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Abstract Students' difficulty in mastering poomsae
requires learning strategies that build self-confidence and
problem-solving skills. This study aims to integrate
computational thinking (CT) into Taekwondo poomsae
learning as a strategy to improve students' problem-solving
skills and self-esteem. The method used was a quantitative
approach with a quasi-experimental design, employing a
time series design. Seventy-seven students participated (65
males; 12 females). Data on problem-solving skills were
collected using the 16-item Problem Solving Instrument,
and self-esteem data were collected using the 10-item
Rosenberg Self-Esteem Scale (RSES). Data were analyzed
using descriptive statistics and paired-sample tests using
IBM SPSS version 29. The integration of CT in
Taekwondo learning has been shown to improve students'
problem-solving abilities and self-esteem significantly.
The integration of CT into Taekwondo learning improved
students' problem-solving abilities, including technical
analysis,  challenge  resolution,  decision-making
effectiveness, and algorithmic abilities. While self-liking
increased, self-competence decreased slightly, indicating a
need for strengthening self-confidence. Overall, CT
supported  technical mastery and psychological
development. Thus, the integration of CT can be used as an
effective approach to problem-solving. It has implications

for student self-esteem and supports socio-emotional
development and the formation of student well-being when
facing challenges in the learning process.

Keywords Critical Thinking, Computational
Thinking, Self-Esteem, Problem-Solving, Poomsae

1. Introduction

In recent decades, Taekwondo learning in higher
education institutions has generally focused on a
conventional approach, emphasizing repetition and
imitation of techniques as the primary method for
mastering movements [1]. This approach is considered less
able to accommodate students' needs in developing critical
thinking skills, problem-solving skills, and increasing self-
confidence, especially when facing difficulties in
mastering poomsae techniques [2]. However, learning
poomsae is often challenging for students because it
requires a complex understanding of movement sequences
and body coordination. Some of the main challenges in
learning poomsae include: (1) lack of problem-solving
skills in adapting to various movements and patterns, (2)
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difficulty in understanding movement patterns logically
and systematically, resulting in execution errors, and (3)
low self-esteem, failure, and obstacles in mastering basic
poomsae techniques.

Students experience difficulties learning poomsae due to
the lack of a systematic and adaptive learning approach [2].
It indicates that without a systematic and adaptive learning
approach, students may experience difficulties in mastering
poomsae effectively [2]. This difficulty not only impacts
technical mastery but also affects students' self-esteem,
especially when they feel they have failed to achieve their
training targets [3]. Therefore, learning strategies are
needed that not only improve problem-solving but also
build self-confidence in the Taekwondo training process
[4]. Self-esteem is built when someone has self-confidence.
Furthermore, self-confidence can make a positive
contribution to problem-solving abilities, especially in the
poomsae material.

Poomsae, the core material in Taekwondo, requires
strategic thinking, high concentration, and a logical, precise
understanding of movement sequences [5], [6]. Meanwhile,
the CT approach in education has begun to be used as a
strategy to improve problem-solving skills across various
disciplines [7]. The application of CT has proven effective
in honing students' cognitive abilities through systematic,
logical, and reflective thinking processes. However,
research linking CT to skill development in physical
education, particularly martial arts like Taekwondo,
remains very limited. Computational thinking integration is
still widely found in STEM learning, programming, and
digital technology. However, it has yet to be widely applied
in the context of motor skills and physical technique
learning, such as poomsae.

Furthermore, several previous studies have extensively
examined the learning and practice of poomsae [2], [8], [9].
Unfortunately, these studies focused more on the physical
aspects within the coaching context. Meanwhile, the
research by Hidayat and Juniar [5] focused more on
learning outcomes through the learning model used. The
limitations of previous research are that they focused solely
on the physical aspects, paying less attention to effective
and innovative approaches from a cognitive and mental
health perspective for students. Traditional learning
methods, which rely heavily on imitation and repetition,
tend to be less effective in helping students grasp poomsae
concepts in depth [1]. Therefore, a more analytical and
strategic approach is needed that allows students to more
easily understand, evaluate, and independently improve
movements, namely through the CT approach.

Computational thinking is a method of thinking that
emphasizes problem-solving using logical and systematic
principles [10], [11] including decomposition, pattern
recognition, abstraction, and algorithms, thereby helping
students understand and develop strategies to master
poomsae [12]. The main components of CT that can be
applied in poomsae learning include: (1) decomposition
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(problem deconstruction): breaking down poomsae into
basic movements to understand patterns and sequences
more easily, (2) pattern recognition: Identifying patterns in
movements and techniques to accelerate learning, (3)
abstraction: Focusing attention on important aspects of
each movement without being distracted by irrelevant
details, and (4) algorithmic thinking: Building systematic
steps in practicing and perfecting poomsae [13].

In addition to the application of CT in Taekwondo
learning, previous studies have also enhanced martial arts
education through game-based learning approaches [14].
However, most studies indicate that CT is not only
effective across various educational domains including
motor and cognitive skill development [15], [16] but also
improves problem-solving skills and positively impacts
students' self-esteem [13]. By using CT strategies, students
can overcome obstacles in learning poomsae more
systematically, thereby reducing frustration levels and
increasing their confidence in practice [15]. When students
overcome challenges in understanding and executing
poomsae, they will feel more competent and confident,
leading to increased self-esteem as they feel able to
complete challenges well and receive recognition for their
efforts [3].

The demands of modern education focus not only on
mastering techniques but also on developing critical
thinking skills and positive character traits in students. In
the context of Taekwondo learning, the integration of a CT
approach is believed to provide innovation in the learning
process, making it more structured, analytical, and
reflective, and supporting effective, innovative, adaptive,
holistic, and enjoyable learning, relevant to the challenges
and needs of the 21st century. This strategy allows students
to be more active in understanding poomsae, identifying
their mistakes, and developing solutions to improve their
skills [17]. Finally, this study aims to explore the effect of
integrating a CT approach in improving students' problem-
solving abilities and self-esteem in Taekwondo learning.

2. Materials and Methods

2.1. Study Participants

The population in this study consisted of 360 students
from the Physical Education Department, Faculty of
Teacher Training and Education, Universitas Siliwangi,
Indonesia. They were enrolled in the taekwondo course for
the 2024 academic year and were divided into nine classes.
The sample size was 77 students, 65 male and 12 female,
selected using cluster random sampling.

This study is limited by the gender imbalance in the
sample, which overrepresents male students and limits
generalizability, particularly to female students. Future
research is recommended to use a more gender-balanced
sample to increase the validity and generalizability of the
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results.

All students participated voluntarily after receiving
complete information about the study's purpose,
procedures, potential risks, and data confidentiality.
Respondents'  identities were  kept  confidential
(anonymous), and data were used solely for academic
purposes.

2.2. Study Organization

This study employed a quasi-experimental one-group
pretest-posttest or time series design (see Table 1) to
examine the effect of CT-based Taekwondo poomsae
learning on students' problem-solving and self-esteem. The
researchers acknowledge that this design does not permit
firm causal conclusions. External factors, such as
individual motivation, prior Taekwondo experience, and
learning environment variables, may influence the results.
Therefore, the study findings are more appropriately
considered as indications of effects and associations, rather
than definitive causal evidence. These limitations are
explicitly explained to enhance methodological
transparency and maintain a realistic interpretation of the
results.

Researchers conducted an in-depth literature review
related to poomsae learning, the CT approach, and the
variables of problem-solving and self-esteem. Based on
this review, researchers developed a CT-based learning
toolkit, which included teaching modules, student
worksheets, and learning media such as instructional
videos. This toolkit was then verified by experts in physical
education, learning technology, and Taekwondo to ensure
the appropriateness of the content and the integration of the
approach.

2.3. Instrument

The measurement of students' problem-solving abilities
uses a problem-solving instrument (PSI) developed by
researchers. The instrument (PSI) consists of 16 items
using four indicators. First, technical analysis ability (4
items), derived from the understanding and analysis stages
in Polya's problem-solving theory [18] and Schoenfeld's
mathematical problem-solving framework [19]. Second,

challenge resolution (4 items), based on the plan stage in
Polya's problem-solving model [18], which emphasizes the
application of strategies to solve problems. Third, decision-
making effectiveness (4 items), related to the concept of
critical thinking and decision-making in Facione's critical
thinking framework [20], specifically evaluating
alternative solutions and selecting the best decision. Finally,
algorithmic ability (4 items) refers to the concept of
algorithmic thinking in Wing's CT theory [15], which
emphasizes the use of logical, systematic steps.

The results of the instrument validity test show that all
statement items (items 1-16) have correlation coefficients
(r_count) ranging from 0.599 to 0.767, exceeding r_table
(0.155) at the p <0.01 significance level. Meanwhile, the
construct reliability (CR) value is >0.934 (>0.70) for 16
PSI statement items, indicating they are reliable. However,
this study did not conduct a factorial validity test, so the
PSI construct structure has not been empirically verified,
which is a methodological limitation that weakens
construct validity. Respondents answered the PSI using a
5-point Likert scale (strongly disagree to strongly agree).

Student self-esteem was measured using the Rosenberg
Self-esteem Scale (RSES) instrument developed by
Rosenberg [21] and also revalidated in the Chinese version
by Jiang et al. [3] on 481 health students at the Department
of Medicine at a University in Hangzhou, with test-retest
reliability assessed wusing the intraclass correlation
coefficient (ICC), with ICC >0.700. The recommendation
of Jiang et al. [3] is for future researchers to explore cross-
cultural invariance further. Therefore, in this study,
researchers retested the validity and reliability of the RSES
on 191 physical education students at Universitas Siliwangi,
Indonesia. The reliability value was 0.748, based on 10
statement items that were considered valid. The RSES
consists of 2 indicators, namely: First, self-competence (5
items: 1, 2, 4, 6, 7). Self-competence assesses confidence
in personal abilities and feelings of efficacy, which reflect
beliefs about one's ability to achieve goals and handle
challenges effectively. Second, self-liking (5 items: 3, 5, 8,
9, 10), which measures intrinsic self-esteem and personal
acceptance, which represents a fundamental feeling about
oneself as a person independent of specific achievements.
Participants answered the RSES using a 4-point Likert
scale (strongly disagree-agree).

Table 1. Time series design
o] o]
Pretest Treatment Posttest
1. Students completed the 16-item problem | Fourteen meetings (1 1. Students completed the 16-item Problem

solving instrument

2. Students completed the 10-item
Rosenberg Self-esteem Scale instrument

meeting/week) application of
computational thinking approach in | o
Taekwondo lectures

Solving instrument

Students completed the 10-item
Rosenberg Self-esteem Scale instrument
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2.4. Statistical Analysis

This study used IBM SPSS version 29 as a data analysis

tool. The data were analyzed descriptively and inferentially.

Afterward, analysis requirements (classical assumption
testing) were performed by testing data normality using the
Kolmogorov-Smirnov test. Hypotheses were then tested
using the paired-samples t-test.

3. Results

Descriptive problem-solving variables demonstrate that
the four indicators technical analysis skills, challenge
completion, effectiveness of decision-making, and
algorithmic capabilities experienced a significant increase
from pretest to posttest. The Sig. value is all 0.000 (<0.05),
which means the hypothesis is accepted (see Table 2),
where the application or integration of the CT approach is
effective in improving students' problem-solving skills in
Taekwondo learning.  Furthermore, the  greatest
improvement effect was seen in the effectiveness of
decision-making indicator (t = -8.119), while the smallest
but still significant was traced in the algorithmic
capabilities indicator (t = -3.951). Thus, overall, the four
indicators of participants' CT skills showed a real and
significant increase after applying the CT approach in
Taekwondo learning.

Furthermore, the description of the self-esteem variable
shows that the first indicator, self-competence, decreased
from 14.58 to 14.08. The t-test result confirmed a p-value
of 0.066 (>0.05), indicating it was not significant. The
application of CT had no significant impact on the self-
competence indicator. Conversely, in the second indicator,
namely self-liking, there was an increase from 12.69 to
15.87, with the results of the t-test = -8.975, p <0.001 (see
Table 3). The application of CT succeeded in significantly
increasing self-liking, which refers to how individuals feel
positively about themselves. Thus, the CT intervention had
a positive effect, especially on self-liking, but not on self-
competence.

To conduct further analysis (paired samples statistics), it
is necessary to test the normality of the research data. The
results of the Kolmogorov-Smirnov test indicate that all
variables, both problem solving and self-esteem, in the
pretest and posttest stages have significance values above
0.05 (see Table 4).

With these normality requirements met, further analysis
using a parametric paired samples t-test could be conducted
appropriately. It confirmed that the data distribution was
sufficiently representative and could be used to validly test
the hypothesis of differences between the pretest and
posttest. Furthermore, these results reinforce that changes
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in students' problem-solving and self-esteem can be
statistically analyzed using a parametric approach, which
has greater power than non-parametric tests.

The descriptive analysis results showed an increase in
the average scores for both research variables, problem-
solving and self-esteem. For the problem-solving variable,
the average pretest score was 44.01 with a standard
deviation of 10.9. Meanwhile, the average posttest score
increased to 57.04 with a standard deviation of 8.43 (see
Table 5). It demonstrates an improvement in students'
problem-solving abilities after the computational thinking-
based intervention. Furthermore, the smaller standard
deviation in the posttest indicates that students' abilities
tended to be more homogeneous after the intervention
compared to before.

For the self-esteem variable, the average pretest score
was recorded at 27.31 with a standard deviation of 4.48,
then increased in the posttest to 29.96 with a standard
deviation of 3.83. This increase indicates a positive effect
of the intervention on students' self-esteem. Similarly, for
problem solving, the distribution of data in the self-esteem
posttest was smaller than in the pretest, which means that
students' self-esteem levels became more uniform after the
treatment was administered. Overall, these results indicate
that learning strategies integrated with CT not only
improve cognitive skills in problem solving but also
positively impact students' self-esteem.

The results of the paired samples t-test showed a
significant increase in students' problem-solving abilities
and self-esteem after the computational thinking-based
intervention. For the problem-solving variable, the average
pretest score was 44.01 (SD = 10.92) and increased to 57.04
(SD =8.43) in the posttest. This average difference of 13.03
proved significant with a t (76) value of -10.50 and p =
0.000 (p <0.001). The large effect size (Cohen's d = 1.20)
indicates that the CT intervention had a strong influence on
improving students' problem-solving abilities (see Table 6).

Meanwhile, for the self-esteem variable, the average
pretest score of 27.31 (SD = 4.49) increased to 29.96 (SD
= 3.83) in the posttest. This difference in increase of 2.65
was also statistically significant with a t (76) value of -6.08
and p = 0.000 (p <0.001). The magnitude of the effect, as
shown by Cohen's d = 0.69, indicates a moderate to large
influence of the CT intervention on improving students'
self-esteem (see Table 6).

Overall, these results demonstrate that the integration of
CT has proven effective not only in developing students'
cognitive problem-solving skills but also in positively
impacting affective aspects, such as increased self-esteem.
Therefore, this learning strategy is a relevant, innovative
approach to supporting both academic competency
development and student psychological well-being.
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Table 2. Description of student problem solving
M#SD Paired samples test
Problem-solving indicators
Pretest Posttest t(df) Sig. (2-tailed)
Technical analysis skills 10.9143.14 13.83%2.22 -6.177 (76) 0.000
Challenge completion 11.1643.06 14.3442.66 -7.361 (76) 0.000
Effectiveness of decision making 9.7943.28 13.71+2.88 -8.119 (76) 0.000
Algorithmic capabilities 11.7843.34 13.824+2.70 -3.951 (76) 0.000
Table 3. Description of student self-esteem
M#SD Paired samples test
Self-esteem indicators
Pretest Posttest t(df) Sig. (2-tailed)
Self-competence 14.58+42.60 14.08+2.16 1.866 (76) 0.066
Self-liking 12.6942.46 15.8742.72 -8.975 (76) 0.000
Table 4. Normality test (Kolmogorov-Smirnov)
Statistic df Sig.
Pretest 0.059 77 0.200
Problem solving
Posttest 0.075 77 0.200
Pretest 0.096 77 0.078
Self-esteem
Posttest 0.098 77 0.064
Table 5. Paired samples statistic
Mean N Std. deviation Std. error mean
Pretest problem solving 44.0130 77 10.91654 1.24406
Pair 1
Posttest problem solving 57.0390 77 8.43152 0.96086
Pretest self-esteem 27.3117 77 4.48758 0.51141
Pair 2
Posttest self-esteem 29.9610 77 3.83351 0.43687
Table 6. Paired samples test
Pretest (M+SD) Posttest (M+SD) Mean difference t(df) Sig. (2-tailed) Cohen’s d
Problem solving 44.01+0.92 57.0448.43 13.03 1 -10.50 (76) 0.000 1.20
Self-esteem 27.3144.49 29.9643.83 2.651 -6.08 (76) 0.000 0.69

4. Discussion

This study aimed to test the effectiveness of a
computational thinking-based intervention on improving
students' problem-solving skills and self-esteem. Statistical
tests revealed a significant increase in both variables after
the CT intervention. For the problem-solving variable,
students' average score increased by 13.03 points, a
significant increase (p <0.001) and a large effect size
(Cohen's d = 1.20), indicating a strong impact of the
intervention. Meanwhile, the self-esteem variable also
increased by 2.65 points, with a p-value of <0.001 and a
moderate to large effect size (Cohen's d = 0.69). Based on
these findings, the computational thinking-based
intervention significantly improved students' problem-

solving skills and self-esteem. The CT intervention has
proven effective and is worthy of consideration in
developing students' cognitive and affective skills.
Improving  problem-solving  skills  through the
application of computational thinking (CT) aligns with
previous findings demonstrating its effectiveness in
developing critical, logical, and systematic thinking skills.
CT, especially when combined with self-regulated learning,
has been shown to directly contribute to students' problem-
solving abilities, particularly in programming contexts, by
boosting self-confidence and self-esteem after facing
learning challenges [22], [23]. Despite variations in results
due to external factors, CT consistently shapes students'
problem-solving capacity [24]. Similarly, Shute et al. [25]
asserted that CT strengthens higher-order thinking skills,
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such as devising strategies, analyzing, and evaluating
solutions. This intervention, therefore, effectively hones
students' systematic, structured thinking.

The significant increase in self-liking indicators can be
explained by students' successful experience of a learning
environment that is enjoyable, challenging, and provides a
sense of accomplishment. It aligns with research by
Rahmasary et al. [26], which confirmed that CT can
increase students' self-confidence in solving HOTS
problems. This sense of accomplishment then fosters a
positive self-perception, which is the essence of self-liking.
These results align with the study by Moon and Cheon [9],
which found that CT-based collaborative learning fostered
positive affect and a sense of social connectedness.
However, its effect on cognitive competence assessments
was weak. Research by Harwood-Gross et al. [6], Kim et
al. [8], and Mulyana et al. [27] confirmed that the social
and emotional aspects of learning Taekwondo can be key
drivers of increased student self-esteem.

This affective dimension is closely linked to students'
psychological well-being. Higher self-liking leads to
greater feelings of satisfaction and pride in oneself,
ultimately contributing to improved well-being. This
finding is further supported by the study by Rahmasary et
al. [26], which showed that self-esteem is positively related
to academic resilience, with students with higher self-
esteem tending to be more resilient in facing learning
challenges. The integration of CT into Taekwondo
poomsae more quickly improves the emotional aspect of
self-esteem (self-liking) than the self-assessment aspect
(self-competence), as students experience success and
positive experiences, even though their technical skills still
require further practice.

On the other hand, the lack of significant improvement
in self-competence indicates that students have not fully
developed cognitive beliefs about their abilities, even
though they have experienced positive emotional benefits.
This finding aligns with a systematic review by Massaty et
al. [29], which emphasized that self-efficacy and cognitive
competence require sustained interventions, such as
repeated practice, constructive feedback, and technological
support, to help students internalize their confidence in
their abilities. In other words, the affective aspect of self-
esteem is more easily influenced by positive experiences in
the learning process. In contrast, cognitive aspects, such as
self-competence, require a longer, more consistent process
of self-verification.

On the cognitive side, the improvement in problem-
solving is consistent with the idea that CT teaches
transferable cognitive strategies, such as problem
decomposition, abstraction, pattern recognition, and
algorithm design, which facilitate the solution of complex
problems outside the programming context. Computational
thinking plays a role in developing HOTS through
systematic thinking exercises, thus forming a positive self-
concept [7], [12], [13], [14], [25]. Relkin's [30] empirical
evidence also shows that CT-based coding learning
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significantly improves early childhood problem-solving
abilities. Similarly, Montuori et al. [31] meta-analysis
found positive effects of CT on cognitive function across
educational levels. Thus, the findings of this study align
with global evidence on CT's contribution to improving
critical thinking and problem-solving abilities.

From an affective perspective, this study's results
demonstrate an increase in students' self-esteem after
participating in CT-based learning. According to Liao et al.
[22], CT integration increases non-STEM students'
learning satisfaction by enabling them to successfully
complete complex tasks with clear strategies, thereby
fostering self-confidence. Research by Fernéndez-Castillo
et al. [28] also confirms that students' self-esteem tends to
increase with the accumulation of successful academic
experiences, especially when they are allowed to develop
resilience and self-resilience. In this context, CT learning
provides repeated successful experiences (mastery
experience), which, according to Bandura's theory, can
strengthen self-efficacy and increase students' self-esteem
[32], [33], [34].

The significance of this study's psychological and
pedagogical aspects, including improvements in problem-
solving and student self-esteem, can be explained through
the relationship between CT, resilience, and academic
well-being. Computational thinking not only impacts
technical aspects but also strengthens social-emotional
skills such as emotional regulation, self-confidence, and
perseverance [34]. Computational thinking can be viewed
as a holistic pedagogical approach that addresses both the
cognitive and affective domains. To strengthen the findings,
recent literature recommends implementing adaptive
scaffolding, educational gamification, and integrating self-
regulated learning strategies to ensure the long-term
sustainability of CT's effects [31]. In addition to the
cognitive aspect, this study's results also show a significant
increase in the affective aspect. It supports recent findings
by John Lemay [36], who stated that problem-solving and
CT-based learning approaches can increase students' self-
confidence through successful experiences in overcoming
challenges. With this success, students build a positive
perception of their own competence, which strengthens
self-esteem.

Taekwondo courses instill the values of social
responsibility, self-control, self-confidence, discipline, and
focus [37], foster a sense of community [38], and provide
social support, which is essential for mental health.
Taekwondo not only improves physical skills but also
provides significant psychological benefits [8]. Thus,
students' physical activity contributes to a person's
psychological well-being, thereby enhancing their quality
of life [39]. In accordance with Rink's [40] idea, physical
education learning outcomes must address the cognitive,
affective, psychomotor, and social domains. Furthermore,
emphasizing and developing affective learning in physical
education is crucial to aligning with the 17 SDGs (good
health and well-being and quality education) [40].



International Journal of Human Movement and Sports Sciences 14(3): 711-719, 2026

However, physical education instruction still focuses on
cognitive and psychomotor development, leaving the
affective aspect insufficient space and attention [42].

Based on the results of the current study, CT has broad
potential for adaptation not only in Taekwondo but also in
various martial arts and other educational contexts.
Computational thinking principles such as decomposition,
pattern recognition, abstraction, and algorithmic thinking
[13] are universal and align with the characteristics of
movement-based learning, strategy, and decision-making
found in martial arts such as Karate, Judo, Pencak Silat, and
so on. In this context, techniques and strategies can be
systematically analyzed to improve movement efficiency,
opponent anticipation, and tactical decision-making [15].
Furthermore, CT adaptation is also relevant in physical
education, character education, and project-based learning,
as it encourages higher-order thinking skills, self-reflection,
and authentic problem-solving [16], [42], [43]. By
integrating CT across disciplines, lecturers can bridge
cognitive and affective learning and strengthen the transfer
of skills to academic and everyday life situations. This
approach confirms that CT is a cross-contextual thinking
framework that supports 21st-century learning.

Based on the findings of this study, several practical
implications can be applied in the university context. First,
CT-based interventions have proven effective in improving
students' problem-solving skills and self-esteem, making
this approach a worthy addition to the curriculum. Second,
universities can develop CT-based training programs or
workshops as part of student self-development activities,
particularly to strengthen critical thinking skills and
increase self-confidence. Third, the CT approach can also
be utilized in academic guidance and counselling to help
students address academic and psychological issues more
systematically. Fourth, in the learning process, lecturers
can apply CT strategies to create a more active, reflective,
and problem-based learning environment, thus supporting
the balanced development of cognitive and affective skills.
More broadly, CT implementation supports the
achievement of 21st-century competencies, particularly in
critical thinking, problem-solving, and character building.
Thus, the results of this study provide a strong basis for
educational institutions to consider implementing CT as a
learning strategy and to develop students' potential
holistically.

Given the effectiveness of CT-based interventions in
improving students' problem-solving skills and self-esteem,
future research could expand the study's scope to include
students at different educational levels, including high
school and vocational education. Furthermore, it is
important to explore the optimal duration and intensity of
CT interventions to produce long-term impacts on
cognitive and affective development. Further research
could also examine the effects of CT on other variables,
such as creativity, self-regulation, goal-setting, or
academic resilience, with follow-up measurements (e.g., 3—
12 months post-intervention) crucial for assessing the
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stability and retention of these skills. Furthermore,
qualitative or mixed-methods approaches could be used to
explore students' subjective experiences during CT
interventions, thereby providing a deeper understanding of
the mechanisms of change. Furthermore, it would be
valuable to test CT's effectiveness in cross-cultural or
cross-disciplinary contexts to determine the extent to which
this approach can be broadly adapted across diverse
learning environments. Thus, future research could
strengthen the empirical evidence and develop more
comprehensive and applicable CT intervention models.

5. Conclusions

Thus, this study confirms that CT is an innovative
strategy that is relevant in the context of 21st-century
higher education. The integrity of CT in Taekwondo
learning enhances problem-solving abilities and has
implications for increasing student self-esteem. CT not
only supports the mastery of academic skills but also makes
a real contribution to the formation of positive self-identity
and psychological well-being of students. These results
provide empirical evidence that integrating this approach
aligns with the demands of a modern curriculum
emphasizing 21st-century skills, such as critical thinking,
creativity, and social-emotional competencies. In addition,
the results of CT integration support the achievement of 17
SDGs, especially in points 3 and 4 (good health and well-
being and quality education).

Practically, lecturers or trainers can integrate CT into
Taekwondo learning through several key steps:
decomposing techniques into  simpler movement
components, recognizing error patterns and opponent
strategies, and abstracting core principles from various
training situations. Furthermore, algorithmic thinking can
be applied by training students to develop a sequence of
decisions based on match scenarios (if-then). This process
needs to be reinforced through reflection and feedback that
emphasize thinking and problem-solving, rather than solely
physical outcomes. Thus, Taekwondo learning not only
improves motor skills but also sustainably develops
cognitive and affective abilities.
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