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Abstract: Computational thinking and problem-solving skills have become vital for stu-
dents to develop. Digital games and serious games are increasingly being used in educa-
tional settings and present great potential to aid students” learning. This study aims to
explore the role and impact of serious games and digital games on students” computational
thinking and programming skills in primary, secondary, and K-12 education through a
systematic review of the existing literature. Four research questions were set to be exam-
ined. Following the PRISMA framework, 78 studies deriving from IEEE, Scopus, and Web
of Science over the period of 2011-2024 are examined. The studies are categorized into
Theoretical and Review studies, Proposal and Showcase studies, and Experimental and
Case studies. Based on the results, serious games and digital games arose as meaning-
ful educational tools that are positively viewed by education stakeholders and that can
effectively support and improve K-12 education students’” computational thinking and
programming skills. Among the benefits identified, it was revealed that serious games
offer enjoyable and interactive learning experiences that can improve students’ learning
performance, engagement, and motivation, enhance students’” confidence and focus, and
promote self-regulated learning and personalized learning. Additionally, serious games
emerged as an educational means that can effectively support social learning and provide
real-time feedback. The challenges identified were related to the selection of games and
the game-related design elements, decisions, and approaches. Hence, the study highlights
the significance of the design of serious games and the need to cultivate students’ compu-
tational thinking, problem-solving, and social skills from a young age. Finally, the study
reveals key design principles and aspects to consider when developing serious games and
digital games and highlights the need to involve education stakeholders throughout the
design and development process.

Keywords: serious games; digital games; digital game-based learning; gamification; compu-
tational thinking; programming; computer science; computer education; primary education;
secondary education; k-12 education; review

1. Introduction

Recent societal and economic developments have highlighted the need for educational
systems to focus on cultivating students’ 21st-century skills [1]. In this context, the devel-
opment of soft skills is often prioritized over that of hard skills since they better prepare
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students for their future careers and roles in society [2] with emphasis being put on stu-
dents’ cognitive, intrapersonal, interpersonal, and technical skills and specifically on their
problem-solving skills, critical thinking, communication, collaboration, and creativity [3,4].

Furthermore, in the ever-increasing digitalized world, computational thinking [5]
and programming skills [6] are becoming more necessary in the context of 21st-century
education. Hence, greater efforts are being made to improve students” development of
computational thinking and programming skills in K-12 education, in particular [7,8].
Computational thinking refers to an individual’s ability to create creative solutions for
complex problems, through algorithmic thinking (systematic and procedural problem
solutions), decomposition (deconstruction of problems into smaller and simpler ones),
pattern recognition (identification of patterns and motifs within problems), abstraction
(focus on the most relevant information while excluding irrelevant details), and debugging
(identifying and correcting any errors) [9]. Particularly, computational thinking is defined
as an individual’s ability to utilize algorithmic processes to effectively solve problems,
with or without using digital devices, while capitalizing on computer science concepts [10].
However, although computational thinking is mostly associated with the field of computer
science, it constitutes a fundamental skill that can benefit all individuals as it refers to the
way humans compute, process, and analyze information [11]. Computational thinking
also plays a crucial part in students’ programming learning as, besides the ability to code,
students can improve their problem-solving skills, their communication and collaboration
skills, as well as their creativity and innovative thinking [7]. As programming learning
activities can enhance an individual’s logical reasoning, it is important for students to be
engaged in such activities from a young age and to use programming tools that are tailored
to their developmental stage and learning styles [12].

Serious games are increasingly being used in educational settings and show great
potential to improve students” computational thinking and programming learning [13,14].
Serious games are games that are designed primarily for educational purposes rather
than purely for entertainment reasons [15]. They differ from typical digital games, which
are games that can be played using digital devices, which, although focus primarily on
users’ entertainment and leisure and not on learning, can still be used in educational
settings [16,17]. Serious games offer multimodal learning material and interactive interfaces
and tasks that increase students” engagement [18] and enable students to enhance their
knowledge and skills through their involvement in challenging, interactive, and enjoyable
activities [19]. Through their involvement in learning through serious games, increased
students’ learning motivation and engagement can be achieved, which renders serious
games a meaningful educational means [20].

Although there have been previous studies that explored the use of serious games in
education while reporting positive learning outcomes [19,21-23], to the best of our knowl-
edge, there has not been any prior study that examined recent works on the use of serious
games and digital games while focusing on K-12 education and students’ computational
thinking and programming skills. Therefore, this study aims to examine the existing litera-
ture, following a systematic literature review approach, to identify the role and impact of
serious games and digital games on students’ computational thinking and programming
skills in primary, secondary, and K-12 education. The scope of the study and the research
questions (RQs) set to be addressed influenced the variables set to be identified, extracted,
and analyzed. Specifically, the main RQs this study strives to address are:

e  RQI: What are the characteristics, specifications, and outcomes of the studies that ex-
plored the use of serious games and digital games to support students’ computational
thinking and programming skills?
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e RQ2: What are the main benefits and disadvantages of integrating serious games
when focusing on students” computational thinking and programming skills?

e RQ3: How do serious games influence K-12 students’ computational thinking and
programming skills?

e  RQ4: What are the key design aspects and principles?

This study contributes to the existing body of knowledge by analyzing relevant
documents up to 2024, categorizing them, examining their specifications, exploring them
through a content analysis, revealing the advantages, disadvantages, and general outcomes
of integrating serious games and digital games into education, and identifying the key
design aspects and principles. The remainder of the study goes over relevant to the topic
studies (Section 2) and the methodology followed (Section 3). Additionally, in Section 4,
the results of the documents are analyzed, which are divided into the following four parts:
(1) Document collection analysis; (2) Theoretical and Review studies analysis; (3) Proposal
and Showcase studies analysis; and (4) Experimental and Case studies analysis. The
outcomes of this study are further discussed in Section 5 and the conclusions, limitations,
and future research directions are presented in Section 6.

2. Related Work

This section aims to provide an overview regarding the use of digital games and
serious games in education and the related outcomes while also going over other relevant
studies that have explored the use of digital games, game-based learning, and serious
games in improving students’ computational thinking and programming skills in different
educational settings. Research into the use of serious games in education is increasing as
they are being more widely adopted and integrated into educational settings [24-26]. Stud-
ies have highlighted the role and the benefits of the use of serious games in teaching and
learning activities. For example, Zhonggen [19] explored the game features that led to the
successful integration of games into classrooms and resulted in positive learning outcomes.
Their study provided guidelines to effectively design educational games and highlighted
the positive influence that serious games can have on students as these games improve
students’ engagement, their understanding of concepts, and their knowledge acquisition
and long-term retention. Additionally, it was evident that serious games can improve stu-
dents’ cognitive skills and positively affect their motivation, interest, and mood, as well as
provide opportunities for collaborative and social learning to occur. However, the authors
highlighted that particular emphasis should be put on the design of these games so as not
to overload students” mental workload. These outcomes are in line with those of Backlund
and Hendrix [21] who focused on examining the effectiveness of educational games. Their
findings presented that the vast majority of serious game interventions resulted in students
achieving better learning outcomes, increased motivation, and enhanced problem-solving
skills. In another systematic literature review study, Conolly et al. [22] looked into the
impact of serious games and digital games on students’ learning engagement based on
empirical data. Based on their results, using such games in educational settings had positive
cognitive, behavioral, motivational, and social impacts. Students” knowledge acquisition as
well as attentional and visual perceptual skills were also improved.

Girard et al. [23] focused on experimental randomized controlled trial studies that
integrated serious games or digital games into educational settings to identify the effec-
tiveness of different applications. The authors highlighted that although serious games
can yield positive learning outcomes and positively affect the educational process, there
is a clear need for more empirical studies to be conducted to further examine and assess
their effectiveness. While focusing on K-12 education, Young et al. [27] examined the use
of digital games within the curriculum through a literature review. Different types of
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games and simulations used in education were identified and analyzed. Additionally, the
study highlighted the need for more empirical and longitudinal studies to be carried out
to better understand how to develop appropriate serious games, how to select the most
optimal ones for each case, and how serious games can influence teaching and learning
practices. The study commented upon the need to include various education stakeholders
in the development process to put emphasis on aligning game objectives with learning
goals. Finally, it highlighted the importance of considering students” unique characteristics,
preferences, and needs.

Due to their versatility and their educational benefits [28], the use of serious games is
being examined in different educational contexts, such as science education [29], medical
education [30], Mathematics [31], etc. Additionally, recent studies have put emphasis on
supporting students’ computational thinking and programming skills through gameful
approaches. Specifically, Miljanovic and Bradbury [32] focused on exploring serious games
that aimed to support students’ programming learning. They emphasized the knowledge
that these games focus on improving and how they are being assessed. Based on their
outcomes, most serious games aim to improve students’ knowledge of programming
fundamentals and principles. Areas such as algorithms, software design, data structures,
and development methods were also examined.

Kazimoglu et al. [33] explored how the use of digital games in education can influence
students’ computational thinking. The study analyzed existing serious games and focused
on how they are being developed, evaluated, and integrated into classrooms. The need to
provide in-depth gameplay mechanics and content within games to effectively promote
students” computational thinking skills was revealed. They focused on integrating pro-
gramming constructs and computational skills as parts of the gameplay. The outcomes of
their game assessment revealed that students enjoyed playing the game and showcased
improved problem-solving skills. In their study, Toukiloglou and Xinogalos [34] examined
adaptive support within serious games in the context of programming. The authors high-
lighted that there is a lack of studies that focus on adaptive support within serious games
and that mixed outcomes in terms of their learning effectiveness were reported. Focusing
on studies that used serious games to teach object-oriented programming, Abbasi et al. [35]
carried out a systematic literature review. Based on their findings, serious games can be
used in different ways to support the educational process, such as learning by developing
games, learning by playing, and learning through game-related tools. Additionally, the
integration of serious games into programming learning can result in positive learning
outcomes in terms of cognitive skills, academic performance, and task management. Stu-
dents who were engaged in the development of serious games also showcased improved
problem-solving skills and understanding of the concepts taught.

In another review study, Tatar and Eseryel [36] explored the use of game-based learn-
ing to promote K-12 students’ computational thinking. The study focused on identifying
the impact of game-based learning on students” motivation, engagement, and achieve-
ments, revealing the most commonly used methods to assess computational thinking, and
understanding the specifications of the learning environments. Their findings highlighted
that emphasis is being placed mainly on STEM education and that block-based coding
environments are most commonly used. Finally, the assessment methods used are mainly
pre-designed programming artifacts or student-created ones and focus on computational
thinking concepts, such as abstraction, algorithmic thinking, etc., to solve problems.

The outcomes of the related studies highlight the potential of serious games and
gameful approaches to support education and enhance students” programming skills and
computational thinking. Education stakeholders express positive views regarding their
adoption. However, the related studies do not contain data from the last couple of years.
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Additionally, they do not primarily focus on primary education, secondary education,
and K-12 education and emphasis is mostly placed on students’ learning outcomes and
motivation and the positive results of their integration. Some of the studies did not include
documents from Scopus or Web of Science (WoS) and others focused on specific aspects of
serious games (e.g., adaptive support systems) or specific programming courses (e.g., object-
oriented programming). In the existing literature review studies only experimental and case
studies are examined. As a result, little is known about the recent advancements in the field
regarding the adoption of serious games to support K-12 students’ computational thinking
and programming skills. Additionally, there is a need to identify the main benefits and
challenges of their integration. Finally, little emphasis was put on identifying key design
aspects and principles associated with the effective development and integration of serious
games in classrooms. Based on the above and given the increasing importance of cultivating
students’ computational skills from a young age, this study strives to contribute to the
field by examining recent literature of highly regarded databases and analyzing Theoretical
and Review, Proposal and Show-case, and Experimental and Case studies. Additionally,
through an in-depth content analysis, it examines the specifications and characteristics of
the existing studies and reveals the advantages, disadvantages, and general outcomes of
integrating serious games and digital games to support students’ programming skills and
computational thinking. Finally, the study identifies the key design aspects and principles
associated with the development of effective serious games.

3. Materials and Methods

The integration of serious games in education constitutes an interdisciplinary field of
study; hence, to examine its role in and impact on K-12 education, a systematic literature re-
view approach was adopted. Specifically, this approach enables the synthesis of the current
knowledge on a topic and the identification of new information contained in the existing
literature [37]. To ensure a valid and transparent analysis of the existing literature, the
Preferred Reporting Items for Systematic Meta-Analyses (PRISMA) statement [38], which
is widely used in similar studies and is regarded as a reliable and rigorous approach [39],
was adopted.

Given the scope of this study and the related terms associated with serious games [15],
the following query was used to search and identify relevant documents that focused
on serious games, K-12 education, programming, and computational thinking: (“video
gam*” OR “serious gam*” OR “digital gam*” OR “educational gam*” OR “applied gam*”
OR “virtual gam*” OR “online gam*” OR “mobile gam*” OR “immersive gam*”) AND
(“programming” OR “computational thinking” OR “coding” OR “software engineering”)
AND (“grade school*” OR “primary education” OR “primary school*” OR “elementary
education” OR “elementary school*” OR “secondary education” OR “secondary school*”
OR “middle school*” OR “lyceum” OR “high school*” OR “k-12"). The final search was
conducted in September 2024 in IEEE, Scopus, and WoS databases. The specific databases
were selected due to their being highly regarded, containing relevant and high-quality
documents, and being widely used in other similar studies [40,41]. Finally, the only
restriction set when searching for the documents was for them to be written in English,
with no other restrictions in terms of publication year or publication type to ensure that all
relevant documents were examined.

In Figure 1, the complete document identification and processing steps are presented
following the PRISMA guidelines. Throughout the steps of the document selection process,
both researchers worked independently and cross-checked their decisions. In case there
was a disagreement, the results were further discussed. A total of 751 documents were
identified from IEEE (n = 185), Scopus (n = 377), and WoS (n = 189). Before the screening,
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269 documents were removed as they were identified as duplicates using both automatic
and manual processes (n = 215). Additionally, some documents were excluded as they were
proceedings (n = 48), erratum (n = 5), or editor notes (n = 1). As a result, 482 documents
were screened based on their titles and abstracts. The main inclusion criterion set was for
a study to focus on the use of serious games and/or digital games in K-12 education in
the context of computational thinking and/or programming. No exclusion criteria were
used to ensure that the inclusion of a study in the analysis was solely based on it meeting
the inclusion criterion. Hence, for a document to be considered relevant to the topic and
be included in the analysis, it had to meet the specific criterion. In total, 381 documents
were removed since they did not meet the inclusion criterion and were, thus, deemed out
of the study scope. The remaining 101 documents were sought for retrieval. With the
exception of one document, which was not retrieved despite the efforts made by searching
in academic databases and websites and contacting the authors, the files of the remaining
100 documents were retrieved. Prior to further examining the full-text of the documents,
based on the scope of the study and the research questions set, a literature review matrix
was created to aid in the identification and extraction of relevant information. Having the
literature review matrix prepared, the variables of which are analyzed in Section 4, the
full-text of the remaining documents was examined. Twenty documents were removed
since they did not meet the inclusion criterion, one document was removed since it was
not written in English, and one document was excluded since it was an abstract only.
Consequently, 78 documents remained and were included in this analysis.

[ Identification of studies via databases and registers
Records removed before
S 751 documents were identified screening:
5 from 3 databases/registers: Duplicate documents
2 IEEE (n = 185) L 5 removed (n = 215)
= Scopus (n = 377) Proceedings (n = 48)
3 WosS (n = 189) Ematum (n = 5)
- Editor’s note (n = 1)
Records screened Records excluded:
—>
(n=482) Out of scope (n = 381)
Reports sought for retrieval | Reports not retrieved
=3 (n=101) "l n=1)
s
; }
O
»
Reports assessed for eligibili
(n 5%00) e »| Reports excluded:
Reason 1: Did not meet the
inclusion criteria (n = 20)
Reason 2: Abstract only (n = 1)
Reason 3: Not in English (n = 1)
()
3
° Studies included in review
2 (n=78)
=
~—

Figure 1. PRISMA flowchart.



Technologies 2025, 13, 113

7 of 29

4. Result Analysis

The 78 documents were divided into three categories: (1) Theoretical and Review
studies: Studies that contributed to the topic but did not present any prototype application
or carry out an experiment; (2) Proposal and Showcase studies: Studies that presented and
discussed a potential application or game but did not apply or test it in classrooms; and
(3) Experimental and Case studies: Studies that applied serious games or digital games
in educational contexts and evaluated their impact through the conduct of case studies.
As can be seen in Table 1, most documents were Experimental and Case studies (n = 58,
74.3%), followed by Proposal and Showcase studies (n = 11, 14.1%) and Theoretical and
Review studies (n =9, 11.5%).

Table 1. Distribution of the studies examined.

Categories References
Theoretical and Review studies (n =9, 11.5%) [42-50]
Showcase and Proposal studies (n = 11, 14.1%) [51-61]
Experimental and case studies (n = 58, 74.3%) [62-119]

The result analysis consists of four parts: (1) Document collection analysis, where all
three document categories were examined, focusing on the country, authors per document,
document type, publication year, educational level, and sources; (2) Theoretical and Review
studies analysis, which focused on examining and summarizing the documents of the
specific category; (3) Proposal and Showcase studies analysis, where studies that focused
on presenting their proposed applications, games, and prototypes were analyzed and
summarized; and (4) Experimental and Case studies analysis, where, given the nature of
these documents, a more in-depth content analysis was carried out to analyze the following
variables: participants, sample, course details, course type, digital game type, platform and
device, closed or open-source, existing or newly developed, game elements, development
methodology, experiment type, research methods, evaluation tools, and data analysis
methods. Through this analysis, the main characteristics, specifications, and outcomes of
the related studies are highlighted. Finally, the study put emphasis on identifying the main
advantages, disadvantages, and outcomes described in the literature which are further
discussed in the discussion section.

4.1. Document Collection Analysis

To better understand the scope of the studies contained in this analysis and their
characteristics, this subsection focuses on analyzing the specifications of the 78 documents
examined in the study (RQ1). Initially, based on the three categories set, the number of
documents that each country published and their type were explored. The related outcomes
are presented in Figure 2. It should be noted that the corresponding author’s country was
considered, and in the case that no corresponding author was specified, the country of
the first author was used. Based on the outcomes, most studies were published by the
United States (n = 15, 19.2%), followed by Greece (n = 12, 15.4%). Both Spain and Indonesia
published five documents (6.4%), followed by Sweden (n = 4, 5.1%). Hong Kong, Turkey,
Estonia, and China all published three documents each (3.8%), while Slovakia, Japan, Israel,
Brazil, Malaysia, and Taiwan published two documents each (2.6%). The United States,
Greece, Spain, and Indonesia were the countries that contributed the most Experimental and
Case studies. Additionally, the United States published the most Proposal and Showcase
studies while Greece published the most Theoretical and Review studies.
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Figure 2. Document type distribution based on country and document type.

From this distribution, it is apparent that authors from various continents and countries
focus on this topic. Hence, it can be inferred that there is global interest in examining the
use of serious games in educational settings and that their integration into educational
settings is examined in various socio-cultural, economic, and educational settings. This fact
indicates the potential and importance of serious games and highlights the need to further
examine this topic from a multidisciplinary perspective.

Furthermore, the documents were written by 3.42 authors on average and were
published in 57 outlets as journal articles, conference papers, and book chapters. Based
on the related outcomes, most studies were published as conference/proceedings papers
(n =44, 56.4%), followed by journal articles (n = 32, 41.0%). Only two studies (2.6%) were
book chapters. Additionally, “Education and Information technologies” (n = 5), “Journal
of Educational Computing Research” (n = 4), and “IEEE Global Engineering Education
Conference” (EDUCON) (n = 3) were the outlets with the highest number of published
documents in the field, as can be seen in Table 2, which presents the outlets that had at least
two relevant published documents.

Given the scope of the study to examine the impact of serious games and digital games
on students” computational thinking and programming skills in K-12 education, the educa-
tional level, which the studies focused on, was also explored. As can be seen in Figure 3,
most studies examined the influence of serious games in primary education (n = 34, 43.6%),
followed closely by those focusing on secondary education (n = 28, 35.9%). Additionally,
16 studies (20.5%) focused on both primary education and secondary education. Based on
the outcomes, it can be inferred that equal emphasis is placed on both primary education
and secondary education which, in turn, highlights the importance of improving students’
computational thinking and programming skills from a young age. Finally, based on the
annual number of published documents presented in Figure 4, it can be seen that most
documents were published in 2021 (n = 13, 17%) and 2020 (n = 12, 15%).
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Table 2. Outlets with the highest number of published documents.

Outlet Name

Number of Documents

Education and Information Technologies

Journal of Educational Computing Research

IEEE Global Engineering Education Conference (EDUCON)

British Journal of Educational Technology

ACM Transactions on Computing Education

Journal of Computers in Education

APSCE International Conference on Computational Thinking and STEM Education
(CTE-STEM)

European Conference on Games Based Learning (ECGBL)

Computers in Human Behavior

IEEE Transactions on Learning Technologies

International Conference on Advanced Learning Technologies (ICALT)
International Conference on Artificial Intelligence in Education (AIED)
International Conference of the Immersive Learning Research Network (iLRN)
ACM Special Interest Group on Computer Science Education (SIGCSE) Conference

NNNRNONNNON N NN WO

Educational level distribution

= 16 (20.5%)

28 (35.9%)

Figure 3. Educational level distribution.

Frequency of annual publications

14

)

IS

[N

2011 2014 2015 2016 2017 2018

Figure 4. Frequency of annual publications.

4.2. Theoretical and Review Studies Analysis

2019

= 34(43.6%) m Primary education

Secondary education

2020

m K-12 education

2021

2022

2023

13
12
10
9 9
8
7
5
4 4
3
1 1

, 1 B

2024

This subsection summarizes the nine (11.5%) Theoretical and Review studies [42-50]

contained in the collection analyzed. The specific documents contribute knowledge to the
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field and are related to the topic but have not presented or applied a serious game or digital
game in educational settings. These studies highlight the effectiveness of serious games in
enhancing computational thinking across various contexts and present some of the existing
challenges.

Several studies have explored the use of serious games in computer science courses in
K-12 education to enhance students’ programming skills. For example, aiming to explore
how the integration of serious games into computer science education can influence teach-
ing and learning, Bajramovi¢ et al. [42] compared serious games with traditional teaching
methods focusing on secondary education. Based on their outcomes, students who learnt
through serious games achieved higher levels of self-motivation, self-resourcefulness, and
self-management. Additionally, learning through game-based learning activities arose
as an effective approach to teaching computational thinking. Lindberg et al. [50] carried
out a review study focusing on the integration of games into programming courses in the
K-12 curriculum. The outcomes highlight the use of digital games to teach introductory
programming concepts, algorithms, and computational thinking through block-based pro-
gramming. The need to consider the age group of students, their programming, and their
interests when integrating digital games in the classroom was highlighted and various
programming games were analyzed and categorized based on their complexity. Addi-
tionally, the study pointed out that digital games can support learning theories, such as
constructivism, problem-based learning, etc. and commented upon the need to better
support social learning within digital games.

Moreover, in their study, Giannakoulas and Xinogalos [47] examined 22 educational
games that aimed to cultivate primary school students” computational thinking through
teaching programming concepts. Additionally, in another two studies, Giannakoulas and
Xinogalos [43,49] focused on further examining the use of educational games to teach
programming concepts to primary school students. Their outcomes highlighted that the
digital games promoted students’ algorithmic thinking skills, decomposition, pattern
recognition, and modularity. Based on their outcomes, most studies offer a limited variety
of activities, which mostly were puzzle-based. Engaging scenarios and environments,
puzzles, and scoring systems were mostly applied within the digital games. Additionally,
the vast number of games examined, which were mostly web-based or mobile-based single-
player games, used block-based coding activities. A lack of collaborative elements and
of meaningful learning analytics within the games was noticed. However, the majority
of the studies examined reported that students presented positive learning outcomes and
expressed positive attitudes toward programming. Hence, the use of educational games
arose as a meaningful motivating factor for engaging students in computational thinking
activities while learning about basic programming concepts without requiring any prior
knowledge.

Furthermore, studies have also put emphasis on the use of serious games to develop
students” computational thinking and problem-solving skills. In a literature review study,
Varghese and Renumol [44] focused on exploring the use of video games to develop
students” computational thinking in K-12 education. Their results revealed that digital
games can effectively be used to foster students’ computational thinking and problem-
solving skills. Among the various coding activities and environments, block-based games
were the most familiar and user-friendly for young learners. The study also highlighted
the need for more empirical evidence regarding the influence of video games on assessing
students’ computational thinking. Wang et al. [45] explored how game-based teaching can
be best designed and implemented in terms of game activities and instructional design
when focusing on improving students” computational thinking, through a systematic
review. The study puts emphasis on theoretical foundations, teaching strategies, and



Technologies 2025, 13, 113

11 of 29

learning tools. Additionally, the results of the study highlighted that this approach can
positively influence students’ abilities to solve problems, recognize patterns, and debug. It
was highlighted that students” engagement can be increased through the use of challenges,
avatars, and feedback and that there is a variability in the effectiveness of this approach in
terms of knowledge acquisition. However, the outcomes revealed that there is a positive
impact on students’ computational thinking, skills, and understanding when learning
through serious games and game-based learning approaches. Rulesets, rewards, and scores
were identified as the most frequently used gamification elements.

Similarly, Zaibon and Yunus [46] focused on game-based learning, problem-solving,
and computational thinking. Their outcomes revealed that students who were engaged in
game-based learning computational thinking activities showcased a significant improve-
ment in their scores and problem-solving skills compared to those who learnt through
traditional methods. Hence, gameful approaches emerged as an effective means to improve
students’ problem-solving skills. Dutra et al. [48] focused on identifying key aspects of
promoting the computational thinking of children with intellectual disabilities through
the development and integration of accessible educational games. Their study proposed a
set of guidelines to aid in the development of accessible games and educational material.
The study highlighted the need to define clear rules, offer challenges, automate repetitions,
provide examples and feedback, utilize level-based learning, and to allow students to freely
explore and experiment. Additionally, the study commented upon the need for digital
games to be customizable and configurable based on students’ needs and preferences,
enable tracking and monitoring of students’ performance, provide simple interfaces, have
clear language, and involve real-life scenarios and contexts.

4.3. Proposal and Showcase Studies Analysis

This subsection summarized the outcomes of the 11 (14.1%) Proposal and Showcase
studies [51-61]. Studies that were categorized as Proposal and Showcase studies presented
or proposed the adoption and integration of digital games or serious games into educational
settings but did not apply or test them with students. Additionally, studies that carried
out preliminary user testing without student participants are also included in this category.
The studies of this category explore the versatility and effectiveness of serious games and
digital games in various educational contexts.

Studies have designed and developed serious games targeted at K-12 education
students’ programming learning. For instance, Seralidou et al. [51] designed an augmented
reality game focusing on teaching and learning programming structures. Additionally, the
game aimed to familiarize students with programming concepts and principles. The game
was evaluated by specialists who characterized it as interesting, stable, and easy to use.
In their study, Giannakoulas et al. [53] presented an educational platform, which aimed
at enhancing programming teaching in primary education. The platform included three
modules: a management system for teachers, a web-based game for classroom use, and
a mobile application. Additionally, the platform integrates learning analytics, supports
distance learning, and focuses on data privacy and security. Humble et al. [54] developed
and evaluated a digital game focusing on teaching basic programming techniques and
principles. The preliminary user tests revealed the potential of the game to improve logical
and computational thinking as well as programming knowledge. The need to enable the
repetition of tasks and the gradual increase in complexity to enhance students’ flow was
highlighted.

Other studies focused on presenting different activities, frameworks, and toolkits
to further enhance game-based learning initiatives in computer science courses. Aiming
to support the teaching of programming fundamentals, Ventura et al. [60] presented a
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puzzle-based digital game. The game focuses on introducing programming concepts
to students and contains various levels of increasing difficulty. The study highlighted
that the integration of digital games into educational activities can enhance students’
engagement and persistence in learning programming. Focusing on data that derived from
game interactions, Min et al. [58] presented a Long Short-term Memory Network-based
stealth assessment framework to evaluate students’ competencies. The study highlighted
the significance of game-related data and their use to offer meaningful feedback and
indications of students’ learning. Park et al. [56] focused on how adaptive game levels
can be generated based on students” game-playing skills and computer science learning
objectives. They put emphasis on developing diverse game levels and personalized to
each individual’s skills challenges using answer set programming and procedural content
generation (PCG) frameworks. The study stated that this approach could result in the
creation of adaptive and engaging game-based learning experiences in the context of K-
12 computer science education. Taylor et al. [57] presented a block-based coding toolkit
that can be integrated into existing game engines to better support game-based learning
activities. Their study focused on developing students’ computational thinking skills and
went over the specifications and capabilities of the proposed tool. Their pilot integration
of the tool into a digital game highlighted the potential of this approach to enriching
problem-based learning and programming learning.

Furthermore, studies have emphasized the role of serious games in affecting students’
computational thinking and problem-solving skills. In their study, Hodhod et al. [61]
presented an augmented reality game focusing on developing young students’ problem-
solving skills. The study highlighted the need to provide students with interactive learning
experiences and enable them to engage with the educational platform and material. It
is worth noting that students could incorporate their own toys within the augmented
reality environment. Yan-Ming and Ju-Ling [52] presented a digital game that focused on
improving students’ computational thinking. The study highlighted the significance of
examining students’ perspectives and level of satisfaction and proposed a research design
approach based on their developed game. The authors quoted the potential of digital games
to improve students’ satisfaction, increase their motivation and curiosity, and enhance
computational thinking. Finally, the study highlighted the need to focus on developing stu-
dents” computational thinking over information memorization. Aslina et al. [55] presented
a digital game that aimed to improve primary school students’ computational thinking.
The study focused on presenting the user-centered design process followed to develop
the game. Additionally, some preliminary tests were carried out to explore the usability
and enjoyment that the game could offer before being further improved and integrated
into classrooms. Schmidt and Beck [59] examined how digital game-based learning en-
vironments can influence the social skills and computational thinking of young students
with autism spectrum disorder. Their digital game focused on the exploration of introduc-
tory programming problems and utilized virtual and programmable robots. The study
highlighted the need to integrate social competency instruction within a computational
thinking-focused curriculum and commented upon the significance of design choices.

4.4. Experimental and Case Studies Analysis

This subsection presents the analysis of the 58 (74.3%) Experimental and Case stud-
ies [62-119]. Specifically, it includes data on participants, sample, course details, course
type, digital game type, platform and device, closed or open-source, existing or newly
developed, game elements, development methodology, experiment type, research methods,
evaluation tools, and data analysis methods.
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To better understand the results, the variations in participant groups were explored.
As can be seen in Figure 5, most of the documents (n = 52, 89.7%) focused on students’
experiences and viewpoints. Some studies focused on teachers (n = 2, 3.4%) while others
put emphasis on both students and teachers (n = 4, 6.9%). The emphasis on examining
the role of serious games in students’ learning and the importance of understanding their
perspectives are highlighted. However, it is also significant to focus on teachers’ viewpoints,
skills, and abilities to effectively adopt serious games in their classrooms. Hence, it can
be inferred that currently, studies focus on students’ perspectives and learning outcomes,
and to a lesser extent, on teachers’ viewpoints and abilities to effectively integrate serious
games in their classrooms. Of the 58 studies, the vast majority used random sampling
(n =54, 93.1%), which provides general results and reduces bias, as every participant has
an equal chance to be selected for the study while only a few studies used non-random
sampling methods (n = 4, 6.9%).

Participant group distribution

= 2(3.4%
a6.9%) " 23:4%)

m Students
Students and teachers

m Teachers

m 52(89.7%)
Figure 5. Participant group distribution.

Given the main field in which computational thinking and programming are taught,
all studies focused on computer science courses. However, most documents did not specify
any certain course details (n = 50, 86.2%). Of the few studies that did mention some specifi-
cations, the most commonly used programming language was Python. The educational
environment in which the intervention is being applied and the course type can influence
the educational outcomes. Hence, the course type and educational environments were
also examined. The related outcomes are presented in Figure 6. Most studies focused on
face-to-face courses (n = 49, 84.5%) while some adopted serious games in online courses
(n =6, 10.3%). Few studies also integrated serious games within blended learning en-
vironments (n = 3, 5.2%). These outcomes highlight the potential of serious games to
be adopted and integrated into various educational environments and support teaching
and learning activities. Simultaneously, these results reveal the emphasis on supporting
face-to-face education and the ability to more easily carry out controlled studies in such
environments. As such, it can be inferred that serious games can also enrich traditional
methods of teaching.
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Educational environment/course type distribution

= 3(5.2%)

6(10.3%)

m Face-to—-face learning
Online learning

= Blended learning

m 49 (84.5%)
Figure 6. Educational environment/course type distribution.

Furthermore, given the scope of this study, emphasis was put on the analysis of the
serious games adopted by the related studies. The games were separated into 2D games,
2.5D games, and 3D games. Particularly, 2D games refer to two-dimensional games that
are characterized by the restriction of movement to height and width, 2.5D games are a
blend of 2D and 3D games in which mechanics are intertwined, and 3D games are three-
dimensional games that enable movement across depth, height, and width. Based on
the outcomes presented in Figure 7, most studies integrated 2D games (n = 32, 55.2%),
followed by those that integrated 3D games (n = 19, 32.8%). Four studies (6.9%) used 2.5D
games while the specifications of the games that three studies (5.1%) used were not clearly
specified within the text or were not clearly depicted in the figures used. Additionally,
most of the games used were targeted at computer devices (n = 45, 77.6%) while only four
studies (6.9%) utilized games targeted at mobile devices. A total of nine studies (15.5%)
integrated games that could be used on both computer and mobile devices. The related
outcomes are presented in Figure 8. Based on these outcomes, it can be inferred that most
studies focused on developing or integrating games meant for computers which students
are already familiar with and mostly practice their programming skills on. Additionally,
most studies adopting 2D games can be attributed to the target group of young students as
it is easier for students to comprehend them and interact with them. These outcomes also
highlight the preference for the simplicity and accessibility of 2D games when teaching
young students about complex concepts and promoting their computational thinking.

Various kinds of games were examined in the specific studies. The most popular games based
on the number of studies that have used them are: Minecraft (n = 8) [59,72,76,79,81,84,100,116],
AutoThinking (n = 4) [74,82,83,93], ENGAGE (n = 4) [56,58,95,96], CodeCombat (n = 3) [64,85,103],
Escape with Python (n = 3) [54,70,75], BOTS (n = 2) [109,112], CodeMonkey (n = 2) [90,91], and
sCool (n = 2) [42,97]. A total of 37 additional games were identified, each of which was used
in a single study. As there were several differences in the design and nature of these games as
well as in the number of studies and the environments in which the experiments took place, it
is not feasible to attribute any positive or negative learning outcome to a specific game element
or mechanics. This fact highlights the need for common evaluation metrics and methods to
be developed and for guidelines and standards on how to create and introduce such games in
educational settings to be developed.
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Figure 8. Platform and device distribution.

Furthermore, the significant majority of studies did not mention a specific operating
system that their game was played on. However, of the few studies that did specify the
operating system, Windows for computer devices and Android for mobile devices were
mostly used. Most studies (n = 45, 77,6%) also did not clearly specify whether the game
they used or developed was open-source or closed-source. Of the few studies that provided
details, eight used closed-source games (13.8%) and five used open-source games (8.6%).
Despite the limited number of studies that reported this information, the ability to adopt
both closed-source and open-source games further highlights the variety and applicability
of serious games. Based on the outcomes, there was a balance between using existing games
(n =31, 53.4%) and developing new ones (n =27, 46.6%). These results highlight the fact that
although existing games might have not been strictly developed for educational purposes,
they can still be used to support students’ learning. Finally, Figure 9 presents the main game
aspects identified within the documents. The games used mostly included block-based
coding activities (n = 36, 62.0%), had various levels with changing difficulties (n = 19,
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32.8%), and focused on activities that cultivated students’ basic programming knowledge
and principles (n = 14, 24.1%). It should be noted that in these activities, students could
examine and interact with existing code but also write their own code. Additionally, the
games integrated mazes (n =9, 15.5%), puzzles (n = 3, 5.2%), quizzes (n = 3, 5.2%), and
platformers (n = 2, 3.4%) which highlight the vast number of interactive activities and
tasks that can be used within serious games and digital games. In the “Others” category
(n =5, 8.6%), cases such as pattern recognition, board games, and interactive debugging
activities were included. Finally, the development approaches followed to create the games
were examined. However, the significant majority of studies did not specify a particular
approach. Of the studies that clearly specified the approach they followed to develop their
game and integrate it into educational settings, the Analyze, Design, Develop, Implement,
and Evaluate (ADDIE) design model was mostly used.

Game elements

36
(62.0%)
19
(32.8%)
14
24.1%
(24.1%)
(15.5%) 5
(8.6%) S 3 2
(5:2%) (5.2%) (3.49%)
I = =0 =
Block-based Levels Basic Maze Others Quiz Puzzle Platformer
coding programming

Figure 9. Distribution of game elements.

The research approaches and experiments carried out by the relevant studies were
also examined. Given the categorization of the documents, the studies that were included
in the Experimental and Case studies category involved studies that conducted experi-
mental interventions. Most studies examined students’ viewpoints, experiences, learning
outcomes, and/or performance both prior to and after their intervention (n = 33, 56.9%),
followed closely by studies that examined the related aspects only after the intervention
(n =25, 43.1%).

Additionally, most studies followed a quantitative research approach (n = 41, 70.7%)
while some studies adopted a mixed methods approach (n = 15, 25.9%). Only two studies
followed a qualitative research approach (n = 2, 3.4%). These outcomes were further
examined focusing on the evaluation tools used. The related results are presented in
Figure 10. It should be noted that some studies adopted a combination of the evaluation
tools identified; thus, the total number sums up to more than 58 which is the total number
of documents included in this analysis. Particularly, questionnaires and surveys were the
most commonly used evaluation tools (n = 48, 82.8%), followed by tests (n = 21, 36.2%).
Studies also integrated interviews (n = 11, 18.9%), observations (n = 6, 10.3%), and focus
groups (n = 2, 3.4%) to better understand the influence of serious games on students and
their perspectives and experiences.
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Figure 10. Distribution of research tools used.

Furthermore, most of the evaluation tools used within the studies were ad-hoc (n = 38,
65.5%). However, a total of 19 studies (32.8%) used existing evaluation tools and 1 study
(1.7%) used both ad-hoc and existing evaluation tools. The existing evaluation tools were
further examined and identified. The wide variety of evaluation tools used highlights
the multidimensional nature of digital games and their impact on users. Specifically, the
Computational Thinking Test [120] was the most commonly used tool, followed by the
Technology Acceptance Model (TAM) [121]. Overall, the evaluation tools used were as
follows:

Computational Thinking Test [120].

Technology Acceptance Model (TAM) [121].

CS Cognitive Load Component Survey (CS CLCS) [122].
Children IMI Interest/Enjoyment Scale [123].

Computational Learning Test (CLT) [124].

Thai Game Experience Questionnaire (THGEQ) [125].

Game Experience Questionnaire (GEQ) [126].

Computational Thinking Test for Lower Primary (CTtLP) [127].
Elementary Student Coding Attitudes Survey (ESCAS) [128].
Beginners Computational Thinking test [129].

Gamefulquest [130].

the Model for the Evaluation of Educational Games + (MEEGA+) [131].
New General Self-Efficacy (NGSE) [132].

Computer Science Attitudes (CSA) [133].

Value-Expectancy STEM Assessment Scale (VESAS) [134].
System usability scale (SUS) [135].

EGameFlow [136].

e New Computer Game Attitude Scale (NCGAS) [137].

4.5. Main Benefits and Challenges of Using Serious Games in Education

Furthermore, emphasis was placed on identifying the main benefits and challenges
associated with the adoption and use of serious games in education. To provide a better
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representation of the related outcomes within the literature, all documents from all three
categories were examined. Table 3 presents the key benefits that emerged while Table 4
depicts the main challenges and disadvantages identified (RQ2). The related outcomes are
further analyzed in the Discussion section.

Table 3. Main benefits of using serious games in education.

Benefits Frequency Percentage References

Increases learning performance 29 50.0% [63-65,67-69,72,74,76,77,81-83,86,87,89,93,94,99-101,104,105,108—
gp : 110,113,114,118]

Improves learning enjoyment 22 37.9% [62,63,69-73,77-79,81,82,85,86,88,89,93,97,108,112,114,115]

Enhances learning motivation 18 31.0% [63,64,70-73,77,80-82,89,93,94,97,101,108,109,114]

Promotes students” active involvement 12 20.7% [64,71-73,81,82,86,89,93,108,114,118]

Positively viewed by students 11 19.0% [62,64,66,81,93,97,104,106,107,115,117]

Ease of use 10 17.2% [64,66,73,78,81,85,98,106,108,117]

Provides real-time feedback and support 5 8.6% [78,82,87,95,96]

Promotes collaborative learning 5 8.6% [67,89,108,115,118]

Improves confidence 4 6.9% [86,93,106,108]

Reduces cognitive strain 2 3.4% [64,109]

Table 4. Main challenges and disadvantages of using serious games in education.

Challenges and Disadvantages Frequency Percentage References
Increased cognitive strain for some students 5 8.6% [70,72,75,77,111]
Students required assistance to play the o

game and complete the learning tasks 3 5:2% [77,101,112]
Students expressed negative feelings (e.g., o

dislike, boredom, lack of freedom etc.) 3 5.2% [70,75,771
Technical difficulties 3 5.2% [70,77,112]
Unclear learning goals and tasks 2 3.4% [70,111]

The game made programming tedious 2 3.4% [70,115]

5. Discussion

Gameful approaches can positively influence students” learning performance and
experiences [138-141]. As serious games present great potential to support the educational
process and enhance students” programming skills and computational thinking, they are
being more widely used in educational settings [13,14]. When students learn through
serious games, they are engaged in experiential and hands-on learning activities [45].
Serious games support collaborative and social learning [19] as well as feedback and
personalization through learning analytics [53]. Additionally, while being engaged in such
game activities, students can get familiar with basic programming concepts without any
prior knowledge being required [43,142]. When appropriately designed, serious games can
contribute toward making education more accessible and inclusive while supporting both
students and teachers [48,143].

Moreover, the outcomes of the analysis are in line with and further expand upon those
of the literature [44]. Based on the outcomes, it was revealed that the use of serious games
and digital games in educational settings had a positive impact on the educational process
as it was also highlighted in previous studies [19,21-23]. To better comprehend the benefits
yielded through the integration of serious games in the context of computational thinking
and programming learning, the content analysis also put emphasis on identifying and
categorizing the main benefits reported in the literature. The frequency of the main benefits
and the related studies that have referred to each individual benefit are presented in Table 3
and Figure 11. Specifically, students who learnt through the use of serious games reported
increased learning performance (n = 29, 50%), showcased improved learning enjoyment
(n =22, 37.9%), and presented enhanced learning motivation (n = 18, 31%). Additionally,
serious games promoted students’ active participation (n = 12, 20.7%) and were positively
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viewed by students (n = 11, 19%). Additionally, in some cases, the usability of the digital
games, their ease of use, and their being familiar to students emerged as another benefit
(n =10, 17.2%). Other benefits that were identified, but to a lesser extent, were the ability
of serious games to provide feedback and support in real time (n = 5, 8.6%), to support
collaborative learning (n = 5, 8.6%), to enhance students’ confidence (n = 4, 6.9%), and
to reduce their cognitive strain (n = 2, 3.4%). These outcomes further highlight the value
that serious games can bring about in the educational process and their ability to increase
students” computational thinking and programming skills.

Main benefits of using serious games in education

Increases learning performance I 29 (50.0%)
Improves learning enjoyment NN 22 (37.9%)
Enhances learning motivation NN 18 (31.0%)

Promotes students' active involvement | 12 (20.7%)

Benefits

Positively viewed by students [N 11 (19.0%)

Ease of use NG 10 (17.2%)

Promotes collaborative learning NN 5 (8.6%)

Provides real-time feedback and support [N 5 (8.6%)

Improves confidence I 4 (6_9%)
Reduces cognitive strain [l 2 (3.4%)
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Figure 11. Main benefits of using serious games in education.

Nonetheless, the study also identified the main disadvantages and challenges associ-
ated with the integration of serious games. The related outcomes are presented in detail in
Table 4 and Figure 12. In particular, few studies reported that the integration of complex
serious games increased students’ cognitive strain (n = 5, 8.6%) and assistance was required
for them to play the game and complete the learning tasks (n = 3, 5.2%). Additionally,
some studies reported that students expressed negative feelings, such as boredom, lack of
freedom within the game, etc. (n = 3, 5.2%) as well as technical difficulties (n = 3, 5.2%).
In other cases, the learning goals and tasks were deemed unclear (n = 2, 3.4%) and the
game activities related to programming were regarded as tedious (n = 2, 3.4%). It is worth
highlighting that the challenges and disadvantages identified are highly connected to the
design of serious games. Based on these outcomes, it can be inferred that emphasis should
be placed throughout the process of designing and developing serious games, students’
preferences, skills, and knowledge should be considered, and cooperative development
approaches that involve education stakeholders should be followed. Hence, there is a clear
need to further examine the design aspects that render serious games successful within
educational settings.

Based on the outcomes, serious games emerged as a valuable educational means that
can be used in face-to-face, online, and blended learning to improve students’ programming
skills and computational thinking. Serious games can also enhance students’ self-regulated
learning as well as promote social learning within groups. Overall, students were positive
about the integration and use of serious games in educational settings and valued the
elements of in-game feedback and support highly. Additionally, students were fond of more
challenging tasks and activities as they found them more intriguing. In the studies that did
explore the influence of students’ gender, no significant differences were observed between
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Challenges and disadvantages

male and female students. However, female students showcased an increased interest in
games that promote creativity. A strong relationship was observed between students’ prior
involvement in playing games and the time spent playing with their problem-solving skills,
critical thinking, and performance. Students’ computational thinking was also correlated
with their academic performance. Students who reported higher levels of computational
thinking performed better than those with lower computational thinking skills. Promoting
intrinsic motivation through games proved more effective for students who were actively
engaged in the learning process while fostering extrinsic motivation had a greater impact
on students who were less involved. Despite the benefits that the integration of serious
games in education can yield, emphasis should be put on their design and development.
Additionally, parents’ support and the approaches that teachers use also play a vital role in
the adoption of serious games. Hence, there is a need to understand K-12 teachers’ digital
competencies and programming skills [144], their perspectives regarding the use of serious
games, and their ability to effectively integrate them into their classrooms.

Main challenges and disadvantages of using serious games in education

Increased cognitive strain for some students _ 5 (8.6%)
Technical difficultes | 3 (5.2%)

Students expressed negative feelings (e.g., dislike, boredom,

lack of freedom etc I s (5.2%)

Students required assistance to play the game and complete

0,
the learning tasks I 3 (5.2%)
The game made programming tedious _ 2 (3.4%)
Unclear learning goals and tasks _ 2 (3_4%)
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Figure 12. Main challenges and disadvantages of using serious games in education.

Given the outcomes of this study; it is highlighted that serious games constitute an
effective and promising educational means. However, it is important for educators and
policymakers to carefully plan and design appropriate initiatives, policies, practices, and
frameworks to adopt and integrate serious games in classrooms. It is also essential to invest
in the technological infrastructure of educational institutes and schools, in the development
of appropriate serious games, and in the creation of game-based curricula. Initiatives
should also be taken to ensure that students and schools have access to high-quality serious
games that meet the curriculum standards. Policymakers should also focus on establishing
benchmarks, guidelines, and assessment methods to evaluate the efficiency of serious games
and their impact on students’ learning. It is also vital to ensure the enhancement of teachers’
skills and knowledge through suitable professional development and training programs
so that teachers are capable of effectively integrating serious games into their teaching
practices. Teachers should ensure that the games they introduce in their classrooms support
the learning goals and meet the curriculum specifications and standards. The nature
of the game, its activities, and its complexity should be carefully selected based on the
characteristics (e.g., age group, skills, etc.) of the students and the subject matter to ensure
that serious games that offer meaningful content and challenge students to reason and think
critically are used. It is important to note that serious games can support blended learning
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environments and that they can be used to enrich traditional instruction methods and
approaches to create more student-centered learning environments that promote students’
engagement and motivation. When creating serious games that aim at being integrated into
the school curriculum, education stakeholders should be involved throughout the design
and development process. For serious games to be more widely and efficiently integrated
into school curricula and support students” learning, collaboration among policymakers,
education stakeholders, and developers should be fostered and consistent support from all
education levels should be provided.

6. Conclusions

Serious games and digital games, in general, are increasingly being used in educational
settings due to the benefits they can yield as well as the familiarity of students with them.
Programming skills, problem-solving, and computational thinking have become important
aspects of modern education. This study explored the role and impact of serious games
and digital games on K-12 students” computational thinking and programming skills
through a systematic literature review. Although this study explored the related documents
from various dimensions using mixed methods, there are some limitations that should be
highlighted. Specifically, the study examined documents that were written in English only
and which were indexed in one of the three databases used. Hence, future studies should
further examine this topic by exploring documents indexed in other databases and written
in different languages to better assess the impact of digital games. Additionally, given the
nature of this study, the focus was on computer science-related courses as presented by
the results. Hence, future studies should also examine the influence of serious games on
other courses and students’ skills. Finally, this study focused solely on primary education,
secondary education, and K-12 education.

Based on the outcomes and focusing on addressing RQ3, the study highlighted the
positive influence that serious games and digital games have on students’” programming
skills and computational thinking. As a result, they are positively viewed by education
stakeholders. Additionally, it revealed the increased interest in the topic with more relevant
studies being published by authors from various countries while maintaining a balance
between the studies that focus on primary education and secondary education. Serious
games emerged as effective educational means that can provide meaningful learning expe-
riences as they can increase students’ learning performance, enjoyment, and motivation,
promote their active involvement, and improve their confidence. Serious games also
promote participatory learning, support social learning, and help students develop their
social skills, such as communication and collaboration. They also offer adaptive learning
experiences, provide real-time feedback and support, enable the effective management of
cognitive load, and promote personalized learning and self-regulated learning. Finally, the
challenges identified are closely related to the design elements, decisions, and approaches
which indicates that they can be mitigated and overcome as the issues are not related to the
approach or the gameful intervention in itself. Based on the analysis of the literature and
the findings of this study, the following key design aspects and principles were identified
(RQ4):

e  Follow collaborative design and development approaches and strategies and involve
education stakeholders.

Provide a variety of dynamic and interactive content, tasks, and mechanics.

Offer real-time and personalized feedback and assessment.

Support scaffolding, multimedia, and accessibility features and materials.

Contain reward mechanics and levels of increasing difficulty.
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e  Promote social interaction and collaboration with other peers and non-player charac-
ters (NPCs).

e  Focus on learning objectives but maintain a balance between enjoyment and learning.

e  Emphasize user experience by improving usability and having user-friendly interfaces.

e Contain data collection mechanics to assess students’ performance and the effective-
ness of the game.

e  Offer adaptive and personalized experiences.

e  Consider learners’ characteristics, preferences, and existing knowledge and skills.

Based on the outcomes of the studies examined, there is a clear need for more ex-
perimental and case studies to be conducted that explore the influence of serious games
for prolonged time periods and examine their impact on cross-cultural settings. This is
particularly true as the duration of the intervention in the studies was quite limited and
the experiments and interventions took place in specific settings. There is also a lack of
empirical data on the impact of serious games on cross-cultural settings and on long-term
interventions. Future studies should also emphasize the use of serious games in online
learning and blended learning settings as well. There is also a need to examine parents’
and teachers’ perspectives as well as assess the competencies of teachers to effectively
integrate serious games in their classrooms. As the studies used either ad-hoc or diverse
evaluation tools, there is a clear need for more holistic assessment tools and approaches
to be developed. Although this study identified some key design elements, given the
importance of the design of serious games, future studies should focus on identifying the
key aspects associated with the successful development and integration of serious games,
how they affect learning outcomes, and provide guidelines and recommendations. As there
are various types of games that can be adopted in educational settings, the game type and
the devices that students use should also be explored. As technological advancements
progress, future studies should examine the use of artificial intelligence, augmented reality
and virtual reality technologies, as well as learning analytics within serious games and
digital games.
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