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Integrating computational thinking, game design,
and design thinking: a scoping review on trends,
applications, and implications for education

Chih-Hung Wu', Yu-Cheng Chien?, Mei-Tzu Chou' & Yueh-Min Huang3™

This study integrated the fields of computational thinking (CT), game design, and design
thinking through a scoping review, exploring their research development trends, as well as
their applications and implications for education. A scoping review of game-design-based
learning in CT literature was conducted, with a focus on technology-enhanced learning and
high-impact factor journals published in the ScienceDirect (SDOS) and ISI Web of Science
(IS) databases. The study analyzed various factors, including different levels of education,
development tools, game development task difficulty, length of learning tasks, cognitive and
emotional measurement constructs in game design, research trends, and the status of CT
skills. This study combined the concept of design-thinking process, integrating CT and game-
based learning topics with design thinking, to propose a human-centered, innovative edu-
cational design process for CT and game-based learning. Future studies could further explore
the effects of emotional aspects and differences in cognitive levels, as well as the emotional
effects of various subject concepts or prior knowledge/experience, gender, national, or cul-
tural differences. This study offers a comprehensive understanding of the trends and
dynamics in the integration of CT, game design, and design thinking to facilitate continued
research and advancements in the field of game-based learning for CT education.

Introduction

omputational thinking (CT) is a fundamental 21st-century skill (Voogt et al., 2015).

Furthermore, it has become increasingly common in K-12 education (Chevalier et al.,

2020; Hsu et al., 2018; Lee et al., 2020; Lye and Koh 2014). Programming can effectively
cultivate CT and help K-12 students enhance their problem-solving abilities (Lye and Koh
2014). Previous scholars (Chevalier et al., 2020) also pointed out that CT can serve as a problem-
solving model and even be extended to younger or older students. Additionally, CT is not limited
to the field of computer science but can also be applied to K-12 STEM disciplines (science,
technology, engineering, and mathematics) (Lee et al., 2020). Therefore, CT has increasingly
attracted attention in K-12 education to address different disciplines and problems.
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Researchers have classified CT teaching activities into
unplugged and plugged course activities (del Olmo-Muiioz et al.,
2020; Saxena et al., 2020; Tsarava et al., 2017). Unplugged courses
use physical props such as blocks, gears, board games, and in-
class worksheets to teach students the basic concepts of CT.
Plugged CT courses mostly involve digital games such as Scratch
(Resnick et al., 2009) and Code.org (Kalelioglu, 2015), where
students learn programming by dragging and assembling code
blocks to play games, making learning simpler and easier to
understand. Through training with a graphical programming
interface, students apply the learned concepts to solve problems,
thereby improving their computational thinking skills (Barradas
et al., 2020; Garneli and Chorianopoulos 2017; Pila et al., 2019;
Rodriguez-Martinez et al.,, 2020; Wong and Jiang 2018). Gen-
erally, CT learning activities, courses, and games are combined to
cultivate CT. Examples include combining English classes with
board games (Hsu and Liang 2021) and math classes with Scratch
(Rodriguez-Martinez et al., 2020). The essence of educational
games is to allow learners to acquire knowledge. Many studies
have also confirmed that cultivating CT through games not only
improves elementary students’ learning motivation, willingness,
and efficiency but also makes learning enjoyable because of the
fun nature of games (Hooshyar et al., 2020; Sharma et al., 2019;
Turchi et al.,, 2019).

CT is a creative process (Wing, 2019), and its relationship
with design thinking (DT) and critical thinking is important, as
it is a critical dual process for solving design problems (Boom
et al., 2022; Kelly and Gero 2021; Li et al., 2023b; Taimur et al.,
2022; Wang, 2024). CT education utilizes programming to
transfer learners’ target tasks and associations to other fields,
and learners can acquire skills and knowledge by creating their
own programs and games. Therefore, CT education can create a
learning environment by actively using design-based learning
(DBL) rather than passive teaching (Jun et al, 2017). Design
thinking is a creative way to solve problems, providing struc-
tured and systematic methods for problem-solving. This dual
strategy of computational and design thinking requires learners
to design and create games themselves, rather than learning
from existing learning environments, which can more effec-
tively stimulate their creativity and encourage their interest.
Participation in game design involves playing games, as well as
modifying or attempting to improve and change them (Mel-
ander Bowden, 2019). Students have the opportunity to receive
formal and spontaneous critique, which can provide feedback
for the creator and an understanding of future design work
(Tucker-Raymond et al., 2019). Simultaneously, effective
improvements in self-efficacy, learning attitudes, and partici-
pation can be achieved (Tsai et al., 2021). Game design thinking
as a learning process can be used to encourage learners to
engage deeply in learning activities (Choi and Noh 2021; Kelly
and Gero 2021; Zhang et al,, 2022).

CT games include problem-solving, building algorithms,
debugging, simulation, and socializing (Boom et al., 2022;
Kazimoglu et al,, 2012; Kite et al., 2021). Therefore, the com-
plexity of the game and the age range of the players should be
considered when designing games. Several studies have con-
ducted repeated testing on students of different ages (Leonard
et al., 2018; Ostovar-Namaghi et al., 2023; Papavlasopoulou et al.,
2019; Papavlasopoulou et al., 2020). In addition, the practical
process of designing CT games involves not only cognitive
learning but also emotions and engagement (Apiquian et al,
2020; Ostovar-Namaghi et al., 2023; Zainuddin, 2023). Sponta-
neous flow and emotional experiences are the basis of game
complexity, and enjoyment and high engagement in the game
experience are correlated with the game experience itself (Mel-
ander Bowden, 2019).

2

With the growing popularity of technology education, Com-
putational Thinking (CT) has become an essential skill across all
educational levels. Integrating CT into learning activities through
game design enables students to engage with programming and
problem-solving in a more interactive and enjoyable way. How-
ever, students at different educational stages face unique chal-
lenges in understanding and applying CT concepts. Therefore, it
is crucial for educators to design suitable learning activities and
develop effective evaluation methods. This study aims to explore
how to design and assess CT learning activities based on game
design, focusing on the following two research questions:

How can CT-based game design activities improve the learning
outcomes of K-12 students? This research question seeks to
analyze how CT teaching activities enhance students’ learning
outcomes, addressing the following sub-questions: (1) CT devel-
opment tools for different educational levels: analyzing tools
suitable for students from K-12 to higher education. (2) Educa-
tional levels and learning difficulties analysis: exploring challenges
students encounter across different stages of learning. (3) Ana-
lysis of learning task duration: examining how the design of task
duration impacts learning effectiveness. (4) Cognitive and affec-
tive analysis based on game design: investigating the emotional
and cognitive development of students participating in game
design activities. (5) Application of CT skills in game design:
analyzing how students develop and apply CT skills within game
design activities.

How can CT and design thinking (DT) be integrated to
enhance students’ problem-solving abilities? Beyond the ana-
lysis mentioned above, this study also aims to explore ways to
integrate Design Thinking with CT and investigate how these two
frameworks can complement each other to foster creative
problem-solving in learning environments. By combining CT
with DT, the research will further examine how to develop
effective teaching strategies to enhance student performance
across different disciplines. This question will prompt researchers
to explore the best practices for integrating computational
thinking and design thinking, as well as how to design a learning
environment that encourages students to deeply engage in
learning activities, how to evaluate the effectiveness of such a
learning environment, and how to adjust it according to the needs
of students in different age groups.

Computational thinking consists of four key components:
decomposition, pattern recognition, abstraction, and algorithm
design. CT skills enhance learners’ logical reasoning (Wu and
Richards 2011) and cognitive abilities (Wu and Richards 2011).
CT emphasizes a logical and systematic approach to problem-
solving, which, when applied to game design, helps designers
develop programming logic and structure the flow of game levels
(Wu and Richards 2011).

Design Thinking is a user-centered creative process that
includes the iterative steps of empathizing, defining, ideating,
prototyping, and testing. With DT, game designers not only
address the technical aspects of game development but also create
games that meet user needs and are engaging (Liu, 2024).

Previous research has primarily focused on the integration of
CT with game design or DT with game design. However, few
studies explore how CT, DT, and game design can be integrated.
Game design heavily relies on problem-solving skills, and both
CT and DT play a crucial role in enhancing these abilities.
Therefore, this study aims to explore the relationship between
CT, DT, and game design. Through analysis, the study proposes
how these three elements can complement each other in teaching
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Fig. 1 Research goal. Revised from (Freepik, 2023b).

and learning design, fostering learners’
solving skills, and hands-on abilities.

This study integrated the fields of CT, game design, and design
thinking. Research development trends in these three fields were
presented through a scoping review. Their applications and
implications for education are also presented as shown in Fig. 1.
Thus, we identified trends in game design activities for CT based
on the integration and analysis of relevant literature. We also
analyzed these trends using the design-thinking process, which
includes empathizing, defining, ideating, prototyping, testing, and
implementing. This study demonstrates how the main research
focuses on age groups, complexity, difficulty, game characteristics,
and emotional aspects have changed since 2014. Based on a
review of relevant research and our experiences, this study
provides several key points that should be emphasized in CT
education for game design activities to facilitate further research
and communication.

creativity, problem-

Method

To review the relevant literature, we conducted a scoping review.
Scoping reviews are useful when it comes to examining inter-
esting features and concepts, that is, examining the substantial
reports on CT and game design, clarifying the key concepts or
definitions, and reviewing studies, rather than determining the
feasibility of game design in CT. The instructional intention of
game design in CT is to ask learners to design and develop their
own games. Learners must adhere to design-thinking principles
to complete their game projects. To match the appropriate
learning level, learning tasks must be tailored to learners’ age at
different task levels, and the development tools required for
making games should be provided. Learners also need to clarify
game requirements considering the game’s purpose to practice
and create their games. Emotional factors also play an important
role in this process. Learners’ active involvement and positive
participation will affect their teamwork and learning-by-doing,
and in repeated testing and critical thinking, peer and teacher
opinions will refine the game further.

Therefore, this study reviewed game design-based learning in
CT in educational and learning papers published in the Science-
Direct (SDOS), ISI Web of Science (ISI), Elsevier’s Scopus (Sco-
pus), Web of Science (WOS), and Education Resources
Information Center (ERIC) databases, mainly focusing on
technology-based learning and high-impact factor journals such
as ACM Transactions on Computing Education, Computers &
Education, Computers in Human Behavior, Educational Tech-
nology Research and Development, Interactive Learning

Table 1 Number of published papers in journals.
Journal Title SCI/SSCI Papers
ACM Transactions on Computing Education SCI 3
Asia-Pacific Education Researcher SSCI 1
Behaviour & Information Technology SSCI 1
Cognitive Systems Research SSCI 1
Computers & Education SSCI 2
Computers in Human Behavior SSCI 3
Education and Information Technologies SSCI 8
Educational Technology Research and Development SSCI 3
IEEE Access SCI 1
Interactive Learning Environments SSCI 2
International Journal of Stem Education SSCI 1
International Journal of Science Education SSCI 1
International Journal of Technology and Design SSCI 1
Education
Journal of Research on Technology in Education SSCI 1
Journal of Science Education and Technology SSCI 1
Journal of Teacher Education SSCI 1
Learning Media and Technology SSCI 2
Total 33
Environments, and others within our search scope. Three

researchers experienced in game design-based learning in CT
used the keywords “Game & CT,” “Game-Design & CT,” and
“Design Game & CT” to search for journal articles in the Science
Citation Index (Demartini et al., 2024) and Social Science Cita-
tion Index (SSCI) of the SDOS and ISI databases. The initial
search found a total of 240 articles. To refine our search, three
researchers read the list of articles and selected only those that
included experimental activities that used game design for CT
learning and were written in English as the final review list.
Publications such as book reviews, letters, and editorials, as well
as those that only use “game” for CT learning and those written
in languages other than English, were excluded. Finally, 33
journal articles related to game design-based learning in CT
education were obtained, as shown in Table 1.

Based on the data-collection procedure, we first identified
journal articles in the education/learning field from 2010 to 2024
and reviewed 33 studies on game design-based learning in CT.
Table 2 provides an overview of these studies in terms of the year,
country, subject, education level, and type of development tool
used, as shown in Table 2.

Results

CT development tools for different educational levels. This
section focuses on examining student education levels as a mea-
sure. After reviewing the 33 studies, we first examined the
development tools used in CT education based on game designs.
As shown in Table 3, the development tools can be divided into
graphical user interface (GUI), text-based language (TBL), visual-
based language (VBL), and virtual reality (VR). Most studies use
VBL as the main teaching and development tool in game design,
as shown in Table 3 and Fig. 2. The GUI and TBL were used with
the ARIS platform and Python as programming tools, respec-
tively. Studies that use VBL as a development tool can be further
categorized into AgentSheets, Alice, MIT App Inventor, MS
Kodu, Scratch, and the hybrid use of AgentSheets/AgentCubes
and Scratch/ModKit, as shown in Table 4 and Fig. 3.

Analysis of different educational levels and learning difficul-
ties. Therefore, this study analyzed the development tools and
difficulty levels of learning tasks by our collected data and cate-
gorized them as simple or advanced, as shown in Table 5. As
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Table 2 Background information on reviewed articles.

Collaborative Learning

Primary author (year of Country Subject Educational level Building tools
publication)
(Werner et al,, 2014) USA Maker Innovators K7-K12 Alice 2.2 or Storytelling Alice
(Repenning et al.,, 2015) USA Workshop of creating an K7-K12 AgentSheets
artifact
(Leonard et al.,, 2016) USA CT and Climate science K1-K12 LEGO® EV3 robotics & AgentSheets/AgentCubes
(Scalable Game Design software)
(Jun et al,, 2017) South Korea Arts K1-K6 Scratch
(Leonard et al., 2018) USA Science and Arts Adult LEGO® EV3/NXT and AgentSheets/AgentCubes
(Munoz et al., 2018) Chile Civic issue (e.g., wildfires, K1-K12 Scratch
animal adoption, pollution)
(Melander Bowden, 2019) Sweden STEM K1-K6 Scratch
(Cheng, 2019) China Programming workshop K1-Ké6 MIT App Inventor
(Papavlasopoulou et al., 2019)  Norway Computer Science K1-K12 Scratch and Arduino
(Richard and Giri 2019) USA Programming curriculum K7-K12 Makey Makey, Scratch, Lilypad Arduino and ModKit
(Tucker-Raymond et al., USA Informatics K7-K12 Scratch
2019)
(Melander Bowden and Swedish Computer Science K1-Ké Scratch
Aarsand 2020)
(Hava et al., 2020) Turkey STEM—+Arts K1-K12 MS Kodu
(Litts et al.,, 2020) USA STEM K1-K12 ARIS platform
(Newton et al., 2020) USA Climate K1-K6 LEGO® EV3, AgentSheets
(Papavlasopoulou et al., Norway Workshop of creating an K1-K12 Arduino and Scratch
2020) artifact
(Saritepeci, 2020) Turkey Maker Innovators K7-K12 Scratch (and storyboardthat.com, Voki, audacity,
Powtoon, Animaker, Adobe Spark, Moovly, or
Wevideo... etc.)
(Wong and Cheung 2018) Hong Kong CT and Climate science K1-Ké MS Kodu
(Seralidou and Douligeris Greek Arts K7-K12 Scratch
2021)
(Agbo et al., 2021) Nigeria Science and Arts Adult Buliding Tools: VR game-based smart learning
environment (SLE); OnlineTools: Zoom, WhatsApp
(Cakir et al., 2021) Turkey Civic issues (e.g., wildfires, K1-K12 Python
animal adoption, pollution)
(Tsai et al.,, 2021) Taiwan STEM Adult Scratch & Arduino
(Tucker-Raymond et al., USA Programming workshop Adult Scratch
2021)
(Agbo et al.,, 2021) Nigeria CT skill + OCD Adult SLEs for VR mini games
(Gentile and Lieto 2022) Italy Mathematical + STEM skills Adult Unity3D
(Othman et al.,, 2023) Malaysia CT K4-K6 Scratch
(Agbo et al., 2023) Nigeria/ Virtual Reality (VR), CT K7-K9 Unity3D, iThinkSmart
Finland
(Jiang et al.,, 2023) China Game Design, CT K7-K9 Computational Puzzle Design (CPD) Framework
(Tikva and Tambouris 2023)  Greece Programming, CT K7-K9 aMazeD
(Zhang et al.,, 2023) Hong Kong/ Coding, CT K4-Ké Coding Galaxy
China
(Fanchamps et al., 2024) Netherlands SmartGames, CT K2-Ké6 LEGO® EV3, Bomberbot
(Cheng et al., 2023) Taiwan STEM K4 Scratch
(Yeoh et al., 2024) Taiwan Scientific Inquiry, Adult TrainED

Table 3 Building tools in the reviewed articles.

K1-Ké K7-K12 K1-K12 Adult Total
GUI 1 1 1 3
TBL 1 1
VBL 9 7 5 4 25
VR 2 2 4
Total 10 10 7 6 33

shown in Fig. 4, the game design tasks were designed to be more
complex as the learners’ educational level increases, and con-
versely, simpler as the educational level decreases.

Advanced game design tasks can be further divided into three
categories: robotics, teaching strategies, and complex tasks, as
listed in Table 6. We found seven studies that used robotics as a
game task, where students used Arduino or LEGO® EV3 to design
games. The teaching strategy category included four studies that
incorporated creativity, critique, and interactive pages as teaching
strategies for learning tasks. The sophisticated game design
category included four studies that used complex calculations to
implement game designs or games designed for specific purposes.

Fig. 2 Building tools.

= GUI

TBL =VBL =VR
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Analysis of learning task duration. In terms of the length of the
game design tasks, this study classified the task duration into
three categories: one-time experimental activities with a dura-
tion of less than a month, middle- to long-term experimental
activities with a duration between 1 month and 1 semester, and
long-term experimental activities with a duration exceeding
1 semester. Tables 7 and 8 show that as game tasks in CT
become more difficult, more time is required because an ade-
quate game length is necessary to design complex game tasks.
As shown in Fig. 5, advanced game design tasks require more
time than simpler tasks.

Table 4 VBL in the reviewed articles.

K1-K6é K7-K12 K1-K12 Adult Total
AgentSheets 1 1 2
AgentSheets/AgentCubes 1 1 2
Alice 1 1
MIT App Inventor 1 1
MS Kodu 1 1 2
Scratch 3 3 3 2 n
Scratch/ModKit 1 1
Total 6 6 5 3 20
12
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Fig. 3 VBL tools.
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CT in cognitive and affective analysis based on game design. To
examine the degree to which cognitive and affective aspects are
emphasized in CT-based game designs, we examined the
dimensions measured and analyzed in our collected data, which
can be divided into cognitive, affective, and combined
cognitive and affective analyses. The results are presented in
Tables 9 and 10, respectively. The cognitive aspect was considered
important, regardless of the educational level or task difficulty,
whereas the current research trend considers both cognitive and
affective aspects as important constructs, with less emphasis on
effectiveness alone. Overall, both the effective and cognitive
dimensions are more important at an advanced level.

As mentioned, the affective dimension has gradually received
more attention in CT education. Therefore, this study investi-
gated further the emotional constructs used in our collected data,
and the results are shown in Table 11 and Fig. 6. The analysis
shows that most studies consider attitude as an important
indicator of the CT impact on game design. Therefore, nine
studies measured learners’ attitude dimensions. Self-efficacy is the
next most important dimension.

Analysis of CT skills in game design. In terms of the CT skill
evaluation indicators, this study referred to the CT game char-
acteristics defined by Kazimoglu et al. (2012), which include
problem-solving, building algorithms, debugging, simulation, and
socializing. Based on the above content, this study separately
counted and scored the game characteristics according to our
collected data. Each characteristic fulfilled was given 1 point. If
the score exceeded 3, it was considered CT-high, and vice versa, it
was considered as CT-low. As shown in Table 12, the higher the
age group of the participants, the more game characteristics that
need to be met in the game design, and the higher the score of CT
skills. Conversely, the lower the age group, the lower the CT skill
score. In addition, we found that when game tasks became more

Table 5 The education level and task degree of game design-
based learning.

K1-Ké6 K7-K12 K1-K12 Adult Total
Simple 7 3 3 2 15
Advance 3 6 4 5 18
Total 10 9 7 7 33
K1-K12 Adult

mSimple ® Advance

Fig. 4 Education level and task degree of game design-based learning.
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Table 6 The education level and advanced task of game design-based learning.
Category Detail K1-Ké6 K7-K12 K1-K12 Adult Total
Robotics (7) Arduino 1 2 1 4
LEGO® EV3 3 1 1 5
Teaching Strategy (4) Creativity 1 1 2
Critique 1 1
Interactive page 1 1
Multidimensional scaffolding 1 1
Sophisticated Game Design (4) Computationally sophisticated: Patterns and Mechanics 1 1
Science Technology Engineering & Mathematics simulations 1 1
Serious Games 2 2
Skyscrapers 1 1
VR-iThinkSmart 1 1
Total 2 6 5 4 20
Table 7 Analysis of game design task length among various Table 9 Analysis of cognitive and affective domain
building tools. measurement among various education levels.
Once Middle Long Total Cognitive Affective Affective & Cognitive Total
GUI 4 4 K1-K6 5 1 4 10
TBL 1 1 K7-K12 4 5 9
VBL 9 12 4 25 K1-K12 3 4 7
VR 2 1 3 Adult 3 4 7
Total 16 13 4 33 Total 15 1 17 33
Table 8 Analysis of game design task length (simple vs. Table 10 Analysis of cognitive and affective domain
advanced). measurement among simple and advanced tasks.
Once Middle Long Total Cognitive  Affective  Affective & Cognitive  Total
Simple 7 8 0 15 Simple 9 1 5 15
Advance 9 5 4 18 Advance 6 12 18
Total 16 13 4 33 Total 15 1 17 33
10
. Table 11 Analysis of measurement variables in the affective
. domain.
F
¢ Affective Number
2 Attitude 11
. [ ‘ Self-efficacy 6
\ \ Engagement 3
¢ ‘ ‘ Self-interest 3
z ‘ ‘ Social 2
1 ‘ Cognitive effort 2
0 I Outcome expectancy 1
onee Hadte i External assistance & external encouragement 1
mSlmete; MAcvance Workshop experience 1

Fig. 5 Analysis of game design task length.

difficult, the CT skill score for game design increased. If the task
was relatively simple, the CT skill score would be lower, as shown
in Table 13.

In contrast, from the analysis of the cognitive and affective
aspects of game design, this study found that most studies still
tend to assess learners’ affective and cognitive levels simulta-
neously, despite the number of CT game characteristics. However,
when game design is more focused on the cognitive level, fewer
game characteristics are used in learning, and their CT skill scores
are relatively lower, as shown in Table 14.

6

Discussion

Integration of CT, DT, and game design. Design thinking
comprises of three main stages and six steps. The first stage
(Understand) included 1. Empathize and 2. Define. The second
stage (Exploration) consists of 3. Ideate and 4. Prototype. The
third stage (Materialize) encompasses 5. Test and 6. Implement.
The Integration of Integration of CT and design thinking in
Education Game design is illustrated in Fig. 7.

Design thinking is a human-centered problem-solving meth-
odology and has been proven high correlation with DT and CT
(Li et al., 2023a). Integration DT of practice and application could
enhance learners’ interdisciplinary collaboration and co-creation
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Fig. 6 Analysis of measurement variables in the affective domain.

Table 12 Analysis of CT skills among various education
levels.

Table 14 Analysis of CT skills among cognitive and affective
domains.

Table 13 Analysis of CT skill between simple and advanced
tasks.

CT-Low CT-High Total
Simple 13 2 15
Advance 6 12 18

(Constantinou and Rybska 2024; Wang, 2024). By focusing on
human needs, it seeks innovative solutions to various issues and
creates more possibilities. Therefore, the research results combine
the concepts of the design-thinking process to integrate CT and
game-based learning topics with design thinking, proposing a
human-centered innovative educational design process for CT
and game-based learning. The explanation for this is as follows in
Table 15.

CT assessment framework. Wu and Huang (2020) proposed the
CT assessment framework-LUPDA theory (learn, use, practice,
design, apply, analyze) as the set of relevant assessment principles
for STEM and CT concepts in game design (Wu and Huang
2020). The study provided an illustration of STEAM teaching
activity that develops an artificial intelligent (AI) webcam game
about detection of hand gestures (scissors, stones, or cloth). The
game integrates deep learning techniques to develop a rock-
paper-scissors game that can be executed through Micro:bit To
reduce the development difficulty for learners, the study uses
Micro:bit’s block-based graphic programming language, com-
bined with built-in deep learning modules, allowing learners to
get started quickly. Another LUPDA study adopted and reviewed

CT-Low CT-High Total CT-Low CT-High Total
K1-Ké6 6 4 10 Cognitive 9 6 15
K7-K12 5 4 n Affective 1 1
K1-K12 5 2 5 Affective & Cognitive 9 8 17
Adult 3 4 7 Total 19 14 33
Total 19 14 33

LUPDA theory through the STEAM learning activities of the
Micro:bit-Bostacle Avoidence Car (Chien et al., 2020). These
results align with the analysis results of this study. Due to the
complexity of game development, the study proposes several
educational recommendations:

(1) Select tools based on learner ability and task difficulty.

For different learner levels and task complexities, appropriate
game development tools should be chosen. For beginners, block-
based graphical tools like Scratch or LOGO are more suitable. For
advanced tasks, text-based programming languages like Python
or C# can be used. Research results indicate that simpler tasks
often use graphical tools, while advanced tasks are more suited to
text-based tools, handling more complex features and function-
alities in educational game development (Cafarella and
Vasconcelos 2024).

(2) Integrating CT and DT in game development

Based on different learning tasks and the learner’s prior
knowledge, selecting the appropriate development tools and task
duration (long or short), and combining the design concepts of
CT and DT can effectively help students successfully complete
game development with educational significance (Cafarella and
Vasconcelos 2024). This approach not only enhances learners’
sense of achievement and satisfaction but also improves their
motivation and engagement, which in turn enhances learning
outcomes (Tran, 2019).

(3) Using the LUPDA framework for CT assessment

For the assessment of CT in different learning tasks, the
LUPDA framework can be used to evaluate learners’ familiarity at
different stages of learning. LUPDA provides an assessment
structure that covers each step of CT and different aspects of
STEAM, evaluating learners across six stages: learn, use, practice,
design, apply, and analyze. LUPDA proposes a detailed
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Fig. 7 Integration of CT and design thinking in Education Game design. Revised from (Freepik, 2023a).

Design Thinking

Table 15 Integration of CT and design thinking in Education Game design.

Implications and applications

Empathize

Define

|deate

Prototype

Test

Implication

The first step in design thinking is to establish empathy. By approaching from the user’s perspective, the true issues that users
experience can be identified. Therefore, based on the conclusions in Tables 5 and 7, this study suggests that during teaching and
game development, the learners’ educational levels and prior knowledge should be considered. The choice of development tools and
game task design should be divided into simple and advanced levels, providing different degrees of difficulty and learning task
durations for learners of different grades or varying knowledge levels in teaching tasks and development tools.

The second step in design thinking is defining needs (Define). Through empathy planning from the previous step, an appropriate
needs definition is established. Based on the conclusions of Table 6, this study suggests that educators should plan suitable game
design goals according to the appropriate need definition and plan suitable tools, hardware, and software choices, as well as select
the best teaching strategies, such as adopting interactive or sophisticated game design approaches.

The third step in design thinking is creative ideation (Ideate). The results of the needs definition from the previous step are used to
generate numerous possible solutions through creative ideation. This study suggests integrating the steps of CT through
Decomposition, Pattern recognition, Abstraction, and Algorithm to analyze problems and ultimately propose the best possible
solution. At this stage, problems can be decomposed through CT to break down complex needs definition issues into smaller, more
understandable, and more manageable subproblems. Then, through Pattern recognition, similarities between problems can be
identified, assisting in the contemplation of the best possible solutions.

The fourth step in thinking is Prototype. This step involves creating a prototype to establish a tangible outcome. At this stage,
Abstraction and Algorithm from CT can be applied to consider which development tools to choose for building the prototype. Based
on the conclusions of Tables 3 and 4, learners with different educational levels and prior knowledge could select different
development tools. For example, younger learners might opt for GUI-based development tools (such as Kodu) or block-based
development tools such as App Inventor and Scratch. More experienced learners in higher grades can choose traditional text-based
development tools, such as Python or C#.

The fifth step in design thinking is Test & Implication. Testing involves using the prototype from the previous stage to interact with
learners, allowing them to test whether their output is executed correctly and to observe their learning effectiveness and difficulties.
At this stage, Abstraction and Algorithm from CT can be applied, enabling learners to review their abstraction and algorithm for
feedback and revision, thereby reinforcing their learning. Simultaneously, teachers can use the learners’ game development
outcomes and user reactions during this stage to assess whether the specified games can be developed correctly and quickly, to
redefine and revise requirements or improve teaching strategies and gain deeper insights into the learning status.After reviewing the
literature in this study and based on the analysis of Tables 9 and 10, understanding the learning status should consider not only the
cognitive but also the affective domain. In the field of game design, measuring the affective domain is becoming an increasingly
important topic. Currently, few studies consider both cognitive and affective domains simultaneously. Future research should
evaluate both domains together.

In the implementation stage of game design, according to the analysis in Tables 12, 13, and 14 regarding CT skills, the level of CT skills
is closely correlated with the educational level and the simplicity or difficulty of game design tasks. The higher the age group and the
more complex the learning tasks, the greater the number of required CT skills. Conversely, the lower the age group and the simpler
the learning tasks, the fewer CT skills are needed.

assessment framework and indicators, which are helpful for point: minimal, 2 points: solid evidence, and 3 points: exceeds
researchers and educators in assessing learners’ familiarity with  expectations) for teachers and researchers to evaluate learners’
CT and their progress at various learning stages, assigning performance at different stages of CT (Chien et al., 2020; Wu and
corresponding scores. This framework offers concrete indicators Huang 2020). The Guidelines for educators in LUPDA are shown
and scoring mechanisms (Chien et al., 2020) from 1-3 points (1  in Fig. 8, and detailed indicators are provided in Fig. 9.
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Main
purposes
Learn

STEAM Guidelines for educators

Science The STEAM activities and courses in science part could focus on
teaching students how to study and understand science content.
The STEAM activities and courses in technology part could focus
on training students how to properly use technology. tools. and
coding

The STEAM activities and courses in engineering part could
focus on training students how to properly use tools to assemble
various materials in their work. Educators can design several
activities to help students practice how to use these tools.

The STEAM activities and courses i art part could focus on
training students how to design beautiful unique works based on
art theories. The teacher uses the designed activity to help stu-
dents enhance their ion and creativity.

The STEAM activities and courses in math part could focus on
training students how to use math to apply or analyze data and to
discover trends in data.

Technology | Use

Engineering | Practice

Ant Design

Math Apply

Analyze

Fig. 8 Guideline for educators of LUPDA theory with STEAM game activity
(Wu and Huang 2020).

LUPDA
theory
Learn

Computational
thinking
Decomposition | +1

STEAM Score | Assessment principle

Science Being able to divide the science problem
into several sub problems.

+2 Being able to understand every useful sci-
ence concepts or theories or algorithms for
sub problems.

+3 Being able to choose/use science correctly
according to specifications in each sub
problems.

The ability to figure out the pattem for each

Pattern +1

recognition sub problems.
+2 The ability to select the most appropriate
science concept in each patterns.
+3 Using science correctly in each patterns.
Abstraction +1 The ability to design/plan several science
sub programs to solve the problem.
+2 Can choose the most appropriate science
concepts/theories/algorithms and apply it in
different sub problem and patterns.
+3 Knowing how to build a good system or
model (e.g. Al model).
Algorithm +1 Being able to design the flowchart that

includes system/model/experimental hy-
potheses and then verify them.

+2 The ability to collect data and analyze the
experimental/simulation results.
+3 Making generalizations and reasonable

inferences based on the results of analysis

Teaching activity: Building and training AI models

Fig. 9 Framework of assessment principles for the STEAM science
dimension (An illustration of science dimension) (Wu and Huang 2020).

Future researchers can use this framework to evaluate learning
outcomes or the attitude and assessment questionnaire of CT in
computer science classes that proposed by (Cafarella and
Vasconcelos 2024). They can also adjust the evaluation criteria
at each stage according to different learning tasks and the
learners’ backgrounds, thereby developing more suitable assess-
ment tools for learning.

Conclusion

This study reviewed research trends of game design in CT
learning. The results showed a significant increase in the number
of papers published recently, with major contributions from
researchers in the United States. Empirical studies on game
design in CT learning have mainly focused on K-12 education as
the primary research sample, which explains the importance of
CT in K-12 education and the mainstream trend in targeting
K-12 students. In terms of development tools, we found that
visual programming based on Scratch is the main learning and
development tool used in CT education, and most studies have
used Scratch as a game development tool. Furthermore, some
interdisciplinary strategies, such as educational robotics, creativ-
ity, and critical thinking, have been used in recent game design
studies on CT. Based on these results, we believe that the current
research trends have directionality and will provide benefits for
researchers and educators in their future work.

Although various methods for assessing CT have been
addressed, recent research trends, including game design in CT
learning, have moved beyond simple cognitive evaluation and
have begun to incorporate affective considerations. For example,
self-efficacy and attitude are the most used measures for assessing
learners’ engagement in game-making activities, and they com-
bine cognitive and affective factors to comprehensively evaluate
learning and understand learners’ progress. In terms of game
design analysis, we confirmed that most studies tend to con-
currently evaluate learners’ effective and cognitive levels. There-
fore, future research could further investigate the impact of
affective aspects and differences in cognitive levels and explore
the affective effects of various disciplinary concepts or prior
knowledge/experience, sex, and national or cultural differences.

This study examines the trends and current state of research in
game design, focusing on different groups’ learning stages,
learning tasks, and the tools used for development through a
scoping analysis. Research results explore the impact of game
design with CT and DT on education and learning. The findings
provide valuable insights for future research, particularly in the
areas of equity, accessibility, and scalability.

The integration of CT, DT, and game design can be supported by
constructionism theory (Harel and Papert 1991). Constructionism
theory suggests that learners construct knowledge most effectively
when they actively engage in creating meaningful products (Harel
and Papert 1991; Kynigos, 2015). Through participation in game
design, students use CT to develop and program game mechanics,
while applying DT to enhance the user experience, thereby con-
structing knowledge through iterative design and computational
tasks (Liu, 2024).

The relationship between CT, DT, and game design demon-
strates how these three elements complement each other in
teaching and learning contexts, fostering learners’ creativity,
problem-solving abilities, and hands-on skills. In integrated
applications within game design, CT provides the logical and
structural framework, while DT introduces creativity and
improvements in user experience. Constructionism emphasizes
that learners can develop new knowledge and deepen their con-
ceptual understanding through hands-on activities and direct
experience, such as game design. Research shows that combining
CT and DT in game design not only enhances learners’ creativity
but also strengthens their logical thinking and problem-solving
abilities (Cafarella and Vasconcelos 2024).

In addition, combining CT, DT, and game design can address
significant educational issues such as equity, accessibility, and
scalability in these directions.

(1) Equity

Incorporating CT and DT into game design courses helps create
an interactive and easy-to-understand learning environment. For
example, a previous study analyzed 200 elementary school students
who participated in a 10-week coding program using engaging and
accessible content with the Blocky programming language in
code.org. This effectively enhanced the students’ computational
thinking skills. The study showed that applying CT to solve complex
problems can attract students from different backgrounds and
varying levels of prior knowledge. Using DT helps design suitable
educational programs, allowing underrepresented groups to learn
computational thinking in an enjoyable and accessible way, pro-
moting educational equity (Tran, 2019).

(2) Accessibility

Combining game design and design thinking helps create a
more inclusive learning environment. Design thinking empha-
sizes understanding user needs, which can assist teachers in
designing personalized learning experiences that cater to diverse
learning requirements. Integrating game design with CT and DT
allows learning to be tailored to different needs, especially for
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learners with disabilities or those lacking access to traditional
educational resources. For instance, using block-based program-
ming languages in game development can lower the entry barriers
for students unfamiliar with coding, making educational content
more accessible to all learners. This is particularly helpful for
students who might struggle or feel frustrated in traditional text-
based programming courses (Cafarella and Vasconcelos 2024).
The algorithm design component of computational thinking
helps students grasp complex programming concepts more easily.
By utilizing graphical game design tools like Scratch, students can
overcome the technical challenges of coding, enhancing partici-
pation for learners with various disabilities (Cafarella and
Vasconcelos 2024).

(3) Scalability

Game design with CT and DT can provide scalable solutions
suitable for various educational environments. Through CT with
DT concept to design scalable game design models, educators can
implement these concepts across different settings, from middle
school to graduate programs. For example, previous studies using
scalable game design have demonstrated success in teaching
computer science, from K-12 to graduate levels, highlighting its
adaptability and scalability (Basawapatna et al., 2010). Therefore,
future researchers, whether conducting studies with students of
different grade levels or other learning groups, can benefit from
the findings of this research. The results not only provide sub-
stantial contributions to educational practice but also serve as a
foundation for future related studies, helping to develop new
theories or apply them in different contexts.

In summary, by integrating CT, game design, and DT, edu-
cational systems can create more equitable, accessible, and scal-
able learning environments, addressing broader educational
challenges (Basawapatna et al., 2010; Cafarella and Vasconcelos
2024; Tran, 2019).

(4) Educational implications

Game design is a complex and innovative process that requires
the integration of computational thinking (CT) and design
thinking (DT) to effectively address various challenges. Com-
bining CT and DT can significantly enhance problem-solving
abilities, thereby improving game design capabilities. The inte-
gration of these two thinking approaches helps designers create
games that are both challenging and aligned with user needs,
ultimately improving players’ problem-solving skills. Further-
more, by integrating CT and DT into game development, learners
can further foster CT and DT skills (Chen and Huang 2017;
Woanglang et al., 2024; Wu and Richards 2011).

Computational thinking in game design. The core of CT
includes decomposition, pattern recognition, abstraction, and
algorithm design. Applying CT in game design learning helps
designers analyze the game’s architecture, processes, system
development, and logic. Through decomposition, complex game
elements (such as characters, animations, and code) can be bro-
ken down and analyzed to find effective solutions and workflows.
Pattern recognition allows the analysis of player behavior and
game dynamics, aiding in the modular design of smarter enemies
and more challenging game scenarios. Using abstraction and
algorithm design, developers can more efficiently handle pro-
gramming, character development, and scene design.

A previous study (Wu et al.,, 2024) conducted a systematic
review of 37 articles collected from the WOS database. The
results reveal that computational thinking skills represent a
new paradigm in problem-solving. The stages of computa-
tional thinking—including decomposition, pattern recogni-
tion, abstraction, and algorithm design—are closely related to
enhancing problem-solving abilities.

10

Design thinking in game design. Design Thinking (DT) is a
user-centered problem-solving approach that emphasizes
understanding user needs, proposing innovative ideas, and
rapidly iterating tests. When applied to learning game design, DT
helps designers analyze user requirements and approach the
design from the player’s perspective. This includes designing
educational game features and proposing innovative concepts,
creating engaging and educationally meaningful games from the
learner’s point of view. By incorporating DT processes, game
design can be continuously optimized. For example, using DT
methods allows designers to prototype the game’s core
mechanics and quickly adjust based on user feedback, improving
playability and ensuring the game has educational value. DT
emphasizes human-centered innovation, aiming to understand
user needs, propose creative solutions, and iterate through test-
ing. In game design education, DT helps learners create more
engaging and educationally meaningful games that meet user
needs, allowing players to enjoy the game while achieving the
design objectives (Wanglang et al., 2024).

In summary, CT provides techniques for handling complex
problems, including decomposition, pattern recognition, and
algorithm design. In game design, CT helps designers
accurately analyze game logic and development mechanisms.
Through algorithm design, they can develop game mechanics
and player interaction systems. This is crucial for enhancing the
completeness, playability, and educational significance of game
development (Chen and Huang, 2017; Wu and Richards 2011).
For example, a previous study (Wanglang et al., 2024)
developed a combined game-based learning approach with
design thinking using block-based programming to enhance
computational thinking and creative games through platforms
like SCRATCH or LOGO (Wu and Richards 2011). Design
thinking is a creative, human-centered, participative, explora-
tory, and problem-solving process. A previous study proposed a
curriculum framework for K-12 students using a block-based
game tool, APP Inventor, to foster computational thinking
(Chen and Huang 2017).

Overall, the combination of CT and DT makes game design
more effective and focused on the educational goals of the players.
This not only enhances learners’ problem-solving and innovation
skills during game design development but also improves the
quality of the game (Wanglang et al., 2024).

Research limitation. Several research limitations are described
as below. (1) Scope limitation: This study only selected litera-
ture involving actual game development and the use of games
for experimental research. As a result, theoretical or conceptual
studies were excluded. This may limit the broader under-
standing of the relationship between game design and com-
putational thinking. We suggest that future researchers expand
the scope to incorporate a broader sample size, potentially
exploring additional research methods or timeframes to achieve
greater inclusivity. Future studies could expand the database
selection to include a wider range of sources, such as open-
access journals or specialized repositories, to provide a more
comprehensive view. (2) Language limitation: due to language
constraints, this study only includes English-language literature
for analysis, excluding non-English publications. This may lead
to a biased understanding of the global landscape of the
research field. Future studies could consider including multi-
lingual literature to obtain a more comprehensive perspective.
These limitations have been outlined in the research findings,
and it is recommended that future studies expand the language
range and types of research to achieve a more comprehensive
analysis.
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