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Abstract

Computational thinking is an essential competency for pre-service teachers to meet the challenges of the Fourth
Industrial Revolution and Society 5.0. As future elementary school teachers, students enrolled in the Madrasah
Ibtidaiyah Teacher Education Program (Pendidikan Guru Madrasah Ibtidaiyah/PGMI) need to develop
computational thinking skills because they will be responsible for fostering students’ learning and problem-
solving abilities. However, there is still a lack of in-depth qualitative studies examining the computational thinking
processes of male and female pre-service teachers based on the computational thinking framework proposed by
Jeannette Wing. Therefore, this study aimed to describe the computational thinking abilities of PGMI pre-service
teachers from a gender perspective. This study employed a qualitative descriptive approach. Two participants, NS
and DA, were selected through purposive sampling. Data were collected using the 2019 Bebras test, interview
protocols, and observation sheets. The findings revealed that both participants demonstrated similar computational
thinking abilities. In solving the two Bebras tasks, both participants successfully demonstrated all four
computational thinking components, namely decomposition, pattern recognition, abstraction, and algorithmic
thinking.
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Introduction

The development of technology and information encourages 21st-century society to
possess the essential skill of computational thinking. Computational thinking was first
introduced by Wing (2006), and its four components, namely decomposition, pattern
recognition, abstraction, and algorithmic thinking, were adopted by Choiriyah et al. (2025) in
this study. The term computational thinking refers to the application of fundamental
computational concepts in problem-solving, system design, and human behavior
comprehension (Jayaraman & Joseph, 2025). Computational thinking aligns with the demands
and developments of the times in the world of education. Computational thinking has many
advantages in the classroom, such as improving curriculum, pedagogy, critical and analytical
thinking, and developing computational skills through game-based learning and STEM
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education among student (Saidin et al., 2021). The many benefits of computational thinking
further emphasize the importance of possessing this skill for student, especially prospective
teachers.

The Madrasah Ibtidaiyah Teacher Education Program (Pendidikan Guru Madrasah
Ibtidaiyah/PGMI) students, as prospective elementary school teachers, must possess
computational thinking skills because they will transfer and teach knowledge to student.
Computational thinking skills are essential for prospective teachers to be ready to face the
challenges of the Fourth Industrial Revolution and the Fifth Society (Zen et al., 2021). To
address these challenges, many courses integrate computational thinking into their learning
outcomes. Computational thinking skills are crucial in elementary education due to the need
for primary facilitators to transfer knowledge to student, a role played by elementary school
teachers. Innovative learning in elementary schools requires PGMI to possess a strong
computational thinking profile. However, this situation contrasts with the reality on the ground,
where computational thinking is still limited in PGMI pre-service teachers education.

Global research examining computational thinking is increasingly numerous and diverse,
including examining computational thinking based on gender. (Lin & Wong, 2024a) conducted
research using a systematic literature review method and found that gender differences in
computational thinking skills between pre-service teachers in various regions showed different
patterns. (Marta et al., 2025) found differences in computational thinking between male and
female elementary school students. Boys tend to have high confidence and active participation
in technology-oriented tasks, especially decomposition and abstraction, while girls excel in
collaborative algorithm design. In Indonesia, the issue of gender gaps in STEM remains a
concern, such as (Septiyanto et al., 2026), who discussed the contribution of women in STEM,
and (Widuri et al., 2023), who discussed the urgency of understanding gender concepts for
students in the STEM field. However, studies on gender related to student computational
thinking are still limited. Computational research tends to be more about the development of
learning media (Adipura et al., 2025; Maharani et al., 2021; Melindah et al., 2024), the
implementation of unplugged coding (Fitriyah et al., 2023; Kasiono et al., 2025; Rahmawati &
Kurniati, 2024), CT measurement based on Wing (2006), and CT analysis at the student level
(Latif et al., 2021; Suhendar et al., 2025).

Various studies have successfully highlighted how CT can be integrated into learning,
particularly in the context of school student and STEM fields. However, when attention is
directed to pre-service teachers teachers, particularly those in PGMI, a gap remains largely
unexplored. It seems as though they are being prepared to teach 21st-century skills, but their
own CT abilities remain largely unexplored. Upon closer examination, most research tends to
focus on how CT is taught (Wardani et al., 2022; Wijayanti et al., 2025), rather than on how
CT abilities are acquired and developed within pre-service teachers. Yet, before being able to
teach a concept, a pre-service teachers teacher needs to have a solid understanding and skills
of that concept (Kurniati et al., 2026). Herein lies a problem that often goes unnoticed. PGMI
pre-service teachers, who will eventually be at the forefront of shaping pre-service teachers'
mindsets at the elementary level, have not had their CT abilities systematically and in-depth.

This situation further demonstrates the significant gap between ideal demands and the
reality on the ground. In the independent curriculum for elementary school/Islamic elementary
school level in Indonesia, computational thinking is integrated into mathematics, science, and
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Indonesian language subjects (Marifah et al., 2022). The curriculum and educational discourse
promote the integration of Computational Thinking (CT) as a crucial 21st-century competency,
but on the other hand, there is insufficient empirical evidence to illustrate the readiness of
PGMI pre-service teachers in this aspect. Without a clear understanding of their ability profile,
efforts to develop CT-based curricula and learning strategies have the potential to miss the mark
(Salsabila & Yahfizham, 2024). Therefore, a study is needed that addresses not only
implementation but also clarifies the CT capabilities of PGMI pre-service teachers. By
capturing their ability profiles in greater depth and utilizing a clear conceptual framework, this
study seeks to fill this previously overlooked gap and bridge the gap between theoretical and
practical demands in education. Building on the limitations of previous research, this study
attempts to take a slightly different approach. Rather than directly discussing how
Computational Thinking (CT) is taught in the classroom, this study begins by examining the
CT capabilities of PGMI pre-service teachers themselves.

The main novelty of this study lies in its comprehensive profiling of PGMI pre-service
teachers' CT capabilities using the conceptual framework introduced by Wing (2006).
Furthermore, the focus on PGMI pre-service teachers provides a unique perspective rarely
explored in CT studies. To date, much research has focused on pre-service teachers or
technology pre-service teachers, while prospective elementary education teachers, who will lay
the foundation for the next generation of thinking, have received little attention. Furthermore,
the results of this study are expected to provide a new contribution by adding a gender
perspective, which has rarely been studied in higher education.

Methods

A qualitative descriptive approach was used as the research method. Qualitative
descriptive is a methodological approach that provides a comprehensive summary of events or
experiences (Hall & Liebenberg, 2024). The research subjects were two fifth-semester male
and female pre-service teachers of the PGMI study program using purposive sampling with the
consideration that the two subjects answered more completely and in a structured manner
compared to other pre-service teachers, and the selection of two subjects was considered
sufficient to explore the profile of computational thinking abilities in depth (Putri &
Setianingsih, 2025). The research tools included observation sheets, interview instructions, and
a test of scomputational thinking skills. Meanwhile, the computational thinking ability test used
Bebras questions from 2019. The data collection technique used 2 written tests, question 1
regarding the shortest path and question 2 regarding optimization, the purpose of these
questions is to solve problems, algorithmic thinking, and train efficiency and optimization,
semi-structured interviews were used to dig deeper into the CT process of pre-service teachers
in solving problems, and observation sheets were used to observe CT ability indicators that
appeared during the problem solving process. Techniques for data analysis included data
reduction, data display, and conclusion-making. Triangulation techniques were employed to
validate the research results. The indicators used in the analysis are guided by the 4 components
of computational thinking proposed by Wing (2006) in Table 1.
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Table 1. Indicators of Computational Thinking Capability Analysis

No. Computational Thinking Explanation
Components
1. Decomposition Pre-service teachers can share problems in more small
sub-problems.
2. Pattern Recognition Pre-service teachers can find patterns from problem
types and patterns from solutions

designed/implemented.

3. Abstraction Pre-service teachers can get rid of parts that are not

relevant.
4. Algorithm They can determine steps sorted to finish the problem.
Results

A purposive sampling method was used to select two subjects, representing both genders:
male and female. The female subject is identified as NS, and the male subject is identified as
DA. The selection was based on the subjects' correct answers to two computational thinking
questions. The questions used were from the 2019 Bebras. Computational thinking questions

are presented in Figure 1.

Tom berada dir ya, dan ia ingin semua ya. Untuk
ia harus membayar sesuai dengan angka yang tertera pada jalan dalam gambar berikut:

Rumah Tom
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Untuk jalan yang tidak diberi angka, ia tidak perlu membayar. Jika ia melewati sebuah jalan lebih dari

satu kali, ia tak perlu membayar lagi. Beberapa jalan terhalang batu, sehingga tidak dapat dilewati
Tantangan: Berapa jumlah uang minimum yang harus dimiliki Tom agar ia dapat mengunjungi semua
kerabatnya? Ketikkan bilangan bulat dengan rentang nilai antara 0 sampal 100,

suatu jalan,

Andi si berang-berang harus memasukkan bola berbagai ukuran: 5 bola besar, 2 bola ukuran sedang
dan S bola kecil ke dalam kotak,

Besar

sedang
Kecil

Kotak yang tersedia adalah 3 kotak besar, 5 kotak sedang, dan 3 kotak kecil

- W
o B
@ W

Sebuah bola hanya akan masuk ke dalam kotak yang lebarnya sama, atau lebih besar. Setiap kotak
hanya dapat berisi satu bola. Di dalam sebuah kotak besar, Andi dapat menaruh bola kecil

Tantangan: Berapa banyak bola yang dapat dimasukkan?

Figure 1. Computational Thinking Questions (Bebras Indonesia Computational Thinking Challenge

2019, 2019)

The responses from subjects NS (female) and DA (male) were then analyzed using
Jeannate Wing's computational thinking components. The following are the results of the
computational thinking analysis based on the subject's gender.

Results of Computational Thinking Analysis on NS Subjects (Female)

The first question is about how Tom can visit all his relatives' houses with a minimum

amount of money.
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Figure 2. NS's Answer to the Minimum Amount of Money Question

From figure 2, it can be seen that subject NS redraws the problem to make it easier to see
the path Tom must take to get to his relative's house. From the picture, there are several things
that subject NS did, such as drawing houses without giving names and paying attention to the
order of roads, stones, and the distance between houses to show the path Tom took to get to his
relative's house. The things that subject NS noticed indicate that NS has succeeded in dividing
the problem into smaller sub-problems (decomposition). In the pattern recognition component,
subject NS was able to recognize the pattern that all roads have distance weights and chose the
shortest route combination. However, subject NS did not compare all possible routes and only
chose one route based on the arrow image created without checking whether it was truly the
minimum. Subject NS simplified the line as the distance between houses and focused on the
sum of the distances rather than the shape of the image. In the abstraction component, subject
NS was correct but ignored the illustration and only focused on the distance values. In the
algorithmic component, subject NS has implemented sequential steps such as choosing a route,
adding up the distances (6 +7 + 7 + 9 = 29), and concluding the minimum distance. However,
in the algorithmic thinking component, subject NS was not optimal because he did not test all
alternative routes.

In question no. 2, subject NS was asked to place the ball in the right box. From figure 2
below, subject NS breaks down the problem into several sub-problems, such as the number of
balls per size (large 5, medium 2, and small 5), the number of boxes per size (large 3, medium
5, and small 3), and the rules for placing the balls (1 ball = 1 box and can only be put into boxes
of the same size). From the sub-problems described, it can be concluded that subject NS has a
very good decomposition. Subject NS succeeded in recognizing patterns by adjusting the
capacity to the same category so that the pattern was successfully recognized well (pattern
recognition). Subject NS has also simplified the problem by ignoring the shape of the ball and
box and only focusing on the number and size and changing the real problem into a calculation
of the number (a very appropriate abstraction). Subject NS has been able to think
algorithmically well because he follows systematic steps such as putting a large ball into a large
box, a medium ball into a medium box, a small ball into a small box, and the rest into a medium
box, and concluded that the total number of balls put in is 10 balls.
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Figure 3. NS's answer to the question of placing the ball in the correct box

Results of Computational Thinking Analysis on DA Subjects (Male)

Figure 4. DA's Answer to the Minimum Amount of Money Question

In Figure 4, it can be seen that each house is given a name to make it easier to pronounce.
In addition, the DA subject breaks down Tom's travel problem into several smaller, more easily
understood parts, such as Tom to Rizki's house (no payment), from Rizki's house to Asep's
house (payment of 6), from Asep's house back to Tom's house (no payment), Tom to Dani's
house (payment of 7), from Dani's house to Abu's house (payment of 7), and from Abu's house
to Edo's house (payment of 9). Through this description, the complex problem is broken down
into a sequence of small, clear trips, demonstrating good decomposition skills. The DA subject
has also recognized patterns, such as not all trips cost money, and seen patterns in the direction
of the path and the cost on each route (pattern recognition). In addition, the DA subject has
been able to select important information and ignore irrelevant things. The information that is
retained includes the houses visited, routes that have costs, and the final destination.
Meanwhile, what is ignored includes details of the house pictures, the shape of the path on the
map, the direction of the arrows that do not affect the cost, and additional stories that are not
related to the calculation. Therefore, it can be concluded that the DA subject demonstrated
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appropriate abstraction skills. The DA subject demonstrated good algorithmic skills by being
able to develop logical and systematic steps to calculate Tom's total cost. The algorithm used
by the DA subject included identifying which route was charged, recording the costs paid,
performing the calculation steps, and deducing the travel cost of 29.
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Figure 5. DA's Answer to the Question of Placing the Ball in the Correct Box

In figure 5. The DA subject can determine the capacity of each type of box, group the balls
by size, and arrange the steps to fill the box, such as filling it with large, medium, and small
balls. The DA subject can also calculate the remaining balls and remaining boxes at each stage
and determine the total number of balls successfully put into the box. So it can be said that the
DA subject can break down large problems into small parts (decomposition). The DA subject
can find patterns in the activity of placing balls in the right box, such as each type of box can
only contain a certain number of balls, the number of balls entered decreases according to the
capacity of the box, and when the capacity of a type of box is exhausted, the process continues
to the next type of box (Pattern Recognition). In the abstraction stage, the DA subject can
distinguish important and unimportant information. Things that are considered important by
the DA subject include the number of balls and boxes of each size, as well as the capacity of
the box for certain balls. The DA subject can already perform the algorithm component by
adding 3 large balls + 2 medium balls + 5 small balls = 10 balls.

Discussion

In questions 1 and 2, NS subjects (female) and DA subjects (male) did not show any
differences in computational thinking abilities. In questions 1 and 2, both subjects, NS and DA,
were able to complete all components of computational thinking, starting from decomposition,
pattern recognition, abstraction, and algorithmic thinking. This is not in line with the statements
of (An’Imah et al., 2025; Harmini et al., 2020), who found that there was a significant
difference in computational thinking abilities between male and female student. (Angraini &
Sthephani, 2024) stated that male student tend to have better computational thinking skills than
female student, while (Richardo et al., 2023) found that female student have better
computational thinking skills than male student. These differences in results indicate that pre-
service teachers' computational thinking is influenced by several factors, including the learning
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environment and adjustments to educational strategies (Lin & Wong, 2024), the type of project
(Niousha et al., 2023), and prior experience (Paucar-curasma et al., 2023; Villalustre & Cuel,
2023). Adaptation of learning strategies and environments influences computational thinking
skills because they are tailored to the specific needs of pre-service teachers, promote
engagement, and foster an inclusive atmosphere that encourages the participation of both male
and female participants (Torres et al., 2024). Project type influences the computational thinking
scores of male and female student, indicating that gender plays a role in project implementation
(Niousha et al., 2023). Prior experience among male and female subjects has been shown to be
more influential than overall ability (Elmawati et al., 2024). The diverse research findings on
computational thinking skills based on gender cannot be simply generalized. These differences
in results are influenced by factors from the individual, learning experiences, and the social
context of education. Therefore, in the context of learning in higher education, efforts to
develop computational thinking skills should be focused on contextual, inclusive learning and
provide equal space for pre-service teachers regardless of gender.

In contextual learning, computational thinking skills are enhanced by linking material to
real-world situations experienced by student (Ariza, 2026). When pre-service teachers are
faced with problems, they are encouraged to engage in computational thinking processes such
as problem decomposition, pattern recognition, abstraction, and algorithmic solution design.
This naturally stimulates components of computational thinking, enabling contextual learning
to stimulate the components of computational thinking. An inclusive approach provides pre-
service teachers with equal opportunities to develop computational thinking skills (Fredicia et
al., 2025). In an inclusive classroom, social background, differences in ability, and special
needs are not barriers but rather enrichments that support the learning process to enhance
computational thinking. Equality is fundamental to implementing computational-thinking
learning (Vakil, 2018). Equality does not entail uniform treatment of pre-service teachers;
instead, it requires individualized care that addresses their specific needs. For example, pre-
service teachers with low initial abilities can be given more intensive guidance, while pre-
service teachers with lower initial abilities can be given more complex challenges. In the
context of computational thinking, this can be achieved through task differentiation, varying
problem difficulty levels, and the use of adaptive technology.s

By integrating contextual learning, an inclusive approach, and equity, a learning ecosystem
will be created that not only enhances computational thinking skills but also builds pre-service
teachers' independence, collaborative skills, and self-confidence. Furthermore, the teacher's
role becomes even more crucial as a facilitator capable of designing meaningful learning
experiences. Teachers need to understand student characteristics, use adaptive learning
strategies, and integrate local contexts. Learning evaluations should reflect these principles by
assessing not only the final outcome but also the pre-service teachers' computational thinking
processes. Thus, inclusive, contextual, and equity-based learning constitute a comprehensive
approach that can significantly enhance computational thinking. These three approaches cannot
be separated but must be implemented synergistically to create equitable learning oriented
toward the development of computational thinking skills.
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Conclusion

The computational thinking abilities of male and female participants did not different.
Both male and female subjects were able to pass the four components of computational
thinking: decomposition, pattern recognition, abstraction, and algorithmic reasoning. The
diverse research findings related to computational thinking abilities by gender make the results
difficult to generalize. Several factors contribute to the varying results, such as previous
experience, project type, and learning environment. Future research should consider these
factors and recruit more subjects.
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