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Abstract

This article presents a systematic literature review (SLR) on the effects of serious
games, or more specifically educational games that aim to teach Computational
Thinking (CT) skills to primary school students. Sixty one studies from various data
sources were evaluated based on the CT skills and programming concepts addressed,
the evaluation instruments used, the target audience, the learning outcomes and their
results. The findings of the studies on the efficiency or impact of educational games
on the acquisition of the proposed topics were positive, indicating that educational
programming games can help primary school students develop CT skills or under-
stand fundamental programming concepts. Additionally, the results suggest a gen-
eral positive attitude towards the use of an educational game for learning purposes,
while students perceive games as a great motivator for engaging in CT activities.
Finally, the research discusses research gaps and shortages, as well as methodologi-
cal limitations and recommendations for future work in the relevant domain.

Keywords Computational Thinking - Programming - Serious games - Educational
games - Effectiveness - Primary education - Systematic literature review (SLR)
Introduction

All around the world, K-12 curriculum already includes Computational Think-

ing (CT), which is regarded as an essential competency for the twenty-first century
(Cutumisu et al., 2019). Although Papert initially proposed CT in 1980 and again in
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1996 (Papert, 1980, 1996), Wing popularized CT (2006). She stated that CT encom-
passes a mix of abilities, approaches, procedures, and mindsets that facilitate resolv-
ing a diverse set of problems, beyond just those associated with computing (Wing,
2006). Moreover, she proposed that CT should be considered an important founda-
tional skill for all children just like reading or writing (Zhao & Shute, 2019). Despite
the fact that there are numerous research studies on CT (Berland & Wilensky,
2015; Garcia-Penalvo & Mendes, 2018; Hsu et al., 2018; Taslibeyaz et al., 2020;
Bati, 2022), there is still no agreement among scientists regarding its definition and
the specific skills that it comprises (Lye & Koh, 2014; Garcia-Penalvo & Mendes,
2018; Zhao & Shute, 2019; Guenaga et al., 2021). As a result, many issues remain
(Guenaga et al., 2021) and various definitions appear alongside Wing’s (2006),
highlighting the need for systematically reviewing existing literature and drawing
conclusions on the current state of the field.

Brennan and Resnick (2012) put forward three aspects of CT, namely compu-
tational concepts, computational practices, and computational perspectives (Lye &
Koh, 2014; Tang et al., 2020). Atmazidou and Demetriadis (2016) introduced a CT
model that incorporates a collection of key CT skills, such as abstraction, decom-
position, generalization, algorithmic thinking, and modularity. Shute et al. (2017)
classified CT into six primary dimensions, which include decomposition, abstrac-
tion, algorithms, debugging, iteration, and generalization. Furthermore, in their
work, Grover and Pea (2018) suggest that the essential components of CT can be
categorized into concepts and practices. Specifically they state that CT concepts
encompass logic and logical thinking, algorithms and algorithmic thinking, patterns
and pattern recognition, abstraction and generalization, evaluation, and automation,
while CT practices, on the other hand, involve problem decomposition, the creation
of computational artifacts, testing and debugging, iterative refinement, as well as
collaboration and creativity (Grover & Pea, 2018). In their study, Tang et al. (2020)
classified the definitions of CT found in the literature into two distinct categories.
The first category encompasses definitions that link CT to programming and com-
puting concepts, while the second category comprises definitions that regard CT as
a collection of competences necessitating students to enhance their domain-specific
knowledge and problem-solving skills (Tang et al., 2020).

CT represents a versatile and widely applicable problem-solving approach
(Grover & Pea, 2013) that spans various domains (Grover & Pea, 2018; Wing, 2008)
and furthermore, it is acknowledged as a vital skill not only for computer scien-
tists but for individuals of all backgrounds, highlighting the need for its early edu-
cation and acquisition (Hooshyar et al., 2021b). Taking this into account CT has
been applied to a variety of different topics including Mathematics or Biology
(Hsu et al., 2018). However, current research suggests that programming activities
can serve as an effective vehicle for CT development (Grover & Pea, 2018) from
an early age (Moreno-Leén et al., 2018; Zhao & Shute, 2019). As a result, many
curriculum developers that want to integrate CT into classroom settings use various
programming tools and environments to familiarize kids to coding (Theodoropoulos
& Lepouras, 2020). Moreover, notable personalities in the field of information tech-
nology are conducting various initiatives worldwide to encourage learning computer
programming. Educational events on an international level, such as the “Hour of
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Code” (Hourofcode, 2023) or the “Bebras” competition (Bebras, 2023), are held on
an annual basis for kids of all ages with the goal of increasing their experience with
computer programming and CT.

Learning programming principles has always been challenging for students, par-
ticularly for inexperienced programmers (Zaharija et al., 2013; Shahid et al., 2019).
Novice programmers’ insufficient enthusiasm and engagement can be attributed to
the conventional teaching approach and the challenges they encounter in compre-
hending abstract programming concepts (Brusilovsky et al., 1997; Shahid et al.,
2019). Several strategies have been proposed (Xinogalos & Satratzemi, 2004), such
as programming microworlds (Xinogalos et al., 2006), instructional robotics tasks,
and educational games (Vahldick et al., 2014), to address these issues and make
learning programming easier and more interesting for students.

LOGO (Papert, 1980) is widely recognized as the earliest and most renowned
microworld designed for programming education (Djelil et al., 2016). Microworlds
for programming are constructed using metaphors, with the purpose of bridging
the gap between abstract programming concepts and the tangible real world, thus
facilitating comprehension for novice learners (Djelil et al., 2016). This endeavor
ultimately narrows the disparity between students’ mental models and the program-
ming language itself (Xinogalos et al., 2006), leading to a more effective learning
experience.

Educational Robotics (ER) is widely regarded as a potent, versatile, and ground-
breaking educational instrument that presents possibilities for constructing and com-
manding robots by utilizing a diverse range of sensors, motors, and other compo-
nents (Atmatzidou & Demetriadis, 2017; Papadakis, 2020) and has found its way
into classrooms from kindergarten to high school (Constantinou & Ioannou, 2018;
Papadakis, 2020). Studies involving younger children have revealed favorable
results, indicating that even kids aged 4—6 can successfully construct basic robot-
ics projects, getting opportunities to become familiar with important concepts in
STEM (Science, Technology, Engineering and Mathematics) education or computer
programming (Atmatzidou & Demetriadis, 2016; Papadakis, 2020) and develop CT
skills (Atmatzidou & Demetriadis, 2016; Constantinou & Ioannou, 2018). Educa-
tional Robotics encourages a pleasant (Atmatzidou & Demetriadis, 2016) and age-
appropriate approach to learning technology (Taylor & Baek, 2018), effectively
increasing engagement among both students and teachers (Budiyanto et al., 2021),
and furthermore, it fosters collaboration and motivation among students (Atmatzi-
dou & Demetriadis, 2016; Budiyanto et al., 2021).

Educational games are a subcategory of serious games that prioritize teach-
ing over entertainment and actively facilitate a “learning by doing” educational
approach (Malliarakis et al., 2017). Incorporating educational games into the teach-
ing process brings forth a multitude of advantages. These games provide students
with a unique learning experience where they can actively engage in an interactive
environment that sparks their motivation. Simultaneously, they receive relevant
feedback, encounter challenges, and receive appropriate support to aid their learning
process (Kazimoglu et al., 2012; Laporte & Zaman, 2016). Similarly, when it comes
to primary school students, the significance of using educational games to introduce
programming concepts and promote CT is further amplified. As emphasized by
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Zaharija et al. (2013), games can assume a crucial role in instructing programming
to young students, as the traditional teaching methods are inadequate for their age
group and do not effectively address challenges such as their limited attention span.
One significant benefit of educational games that supports their integration into the
educational process is their lack of cost compared to the expenses associated with
purchasing robotic kits. The high cost of robotic kits acts as a hindrance to their
widespread adoption in education (Fessakis et al., 2019), making educational games
a more accessible alternative. Moreover, educational games, just like programming
microworlds, bridge the gap between abstract programming concepts and the tangi-
ble real world (Djelil et al., 2016), but in a much more familiar and engaging way
since students today are “native speakers” of the digital language of video games as
Prenksy (2001) highlighted.

Although it is well recognized that employing educational games in the instruc-
tional approach results in a range of beneficial outcomes and multiple advantages
(Laporte, & Zaman, 2016; Malliarakis et al., 2014a), it is also widely acknowledged
that the influence of educational games on CT cultivation has not been extensively
studied (Zhao & Shute, 2019). As far as we know, there are no reviews investigating
the effects of educational games for CT and programming on the development of CT
abilities, particularly among young students.

This article aims to deal with the aforementioned research gap and disclose
the findings of a Systematic Literature Review (SLR) that investigates the out-
comes of educational games designed to teach CT abilities to primary school stu-
dents. The remaining sections of the article are structured in the following man-
ner. Sect. “Related work” provides a summary of relevant literature. Sect. “Review
method” outlines the methodology used in our SLR along with the research ques-
tions (RQs) and choices made throughout the analysis of the studies. Sect. “Results”
demonstrates and evaluates the results, whereas Sect. “Discussion” debates the find-
ings concerning the research questions. At last, Sect. “Conclusions” summarizes the
conclusions derived from the analysis of the studies and emphasizes the next steps
in the research, as well as the constraints of this study.

Related work

The major purpose of this SLR is to identify the most recent research on the use of
educational games to cultivate young students’ CT abilities and promote fundamen-
tal programming principles, as well as to investigate the influence of these games
on the acquisition of these abilities. To accomplish this research, existing relevant
research papers were examined and analyzed and their key findings are summarized
in chronological order. Nine relevant systematic reviews were found in total, but
only one of them (Theodoropoulos & Lepouras, 2020) dealt with the use of educa-
tional games to teach programming principles and foster CT abilities. Table 1 sum-
marizes these nine relevant systematic investigations in relation to our study. The
following databases were the most commonly utilized in the studies: ERIC, Science
Direct, Scopus, Web of Science, ACM Digital library, IEEE Xplore, SpringerLink
Digital library and Google Scholar.
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Lye and Koh (2014) conducted a review of empirical studies on cultivating CT
skills through programming activities to K-12 students over a period of 5 years
(2009-2013), noting a number of beneficial results. Authors concluded that in most
cases a visual programming language was used and believe that it is necessary to
carry out more empirical teaching interventions in K-12 education regarding the
development of CT.

Hsu et al. (2018) presented a review of literature published over a 12 years period
(2006-2017) relating to CT development and implementation approaches in educa-
tion. According to the findings, there have been more CT studies in recent years
than ever before, with a wider range of subjects, research questions, and teaching
tools, and CT has mostly been used to computer science and programming activi-
ties, with only a small number of studies relevant to other topics. The necessity to
evaluate students’ learning progress and the requirement for teaching staff training
to develop adequate CT interventions are the main points of recommendations for
future research.

Shahid et al. (2019) conducted an SLR over a 5-years period (2015-2019) on the
existing literature of serious games for programming, in order to examine the fac-
tors that influenced the effectiveness of gamification strategies. The SLR findings
revealed two major aspects influencing negatively instructors’ adoption of a game
in teaching programming: (1) a lack of highly attractive features in games; and (2) a
lack of effective ways for assessing game impact. As the authors state, the absence
of visual appeal in games renders them monotonous and uninteresting, leading to a
detrimental impact on the student’s engagement. In order for educators to integrate
games into their teaching methods, they must possess knowledge about aspects like
students’ gaming behavior, their learning process, and the tools available for teach-
ers to understand the impact of educational games in the classroom. Understanding
the ways in which students engage with, learn from, and enhance their skills through
games is a crucial element in promoting broader acceptance of educational gaming
(Giannakoulas et al., 2020). Learning analytics can be a valuable tool for teachers to
monitor students’ progress, analyze user behavior during gameplay (Eguiluz et al.,
2018), and assess the impact of games on learning, ultimately aiding in the evalua-
tion of students’ understanding of the taught concepts (Giannakoulas & Xinogalos,
2020; Malliarakis et al., 2014b).

To determine and categorize the distinctive features of current CT assessments,
Cutumisu et al. (2019), reviewed 39 empirical studies that were published over a
5-years period (2014-2018). The findings of this study reveal a wide range of
approaches used by scientists to evaluate CT, but which are typically not verified
enough to support their adoption by educational researchers and incorporation in the
learning process. Future research ideas focus on developing new methods for assess-
ing CT and aiding academics in selecting suitable CT evaluations.

Theodoropoulos and Lepouras (2020) conducted an SLR providing a full sum-
mary of efforts made to include into P12 education, digital games aiming to CT
cultivation or to introduce fundamental programming principles, examining 44 stud-
ies, published throughout an 11-years period (2009-2019). The findings showed that
while using digital games in CT education presents favorable outcomes, these are
highly dependent on both the learning environment and the individuals involved.
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Moreover, authors suggest that while building and deploying digital games, we
should consider numerous aspects such as personality qualities, the element of feed-
back or the games’ genre, and that further investigation is necessary in this area.

Tang et al. (2020) presented an SLR which examined 96 empirical studies related
on CT assessments, published before August 2019, aiming to examine the studies
from four dimensions: the educational context, the CT skills measured, the measure-
ment tools used and the CT evaluations’ accuracy proof. The SLR findings show
that more frequently CT evaluations are carried out in young students and usually
focus on measuring the CT skills or the programming abilities of students.

Taslibeyaz et al. (2020) conducted an SLR analyzing 29 empirical studies focused
on CT development, without limiting the period of publication, aiming to investigate
the common learning process followed in the current environments and determine
the CT measurements tools used. Findings of the SLR showed that the development
of CT skills is mostly evaluated utilizing robotics and programming environments
like Scratch, while for college students, studies on the development of CT are also
conducted in other content areas outside programming.

Papadakis (2021) conducted an SLR on twenty-one empirical studies over an
eleven-year period (2010-2020), attempting to assess the effectiveness of four cod-
ing applications in developing young children’s CT abilities and Computational Flu-
ency (CF). According to the study findings, all applications have a good impact on
the growth of children’s CT skills, whereas none of them can eventually foster the
growth of CF.

Bati (2022) conducted an SLR on twenty-four empirical studies that prioritize the
growth of CT skills and the enhancement of preschool pupils’ programming abili-
ties, published over a thirteen-year period (2008—2020). The studies were examined
based on three criteria: intervention technique (plugged-in or unplugged), partici-
pant age, and student gender. The results showed that age, rather than gender, were
a crucial factor in the development of CT in young children. Unplugged techniques
also appeared to be more efficient than plugged-in ones.

Although there have been reviews exploring the latest advancements in CT assess-
ments (Cutumisu et al., 2019; Tang et al., 2020), the different strategies employed to
foster CT in recent years (Cutumisu et al., 2019; Hsu et al., 2018), the CT concepts
covered in the studies (Shahid et al., 2019; Cutumisu et al., 2019; Theodoropou-
los & Lepouras, 2020; Tang et al., 2020), the typical learning process followed by
researchers (Lye & Koh, 2014; Cutumisu et al., 2019; Taslibeyaz et al., 2020; Bati,
2022), the context of application (Tang et al., 2020; Taslibeyaz et al., 2020), the
diverse learning environments (Hsu et al., 2018; Papadakis, 2021) and the various
tools used to measure the cultivation of CT among students (Shahid et al., 2019;
Cutumisu et al., 2019; Theodoropoulos & Lepouras, 2020; Tang et al., 2020; Tas-
libeyaz et al., 2020), we were not able to find any review that investigates the effects
of educational programming games on cultivating CT skills, particularly among
young students. Through this research, our aim is to compile existing empirical stud-
ies conducted on the utilization of educational programming games in primary edu-
cation. Our objective is to systematically analyze this research, shedding light on
the effectiveness of these games in fostering the growth of CT skills. Furthermore,
we aim to emphasize the potential advantages associated with incorporating these
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games into the educational process, as well as the challenges and barriers that may
impede their successful integration into the learning process.

Moreover, our intention is to address the concerns raised by researchers and edu-
cators who often express a lack of knowledge on effectively integrating games into
the learning process (Giannakoulas et al., 2020). By showcasing the different ways
in which games have been utilized within education, we aim to facilitate the accept-
ance of these games as valuable tools for learning among these stakeholders.

The SLR we conducted covers a 13-year period (2010-2022) and intends to high-
light the existing research on the impact of educational games built for promoting
CT and programming principles to primary school students. The studies found are
reviewed using criteria such as CT skills, programming concepts covered, evalua-
tion instruments, intended audience learning results, and evaluation conclusions.

Review method

Kitchenham’s (2004) recommendations served as the foundation for the methodol-
ogy employed to conduct this literature review.

Research questions

To accomplish the main goal highlighted in Sect. “Related work” , the SLR was
steered by the subsequent research questions, aligned with the research’s primary
objective:

RQ1: Which facets of CT and programming are addressed by the available stud-
ies?

RQ2: What evaluation methods are utilized to gauge the effectiveness of educa-
tional games produced to teach young students CT and programming?

RQ3: Do educational games for CT and programming targeted to young students
have a positive effect on learning the underlying concepts?

Strategy

To find empirical studies regarding educational games designed for teaching CT and
programming to young students, the subsequent search term was applied:

("serious game*" OR "educational game*") AND ("primary school children"
OR "young children" OR "K-12" OR "primary education") AND ("teaching
programming" OR "computational thinking" OR "learning programming" OR
"algorithmic thinking")

The following digital research databases were searched initially between April
2021 and September 2022: Scopus, ACM Digital Library, SpringerLink, Science
Direct and IEEE Xplore. Afterward, additional searches were carried out on Google
Scholar to discover published and unpublished material that had not been indexed by
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the databases. The process of retrieving data from the studies was performed using
a data extraction form created in Microsoft Excel. Subsequently, the selection pro-
cess consisted of three phases. During the first phase, we looked over each paper’s
title, abstract, and keywords. At this stage, we saved the potentially relevant papers
and eliminated the duplicate or irrelevant studies. By means of this methodology,
this study also excluded literature reviews. The second phase involved eliminating
papers that were not published in English, papers with unavailable full texts, and
publications that were not complete articles (such as extended abstracts).

Figure 1 depicts the full research selection procedure as well as the actual num-
ber of articles in each phase. The two researchers that carried out the whole study
rigorously applied Kitchenham’s (2004) recommendations for conducting SLRs and
agreed on the research protocol and the paper selection process prior paper selection.
Both researchers had experience in conducting reviews and SLRs. After retrieving
the records returned by applying the search query, the two researchers independently
carried out each one of the three phases of the selection process and compared the
results after each phase in order to agree on a common pool of records for the subse-
quent phase.

Quality assessment
After completing the second phase, the papers were screened according to a set of

inclusion and exclusion criteria based on the SLR methodology proposed by Kitch-
enham (2004), as presented in Table 2, to finalize the study selection process.

Studies analysis
After completing the third phase, the complete text of each potential eligible study

was read and the studies were analyzed. During this phase, the studies were scruti-
nized based on the traits presented in Table 3.

Data extraction

The data from the studies was extracted using a Microsoft Excel-based form created
for this purpose. Table 3 shows the characteristics that were considered to extract
data.

Results

Studies results

The initial search yielded 1410 results. The total number of papers gathered through-
out the first phase was 175, with the remainder discarded as irrelevant or duplicate

and after the second phase 150 studies remained as possible included papers. Next,
the papers were filtered and after applying the inclusion and exclusion criteria, 61

@ Springer



Journal of Computers in Education

Process of research selection

a—
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Papers were screened according toa — ecords retrieved
setof inclusion and exclusion criteria (n=61)

Records retrieved
(n=150)

Phase 2

Phase 3

|

Analyze studies included in review
(n=61)

Read the complete text of the studies
and extract data from them using a
Microsoft Excel-based form.

Included

Fig. 1 Process of research selection

main studies were included in the SLR. The distribution of the studies between 2010
and September 2022 is represented in Fig. 2.

According to the yearly distribution of the 61 articles represented in Fig. 2, a ris-
ing trend in the publication of empirical studies on the use of SGs to teach young
students CT skills and fundamental programming concepts has been seen in recent
years, which is consistent with the growing popularity and importance of CT. In
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Table 2 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria
Papers published between 2010 and September Papers published before 2010
2022
Solutions related to games Board games, Tangible User Interfaces (UI),

unplugged activities, studies with game design
from students (game maker — scratch)
Research works that comprise details for the evalu- Research studies that do not address the evaluation
ation process process
Educational games that have been evaluated based
on their intended purpose or performance within
the game

Educational games that have undergone evaluation
for their level of acceptance or usability

Table 3 Characteristics used for

analyzing papers General characteristics

The title of the game or project, if it is available

Researcher names

Accessibility of game or project

Characteristics related to the purpose or objective of the study
CT skills

Programming Concepts

Purpose—Goals of the study

Characteristics associated with the evaluation of the study
Number of individuals involved in the study

Age of individuals involved in the study

Testing method—Instruments

Methodology

Duration

Context of evaluation

Evaluation conclusions

particular, 48 relevant empirical studies were discovered after 2017, representing
about 80% of all empirical research conducted after 2010.

The majority of the papers published are from conferences (33), with the remain-
ing 25 coming from journals. Three (3) empirical studies are also included that were
part of master’s (2) and Ph.D. theses (1).

Figure 3 shows the main subject areas of journal and conference publications.
As illustrated in Fig. 3, the primary subject area of journal publication is Educa-
tional Computing (24). Computer Science or Information Technology (14) and
Serious Games (10) are two more prominent subjects. According to the results
of the subject areas of the publications, the majority of empirical investigations
involve Information Technology, Computer Science and Education. Taking this
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Fig.3 Journal-Conference publication subjects. Each journal-Conference may cover several topics

into consideration, we can infer that collaboration between researchers and those
involved in the educational process (educators, students) is critical for developing
games aimed at cultivating CT in young children.

@ Springer



Journal of Computers in Education

Discussion

This section covers the analysis of the studies’ results in relation to the research
questions that were established.

RQ1: Which facets of CT and programming are addressed by the available
studies?

Table 4 shows how the empirical studies were classified based on the program-
ming topics they addressed, while Table 5 shows how the empirical studies were
classified based on CT skills they addressed.

Regarding the programming concepts, it was found that the majority of the
studies (50) cover the “Sequence commands execution” while a large propor-
tion also investigate iterative structures (45). Conditional statements are investi-
gated in 33 publications, and it is observed that just a small percentage of stud-
ies address concepts such as functions or procedures (18 studies), as well as the
idea of variable (13 studies). Furthermore, just three (3) empirical studies (Esper
et al., 2014; Lotfi & Mohammed, 2018; Ramirez-Rosales et al., 2016) dealing
with principles of object-oriented programming were detected, with only two
(2) studies supporting the more complicated concept of recursion (Rose et al.,
2019; Lehat et al., 2014). As a result, the most extensively covered notions by
researchers and game developers are fundamental programming concepts such as
sequencing, conditional statements, and repetition structures whereas OOP con-
cepts and recursion are the least covered. This may be attributed to the highly
abstract nature of these concepts, making them difficult to present to primary
school children who have not yet developed abstract thinking (Zaharija et al.,
2013). Similarly, there is a restricted focus on variables in existing studies, pos-
sibly because young students encounter challenges in comprehending abstract
representations like variables (Shahid et al., 2019; Papadakis, 2021). As noted
by Relkin et al. (2021), it is crucial to consider these difficulties and other devel-
opmental factors when designing educational programs aimed at teaching CT to
young children (Papadakis, 2021).

Regarding the CT skills covered in the studies, the vast majority of them (39
studies) assist the advancement of algorithmic thinking among students by engag-
ing them in programming exercises that require building algorithms to accom-
plish the given tasks.

In addition, 33 studies endorse decomposition by assigning tasks to students
that require them to break down an algorithm into smaller, more manageable
parts whereas 30 studies advocate for pattern recognition and modularity, often
through exercises that involve identifying a pattern to accomplish a task that
needs to be programmed and replicated with repetition, reducing redundancy in
code. For instance, the game BOTS (Liu et al., 2017) presents players with puz-
zles that are intentionally crafted with repetitive patterns, allowing students to
explore ways to optimize their programs by utilizing loops and functions. Addi-
tionally, ILE (Rios et al., 2020) promotes pattern recognition by offering exer-
cises where students are tasked with adjusting the properties of a 3D object using
sliders, aligning the 3D object with the pattern depicted in the background.
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Table 4 Studies Classification according to the Programming Concepts covered

Concepts Studies: game (reference)

Sequential structures 4 Games (Lehat et al., 2014); ARcode (Mina et al., 2022); AutoThinking (Malva

50 studies et al., 2020); AutoThinking (Hooshyar et al., 2021a); Bookworms (Korpi,
2014); BOTS (Liu et al., 2017); BOTS (Zhi et al., 2018); ChIP (Sorrentino
et al., 2017); Code Venture (Hussain et al., 2015); Code.org (Kalelioglu,
2015); Codecombat (Adémk(), 2018); CodeFruits (Goyal et al., 2017); Code-
Monkey (Israel-Fishelson & Hershkovitz, 2019); CodeMonkey (Israel-Fishel-
son & Hershkovitz, 2020); CodePlanet (Baek & Oh, 2019); CodeSpells (Esper
et al., 2014); CodeTracesure (Nche et al., 2019); Coding Galaxy (Zhang et al.,
2022a); Coding Galaxy (Zhang et al., 2022b); Crocro ‘s Adventure (Forque-
sato, 2018); Daisy the Dinosaur vs Kodable (Pila et al., 2019); ENGAGE (Min
et al., 2020); Kids Block Coding Game (Forquesato & Borin, 2018); Kodable
(Karadeniz et al., 2014); Kodable vs Scratch Junior (Kandroudi & Bratitsis,
2016); Kodetu (Eguiluz et al., 2017); Kodetu (Guenaga et al., 2021); KODU
vs Kodable (Fokides & Atsikpasi, 2017); Ladybug (Fessakis et al., 2013);
Ligthbot Code hour (Yallihep & Kutlu, 2020); Looking for Pets (Pessoa et al.,
2019); Minecraft Hour of Code (DEMiRKIRAN & TANSU HOCANIN,
2021); Minerva (Lindberg et al., 2017); Minerva (Lindberg & Laine, 2018);
Minicolon (Ayman et al., 2018); Nameless game (Alghamdi et al., 2016);
Nameless game (Alghamdi, 2017); Nameless game (Yuliana et al., 2019)*;
NanoDoc (Toukiloglou & Xinogalos, 2022); Penguin Go (Zhao & Shute,
2019); Penguin Go (Liu & Jeong, 2022); Pic2Program (Utesch et al., 2020);
Pirate Plunder (Rose et al., 2019); RoboTIC (Schez-Sobrino et al., 2020); Run
Marco (Giannakoulas & Xinogalos, 2018); Scool (Steinmaurer et al., 2019);
Scool (Steinmaurer et al., 2020); Scratchlr and Lightbot (Rose et al., 2017);
StoryCoder (Dietz et al., 2021); VR-OCKS (Segura et al., 2020)

Repetition structures 4 Games (Lehat et al., 2014); ARcode (Mina et al., 2022); AutoThinking (Malva

45 studies et al., 2020); AutdThinking (Hooshyar et al., 2021a); BOTS (Liu et al., 2017);
BOTS (Zhi et al., 2018); ChIP (Sorrentino et al., 2017); cMinds (Tsalapatas,
2015); Code.org (Kalelioglu, 2015); Codecombat (Adémké, 2018); CodeFruits
(Goyal et al., 2017); CodeMonkey (Israel-Fishelson & Hershkovitz, 2019);
CodeMonkey (Israel-Fishelson & Hershkovitz, 2020); CodePlanet (Back &
Oh, 2019); CodeSpells (Esper et al., 2014); CodeTracesure (Nche et al., 2019);
Coding Galaxy (Zhang et al., 2022a); Coding Galaxy (Zhang et al., 2022b);
Crocro ‘s Adventure (Forquesato, 2018); ENGAGE (Min et al., 2020); Kids
Block Coding Game (Forquesato & Borin, 2018); Kodable (Karadeniz et al.,
2014); Kodable vs Scratch Junior (Kandroudi & Bratitsis, 2016); Kodetu
(Eguiluz et al., 2017); Kodetu (Guenaga et al., 2021); KODU vs Kodable
(Fokides & Atsikpasi, 2017); Ligthbot Code hour (Yallihep & Kutlu, 2020);
Minecraft Hour of Code (DEMIRKIRAN & TANSU HOCANIN, 2021); Min-
erva (Lindberg et al., 2017); Minerva (Lindberg & Laine, 2018); Minicolon
(Ayman et al., 2018); Nameless game (Alghamdi et al., 2016); Nameless game
(Alghamdi, 2017); NanoDoc (Toukiloglou & Xinogalos, 2022); Penguin Go
(Zhao & Shute, 2019); Penguin Go (Liu & Jeong, 2022); Pic2Program (Utesch
et al., 2020); Pirate Plunder (Rose et al., 2019); RoboTIC (Schez-Sobrino
et al., 2020); Run Marco (Giannakoulas & Xinogalos, 2018); Scool (Stein-
maurer et al., 2019); Scool (Steinmaurer et al., 2020); ScratchJr and Lightbot
(Rose et al., 2017); StoryCoder (Dietz et al., 2021); VR-OCKS (Segura et al.,
2020)
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Table 4 (continued)

Concepts

Studies: game (reference)

Conditional structures
33 studies

Functions/procedures
18 studies

Variables
13 studies

OOP Concepts
3 studies

Recursion
2 studies

4 Games (Lehat et al., 2014); ARcode (Mina et al., 2022); AutoThinking
(Malva et al., 2020); AutoThinking (Hooshyar et al., 2021a); BOTS (Liu
et al., 2017); ChIP (Sorrentino et al., 2017); cMinds (Tsalapatas, 2015); Code.
org (Kalelioglu, 2015); CodePlanet (Baek & Oh, 2019); CodeSpells (Esper
et al., 2014); CodeTracesure (Nche et al., 2019); Coding Galaxy (Zhang et al.,
2022a); Coding Galaxy (Zhang et al., 2022b); Crocro ‘s Adventure (Forque-
sato, 2018); Daisy the Dinosaur vs Kodable (Pila et al., 2019); Kids Block
Coding Game (Forquesato & Borin, 2018); Kodable (Karadeniz et al., 2014);
Kodetu (Eguiluz et al., 2017); Kodetu (Guenaga et al., 2021); KODU vs Kod-
able (Fokides & Atsikpasi, 2017); Minecraft Hour of Code (DEMiRKIRAN
& TANSU HOCANIN,2021); Minerva (Lindberg et al., 2017); Minerva
(Lindberg & Laine, 2018); Minicolon (Ayman et al., 2018); Nameless game
(Alghamdi et al., 2016); Nameless game (Alghamdi, 2017); Penguin Go (Zhao
& Shute, 2019); Penguin Go (Liu & Jeong, 2022); Pic2Program (Utesch
et al., 2020); RoboTIC (Schez-Sobrino et al., 2020); Scool (Steinmaurer et al.,
2020); Scratch]Jr and Lightbot (Rose et al., 2017); VR-OCKS (Segura et al.,
2020)

4 Games (Lehat et al., 2014); ARcode (Mina et al., 2022); BOTS (Liu et al.,
2017); BOTS (Zhi et al., 2018); ChIP (Sorrentino et al., 2017); Code.org
(Kalelioglu, 2015); Codecombat (Adémk(’), 2018); CodeFruits (Goyal et al.,
2017); CodePlanet (Baek & Oh, 2019); CodeSpells (Esper et al., 2014); Cod-
ing Galaxy (Zhang et al., 2022a); Daisy the Dinosaur vs Kodable (Pila et al.,
2019); KODU vs Kodable (Fokides & Atsikpasi, 2017); Ligthbot Code hour
(Yallihep & Kutlu, 2020); Penguin Go (Zhao & Shute, 2019); Pirate Plunder
(Rose et al., 2019); ScratchJr and Lightbot (Rose et al., 2017); Software Kids
(Ramirez-Rosales et al., 2016)

ChIP (Sorrentino et al., 2017); Code.org (Kalelioglu, 2015); Codecombat
(Adémk(), 2018); CodeFruits (Goyal et al., 2017); CodeMonkey (Israel-Fishel-
son & Hershkovitz, 2019); CodeMonkey (Israel-Fishelson & Hershkovitz,
2020); CodeSpells (Esper et al., 2014); CodeTracesure (Nche et al., 2019);
ENGAGE (Min et al., 2020); KODU vs Kodable (Fokides & Atsikpasi, 2017);
Scool (Steinmaurer et al., 2019);

Scool (Steinmaurer et al., 2020); StoryCoder (Dietz et al., 2021)

CodeSpells (Esper et al., 2014); OOP Serious Game (Lotfi & Mohammed,
2018); Software Kids (Ramirez-Rosales et al., 2016)

4 Games (Lehat et al., 2014); Pirate Plunder (Rose et al., 2019)

Empirical studies in Table 4 with an asterisk (*) have been classified based on the programming topics
they address according to our estimate

Additionally, various publications advocate for the teaching of abstraction
(33) and generalization (13) through the implementation of functions, whereas
other studies in this domain involve exercises related to fundamental object-ori-
ented programming (OOP) concepts like classes and objects (refer to Table 5).
The game Pirate Plunder (Rose et al., 2019) introduces players to the concept
of abstraction by teaching them how to identify duplicated code and eliminate it
through the use of repetitions and procedures. Additionally, OOP Serious Game
(Lotfi & Mohammed, 2018) instructs players on abstraction by engaging them
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Table 5 Studies classification according to the CT skills covered

CT Skills

Studies: game (reference)

Algorithmic thinking

39 studies

Decomposition
33 studies

Abstraction
33 studies

ARcode (Mina et al., 2022)*; AutoThinking (Malva et al., 2020); AutoTh-

inking (Hooshyar et al., 2021a); Bookworms (Korpi, 2014)*; BOTS (Liu

et al., 2017); BOTS (Zhi et al., 2018); ChIP (Sorrentino et al., 2017)*; Code
Venture (Hussain et al., 2015); Code.org (Kalelioglu, 2015); Codecombat
(Adémk(’), 2018)*; CodeFruits (Goyal et al., 2017)*; CodePlanet (Baek &
Oh, 2019)*; CodeSpells (Esper et al., 2014)*; CodeTracesure (Nche et al.,
2019)*; Coding Galaxy (Zhang et al., 2022a); Coding Galaxy (Zhang et al.,
2022b); Crocro ‘s Adventure (Forquesato, 2018); ENGAGE (Min et al.,
2020); GrACE (Horn et al., 2016a); GrACE (Horn et al., 2016b); ILE (Rios
et al., 2020); Kodetu (Eguiluz et al., 2017); Kodetu (Guenaga et al., 2021);
Ladybug (Fessakis et al., 2013); Ligthbot Code hour (Yallihep & Kutlu,
2020)*; Looking for Pets (Pessoa et al., 2019); Minerva (Lindberg & Laine,
2018)*; Minicolon (Ayman et al., 2018); Nameless game (Yuliana et al.,
2019); NanoDoc (Toukiloglou & Xinogalos, 2022)*; Penguin Go (Zhao &
Shute, 2019); Pic2Program (Utesch et al., 2020); Pirate Plunder (Rose et al.,
2019); Run Marco (Giannakoulas & Xinogalos, 2018)*; ScratchJr and Light-
bot (Rose et al., 2017); VR-OCKS (Segura et al., 2020); Zoombinis (Rowe
et al., 2017a); Zoombinis (Rowe et al., 2017b); Zoombinis (Asbell-Clarke
etal., 2021)

AutoThinking (Malva et al., 2020); AutoThinking (Hooshyar et al., 2021a);

Bookworms (Korpi, 2014)*; BOTS (Liu et al., 2017); BOTS (Zhi et al.,
2018); ChIP (Sorrentino et al., 2017)*; Code Venture (Hussain et al., 2015);
Code.org (Kalelioglu, 2015); CodeFruits (Goyal et al., 2017)*; CodeMonkey
(Israel-Fishelson & Hershkovitz, 2020); CodeSpells (Esper et al., 2014)*;
CodeTracesure (Nche et al., 2019)*; Coding Galaxy (Zhang et al., 2022a);
Coding Galaxy (Zhang et al., 2022b); Crocro’s Adventure (Forquesato,
2018); ENGAGE (Min et al., 2020); ILE (Rios et al., 2020); Kodetu (Eguiluz
et al., 2017); Kodetu (Guenaga et al., 2021); Ligthbot Code hour (Yallihep

& Kautlu, 2020)*; Looking for Pets (Pessoa et al., 2019); Minerva (Lindberg
& Laine, 2018)*; Minicolon (Ayman et al., 2018); Nameless game (Yuliana
et al., 2019); NanoDoc (Toukiloglou & Xinogalos, 2022); Penguin Go (Zhao
& Shute, 2019); Penguin Go (Liu & Jeong, 2022); Pirate Plunder (Rose et al.,
2019); Run Marco (Giannakoulas & Xinogalos, 2018)*; ScratchJr and Light-
bot (Rose et al., 2017); Zoombinis (Rowe et al., 2017a); Zoombinis (Rowe

et al., 2017b); Zoombinis (Asbell-Clarke et al., 2021)

ARcode (Mina et al., 2022)*; BOTS (Liu et al., 2017); BOTS (Zhi et al.,

2018); ChIP (Sorrentino et al., 2017)*; cMinds (Tsalapatas, 2015); Code.org
(Kalelioglu, 2015); Codecombat (Adémké, 2018)*; CodeFruits (Goyal et al.,
2017)*; CodeMonkey (Israel-Fishelson & Hershkovitz, 2020); CodePlanet
(Baek & Oh, 2019)*; CodeSpells (Esper et al., 2014)*; Coding Galaxy
(Zhang et al., 2022a); Crocro ‘s Adventure (Forquesato, 2018); ENGAGE
(Min et al., 2020)*; GrACE (Horn et al., 2016a); ILE (Rios et al., 2020);
Kids Block Coding Game (Forquesato & Borin, 2018); Kodetu (Eguiluz

et al., 2017); Kodetu (Guenaga et al., 2021); Ligthbot Code hour (Yallihep

& Kautlu, 2020)*; Looking for Pets (Pessoa et al., 2019); Nameless game
(Yuliana et al., 2019); OOP Serious Game (Lotfi & Mohammed, 2018);
Penguin Go (Zhao & Shute, 2019); Pic2Program (Utesch et al., 2020); Pirate
Plunder (Rose et al., 2019); Run Marco (Giannakoulas & Xinogalos, 2018)*;
ScratchJr and Lightbot (Rose et al., 2017); Software Kids (Ramirez-Rosales
et al., 2016); StoryCoder (Dietz et al., 2021); Zoombinis (Rowe et al., 2017a);
Zoombinis (Rowe et al., 2017b); Zoombinis (Asbell-Clarke et al., 2021)
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Table 5 (continued)

CT Skills Studies: game (reference)

Pattern recognition and ARcode (Mina et al., 2022); AutoThinking (Hooshyar et al., 2021a); Book-
Modularity worms (Korpi, 2014)*; BOTS (Liu et al., 2017); ChIP (Sorrentino et al.,

30 studies 2017)*; cMinds (Tsalapatas, 2015); Code.org (Kalelioglu, 2015); Codecom-

bat (Adémk(’), 2018)*; CodeFruits (Goyal et al., 2017)*; CodePlanet (Baek
& Oh, 2019)*; CodeSpells (Esper et al., 2014)*;CodeTracesure (Nche et al.,
2019)*; Coding Galaxy (Zhang et al., 2022a); Coding Galaxy (Zhang et al.,
2022b); ILE (Rios et al., 2020); Ligthbot Code hour (Yallihep & Kutlu,
2020)*; Looking for Pets (Pessoa et al., 2019); Minerva (Lindberg & Laine,
2018)*; Minicolon (Ayman et al., 2018)*; Nameless game (Yuliana et al.,
2019); NanoDoc (Toukiloglou & Xinogalos, 2022); Patrony (Barrén-Estrada
et al., 2022); Penguin Go (Zhao & Shute, 2019); Pic2Program (Utesch et al.,
2020); Pirate Plunder (Rose et al., 2019); Run Marco (Giannakoulas &
Xinogalos, 2018)*; StoryCoder (Dietz et al., 2021); Zoombinis (Rowe et al.,
2017a); Zoombinis (Rowe et al., 2017b); Zoombinis (Asbell-Clarke et al.,

2021)
Problem solving BOTS (Liu et al., 2017); cMinds (Tsalapatas, 2015); Code.org (Kalelioglu,
17 studies 2015); CodeMonkey (Israel-Fishelson & Hershkovitz, 2020); CodePlanet

(Baek & Oh, 2019); Coding Galaxy (Zhang et al., 2022b); ENGAGE (Min
et al., 2020); GrACE (Horn et al., 2016b); Kids Block Coding Game (Forque-
sato & Borin, 2018); Kodetu (Eguiluz et al., 2017); Ladybug (Fessakis et al.,
2013); Nameless game (Alghamdi et al., 2016); Nameless game (Alghamdi,
2017); Penguin Go (Liu & Moon, 2021); Penguin Go (Liu & Jeong, 2022);
Pic2Program (Utesch et al., 2020); RoboTIC (Schez-Sobrino et al., 2020)

Generalization ARcode (Mina et al., 2022)*; ChIP (Sorrentino et al., 2017)*; Codecombat

13 studies (Adémké, 2018)*; CodePlanet (Baek & Oh, 2019)*; CodeSpells (Esper
et al., 2014)*; ENGAGE (Min et al., 2020)*; Kodetu (Guenaga et al., 2021);
Ligthbot Code hour (Yallihep & Kutlu, 2020)*; OOP Serious Game (Lotfi &
Mohammed, 2018); Penguin Go (Zhao & Shute, 2019)*; Run Marco (Gian-
nakoulas & Xinogalos, 2018)*; ScratchJr and Lightbot (Rose et al., 2017);
Software Kids (Ramirez-Rosales et al., 2016)*

Debugging AutoThinking (Malva et al., 2020); AutoThinking (Hooshyar et al., 2021a);

13 studies BOTS (Liu et al., 2017); BOTS (Zhi et al., 2018); Coding Galaxy (Zhang
et al., 2022a); Coding Galaxy (Zhang et al., 2022b); Crocro’s Adventure
(Forquesato, 2018); ENGAGE (Min et al., 2020); Kids Block Coding Game
(Forquesato & Borin, 2018); Ladybug (Fessakis et al., 2013); Penguin Go
(Zhao & Shute, 2019); Pic2Program (Utesch et al., 2020); ScratchJr and
Lightbot (Rose et al., 2017)

Simulation AutoThinking (Malva et al., 2020); AutoThinking (Hooshyar et al., 2021a)
2 studies

Empirical studies in Table 5 with an asterisk (*) have been classified based on CT skillsthey address
according to our estimate

in activities that involve creating objects, categorizing objects based on their
classes, and appropriately assigning them to their respective parent classes.
Moreover, problem-solving activities were observed in 17 empirical studies
whereas testing and debugging activities were found in 13 studies. As an illustration,
Liu et al. (2017) offered students debugging exercises within a game called BOTS,
in order to introduce them to basic programming principles and examine their prob-
lem-solving behaviors. Furthermore, the game Crocro’s Adventure (Forquesato,
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2018) embraces a trial and error methodology by providing various means to dem-
onstrate to the player the unfolding events and pinpointing their mistakes, resem-
bling a debugging phase in programming. While debugging holds significant impor-
tance in CT (Grover & Pea, 2018; Shute et al., 2017), it is worth mentioning that
there is a limited body of empirical research investigating this particular facet of CT.

Due to the fact that multiple researchers have described CT using various pro-
gramming or computational concepts (Brennan & Resnick, 2012; Shute et al., 2017,
Tang et al., 2020), it becomes clear that in numerous educational interventions uti-
lizing programming games, the researchers evaluated students’ programming abili-
ties as an indication of their CT proficiency.

RQ2: What evaluation methods are utilized to gauge the effectiveness of educa-
tional games produced to teach young students CT and programming?

Evaluating the effectiveness of games is a crucial aspect of implementing the
game-based approach. Researchers have employed a variety of instruments, often
in combination, to gather data and evaluate how effective games created for inex-
perienced programmers are. A list of assessment methods currently utilized for the
previously mentioned games is displayed in Fig. 4.

The most popular testing method to examine non-cognitive learning outcomes
related to emotions and attitudes towards game-based learning methods is properly
designed perceptions/attitudes questionnaires (35), as shown in Fig. 4. In-Game
Evaluations (22) using learning analytics, or game logs, is another approach of eval-
uating the effectiveness of games in learners’ acquisition of new knowledge that has
been widely used by academics in recent years, as indicated by the data obtained
from the included empirical studies. Furthermore, researchers employed knowledge
pretests and posttests in also 22 experiments, where students’ knowledge was exam-
ined before and after using the suggested game-based technique. In addition, 13
studies were identified that used the observation method, in which the teacher used
informal assessment techniques during the teaching intervention, such as asking
questions or simply monitoring the students’ current performance on a task, while
11 studies used interviews to collect data.

Written exams

Notes

Evaluation Worksheets
Audio-Video recordings
Interviews

Observation

Knowledge
pre-tests & post-tests

In Game Evaluation

Perceptions/attitudes
Questionnaire

0 5 10 15 20 25 30 35 40

Fig.4 Measurement tools used in the studies
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Researchers prepared specially designed worksheets in five studies to exam-
ine if students can transfer the learned concepts to another field or to evaluate the
knowledge they have acquired, while, respectively, in five studies, the children’s
actions were video-recorded and transcribed or players’ audio recordings were car-
ried out during the game experience. Finally, in four empirical studies, researchers
took notes during the teaching intervention about the child’s performance or current
understanding, as well as any areas in which the student may require assistance (Sor-
rentino et al., 2017), whereas only 1 study used the written exam method, in which
students were asked to write and trace some code in CodeSpells (Esper et al., 2014).
Table 6 categorizes the studies based on the measurement instruments employed.

If we move away from the measurement tools to analyzing the evaluation meth-
ods utilized in the reviewed studies, we can see that both formative and summative
assessments are used. Formative and summative assessments are two commonly uti-
lized tools by teachers to evaluate student learning of new material and track their
progress in acquiring new knowledge (Dixson & Worrell, 2016). Formative assess-
ment refers to an ongoing process on collecting data during the learning process to
support student growth, while summative assessment utilizes data to evaluate the
extent of a student’s knowledge upon completing a learning process (Dixson & Wor-
rell, 2016).

The primary use of the knowledge pre-test/post-test method was for summative
purposes, aiming to present proof of the extent to which students have achieved pro-
ficiency in the knowledge and CT skills covered in the learning unit after the inter-
vention. Additionally, it sought to determine whether the intervention implemented
through a game had a notable influence. Utilizing learning analytics has the capacity
to offer valuable understandings into the process and results of students’ CT learn-
ing (Guenaga et al., 2021). Learning analytics were used in the studies both for sum-
mative and formative purposes depending on their utilization and the objectives they
served in the educational context. For instance, Lindberg et al. (2017) conducted a
formative assessment involving 32 elementary students to evaluate Minerva’s adap-
tation model. They gathered diverse game data and suggested enhancements for
the adaptation model based on the findings of the evaluation. Conversely, in For-
quesato’s (2018) study, learning analytics were employed for summative purposes
to investigate whether they could be a reliable alternative for determining if a user
gained knowledge while engaging with a CT mobile game.

Furthermore, observation predominantly served as a formative assessment
in the majority of the cases, aiming to offer assistance to students encountering
challenges (Karadeniz et al., 2014), evaluate children’s engagement and interest
during gameplay (Forquesato, 2018), and assess their current performance on a
task (Sorrentino et al., 2017). Additionally, interviews were primarily employed
for formative assessment, with the main objectives of investigating challenges
encountered during gameplay (Kalelioglu, 2015; Dietz et al., 2021), delving
deeper into students’ motivation and intention to use the game (Dietz et al., 2021;
Zhang et al., 2022a), exploring their perceptions of the game and the overall gam-
ing experience (Malva et al., 2020; Zhang et al., 2022a; Pila et al., 2019), gather-
ing their opinions on learning programming through a game (Demirkiran & Tansu
Hocanin, 2021; Dietz et al., 2021; Lindberg et al., 2017), and exploring students’
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perspectives on programming (Demirkiran & Tansu Hocanin, 2021; Lindberg &
Laine, 2018; Lindberg et al., 2017).

Taking notes (of the child’s current understanding) and audio—video record-
ings were utilized for formative assessment as well, capturing players’ activities,
facial expressions, gestures, and discussions during gameplay aimed to investi-
gate how participants developed and applied CT throughout the gaming activity.
Finally, the written exams method, was used only in one study and is typically a
summative assessment while in five separate studies, researchers employed evalu-
ation worksheets as a summative assessment method to ascertain whether stu-
dents were able to apply the learned concepts to different problems (Steinmaurer
et al., 2019, 2020) and to evaluate the extent of knowledge acquired by the chil-
dren (Fokides & Atsikpasi, 2017; Giannakoulas & Xinogalos, 2018; Karadeniz
et al., 2014).

In summary, the empirical studies analyzed employ a combination of summative
and formative assessments, which may be utilized independently or concurrently.
The choice between these approaches depends on the primary objectives of the
teaching intervention and the intended goals specific to each study.

Finally, concerning the methodology employed, the majority of studies are
focused on outcomes (outcome oriented), while a few studies concentrate on the pro-
cess (process oriented). Specifically, among all the examined studies, eight of them
compared game-based learning with the traditional learning method. These studies
involved the division of students into an experimental group which uses the game in
the learning process and a control group using a traditional learning approach, with
a subsequent comparison of the learning outcomes between the two groups at the
end of the intervention (Hooshyar et al., 2021a; Yallihep & Kutlu, 2020; Lindberg
& Laine, 2018; Alghamdi et al., 2016; Segura et al., 2020; Lehat et al., 2014; Rios
et al., 2020; Barron-Estrada et al., 2022).

The majority of the previous investigations were conducted in a formal learning
environment. In particular, 34 teaching interventions (56%) were mostly employed
in a formal environment, often in school labs, whereas 12 experiments (20%) were
conducted in a non-formal setting. Finally, five studies (8%) were done in an infor-
mal learning environment, while ten studies (16%) did not indicate the experimental
design. Figure 5 illustrates the learning context in which the empirical experiments
included in this research were carried out. In our perspective, the prevalence of stud-
ies carried out within a formal setting highlights the significant interest within the
research community in integrating these educational programming games as a tool
for fostering CT in students in the learning process.

Another significant aspect of the evaluation process in the studies included is the
number of participants, which is depicted in Fig. 6. With the exception of five (5)
experiments in which more than 700 students participated, the mean sample size of
participants in the remaining studies is 46. In particular, 38 empirical studies with
up to 50 students were discovered, 13 studies with more than 50 and up to 100 stu-
dents, and 5 studies with more than 100 and up to 200 students. In some studies,
the limited number of participants is stated as an issue that prevents results from
being generalized (Giannakoulas & Xinogalos, 2018; Forquesato 2018; Yallihep &
Kutlu, 2020). The research of Eguiluz et al. (2017) had the biggest data set with

@ Springer



Journal of Computers in Education

Fig.5 Studies’ learning context
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Fig.6 Studies’ participants sample size

3555 participants, meanwhile another study with data from 2040 participants using
Codemonkey (Israel-Fishelson & Hershkovitz, 2020) was also recorded.

RQ3: Do educational games for CT and programming targeted to young students
have a positive effect on learning the underlying concepts?

In order to answer the research question, the educational games reported in the
61 selected studies were categorized and analyzed. Regarding the studies’ cognitive
results, the categorization is determined by the skills, the programming concepts or
the proposed topics they examine, as well as the evaluation results. Table 7 classi-
fies the studies based on the cognitive outcomes they present. In addition to cog-
nitive results, studies have been conducted to investigate additional factors such as
student attitudes, affective outcomes, and the quality of the user interface design.
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Table 8 classifies the studies according to these additional factors. Because many
studies examine several parameters at the same time, such as participants’ cognitive
improvements in CT skills or understanding of certain programming concepts after
the instructional intervention, or their attitudes toward learning programming both
before and after using an educational game, the commentary and analysis of their
results are reported in both Tables 7 and 8.

The majority of the studies (39) that investigated the effectiveness or the impact
of games on the acquisition of the proposed topics reported positive results. Also, 8
studies found no significant improvement after the teaching intervention, whereas no
study demonstrated a negative effect.

Table 8 shows that the affective outcomes and students’ attitudes regarding learn-
ing programming, particularly utilizing a game-based method, are generally positive.
The majority of studies that examined students’ views on learning programming
through games found beneficial results. The research discovered that incorporating
programming games in the teaching process is an effective way to encourage and
engage young students in CT activities. In our estimate, this approach also helps
boost their self-assurance (Esper et al., 2014; Zhang et al., 2022b) and initiates their
integration into the field of computer science.

Eguiluz et al. (2017) and Guenaga et al. (2021) employed questionnaires to col-
lect data on students’ personal characteristics such as age, gender, educational level,
prior programming expertise, and attitudes towards technology, in two empiri-
cal studies employing Kodetu. The extent to which students’ personal character-
istics impact their performance in grasping CT skills and their learning progress
constituted one of the study issues addressed in these investigations. Additionally,
Guenaga et al. (2021) created a specialized tool with the objective of interpreting
Kodetu logs. This tool facilitates the examination of the log data enabling the gen-
eration of metrics that aid in the comprehension of the CT acquisition process and
outcomes in novice programmers. Authors concluded that age and gender are vari-
ables that affect CT performance and furthermore, combining Learning Analytics
and other evaluation techniques can help alleviate the burden on teachers when man-
aging a substantial number of students, particularly in obtaining data that would be
strenuous to gather manually.

The objective of Forquesato’s (2018) study was to assess the efficacy of Learn-
ing Analytics as a method for determining whether user acquired knowledge while
playing a mobile game centered on CT. The teaching intervention involved allowing
29 children, aged between 7 and 11, to play the game on a smart phone for around
50 min on two separate days. The results indicated that the game is a valuable tool
for promoting the development of CT skills in children as young as seven. Addition-
ally, the study affirmed the effectiveness of analytics as a technique for recognizing
the acquisition of CT knowledge.

Zhao and Shute (2019) assessed the cognitive and emotional impacts of partici-
pating in the video game Penguin Go as well as the influence of a specific game
component, known as ‘“constraints,” which limits the number of blocks used in a
solution. Pre- and post-tests were administered to assess students’ CT abilities, while
a survey was utilized to assess students’ views regarding CS. The findings indicated
that playing Penguin Go significantly improved students’ CT skills, whereas the

@ Springer
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added restrictions had negligible impact on their learning. In addition it was found
that although the game did not alter the students’ perception of computer science,
the supplementary limitations in the game had an adverse effect on their attitude
towards the subject.

Based on these results, Liu and Jeong (2022) conducted a study using the game
Penguin Go without the feature of limitations on the number of blocks, examining
the impact of supports in CT skills cultivation. The study aimed to investigate how
in-game support affects students’ CT skills and their ability to transfer these skills to
various problem-solving contexts beyond the game. The findings indicated that the
students’ performance in the game was not enhanced by the use of supports. How-
ever, the students’ CT skills were found to have significantly improved at the near
transfer level, but not at the far transfer level.

Toukiloglou and Xinogalos (2022) presented a serious game called NanoDoc
that aims to teach sequencing and loops to primary school students that incorporates
adaptive supports with working examples, providing some preliminary results on the
game’s usage by students and an evaluation of the user’s experience with the game.
After participating in a 45-min play session in the school’s computer lab under a
teacher’s supervision, 85 elementary school children from the same school, aged 10
to 12, anonymously responded to an online questionnaire. The students expressed a
distinct liking towards learning programming through games and displayed an over-
all positive attitude towards the game’s mechanics, features, and support system.

An experimental research on primary school pupils was done by Hooshyar et al.
(2021a) to evaluate the efficacy of Autothinking, an adaptive game, in comparison
to a conventional learning approach. The authors utilized a pre-post testing method
to assess the CT knowledge of students and pre-post questionnaires to measure stu-
dents’ attitude towards learning CT. According to the findings, the game was more
successful than the traditional approach in improving students’ CT abilities, and also
had a greater positive impact on their attitudes toward CT.

A similar strategy was used in a research by Yallihep and Kutlu (2020), which
used a pretest—posttest methodology to determine how students’ knowledge of pro-
gramming concepts and attitudes about technology is affected by mobile serious
games. The researchers formed two sets of students, where the experimental group
utilized the Lightbot game while the control group followed the traditional teaching
approach. Both before and after the research, both groups underwent an achieve-
ment test and a survey. Results showed that experiment group pupils significantly
improved their knowledge on programming fundamentals in contrast to the other
group and that there was no discernible improvement in the students’ attitudes
toward the “Information Technology”.

Barrén-Estrada et al. (2022) presented Patrony, an educational game app for
mobile devices, designed to encourage the growth of CT among 8-10 year old chil-
dren by instructing and exercising their ability to identify patterns. In order to com-
pare the efficiency of learning pattern recognition using the Patrony tool with a con-
ventional learning technique, the authors conducted an experiment with two groups
of students using pre-post test evaluation. The findings validated that teaching pat-
tern recognition through the app was more efficient than the conventional learning
method.

@ Springer
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During their experiment investigation, Kandroudi and Bratitsis (2016) observed
two groups of two children. The students first played the game Kodable to introduce
themselves to a new programming concept, and then they were requested to create
their personal story with Scratch]Jr using similar game instructions. The sequence of
interaction with the two environments was reversed on some days. According to the
observation of students, the authors concluded that utilizing the game Kodable ini-
tially followed by Scratchlr, facilitated students’ comprehension of basic program-
ming concepts.

Karadeniz et al. (2014) conducted another case study that relied on observations.
The researchers studied how experiential games and the game Kodable taught fun-
damental programming concepts to 5-year-old students. According to the results,
students had a positive experience playing Kodable and demonstrated proficiency
in both the game’s activities and the assessment sheets that were designed for the
purpose.

In a formative mixed-method review of Minerva, Lindberg and Laine (2018)
compared the learning outcomes of 32 Korean sixth graders who played the game
against 32 sixth graders who studied the same topics using handouts. Researchers
gathered information over a two-week period using a questionnaire, interviews, and
a Code.org-inspired memory test that assessed how well players remembered infor-
mation delivered in the game as opposed to on paper. According to the findings,
there was no significant difference in memory retention between the two groups
whereas the game was found to increase student engagement.

Demrkiran and Tansu Hocanin (2021) conducted a study to assess the percep-
tions of fifth-grade elementary school students regarding the idea of programming,
using the Minecraft Hour of Code. Sixty-three pupils were requested to complete the
14 Minecraft Hour of Code challenges, while the researcher observed and encour-
aged them throughout the process. Following the completion of the specified task
in a computer lab, researchers collected information by utilizing a questionnaire and
conducting interviews. The findings revealed that the game helped students grasp
programming concepts and develop a favorable outlook on programming, despite
any preconceived notions they may have had.

In another research, Pessoa et al. (2019) tested an early version of the game
“Looking for Pets” to assess usability and game flow from the user’s perspective.
The tests were conducted in two stages. The usability was confirmed in the first
phase with three experienced game players using the Nielson heuristic assessment,
while the MEEGA +KIDS test, which assesses twelve categories, was used in the
second step, with ten kids aged 10-13 years. In terms of usability, the game obtained
an average score over 60% in the majority of metrics, and in terms of game flow, the
majority of the assessed criteria received excellent scores, indicating that the game’s
elements are suitable as an appealing tool for the younger audience. Furthermore,
according to preliminary tests, the game helps with the development of CT abilities
like breaking a problem into smaller pieces, recognizing patterns in the data, and
coming up with a set of steps to reach the solution, demonstrating its potential to
work in the educational sphere and provide significant positive effects for learning.

In Table 9 a classification of the studies’ results based on some different dimen-
sions they examined is presented.
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Table9 Studies classification, according the results regarding other dimensions

Other dimensions No studies ~ Studies: game (reference)
Collaboration vs independent learning 1 GrACE (Horn et al., 2016a)
Difficulty of Game 3 CodeMonkey (Israel-Fishelson & Hershkovitz,

2019); CodeMonkey (Israel-Fishelson & Her-
shkovitz, 2020); GrACE (Horn et al., 2016b)

Evaluate Adaptation Model of Game 2 Kodetu (Eguiluz et al., 2020); Minerva (Lindberg
etal., 2017)

GrACE, a game that promotes CT through Procedural Content Generation
(PCG) and collaboration, was the subject of an experimental pilot research by
Horn et al. (2016a). Long-term objectives of the authors included investigating
the educational value of PCG integration in educational games, both in collabora-
tion and in individual conditions during gameplay, and developing a suitable puz-
zle design to promote CT in young pupils. Forty-three students participated in the
experimental teaching, and they were separated into two groups with one of the
groups working individually and the other cooperatively. The students were given
pre-tests, pre-questionnaires, and assigned specific tasks in the laboratory. The
study’s primary results revealed that collaboration had a lesser impact on the stu-
dents’ improvement, suggesting that more investigation is necessary to improve
collaboration in games and that PCG improved learning gain, in the group of stu-
dents who worked individually.

Israel-Fishelson & Hershkovitz (2019), investigated students’ micro-per-
sistence in learning CT using a Learning Analytics technique in CodeMonkey.
Being persistent in finding the optimal way to finish a task is the behavior of
micro-persistence. The authors examined only the correct solution attempts made
by the 119 elementary school students who used the learning platform. The find-
ings revealed that the difficulty of the task has an impact on students’ micro-per-
sistence, and factors such as the complexity of the task and a support provided by
a teacher, may be more effective in explaining persistence than individual traits.

In another study, Lindberg et al. (2017) tested Minerva with 33 South Korean
sixth-graders with the objective of analyzing Minerva’s adaptation model. The
researchers used a post-test survey, interviews, and log data, to gather appropri-
ate information about players and how the game adjusts its level complexity to
the player’s profile. The evaluation results produced suggestions for Minerva’s
adaptation model and highlighted a room for improvement, especially in the way
educational content is presented to players.

Due to the significant increase in the amount of empirical research incorporat-
ing games into the learning process, along with promising initial findings on their
effectiveness in promoting CT skills, it is suggested that future studies of a simi-
lar nature should strive to include a larger pool of participants. This would enable
a more reliable generalization of the learning outcomes. Furthermore, we hold
the belief that to enhance our comprehension of the educational impact of games,
it is crucial to employ a diverse range of tools. Consequently, we consider the use
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of different assessment measures to gauge the effectiveness of games in the ana-
lyzed empirical studies as a step in the right direction.

Conclusions
Conclusions

The main objective of this study was to identify the most recent empirical research
on the application of educational games for teaching young students’ CT skills and
basic programming concepts, as well as to explore the effects of these games on
the cultivation of the aforementioned skills. To that end, we examined 61 empirical
studies concentrating on the primary school age group that were chosen after search-
ing the literature over the previous twelve years (2010 until September 2022).

In terms of the programming concepts covered by the identified studies, it was
discovered that the most extensively covered notions by academics and game devel-
opers are fundamental programming concepts such as sequence, selection, and
iteration, whilst OOP concepts and recursion are the least covered. Maybe this is
because these notions need a high degree of abstraction, which makes it challeng-
ing to teach them to elementary school students who have not yet mastered abstract
thought (Zaharija et al., 2013). As highlighted by Relkin et al. (2021), taking into
account these challenges and other developmental aspects is of utmost importance
when developing educational programs specifically targeted at teaching CT to young
children (Papadakis, 2021). In addition, regarding the CT skills that games seek to
cultivate in learners, it appears that the majority of them aim to develop algorithmic
thinking, decomposition, abstraction, as well as pattern recognition and modularity,
which are skills recognized by numerous researchers (Brennan & Resnick, 2012;
Atmazidou & Demetriadis, 2016; Shute et al., 2017; Grover & Pea, 2018), as fun-
damental elements of CT. Additionally, in terms of debugging, it has been observed
that there is a scarcity of empirical studies focusing specifically on this aspect of CT.

Moreover, academics have used a range of tools, frequently in tandem, to col-
lect data and assess the effectiveness of games designed for inexperienced program-
mers. Most often, perceptions/attitudes questionnaires are used to investigate typical
emotional learning results, especially for the purpose of studying the incentives and
perspectives related to learning techniques that utilize games. It was also found that
in-game evaluations utilizing learning analytics, or game logs, was another popular
technique to measure the efficacy of games in learners’ acquisition of new knowl-
edge, while researchers in several studies preferred employing pre-test and post-test
procedures. Observations during game play, interviews with players, and even rel-
evant worksheets constitute some of the extra data gathering methods employed by
the researchers. Additionally, Learning Analytics approaches which may have the
potential to provide students with personalized feedback on their performance and
compare it with that of the entire group can help alleviate the burden on teachers
when managing a substantial number of students, particularly in obtaining data that
would be strenuous to gather manually (Guenaga et al., 2021). Although it appears
that learning analytics techniques is a useful way to recognize the acquisition of CT,
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some details are unlikely to be captured using this approach to gather data alone
(Forquesato, 2018). Therefore, it is necessary to use additional techniques like
observing and conducting interviews, which all together could form “integrated
assessment systems” providing an overall view of student understanding (Guenaga
et al., 2021). Consequently, we believe that in order to improve our understanding of
the educational influence of games that aim to cultivate CT skills, it is essential to
utilize a wide variety of tools to measure their effectiveness.

Shifting our focus from the measurement tools to the evaluation methods
employed in the analyzed studies, we observe the utilization of both formative and
summative assessments. The selection of these approaches is contingent upon the
main objectives of the teaching intervention and the particular goals set for each
study. Moreover, in relation to the methodology employed, it was observed that the
majority of studies have a primary focus on outcomes, adopting an outcome-ori-
ented approach. On the other hand, a smaller number of studies center their attention
on the process itself, adopting a process-oriented perspective.

The majority of the studies that looked into the efficiency or impact of games
on the acquisition of the suggested topics (39 out of 47) reported positive results,
demonstrating that educational programming games can assist elementary school
students in developing CT abilities or understanding fundamental programming
concepts. Moreover, no study showed a negative impact, whereas 8 investigations
reported no appreciable change following the instructional intervention. The results
of this research unequivocally demonstrated a strong positive impact of using an
educational game as a teaching tool for CT skills and basic programming concepts
to elementary school kids. Students established a good attitude toward programming
through game-based activities, and the utilization of programming games proved to
be a powerful motivator for young children in engaging them in CT activities. Fur-
thermore, it is advised that in future studies of a similar nature, which examine the
educational impact of games specifically designed to foster CT skills, researchers
should make an effort to involve a broader range of participants. This would facili-
tate a more dependable generalization of the learning outcomes.

Nevertheless, one aspect that appears to be absent from the relevant research
included in this study is player collaboration during the game. There was just one
publication that examined the aspect of collaboration, indicating that future research
may look into how participants communicate during the game and how this impacts
their efficacy in obtaining new knowledge. Additionally, the research findings show
that another area that has not been thoroughly examined thus far is the adaptation
of the game’s level to the player’s profile, as well as the manner in which the edu-
cational information is delivered to the player. Taking these factors into account, we
can infer that there is still opportunity for progress in these domains and that further
research is necessary to tap into these possibilities.

Although this study has some limitations that are presented in the next subsec-
tion, it also has a distinct contribution in the field. Specifically, this study could be
used as a basis for further experimental research on the impact of games on pro-
gramming and CT skills among students. This could also include exploring the
acceptance of using such games for teaching programming and acquiring CT skills,
among both teachers and students. Also, this study may be helpful to educators who
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often express a lack of knowledge on effectively integrating a game-based learn-
ing strategy into their lessons or to policymakers looking for methods to incorpo-
rate CT education into the curriculum. Finally, the SLR recorded various important
approaches, such as collaboration and adaptation, which are missing from existing
games and has highlighted areas of future work that can have a unique impact on the
design and more effective application of educational games for cultivating CT skills.

Limitations

There are some limitations in the provided literature review that need to be pointed
out. To start with, it is possible that there are research papers that were not incor-
porated into the articles we have selected because some digital research databases
could not be accessed. As a result, certain publications could not be collected or
analyzed. Furthermore, a considerable number of empirical studies involved a lim-
ited number of individuals in the intervention process, thus making it challenging to
extend the efficacy of these investigations to a broader population.

Future work

In line with the research questions of this paper, emphasis is placed on investigating
CT skills and programming concepts, as well as the methodology and the results of
the relevant studies. In the analysis and discussion of results, the games on which the
studies were based are listed, as we believe that the type and the elements of a game
may have an effect on learning outcomes. However, the study of the specific charac-
teristics of the games was not included in the objectives of this SLR. Although the
majority of the related studies demonstrated positive cognitive and affective results,
it is crucial for future research to conduct an SLR that explores what types of educa-
tional games for programming and CT exist, what their distinct characteristics are,
as well as their suitability as tools for cultivating CT skills considering children’s
age.

Additionally, it would be intriguing for researchers to look into unresolved con-
cerns and missing characteristics from the games being examined, such as collabo-
rative play, adaptation to learner profiles and assistance for developing personalized
lesson plans. Afterwards, they can integrate these characteristics into an improved
educational game platform, and conduct additional experiments to investigate how
these features affect the learning process.
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