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Abstract

Using games in education has the potential to increase students'motivation and engagement in the learning
process, gathering long-lasting practical knowledge. Expanding interest in implementing a game-based approach
in computer science education highlights the need for a comprehensive overview of the literature research. This
scoping review aims to provide insight into current trends and identify research gaps and potential research topics
concerning game-based learning in computer science. Using standard methodology for scoping review, we identi-
fied 113 articles from four digital libraries published between 2017 and 2021. Those articles were analyzed concern-
ing the educational level, type of the game, computer science topic covered by the game, pedagogical strategies,
and purpose for implementing this approach in different educational levels. The results show that the number

of research articles has increased through the years, confirming the importance of implementing a game-based
approach in computer science. Different kinds of games, using different technology, concerning different com-

puter science topics are presented in the research. The obtained results indicate that there is no standardized game
or standardized methodology that can be used for the creation of an educational game for computer science educa-
tion. Analyzed articles mainly implement a game-based approach using learning by playing, and no significant focus

implementation in other topics beyond programming.

education

is given to the effectiveness of learning by designing a game as a pedagogical strategy. Moreover, the approach
is mainly implemented for developing computational thinking or programming skills, highlighting the need for its
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Introduction

The world is changing very fast due to the emergence
of technology in our everyday lives. This tremendous
change can be noticed in different areas, including
education. Students are influenced by the digital era,
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surrounded by technology and working with a massive
amount of digital information on an everyday base. They
are used to interactive environments and fast commu-
nication and prefer learning by doing (Unger & Meiran,
2020). Traditional learning environments, where students
should sit and listen to the information provided by the
teachers are unacceptable for them (Campbell, 2020).
Students require active learning environments, using the
possibilities of various technology applications to gain
knowledge. They seek more interesting, fun, motivating
and engaging learning experiences (Anastasiadis et al.,
2018).

Creating engaging learning environments can develop
students’ critical thinking, problem-solving skills, crea-
tivity and cooperation, preparing students for living in
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a constantly changing world (Joshi et al.,, 2022; Lapek,
2018; Tang et al., 2020). Education needs to shift toward
active learning approaches that will encourage students
to engage on a deeper level than traditional lecture-based
methods (Boyer et al., 2014). To achieve this, teachers
must find an approach tied to digital tools that students
use daily (Videnovik et al., 2020).

Implementation of a game-based learning approach
for creating engaging learning environments
Game-based learning is considered one of the most
innovative learning approaches for increasing students’
interest in education by playing games (Priyaadharshini
et al,, 2020). It refers to using games as an educational
tool or strategy to facilitate learning and engagement (Li
et al,, 2021). Game-based learning involves designing and
incorporating educational content within a game format,
where players actively participate and interact with the
game mechanics to acquire knowledge or develop skills.
Many approaches tackle the umbrella of application of
game-based learning in different educational fields. Dif-
ferent playful experiences can enable children to con-
struct knowledge by playing and exploring a real-world
problem often driven by students’ interest in inquiry
(Hirsh-Pasek, 2020). Gamification is a process that uses
game elements, such as points, rewards, badges and
competition during the learning process, establishing
interactive and engaging learning environments (Turan
et al,, 2016). Gamification aims to enhance motivation,
engagement, and participation using the inherent appeal
of games. Designing interactive and entertaining games,
primarily for education, is a step forward in implement-
ing game-based learning. Serious games enable players
to cultivate their knowledge and practice their skills by
overcoming numerous interruptions during gaming (Yu,
2019). Effectively designed serious games facilitate learn-
ing by stimulating creativity, igniting interest, promoting
discourse, and cultivating a competitive drive for explora-
tion in diverse fields. Different mobile and location-based
technologies provide opportunities to embed learning
in authentic environments and thereby enhance engage-
ment and learning outside traditional formal educational
settings (Huizenga et al., 2009). Those games can simu-
late various aspects of reality, such as driving a vehicle,
managing a city, or piloting an aircraft, allowing players
to experiment and make decisions in a safe space without
real-world consequences (Toh & Kirschner, 2020).
Games enable the integration of intrinsic and extrin-
sic motivational components to create an environment,
where players feel more motivated to engage in the
activities (Hartt et al., 2020). When digital game-based
learning is implemented, including key game design ele-
ments (collaboration, choice, feedback), there is typically
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a positive impact on student engagement (Serrano, 2019;
Wang et al., 2022). Students approach gameplay with
interest and dedication and are persistent in progressing
it. Therefore, teachers must find different ways to imple-
ment a game-based approach in the classroom, utiliz-
ing students’ engagement, persistence and motivation
during gameplay for classroom activities. During game-
based learning, students have fun and enjoy themselves
with increased imagination and natural curiosity, which
can lead to high levels of participation and the student’s
involvement in the learning process. In this way, students
can be more successfully engaged in meaningful learning
than traditional teaching methods (Hamari et al., 2016;
Huizenga et al., 2009; Karram, 2021).

Research on using a game-based learning approach

in education

In the last decade, the game-based approach is receiving
increasing attention in the research community due to its
potential to increase students’ motivation and engage-
ment, promoting a student-centred learning environ-
ment. Many researchers show that digital game-based
learning is becoming a powerful tool in education, mak-
ing learning more enjoyable, easier and efficient (Boyle
et al,, 2016; Hafeez, 2022). Implementation of a game-
based learning approach can provide students with
an engaging, motivating and stimulating environment
(Ghergulescu & Muntean, 2012; Hwang et al., 2014), sup-
porting them to focus on the task and increasing over-
all learning experiences (Hamari et al., 2016). Moreover,
game-based learning has the potential to improve stu-
dents’ competencies and academic performance (Clark
et al., 2016; Lépez-Fernindez et al, 2021a, 2021b;
Mezentseva et al., 2021; Noroozi et al., 2020; Sanchez
Mena & Marti-Parrefio, 2017; Vu & Feinstein, 2017). It
presents the learners with rich, immersive environments
and experiences that are not just about learning facts but
enables the development of problem-solving, decision-
making, and strategic planning (Lymbery, 2012; Sung &
Hwang, 2013) skills. In addition, the student’s academic
achievement using a game-based approach is better than
those learning through the traditional method (Arcagok,
2021; Partovi & Razavi, 2019; Roodt & Ryklief, 2022;
Wang et al, 2022). Educational games promote active
and self-directed learning, enabling students to learn
from authentic situations and receive immediate feed-
back (Pellas & Mystakidis, 2020; Zhao et al., 2021). It
can be highly personalized, allowing students to learn at
their own pace and in a way best suited to their individ-
ual needs and learning styles, engaging them in the self-
assessment process (Videnovik et al., 2022). In a gaming
environment, students can explore different scenarios,
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make choices, and learn from the consequences of their
actions without fear of making a mistake.

Despite the great potential of the game-based approach
for learning, it must be noted that developing educa-
tional games can be very complex and costly, and faces
significant challenges (Boyle et al., 2016). The process of
designing an educational game needs a lot of planning
and requires a lot of skills (Hussein et al., 2019). Teach-
ers do not have necessary skills to develop a game that
combines entertainment and educational elements to
increase student’s interest and motivation during learn-
ing (Qian & Clarck, 2016). On the other side, game devel-
opers have problem to align educational goals within
the game. In addition, the games must be well-designed
and with the right level of complexity so the learners
should not be bored or frustrated during the play (Liu
et al.,, 2020; Vlahu-Gjorgievska et al., 2018), taking into
account both educational and entertainment elements.
That is why educators cannot depend solely on profes-
sional game designers and must take on the responsibility
of creating these immersive learning experiences them-
selves or by engaging their students in the design process.

Game-based learning approach in computer science
education

The game-based approach provides a dynamic and effec-
tive way for students to learn and apply their knowledge
in a variety of subjects, such as math (Vankus, 2021),
physics (Cardinot & Fairfield, 2019), languages (Lee,
2019), and history (Kusuma et al., 2021). This approach
allows students to learn complex concepts and skills in a
fun and interactive way while also fostering critical think-
ing and collaboration. It is particularly effective in com-
puter science, where students can learn about algorithms,
data structures, networks, software testing and program-
ming languages by designing and testing their games and
simulations (Kalderova et al.,, 2023). In addition, game-
based learning can help to bridge the gap between theory
and practice, allowing students to apply their knowledge
in a real-world context (Barz et al., 2023).

The importance of computer science has been empha-
sized in the last decade through different campaigns and
online platforms. Their main aim is to develop students’
computational thinking skills and attract students to
coding, mainly through a game-based approach (code.
org, codeweek.org). They offer teachers access to mate-
rials and learning scenarios covering different unplugged
activities and block-based programming. Students have
an opportunity to play games and learn basic program-
ming concepts through fun and interactive activities,
developing collaboration and competitiveness at the same
time. Game narratives, collecting points, and immedi-
ate feedback through these games increase students’
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engagement. These platforms are a valid option for devel-
oping computational thinking at an early age and a good
way for students to develop creativity, critical thinking
and problem-solving skills (Barradas et al., 2020).

Various block-based programming languages, which
are also accessible online (Scratch,' Snap,? Blockly?), are
used to develop students’ computational thinking and
block-based programming skills, especially in primary
education. In addition, they support the development of
interactive projects that students can use afterward (Tsur
& Rusk, 2018). Moreover, students can develop anima-
tions, interactive stories, and games, which allow them
to engage in the coding process, learn programming con-
cepts and even learn about other computer science topics
during game design.

Topics connected with programming are the most
common in computer science, but learning how to pro-
gram is often recognized as a frustrating activity (Yass-
ine et al., 2018). Learning object-oriented programming
languages is especially difficult for students, because pro-
gramming concepts are complex, cognitively demanding,
require algorithmic thinking and problem-solving skills,
and is a long-term process (Zapusek & Rugelj, 2013).
Game-based learning stimulates active learning and
enables students to learn about programming concepts
in fun and engaging ways through visual interfaces and
engaging environments (CodeCombat,* Alice,” Green-
foot®). Those engaging and motivating environments ena-
ble simplifying complex programming concepts, such as
inheritance, nested loops, and recursion (Karram, 2021).

Different pedagogical strategies can be used to
implement game-based learning in computer science,
empowering students’ skills and increasing their active
engagement in learning. For example, students can
deepen their knowledge and skills on a given topic by
playing the game (Hooshyar et al., 2021; Shabalina et al.,
2017) or through the process of game design (Denner
et al.,, 2012; Zhang et al.,, 2014). In both cases, the game-
based approach can increase students’ motivation and
engagement in learning (Chandel et al., 2015; Park et al.,
2020).

! https://scratch.mit.edu/
2 https://snap.berkeley.edu/

3 https://blockly.games/

* https://codecombat.com/

> https://www.alice.org/

© https://greenfoot.org/door


https://scratch.mit.edu/
https://snap.berkeley.edu/
https://blockly.games/
https://codecombat.com/
https://www.alice.org/
https://greenfoot.org/door

Page 4 of 23

(2023) 10:54

Videnovik et al. International Journal of STEM Education

A311n23519g/4> Jo 21d01 3Y3 Yum A|jeoypads
Buijeap saweb SNOLSS JO 91e1S JUDLIND Y3 Se |[9M Se pUNOoIBYD.Q INOGR ASAINS v/

92102 J93Jed e se
92Ua1Ds JaIndwiod Jo uondadiad spIb uo 1oedwi Jlsy1 pue ssiiAnde Bulubissp 1o
Bulfe|d sowieb snoLeA 9Y1 USS9MISG UOIIR[S] Yl INOGe MIIAS) SIN1RIDN| DIIeUIDISAS

uoledpinied 9A1IDE SIUSPNIS 2INSUS 01 PIPN|DUL 3G PINOYS 1YL SIUSW|D sweb
BulAuapl ‘ssweb buiwwelboid snouss JO ainiessll| bunsixs ay1 Jo mMalAal buldods

9AIDadsIad saingune aweb pue
[PUOIDNIISUI UB WOl saweb Bujwwielboid g1 Jo sisAjeue aAeIedWOD ‘BAIRYEND

JUSWISS3SSE JI9Y) pue ‘ssauaieme pue Bujuiea| Aoeaud

/A11n23s Joy yoeoudde paseq-aweb e Huikojdap 1o} 5003 pue spoylaw Jo buimalnay
UOIBN|RAD 13U} 1O} SPOYIaW pue

S1UaWI|R sweb ‘Bulwwesboid Bujules| 10 ssweb SNOLISS INOGR MIIAI D1BUISISAS

S||4s buiwwelb
-01d Jo Buidojaasp 104 pasn ag ued 1ey) suwiope|d suweb ospiA Jo malaal buidods

S||1fs BuuIyl [euoneINdwod s1uspnis budueyus Uo

Sa13IAI10e Pabbn|dun JO 19343 aY1 BUIZIEWIWNS S9SA|RUB-PISW PUB MIIADI D11BUIDISAS
BulA|ingiagA> pue BulA||Ng JO UOIID3IBP Pue UOUIAID U 10§

$|00} Se SaUIeD 09PIA JO 95N Y} UO PISNI0) MIIAI INTRISH| DIIBWIDISAS 9Y |

paldde sayoeosdde Hujwweiboid pue ‘sauled asoyy Ul PaJsA0D

$1dodu0d bulwweiboid paiusLo-123(qo ‘buiuiwelbold palusiio-103fqo buiules) 1oy
paieiodiodul 10 padojaAap sauleb snouas BUIAJIUSPI MSIADI 2IN1eISYI| DRWISAS

(£100) 1238 yoIL

(1207) '8 18 euliRyS
(6107) ‘e 39 pIyeys

(8107) uewez pue a1ode]
(0707) "|e 19 sluuelbEIRY
(6107) ‘e 12 SOMUES S0
(1207) 1e19 Zeig

(£202) e 18 buay>d

(0Z07) e 19 RIRIOIN-OA[ED

(£102) e 19 1seqqy

A1N23s J13GAD Ul saweb snouas Jo AoAINS e Bululel) A1N3s J9agAD

MBIADI 2INJRID| DIIBWIISAS B UIOJ) SUOSSaT :UbIsap pue buiked sauleb ybnoiyl
uondo Jaased 9|gelA e Se 95ud1ds JaIndwod Jo uondadiad sib bulroidu

[eIUSWEPUNS BulWWeIBOId BuIUIRST 10 UOEIYIUIED) JO MIIADY VY

Aulouoxey saynquie sweb e pue [9pow UbIsap [eUODNIISUL Ue JO

sua| ay1 ybnouys buptool ‘sswebd bujwwielboid Jo sishjeue aaiesedwod v

90110614 pue

K103y :SS3URJeMY pUE UOI1EINPT ADPALIJ/A1INDSS UOIIBULIOJU| PIsSeg-aweD)
Bujwweboid

BujuIeaT J0f SOUIBD) SNOLAS PUR SIUSWS[T SWeD) uo Apnis buiddely d11ewaisAs v
swiiofie|d

Buluies bulwwelbold paseg-awes) 0apIA Ul Alljigesn Jo s10adsy buenjeaj
SISAjeue-ISW pUR M3IAI 2IN)

-BJ3N| DIIBWISAS 7 :SalIAIIDe pabbnidun ybnoiyy buyuiyl jeuonreindwod buialso4
MBIADI 2IN1eI3)| pUER SaWeb sno

-1I3S D11PWIAISAS v :BUIA|INgIaGAD pue BulA|Ng 10919p pue 1uaAaid 01 saweb snouas

sayoeosdde buiwwelboid pue saweb
snouas ybnoiyy buiwwelboid paualio-13(qo Buluiea| Jo M3IIAI D11BWIRISAS

sowodinQ

S9OUa.19j9Y

apnIL

92U3Ps JaINdwod ul yoeoidde paseg-aweb Jo uoneiuswa|dul 3yl BuiuIadUOD S9PILIe MIIASY L d]qeL



Videnovik et al. International Journal of STEM Education (2023) 10:54

Existing reviews of game-based approach in computer
science

Existing reviews of game-based approach in computer
science provide valuable information about the latest
trends in the implementation of game-based approach
in the last few years. Table 1 presents latest trends in the
implementation of game-based learning in computer sci-
ence education.

Most of the review articles analyze publications that
describe the implementation of game-based approach
for learning programming (Abbasi et al., 2017; Diaz et al,,
2021; Dos Santos et al., 2019; Laporte & Zaman, 2018;
Shahid et al., 2019), from different aspects: game design,
game elements, or their evaluation. However, there are
some of them tackling other topics, such as cybersecurity
(Karagiannis et al., 2020; Tioh et al., 2017) or cyberbul-
lying (Calvo-Morata et al., 2020). Sharma et al. (2021)
analyzes the impact of game-based learning on girls’ per-
ception toward computer science. There are review arti-
cles that focus on just one aspect of computer science.
For example, Chen et al. (2023) provides meta-analyses to
investigate potential of unplugged activities on computa-
tional thinking skills.

In our review, we aim to perform the broader analy-
sis of the research articles referring to the game-based
approach in various computer science topics, different
educational levels and different types of games. For that
purpose, instead of systematic review, we have opted to
perform the scoping review on significantly larger set of
articles.

Valuable insight regarding the game-based approach
in computer science has been provided in research con-
cerning different educational levels, computer science
topics, and used games. However, computer science is a
field that is changing very fast, and the number of games
that can be used for developing students’ knowledge and
skills is increasing all the time. As a result, continuous
research in this field should be done.

This research aims to elaborate on current trends con-
cerning the game-based approach in computer science.
It focuses on the educational level, covered computer
science topic, type of the game, purpose for its use, and
pedagogical strategies for the implementation of this
approach. Moreover, possible gaps and potential research
topics concerning game-based learning in computer sci-
ence in primary education are identified.

Current review

This research represents scoping review that identifies
the educational context and the type of games used for
implementing a game-based learning approach in com-
puter science. The scoping review method was selected
over systematic literature review, because we wanted to
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determine the scope of the literature in the field of game-
based learning in computer science education, to exam-
ine how research is done on this topic and to identify
and analyze research gaps in the literature (Munn et al.,
2018).

Following Arksey and O’Malley (2005) five-step frame-
work, which adopts a rigorous process of transparency,
enabling replication of the search method and increas-
ing the reliability of the results, the steps of the applied
review process are: to (1) identify research questions (2)
identify relevant studies, (3) study selection of papers,
(4) charting the data, (5) summarizing and reporting the
results.

Research questions

The focus of our research was to analyze what type of
games were used in computer science, the subject’s topics
that were covered by the game and pedagogical strategies
for implementing game-based learning, comparing all
these in different educational levels. Starting from this,
our research questions are:

RQ1: What kind of educational games are usually used
during the implementation of the game-based approach
in computer science?

Various games are used to cover topics from computer
science, from block-based serious games (Vahldick et al.,
2020) to educational escape rooms (Lopez-Pernas et al.,
2019). Using different games influences the learning pro-
cess differently (Chang et al., 2020). The RQ1 seeks to
identify and understand the types of educational games
that are commonly utilized in the context of teaching
computer science. Exploration of the variety of used
games provides insights into the different approaches,
mechanics, and formats used to enhance learning
outcomes.

RQ2: Which pedagogical strategy is mostly used in the
published research?

There are various strategies for implementing game-
based learning in computer science education. The
implementation strategies refer to whether students
should learn by playing the game (Malliarakis et al., 2014)
or by designing a game (Denner et al., 2012). The strate-
gies can differ based on the gender of students (Harteveld
et al., 2014), students’ age (Bers, 2019), or the adopted
approach by policymakers (Lindberg et al., 2019). RQ2
aims to identify the predominant pedagogical strat-
egy employed in the published research on game-based
approaches in computer science education. By examining
the pedagogical strategies, researchers can gain insights
into the most effective instructional methods that facili-
tate learning through game-based approaches. Further-
more, the findings can inform educators and researchers
in designing and implementing effective instructional
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strategies that align with the goals of computer science
education.

RQ3: Which computer science topics are covered by
the game-based approach?

Game-based learning can be used to teach differ-
ent computer science topics, from introduction top-
ics (Fagerlund et al., 2021; Mathew et al.,, 2019), to core
topics (Karram, 2021). RQ3 aims to provide value in
exploring the specific computer science topics addressed
through game-based approaches. In addition, it helps
identify the range of topics that have been integrated
into educational games. By understanding the com-
puter science topics covered, researchers can assess the
breadth and depth of the game-based approach and iden-
tify potential gaps or areas for further exploration in the
curriculum.

RQ4: What are the potential research topics concern-
ing the implementation of a game-based approach in
computer science?

RQ4 is essential as it seeks to identify potential areas
for future research in the implementation of game-based
approaches in computer science education. It might
include specific computer science topics (Calvo-Morata
et al., 2020), strategies to implement game-based learn-
ing in computer science (Hooshyar et al., 2021), or ways
to analyze the effects of game-based learning (Scherer
et al., 2020). By exploring research topics that have not
been extensively studied or require further investigation,
researchers can identify new directions and opportuni-
ties for advancing the field. This can contribute to the
ongoing development and improvement of game-based
approaches in computer science education, fostering
innovation and addressing emerging challenges.

Methodology

To answer research questions, we analyzed the contents
of articles published from 2017 to 2021. Due to the rapid
development of technology and change in the learnt
computer science topics as well as designed game with
new technology and tools, we have decided to research
the articles that refer just to the interval of 5 years. As
technology progresses swiftly, studying 5 year interval
of the published literature ensures that scoping review
results analyze the most current tools, approaches, and
methodologies being utilized in the field of computer sci-
ence education.

The research was done according to the PRISMA-ScR
(Preferred Reporting Items for Systematic reviews and
Meta-Analyses extension for Scoping Reviews) guide-
lines (Peters et al., 2020). The PRISMA-ScR methodology
is a structured approach used to conduct comprehensive
and transparent scoping reviews. It involves identifying
a research question, performing a systematic search of
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relevant literature, applying inclusion and exclusion cri-
teria to select studies, extracting data from the included
studies, analyzing and synthesizing the data to identify
key themes or patterns, and reporting the findings. It
aims to map the existing literature on a particular topic,
identify key concepts, and examine the extent, range, and
nature of research available. It is particularly useful for
exploring complex and diverse research questions.

There is a large number of articles regarding the topic,
so performing this kind of research manually seemed
like labor-intensive work. Therefore, we have identified
the opportunity to use the Natural Language Processing
(NLP) toolkit (Zdravevski et al., 2019) to automate the
literature search, scanning, and eligibility assessment.
We have used this toolkit for article identification and
selection (i.e., scanning procedures and eligibility criteria
assessment). The search considered articles indexed in
four digital libraries: IEEE, PubMed, Springer and Else-
vier. The NLP toolkit requires structured data input com-
prising keywords, properties, property groups, required
relevance, included sources, and start and end years.

The provided keywords serve as search criteria within
available libraries, acting as the primary filter to deter-
mine which articles will be gathered for further analysis.
At the beginning of setting up the NLP toolkit for the
research, to address different games that can be used in
education, we have identified the main keywords to be
"Serious Games", "Educational Games", "Games in educa-
tion" or "Games for learning". The NLP toolkit used these
keywords to identify the potentially relevant articles in
the mentioned digital libraries.

Furthermore, the NLP toolkit was adjusted to search
specific properties (words or phrases) within the title,
abstract, or keywords of already identified articles to
select relevant articles in more detail, according to the
features (properties groups) of the game-based learning
approach that we are interested in: subject, educational
level, educational context, purpose and used technology.
Properties groups address synonyms and various ver-
sions of the phrase (e.g., educational games and serious
games). To be included in the results, at least one repre-
sentative from each property group must appear in the
title or abstract of the article, thereby functioning as a
secondary filter for identifying relevant articles.

The property group "subject" was set as mandatory
during the search, because we were interested in ana-
lyzing articles that refer to game-based learning just in
computer science. Since the name of this subject is dif-
ferent in different countries, we have used synonyms,
such as "programming”, "coding", and "informatics". The
property group "age" or educational level included differ-
ent synonyms for primary and secondary education, as
well as higher education, although we did not make this
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Table 2 NLP toolkit input parameters: keywords, properties, and property groups
Input parameter  Natural language processing toolkit input parameters
Keyword Serious Games OR Educational Games OR Games in education OR Games for learning
Property Group Subject Computer Science, programming, coding, informatics
Age primary education, K12, primary school, pupils, elementary school, secondary edu-
cation, high school, adolescents, teenagers, secondary school, university
Purpose engagement, Quality of Experience, educational evaluation, learning achievement,
interest, motivation, game evaluation
Technology Web, online, mobile, augmented reality, virtual reality

property mandatory. To search about the used technol-
ogy (web, online, mobile, augmented reality, virtual real-
ity), we have set one property group to include a different
kind of used technology, and we also set a property group
that refers to the aim of using these educational games
(to achieve students’ engagement, increase motivation,
evaluation of educational results, etc.). A more detailed
description of the properties groups is given in Table 2.

The following input parameter for the NLP toolkit set-
up is the minimum relevant properties. In this research,
it was set that each article has to contain a minimum of
two of the previously defined properties to be considered
relevant. The quality analysis of the relevant articles fol-
lowed in the next step of the methodology.

Study selection

The initial search in four digital libraries: IEEE, PubMed,
Springer and Elsevier, has identified 43,885 articles con-
cerning using game-based learning in computer science.
After articles had been identified based on the specified
keywords and retrieved from the publishers, the dupli-
cates were identified according to the article DOI as their
unique identifier and removed, which has decreased
the number of articles to 21,002. In the next step, the
articles selection (screening and eligibility assessment)
procedures followed, discarding articles not published
in the required period or for which the title or abstract
could not be analyzed because of parsing errors, unavail-
ability, or other reasons. The screening process elimi-
nated 11,129 articles and the remaining 9873 articles
underwent an automated eligibility assessment using the
advanced NLP toolkit functionalities. The automated
eligibility analysis involved the following processing:
tokenization of sentences (Manning et al., 2014; Webster
et al.,, 1992) and English stop words removal, stemming,
and lemmatization using the Natural Language Toolkit
library (Bird, 2006). Furthermore, articles containing
less than two properties were removed, which left 1209
articles eligible for further manual analysis and inclusion
in identifying the research trends and summarizing the
results.

For each of the articles from the collection of relevant
articles, the toolkit automatically generated a biblio-
graphic file (as defined by BibTeX reference management
software). This file was manually analyzed in more detail
to identify the most relevant articles for the purpose of
our study. First, the abstract was read to see whether the
article was relevant, and if that did not provide enough
information, the whole article was read. For each of
the research questions we used the same approach, but
with different focuses. For the first research question,
we looked for any specific game name. For the second
research question, we were looking for any mentioning
of the pedagogical approaches or strategies. For the third
research question, we looked for different computer sci-
ence topics used in computer science curricula. In that
way, the most relevant articles concerning first three
research questions were identified. The last research
question is related to future potential research topics
in the field of game-based learning in computer science
education, so it was not used during this phase of selec-
tion of relevant articles.

As a result of the manual analysis of articles’ titles,
articles that did not refer to computer science subjects
were excluded, which left just 206 articles. We could
not obtain the full text for some of articles, so they were
excluded from further analyses. Some articles did not
refer to using games to teach computer science topics,
so they were also removed. The same was the case with
a few articles not written in English. Finally, we had 125
relevant articles.

Nine relevant articles were review papers that referred
to different game-based learning approaches at different
educational levels. Among identified articles is a book
describing different teaching methods in computer sci-
ence education, including game-based learning (Haz-
zan et al, 2020). Two book chapters refer to different
approaches of using game-based learning in education
(Bellas et al., 2018; Zaw & Hlaing, 2020). These articles
were also excluded from the list.

Finally, we finished the selection process and got 113
relevant articles using educational games in computer
science that were the subject of further analysis.
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Fig. 1 Flowchart of the PRISMA-SCR-based selection process

The information flowchart presenting the num-
bers of identified, screened, processed, and removed
articles in the automated NLP procedure and articles
removed during the manual analysis is presented in
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Fig. 3 Distribution of the published articles per country, showing
countries with more than five published articles

Results

Distribution of published articles through the years

The distribution of the articles concerning the game-
based approach in computer science through the years is
presented in Fig. 2. It can be noticed that the number of
articles was increasing through the years, but then sud-
denly, in 2021, that number decreased. The reason might
be found in the situation with the pandemic, because
in 2020 and 2021, most of the schools were closed. In
some of them, the teaching was transferred online,
which resulted in a huge change in the way of teaching
and learning, and it was a period of adaptation for teach-
ers and students at the same time, which might lead to a
decrease of the research articles.

Distribution of published articles per country

The distribution of the published articles per country dif-
fers from country to country. Figure 3 presents the dis-
tribution of published articles per country, showing only
the countries that have more than five published articles
concerning game-based learning between 2017 and 2021.
Most articles are published in the United States, followed
by Brazil and Greece.

Further analysis of the relevant articles depending on
the country, where the research was conducted, shows
that just 17 (of 113) articles are joint work of researchers
from different countries. Moreover, just two present joint
research on game-based learning from three countries.
The first one describes the methodology implemented
within the European initiative Coding4girls, which pro-
poses to teach coding through a game design based on
a design thinking methodological approach linked to
creativity and human-centred solutions (De Carvalho
et al, 2020). The second joint research (Agbo et al.,
2021) describes the students’ online co-creation of mini-
games to develop their computational thinking skills.
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Fig. 4 Distribution of the published articles by different publishers

Interestingly, all other published articles describe imple-
menting a game-based learning approach in computer
science in the local context, making it difficult to general-
ize the conclusions and the research outcomes.

Distribution of published articles by publisher

Most of the relevant researched articles are published
by IEEE Xplore (86 of 113) but mostly published as part
of the proceedings at different conferences. This might
explain why the number of published articles from IEEE
Xplore differs from other publishing companies. Figure 4
presents the distribution of the articles by each of the
publishers in detail, comparing published articles in jour-
nals and at conferences.

Distribution of published articles by educational level
Identifying the number of articles according to the edu-
cational level was more complicated due to the differ-
ent educational systems in different countries, resulting
in a different understanding of the terms “primary’, and
“secondary” education. In some countries, the same
educational level is entitled as “primary’, and in oth-
ers as “lower secondary” or even “middle school” For
example, in some countries, the primary school includes
6—14-year-old students; in others, it is divided, so there
are primary (from 6 to 10 years), middle (11-13 years)
and high schools (14-18 years); and in some, there are
even lower secondary school (12-16 years). Therefore,
we have tried to combine different categories according
to the student’s age and to gather three levels: primary,
secondary and university, according to the local context
(primary education includes 6—14 years, secondary edu-
cation includes 15-18 years). The situation with the dis-
tribution of the relevant articles is presented in Fig. 5.

It can be noticed that most of the articles concern uni-
versities, although the number of articles that concern
using games in computer science in primary and sec-
ondary schools is not small. It can be expected, because
most of the articles refer to using games for developing
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Fig. 6 Distribution of the published articles according to the purpose
of the implementation

programming skills, which is present mainly at the uni-
versity level. However, in some countries, primary school
students learn fundamental programming concepts.

Distribution of published articles by the purpose

of implementation

The purpose of the research concerning game-based
learning in computer science is different and mostly
depends on the type of the game as well as the topic that
is covered by the game. The distribution of the published
articles according to the purpose of the implementation
of the research is presented in Fig. 6. However, it must
be mentioned that it was difficult to distinguish the pur-
poses of implementing the game-based approach in com-
puter science, because the purpose was not clearly stated
in the articles or there was overlapping among different
categories.

In the most articles (66 of 113), the research is done
to measure students’ learning achievement or to evalu-
ate the benefits of the game-based approach by com-
paring students’ knowledge and skills before and after
implementing this approach. In addition, some articles
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are interested in students’ engagement and raising stu-
dents’ interest and motivation for the learning process
by implementing a game-based approach. However, just
a few articles refer to using this approach for measuring
students’ overall satisfaction with the whole experience (3
of 113).

Distribution of published articles by implemented
pedagogical strategy and used technology

Manual analyses of the included articles gave us insight
into additional aspects of implementing a game-based
approach in computer science. When we talk about the
game-based approach, there are two main pedagogi-
cal strategies for implementation: students can learn by
playing the game, and students can learn while creating
the game. The distribution of those two approaches in
the published articles indicates that learning by playing
games is more frequently used than learning by creating
games. Only 19 of 113 relevant articles refer to the imple-
mentation of a game-based approach, where students
learn during the process of game design or are involved
themselves in the creation of the game. In most of the
articles, students just use the created game (previously
created or designed for the purpose of the research) to
develop their competencies on a given topic. Regard-
ing the technology used for the creation of the games in
the published articles, it can be noticed that most of the
games are web-based (although they have a mobile ver-
sion, too), and there are just a few articles concerning the
use of the unplugged activities as a game-based approach
for learning computer science.

Distribution of published articles by covered computer
science topic

Most of the articles concerning computer science topics
covered during the implementation of the game-based
approach refer to using to develop students’ program-
ming skills in object-oriented programming, followed by
the articles concerning block-based programming and
the development of computational thinking skills. The
number of articles that utilize the game-based approach
in all other computer science topics is significantly
smaller (in total, 14 from 113 articles). Figure 7 contains
more detailed information about this distribution.

Discussion

Types of educational games used for implementation

of the game-based approach in computer science

Our research aims to provide information about the lat-
est research trends concerning game-based learning in
computer science education. Table 3 gives information
about the implemented game, the type of the game, the
computer science topic covered by the game, and the
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educational level, where the research concerning the
game-based approach in computer science was carried
out. The type of the game refers to the origin of the game
creation, whether the game was already created and can
be used or is created for the research by the author or by
the students (they are learning during the game design
process).

Detailed analysis of these relevant articles shows that
different educational games are used to implement game-
based learning in computer science, implementing differ-
ent technologies for their design. Articles refer to using
different platforms, environments or engines for creat-
ing games using different technology. In primary educa-
tion, most implemented approaches include block-based
environments, such as Blocky, Snap!, and Scratch. Those
platforms give access to the already created game (De
Carvallho et al., 2020; Sdiz Manzanares et al., 2020; Vour-
letsis & Politis, 2022) but also offer possibilities a game to
be created by a teacher (Bevci¢ & Rugelj, 2020; Holenko
Dlab & Hoic-Bozic, 2021; Wong & Jiang, 2018) or by the
students during the learning process (Funke et al., 2017;
Zeevaarders & Aivaloglouor, 2021). Even more, their
use as a platform to code Arduino boards is presented in
two of the articles (Sharma et al., 2019; Yongqiang et al.,
2018). Block-based environments are used in the research
in secondary education, too. For example, Araujo et al.
(2018) measured students’ motivation for learning block-
based programming by involving students in creating
games in Scratch. Schatten and Schatten (2020) involve
students in creating different games using CodeCombat
during the CodeWeek initiative to increase their interest
in programming, and Chang and Tsai (2018) are imple-
menting an approach for learning programming in pairs
while coding Kinnect with Scratch.

However, in the research articles concerning secondary
education, it can be noticed that some specified games
are created by the researcher (or teacher) to develop
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some concrete computer science skills. In these cases, the
articles focus on the evaluation of the effectiveness of the
game as an approach. For example, the chatbot’s serious
game “PrivaCity” (Berger et al., 2019) is designed to raise
students’ privacy awareness, as a very important topic
among teenagers.

Similarly, “Capture the flag” is a game designed for
learning about network security in a vocational school
(Prabawa et al, 2017). The effectiveness of using the
educational game “Degraf” in a vocational high school
as supplementary material for learning graphic design
subjects is measured by Elmunsyah et al. (2021). Fur-
thermore, Hananto and Panjaburee (2019) developed the
semi-puzzle game “Key and Chest” to develop algorithm
thinking skills and concluded that this digital game could
lead to better achievement than if the physical game is
used for the same purpose. The number of games devel-
oped at the university level on a specific topic by the
researchers is even more significant. However, there is
still no standardized game, and the games differ among
themselves depending on the topic covered by the game
and the country, where the game is implemented.

Only a few games are mentioned more than once in
the list of relevant articles. The implementation of “Code
defenders” to enable students to learn about software
testing in a fun and competitive way is researched by
Clegg et al. (2017) and Fraser et al. (2020). However, the
studies continue each other, presenting improvements in
the game. Different block-based programming languages
and online platforms such as Scratch, Snap!, and Code
Combat are mentioned in several articles, too. Imple-
mentation of a game-based approach during the assess-
ment process through the creation of quizzes in Kahoot
is presented by Abidin and Zaman (2017) and Videnovik
et al. (2018). Finally, several articles refer to the use of
Escape room as a popular game implemented in an edu-
cational context (Giang et al., 2020; Lépez-Pernas et al.,
2019, 2021; Seebauer et al., 2020; Towler et al., 2020).
However, all these Escape room-style games are created
on different platforms and cover different topics. There-
fore, it can be concluded that no standardized type of
game is implemented at a certain educational level or
concerning a specific topic.

Further analyses were done concerning the type of the
game, referring to the origin of the game: already created
and just used for the research, created by the researcher
for the purpose of the research or created by the students
during the learning process. The distribution of the num-
ber of articles according to the type of the game in differ-
ent educational levels is presented in Fig. 8.

Most of the articles describe the implementation of a
game-based approach when the author creates the game
to test the game’s efficiency and make improvements



Videnovik et al. International Journal of STEM Education

Table 3 Analyzed articles concerning the implementation of game-based learning in computer science

(2023) 10:54

Page 12 of 23

References

Educational level

Implemented game

Type of the game Computer science topics

covered by the game

Abdellatif et al. (2018)

Abidin & Zaman (2017)
Agalbato and Loiacono (2018)
Agbo et al. (2021)

Alatrista-Salas and Nunez-Del-Prado
(2018)

Araujo et al. (2018)

Baek and Oh (2019)
Barriga & Besoafn (2020)
Berger et al. (2019)
Bevcic and Rugelj (2020)
Borna and Rad (2018)
Chang and Tsai (2018)
Clegg et al. (2017)
Corda et al. (2019)
Daungcharone et al. (2017)
De Carvalho et al. (2020)

De Kereki and Adorjan (2018)

De Troyer et al. (2019)
Dockalova Burska et al. (2021)
Dos Santos et al. (2018)

Duch and Jaworski (2018)
Eleftheriadis and Xinogalos (2020)
Elmunsyah et al. (2018)
Elmunsyah et al. (2021)
Emembolu et al. (2019)
Evripidou et al. (2021)

Fraser et al. (2020)

Funke et al. (2017)

Gaborik et al. (2019)
Garcia-Ruiz et al. (2021)
Gardeli and Vosinakis (2019)
Giang et al. (2020)

Gossen et al. (2018)

Groza et al. (2020)

Gulecetal. (2019)

Hananto and Panjaburee (2019)
Holanda et al. (2020)

Holenko Dlab and Hoic-Bozic (2021)
Hong and Chu (2017)

Horst et al. (2019)

Huang et al. (2019)

Huang et al. (2021)

Jagustetal. (2018)

Jovanov et al. (2017)
Kanellopoulou et al. (2021)

University
University
University
University
University

Secondary
Primary

University
Secondary
Primary

University
Secondary
University
University
University
Primary

University

University
University
University
University
University
Secondary
Secondary
Primary
Primary
University
Primary
Secondary
Primary
Primary
University
University

University
University
Secondary
Secondary
Primary

University
University
Secondary
University
Primary

University
Primary

Robocode
Kahoot

Robo

Online platform
CodeCombat

Scratch

Code Planet

No specific game

Privacy

Snap!

Unity 3D Engine, Kahoot, Pulse
Kinnect + Scratch

Code Defenders
BashDungeon

PC game

Snap!, Run Marco, CodeCombat,
Human Resource Machine, Light Bot,
May's journey

Kulami. Morelli, Pentago, FlipFlop,
Quinamid

TrueBiters

Training Analysis Tool

Code Combat, Code Hunt
Arduino-based educational Board
Office Madness

Mobile-based educational game
Degraff

Gamefoot engine

Bee-Bot robot

Code Defenders

Scratch

Board Nanu game

Micro:bit projects

Request

Escape room

Games with Cinco Adventure Game
Tool

MineFOL game
CONGO

Key and Chest
Kodu, MIT Inventor, Arduino,
Snap!

Situated 3D game
FunPlogs

Set of board games
pyMaze

Unplugged activities
Unity 3D platform
Code

Already created
Author

Already created
Students
Already created

Students
Author
Students
Author
Author
Author
Students
Author
Author
Author
Already created

Already created

Author

Author

Already created
Students
Author

Author

Author
Students
Students
Author
Students
Already created
Students
Author

Author
Students

Author

Author

Author
Students
Author

Author

Author

Author

Author

Already created
Students
Already created

Object-oriented programming
Object-oriented programming
Block-based programming
Computational thinking
Object-oriented programming

Block-based programming
Object-oriented programming
Programming principles
Internet safety

Block-based programming
Programming principles
Object-oriented programming
Other

Basic computer science
Object-oriented programming
Block-based programming

Computational thinking

Basic computer science
Internet safety
Object-oriented programming
Object-oriented programming
Object-oriented programming
Object-oriented programming
Other

Block-based programming
Computational thinking

Other

Computational thinking
Object-oriented programming
Object-oriented programming
Computational thinking
Object-oriented programming
Computational thinking

Basic computer science
Object-oriented programming
Computational thinking
Object-oriented programming
Block-based programming
Object-oriented programming
Programming principles
Object-oriented programming
Object-oriented programming
Computational thinking

Other

Block-based programming
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Paiva et al. (2020)

Pila et al. (2019)
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Prabawa et al. (2017)
Priyadarshini et al. (2020)

Rajeev and Sharma (2018)
Riera et al. (2019)

Roussou and Rangoussi (2020)
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Sdiz Manzanares et al. (2020)
Schatten and Schatten (2020)
Seebauer et al. (2020)
Seralidou and Douligeris (2020)

Sharaf et al. (2020)
Sharma et al. (2019)
Shim et al. (2017)
Siakavaras et al. (2018)

Silva et al. (2020)
Simdes Gomes et al. (2018)

Sookhanaphibarn and Choensawat

(2020)

Stigall and Sharma (2017)
Tabuti et al. (2020)
Tacouri and Nagowah (2021)

University
University
University
Primary
Primary
University
Primary
University
University
University
University
University
University
Secondary
University
University
Primary
Secondary
Primary
Primary
primary
University
University
Primary
Primary
Secondary
University

University
University
Primary
University
Primary
Secondary
University
Primary

Primary
Primary
Primary
University

University
Primary

University

University
University
University

La Petite Fee Cosmo
Parallel

Program Your Robot
Scratch

Minecraft

Interactive application in Unity
2D Maze, 3D adventures
Flappy Bird

LEGO® Serious Play
Escape Room

Escape room

OOP SG

TAPASPlay

Kahoot

Marco Run

GidgetML

Engage

DFD-C

sCool platform
CodeTracesure
Codetracesure
Robocode, Battlebot
Asura environment
Daisy the Dinosaur, Kodable
Angry Birds

Capture the flag

The game-based learning mobile

app

Vizard platform

HOME 1/0O, Scratch 2.0

Robot Code & Go Robot Mouse
Mobile game

Blockly Games

CodeCombat

Escape Room

Kodu Game Lab, Light Bot, Kahoot,

Scratch

Treasure hunt style game
Scratch+ Arduino

Robot game

Platforms for LBG—Tale Blazer, ARIS,

7scenes, Wherigo

The Turing Project

Code Baymax; LightBot

Laptop Security, Social Network,

Cyber Defender, Quiz Tank, Cyber

Runner
Second Life

Online migration of traditional game

Code Saga

Author

Already created
Author

Author
Students
Author

Author

Author
Students
Author

Author

Already created
Author

Author

Already created
Author

Author

Author

Author

Author

Author

Author
Students
Already created
Already created
Already created
Author

Author

Already created
Students
Author

Already created
Students
Author
Students

Author
Students
Students
Author

Author
Already created
Author

Author
Students
Author

Programming principles
Object-oriented programming
Computational thinking
Block-based programming
Object-oriented programming
Object-oriented programming
Block-based programming
Programming principles
Object-oriented programming
Object-oriented programming
Object-oriented programming
Object-oriented programming
Computational thinking

Other

Object-oriented programming
Programming principles
Block-based programming
Object-oriented programming
Object-oriented programming
Computational thinking
Computational thinking

Basic computer science
Object-oriented programming
Block-based programming
Computational thinking
Internet safety
Object-oriented programming

Object-oriented programming
Basic computer science
Computational thinking

Other

Block-based programming
Block-based programming
Basic computer science
Programming principles

Object-oriented programming
Block-based programming
Object-oriented programming
Internet Safety

Basic computer science
Block-based programming
Internet safety

Object-oriented programming
programming principles
Object-oriented programming
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References Educational level Implemented game Type of the game Computer science topics
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Taylor et al. (2019) Secondary IntelliBlox toolkit Students Block-based programming

Towler et al. (2020) University Logic Descent—Escape room Author Basic computer science

Tretinjak (2019) Secondary Unplugged games Author Computational thinking

Vahldick et al. (2020) University NoBug’s, SnackBar Author Computational thinking

Valle et al. (2017) University Testing Game Author Other

Venkatesh et al. (2021) Primary Unplugged activities Author Computational thinking

Ventura et al. (2017) University Video games using Unity3D Students Object-oriented programming

Videnovik et al. (2018) Primary Kahoot Author Basic computer science

Visoottiviseth et al. (2018) University Lord of Secure Author Internet safety

Vostinar (2021) Primary MakeCode Arcade Author Block-based programming

Vourletsis and Politis (2022) Primary Games in Scratch Already created Computational thinking

Wong and Jiang (2018) Primary Games in Scratch Author Computational thinking

Wong and Yatim (2018) University Greenfoot, Darwin Author Object-oriented programming
CodeCombat

Wong et al. (2017) University The Odyssey of Phoenix Author Object-oriented programming

Workman et al. (2021) University Secure Code Warrior Already created Internet safety

Xian (2021) University Sandbox game LE Author Object-oriented programming

Yallihep and Kutlu (2020) Primary Lightbot Already created Object-oriented programming

Yokoyama et al. (2020) University RPA Author Object-oriented programming

Yonggiang et al. (2018) Primary Scratch+Arduino Students Block-based programming

Yucel and Rizvanoglu (2019) Primary Code Combat Already created Block-based programming

Zapata-Céceres & Martin-Barroso Primary Visual environment Blue Ant Code Author Computational thinking

(2021)

Zeevaarders and Aivaloglou (2021) Primary Scratch Students Object-oriented programming

Zhao et al. (2021) University Three games on NEWTELP platform  Author Object-oriented programming
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Fig. 8 Distribution of the published articles according to the game
designer in different educational levels

based on the feedback received by the students. The
number of games created by the author is the biggest
at the university level, and the most balanced distribu-
tion of different kinds of games (created by the author,
students or already created) is present in primary edu-
cation. Interestingly, the most significant number of
articles that concern using games created by students is
in primary education. It shows that students in primary

education have been the most involved in the process
of game design, although they are young and have less
knowledge and skills than students at other educational
levels. This could be result of the fact that the articles that
refer to primary education present a game’s design only
in a block-based environment and using basic program-
ming concepts. However, research articles do not refer to
a standardized methodology of a framework for the crea-
tion of a game, and each game is designed individually
depending on the used technology, topic and educational
level.

Pedagogical strategies for implementation

of the game-based approach in computer science

A detailed analysis of the pedagogical strategies for
implementing a game-based approach shows that most
relevant articles use games as a tool for learning the
content. This trend continues in the recent period as
well (Kaldarova et al., 2023). Hence, students play the
game (already created or created by an author) to gather
knowledge or develop their skills. Detail distribution of
the research articles regarding pedagogical strategies for
implementing a game-based approach is presented in
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Number of published articles according to the
implemented pedagogical strategy
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Fig. 9 Distribution of the published articles according
to the implemented pedagogical strategy
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mainly taught by a game-based approach at university
is object-oriented programming. The situation is similar
in secondary schools. Game-based approach is suitable
classroom strategy for fostering higher order thinking
skills, such as problem solving, group collaboration,
and critical thinking, that are developed during learning
object-oriented programming, which is consistent with
previous research conducted by Chen et al. (2021).

This can be expected, because the topic is complex for
the students, and teachers must find different approaches
and strategies to make it more understandable. In addi-
tion, in those educational levels, there is a distribution of
the articles in different mentioned computer science top-
ics (although it is not equally distributed).

Number of relevant articles according to the topic in different educational levels

40

30
20
10
8
0 ==

block based
programming

computational
thinking

basic computer
science

M primary ™ secondary

object oriented  programming
programming

28

5 s
o -

internet safety other

principles

1university

Fig. 10 Distribution of the published articles concerning the covered computer science topics

Fig. 9 and more detailed data can be found in Table 3.
Some articles explain how students learn during the pro-
cess of the creation of a game. Those are different games
at different educational levels, but they all concern the
process of designing a game on some platform that will
develop their programming skills. Unfortunately, no arti-
cle describes the process of developing students’ knowl-
edge and skills on different computer science topics than
programming while designing a game. It is a critical gap
that should be considered as a topic in future research: to
see whether students can learn about other computer sci-
ence topics during the game creation process (while they
develop their programming skills).

Computer science topics covered by game-based approach
in computer science

Figure 10 gives insight into the distribution of the rel-
evant articles concerning the computer science topic
covered by the game-based approach. The topic that is

However, if we analyze the topics covered by the game-
based approach in primary education, it can be noticed
that this approach is implemented in several topics only,
mainly connected with the development of students’
computational thinking skills and fundaments of pro-
gramming languages (see Table 3 for detailed overview).
This trend continues in the recent years (Cheng et al.,
2023; Mozelius & Humble, 2023).

Students in primary education mostly learn block-
based programming languages, so it is expected that this
will be the most frequent topic covered by the game-
based approach. However, some articles also refer to
object-oriented programming taught in upper grades.
The interesting finding is that there are no articles about
using educational games to learn other computer sci-
ence topics, such as hardware, some applications, net-
works, and cybersecurity, in primary education, as there
are in other educational levels. For example, there are
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two articles that elaborate on learning about internet
safety using games in secondary education (Berger et al.,
2019; Prabawa et al., 2017), and no article on game-based
learning for internet safety in primary education. This
lack of research articles concerning using the game-based
approach for learning other topics in computer science
in primary education can help identify potential future
research topics.

Potential research topics concerning the game-based
approach in computer science

While the lack of research articles concerning using the
game-based approach for learning other topics in com-
puter science in primary education is a good starting
point for identifying potential future research topics, it
is important to consider it in combination with practical
constraints such are lack of knowledge, access to tech-
nology or teacher training on a specific subject. In that
context, “Identifying the challenges, opportunities and
solutions for integrating game-based learning methods
in primary schools for specific computer science topics”
can be a future research topic. It should be noted, that
although some articles on specific topics can be found in
the recent literature (Alam, 2022), there is a huge pool of
topics, such are internet safety and digital citizenship that
can be explored in this context.

There is an evident lack of articles on the use of game-
based learning in primary and secondary schools. The
findings in the existing literature that elaborate on how
specific game design elements influence the learning
process are minimal (Baek & Oh, 2019; Dos Santos et al.,
2019; Emembolu et al., 2019; Kanellopoulou et al., 2021).
These findings, combined with the finding of a limited
number of articles that use existing games in the process
of learning, define the potential future research topic
"Assessing the role of game design elements in enhanc-
ing engagement and understanding of computer science
concepts among primary and/or secondary school stu-
dents". This research topic can use conceptual framework
that investigates how specific elements of game design
can contribute to increased engagement and improved
understanding of computer science concepts in primary
or/and education.

This research topic includes various specific research
questions and theoretical frameworks. One possible set of
research questions can investigate the specific elements
of game design that can be incorporated into educational
games or learning activities to enhance the learning expe-
rience. These elements may include interactive interfaces,
engaging narratives, immersive environments, feedback
mechanisms, competition or collaboration features, lev-
els of difficulty, rewards, and progression systems. Differ-
ent theories such are social cognitive theory (Lim et al.,
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2020) and self-determination theory (Ryan et al., 2006)
can be used to better understand the motivational fac-
tors of different game design elements (interactivity, chal-
lenges, and rewards), and how they influence student
engagement and sustain student interest and active par-
ticipation in computer science learning.

All mentioned research questions can be investigated
by conducting experiments, surveys, observations, or
interviews to gather quantitative and qualitative data on
student experiences and perceptions. Combined with
data from learning outcomes, these potential findings
can provide the information about overall effectiveness of
using the elements of a game-based approach to learning
computer science in primary schools.

Limitations

This scoping review focuses on the articles in four digital
libraries, potentially leaving a significant number of arti-
cles out of the analyzing process.

Using the NLP toolkit automates searching for rele-
vant articles. Undoubtedly, a human reader might better
understand the context and better assess the relevance
of an article and potentially include some articles that
NLP toolkit classified as irrelevant. In addition, after the
initial selection by NLP toolkit, we performed the qual-
ity assessment of the identified articles, for each of the
research questions. In that way, we ensured that only
relevant articles are included in the study, but it might
happen that, due to the phase of selection some relevant
articles were omitted from the study.

Detailed meta-analyses within the selected group of
articles concerning a particular research feature can fur-
ther contribute to the existing body of knowledge. Simi-
lar analyses exist, but not on learning computer science
(Gui et al., 2023). For example, in our manuscript, we did
not consider the size of the student population, existence
of the control group of students, or replicability of the
studies.

Conclusion

This scoping review discusses implementation of
game-based approach in computer science by analyz-
ing research articles in four digital libraries published
between 2017 and 2021. In total, 113 research articles
were analyzed concerning the educational level, where
the game-based approach is implemented, the type of the
game, covered computer science topic, pedagogical strat-
egy and purpose of the implementation. The results show
that the number of research articles is increasing through
the years, confirming the importance of implementing
a game-based approach in computer science. Most of
these articles refer to the research in just one country,
in the local context, making it difficult to generalize the
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research outcomes and conclusions on the international
level.

The article presents various games using various tech-
nologies concerning several computer science topics.
However, there is no standardized game or methodol-
ogy that can be used for designing an educational game.
Implemented game in each of the researched articles
depends on the educational level, covered topic and game
type. From our findings, it is evident that most articles
refer to the implementation of the game-based approach,
where students gather the necessary knowledge and skills
while playing a game. Just a few of them incorporate the
process of learning by designing educational games, and
this learning is connected to developing computational
thinking or programming skills.

Potential future research might be focused on iden-
tifying the challenges, opportunities, and solutions for
integrating game-based learning methods for a specific
computer science topic. Example topics might be inter-
net safety and digital citizenship.

The lack of research articles on game-based learning
in primary and secondary schools, along with limited
findings on the influence of game design elements, high-
lights the need to assess how different elements enhance
engagement and understanding of computer science
concepts.

Acknowledgements
Not applicable.

Author contributions

VT and AMB had the idea for the article. TV defined the methodological steps.
MV and AMB performed the literature search and data analyses. Data analyses
were supported by VT and LK. MV drafted the article, while TV critically revised
the work.

Funding
No funding was received for conducting this study.

Availability of data and materials
All data generated and analyzed during this study are included in this article.

Declarations

Competing interests
The authors declare that they have no competing interests.

Received: 27 March 2023 Accepted: 18 August 2023
Published online: 06 September 2023

References

Abbasi, S., Kazi, H., & Khowaja, K. (2017). A systematic review of learning object-
oriented programming through serious games and programming
approaches. In 2017 4th IEEE International Conference on Engineering
Technologies and Applied Sciences (ICETAS) (pp. 1-6). IEEE. https://doi.
org/10.1109/ICETAS.2017.8277894

Abdellatif, A. J, McCollum, B., & McMullan, P. (2018). Serious games quality
characteristics evaluation: The case study of optimizing Robocode. In

Page 17 of 23

2018 International Symposium on Computers in Education (SIIE) (pp. 1-4).
IEEE. https://doi.org/10.1109/SIIE.2018.8586730

Abidin, H. Z,, & Kamaru Zaman, F. H. (2017). Students’ perceptions on game-
based classroom response system in a computer programming course.
In 2017 IEEE 9th International Conference on Engineering Education
(ICEED) (pp. 254-259). IEEE. https://doi.org/10.1109/ICEED.2017.8251203

Agalbato, F, & Loiacono, D. (2018). Robo®: A puzzle game to learn coding. In
2018 IEEE Games, Entertainment, Media Conference (GEM) (pp. 359-366).
[EEE. https://doi.org/10.1109/GEM.2018.8516515

Agbo, F. J, Oyelere, S. S, Suhonen, J, & Laine, T. H. (2021). Co-design of mini
games for learning computational thinking in an online environment.
Education and Information Technologies, 26(5), 5815-5849. https://doi.
0rg/10.1007/510639-021-10515-1

Alam, A. (2022). A digital game-based learning approach for effective cur-
riculum transaction for teaching-learning of artificial intelligence and
machine learning. In 2022 International Conference on Sustainable
Computing and Data Communication Systems (ICSCDS) (pp. 69-74). IEEE.
https://doi.org/10.1109/icscds53736.2022.9760932

Alatrista-Salas, H., & Nunez-Del-Prado, M. (2018). Teaching software engineer-
ing through computer games. In 2018 IEEE World Engineering Education
Conference (EDUNINE) (pp. 1-4). IEEE. https://doi.org/10.1109/EDUNINE.
2018.8450996

Anastasiadis, T, Lampropoulos, G., & Siakas, K. (2018). Digital game-based
learning and serious games in education. International Journal of
Advances in Scientific Research and Engineering., 4(12), 139-144. https://
doi.org/10.31695/1JASRE.2018.33016

Araujo, L. G. J,, Bittencourt, R. A, & Santos, D. M. B. (2018). Contextualized spiral
learning of computer programming in Brazilian vocational secondary
education. In 2018 IEEE Frontiers in Education Conference (FIE) (pp. 1-9).
IEEE. https://doi.org/10.1109/FIE.2018.8658456

Arcagok, S. (2021). The impact of game-based teaching practices in different
curricula on academic achievement. International Online Journal of
Education and Teaching, 8(2), 778-796.

Arksey, H., & O'Malley, L. (2005). Scoping studies: towards a methodological
framework. International journal of social research methodology, 8(1),
19-32. https://doi.org/10.1080/1364557032000119616.

Baek, J,, & Oh, G. (2019). Development of a puzzle game to learn coding for
elementary students. In C. Stephanidis (Ed.), HC! International 2019 -
Late Breaking Papers (pp. 267-279). Springer International Publishing.
https://doi.org/10.1007/978-3-030-30033-3_21

Barradas, R, Lencastre, J,, Soares, S., & Valente, A. (2020). Developing compu-
tational thinking in early ages: A review of the code.org platform. In
Proceedings of the 12th International Conference on Computer Supported
Education (CSEDU2020) (pp. 157-168). SCITEPRESS - Science and Tech-
nology Publications https://doi.org/10.5220/0009576801570168

Barriga, N. A, & Besoain, F. (2020). Artificial intelligence and mobile program-
ming courses for a video game development program in Chile. Com-
puting in Science & Engineering, 22(4), 17-25. https://doi.org/10.1109/
MCSE.2020.2986758

Barz, N., Benick, M., Dorrenbacher-Ulrich, L., & Perels, F. (2023). The effect of
digital game-based learning interventions on cognitive, metacognitive,
and affective-motivational learning outcomes in school: A meta-
analysis. Review of Educational Research. https://doi.org/10.3102/00346
543231167795

Bellas, F, Naya, M, Varela, G, Llamas, L., Prieto, A, Becerra, J. C,, Bautista, M.,
Faifa, A, & Duro, R. (2018). The Robobo project: Bringing educational
robotics closer to real-world applications. In W. Lepuschitz, M. Merdan,
G. Koppensteiner, R. Balogh, & D. Obdrzalek (Eds.), Robotics in education:
Latest results and developments (pp. 226-237). Springer. https://doi.org/
10.1007/978-3-319-62875-2_20

Berger, E., Seethre, T. H., & Divitini, M. (2019). PrivaCity: A chatbot game to
raise privacy awareness among teenagers. In S. N. Pozdniakov & V.
Dagiené (Eds.), Informatics in schools. New ideas in school informatics (pp.
293-304). Springer. https://doi.org/10.1007/978-3-030-33759-9_23

Bers, M. U. (2019). Coding as another language: A pedagogical approach for
teaching computer science in early childhood. Journal of Computers in
Education, 6(4), 499-528. https://doi.org/10.1007/540692-019-00147-3

Bevcic, M., & Rugelj, J. (2020). Game design-based learning of programming for
girls. In 2020 43rd International Convention on Information, Communica-
tion and Electronic Technology (MIPRO) (pp. 576-580). IEEE. https://doi.
0rg/10.23919/MIPRO48935.2020.9245175


https://doi.org/10.1109/ICETAS.2017.8277894
https://doi.org/10.1109/ICETAS.2017.8277894
https://doi.org/10.1109/SIIE.2018.8586730
https://doi.org/10.1109/ICEED.2017.8251203
https://doi.org/10.1109/GEM.2018.8516515
https://doi.org/10.1007/s10639-021-10515-1
https://doi.org/10.1007/s10639-021-10515-1
https://doi.org/10.1109/icscds53736.2022.9760932
https://doi.org/10.1109/EDUNINE.2018.8450996
https://doi.org/10.1109/EDUNINE.2018.8450996
https://doi.org/10.31695/IJASRE.2018.33016
https://doi.org/10.31695/IJASRE.2018.33016
https://doi.org/10.1109/FIE.2018.8658456
https://doi.org/10.1080/1364557032000119616
https://doi.org/10.1007/978-3-030-30033-3_21
https://doi.org/10.5220/0009576801570168
https://doi.org/10.1109/MCSE.2020.2986758
https://doi.org/10.1109/MCSE.2020.2986758
https://doi.org/10.3102/00346543231167795
https://doi.org/10.3102/00346543231167795
https://doi.org/10.1007/978-3-319-62875-2_20
https://doi.org/10.1007/978-3-319-62875-2_20
https://doi.org/10.1007/978-3-030-33759-9_23
https://doi.org/10.1007/s40692-019-00147-3
https://doi.org/10.23919/MIPRO48935.2020.9245175
https://doi.org/10.23919/MIPRO48935.2020.9245175

Videnovik et al. International Journal of STEM Education (2023) 10:54

Bird, S. (2006). NLTK: the natural language toolkit. In Proceedings of the COLING/
ACL 2006 Interactive Presentation Sessions (pp. 69-72). https://doi.org/10.
3115/1225403.1225421

Borna, K, & Rad, H. M. (2018). Serious games in computer science learning
goals. In 2018 2nd National and 1st International Digital Games Research
Conference: Trends, Technologies, and Applications (DGRC) (pp. 161-166).
IEEE. https://doi.org/10.1109/DGRC.2018.8712030

Boyer, S. L, Edmondson, D. R, Artis, A. B, & Fleming, D. (2014). Self-directed
learning: A tool for lifelong learning. Journal of Marketing Education,
36(1), 20-32. https://doi.org/10.1177/0273475313494010

Boyle, E. A, Hainey, T, Connolly, T. M., Gray, G, Earp, J,, Ott, M,, Lim, T,, Ninaus,
M., Ribeiro, C., & Pereira, J. (2016). An update to the systematic literature
review of empirical evidence of the impacts and outcomes of com-
puter games and serious games. Computers & Education, 94, 178-192.
https://doi.org/10.1016/j.compedu.2015.11.003

Calvo-Morata, A., Alonso-Fernandez, C,, Freire, M., Martinez-Ortiz, |, &
Ferndndez-Manjén, B. (2020). Serious games to prevent and detect
bullying and cyberbullying: A systematic serious games and literature
review. Computers & Education, 157, 103958. https://doi.org/10.1016/j.
compedu.2020.103958

Campbell, L. (2020). Teaching in an inspiring learning space: An investigation
of the extent to which one school’s innovative learning environment
has impacted on teachers' pedagogy and practice. Research Papers
in Education, 35(2), 185-204. https://doi.org/10.1080/02671522.2019.
1568526

Cardinot, A, & Fairfield, J. A. (2019). Game-based learning to engage students
with physics and astronomy using a board game. International Journal
of Game-Based Learning, 9(1), 42-57. https://doi.org/10.4018/1JGBL.
2019010104

Chandel, P, Dutta, D, Tekta, P, Dutta, K, & Gupta, V. (2015). Digital game-based
learning in computer science education. CPUH-Research Journal, 1(2),
33-37.

Chang, C. S, Chung, C. H, & Chang, J. A. (2020). Influence of problem-based
learning games on effective computer programming learning in higher
education. Educational Technology Research and Development, 68,
2615-2634. https://doi.org/10.1007/511423-020-09784-3

Chang, C. K, &Tsai, Y. T. (2018). Pair-programming curriculum development
of motion-based game for enhancing computational thinking skills.

In 2018 7th International Congress on Advanced Applied Informatics (IIAI-
AAl) (pp. 284-287). IEEE. https://doi.org/10.1109/I11AI-AAL.2018.00061

Chen, P.Y, Hwang, G. J, Yeh, S.Y, Chen, Y. T, Chen, . W, & Chien, C. H. (2021).
Three decades of game-based learning in science and mathematics
education: An integrated bibliometric analysis and systematic review.
Journal of Computers in Education, 9(3), 455-476. https://doi.org/10.
1007/540692-021-00210-y

Chen, P, Yang, D., Metwally, A. H. S,, Lavonen, J,, & Wang, X. (2023). Fostering
computational thinking through unplugged activities: A systematic
literature review and meta-analysis. International Journal of STEM Educa-
tion, 10(1), 1-25. https://doi.org/10.1186/540594-023-00434-7

Cheng, Y.P, Lai, C.F, Chen, Y.T, Wang, W. S, Huang, Y. M., & Wu, T. T. (2023).
Enhancing student’s computational thinking skills with student-gener-
ated questions strategy in a game-based learning platform. Computers
& Education, 200, 104794. https://doi.org/10.1016/j.compedu.2023.
104794

Clark, D. B, Tanner-Smith, E. E,, & Killingsworth, S. S. (2016). Digital games,
design, and learning: A systematic review and meta-analysis. Review of
Educational Research, 86, 79-122. https://doi.org/10.3102/0034654315
582065

Clegg, B. S, Rojas, J. M., & Fraser, G. (2017). Teaching software testing concepts
using a mutation testing game. In 2017 IEEE/ACM 39th International
Conference on Software Engineering: Software Engineering Education and
Training Track (ICSE-SEET) (pp. 33-36). IEEE. https://doi.org/10.1109/
ICSE-SEET.2017.1

Corda, F, Onnis, M., Pes, M., Spano, L. D,, & Scateni, R. (2019). BashDungeon:
Learning UNIX with a video-game. Multimedia Tools and Applications,
78(10), 13731-13746. https://doi.org/10.1007/511042-019-7230-3

Daungcharone, K., Panjaburee, P, & Thongkoo, K. (2017). Using digital game
as compiler to motivate C programming language learning in higher
education. In 2017 6th lIAl International Congress on Advanced Applied
Informatics (IIAI-AAI) (pp. 533-538). IEEE. https://doi.org/10.1109/11Al-
AAL2017.77

Page 18 of 23

De Carvalho, C.V, Cerar, S, Rugelj, J, Tsalapatas, H., & Heidmann, O. (2020).
Addressing the gender gap in computer programming through the
design and development of serious games. IEEE Revista lberoamericana
De Tecnologias Del Aprendizaje, 15(3), 242-251. https://doi.org/10.1109/
RITA.2020.3008127

De Kereki, I. F, & Adorjan, A. (2018). Serious games: Using abstract strategy
games in computer science 2: An experience report and lessons
learned. In 2018 IEEE Global Engineering Education Conference (EDUCON)
(pp. 169-174). IEEE. https://doi.org/10.1109/EDUCON.2018.8363224

De Troyer, O, Lindberg, R, Maushagen, J., & Sajjadi, P. (2019). Development
and evaluation of an educational game to practice the truth tables of
logic. In 2019 IEEE 19th International Conference on Advanced Learning
Technologies (ICALT) (pp. 92-96). IEEE. https://doi.org/10.1109/ICALT.
2019.00032

Denner, J,, Werner, L, & Ortiz, E. (2012). Computer games created by middle
school girls: Can they be used to measure understanding of computer
science concepts? Computers & Education, 58(1), 240-249. https://doi.
0rg/10.1016/j.compedu.2011.08.006

Diaz, J., Lopez, J. A, Sepulveda, S., Ramirez Villegas, G. M., Ahumada, D., &
Moreira, F. (2021). Evaluating aspects of usability in video game-based
programming learning platforms. Procedia Computer Science, 181,
247-254. https://doi.org/10.1016/j.procs.2021.01.141

Dockalova Burskd, K., Rusidk, V., & Oslejsek, R. (2022). Data-driven insight into
the puzzle-based cybersecurity training. Computers & Graphics, 102,
441-451. https://doi.org/10.1016/j.cag.2021.09.011

Dos Santos, A. L, Souza, M. R. D. A, Dayrell, M., & Figueiredo, E. (2018). Explor-
ing game elements in learning programming: An empirical evaluation.
In 2018 IEEE Frontiers in Education Conference (FIE) (pp. 1-9). IEEE. https://
doi.org/10.1109/FIE.2018.8658505

Dos Santos, A. L, Souza, M. R. D. A, Dayrell, M., & Figueiredo, E. (2019). A
systematic mapping study on game elements and serious games for
learning programming. In B. M. McLaren, R. Reilly, S. Zvacek, & J. Uho-
moibhi (Eds.), Computer supported education (Vol. 1022, pp. 328-356).
Springer. https://doi.org/10.1007/978-3-030-21151-6_17

Duch, P, & Jaworski, T. (2018). Enriching computer science programming
classes with Arduino game development. In 2018 11th International
Conference on Human System Interaction (HIS) (pp. 148-154). |EEE.
https://doi.org/10.1109/HS1.2018.8430994

Eleftheriadis, S., & Xinogalos, S. (2020). Office Madness: Design and pilot evalu-
ation of a serious game for learning the C++ programming language.
In I. Marfisi-Schottman, F. Bellotti, L. Hamon, & R. Klemke (Eds.), Games
and learning alliance (pp. 389-394). Springer. https://doi.org/10.1007/
978-3-030-63464-3_36

Elmunsyah, H., Kusumo, G. R, Pujianto, U., & Prasetya, D. D. (2018). Develop-
ment of mobile based educational game as a learning media for basic
programming in VHS. In 2018 5th International Conference on Electrical
Engineering, Computer Science and Informatics (EECSI) (pp. 416-420).
IEEE. https://doi.org/10.1109/EECSI.2018.8752658

Elmunsyah, H., Herwanto, H. W,, Smaragdina, A. A, Anggraini, N. S., & Utomo,
W. M. (2021). DEGRAF educational game as a supplement for basic
graphic design subjects for vocational high school students. In 2021
7th International Conference on Electrical, Electronics and Information
Engineering (ICEEIE) (pp. 128-132). IEEE. https://doi.org/10.1109/ICEEI
£52663.2021.9616829

Ememboluy, I, Strachan, R, Davenport, C,, Dele-Ajayi, O., & Shimwell, J. (2019).
Encouraging diversity in computer science among young people:
Using a games design intervention based on an integrated pedagogi-
cal framework. In 2019 IEEE Frontiers in Education Conference (FIE) (pp.
1-8). IEEE. https://doi.org/10.1109/FIE43999.2019.9028436

Evripidou, S, Amanatiadis, A, Christodoulou, K., & Chatzichristofis, S. A. (2021).
Introducing algorithmic thinking and sequencing using tangible
robots. IEEE Transactions on Learning Technologies, 14(1), 93-105. https://
doi.org/10.1109/TLT.2021.3058060

Fagerlund, J., Hakkinen, P, Vesisenaho, M., & Viiri, J. (2021). Computational
thinking in programming with Scratch in primary schools: A systematic
review. Computer Applications in Engineering Education, 29(1), 12-28.
https://doi.org/10.1002/cae.22255

Fraser, G, Gambi, A, & Rojas, J. M. (2020). Teaching software testing with the
Code Defenders testing game: Experiences and improvements. In
2020 IEEE International Conference on Software Testing, Verification and


https://doi.org/10.3115/1225403.1225421
https://doi.org/10.3115/1225403.1225421
https://doi.org/10.1109/DGRC.2018.8712030
https://doi.org/10.1177/0273475313494010
https://doi.org/10.1016/j.compedu.2015.11.003
https://doi.org/10.1016/j.compedu.2020.103958
https://doi.org/10.1016/j.compedu.2020.103958
https://doi.org/10.1080/02671522.2019.1568526
https://doi.org/10.1080/02671522.2019.1568526
https://doi.org/10.4018/IJGBL.2019010104
https://doi.org/10.4018/IJGBL.2019010104
https://doi.org/10.1007/s11423-020-09784-3
https://doi.org/10.1109/IIAI-AAI.2018.00061
https://doi.org/10.1007/s40692-021-00210-y
https://doi.org/10.1007/s40692-021-00210-y
https://doi.org/10.1186/s40594-023-00434-7
https://doi.org/10.1016/j.compedu.2023.104794
https://doi.org/10.1016/j.compedu.2023.104794
https://doi.org/10.3102/0034654315582065
https://doi.org/10.3102/0034654315582065
https://doi.org/10.1109/ICSE-SEET.2017.1
https://doi.org/10.1109/ICSE-SEET.2017.1
https://doi.org/10.1007/s11042-019-7230-3
https://doi.org/10.1109/IIAI-AAI.2017.77
https://doi.org/10.1109/IIAI-AAI.2017.77
https://doi.org/10.1109/RITA.2020.3008127
https://doi.org/10.1109/RITA.2020.3008127
https://doi.org/10.1109/EDUCON.2018.8363224
https://doi.org/10.1109/ICALT.2019.00032
https://doi.org/10.1109/ICALT.2019.00032
https://doi.org/10.1016/j.compedu.2011.08.006
https://doi.org/10.1016/j.compedu.2011.08.006
https://doi.org/10.1016/j.procs.2021.01.141
https://doi.org/10.1016/j.cag.2021.09.011
https://doi.org/10.1109/FIE.2018.8658505
https://doi.org/10.1109/FIE.2018.8658505
https://doi.org/10.1007/978-3-030-21151-6_17
https://doi.org/10.1109/HSI.2018.8430994
https://doi.org/10.1007/978-3-030-63464-3_36
https://doi.org/10.1007/978-3-030-63464-3_36
https://doi.org/10.1109/EECSI.2018.8752658
https://doi.org/10.1109/ICEEIE52663.2021.9616829
https://doi.org/10.1109/ICEEIE52663.2021.9616829
https://doi.org/10.1109/FIE43999.2019.9028436
https://doi.org/10.1109/TLT.2021.3058060
https://doi.org/10.1109/TLT.2021.3058060
https://doi.org/10.1002/cae.22255

Videnovik et al. International Journal of STEM Education (2023) 10:54

Validation Workshops (ICSTW) (pp. 461-464). IEEE. https://doi.org/10.
1109/ICSTW50294.2020.00082

Funke, A, Geldreich, K, & Hubwieser, P. (2017). Analysis of Scratch projects
of an introductory programming course for primary school students.

In 2017 IEEE Global Engineering Education Conference (EDUCON) (pp.
1229-1236). IEEE. https://doi.org/10.1109/EDUCON.2017.7943005

Gabaruk, J., Logofatu, D., Groskreutz, D., & Andersson, C. (2019). On teaching
Java and object oriented programming by using children board games.
In 2019 IEEE Global Engineering Education Conference (EDUCON) (pp.
601-606). IEEE. https://doi.org/10.1109/EDUCON.2019.8725264

Garcia-Ruiz, M. A, Alvarez-Cardenas, O, & Iniguez-Carrillo, A. L. (2021). Experi-
ences in developing and testing BBC Micro: Bit games in a K-12 Coding
Club during the COVID-19 Pandemic. In 2021 IEEE/ACIS 20th Interna-
tional Fall Conference on Computer and Information Science (ICIS Fall) (pp.
161-164). IEEE. https://doi.org/10.1109/ICISFall51598.2021.9627364

Gardeli, A, &Vosinakis, S. (2019). ARQuest: A tangible augmented reality
approach to developing computational thinking skills. In 2079 17th
International Conference on Virtual Worlds and Games for Serious Applica-
tions (VS-Games) (pp. 1-8). IEEE. https://doi.org/10.1109/VS-Games.
2019.8864603

Ghergulescu, I, & Muntean, C. H, et al. (2012). Measurement and analysis of
learner’s motivation in game-based e-learning. In D. Ifenthaler (Ed.),
Assessment in game-based learning: Foundations, innovations, and
perspectives (pp. 355-378). Cham: Springer. https://doi.org/10.1007/
978-1-4614-3546-4_18

Giang, C, Chevalier, M., Negrini, L., Peleg, R, Bonnet, E,, Piatti, A, & Mondada, F.
(2020). Exploring Escape games as a teaching tool in educational robot-
ics. In M. Moro, D. Alimisis, & L. locchi (Eds.), Educational robotics in the
context of the maker movement (pp. 95-106). Springer. https://doi.org/
10.1007/978-3-030-18141-3_8

Gossen, F, Kuhn, D., Margaria, T, & Lamprecht, A. (2018). Computational think-
ing: Learning by doing with the Cinco adventure game tool. In 2078
IEEE 42nd Annual Computer Software and Applications Conference (COMP-
SAC) (pp. 990-999). IEEE. https://doi.org/10.1109/COMPSAC.2018.00175

Groza, A, Baltatescu, M. M., & Pomarlan, M. (2020). MineFOL: A game for
learning first order logic. In 2020 IEEE 16th International Conference on
Intelligent Computer Communication and Processing (ICCP) (pp. 153-160).
IEEE. https://doi.org/10.1109/ICCP51029.2020.9266174

Gui, Y, Cai, Z,Yang, Y, Kong, L., Fan, X, &Tai, R. H. (2023). Effectiveness of digital
educational game and game design in STEM learning: A meta-analytic
review. International Journal of STEM Education, 10(1), 1-25. https://doi.
org/10.1186/540594-023-00424-9

Gulec, U, Yilmaz, M, Yalcin, A. D., O'Connor, R. V., & Clarke, P. M. (2019). CENGO:
A web-based serious game to increase the programming knowledge
levels of computer engineering students. In A. Walker, R. V. O'Connor,

& R. Messnarz (Eds.), Systems, software and services process improvement
(pp. 237-248). Springer. https://doi.org/10.1007/978-3-030-28005-5_18

Hafeez, M. (2022). Effects of game-based learning in comparison to traditional
learning to provide an effective learning environment: A comparative
review. Contemporary Educational Researches Journal, 12(2), 89-105.
https://doi.org/10.18844/cerj.v12i2.6374

Hamari, J., Shernoff, D. J,, Rowe, E., Coller, B., Asbell-Clarke, J., & Edwards, T.
(2016). Challenging games help students learn: An empirical study on
engagement, flow and immersion in game-based learning. Computers
in Human Behavior, 54, 170-179. https://doi.org/10.1016/j.chb.2015.07.
045

Hananto, A. A. F, & Panjaburee, P. (2019). Proposing an online peer-feedback
approach in digital game from a semi-puzzle game-based learning
perspective. In 2019 8th International Congress on Advanced Applied
Informatics (IIAI-AAI) (pp. 254-259). IEEE. https://doi.org/10.1109/11AI-
AAIL2019.00058

Harteveld, C,, Smith, G,, Carmichael, G, Gee, E., & Stewart-Gardiner, C. (2014). A
design-focused analysis of games teaching computer science. Proceed-
ings of Games+ Learning_ Society, 10, 1-8.

Hartt, M., Hosseini, H., & Mostafapour, M. (2020). Game on: Exploring the effec-
tiveness of game-based learning. Planning Practice & Research, 35(5),
589-604. https://doi.org/10.1080/02697459.2020.1778859

Hazzan, O, Ragonis, N, & Lapidot, T. (2020). Teaching methods in computer
science education. In O. Hazzan, N. Ragonis, &T. Lapidot (Eds.), Guide
to teaching computer science: An activity-based approach (pp. 181-220).
Springer. https://doi.org/10.1007/978-3-030-39360-1_10

Page 19 of 23

Hirsh-Pasek, K., Hadani, H. S., Blinkoff, E., & Golinkoff, R. M. (2020). A new path
to education reform: playful learning promotes 21st century skills in
school and beyond. Policy Brief. https://www.brookings.edu/wp-conte
nt/uploads/2020/10/Big-ldeas_Hirsh-Pasek_PlayfulLearning.pdf

Holanda, M., Araujo, A. P. F, & Walter, M. E. (2020). Meninas.comp project:
Programming for girls in high school in Brazil. In 2020 Research on Equity
and Sustained Participation in Engineering, Computing, and Technology
(RESPECT) (pp. 1-2). IEEE. https://doi.org/10.1109/RESPECT49803.2020.
9272419

Holenko Dlab, M., & Hoic-Bozic, N. (2021). Effectiveness of game development-
based learning for acquiring programming skills in lower secondary
education in Croatia. Education and Information Technologies, 26(4),
4433-4456. https://doi.org/10.1007/510639-021-10471-w

Hong, T.Y, & Chu, H. C. (2017). Effects of a situated 3D computational problem-
solving and programming game-based learning model on students’
learning perception and cognitive loads. In 2017 6th lIAl International
Congress on Advanced Applied Informatics (IIAI-AAI) (pp. 596-600). IEEE
https://doi.org/10.1109/11AI-AAI.2017.96

Hooshyar, D, Pedaste, M., Yang, Y, Malva, L, Hwang, G.-J, Wang, M., Lim, H., &
Delev, D. (2021). From gaming to computational thinking: An adaptive
educational computer game-based learning approach. Journal of Edu-
cational Computing Research, 59(3), 383-409. https://doi.org/10.1177/
0735633120965919

Horst, R, Naraghi-Taghi-Off, R, Diez, S.,, Uhmann, T, Mdller, A, & Dorner, R.
(2019). FunPlogs - a serious puzzle mini-game for learning funda-
mental programming principles using visual scripting. In G. Bebis, R.
Boyle, B. Parvin, D. Koracin, D. Ushizima, S. Chai, S. Sueda, X. Lin, A. Lu,
D.Thalmann, C. Wang, & P. Xu (Eds.), Advances in Visual Computing (pp.
494-504). Springer International Publishing. https://doi.org/10.1007/
978-3-030-33720-9_38

Huang, L. W,, Chen, L. W,, & Cheng, P. H. (2019). Board game design for Python
programming education. In 2019 IEEE International Conference on Engi-
neering, Technology and Education (TALE) (pp. 1-6). IEEE. https://doi.org/
10.1109/TALE48000.2019.9225988

Huang, L. W,, Cheng, P.H., & Chen, L. W. (2021). Web-based board game for
learning Python. In 2021 IEEE World Conference on Engineering Education
(EDUNINE) (pp. 1-6). IEEE. https://doi.org/10.1109/EDUNINE51952.2021.
9429144

Huizenga, J., Admiraal, W., Akkerman, S., & Dam, G.T. (2009). Mobile game-
based learning in secondary education: Engagement motivation and
learning in a mobile city game. Journal of Computer Assisted Learning.,
25(4), 332-344. https://doi.org/10.1111/j.1365-2729.2009.00316.x

Hussein, M. H,, Ow, S. H,, Cheong, L. S, & Thong, M.K. (2019). A digital game-
based learning method to improve students’ critical thinking skills in
elementary science. JEEE Access, 7, 96309-96318. https://doi.org/10.
1109/ACCESS.2019.2929089

Hwang, G. J, Hung, C. M., & Chen, N. S. (2014). Improving learning achieve-
ments, motivations and problem-solving skills through a peer
assessment-based game development approach. Educational Technol-
ogy Research and Development, 62(2), 129-145. https://doi.org/10.1007/
$11423-013-9320-7

Jagust, T, Krzic, A. S, Gledec, G, Grgic, M., & Bojic, . (2018). Exploring different
unplugged game-like activities for teaching computational thinking. In
2018 IEEE Frontiers in Education Conference (FIE) (pp. 1-5). IEEE. https://
doi.org/10.1109/FIE.2018.8659077

Joshi, D. R, Adhikari, K. P, Khanal, B., Khadka, J., & Belbase, S. (2022). Behavioral,
cognitive, emotional and social engagement in mathematics learning
during COVID-19 pandemic. PLoS ONE, 17(11), €0278052. https://doi.
0rg/10.1371/journal.pone.0278052

Jovanov, M, llijoski, B., Stankov, E., & Armenski, G. (2017). Creation of educa-
tional games—project based learning in e-learning systems course.

In 2017 IEEE Global Engineering Education Conference (EDUCON) (pp.
1274-1281). [EEE. https://doi.org/10.1109/EDUCON.2017.7943012

Kaldarova, B, Omarov, B, Zhaidakbayeva, L., Tursynbayev, A, Beissenova, G,,
Kurmanbayev, B, & Anarbayev, A. (2023). Applying game-based learn-
ing to a primary school class in computer science terminology learning.
Frontiers in Education. https://doi.org/10.3389/feduc.2023.1100275

Kanellopoulou, I, Garaizar, P, & Guenaga, M. (2021). First steps towards
automatically defining the difficulty of maze-based programming chal-
lenges. IEEE Access, 9, 64211-64223. https://doi.org/10.1109/ACCESS.
2021.3075027


https://doi.org/10.1109/ICSTW50294.2020.00082
https://doi.org/10.1109/ICSTW50294.2020.00082
https://doi.org/10.1109/EDUCON.2017.7943005
https://doi.org/10.1109/EDUCON.2019.8725264
https://doi.org/10.1109/ICISFall51598.2021.9627364
https://doi.org/10.1109/VS-Games.2019.8864603
https://doi.org/10.1109/VS-Games.2019.8864603
https://doi.org/10.1007/978-1-4614-3546-4_18
https://doi.org/10.1007/978-1-4614-3546-4_18
https://doi.org/10.1007/978-3-030-18141-3_8
https://doi.org/10.1007/978-3-030-18141-3_8
https://doi.org/10.1109/COMPSAC.2018.00175
https://doi.org/10.1109/ICCP51029.2020.9266174
https://doi.org/10.1186/s40594-023-00424-9
https://doi.org/10.1186/s40594-023-00424-9
https://doi.org/10.1007/978-3-030-28005-5_18
https://doi.org/10.18844/cerj.v12i2.6374
https://doi.org/10.1016/j.chb.2015.07.045
https://doi.org/10.1016/j.chb.2015.07.045
https://doi.org/10.1109/IIAI-AAI.2019.00058
https://doi.org/10.1109/IIAI-AAI.2019.00058
https://doi.org/10.1080/02697459.2020.1778859
https://doi.org/10.1007/978-3-030-39360-1_10
https://www.brookings.edu/wp-content/uploads/2020/10/Big-Ideas_Hirsh-Pasek_PlayfulLearning.pdf
https://www.brookings.edu/wp-content/uploads/2020/10/Big-Ideas_Hirsh-Pasek_PlayfulLearning.pdf
https://doi.org/10.1109/RESPECT49803.2020.9272419
https://doi.org/10.1109/RESPECT49803.2020.9272419
https://doi.org/10.1007/s10639-021-10471-w
https://doi.org/10.1109/IIAI-AAI.2017.96
https://doi.org/10.1177/0735633120965919
https://doi.org/10.1177/0735633120965919
https://doi.org/10.1007/978-3-030-33720-9_38
https://doi.org/10.1007/978-3-030-33720-9_38
https://doi.org/10.1109/TALE48000.2019.9225988
https://doi.org/10.1109/TALE48000.2019.9225988
https://doi.org/10.1109/EDUNINE51952.2021.9429144
https://doi.org/10.1109/EDUNINE51952.2021.9429144
https://doi.org/10.1111/j.1365-2729.2009.00316.x
https://doi.org/10.1109/ACCESS.2019.2929089
https://doi.org/10.1109/ACCESS.2019.2929089
https://doi.org/10.1007/s11423-013-9320-7
https://doi.org/10.1007/s11423-013-9320-7
https://doi.org/10.1109/FIE.2018.8659077
https://doi.org/10.1109/FIE.2018.8659077
https://doi.org/10.1371/journal.pone.0278052
https://doi.org/10.1371/journal.pone.0278052
https://doi.org/10.1109/EDUCON.2017.7943012
https://doi.org/10.3389/feduc.2023.1100275
https://doi.org/10.1109/ACCESS.2021.3075027
https://doi.org/10.1109/ACCESS.2021.3075027

Videnovik et al. International Journal of STEM Education (2023) 10:54

Kannappan, V. T, Fernando, O. N. N,, Chattopadhyay, A, Tan, X, Hong, J. Y. J,,
Seah, H.S, & Lye, H. E. (2019). La Petite Fee Cosmo: Learning data struc-
tures through game-based learning. In 2079 International Conference
on Cyberworlds (CW) (pp. 207-210). IEEE. https://doi.org/10.1109/CW.
2019.00041

Kantharaju, P, Alderfer, K., Zhu, J,, Char, B, Smith, B., & Ontanon, S. (2020).
Modeling player knowledge in a parallel programming educational
game. IEEE Transactions on Games, 14(1), 64-75. https://doi.org/10.1109/
TG.2020.3037505

Karagiannis, S., Papaioannou, T., Magkos, E., & Tsohou, A. (2020). Game-based
information security/privacy education and awareness: Theory and
practice. In M. Themistocleous, M. Papadaki, & M. M. Kamal (Eds.), Infor-
mation Systems (Vol. 402, pp. 509-525). Cham: Springer. https://doi.org/
10.1007/978-3-030-63396-7_34

Karram, O. (2021). The role of computer games in teaching object-oriented
programming in high schools—Code Combat as a game approach.
WSEAS Transactions on Advances in Engineering Education, 18, 37-46.
https://doi.org/10.37394/232010.2021.18.4

Kazimoglu, C. (2020). Enhancing confidence in using computational thinking
skills via playing a serious game: A case study to increase motivation
in learning computer programming. [EEE Access, 8,221831-221851.
https://doi.org/10.1109/ACCESS.2020.3043278

Kintsakis, D., & Rangoussi, M. (2017). An early introduction to STEM education:
Teaching computer programming principles to 5™ graders through
an e-learning platform: A game-based approach. In 2017 IEEE Global
Engineering Education Conference (EDUCON) (pp. 17-23). IEEE. https://
doi.org/10.1109/EDUCON.2017.7942816

Klimové, N, Sajben, J,, & Lovészova, G. (2021). Online game-based learning
through Minecraft: Education edition programming contest. In 2021
IEEE Global Engineering Education Conference (EDUCON) (pp. 1660-1668).
IEEE. https://doi.org/10.1109/EDUCON46332.2021.9453953

Kucera, E,, Haffner, O, & Leskovsky, R. (2020). Multimedia application for object-
oriented programming education developed by Unity engine. In 2020
Cybernetics & Informatics (K&I) (pp. 1-8). IEEE. https://doi.org/10.1109/
KI48306.2020.9039853

Kurniawati, A, Akbar, N. H., & Prasetyo, D. (2018). Visual learning on mobile
phone for introduction basic programming in vocational high school.
In 2018 International Conference on Computer Engineering, Network and
Intelligent Multimedia (CENIM) (pp. 186-191). IEEE. https://doi.org/10.
1109/CENIM.2018.8710873

Kusuma, G. P, Putera Suryapranata, L. K., Wigati, E. K, & Utomo, Y. (2021).
Enhancing historical learning using role-playing game on mobile
platform. Procedia Computer Science, 179, 886-893. https://doi.org/10.
1016/j.procs.2021.01.078

Lapek, J. (2018). Promoting 21st century skills in problem-based learning
environments. CTETE-Research Monograph Series, 1(1), 66-85. https://
doi.org/10.21061/ctete-rms.v1.c4

Laporte, L., & Zaman, B. (2018). A comparative analysis of programming games,
looking through the lens of an instructional design model and a game
attributes taxonomy. Entertainment Computing, 25, 48-61. https://doi.
org/10.1016/j.entcom.2017.12.005

Lee, S. M. (2019). Her Story or their own stories? Digital game-based learning,
student creativity, and creative writing. ReCALL, 31(3), 238-254. https://
doi.org/10.1017/50958344019000028

Li, Y, Hwang, G. J, Chen, PY, & Lin, Y. J. (2021). Effects of a concept mapping-
based two-tier test strategy on students'digital game-based learning
performances and behavioral patterns. Computers & Education, 173,
104293. https://doi.org/10.1016/j.compedu.2021.104293

Lim, J. S, Choe, M. J, Zhang, J., & Noh, G. . (2020). The role of wishful identifica-
tion, emotional engagement, and parasocial relationships in repeated
viewing of live-streaming games: A social cognitive theory perspective.
Computers in Human Behavior, 108, 106327. https://doi.org/10.1016/j.
chb.2020.106327

Lindberg, R. S, Laine, T. H., & Haaranen, L. (2019). Gamifying programming
education in K-12: A review of programming curricula in seven coun-
tries and programming games. British Journal of Educational Technology,
50(4), 1979-1995. https://doi.org/10.1111/bjet.12685

Liu, Z.Y, Shaikh, Z,, & Gazizova, F. (2020). Using the concept of game-based
learning in education. International Journal of Emerging Technologies in
Learning (IJET), 15(14), 53-64. https://doi.org/10.3991/ijet.v15i14.14675

Page 20 of 23

Lopez-Fernandez, D., Gordillo, A, Alarcon, P. P, & Tovar, E. (2021a). Comparing
traditional teaching and game-based learning using teacher-authored
games on computer science education. IEEE Transactions on Education,
64(4), 367-373. https://doi.org/10.1109/TE.2021.3057849

Lopez-Fernandez, D., Gordillo, A, Ortega, F, Yague, A, &Tovar, E. (2021b).
LEGO® serious play in software engineering education. IEEE Access, 9,
103120-103131. https://doi.org/10.1109/ACCESS.2021.3095552

Lopez-Pernas, S., Gordillo, A, Barra, E., & Quemada, J. (2019). Analyzing learn-
ing effectiveness and students’ perceptions of an educational Escape
room in a programming course in higher education. IEEE Access, 7,
184221-184234. https://doi.org/10.1109/ACCESS.2019.2960312

Lopez-Pernas, S., Gordillo, A, Barra, E., & Quemada, J. (2021). Comparing face-
to-face and remote educational Escape rooms for learning program-
ming. IEEE Access, 9, 59270-59285. https://doi.org/10.1109/ACCESS.
2021.3073601

Lotfi, E, Othman, B.Y,, & Mohammed, B. (2019). Towards a mobile serious game
for learning object oriented programming paradigms. In M. BenAhmed,
A. A. Boudhir, & A. Younes (Eds.), Innovations in smart cities applications
Edition 2 (pp. 450-462). Springer. https://doi.org/10.1007/978-3-030-
11196-0_38

Lymbery, J. (2012). The potential of a game-based learning approach to
improve learner outcomes. Computers in New Zealand Schools, 24(1),
21-39.

Malizia, A., Fogli, D., Danesi, F, Turchi, T, & Bell, D. (2017). TAPASPlay: A game-
based learning approach to foster computation thinking skills. In 2077
IEEE Symposium on Visual Languages and Human-Centric Computing (VL/
HCC) (pp. 345-346). IEEE. https://doi.org/10.1109/VLHCC.2017.8103502

Malliarakis, C., Satratzemi, M., & Xinogalos, S. (2014). Educational games for
teaching computer programming. Research on e-Learning and ICT in
Education Technological, Pedagogical and Instructional Perspectives.
https://doi.org/10.1007/978-1-4614-6501-0_7

Manning, C, Surdeanu, M., Bauer, J,, Finkel, J,, Bethard, S., & McClosky, D.
(2014). The Stanford CoreNLP natural language processing toolkit. In
Proceedings of 52nd Annual Meeting of the Association for Computational
Linguistics: System Demonstrations (pp. 55-60). https://doi.org/10.3115/
v1/P14-5010

Martins, E. R, Geraldes, W. B, Afonseca, U. R, & Gouveia, L. M. B. (2019). Using
Kahoot as a learning tool. In I. Ramos, R. Quaresma, P. Silva, & T. Oliveira
(Eds.), Information systems for industry 4.0 (Vol. 31, pp. 161-169).
Springer. https://doi.org/10.1007/978-3-030-14850-8_11

Mathew, R, Malik, S. I, & Tawafak, R. M. (2019). Teaching problem solving skills
using an educational game in a computer programming course. Infor-
matics in Education, 18(2), 359-373. https://doi.org/10.15388/infedu.
2019.17

Meftah, C, Retbi, A, Bennani, S., & Idrissi, M. K. (2019). Evaluation of user experi-
ence in the context of mobile serious game. In 2079 International Con-
ference on Intelligent Systems and Advanced Computing Sciences (ISACS)
(pp. 1-5). IEEE. https://doi.org/10.1109/ISACS48493.2019.9068872

Mezentseva, L.V, Kolganoy, S.V,, Dvoryankin, O. A, & Tuganova, S. V. (2021).
Game-driven learning in the digital age: A systematic review and
meta-analysis. Turkish Journal of Computer and Mathematics Education
(TURCOMAT)., 12(10), 2244-2253. https://doi.org/10.17762/turcomat.
v12i104747

Miljanovic, M. A, & Bradbury, J. S. (2020). GidgetML: An adaptive serious game
for enhancing first year programming labs. In 2020 IEEE/ACM 42nd
International Conference on Software Engineering: Software Engineering
Education and Training (ICSE-SEET) (pp. 184-192). IEEE. https://doi.org/
10.1145/3377814.3381716

Min, W., Mott, B,, Park, K, Taylor, S., Akram, B., Wiebe, E, Boyer, K. E., & Lester, J.
(2020). Promoting computer science learning with block-based pro-
gramming and narrative-centered gameplay. In 2020 IEEE Conference
on Games (CoG) (pp. 654-657). IEEE. https://doi.org/10.1109/CoG47356.
2020.9231881

Montes, H., Hijon-Neira, R., Perez-Marin, D., & Montes, S. (2021). Using an
online serious game to teach basic programming concepts and
facilitate gameful experiences for high school students. IEEE Access, 9,
12567-12578. https://doi.org/10.1109/ACCESS.2021.3049690

Mosquera, C. K, Steinmaurer, A, Eckhardt, C, & Guetl, C. (2020). Immersively
learning object oriented programming concepts with sCool. In 2020
6th International Conference of the Immersive Learning Research Network


https://doi.org/10.1109/CW.2019.00041
https://doi.org/10.1109/CW.2019.00041
https://doi.org/10.1109/TG.2020.3037505
https://doi.org/10.1109/TG.2020.3037505
https://doi.org/10.1007/978-3-030-63396-7_34
https://doi.org/10.1007/978-3-030-63396-7_34
https://doi.org/10.37394/232010.2021.18.4
https://doi.org/10.1109/ACCESS.2020.3043278
https://doi.org/10.1109/EDUCON.2017.7942816
https://doi.org/10.1109/EDUCON.2017.7942816
https://doi.org/10.1109/EDUCON46332.2021.9453953
https://doi.org/10.1109/KI48306.2020.9039853
https://doi.org/10.1109/KI48306.2020.9039853
https://doi.org/10.1109/CENIM.2018.8710873
https://doi.org/10.1109/CENIM.2018.8710873
https://doi.org/10.1016/j.procs.2021.01.078
https://doi.org/10.1016/j.procs.2021.01.078
https://doi.org/10.21061/ctete-rms.v1.c.4
https://doi.org/10.21061/ctete-rms.v1.c.4
https://doi.org/10.1016/j.entcom.2017.12.005
https://doi.org/10.1016/j.entcom.2017.12.005
https://doi.org/10.1017/S0958344019000028
https://doi.org/10.1017/S0958344019000028
https://doi.org/10.1016/j.compedu.2021.104293
https://doi.org/10.1016/j.chb.2020.106327
https://doi.org/10.1016/j.chb.2020.106327
https://doi.org/10.1111/bjet.12685
https://doi.org/10.3991/ijet.v15i14.14675
https://doi.org/10.1109/TE.2021.3057849
https://doi.org/10.1109/ACCESS.2021.3095552
https://doi.org/10.1109/ACCESS.2019.2960312
https://doi.org/10.1109/ACCESS.2021.3073601
https://doi.org/10.1109/ACCESS.2021.3073601
https://doi.org/10.1007/978-3-030-11196-0_38
https://doi.org/10.1007/978-3-030-11196-0_38
https://doi.org/10.1109/VLHCC.2017.8103502
https://doi.org/10.1007/978-1-4614-6501-0_7
https://doi.org/10.3115/v1/P14-5010
https://doi.org/10.3115/v1/P14-5010
https://doi.org/10.1007/978-3-030-14850-8_11
https://doi.org/10.15388/infedu.2019.17
https://doi.org/10.15388/infedu.2019.17
https://doi.org/10.1109/ISACS48493.2019.9068872
https://doi.org/10.17762/turcomat.v12i10.4747
https://doi.org/10.17762/turcomat.v12i10.4747
https://doi.org/10.1145/3377814.3381716
https://doi.org/10.1145/3377814.3381716
https://doi.org/10.1109/CoG47356.2020.9231881
https://doi.org/10.1109/CoG47356.2020.9231881
https://doi.org/10.1109/ACCESS.2021.3049690

Videnovik et al. International Journal of STEM Education (2023) 10:54

(ILRN) (pp. 124-131). IEEE. https://doi.org/10.23919/iLRN47897.2020.
9155144

Mozelius, P, & Humble, N. (2023). Design factors for an educational game
where girls and boys play together to learn fundamental programming.
In International Conference on ArtslT, Interactivity and Game Creation (pp.
134-148). Springer, Cham. https://doi.org/10.1007/978-3-031-28993-4_
10

Munn, Z., Peters, M. D. J,, Stern, C, Tufanaru, C, McArthur, A, & Aromataris, E.
(2018). Systematic review or scoping review? Guidance for authors
when choosing between a systematic or scoping review approach.
BMC Medlical Research Methodology, 18(1), 143. https://doi.org/10.1186/
$12874-018-0611-x

Nche, O. M, Welter, J, Che, M., Kraemer, E. T, Sitaraman, M., & Zordan, V. B.
(2019). CodeTracesure—combining gaming, CS concepts, and peda-
gogy. In 2019 Research on Equity and Sustained Participation in Engineer-
ing, Computing, and Technology (RESPECT) (pp. 1-2). IEEE. https://doi.
0rg/10.1109/RESPECT46404.2019.8985865

Nche, O. M., Boulware, R, Che, S. M., Kraemer, E. T, Sitaraman, M., & Zordan, V.
B. (2020). Basic code understanding challenges for elementary school
children. In 2020 Research on Equity and Sustained Participation in Engi-
neering, Computing, and Technology (RESPECT) (pp. 1-2). IEEE. https://
doi.org/10.1109/RESPECT49803.2020.9272421

Noroozi, O., Dehghanzadeh, H., & Talaee, E. (2020). A systematic review on the
impacts of game-based learning on argumentation skills. Entertainment
Computing, 35,100369. https://doi.org/10.1016/j.entcom.2020.100369

Noval, B. A, Safrodin, M., & Hakkun, R. Y. (2019). Battlebot: Logic learning based
on visual programming implementation in multiplayer game online.
In 2019 International Electronics Symposium (IES) (pp. 138-142). IEEE.
https://doi.org/10.1109/ELECSYM.2019.8901628

Paiva, J. C, Leal, J. P, & Queiros, R. (2020). Authoring game-based programming
challenges to improve students’motivation. In M. E. Auer & T. Tsiatsos
(Eds.), The challenges of the digital transformation in education (Vol. 916,
pp. 602-613). Springer. https://doi.org/10.1007/978-3-030-11932-4_57

Park, K, Mott, B, Min, W., Wiebe, E,, Boyer, K. E,, & Lester, J. (2020). Generating
game levels to develop computer science competencies in game-
based learning environments. In I. |. Bittencourt, M. Cukurova, K.
Muldner, R. Luckin, & E. Millan (Eds.), Artificial Intelligence in Education
(Vol. 12164, pp. 240-245). Cham: Springer. https://doi.org/10.1007/
978-3-030-52240-7_44

Partovi, T, & Razavi, M. R. (2019). The effect of game-based learning on
academic achievement motivation of elementary school students.
Learning and Motivation, 68, 101592. https://doi.org/10.1016/j.Imot.
2019.101592

Pellas, N., & Mystakidis, S. (2020). A systematic review of research about game-
based learning in virtual worlds. JUCS - Journal of Universal Computer
Science, 26(8), 1017-1042. https://doi.org/10.3897/jucs.2020.054

Peters, M. D. J, Marnie, C,, Tricco, A. C,, Pollock, D., Munn, Z., Alexander, L.,
Mclnerney, P, Godfrey, C. M., & Khalil, H. (2020). Updated methodologi-
cal guidance for the conduct of scoping reviews. JBI Evidence Synthesis,
18(10), 2119-2126. https://doi.org/10.11124/JBIES-20-00167

Pila, S., Aladé, F, Sheehan, K. J, Lauricella, A. R, & Wartella, E. A. (2019). Learning
to code via tablet applications: An evaluation of Daisy the Dinosaur and
Kodable as learning tools for young children. Computers & Education,
128, 52-62. https://doi.org/10.1016/j.compedu.2018.09.006

Popovic, J, Korolija, N, Markovic, Z., & Bojic, D. (2017). Developing algorithmic
skills of pupils in Serbian schools using code.org materials. In 2017 25th
Telecommunication Forum (TELFOR) (pp. 1-4). IEEE. https://doi.org/10.
1109/TELFOR.2017.8249483

Prabawa, H. W, Junaeti, E, & Permana, . (2017, October). Using capture the
flag in classroom: Game-based implementation in network security
learning. In 2017 3rd International Conference on Science in Information
Technology (ICSiTech) (pp. 690-695). [EEE. https://doi.org/10.1109/icsit
ech.2017.8257201

Priyaadharshini, M., Dakshina, R, & Sandhya, S. (2020). Learning analytics:
Game-based learning for programming course in higher education.
Procedia Computer Science, 172,468-472. https://doi.org/10.1016/j.
procs.2020.05.143

Qian, M., & Clark, K. R. (2016). Game-based Learning and 21st century skills:
A review of recent research. Computers in Human Behavior, 63, 50-58.
https://doi.org/10.1016/j.chb.2016.05.023

Page 21 of 23

Rajeev, S., & Sharma, S. (2018). Educational game-theme based instructional
module for teaching introductory programming. In [ECON 2018 -
44th Annual Conference of the IEEE Industrial Electronics Society (pp.
3039-3044). IEEE. https://doi.org/10.1109/IECON.2018.8592835

Riera, B, Philippot, A, & Annebicque, D. (2019). Teaching the first and only logic
control course with HOME 1/0 and Scratch 2.0. IFAC-PapersOnLine, 52(9),
109-114. https://doi.org/10.1016/j.ifacol.2019.08.133

Roodt, S., & Ryklief, Y. (2022). Using digital game-based learning to improve
the academic efficiency of vocational education students. In Research
Anthology on Vocational Education and Preparing Future Workers (pp.
643-671).1GI Global. https://doi.org/10.4018/978-1-6684-5696-5.ch037

Roussou, E., & Rangoussi, M. (2020). On the use of robotics for the develop-
ment of computational thinking in kindergarten: Educational interven-
tion and evaluation. In M. Merdan, W. Lepuschitz, G. Koppensteiner, R.
Balogh, & D. Obdrzalek (Eds.), Robotics in Education (pp. 31-44). Springer.
https://doi.org/10.1007/978-3-030-26945-6_3

Rozali, N. F, & Zaid, N. M. (2017). Code puzzle: ActionScript 2.0 learning
application based on problem-based learning approach. In 2017 6th ICT
International Student Project Conference (ICT-ISPC) (pp. 1-4). IEEE. https://
doi.org/10.1109/ICT-ISPC.2017.8075329

Ryan, R. M., Rigby, C. S., & Przybylski, A. (2006). The motivational pull of video
games: A self-determination theory approach. Motivation and Emotion,
30, 344-360. https://doi.org/10.1007/511031-006-9051-8

Saiz Manzanares, M. C,, Rodriguez Arribas, S., Pardo Aguilar, C,, & Queiruga
Dios, M. A. (2020). Effectiveness of self-regulation and serious games
for learning STEM knowledge in primary education. Psicothema, 32(4),
516-524. https://doi.org/10.7334/psicothema2020.30

Sanchez Mena, A, & Marti Parrefo, J. (2017). Teachers” acceptance of
educational video games: A comprehensive literature review. Journal
of E-Learning and Knowledge Society, 13(2), 47-63. https://doi.org/10.
20368/1971-8829/1319

Schatten, M., & Schatten, M. (2020). A comparative study of gamification
in progamming education in a Croatian high school. In 2020 43rd
International Convention on Information, Communication and Electronic
Technology (MIPRO) (pp. 700-704). IEEE. https://doi.org/10.23919/MIPRO
48935.2020.9245237

Scherer, R, Siddig, F, & Viveros, B. S. (2020). A meta-analysis of teaching and
learning computer programming: Effective instructional approaches
and conditions. Computers in Human Behavior, 109, 106349. https://doi.
0rg/10.1016/j.chb.2020.106349

Seebauer, S, Jahn, S, & Mottok, J. (2020). Learning from Escape rooms? A study
design concept measuring the effect of a cryptography educational
Escape room. In 2020 IEEE Global Engineering Education Conference (EDU-
CON) (pp. 1684-1685). IEEE. https://doi.org/10.1109/EDUCON45650.
2020.9125333

Seralidou, E., & Douligeris, C. (2020). Creating and using digital games for
learning in elementary and secondary education. In 2020 5th South-East
Europe Design Automation, Computer Engineering, Computer Networks
and Social Media Conference (SEEDA-CECNSM) (pp. 1-8). IEEE. https://doi.
org/10.1109/SEEDA-CECNSM49515.2020.9221799

Serrano, K. (2019). The effect of digital game-based learning on student learn-
ing: A literature review. Graduate Research Papers, 943. https://schol
arworks.uni.edu/grp/943

Shabalina, O., Malliarakis, C,, Tomos, F,, & Mozelius, P. (2017). Game-based
learning for learning to program: from learning through play to
learning through game development. In 17th European Conference on
Games Based Learning 2017, Graz, Austria, 5-6 October 2017 (Vol. 11, pp.
571-576). Academic Conferences and Publishing International Limited.

Shahid, M., Wajid, A, Hag, K. U, Saleem, I, & Shujja, A. H. (2019). A Review of
gamification for learning programming fundamental. In 2079 Interna-
tional Conference on Innovative Computing (ICIC) (pp. 1-8). IEEE. https://
doi.org/10.1109/1CIC48496.2019.8966685

Sharaf, N,, Ahmed, G,, & Ihab, S. (2020). Virtual/mixed reality control of a game
through Scratch. In 2020 24th International Conference Information
Visualisation (IV) (pp. 689-693). IEEE. https://doi.org/10.1109/IV51561.
2020.00119

Sharma, K, Papavlasopoulou, S., & Giannakos, M. (2019). Coding games and
robots to enhance computational thinking: How collaboration and
engagement moderate children’s attitudes? International Journal of
Child-Computer Interaction, 21, 65-76. https://doi.org/10.1016/j.ijcci.
2019.04.004


https://doi.org/10.23919/iLRN47897.2020.9155144
https://doi.org/10.23919/iLRN47897.2020.9155144
https://doi.org/10.1007/978-3-031-28993-4_10
https://doi.org/10.1007/978-3-031-28993-4_10
https://doi.org/10.1186/s12874-018-0611-x
https://doi.org/10.1186/s12874-018-0611-x
https://doi.org/10.1109/RESPECT46404.2019.8985865
https://doi.org/10.1109/RESPECT46404.2019.8985865
https://doi.org/10.1109/RESPECT49803.2020.9272421
https://doi.org/10.1109/RESPECT49803.2020.9272421
https://doi.org/10.1016/j.entcom.2020.100369
https://doi.org/10.1109/ELECSYM.2019.8901628
https://doi.org/10.1007/978-3-030-11932-4_57
https://doi.org/10.1007/978-3-030-52240-7_44
https://doi.org/10.1007/978-3-030-52240-7_44
https://doi.org/10.1016/j.lmot.2019.101592
https://doi.org/10.1016/j.lmot.2019.101592
https://doi.org/10.3897/jucs.2020.054
https://doi.org/10.11124/JBIES-20-00167
https://doi.org/10.1016/j.compedu.2018.09.006
https://doi.org/10.1109/TELFOR.2017.8249483
https://doi.org/10.1109/TELFOR.2017.8249483
https://doi.org/10.1109/icsitech.2017.8257201
https://doi.org/10.1109/icsitech.2017.8257201
https://doi.org/10.1016/j.procs.2020.05.143
https://doi.org/10.1016/j.procs.2020.05.143
https://doi.org/10.1016/j.chb.2016.05.023
https://doi.org/10.1109/IECON.2018.8592835
https://doi.org/10.1016/j.ifacol.2019.08.133
https://doi.org/10.4018/978-1-6684-5696-5.ch037
https://doi.org/10.1007/978-3-030-26945-6_3
https://doi.org/10.1109/ICT-ISPC.2017.8075329
https://doi.org/10.1109/ICT-ISPC.2017.8075329
https://doi.org/10.1007/s11031-006-9051-8
https://doi.org/10.7334/psicothema2020.30
https://doi.org/10.20368/1971-8829/1319
https://doi.org/10.20368/1971-8829/1319
https://doi.org/10.23919/MIPRO48935.2020.9245237
https://doi.org/10.23919/MIPRO48935.2020.9245237
https://doi.org/10.1016/j.chb.2020.106349
https://doi.org/10.1016/j.chb.2020.106349
https://doi.org/10.1109/EDUCON45650.2020.9125333
https://doi.org/10.1109/EDUCON45650.2020.9125333
https://doi.org/10.1109/SEEDA-CECNSM49515.2020.9221799
https://doi.org/10.1109/SEEDA-CECNSM49515.2020.9221799
https://scholarworks.uni.edu/grp/943
https://scholarworks.uni.edu/grp/943
https://doi.org/10.1109/ICIC48496.2019.8966685
https://doi.org/10.1109/ICIC48496.2019.8966685
https://doi.org/10.1109/IV51561.2020.00119
https://doi.org/10.1109/IV51561.2020.00119
https://doi.org/10.1016/j.ijcci.2019.04.004
https://doi.org/10.1016/j.ijcci.2019.04.004

Videnovik et al. International Journal of STEM Education (2023) 10:54

Sharma, K, Torrado, J. C,, Gémez, J,, & Jaccheri, L. (2021). Improving girls'
perception of computer science as a viable career option through
game playing and design: Lessons from a systematic literature review.
Entertainment Computing, 36, 100387. https://doi.org/10.1016/j.entcom.
2020.100387

Shim, J,, Kwon, D,, & Lee, W. (2017). The effects of a robot game environment
on computer programming education for elementary school students.
IEEE Transactions on Education, 60(2), 164-172. https://doi.org/10.1109/
TE2016.2622227

Siakavaras, I, Papastergiou, M., & Comoutos, N. (2018). Mobile games in com-
puter science education: Current state and proposal of a mobile game
design that incorporates physical activity. In T. A. Mikropoulos (Ed.),
Research on e-Learning and ICT in Education (pp. 243-255). Springer.
https://doi.org/10.1007/978-3-319-95059-4_15

Silva, J. P, Silveira, I. F, Kamimura, L., & Barboza, A. T. (2020). Turing project: An
open educational game to teach and learn programming logic. In 2020
15th Iberian Conference on Information Systems and Technologies (CISTI)
(pp. 1-6). IEEE. https://doi.org/10.23919/CISTI49556.2020.9141122

Simdes Gomes, T. C,, Pontual Falcdo, T, de Azevedo, C,, & Restelli Tedesco, P.
(2018). Exploring an approach based on digital games for teaching
programming concepts to young children. International Journal of
Child-Computer Interaction, 16, 77-84. https://doi.org/10.1016/j.ijcci.
2017.12.005

Sookhanaphibarn, K, & Choensawat, W. (2020). Educational games for cyber-
security awareness. In 2020 IEEE 9th Global Conference on Consumer
Electronics (GCCE) (pp. 424-428). IEEE. https://doi.org/10.1109/GCCES
0665.2020.9291723

Stigall, J., & Sharma, S. (2017). Virtual reality instructional modules for introduc-
tory programming courses. In 2017 IEEE Integrated STEM Education
Conference (ISEC) (pp. 34-42). IEEE. https://doi.org/10.1109/ISECon.2017.
7910245

Sung, H.Y, & Hwang, G. J. (2013). A collaborative game-based learning
approach to improving students'learning performance in science
courses. Computers & Education, 63, 43-51. https://doi.org/10.1016/j.
compedu.2012.11.019

Tabuti, L. M., de Azevedo da Rocha, R. L., & Nakamura, R. (2020). Proposal
of method for converting a physical card game to digital for logical
reasoning competencies on the data structure subject. In 2020 IEEE
Frontiers in Education Conference (FIE) (pp. 1-9). IEEE. https://doi.org/10.
1109/FIE44824.2020.9274001

Tacouri, H.,, & Nagowah, L. (2021). Code Saga — A mobile serious game for
learning programming. In 2021 IEEE International Conference on Internet
of Things and Intelligence Systems (loTalS) (pp. 190-195). IEEE. https://doi.
org/10.1109/10TalS53735.2021.9628484

Tang, T, Vezzani, V., & Eriksson, V. (2020). Developing critical thinking, collec-
tive creativity skills and problem solving through playful design jams.
Thinking Skills and Creativity, 37, 100696. https://doi.org/10.1016/j.tsc.
2020.100696

Taylor, S., Min, W,, Mott, B, Emerson, A, Smith, A, Wiebe, E., & Lester, J. (2019).
Position: IntelliBlox: A toolkit for integrating block-based programming
into game-based learning environments. In 2019 IEEE Blocks and Beyond
Workshop (B&B) (pp. 55-58). IEEE. https://doi.org/10.1109/BB48857.
2019.8941222

Tioh, J. N, Mina, M., & Jacobson, D. W. (2017). Cyber security training a survey
of serious games in cyber security. In 2017 IEEE Frontiers in Education
Conference (FIE) (pp. 1-5). IEEE. https://doi.org/10.1109/FIE.2017.81907
12

Toh, W, & Kirschner, D. (2020). Self-directed learning in video games,
affordances and pedagogical implications for teaching and learning.
Computers & Education, 154, 103912. https://doi.org/10.1016/j.compe
du.2020.103912

Towler, A, Aranda, D, Ramyaa, R, & Kuo, R. (2020). Using educational game for
engaging students in learning foundational concepts of propositional
logic. In 2020 IEEE 20th International Conference on Advanced Learning
Technologies (ICALT) (pp. 208-209). IEEE. https://doi.org/10.1109/ICALT
49669.2020.00067

Tretinjak, M. F. (2019). Methodology for using games as an educational tool. In
2019 42nd International Convention on Information and Communication
Technology, Electronics and Microelectronics (MIPRO) (pp. 547-551). IEEE.
https://doi.org/10.23919/MIPRO.2019.8757046

Page 22 of 23

Tsur, M., & Rusk, N. (2018). Scratch microworlds: designing project-based
introductions to coding. In Proceedings of the 49th ACM Technical
Symposium on Computer Science Education (pp. 894-899). https.//doi.
org/10.1145/3159450.3159559

Turan, Z., Aving, Z,, Kara, K., & Goktas, Y. (2016). Gamification and education:
Achievements, cognitive loads, and views of students. International
Journal of Emerging Technologies in Learning (IJET), 11(07), 64. https://
doi.org/10.3991/ijet.v11i07.5455

Unger, S, & Meiran, W. R. (2020). Student attitudes towards online education
during the COVID-19 viral outbreak of 2020: Distance learning in a
time of social distance. International Journal of Technology in Educa-
tion and Science, 4(4), 256-266. https://doi.org/10.46328/ijtes.v4i4.107

Vahldick, A, Farah, P. R, Marcelino, M. J,, & Mendes, A. J. (2020). A blocks-
based serious game to support introductory computer programming
in undergraduate education. Computers in Human Behavior Reports, 2,
100037. https://doi.org/10.1016/j.chbr.2020.100037

Valle, P.H. D, Toda, A. M., Barbosa, E. F,, & Maldonado, J. C. (2017). Educa-
tional games: A contribution to software testing education. In 2077
IEEE Frontiers in education Conference (FIE) (pp. 1-8). IEEE. https://doi.
org/10.1109/FIE.2017.8190470

Vankus, P. (2021). Influence of game-based learning in mathematics educa-
tion on students’ affective domain: A systematic review. Mathematics,
9(9), 986. https://doi.org/10.3390/math9090986

Venkatesh, P, Das, S., & Das, A. K. (2021). Design and development of low-
cost unplugged activities for teaching computational thinking at
K-5 level. In Design for Tomorrow—Volume 3 (pp. 523-534). Springer,
Singapore. https://doi.org/10.1007/978-981-16-0084-5_42

Ventura, J., Qualls, J,, Ventura, M., McGinnis, R., Baker, C., & Nikaido, B. (2017).
Development of a video game design program in the college of
engineering. In SoutheastCon 2017 (pp. 1-7). IEEE. https://doi.org/10.
1109/SECON.2017.7925397

Videnovik, M., Kionig, L., Vold, T., & Trajkovik, V. (2018). Testing framework
for investigating learning outcome from quiz game: A Study from
Macedonia and Norway. In 2018 17th International Conference on
Information Technology Based Higher Education and Training (ITHET)
(pp. 1-5). IEEE. https://doi.org/10.1109/ITHET.2018.8424777

Videnovik, M., Trajkovik, V., Kignig, L. V., & Vold, T. (2020). Increasing quality
of learning experience using augmented reality educational games.
Multimedia Tools and Applications, 79(33-34), 23861-23885. https://
doi.org/10.1007/511042-020-09046-7

Videnovik, M., Vold, T., Dimova, G., Kignig, L. V., & Trajkovik, V. (2022). Migra-
tion of an Escape room-style educational game to an online environ-
ment: Design Thinking methodology. JMIR Serious Games, 10(3),
€32095. https://doi.org/10.2196/32095

Visoottiviseth, V., Phungphat, A, Puttawong, N., Chantaraumporn, P, &
Haga, J. (2018). Lord of Secure: The virtual reality game for educat-
ing network security. In 2018 Seventh ICT International Student Project
Conference (ICT-ISPC) (pp. 1-6). IEEE. https://doi.org/10.1109/ICT-ISPC.
2018.8523947

Vlahu-Gjorgievska, E., Videnovik, M., & Trajkovik, V. (2018). Computational
thinking and coding subject in primary schools: Methodological
approach based on alternative cooperative and individual learning
cycles. In 2018 IEEE International Conference on Teaching, Assessment,
and Learning for Engineering (TALE) (pp. 77-83). IEEE. https://doi.org/
10.1109/tale.2018.8615334

Vostinar, P. (2021). MakeCode Arcade: Interesting environment for program-
ming 2D games. In 2021 IEEE World Conference on Engineering Educa-
tion (EDUNINE) (pp. 1-6). IEEE. https://doi.org/10.1109/EDUNINE519
52.2021.9429132

Vourletsis, I, & Politis, P. (2022). Exploring the effect of remixing stories and
games on the development of students’ computational thinking.
Computers and Education Open, 3, 100069. https://doi.org/10.1016/j.
cae0.2021.100069

Vu, P, & Feinstein, S. (2017). An exploratory multiple case study about using
game-based Learning in STEM classrooms. International Journal of
Research in Education and Science. https://doi.org/10.21890/ijres.
328087

Wang, L. H, Chen, B, Hwang, G. J, Guan, J. Q, & Wang, . Q. (2022). Effects of
digital game-based STEM education on students'learning achieve-
ment: A meta-analysis. International Journal of STEM Education, 9(1),
1-13. https://doi.org/10.1186/540594-022-00344-0


https://doi.org/10.1016/j.entcom.2020.100387
https://doi.org/10.1016/j.entcom.2020.100387
https://doi.org/10.1109/TE.2016.2622227
https://doi.org/10.1109/TE.2016.2622227
https://doi.org/10.1007/978-3-319-95059-4_15
https://doi.org/10.23919/CISTI49556.2020.9141122
https://doi.org/10.1016/j.ijcci.2017.12.005
https://doi.org/10.1016/j.ijcci.2017.12.005
https://doi.org/10.1109/GCCE50665.2020.9291723
https://doi.org/10.1109/GCCE50665.2020.9291723
https://doi.org/10.1109/ISECon.2017.7910245
https://doi.org/10.1109/ISECon.2017.7910245
https://doi.org/10.1016/j.compedu.2012.11.019
https://doi.org/10.1016/j.compedu.2012.11.019
https://doi.org/10.1109/FIE44824.2020.9274001
https://doi.org/10.1109/FIE44824.2020.9274001
https://doi.org/10.1109/IoTaIS53735.2021.9628484
https://doi.org/10.1109/IoTaIS53735.2021.9628484
https://doi.org/10.1016/j.tsc.2020.100696
https://doi.org/10.1016/j.tsc.2020.100696
https://doi.org/10.1109/BB48857.2019.8941222
https://doi.org/10.1109/BB48857.2019.8941222
https://doi.org/10.1109/FIE.2017.8190712
https://doi.org/10.1109/FIE.2017.8190712
https://doi.org/10.1016/j.compedu.2020.103912
https://doi.org/10.1016/j.compedu.2020.103912
https://doi.org/10.1109/ICALT49669.2020.00067
https://doi.org/10.1109/ICALT49669.2020.00067
https://doi.org/10.23919/MIPRO.2019.8757046
https://doi.org/10.1145/3159450.3159559
https://doi.org/10.1145/3159450.3159559
https://doi.org/10.3991/ijet.v11i07.5455
https://doi.org/10.3991/ijet.v11i07.5455
https://doi.org/10.46328/ijtes.v4i4.107
https://doi.org/10.1016/j.chbr.2020.100037
https://doi.org/10.1109/FIE.2017.8190470
https://doi.org/10.1109/FIE.2017.8190470
https://doi.org/10.3390/math9090986
https://doi.org/10.1007/978-981-16-0084-5_42
https://doi.org/10.1109/SECON.2017.7925397
https://doi.org/10.1109/SECON.2017.7925397
https://doi.org/10.1109/ITHET.2018.8424777
https://doi.org/10.1007/s11042-020-09046-7
https://doi.org/10.1007/s11042-020-09046-7
https://doi.org/10.2196/32095
https://doi.org/10.1109/ICT-ISPC.2018.8523947
https://doi.org/10.1109/ICT-ISPC.2018.8523947
https://doi.org/10.1109/tale.2018.8615334
https://doi.org/10.1109/tale.2018.8615334
https://doi.org/10.1109/EDUNINE51952.2021.9429132
https://doi.org/10.1109/EDUNINE51952.2021.9429132
https://doi.org/10.1016/j.caeo.2021.100069
https://doi.org/10.1016/j.caeo.2021.100069
https://doi.org/10.21890/ijres.328087
https://doi.org/10.21890/ijres.328087
https://doi.org/10.1186/s40594-022-00344-0

Videnovik et al. International Journal of STEM Education (2023) 10:54

Webster, J. J,, &Kit, C. (1992). Tokenization as the initial phase in NLP. In Proceed-
ings of the 14th Conference on Computational Linguistics, (Vol. 4, pp.
1106-1110). https://doi.org/10.3115/992424.992434

Wong, Y. S, Hayati, I. M,, Yatim, M., & Hoe, T.W. (2017). A propriety game-based
learning mobile game to learn object-oriented programming—Odys-
sey of Phoenix. In 2017 IEEE 6th International Conference on Teaching,
Assessment, and Learning for Engineering (TALE) (pp. 426-431). IEEE.
https://doi.org/10.1109/TALE.2017.8252373

Wong, G. K. W, &Jiang, S. (2018). Computational thinking education for
children: Algorithmic thinking and debugging. In 2018 IEEE International
Conference on Teaching, Assessment, and Learning for Engineering (TALE)
(pp. 328-334). https://doi.org/10.1109/TALE.2018.8615232

Wong, Y. S, &Yatim, M. H. M. (2018). A propriety multiplatform game-based
learning game to learn object-oriented programming. In 2018 7th
International Congress on Advanced Applied Informatics (IIAI-AAI) (pp.
278-283). IEEE. https://doi.org/10.1109/11AI-AAL.2018.00060

Workman, M. D,, Luevanos, J. A, & Mai, B. (2021). A study of cybersecurity
education using a Present-Test-Practice-Assess model. IEEE Transactions
on Education, 65(1), 40-45. https://doi.org/10.1109/TE.2021.3086025

Xian, T. (2021). Exploring the effectiveness of Sandbox game-based learning
environment for game design course in higher education. In T. Ahram,
R. Taiar, & F. Groff (Eds.), Human interaction, emerging technologies and
future applications IV (pp. 262-272). Cham: Springer. https://doi.org/10.
1007/978-3-030-74009-2_33

Yallihep, M., & Kutlu, B. (2020). Mobile serious games: Effects on students’
understanding of programming concepts and attitudes towards
information technology. Education and Information Technologies, 25(2),
1237-1254. https://doi.org/10.1007/510639-019-10008-2

Yassine, A, Berrada, M., Tahiri, A, & Chenouni, D. (2018). A cross-platform
mobile application for learning programming basics. International
Journal of Interactive Mobile Technologies (1JIM), 12(7), 139. https://doi.
org/10.3991/ijim.v12i7.9442

Yokoyama, H., Fukui, M., Matsumoto, T., Mori, Y, & Takami, T. (2020). Use game-
play RPA as programming materials. In 2020 Nicograph International
(Nicolnt) (pp. 92-92). IEEE. https://doi.org/10.1109/Nicolnt50878.2020.
00028

Yonggiang, C, Xiaojun, W.,, & Chengbin, Q. (2018). Computer programming
education for primary school students. In 2018 13th International Confer-
ence on Computer Science & Education (ICCSE) (pp. 1-5). IEEE. https://doi.
org/10.1109/ICCSE.2018.8468824

Yu, Z. (2019). A meta-analysis of use of serious games in education over a
decade. International Journal of Computer Games Technology, 2019, 1-8.
https://doi.org/10.1155/2019/4797032

Yicel, Y, &Rizvanoglu, K. (2019). Battling gender stereotypes: A user study of
a code-learning game, “Code Combat”with middle school children.
Computers in Human Behavior, 99, 352-365. https://doi.org/10.1016/].
chb.2019.05.029

Zapata-Caceres, M., & Martin-Barroso, E. (2021). Applying game learning ana-
lytics to a voluntary video game: Intrinsic motivation, persistence, and
rewards in learning to program at an early ge. IEEE Access, 9, 123588—
123602. https://doi.org/10.1109/ACCESS.2021.3110475

Zapusek, M., & Rugelj, J. (2013). Learning programming with serious games. EA/
Endorsed Transactions on Game-Based Learning, 1(1), €6. https://doi.org/
10.4108/trans.gbl.01-06.2013.e6

Zaw, H. H, &Hlaing, S. Z. (2020). Verifying the gaming strategy of self-learning
game by using PRISM-games. In P.Vasant, . Zelinka, & G.-W. Weber
(Eds.), Intelligent computing and optimization (pp. 148-159). Springer.
https://doi.org/10.1007/978-3-030-33585-4_15

Zdravevski, E., Lameski, P, Trajkovik, V., Chorbev, I, Goleva, R, Pombo, N., & Gar-
cia, N. M. (2019). Automation in systematic, scoping and rapid reviews
by an NLP toolkit: A case study in enhanced living environments. In
|. Ganchev, N. M. Garcia, C. Dobre, C. X. Mavromoustakis, & R. Goleva
(Eds.), Enhanced living environments (Vol. 11369, pp. 1-18). Springer.
https://doi.org/10.1007/978-3-030-10752-9_1

Zeevaarders, A, & Aivaloglou, E. (2021). Exploring the programming concepts
practiced by Scratch users: An analysis of project repositories. In 2021
IEEE Global Engineering Education Conference (EDUCON) (pp. 1287-1295).
IEEE. https://doi.org/10.1109/EDUCON46332.2021.9453973

Zhang, F, Kaufman, D, & Fraser, S. (2014). Using video games in computer
science education. European Scientific Journal, 10(22), 37-52. https://doi.
0rg/10.19044/esj.2014.v10n22p%25p

Page 23 of 23

Zhao, D, Muntean, C. H,, Chis, A. E,, & Muntean, G-M. (2021). Learner attitude,
educational background, and gender influence on knowledge gain in
a serious games-enhanced programming course. [EEE Transactions on
Education, 64(3), 308-316. https://doi.org/10.1109/TE.2020.3044174

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.3115/992424.992434
https://doi.org/10.1109/TALE.2017.8252373
https://doi.org/10.1109/TALE.2018.8615232
https://doi.org/10.1109/IIAI-AAI.2018.00060
https://doi.org/10.1109/TE.2021.3086025
https://doi.org/10.1007/978-3-030-74009-2_33
https://doi.org/10.1007/978-3-030-74009-2_33
https://doi.org/10.1007/s10639-019-10008-2
https://doi.org/10.3991/ijim.v12i7.9442
https://doi.org/10.3991/ijim.v12i7.9442
https://doi.org/10.1109/NicoInt50878.2020.00028
https://doi.org/10.1109/NicoInt50878.2020.00028
https://doi.org/10.1109/ICCSE.2018.8468824
https://doi.org/10.1109/ICCSE.2018.8468824
https://doi.org/10.1155/2019/4797032
https://doi.org/10.1016/j.chb.2019.05.029
https://doi.org/10.1016/j.chb.2019.05.029
https://doi.org/10.1109/ACCESS.2021.3110475
https://doi.org/10.4108/trans.gbl.01-06.2013.e6
https://doi.org/10.4108/trans.gbl.01-06.2013.e6
https://doi.org/10.1007/978-3-030-33585-4_15
https://doi.org/10.1007/978-3-030-10752-9_1
https://doi.org/10.1109/EDUCON46332.2021.9453973
https://doi.org/10.19044/esj.2014.v10n22p%25p
https://doi.org/10.19044/esj.2014.v10n22p%25p
https://doi.org/10.1109/TE.2020.3044174

	Game-based learning in computer science education: a scoping literature review
	Abstract 
	Introduction
	Implementation of a game-based learning approach for creating engaging learning environments
	Research on using a game-based learning approach in education
	Game-based learning approach in computer science education
	Existing reviews of game-based approach in computer science

	Current review
	Research questions

	Methodology
	Study selection

	Results
	Distribution of published articles through the years
	Distribution of published articles per country
	Distribution of published articles by publisher
	Distribution of published articles by educational level
	Distribution of published articles by the purpose of implementation
	Distribution of published articles by implemented pedagogical strategy and used technology
	Distribution of published articles by covered computer science topic

	Discussion
	Types of educational games used for implementation of the game-based approach in computer science
	Pedagogical strategies for implementation of the game-based approach in computer science
	Computer science topics covered by game-based approach in computer science
	Potential research topics concerning the game-based approach in computer science
	Limitations

	Conclusion
	Acknowledgements
	References


