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ABSTRACT

Purpose — This study has investigated the use of the SUPCATH educational game in science classrooms
to explore students’ computational thinking skills. SUPCATH is an innovative educational game that
combines elements of action and strategy.

Methodology — This study involved 21 seventh-grade students from a public secondary school in East Java,
Indonesia. The study sample was selected through purposive sampling. The research employed a qualitative
approach, with data collected through observations, semi-structured interviews, and gameplay recordings.
Content analysis was used to examine students’ computational thinking processes as these were
demonstrated during gameplay and reflected in their classroom interactions and verbal responses.

Findings — The study revealed that students could solve open-ended problems by applying structured and
logical reasoning throughout their gameplay. Their engagement with tasks involving decomposition,
abstraction, and algorithmic thinking indicated a growing capacity for systematic problem-solving.
Students showed increased enthusiasm and persistence when iterating solutions, often verifying outcomes
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using data-driven approaches. These patterns suggest that the SUPCATH game effectively fosters analytical
thinking and enhances core computational thinking skills.

Novelty — The novelty of this study lies in its detailed development of the SUPCATH educational game,
an interactive and immersive learning tool which has been specifically designed to cultivate students’
computational thinking skills through structured science content on substance pressure. Unlike existing
educational games that emphasize general problem-solving or coding activities, SUPCATH directly
integrates core elements of computational thinking into the context of the secondary science curricula. Its
classroom implementation offers a subject-specific and pedagogically grounded approach that enhances
students’ engagement and cognitive development.

Significance — This study highlights the potential of game-based learning which could the integration of
computational thinking in science education. The findings provide practical guidance for science teachers
in designing classroom activities that promote structured thinking and problem-solving.

Keywords: Computational thinking, educational games, logical reasoning, science classroom learning,
secondary students, systematic thinking.

INTRODUCTION

The dynamic era of the 21st-century requires every individual to think logically and solve problems
systematically. Computational thinking is critical for K-12 education because it helps students understand
how technology works and improves their ability to analyze complex issues (Yadav et al., 2016). Skills that
promote the ability to engage in logical thinking and systematic problem solving are what all 21st-century
pupils at all educational levels should develop, as these abilities will develop a problem-solving mindset
(Angeli & Giannakos, 2020; Zhang & Nouri, 2019). Shute et al., (2017) defined computational thinking as
a process that involves formulating issues and solutions, with alternative solutions implemented more
effectively and efficiently. Computational thinking is a cognitive process involving rational, logical
thinking in solving problems; it is through such a rational and logical mode of thinking that artifacts,
methods, and systems are better understood (Kayhan et al., 2024). Computational thinking involves several
high-level skills (Lee & Malyn-Smith, 2019; Sung & Black, 2020). That is why providing students with the
set of required skills to solve higher-order thinking problems will help them deal with increasingly complex
and dynamic developments in the future.

Implementing computational thinking is an exciting and challenging vision for future learning. This is
because computational thinking involves multiple levels of cognition that can be applied across subjects
and disciplines in science, technology, engineering, mathematics, social sciences, and literacy (Kiigiikaydin
& Cite, 2024; Lee & Malyn-Smith, 2019). Computational thinking is an intellectual process involving the
use of a set of skills (Wing, 2006). From a pedagogical perspective, computational thinking skills can
deepen the learning of mathematics and science content (Sung & Black, 2020; Weintrop et al., 2016).
Furthermore, computational thinking can provide a variety of intellectual and noncognitive advantages
(Zhao & Shute, 2019). Students can significantly connect their thinking and problem-solving skills through
contextual study. In the context of the secondary school, computational thinking skills are rarely applied
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because students perceive them as complicated and challenging to master (Handayani et al., 2022). They
are unfamiliar with computational thinking skills, such as solving more straightforward problems and
recognizing patterns (Handayani et al., 2023). One promising direction is using educational games which
will align directly with the prevailing curriculum content, offering students an engaging, interactive, and
cognitively stimulating environment for practicing computational thinking (Lu et al., 2022).

An educational game is characterized by interactive learning experiences in an exciting environment
(Yaman et al., 2023). Games can boost pupils’ attention, intellectual strength, and motivation. Wang and
Zheng (2020) argued that educational games are more effective at achieving student outcomes than
conventional learning. Weintrop et al., (2016) and Wu (2018) have pointed out that educational games
provide new experiences for students to develop their computational thinking skills and encourage their
interest in programming. The game is enjoyable, and fascinating for individual and collaborative efforts
(Cai etal., 2025). Therefore, incorporating games into learning can be an alternative for students to practice
computational thinking in a more enjoyable and engaging manner. However, despite the growing interest
in game-based learning, most previous studies have focused on general CT skills in programming-heavy
contexts, often overlooking how these skills are naturally enacted within domain-specific science topics.
Furthermore, there is a lack of empirical evidence detailing the step-by-step cognitive process of students
as they navigate science challenges through gameplay. The present study fills this gap by exploring how
secondary students demonstrate specific computational thinking dimensions within a science classroom
setting. The findings offer new insights into integrating CT into the science curriculum and will provide
design implications for teachers seeking to use games as a tool for systematic problem-solving.
Consequently, the research question posed is: How do students demonstrate computational thinking skills
through playing educational games in their science classrooms?

LITERATURE REVIEW
Computational Thinking Skills in Learning

Computational thinking is a way of thinking and acting demonstrated through specific performance-based
skills (Liu, 2024; Wang et al., 2018). It is a fundamental thinking skill involving logical reasoning to solve
complex problems (Sen, 2023). Computational thinking is analytical and precise thinking that consists of
implementing computational systems to clarify and solve problems (Chen & Chung, 2024). Alfayez and
Lambert (2019) stated that computational thinking is an intellectual skill, a practice, and a set of methods
for solving complex problems. Computational thinking skills are not limited to computers but are universal
because they involve the mind in meaningful thinking processes. The scope of implementing computational
thinking is comprehensive, including knowledge, attitudes, and general practices (Adanir et al., 2024). Most
of the literature characterizes computational thinking as a multifaceted skill set comprising abstraction,
algorithmic thinking, problem decomposition, and debugging (Turchi et al., 2019). Abstraction is the ability
to think at several levels and model the main components of an issue by dismissing unnecessary information
(Xing & Zeng, 2024). Algorithmic thinking is the capacity to develop procedures as ordered steps to
accomplish solutions (Bayeck, 2024). Problem decomposition breaks complex concerns into manageable
components and units (Pan et al., 2024). Debugging focuses on identifying and correcting errors when
algorithms fail to produce the intended solution (S.-J. Chen et al., 2025). These interrelated skills highlight

120



Malaysian Journal of Learning and Instruction, Vol. 23, Number 1 (January) 2026, pp: 118-138

the multifaceted nature of computational thinking as both a cognitive process and a practical approach to
learning and problem-solving.

Integrating computational thinking into classroom instruction offers students a more authentic and
contextualized learning experience that aligns with the demands of future careers (Araujo et al., 2019).
Beyond technical skills, computational thinking supports cognitive and noncognitive abilities, such as
analytical reasoning, mathematical thinking, and overall academic performance (Boucinha et al., 2019; Wu
& Yang, 2022). As a foundational skill, computational thinking not only enhances students’ problem-
solving capacity, but also encourages deeper engagement with complex and meaningful content (Lee &
Malyn-Smith, 2019; Sung & Black, 2020). When embedded in learning, it reshapes students’ perspectives
on knowledge and fosters thinking strategies essential for navigating future challenges.

Despite the recognized importance of these skills, there is a notable gap in practical pedagogical approaches
that integrate computational thinking into science classrooms in ways that are engaging and accessible to
students (Yadav et al., 2016). Traditional teaching methods tend to fail in motivating students or provide
meaningful opportunities to develop computational thinking (Angeli & Giannakos, 2020). Many learning
designs still focus on procedural knowledge and rote learning, offering limited space for exploration,
problem-solving, and iterative thinking—core aspects of computational thinking (Hooshyar et al., 2020).
As a result, students often struggle to transfer these abstract skills to real-world scientific problems,
especially in content-heavy subjects.

Teaching Computational Thinking Skills through Educational Games

Educational games have increasingly gained recognition as a practical instructional approach to support the
development of computational thinking (CT) in K12 learning environments (Liu, 2024). Unlike traditional
instructional methods, educational games offer interactive, dynamic, and student-centered learning
experiences that can transform how students engage with complex content. These games are not merely
tools for entertainment but serve as structured pedagogical frameworks that align with curriculum goals
and support teaching and learning processes (Li & Li, 2025).

Research has shown that educational games enhance student outcomes, including problem-solving abilities,
motivation, engagement, and computational thinking skills (Stohlmann, 2023). For example, Wanglang et
al., (2024) found that well-designed educational games significantly improved students’ conceptual
understanding and CT competencies. Similarly, Ayman et al., (2018) and Wang et al., (2023) emphasized
that game-based learning encouraged students to actively participate in class activities, which is considered
critical for fostering deep learning and sustained interest. One of the key strengths of educational games
lies in their ability to simulate real-world problems and help visualize abstract concepts. This makes
learning more contextual, practical, and meaningful for students (Hsu et al., 2018; Wang et al., 2020). When
students are immersed in problem-solving scenarios through gameplay, they are more likely to apply skills
such as decomposition, abstraction, and algorithmic thinking in authentic ways.

Moreover, the design elements embedded in educational games, such as clear goals, role-based challenges,

real-time feedback, compelling storylines, opportunities for collaboration, and reward mechanisms, they
play a vital role in increasing students’ intrinsic motivation and engagement with computational thinking
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(Agbo et al., 2021; Alfaro-Ponce et al., 2023; Kim et al., 2022). These elements make learning enjoyable,
foster persistence in tackling complex tasks, and create a safe space for experimentation and failure, which
is essential for developing CT skills. In sum, educational games provide a unique blend of cognitive
challenge and motivational support, making them a valuable strategy for embedding computational thinking
in the science classroom.

Overview of the SUPCATH Educational Game

The term “SUPCATH” stands for substance-pressure computational thinking. This game has six levels and
was developed to build students’ fundamental computational thinking skills in the secondary school where
students are aged between 12 to0l3 years old, in a more engaging way. Figure 1 presents the steps for
creating and building a SUPCATH game. Three software tools, namely blender3d, FormatFactory, and
Adobe Animate, were used in the production of the SUPCATH educational game. Each of these software
tools have the following specific functions: blender3d software creates three-dimensional, colorized
animated films and motion graphics; FormatFactory converts the MP4 video format to FLV, which is then
used as input in Adobe Animate software; and Adobe Animate finishes the game’s appearance and features
with display pages, menus, animated videos in FLV format, coding pages, and buttons. The present study’s
researchers produced storyboards and drawings for every level of the SUPCATH game’s development.

Furthermore, the SUPCATH game was developed by adopting indicators of computational thinking skills
proposed by Shute et al., (2017), which included the following: decomposition, abstraction, algorithm
design, and debugging. In devising these computational thinking indicators, Shute et al., (2017) sought to
understand the cognitive processes and associated behaviors that can systematically develop students'
competence in the science classroom. Table 1 details the computational thinking skills in the SUPCATH
educational game.

Figure 1

(a) Steps in Developing the SUPCATH Game
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Table 1

Aspects of Computational Thinking Skills in the SUPCATH Educational Game

Computational
Thinking Skills

Description

Features in the SUPCATH educational game

Decomposition

Solving  problems  becomes
simple: break them down into
small parts.

Break down the pressure problem into
manageable units and classify the pressure of
a substance as solid, liquid, or gas.

Abstraction

Find keywords and relevant
information, filter out irrelevant
data, and identify patterns.

Find and select important information about
games and tools related to solids, liquids, and
gas pressure at each game level.

Create a solution to the sequence of steps for
solving the pressure problem at each game
level.

Test and retest the solution in the game, and
evaluate its strengths and weaknesses.

Create a solution step and a design

Algorithm desi '
gorithm design ;.. solution.

Conduct an evaluation, correcting

Debugging mistakes and errors.

The SUPCATH game was designed and developed through a structured process grounded in a needs
assessment that analyzed students’ characteristics, available learning resources, and the science content on
substance pressure. The game underwent an expert validation phase to ensure its pedagogical validity and
suitability for fostering computational thinking (CT) skills. Five professionals, namely two science
education experts, one educational technology specialist, and two instructional designers, were invited to
review the game. They evaluated it based on criteria such as content relevance, clarity of instructions,
alignment with CT indicators, user interface design, and overall educational effectiveness. Revisions were
made to improve clarity, functionality, and learning outcomes before the game’s classroom implementation.

METHODOLOGY
Research Design

This study employs a descriptive qualitative research design to explore in depth students’ computational
thinking processes within a Game-Based Learning environment. A qualitative approach was deemed most
appropriate for this investigation as it enables researchers to examine complex phenomena in their natural
setting, focusing on the how and why of student learning, rather than merely measuring outcomes (Creswell
& Creswell, 2023). This methodological choice prioritizes the educational context, enabling a
comprehensive examination of the dynamic interplay between the digital tool and students' reasoning
abilities in real time. The design facilitates the observation of pedagogical effectiveness not just in terms of
final success, but through the lens of struggle, debugging, and iterative problem-solving.
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Participants

The study was conducted at a public secondary school in East Java, Indonesia. Participants were selected
using purposive sampling. Purposive sampling is often used to select individuals with particular attributes,
experiences, or contextual insights that align with the study’s objectives (Naeem et al., 2023). The 21
participants (aged 12-13 years) were in seventh grade, including 17 females (81%) and four males (19%)
with diverse academic abilities ranging from low to high achievement. Participants were selected based on
their willingness to engage in game-based activities and their ability to share their learning experiences
during interviews. Before the selection process, a brief survey was conducted to assess their basic computer
skills, including in using word processing software, searching online, and browsing the internet. The
selection criteria were determined based on these basic skills to ensure that all participants could participate
in the study’s CT classroom activities. No prior experience in programming or computational thinking was
required. The data used to determine the selection criteria came from the study’s survey and interviews with
potential participants. Ethical considerations were strictly observed. Approval was obtained from the
school’s ethics committee, and all participants and their guardians had provided informed consent. The
study ensured confidentiality, anonymity, and transparency throughout the research process. Additionally,
participation in the study did not affect students’ academic grading or final evaluations.

Data Collection

The study collected data from observation, interviews, and gameplay recordings. The observation method
was the primary source used in answering the study’s problem formulation and achieving its research
objectives (Creswell, 2023). Observation is a critical method for evaluating instructional effectiveness and
uncovering pedagogical strengths and areas for improvement. It also offers nuanced insights into student
engagement that are often inaccessible through interviews (Tarusha & Bushi, 2024). Observational data
were collected during three science learning classroom sessions, with each class lasting 80 minutes. These
sessions were part of a planned instructional sequence integrating the SUPCATH educational game into
substance-pressure material. A team of five trained observers assisted in documenting student activities
throughout the study. Before data collection, observers were briefed by the study’s researchers and they
were provided with a structured observation protocol. The protocol included guidance on observer
positioning, ethical conduct, for example, confidentiality and non-intervention, and standardized field
notes. The observation checklist was developed based on key components of computational thinking
adapted from widely recognized CT frameworks. Indicators included observable behaviors reflecting
abstraction, as in identifying relevant variables; decomposition, as in breaking problems into smaller parts;
algorithmic thinking, as in proposing steps or strategies to solve problems; and debugging, as in revising
decisions or identifying errors during gameplay and problem-solving.

Furthermore, semi-structured interviews were used in the present study. The semi-structured interview
design was selected because it is considered an interactive data-gathering method that will provide a deeper
insight into how and why certain things occur, as well as the opinions, interests, and thoughts of the people
involved (Jain, 2021). Semi-structured interviews help researchers gather more detailed and in-depth
information about a topic (King et al., 2019). The interview protocol of the present study was developed to
guide the semi-structured interviews, ensure consistency across sessions, and allow open-ended
exploration. The protocol consisted of guiding questions designed to elicit students’ experiences,
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perceptions, and reflections on their computational thinking processes while engaged in the use of the
SUPCATH educational game. The interviews were conducted with all the 21 student participants to obtain
more in-depth information. Each interview lasted approximately 15-20 minutes and was conducted
individually in a quiet setting to allow focused discussions.

The interview guide included prompts as follows: “What did you enjoy most about learning through
educational games? ”; “Which parts of the game were the most challenging?”’; “In what ways did the game
help you think more critically or solve problems?”; and “Can you describe how you approached solving a
problem in the game?”. Interviews were audio-recorded with participants’ consent and transcribed
verbatim. Last, the qualitative data source was recorded data from the classroom sessions in which students
were engaged in the SUPCATH educational game. The computer system will record every item and level
students perform and complete while playing the game.

Data Analysis

Observations, interviews, and gameplay recordings were analyzed using the method of content analysis.
Content analysis is a method for systematically studying human communication in various forms, such as
written texts, images, and audio (Baxter, 2020). Content analysis offers several benefits, including
flexibility, applicability, and the ability to study sociocognitive concepts without intrusive methods (Reger
& Kincaid, 2021). The analysis began with a close reading of the transcripts, followed by categorizing and
coding the data using a coding scheme derived from established computational thinking frameworks. The
core categories included abstraction, decomposition, algorithmic thinking, and debugging. Coding was
conducted through a content analysis approach based on established computational thinking indicators.
Data were coded independently by the research team members. To ensure the credibility and dependability
of the findings, the researchers employed a peer debriefing strategy, in which initial codes were cross-
checked and discussed during regular sessions. Any discrepancies in interpretation were resolved through
in-depth discussions until a complete consensus was reached on the final themes. This process ensured that
the categories consistently reflected the students' computational thinking behaviors across different data
sources. Each category was then described in terms of the depth and variation of students’ responses or
behaviors related to the specific indicators of computational thinking. To improve the trustworthiness of
the findings, triangulation was conducted across the following three data sources: classroom observations,
interview transcripts, and game interaction recordings. The same indicators of computational thinking were
used across all data types to ensure consistency. The findings were further validated by linking them to
relevant theories and prior studies, thereby strengthening analytical rigor and grounding them in empirical
evidence and conceptual frameworks.

RESULTS
Secondary Students’ Computational Thinking Skills
Computational thinking is the process of logical reasoning and problem-solving that is ordered and

structured. Introducing computational thinking to secondary school students should receive more attention,
as they are developing relationships with specific academic disciplines and establishing their first career
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orientations. The SUPCATH educational game was created in the context of science learning to train
students in the basic computational thinking skills of decomposition, abstraction, algorithm design, and
debugging. The games were designed to allow learners to access more exciting parts of the computing
subject matter. Based on the data analysis, the results for the categories and codes are as presented in Table
2. These findings have helped to address study’s objective to explore how students demonstrate algorithmic
thinking in a game-based science learning context.

Table 2

Categories and Code Data of Students’ Computational Thinking Skills

Categories Code Examples of students’ activities
1. Search for the main game characters in each level
Abstraction Abs 2. Distinguishing between relevant physics variables

3. Collecting data related to the pressure of the subject topic
1. Categorizing pressure types

Decomposition Dcm 2. Sort and separate necessary tools by function and type in the
game levels
. . 1. Complete the puzzle following the structured solution
Algorithm n Al .
gorithm desig d 2. Create a sequence for each level based on a similar pattern
. 1. Testing and rearranging the solution for game completion
Debugging Dbg 2. Check and recheck the steps for completing the game

Abstraction

Abstraction is the process of solving a problem by concentrating on its most essential components.
Abstraction involves a student’s ability to simplify a complex issue by focusing on the relevant elements
and ignoring unnecessary details. Research findings indicated that all 21 student participants did well in
demonstrating abstraction skills. This proficiency was evidenced by their ability to filter out non-essential
game elements. For instance, F1’s statement about ignoring background decorations and focusing only on
the pressure tools (see Interview, F1) reflects the cognitive process of reduction, in which a student
simplifies a complex problem by focusing on the variables that affect the physical outcome. Abstractions
are evident from the beginning of the game’s activities. When playing games, students need to understand
the game's patterns and rules, ignore irrelevant information, and develop strategies. This involves the ability
to recognize the main components of the game, for example, the end goal, obstacles, or critical rules, so
that they can focus on the information relevant to achieving their goal. Students carefully read the guidance
instructions for the SUPCATH game and solved the problem by looking for learning material about their
study topic. They looked for information about the main game characters, the levels, and what must be
completed in each level. In this activity, students also collected the necessary tools by function and type,
such as bags, reservoirs, and shoes, which are essential for completing the game.

“There was much information at the beginning, but I tried to find what was important. |
focused only on the goal and the tools needed to achieve it. I didn’t pay much attention to

parts that didn’t help solve the problem.” (Interview, F1)

126



Malaysian Journal of Learning and Instruction, Vol. 23, Number 1 (January) 2026, pp: 118-138

“I ignored the background decorations and only looked at the items and instructions. |
knew that the game wanted me to solve a pressure problem, so | just searched for what was
related to that topic.” (Interview, M3)

“I read the instructions first and tried to understand the main problem. I didn’t try
everything, I picked the tools that made sense. For example, if it’s about gas pressure, 1
immediately think of the balloon and leave out other stuff.” (Interview, F4)

The ability to find critical information and keywords, and sort and separate, assists students in finding
solutions to problems more efficiently. In simple terms, abstraction in the SUPCATH educational game
trains students to focus on the most critical data and evidence, thereby deepening the scope of the problem
in the game and helping them understand the concept and provide the right solution. Figure 2 shows an
example of students’ activity in developing the skill of abstraction in the SUPCATH game.

Figure 2

An Example of a Student’s Activity in the Abstraction Process When Playing the SUPCATH Educational
Game

One day Faigan took part in an exploration activity at his school, Faigan got an assignment to

namely muddy

there are water reservoirs), and

ip, including water, matches.
oken, namely;

0 obtained several facts related to the terrain that
1 by rivers and lakes, the ravine is at the third

If youare in Faigan's position with the details of the tasks,
and rules, what are the stages of your journey
50 that you can go to the island, without breaking the rules

Decomposition

Decomposition involves breaking a complex problem into smaller, more manageable sections. In the
context of the SUPCATH game, decomposition helps students identify key components and specific steps
required to overcome scientific challenges. Rather than relying on trial-and-error, students who apply
decomposition can develop strategic solutions that involve resource planning and action prioritization. Data
analysis showed that 18 of the student participants demonstrated competent decomposition skills. These
students did not merely group items; they systematically partitioned a complex scientific domain—
substance pressure—into specific conceptual sub-units, such as hydrostatic, solid, and gas pressure. This
logical breakdown was crucial for identifying the appropriate physical principles required for each game
level. Students demonstrated these skills by breaking down game tasks into the following simple steps:
identifying patterns, arranging objects in a functional order, and determining the priority of actions. For
instance, students categorized the issues faced by game characters by grouping data related to the specific
pressure concepts at each level—linking reservoirs to hydrostatic pressure, shoes to solid pressure, and
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balloons to gas pressure. This process of conceptual partitioning enabled them to apply targeted physical
laws to solve the specific problem at hand. Evidence of this systematic decomposition can be seen in the
students’ strategic planning during gameplay as follows:

“When I first saw the problem in the game, I didn’t understand what to do. But then |
looked at the available tools and grouped them by the kind of pressure they relate to. For
example, the shoes must be linked with solid pressure, and the reservoir with water
pressure. That made it easier to plan what I should do first.” (Interview, M1)

“ldidn’t try everything at once. I separated the steps. First, I checked the character's needs,
decided what items could help, and tested the action. If it failed, I tried another order. It
was like making a plan, step by step.” (Interview, F2)

“I always look at what each level is asking—some are about gas, others about water. |
make small notes in my mind: gas = balloon, water = reservoir. That way, | know what is
important in each level.” (Interview, F6)

These excerpts illustrate that students used decomposition to move beyond trial-and-error. By categorizing
objects, students reduced the cognitive load required to solve the puzzles. This grouping process allowed
them to prioritize actions and design effective strategies. Figure 3 illustrates this decomposition process, in
which students separated tasks into stages, ensuring that each physical variable was systematically
addressed before moving on to the next challenge. By practicing these skills, students improved their ability
to manage complex scientific issues through a structured, step-by-step approach.

Figure 3

The Display of a Decomposition Process in the SUPCATH Educational Game

Algorithm Design

Algorithm design is a complex cognitive process in which students use predictive abilities and logic to
construct a series of systematic procedures for problem-solving. In the present study, algorithm design skills
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emerged as students developed structured sequences to solve game-based science challenges. The 17
student participants who precisely designed algorithms displayed conditional logic (if-then thinking). As
noted by F7, planning moves before execution suggests that students were mentally simulating the
outcomes of their actions. This process is an indication of learners’ use of computational modeling, in which
learners create a mental simulation of steps to predict scientific results within the game environment. The
emergence of algorithm design was evident when students formulated step-by-step strategies to reach goals
or avoid obstacles (see Figure 4). Students constructed specific sequences, such as selecting items and
moving objects in a precise order, to advance through the levels. This involves the ability to design
instructions that can be followed repeatedly with consistent results. The following excerpts illustrate how
students had internalized these logical sequences:

“I always planned my moves before I started. First, I looked at the steps | needed to do,
then 1 followed them one by one to make sure I didn’t miss anything. Sometimes, if | made

a mistake, I would try again but change the order to see what worked better.” (Interview,
F7)

“When playing the game, I arranged the actions carefully, like picking the right items first,

then using them in order. I repeated the steps until I could solve the puzzle without errors.
(Interview, F5)

“At first, I wasn’t sure about the steps, so I tried different sequences a few times. After
some tries, | figured out the correct order to finish the level faster.” (Interview, M1)

These responses suggest that students were not merely clicking randomly; they were developing replicable
solutions. By carefully arranging actions, students transitioned from trial-and-error to a more structured,
algorithmic approach. This practice allows students to develop logical and efficient solutions that can be
applied across various game contexts. In short, implementing these rational algorithms trains students to
think in a structured way, enabling them to predict outcomes and refine their procedures based on instant
feedback from the game.

Figure 4

The Display of a Puzzle Level in the SUPCATH Educational Game

Sort the route that faigan must follow
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Debugging

Debugging is an evaluative process that involves identifying, analyzing, and correcting errors within a
strategy. In the present study, debugging skills emerged when students recognized discrepancies between
their expected outcomes and the actual game results. This ability is essential in science-based games, where
students must pinpoint specific procedural failures when their hypotheses or actions do not yield the desired
results. Data analysis indicated that all 21 student participants engaged in debugging by iteratively testing
and rearranging their solutions until they could successfully continue to play the game to the next level.
Students demonstrated debugging by systematically re-examining their steps after they had failed to
overcome an obstacle. Rather than repeating the same mistakes, they looked closer at the game's feedback
to identify which part of their logic needed adjustment. This process of check-and-recheck signifies a
transition from impulsive action to reflective problem-solving. The following interview excerpts illustrate
this iterative process:

“Whenever I couldn’t pass a level, I would carefully check what I did wrong. Sometimes [
rearranged the steps or tried a different approach until the game worked.” (Interview, M3)

“I often repeated the parts that failed and looked closely at each action to find the mistake.
1t helped me fix the problem and continue playing.” (Interview, F§)

“If the game didn’t respond as I expected, I tested the sequence again and changed the
order. This way, | learned from my errors and improved my strategy.” (Interview, F1)

These responses highlight that debugging in the SUPCATH game fosters persistence and a growth mindset.
By treating failure as a source of feedback rather than a final result without further deliberation, students
developed a willingness to iterate on their responses. This systematic error-correction process trains
students to think critically about their own mental models. Through these practices, students’ debugging
skills evolved from a simple trial-and-error process to a more structured evaluation of their scientific
reasoning, which is a vital component of advanced computational thinking.

Student Response

Games that are interesting and challenge computational thinking skills will trigger students’ enthusiasm
and active involvement. The interview analysis showed that most students are interested in and satisfied
with learning via the SUPCATH educational game. All participants agreed that learning through digital
educational games made the science class exciting and enjoyable. The game has made students happy and
enthusiastic in science lessons. They considered learning science through games more entertaining, less
stressful, and less tiring. Students feel challenged to solve problems, try new strategies, or find specific
patterns in the game. This challenge encourages them to try different approaches to achieve their goals. The
SUPCATH educational game trains them to simplify substance problems, find critical information, engage
in algorithmic thinking, and evaluate their decision-making process. In short, students agreed that
implementing game-based learning helps them explore their skills in more fun ways. Below is an example
of students’ positive remarks in using SUPCATH to engage in computational thinking:
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“Learning through games makes me happy since it is less monotonous and boring.... The
display and challenge at all levels of the SUPCATH educational games are satisfactory,
and the language is clear” (Interview F§).

“Learning through games teaches us to persist and play more carefully.... Playing games
trains us to solve problems in greater detail because if we follow the wrong pattern, the
game will not complete” (Interview F6)

“Learning science through games is entertaining. The game improves our scientific
knowledge, reasoning, and motivation in the science classroom” (Interview M9)
“Educational games kept us engaged because each level was tied to contextual issues”
(Interview_M1)

Furthermore, students were also satisfied with the appearance and levels of the game because the language
was easy to understand, the software was simple to run and user-friendly, and the game was attractive and
entertaining. They were happy because science learning has become more fun and less repetitive than
regular learning. The game has allowed students to learn through hands-on experience and provided them
instant feedback on their decisions. This direct interaction made the students feel more engaged and
connected to the activity. They could try different solutions, see the results, and learn from their mistakes,
which have made the learning process more enjoyable. Students felt that the educational games used in
their learning have challenged them to complete the games correctly and sparked their curiosity. The reason
given was that they had to create a level sequence first so that all levels in the game could be opened and
the game could be completed.

DISCUSSION

Computational thinking is an intellectual skill, practice, and procedure used for problem-solving.
Implementing the SUPCATH educational game aims to introduce computational thinking to students in
science learning in a more engaging way. Acquah & Katz (2020) posit that educational games can
potentially engage students’ interests and enhance their enthusiasm for studying. Educational games also
help students build computational thinking skills and basic computer programming knowledge and serve
as motivators (Giannakoulas & Xinogalos, 2023). The findings from the present research have illustrated
that students are skilled at engaging in games using computational thinking skills, namely abstraction,
decomposition, algorithm design, and debugging. Students became fascinated and would attempt to learn
more about the SUPCATH game. The SUPCATH games provide an exciting and enjoyable environment
for pupils to choose important information, simplify processes, and solve problems carefully.

In this study, decomposition and abstraction served as forms of cognitive scaffolding, helping students
define complex issues and extract critical scientific information. As noted by Ehsan et al. (2020),
decomposition and abstraction train students to identify a problem's boundaries and constraints, restate their
goals, and familiarize themselves with the task’s requirements. Specifically, when students decomposed
pressure into hydrostatic, solid, and gas categories, they were not merely playing; they were mapping
scientific concepts onto computational structures. This finding suggests that CT is not just a computing
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skill, but a vehicle for deeper scientific inquiry, a perspective that is increasingly relevant in the global
discourse on STEM integration (Lu et al., 2023).

Furthermore, the findings revealed that educational games foster students’ analytical thinking and logical
reasoning during problem-solving. Rational thinking about a scientific problem facilitates the production
of accurate solutions through iterative evaluation. This aligns with the findings of Agbo et al., (2021), who
have found that analyzing and verifying facts through a clear, coherent, and accurate mindset constituted a
systematic thinking process. This process enables students to draw upon their internal mental models to
make and verify predictions. In the use of SUPCATH, this was evident as students transitioned from
impulsive trial-and-error to structured, algorithmic reasoning, actively predicting potential outcomes before
proceeding to execution.

Debugging is an evaluation process that involves identifying and correcting errors while testing solutions
to ensure functionality (Sun et al., 2024). In this study, students engaged in continuous cycles of checking
and rechecking their strategies to ensure the science challenges were completed adequately. Rather than
passive repetition, students verified, tested, and rearranged their tactical solutions to resolve obstacles
within the game levels. This iterative behavior suggests that the SUPCATH game provides an effective
environment for fostering students' debugging skills. Such checking and rechecking behaviors, even when
involving initial trial-and-error, are core characteristics of scientific thinking (Veenman et al., 2022).
Furthermore, students who successfully resolved algorithmic problems demonstrated the ability to identify
and systematically improve their solutions. In this context, debugging serves as a metacognitive tool,
helping students reflect on their decisions and enhance their computational thinking through structured
refinement. As noted by Sun et al. (2024), this process constitutes reflection-on-action, in which students
evaluate the accuracy and appropriateness of their scientific reasoning during problem-solving.

In addition, the findings of this study have shown that there was a highly positive response toward the use
of educational games. Participants found the SUPCATH experience engaging and novel, noting that the
contextual levels, which are closely related to daily life, help to alleviate the boredom often associated with
traditional science instruction. This heightened engagement has led to increased active involvement, helped
to drive curiosity and increase the desire for immediate gameplay. Such findings align with the standpoint
of Tavares (2022), who argued that games could provide immersive experiences that would significantly
boost student involvement. Similarly, Ranieri et al., (2018) suggested that enjoyable learning environments
has enabled students to grasp complex topics more effectively and achieve learning objectives more easily.

In this study, the enjoyment derived from gameplay catalyzed analytical, systematic, and logical problem-
solving. As students became acclimatized to challenges demanding decomposition, abstraction, and
algorithmic design, their thought patterns would become more structured. The advantages of students
applying CT included fostering in them the ability to brainstorm and generate practical solutions to
scientific problems, a finding corroborated in the studies by Mao et al. (2022) and Adipat et al. (2021). By
analyzing and verifying facts through careful reasoning, students used logical reasoning to navigate the
game's complexities. Moreover, the game-based environment encouraged students to make decisive
actions, test hypotheses, and still persist eventhough encountering failure. This persistence is vital; by
considering problems from various perspectives and evaluating the strengths of their solutions, students
developed a resilient approach to challenging scientific issues.
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While the study context is local, the implications of the present study’s findings can be effectively applied
to other different international educational environments. The findings from the present study will therefore,
have extended their applicability and achieved cumulative impact for the field. The design principles of
SUPCATH, which incorporated CT dimensions, have mapped these directly onto science-specific
variables. The teaching of CT using SUPCATH can be adopted by teachers globally to bridge the gap
between abstract science concepts and systematic problem-solving. This aligns with international
frameworks, such as PISA or NGSS, that emphasize the integration of computational modeling in science
curricula. By situating CT within a domain-specific context, such as substance pressure, this research
provides a replicable model for fostering 21st-century skills without isolating them from the core subject
matter.

Despite overall positive demonstrations of students' computational thinking skills, specific challenges can
still emerge, particularly in algorithm design. Several students struggled to devise precise, step-by-step
procedures to solve complex game levels. This difficulty may be attributed to limited previous exposure to
logical structuring or procedural problem-solving within their formal science instruction. Furthermore, the
tendency of some students to repeat unsuccessful trials without modifying their strategies indicates a lack
of metacognitive awareness. These findings suggest that future game-based interventions should integrate
metacognitive prompts, worked examples, or peer collaboration strategies to scaffold students’
understanding. This is important to facilitate the transition from intuitive actions to structured algorithmic
reasoning in problem-solving contexts.

Limitations of the Study

This study acknowledges several limitations. Given its qualitative and exploratory nature, the findings are
based on a specific group of secondary students and a particular science game context focusing on the topic
of substance pressure. Therefore, the results are not intended for broad generalization. Instead, the study
aims at transferability, providing a thick description that allows other researchers to apply these insights to
similar educational settings. Furthermore, because the analysis focused on the immediate enactment of CT
skills during the intervention, it may not capture the long-term retention of these abilities. Future research
should consider a larger, more diverse sample and incorporate control groups to better measure the impact
of educational games such as SUPCATH. Additionally, further game development across various science
topics is recommended to examine the consistency of CT integration across disciplinary contexts.

CONCLUSION

This study concludes that the educational games SUPCATH serves as an effective pedagogical tool for
engaging secondary students in computational thinking within the science curriculum. The findings
demonstrate that students successfully enacted core CT dimensions, specifically abstraction,
decomposition, and debugging, by systematically partitioning complex scientific concepts, for example,
substance pressure, into manageable tasks. While the game-based environment fostered logical reasoning
and structured problem-solving with high student enthusiasm, the challenges identified in algorithm design
highlight that students still require targeted scaffolding to master complex procedural logic. In addition,
this research has shown that integrating CT into domain-specific science topics does not isolate the skill,
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but rather deepens scientific inquiry through iterative evaluation and reflection-on-action. In the final
analysia, these findings encourage teachers to be more proactive in integrating computational thinking into
their teaching of science subjects, creating a learning environment that is both cognitively rigorous and
emotionally engaging.
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