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Abstract: Background: Teaching Operating Systems (OS) is challenging due to the complexity of its concepts,
requiring both theoretical understanding and practical application. Educational games have emerged as an engaging
strategy to enhance learning, making abstract topics more interactive and accessible. Purpose: This study aims to
systematically map the literature on educational games used for OS teaching, identifying their main characteristics,
covered concepts, and effectiveness. The search was conducted in Google Scholar, IEEE Xplore, SciELO Portal,
and CAPES Journals, targeting articles published between 2014 and 2024. Methods: The selected studies were
analyzed according to research questions related to game content, effectiveness, challenges, and integration into
teaching. Results: Sixteen educational games were identified, addressing 20 OS concepts. Process management
and scheduling were the most covered topics, while mutual exclusion, critical sections, and virtual memory were
less explored. All games were tested with students, showing positive learning outcomes. Challenges included
errors, accessibility issues, and curricular integration. Conclusion: Educational games enhance engagement and
learning in OS courses, but there is a need to develop more games covering underrepresented topics and improve

their integration into curricula.
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1 Introduction

In computing education, the challenge of finding methodolo-
gies that promote meaningful learning is evident. The field
demands not only the transmission of complex theoretical
concepts but also the development of practical skills such as
problem-solving and logical thinking. Moreover, the rapid
technological evolution requires educators to constantly up-
date content and tools, making the teaching process a contin-
uous exercise in adaptation and innovation. In this context,
Quirino ef al. [2017] asserts that learning is a constant neces-
sity for students in academic practice, prompting educators
to always seek ways to improve the transmission of knowl-
edge.

Various strategies have been explored to address these
challenges in computing education. Among them, active
learning methodologies [Moran, 2018] stand out, encourag-
ing students to take a central role in the educational process,
such as project-based learning, case studies, and gamifica-
tion. The use of technological tools, such as simulation de-
vices and virtual environments, has proven effective in com-
plementing teaching and enabling students to experience real-
world scenarios in a safe and controlled manner.

In conjunction with these tools, playful approaches have
emerged as an efficient way to make learning more engaging
and dynamic. One example is the MannaKDT, a technology
delivery kit distributed for teaching electronics and robotics
[da Silva and Aylon, 2022].

Within the universe of playful approaches, the use of ed-
ucational games has shown particular promise in computing

education. They offer an engaging way to present complex
concepts, transforming learning into an interactive and en-
joyable experience, improving the understanding of techni-
cal concepts, and promoting critical thinking and problem-
solving [Battistella and von Wangenheim, 2016].

In Computer Science, areas such as Computer Architec-
ture and Organization, Human-Computer Interaction, Com-
puter Networks, and Operating Systems are often considered
less explored compared to other disciplines [Battistella and
von Wangenheim, 2016; Clementino et al., 2022]. In these
disciplines, the association of theoretical content with prac-
tice has been reported as a contributing factor to student at-
trition in courses [Fukao ef al., 2023].

In particular, the teaching of Operating Systems stands out
for the complexity of the concepts involved, which require a
deep understanding of both theoretical aspects and practical
skills. Consequently, there is a challenge in defining a didac-
tic sequence among its various topics [Maziero, 2002].

The use of simulators is highlighted by Rutten et al. [2012]
and Hilton and Honey [2011], where the authors emphasize
the importance of simulators in the academic context, en-
hancing students’ curiosity and interest by visualizing theo-
retical concepts through graphical representations or games.
Ultimately, this area is essential for developing profession-
als capable of managing computational resources and inter-
acting between hardware and software.

Thus, this study aims to present a systematic mapping
of the literature focused on the use of educational games
in teaching Operating Systems (OS), seeking to identify the
main characteristics of existing games in the field and how
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they are being applied in classrooms.

The remainder of this paper is organized as follows: the
next section presents examples of simulators aimed at teach-
ing OS and concepts of educational games. Section 3 out-
lines the specifications of the systematic mapping, and Sec-
tion 4 discusses the results obtained. Finally, the conclusions
and future work are presented in Section 6.

2 Theoretical Foundation

The definition of an operating system can be understood as
an extended machine, enabling users to utilize and access
a computer’s hardware functionalities while managing the
computer’s existing resources among the processes running
on it [Tanenbaum and Bos, 2015; Tanenbaum et al., 1997].

In the study of Operating Systems, one of the main con-
cepts associated with the field is that of processes, which rep-
resent an abstraction of a program managed by the OS. On
average, a computer manages approximately 130 processes
simultaneously, with one process utilizing the processor’s re-
sources at a given moment while others wait their turn to
execute [Tanenbaum and Bos, 2015].

In addition to managing processes, the operating system
oversees memory usage by allocating memory to processes
when they are initiated and releasing it when a process is ter-
minated. Moreover, the OS controls which memory regions
a process can access, preventing one process from accessing
memory allocated to another [Tanenbaum and Bos, 2015].

The management of input and output (I/O) resources is
also the responsibility of the OS, which communicates with
the I/O module, relaying user-requested tasks and receiving
information when needed [Tanenbaum et al., 1997].

The management of these resources can also lead to a dead-
lock, a problem associated with the concurrent use of two or
more resources by processes. Deadlocks must be addressed
by the OS, as it manages the processes’ use and access to
resources [Tanenbaum and Bos, 2015; Machado and Maia,
2004].

Since hard drives (HDDs) and solid-state drives (SSDs)
are also input and output devices, the operating system is re-
sponsible for managing their usage by processes and users.
Thus, the organization and management of files stored on
these devices are carried out by the OS, aiming to optimize
and facilitate access to the data allocated on them [Tanen-
baum and Bos, 2015; Machado and Maia, 2000].

These concepts related to operating systems—such as pro-
cess and memory management, interprocess communication,
I/O management, file systems, and others—are of great im-
portance in the field, as they form the foundation for Com-
puter Networks and Distributed Systems [Coulouris et al.,
2013; Kurose and Ross, 2010].

2.1 Simulators and Operating System Topics

These operating system topics also serve as a foundation for
building compilers for programming languages (PL), as a
PL utilizes a computer’s computational resources, which are
managed by the OS [Sebesta, 2018].
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In general, the main operating system concepts include
process and memory management, file operations and the
file system as a whole, input/output operations management,
deadlock handling, as well as multiprocessor system manage-
ment and security-related process issues.

The teaching of these concepts is often associated with
simulators, as the processes within an OS are dynamic and
can be represented through simulators or educational games
[Maia, 2001]. The author also emphasizes that associating
theoretical concepts with practical activities conducted in lab-
oratories is essential. Table 1 presents examples of simula-
tors aimed at teaching operating systems.

Table 1. Simulators Focused on Teaching Operating Systems

Simulator Reference
10 Simulator Medeiros et al. [2011]
NACHOS Christopher et al. [1993]
OS Simulator Gadelha et al. [2010]
RCOS.java | Jones and Newman [2001]
SimulateOS Freitas [2023]

SOIS Cruz et al. [2008]
SOsim Maia [2001]
SSOG Kioki et al. [2008]
SWSO Oliveira and Souza [2015]

TBC-SOWeb Reis and Costa [2009]
WeblJuvia Silva et al. [2021]
WxProc Rocha et al. [2004]

Medeiros et al. [2011] presents the Web 10 Simulator tool,
aimed at teaching the management of input and output de-
vices performed by the Operating System. The software’s
goal is to promote accessible and intuitive learning by pro-
viding visual methods to understand OS concepts.

Nachos [Christopher et al., 1993] simulates a Unix-like
environment, resembling a real computer with a processor,
memory, and input/output devices. The tool is instructional,
allowing users to modify and test aspects of an operating sys-
tem’s design within a controlled environment.

The OS Simulator Gadelha et al. [2010] is designed for
teaching OS concepts, focusing on file system management.
The simulator enables interaction in a virtual environment
where users can create, delete, read, and write files and ma-
nipulate directories.

Also emphasizing visual interaction, RCOS.java allows
users to engage in a simulated environment, working on con-
cepts such as memory management, scheduling, and process
communication [Jones and Newman, 2001].

SimulateOS enables users to assign attributes to processes,
visualizing the state of each process in the simulated envi-
ronment (running, ready, or blocked). Additionally, the tool
allows users to adjust the processor clock, the time quantum
allocated to each process, and the waiting time for I/O oper-
ations [Freitas, 2023].

Associated with computer architecture, SOIS [Cruz ef al.,
2008] includes a processor simulator integrated with the ma-
chine control performed by the operating system. The soft-
ware enables users to develop, execute, and monitor pro-
grams in a strictly controlled environment, supporting edu-
cation and research in the field.
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Maia [2001] describes the SOsim simulator, focused on
teaching concepts such as process management, scheduling,
memory management, and more. The tool provides real-
time interaction and visualization of operations, aiming to
enhance the learning experience for this discipline.

The SSOG tool targets students and teachers working on
operating systems courses. Its interface allows users to sim-
ulate process execution, scheduling algorithms, and memory
management. Additionally, the software addresses concepts
such as interprocess communication, synchronization, and
file systems Kioki et al. [2008].

To support learning fundamental operating system con-
cepts, SWSO [Oliveira and Souza, 2015] is an online plat-
form with a user-friendly interface. It enables users to in-
teract with and explore various OS features, simulating dif-
ferent process scheduling algorithms, memory management
techniques, and disk access strategies.

Designed to teach scheduling policies and memory alloca-
tion, TBC-SO/Web aims to facilitate learning complex con-
cepts related to operating systems. The simulator offers an
intuitive interface with interactive visualizations of OS algo-
rithm functionality [Reis and Costa, 2009].

Focusing on memory management performed by the op-
erating system, WebJuvia [Silva et al., 2021] allows users
to interact with memory allocation algorithms such as First-
Fit, Best-Fit, Worst-Fit, and Next-Fit. The software aims to
make these concepts easier to understand through a practical
and interactive tool.

To simplify the understanding of scheduling policies, Wx-
Proc provides a graphical visualization of classic scheduling
algorithms, such as First-Come-First-Served, Round Robin,
Shortest-Job-First, and Remaining-Job-First [Rocha et al.,
2004].

Based on the information about the simulators described
above, Table 2 presents the relationship between OS content
and the simulators that address them. Figure 1 illustrates the
operating system concepts covered by the simulators found
in the literature.

Based on the data in Table 2, Figure 1, and the description
of the simulators, it is evident that the most covered concepts
in the simulators are memory management and process man-
agement and scheduling.

On the other hand, concepts such as interrupts, in-
put/output management, file systems, synchronization, inter-
process communication, virtual memory, threads, and disk
scheduling and management are among the least covered in
the described simulators.

2.2 Educational Games and Their Core Com-
ponents

As described in Maia [2001], associating these concepts with
simulators and/or educational games can be a way to engage
and motivate students during the teaching-learning process.

Digital educational games can enhance the formation of
concepts, content, and skills embedded in the game. Addi-
tionally, they provide an imaginary context to be explored
and are motivating due to promoting challenges, fantasy, and
curiosity [Falkembach et al., 2006].
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Figure 1. Operating System Concepts Covered by the Simulators Found

Costa [2009], define the characteristics of an educational
game as having a structure similar to a knowledge object, rec-
ognizable by the player, where understanding this structure
is essential to achieving success in the game. Furthermore,
the authors emphasize that everything in an educational game
should focus on fun and entertainment.

Moreover, a game is composed of four basic elements:
goal, rules, feedback, and voluntary participation. Goals de-
fine the actions the player must take to achieve the game’s
main objective, while rules set the limitations imposed on the
user. Feedback guides the player based on correct or incor-
rect actions, and voluntary participation ensures the player
decides whether or not to play [Pascotini, 2018].

However, an educational game must balance challenge
with player motivation, as this balance is crucial for learn-
ing, referred to as Flow [Sanches, 2019].

In Computer Science, educational games have been
widely used in various areas [Battistella and von Wangen-
heim, 2016; Clementino et al., 2022]. In fields like Soft-
ware Engineering and Programming, numerous games can
be found in the literature, as discussed in works like Haddad
et al. [2024] and de Barros Costa and Rocha [2018].

In Haddad et al. [2024], 43 games aimed at teaching soft-
ware engineering are presented, while de Barros Costa and
Rocha [2018] reports the existence of 30 games for teaching
programming.

In areas like Digital Circuits (DC), Data Structures (DS),
and Formal Languages and Automata (FLA), fewer games
are found in the literature, as studies by Santini et al. [2023],
Julio et al. [2024], and Santini et al. [2022] present 13, 16,
and 9 games respectively for DC, DS, and FLA.

The number of games identified in the above studies re-
flects the observation by Battistella and von Wangenheim
[2016] and Clementino et al. [2022], which points out that
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10 Simul NACHOS | OS Si RCOS.java | SimulateOS | SOIS | SOSim | SSOG | SWSO | TCB-SO/WEB | WebJuvia | wxProc
Interprocess C ication X
Disk Scheduling X
Process Scheduling X X X X
File M t X
Disk Management X
Input/Output M X X
Memory Management X X X X X X X
Process Management X X X X X
Processor Ma t X X
Interrupts X X
Virtual Memory X
Multiprogramming X
Networking X
Synchronization X X
File System X X
Threads X

Table 2. Operating System Topics Associated with Simulators Found in the Literature

areas like programming, software engineering, and security
have a larger number of games compared to other fields in
Computer Science.

Regarding the area of Operating Systems, Battistella and
von Wangenheim [2016] presents only three examples of
games, while Clementino ef al. [2022] found no games as-
sociated with OS concepts.

In addition to the mentioned games and simulators, an ex-
panded search in scientific databases and digital repositories
may reveal other games aimed at teaching operating systems
concepts. Identifying new games can provide additional re-
sources to complement the teaching of operating systems,
promoting greater engagement and understanding among stu-
dents.

Despite their utility, the analyzed simulators show gaps in
the range of covered content. Concepts such as inter-process
communication, threads, virtual memory, disk management
and scheduling, and aspects related to file systems appear
less frequently in the identified tools. Including these top-
ics in new simulators or expanding existing ones could offer
a more comprehensive learning experience aligned with the
needs of modern teaching.

In conclusion, simulators and educational games play a
vital role in teaching operating systems. They combine theo-
retical concepts with interactive practices, aiding in content
retention and skill development. Continuous study and im-
provement of these tools, along with the search for new re-
sources, are essential to ensure robust and comprehensive
training in operating systems, contributing to the advance-
ment of teaching and research in Computer Science.

3 Methodology

This study expands upon the work presented in de Camargo
et al. [2024], incorporating new questions into the system-
atic mapping and providing a more in-depth analysis of the
research conducted by the authors.

The methodology of this work was adapted from the model
described by Kitchenham and Brereton [2013] and presents a
systematic mapping of educational games for Operating Sys-
tems instruction. The stages of this model can be observed
in Figure 2.

Protocol
Definition

Definition of Analysis of
Research Development Results
Questions

Figure 2. Methodology adopted in this work

3.1 Definition of Research Questions

The objective of this work is to explore educational practices
that use games in teaching operating systems, their effective-
ness, the types of games used, as well as other relevant char-
acteristics for the teaching-learning process. Thus, the fol-
lowing research questions were defined:

* Q1: Which operating system concepts do the games ad-
dress?

* Q2: Were the games used with students? What was the
number of students involved?

* Q3: How were the tests conducted, and what were the
results?

* Q4: What challenges were encountered in the applica-
tion of the games?

* QS: How were the games incorporated into teaching
Operating Systems?

* Q6: Were the games used to teach new concepts or to
reinforce existing concepts in operating systems?

* Q7: What are the genres of the games?

* Q8: What platforms are the games available on?

* Q9: In which programming languages are the games

developed?

Q10: Which educational games are currently available?

3.2 Protocol Definition

The protocol definition involves creating the search string,
determining the inclusion and exclusion criteria, and select-
ing the search sources to be used. These items are described
below.

3.2.1 Definition of the Search String

Based on the definition of the research questions, a search
string was developed to identify relevant studies. This string
is represented as: ”S1 AND S2 AND S3 AND S4,” where
each term ”S” in the string can be defined as follows:

+ S1: serious game OR teaching game OR learning game
OR educative game OR educational game OR game-
based;
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+ S2: operating system OR operating systems;

* S3: course OR concepts OR curriculum OR subject OR
area of OR fundamentals OR algorithms OR module;

* S4: race condition OR threads OR process scheduling
OR semaphores OR deadlock OR mutex OR bus OR
system calls OR inter-process communication OR busy
waiting OR strict alternation OR mutual exclusion OR
memory management OR paging OR critical region OR
lock variables OR monitor OR concurrent OR parallel.

This search string reflects a systematic approach to investi-
gating the application of educational games in operating sys-
tems education, encompassing both broad terms (e.g., seri-
ous games and game-based learning) and domain-specific
topics. The intersection between the enumerated search
strings ensures a targeted search while maintaining the rel-
evance of identified studies.

It is worth noting that multiple search strings were tested
across databases to identify the most effective formulation.
The string was calibrated based on an analysis of the preci-
sion of the results obtained during exploratory testing. Ini-
tially, the string included only terms related to games and op-
erating systems, but the results showed low precision, return-
ing many irrelevant articles. To refine the search, a second
version of the string was developed by adding terms related
to education and teaching. However, many of the returned
articles still focused on educational games in areas unrelated
to operating systems. To improve precision, a consultation
was held with a professor of the Operating Systems course,
who assisted in identifying key concepts in the field. These
specific terms were then incorporated into the final version
of'the string, resulting in a more effective filtering of relevant
studies, as presented above.

3.2.2 Criteria

Once the research questions and the search string were devel-
oped, inclusion and exclusion criteria were defined to select
the articles relevant to the study. These criteria are presented
in Tables 3 e 4.

Table 3. Defined Inclusion Criteria
Inclusion Criteria
CI1 | The study should consider educational games to
support Operating Systems instruction.
CI2 | The paper addresses concepts related to operating
systems.

Table 4. Defined Exclusion Criteria

Exclusion Criteria

CE1 | The article does not satisfy the search string

CE2 | The work was published more than 10 years ago

CE3 | The work does not have a complete version avail-
able for download

CE4 | The work is not freely accessible

CES | The work is written in languages other than En-
glish and Portuguese

Given the rapid technological advancements and the grow-
ing proliferation of digital games in recent years, this study
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prioritizes scientific publications aligned with the current
context. For this reason, a timeframe was established focus-
ing on articles published within the last decade.

3.2.3 Search Sources

The search sources used in this study include Google
Scholar, IEEEXplore, SciELO, SBC-OpenLib and
CAPES Journal database. These sources were selected as
they encompass relevant databases in the field of computing
research. It is noteworthy that the searches were conducted
exclusively with the search string in English, considering
that articles in Portuguese also provide an abstract contain-
ing keywords related to the work. Databases such as Scopus
and the ACM Digital Library were not included in this
research, as Google Scholar already indexes publications
from various sources, including part of the content from
these platforms. This approach aimed to avoid duplication
of results and make the screening process more efficient.

Another relevant aspect to highlight is that the search
string needed to include specific terms related to operating
systems. This is because a search for generic terms, such
as “educational game operating systems,” could result in ar-
ticles about educational games targeted at other areas, which
merely mention that the game is intended for operating sys-
tem X or Y, significantly increasing the number of results
returned.

3.3 Development

The development of this work was carried out in three main
stages, ensuring a rigorous and systematic analysis of the se-
lected literature, namely: (i) Initial Screening; (ii) Abstract-
Based Selection; and (iii) Full Evaluation. A complete de-
scription of the adopted methodological protocol, includ-
ing inclusion and exclusion criteria, search string, consulted
databases, and data extraction process, is available at the fol-
lowing link!.

Initial Screening: In this stage, the titles of the papers
were analyzed to assess their relevance to the topic of edu-
cational games applied to the teaching of operating systems.
Papers whose titles were not relevant to the topic were ex-
cluded.

Abstract-Based Selection: After the initial screening of
the studies, the abstracts were carefully analyzed to verify
their alignment with the previously established inclusion cri-
teria. Thus, the studies that did not meet the defined criteria
or were deemed irrelevant to the research questions were dis-
carded at this stage.

Full Evaluation: The studies not excluded in the previous
stage were analyzed in their entirety, allowing for a thorough
evaluation of the relevance of each study in relation to the
inclusion and exclusion criteria defined during the planning
phase.

"https://drive.google.com/drive/folders/
1fkIqdk12VyRbEI6Lkwhpf 1Rmws_Fe2hO
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3.4 Analysis of Results

The analyzed results followed a qualitative approach, in
which the studies were organized in a table containing infor-
mation such as the name of the game, a brief description, and
their respective references. Subsequently, each study was an-
alyzed in detail in relation to the research questions, aiming
to provide well-founded answers to these questions. Accord-
ingly, the responses to each research question are presented
and discussed in detail in Section 4.

4 Results

After defining the relevant points of the mapping, the search
was conducted during the months of October and November
2023, and the results can be found in Table 5.

Table 5. Results of the search and filtering from stages 1, 2, and 3

Base de dados Stage 1 | Stage2 | Stage 3
Google Scholar 373 31 14
IEEEXplore 5 2 1
Scielo 0 0 0
SBC-OpenLib 0 0 0
CAPES Journal database 3 1 0
Total 381 34 15

Based on the initial results of the search (step 1), the sec-
ond step aimed to select the articles through the analysis of
the title and abstract. In the third step, the articles were fully
analyzed, resulting in the selection of 15 relevant articles.

It is important to highlight that each step was performed
and validated individually by the authors. The works se-
lected by consensus advanced to the next phase, while those
that raised doubts were evaluated collaboratively.

Finally, employing the snowballing technique, additional
searches were conducted through the references of identified
articles, resulting in the inclusion of one additional relevant
study. This brought the total number of selected works to 16.
These games are presented in Table 6.

Figure 3 presents the screens of the games Parallel [Zhu
et al.,2019] and Parallel Islands [Cameron, 2023], while Fig-
ure 4 describes the games Speed Schedule [Figueiredo et al.,
2020] and Mutual Exclusion Social Game [Popovié et al.,
2018]. The figures above show that the identified games
present distinct graphical and gameplay characteristics. Ad-
ditionally, Table 6 provides a brief description of each of the
games found.

The examined games feature playful and intuitive inter-
faces specifically designed to teach operating systems con-
cepts. Each game employs distinct mechanics and interac-
tion paradigms. The specific results for each of the 10 re-
search questions defined are presented below.

4.1 Q1: What Operating Systems concepts do
the games address?

Among the 16 games found, 20 different concepts associated
with Operating Systems are addressed. These concepts can
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Figure 3. Screenshots of the games Parallel [Zhu et al., 2019] and Parallel
Islands [Cameron, 2023]

be seen in Figure 5. It is worth noting that a single game may
present more than one concept at the same time.

Aiming to compare the most addressed concepts in simu-
lators (Figure 1) with the concepts covered in games (Figure
5), it is observed that process management concepts stand
out in both games and simulators. The dynamism and inter-
activity associated with the content favor the use of games
and simulators in the teaching process.

These concepts represent fundamental topics in the dis-
cipline, yet they remain underrepresented in current educa-
tional tools. While various pedagogical approaches could
enhance student comprehension, key areas such as mutual ex-
clusion, critical sections, monitors, threads, and virtual mem-
ory receive minimal coverage in existing games.

Notably, among these concepts, only threads are addressed
in simulator-based approaches—and even then, by just a sin-
gle implementation. It is also noteworthy that concepts such
as deadlock, input/output management, and security issues
were not addressed in the educational games identified.

4.2 Q2: Were the games used with students?
What was the number of students in-
volved?

Among the 16 games found, all were tested with students.
Regarding the number of students involved in the tests, the
game that was tested with the most students was Operating
System Little Pet [She et al., 2013], with 141 students partic-
ipating in the test.

On the other hand, the game Parallel Islands [Cameron,
2023] presented test results with only 8 students. Information
on the other games can be seen in Table 7.

It is also worth noting that the game Speed Schedule did
not indicate the number of students, only reporting that three
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Table 6. Educational games for Operating Systems
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Game Name Description Reference
Arena deadlock Board game developed to teach deadlock concepts. | de Jesus Santos et al. [2020]
The game simulates different situations where pro-
cesses are waiting due to resources held by other
processes
Escalonando Game that addresses topics such as process Luccas [2019]
scheduling, process states, and other Operating
Systems topics
Mobile Virtual Virtual reality game designed to teach program- AbdelAziz et al. [2020]
Reality Game-based | ming algorithms used in Operating Systems
learning courses

Mutual Exclusion
Social Game

Educational game that simulates mutual exclusion
problems. Students use the "Geppeto” widget to
ensure they coordinate adding income to a virtual
account simultaneously

Popovié et al. [2018]

OpenTTD

Open-source version of the game “Transport Ty-
coon Deluxe.” It is a simulation game for building
and managing computer networks

Murphie and Hansen [2018]

Operating System

Game integrated into Facebook where students

She et al. [2013]

Little Pet take care of and strengthen their pets by answer-
ing questions about the content of the Operating
Systems course
Parallel Educational game that teaches concurrent and par- Zhu et al. [2019]

allel programming concepts through challenges
where players must employ different problem-
solving strategies

Parallel Islands Users must travel between islands, obtaining pro- Cameron [2023]
visions for their survival by completing tasks re-
lated to parallel programming
Prototype on virtual | Platform game where the character faces chal- Souza [2014]

memory

lenges such as translating virtual addresses by ap-
plying virtual memory concepts

Race condition

This game addresses topics such as inter-process
communication, race conditions, mutual exclu-
sion, and other important Operating Systems top-
ics

Luccas [2019]

No name

Users interact with characters that must be pro-
grammed to perform tasks by applying parallel
programming concepts

DeLozier and Shey [2023]

Space Shooter

Interactive web game designed to help students un-
derstand the concepts associated with buffer over-

Sflow

Zhang et al. [2020]

Speed Schedule

Game that addresses scheduling policies in Op-
erating Systems, offering players the opportu-
nity to learn about process ordering and average
turnaround time calculation interactively

Figueiredo et al. [2020]

Temple of Treasures

Game that addresses Operating Systems concepts
related to access control, enabling players to man-
age permissions and access rights to computer de-
vices and resources.

Weanquoi et al. [2021]

Threadman Game that addresses topics such as process Luccas [2019]
scheduling, process states, and other Operating
Systems topics
World of Operating | Browser-based game designed to complement an Rughinig [2013]
System (WoUSO) introductory Operating Systems course involving

quizzes, puzzles, challenges, and competitions
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Speed Schedule
FECHAR JOGO NICIAR JOC INICIA
Pracessos
T.do Tempo 16 £ 45 98 13 27
Priondade 23 6.2 6.8 11 22 55
Turnaround 45 3 o1 27 67 48
Bilhetes 58 81 54 50 44 73

Equipe: Guerreiros

Poliica:  LOTERIA Resposta

Rodada: 1

A resposta deve ser escrita com virgula e com preds3o de duas casas dedmais
Cada resposta errada soma 500 pontos.

Ordered Customer Serving (X
Counter for DMN company
7

How long will you
wait?

Take a waiting
number?

Your waiting number:

Forever v

Calling your number

Response to calling: Have you finished?

[ Respond |

Figure 4. Screenshots of the games Speed Schedule [Figueiredo et al.,
2020] and Mutual Exclusion Social Game [Popovi¢ et al., 2018]

Operating Systems classes participated in the tests.

4.3 Q3: How were the tests conducted, and
what results were obtained?

Among the evaluations and tests carried out with the iden-
tified games, recurring methods include: pre- and post-test
questionnaires [She et al., 2013; Zhu et al., 2019; Cameron,
2023; Zhang et al., 2020; Weanquoi et al., 2021], ques-
tionnaires based on specific game evaluation methodologies
[Luccas, 2019; de Jesus Santos et al., 2020; Souza, 2014; Ab-
delAziz et al., 2020], player observations [Figueiredo et al.,
2020; Rughinig, 2013], use of control groups [Popovi¢ et al.,
2018], questionnaires focused on the concepts explored
[Murphie and Hansen, 2018], and validation of student-
proposed solutions against predefined correct solutions [De-
Lozier and Shey, 2023]. Detailed information about each
game evaluation is presented below.

The evaluation of the Arena Deadlock game, aimed at as-
sessing students’ understanding of deadlock, was conducted
after a brief conceptual introduction and explanation of the
game rules. The evaluative questionnaire included 10 ques-
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found
Table 7. Number of students per educational game
Game Name Number of Students
Arena deadlock 17
Escalonando 20
Mobile Virtual Reality 110
Game-based learning
Mutual Exclusion Social 25
Game
OpenTTD 16
Operating System Little 141
Pet
Parallel 25
Parallel Islands 8
Prototype on virtual 10
memory
Race condition 20
No name 95
Space Shooter 41
Speed Schedule three OS classes
Temple of Treasures 53
Threadman 20
World of Operating 118
System (WoUSO)

tions about OS concepts and the game itself [de Jesus Santos
et al., 2020].

The evaluation results indicate that the game effectively
conveys the concept of deadlock, facilitating understanding.
Students suggested playing without prior deadlock concepts
to encourage learning during gameplay by establishing con-
nections with their in-game experiences.

Escalonando, Race Condition, and Threadman were cre-
ated by the same author [Luccas, 2019] and evaluated to-
gether using common questions for all three games. The
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evaluation was divided into four stages. In the first, students
expressed opinions about the games, focusing on fun, intu-
itiveness, content clarity, and playfulness.

Results from this stage showed that 90% of students con-
sidered the games fun and intuitive, with clear and objective
content, and 95% felt the games contributed to their learning.

In the second stage, students associated the games with
the concepts covered in the operating systems course, with
the majority correctly linking the game content to the course
material.

To assess concept learning more deeply, the third stage
included essay questions where students described the char-
acteristics of algorithms used in the games, their advantages,
and disadvantages in an OS. Most students responded cor-
rectly with detailed answers, demonstrating good understand-
ing.

Finally, in the fourth stage, students provided feedback on
the games, suggesting improvements to the aesthetics and
mechanics and recommending other OS topics for inclusion.
They also reported some bugs in the games.

The Mobile Virtual Reality Game-based Learning [Abde-
1Aziz et al., 2020] tests aimed to assess the tool’s ability to
motivate students to learn about scheduling algorithms in op-
erating systems.

The study spanned six weeks. In the first week, students
studied scheduling algorithm concepts. In the second, before
using the tool, students completed the Instructional Materials
Motivation Survey (IMMS) to measure four motivation com-
ponents: attention, relevance, confidence, and satisfaction.

In the fourth and fifth weeks, students participated in learn-
ing activities related to processor programming in two dis-
tinct environments.

In the final week, students retook the IMMS to evaluate
motivation changes. Results showed significant increases in
confidence and satisfaction, while attention and relevance re-
mained unchanged.

In the Mutual Exclusion Social Game [Popovi¢ et al.,
2018], the evaluation aimed to examine the effectiveness of
an experimental approach to mutual exclusion in parallel pro-
gramming. The 25 students involved in this evaluation phase
were divided into two groups, one with 11 students forming
the conventional sample and another with 14 students as the
experimental sample.

The conventional group used traditional methodology,
classroom theory, and supporting bibliographic references
for the discipline. Meanwhile, the experimental group used
the proposed tool during the course.

In the end, both groups were subjected to three distinct
tasks related to programming in C language and the use of
mutual exclusion. In the conventional group, 7 out of 11 stu-
dents solved the problems, resulting in a success rate of 64%.
In contrast, the experimental group achieved a task success
rate of 79%, representing a 15% increase over the conven-
tional group.

For the evaluation of OpenTTD [Murphie and Hansen,
2018], students were first familiarized with the game, aim-
ing to learn how to navigate the interface and understand the
resources necessary for the subsequent tasks.

Students then solved programming problems related to
concurrency, involving race conditions and deadlock. Sub-
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sequently, the questions used aimed to associate the game’s
concepts with the contents addressed in the programming
task.

The feedback from the students was notably positive, with
several students reporting that the activities helped clarify
and solidify abstract concepts. Additionally, student engage-
ment was evident from the fact that even after completing the
tests with the tool, some students continued to interact with
the game voluntarily to practice and learn.

The evaluation of Operating System Little Pet [She ef al.,
2013] also divided students into an experimental group (70
students) and a control group (71 students). All students an-
swered a quiz on prior OS knowledge, in addition to a ques-
tionnaire aimed at understanding their motivation for learn-
ing the course content.

Both groups used the game; however, the experimental
group used a version with social interactions between the
game’s characters, while the control group’s version did not
allow social interaction among players.

After the activities with the game, the authors observed
that the experimental group’s motivation increased, whereas
the control group’s motivation decreased. A new question-
naire was administered to the students, assessing the game’s
impact on their motivation and understanding of the subject
matter.

Based on the results, the authors stated that the tool was
helpful in improving the course’s comprehension, even with
feedback indicating areas for improvement and issues with
the game.

After using the game Parallel [Zhu ef al., 2019], students
were challenged to draw connections between the game’s
puzzles and the concepts covered in theoretical classes. Re-
garding content related to mutual exclusion and critical sec-
tions, 92.3% of the students recognized and reported such
connections.

The authors also noted that a qualitative analysis of the
students’ responses indicated a high level of precision in the
answers. Regarding the game itself, students reported that it
provided an interactive and dynamic approach to a complex
theoretical topic.

For the evaluation of Parallel Islands [Cameron, 2023], ini-
tial information was collected about the participants’ prior
knowledge (pre-game survey). Subsequently, participants
played the game and completed a new questionnaire (post-
game survey) regarding the knowledge acquired, along with
providing feedback on their experience with the game.

The author reports that the success rate on the first ques-
tionnaire was 50%, whereas the second achieved 100% suc-
cess. Students also indicated that the software is intuitive and
efficient as a learning tool.

All students involved in the evaluation of the Prototype on
Virtual Memory [Souza, 2014] had already completed the OS
course. Thus, the author’s evaluation focused on the game
itself.

Using the Likert scale, the game’s usefulness as an educa-
tional tool received an excellent rating. As for criteria like
organization and clarity of content, the feedback ranged be-
tween good and excellent. Finally, the interface was rated
as intuitive and attractive, though it received suggestions for
improvement from the students.
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Another noteworthy point in Souza [2014]’s work was the
use of a series of dichotomous questions, i.e., binary answers
such as yes or no, true or false. There was unanimity in the
responses to these questions on topics such as understanding
the subject addressed in the game, the completeness of the
content, and the game’s contribution to teaching virtual mem-
ory. Students also unanimously indicated that they were not
aware of any other educational game with a similar approach.

Finally, the subjective questions revealed positive percep-
tions from students, with suggestions for improvements to
the interface, new characters, online rankings, multiplayer
capabilities, and incorporating new content related to operat-
ing system memory management.

DeLozier and Shey [2023] report that the evaluation of
the proposed game was based on the efficiency of the char-
acters’ movements compared to a pre-established optimized
solution.

The results of the study indicate that while participants ini-
tially faced challenges adapting to the visual programming
language proposed by the game, with time and practice, the
vast majority were able to solve complex programming prob-
lems involving synchronization.

The Space Shooter [Zhang et al., 2020] was evaluated at
two universities, where students initially answered a ques-
tionnaire about the concepts involved in the game. After
each game module, students completed a quiz, immediately
assessing users’ perceptions.

At the end, a new questionnaire on the content was applied
alongside a satisfaction survey regarding learning through
the game. The results showed an overall increase in students’
performance as they progressed through the game modules,
demonstrating the tool’s effectiveness in enhancing compre-
hension.

The satisfaction survey results at one university indicated
that 90.5% agreed that the learning objectives were achieved,
while at the other university, the rate was 83.3%. The learn-
ing assessment showed a slight improvement between the ini-
tial and post-game surveys.

The Speed Schedule [Figueiredo et al., 2020] was eval-
uated with three operating systems classes at a university,
where the game was integrated as a practical learning tool af-
ter theoretical explanations in the classroom. Students were
grouped into teams of three for sessions of approximately
one and a half hours.

The authors report that, initially, the groups quickly dis-
persed; however, as the game progressed, student engage-
ment and motivation increased. Another point highlighted
was that in the early sessions, students consulted theoretical
materials to assist in solving tasks, a practice that diminished
over time.

The authors also noted that the ranking system and the pos-
sibility of breaking other groups’ records stimulated and en-
couraged learning through the game.

At the end of the game sessions, a test validated the knowl-
edge of both the students who played and those who did not,
showing a 14% better performance for the group that used
the tool. Additionally, 89% of students rated the game as
fun or very fun.

To evaluate the effectiveness and impact of the game Tem-
ple of Treasures [Weanquoi et al., 2021], the authors applied
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a pre-test and a post-test containing questions related to the
game’s content.

In addition to these, in-game questionnaires were pre-
sented to users at the end of each game level. The authors
also measured player experience, satisfaction, and percep-
tions of the game.

The results presented indicated an increase in knowledge
about operating systems, as well as positive feedback on the
game’s quality as an educational tool. Furthermore, the suc-
cess rate at each game level was used as an evaluation crite-
rion for the content covered by the game, also showing learn-
ing gains compared to the pre-test.

Rughinis [2013] evaluated World of Operating System
(WoUSO) using three distinct methods: direct observation
of students interacting with the game in multiple sessions,
an anonymous survey after gameplay, and an interview.

The evaluation results indicated that the majority of stu-
dents considered WoUSO a tool that contributed to under-
standing concepts associated with the course. A noteworthy
aspect highlighted by the author was the social component of
the game, where players’ rankings and reputations motivated
and engaged competition among them.

At the end of the tests, it was concluded that WoUSO
proved to be an innovative and effective resource in the ed-
ucational field, promoting a fun and socially engaging learn-
ing environment.

4.4 Q4: What are the difficulties encountered
in the application of the games?

Among the difficulties mentioned in the articles, the most
frequently discussed factor is the bugs found in the games.
Issues such as repetitive music, inability to close tutorials,
problems with the game’s save function, and confusing me-
chanics fall under this category.

One reason that may contribute to the prevalence of bugs
in the games is the programmer’s inexperience. Since some
educational games are developed by undergraduate or gradu-
ate students, this may account for the number of issues iden-
tified in the games.

Another significant factor highlighted in three games was
the issue with the game’s color palette. Feedback from a col-
orblind student revealed that they could not distinguish game
elements because the colors were not designed with color-
blind users in mind.

Difficulties related to the content itself were also reported.
As the games deal with complex concepts, associating the
theoretical content with the practical elements embedded in
the game can pose additional challenges.

It is also worth noting problems related to student motiva-
tion, the short duration of activities, and the need for special-
ized hardware to perform certain tasks.

4.5 Q5: How were the games incorporated
into the teaching of Operating Systems?

The use of educational games for Operating Systems in the
classroom can be classified into three types: used only once,
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used throughout the course (more than once), and as extracur-
ricular content. Figure 6 shows how the games were incor-
porated, with a strong tendency to use the games only once
(11 games).

12

10

Quantity
e

One Single time Along classes Extra content

Incorporation method

Figure 6. Classroom implementation frequency of operating systems edu-
cational games

Figure 6 also indicates that most of the games found are
used as isolated episodes in classes, underestimating their po-
tential to continuously and cumulatively reinforce concepts.

4.6 Q6: Were the games used to teach new
concepts or to consolidate concepts in op-
erating systems?

Regarding how the game was approached in the classroom,
76.2% of the games were used for the consolidation of con-
cepts already covered in class, meaning the students already
had prior knowledge of the content addressed in the game.

On the other hand, 23.8% of the games were used at a time
when students had no prior knowledge of the concepts associ-
ated with the game. These games were specifically designed
to introduce core operating systems concepts to novice learn-
ers, serving as foundational pedagogical tools.

Although most of the games identified were used after
students had been introduced to the content, the above data
demonstrates the flexibility of educational games, allowing
both the introduction of new concepts and the consolidation
of existing ones.

4.7 Q7: What are the genres of the games?

The genres of the games identified can be seen in Figures 7
and 8 below. On the left, the individual genres of the games
are presented, noting that a game may fall into more than one
genre. On the right, the distribution of the identified genres
is shown.

Figure 8 shows the predominance of strategy and puz-
zle games. This is evident as these types of games rely on
problem-solving and critical thinking—essential skills in var-
ious disciplines associated with Computer Science.

4.8 Q8: What are the platforms of the games?

Among the identified games, Arena Deadlock [de Jesus San-
tos et al., 2020] is a board game and Mobile Virtual Reality
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Game-based learning [AbdelAziz ef al., 2020] is designed
for mobile devices, as it utilizes virtual reality.

While Arena Deadlock emphasizes hands-on experience
with resource allocation scenarios, Mobile Virtual Reality
Game-based learning immerses students in 3D environments
to visualize abstract OS concepts, demonstrating the diver-
sity of pedagogical approaches across physical and digital
platforms. The remaining games (14 instances) were devel-
oped for use in web browsers or as standalone computer soft-
ware.

4.9 QO9: In which programming languages are
the games developed?

Only 9 out of the 16 identified games mentioned the program-
ming language used in their development. Among these, 6
were developed in C#: Mobile Virtual Reality Game-based
Learning, Space Shooter, Temple of Treasures, Threadman,
Escalonando, and Race Condition. Only one game was
developed using C and C++ (OpenTTD), one game used
JavaScript and Java (Parallel Islands), and one was devel-
oped in Delphi/Object Pascal (Speed Schedule). Table 8 de-
scribe the languages for all the games founded.

The predominance of C# reflects the use of Unity [Unity,
2024], a popular game development engine. It is also note-
worthy that the analyzed studies did not report the use of ad-
ditional libraries and tools, only listing the programming lan-
guage employed in the game’s development.
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Table 8. Programming language of games founded

Game Name Programming language
Arena deadlock board game
Escalonando C#
Mobile Virtual Reality C#
Game-based learning
Mutual Exclusion Social not especified
Game
OpenTTD C and C++
Operating System Little not especified
Pet
Parallel not especified
Parallel Islands JavaScript and Java
Prototype on virtual not especified
memory
Race condition C#
No name not especified
Space Shooter C#
Speed Schedule Delphi/Object Pascal
Temple of Treasures C#
Threadman C#
World of Operating not especified
System (WoUSO)

4.10 Q10: Which educational games are cur-
rently available?

Among the 16 games analyzed, only three are currently avail-
able to be played: Temple of Treasures’ [Weanquoi e al.,
2021], WoUSO? [Rughinis, 2013], and OpenTTD* [Murphie
and Hansen, 2018]. On the other hand, Arena Deadlock
[de Jesus Santos et al., 2020], due to its nature as a board
game, provides its components, including the board, cards,
and items, in digital format for printing and use. This distinc-
tion highlights the diversity of formats and accessibility of
the games analyzed, with variations ranging from complete
digital experiences to physical materials that require user as-
sembly.

Most of the evaluated games are no longer available, pos-
sibly due to their discontinuation in the educational context,
as many of them were developed for specific, one-time ac-
tivities. This discontinuity may occur because institutional
emails are typically used for research activities. When au-
thors leave the institution, their email accounts are deac-
tivated. A concrete example involves storing games on
Google Drive - when researchers depart from the institution,
they lose access, and consequently, the links to their previ-
ously stored work become unavailable.

5 Limitations

Although this study followed a systematic and structured
methodology, some limitations may influence the interpreta-
tion and generalization of the results. To provide a clearer un-
derstanding of these limitations, we discuss the main threats
to validity using four widely recognized categories in empir-

Zhttps://gamelab.wssu.edu/index. htm
3https://github.com/rosedu/wouso
“https://www.openttd.org/
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ical research: construct validity, internal validity, external
validity, and conclusion validity. Each of these dimensions
highlights specific aspects of the research process that may
impact the reliability and robustness of the findings.

Construct validity concerns whether the study effectively
captures what it intends to measure. In this mapping, the
string of search terms and inclusion criteria were designed
to identify educational games for teaching operating systems.
However, relevant studies might have been missed due to dif-
ferences in terminology, vague descriptions, or limited index-
ing in the selected databases. Furthermore, the definition of
what constitutes an “educational game” or a ”game focused
on operating systems” may vary across studies, introducing
subjectivity in the selection and classification processes. Al-
though calibration was carried out iteratively with domain
experts, the manual interpretation of game descriptions, me-
chanics, and educational intent may still introduce bias.

Internal validity refers to the extent to which the cat-
egorization and interpretation of the data are trustworthy.
Since the classification of genres, platforms, programming
languages, and evaluation methods involved interpretative
judgments, there is a risk of misclassification or inconsis-
tency. In addition, the fact that all 16 identified games were
tested with students may suggest a higher degree of maturity
or validation. However, the lack of standardized evaluation
frameworks across the studies limits the ability to directly
compare educational effectiveness or methodological rigor.

External validity relates to the generalizability of the
findings. This mapping focused exclusively on educational
games for operating systems, which restricts the applicability
of the results to other Computer Science topics. Moreover,
although a variety of genres was identified and most games
were digital, the sample size is relatively small (16 games),
and cultural or institutional differences may affect their use
in other contexts. For example, only one non-digital game (a
board game) was found, possibly indicating a publication or
development bias toward digital formats.

Conclusion validity concerns whether the conclusions
drawn are reasonable based on the collected evidence. The
descriptive nature of a systematic mapping limits inferential
analysis. Furthermore, some games were no longer available
for testing, and many studies lacked detailed documentation
on game design, deployment, or learning outcomes. This hin-
ders deeper assessments of effectiveness or replication of the
educational approaches. As a result, while trends and gaps
were identified, caution must be taken not to overgeneralize
the implications of individual studies.

6 Conclusion

This paper presented a systematic mapping of educational
games aimed at teaching operating systems. Among the
games identified, all were tested with students and demon-
strated positive results as tools to support the teaching and
learning of operating systems. A significant portion of the
students involved provided favorable feedback, often accom-
panied by suggestions for improvements, which opens up
possibilities for the development of updated versions of ex-
isting games or the creation of new educational proposals.
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The mapping was guided by ten research questions de-
signed to explore the current landscape of educational games
for operating systems in depth. The questions focused
on identifying: (Q1) which operating system concepts the
games address; (Q2) whether the games were used with stu-
dents and the number of students involved; (Q3) how the
tests were conducted and their outcomes; and (Q4) the chal-
lenges encountered during game application. The study also
investigated (Q5) how the games were incorporated into OS
teaching contexts, (Q6) whether they were used to introduce
new concepts or reinforce existing ones, (Q7) the genres of
the games, (Q8) the platforms for which the games were de-
veloped, (Q9) the programming languages used, and (Q10)
which educational games are currently available.

Together, the answers to these questions provided a com-
prehensive overview of the role and characteristics of educa-
tional games in the teaching of operating systems, highlight-
ing trends, gaps, and opportunities for future development
and research.

Furthermore, it was observed that simulators and educa-
tional games play an essential role in operating systems ed-
ucation. They combine theoretical concepts with interactive
practices, aiding in content retention and skill development.
The continuous study and improvement of these tools, along
with the pursuit of new resources, are fundamental to ensur-
ing comprehensive and solid training in operating systems,
thereby contributing to the advancement of teaching and re-
search in Computer Science. Areas such as threads, criti-
cal regions, mutual exclusion, and others have few examples
of games, also presenting opportunities for studying less ex-
plored areas.

Although the games showed positive outcomes, further re-
flection is needed on how they affect deeper learning pro-
cesses, such as conceptual understanding, long-term reten-
tion, or critical thinking—within the domain of operating
systems. To address the reported challenges, such as lim-
ited documentation or technical barriers, it is recommended
that future game-based initiatives be accompanied by educa-
tor guides, open-source code, and cross-platform compatibil-
ity. Besides, rather than isolated interventions, the integra-
tion of educational games into the operating systems curricu-
lum should be planned throughout the course, aligned with
specific learning goals and assessment strategies.

Future work aims to analyze these underexplored areas,
aiming at the creation of both digital and non-digital educa-
tional games focused on teaching these concepts, thus filling
the gap in the field of educational games for operating sys-
tems.

Games offer an opportunity for the development of rea-
soning, logic, and other essential skills in problem-solving,
thus promoting academic learning and the decision-making
necessary in the job market.
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