game also mixes with the quiz genre in some parts to implement
questions.

This is true of several other games that have chosen to differentiate between
genres. They have made an additional game design effort, including playfulness in the
character’s movements and actions or the mechanics implemented. It is insufficient to
label them as just a quiz.

Finally, another genre that appeared in 10 games is point-and-click. As the name
suggests, these games consist of a mechanic in which movement, character action, or
problem-solving is characterized by the player “clicking” in the correct place.
Regarding character actions, the player incorporates the character and “clicks” on the
screen as if they were the character themselves [Fanni ef al. 2019]. An example of a
game found is Move4Math (S31 — Table 2), in which geometric figures or operation
resolutions appear in positions on the screen that players need to point to as if they were
a character in the game.

Gamification can aid evaluative activities in the educational environment.
Games improve the ability to use logic more efficiently by combining immediate
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feedback, sound effects, progress indicators (points and levels), and pedagogical agents.
Each activity usually offers an integrated learning and assessment scenario in which the
character receives guidance and performs assessment tasks [Menezes and Bortoli 2016].

Nevertheless, there is little exploration of the integration of game mechanics
with the content being taught. This means using game mechanics so that learning does
not take place as a test or a quiz, but during the actions and decisions that the player can
make. In this case, there is a significant challenge in terms of game design, as it is not
trivial to map this out. The gamified test or quiz has advantages and benefits [Menezes
and Bortoli 2016], but it can create a game in which learning is disconnected from the
mechanics of games and actions.

The research by Lopez-Fernandez [2023] conducted a study with 45 students to
compare the effects of learning a game in the “third-person shooter” genre and another
in the “infinite race” genre. The results suggest that the genre made no difference to
learning, but the participants preferred “third-person shooters.” However, it should be
borne in mind that there are dozens of game genres, making it impossible to generalize
this observation based on a study that used only two genres. In addition, the
participant’s personal preferences and the sample may have been insufficient. For this
reason, it is understood that game genres should continue to be the subject of
investigation in future research, as well as investigating how best to integrate game
mechanics with the content to be taught.

Finally, the third research question — Q3: How are these games made available?
— investigated whether the games in the articles are available to the public and which
platform is preferred. The results show that most of the games are not available
anywhere. Figure 4 illustrates the availability of the games identified in the systematic
mapping. 65 of the 86 games were not available, representing 76% of the games. The
search was carried out considering the information available in the articles themselves.
Two of the remaining games are available in app stores, and 19 are available on
websites.
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Figure 4. Availability of educational games. Source: The authors.

Making the game available via download and installation limits its reach, as not
all users have the necessary knowledge and familiarity with the technology to complete
the installation and configuration of the game. A more attractive option would be access
by mobile application stores, as they make it easier to install the game. In addition, in
recent decades, mobile devices have spread rapidly in society, especially smartphones,
so that many potential players would benefit from this practice [Barbosa Neto and
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Fonseca 2013]. However, based on the systematic mapping results, only 4% of games
are available in app stores.

Another reason educational games are being used effectively on mobile devices
is mobile learning (m-learning) advancement. This approach is characterized by
innovative smartphone technologies and features, as well as wireless and 4G networks.
These tools provide portability, interactivity, adaptability to context, connectivity, and
personalization, creating a favorable scenario for educators to explore and implement
teaching approaches that integrate these devices effectively in the classroom [Souza et
al. 2016; Mocbel et al. 2020].

5. Final Considerations

The teaching of exact sciences presents constant difficulties for student engagement,
which can make the subjects mistakenly be seen as problematic or tedious. Exact
sciences form the fundamental basis for developing various areas, and searching for
strategies to improve the teaching of this content is crucial. For this reason, educators
and researchers are constantly investigating ways of developing digital games as
educational artifacts due to their potential for engagement and motivation.

This article systematically mapped the literature to understand the profiles,
characteristics, and approaches of educational games developed in recent years to teach
exact sciences in Brazil. The target audience was primary and secondary education. The
mapping identified 86 publications from repositories considered references in the field
to meet the study primary objective.

One of the threats to the study validity is that the research only focused on
analyzing work published in Brazilian scientific journals. Considering the games
industry, commercial games already used in schools and even gray literature could bring
other results, possibly revealing a different reality from the works mapped at this
opportunity. Another threat lies in the chosen criteria and selection strategies. Although
the searches were well planned and executed, some work related to the topic may not
have been included. To mitigate this threat, the three authors of this research reviewed
the identified works to resolve possible discrepancies.

Future opportunities include developing new comprehensive and in-depth games
for primary and secondary schools. Research into evaluating the impact and
effectiveness of these games in student learning is essential, as is ensuring their
availability on mobile devices. These initiatives will increasingly contribute to a more
dynamic and stimulating education experience, helping to prepare students for future
challenges.
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