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Abstract: The rapid development of technology requires prospective teachers to master 21*
century skills, particularly problem solving. Students in the Bachelor of Electrical Engineering
Education program at Universitas Negeri Malang often experience a high cognitive load due to
heavy academic demands and limited computational thinking, which hinder their problem-solving
abilities. This study investigates the influence of computational thinking on cognitive load and
problem-solving skills. Using a quantitative descriptive design with saturated sampling, 116
students from the 2022—-2023 cohorts participated by completing a closed-ended questionnaire.
Data were analysed through prerequisite tests, descriptive statistics, and hypothesis testing using
MANOVA with SPSS 27. Results show that students with higher computational thinking have lower
cognitive load (M = 44.19) and higher problem-solving skills (M = 55.70). Computational thinking
significantly affects cognitive load (p < 0.001, n?> = 0.415) and problem solving (p = 0.019, > =
0.067). However, this study is limited to self-reported questionnaire data from a single institution,
which may affect the generalizability of the findings. The novelty of this research lies in its
simultaneous examination of computational thinking, cognitive load, and problem-solving skills in
engineering education, an area that remains underexplored in the Indonesian higher education
context. These findings indicate that computational thinking plays a substantial role in reducing
cognitive load and improving problem-solving skills, thereby providing valuable insights for
curriculum development and instructional design in higher education.

Keywords: computational thinking; cognitive load; problem solving; Electrical Engineering
Education

1. Introduction

The rapid advancement of technology has profoundly impacted daily life, particularly in education.
Appropriate utilization of technology can facilitate human activities and improve efficiency
(Khoirunnisa et al., 2025). This transformation requires educational institutions to prepare the

younger generation to be adaptive to contemporary challenges, particularly in terms of
technological literacy and higher order thinking skills. Prospective teachers, including students of
the Bachelor of Electrical Engineering Education, are not only expected to master teaching
materials but also to develop essential 21st century skills, such as critical thinking, digital literacy,
and problem-solving abilities. Higher education curriculum needs to be adapted to address these
challenges, including through the integration of technology-based learning and systematic thinking
approaches (Ashari Hamzah et al., 2022). Conventional education, which emphasizes theory over

technological competence, must transform to prepare students for global challenges. In the 21st
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century, teachers act as facilitators guiding students to think critically, innovate, and solve problems
independently. Graduates are required to possess reflective thinking skills for problem solving and
to design technology-based learning experiences. Integrating critical thinking, creativity,
communication, and digital literacy into curricula is essential to align education with digital era
demands. Interactive and technology-based learning approaches, such as discussions and
simulations, can increase student engagement and bridge the gap between theory and practice
(Mukhtoralieva, 2025).

However, many students still encounter difficulties in understanding complex technical materials,
which leads to high cognitive load and reduced problem-solving ability. Cognitive load refers to
the mental effort required to process information during learning activities (Sari et al., 2020). If
the presented information is overly complex or delivered ineffectively, students’ working memory
can become overloaded, resulting in difficulties in comprehending the material, particularly in
technically intensive courses such as Control Systems and Industrial Automation that require deep
understanding (Sweller, 2022). Heavy academic workloads and ineffective teaching methods

further exacerbate cognitive load, while limited computational thinking skills constrain students’
ability to manage information and design systematic solutions. The COVID-19 pandemic has
intensified these challenges by limiting hands on practice and collaborative learning experiences,
reducing opportunities for students to apply computational thinking in real problem-solving
contexts. Therefore, effective learning strategies are needed to manage cognitive load while
simultancously enhancing students’ problem-solving abilities.

One approach to address these challenges is computational thinking. Computational thinking is a
logical and systematic way of thinking derived from computer science principles that can be
applied to solve various types of problems (Mcclelland and Grata, 2018) . According to Wing

(Pirzado et al., 2025), computational thinking encompasses decomposition, abstraction,
algorithmic thinking, and solution evaluation. This approach has been shown to effectively help
students simplify problems, identify patterns, organize solution steps, and evaluate the
effectiveness of solutions. Integrating computational thinking into engineering education, it is
expected that students’ cognitive load can be reduced and their problem-solving abilities
significantly improved. Previous studies have indicated that computational thinking positively
influences problem solving skills and cognitive load management; nevertheless, its implementation
in higher education, particularly at Universitas Negeri Malang, remains underexplored. Therefore,
it is important to further investigate the effect of computational thinking on students’ cognitive
load and problem-solving abilities. Based on this background, the present study focuses on
examining whether computational thinking has a significant effect on students’ cognitive load and
whether it also influences their problem-solving skills. In addition, this study aims to investigate
whether computational thinking simultaneously affects both cognitive load and problem-solving
abilities. Accordingly, the objectives of this research are to analyse the influence of computational
thinking on the cognitive load of Bachelor of Electrical Engineering Education students at
Universitas Negeri Malang, as well as on their problem-solving abilities. Moreover, this study seeks
to examine the simultaneous effect of computational thinking on both variables to provide a more
comprehensive understanding of its role in engineering education.

2. Methods
2.1 Research design

The research used descriptive quantitative analysis method to analyze the effect of computational

thinking on cognitive load and problem—solving skills. The research was conducted in the Bachelor
of Electrical Engineering Education program at Universitas Negeri Malang. The Data were
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collected through a structured, closed-ended questionnaire designed to measure computational

thinking, cognitive load, and problem-solving skills among students.

The Effect of Computational Thinking on
Cognitive Load and Problem Solving Skills
of Electrical Engineering Education
Students at Universitas Negeri Malang
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The population of this study consisted of all undergraduate students in the Bachelor of Electrical

Engineering Education program at Universitas Negeri Malang from the 2022 and 2023 cohorts. The

data sampling technique used was total or saturated sampling. A saturated sampling technique was

employed, whereby all members of the population were included as research participants. The total

number of respondents was 116 students, as presented in Table 1.

Table 1. Table of population and sample size of the research
No Offering Year of entry Total students
1 S1 PTE-A 2022 23
2 S1 PTE-B 2022 24
3 S1 PTE-A 2023 36
4 S1 PTE-B 2023 33
Total 116
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2.3 Instruments

Research instruments were used in a closed-ended questionnaire developed to measure three
research variables: computational thinking, cognitive load, and problem-solving skills. Each
questionnaire employed a five-point Likert scale, ranging from strongly disagree (1) to strongly
agree (5). All items were reviewed by experts to ensure content validity and were pilot tested to
confirm the validity and reliability of the instruments.

2.4 Data collection

The data sources used in this research are the primary data obtained from undergraduate students
in the Bachelor of Electrical Engineering Education program at Universitas Negeri Malang. The data
were collected through a structured questionnaire designed to measure computational thinking,
cognitive load, and problem-solving skills.

2.5 Data analysis technique

The data analysis techniques used are in three stages: instrument testing, assumption testing, and

hypothesis testing.

a. Instrument test. Instrument testing was performed to ensure that the questionnaire items
measuring computational thinking, cognitive load, and problem-solving skills were valid and
reliable. Content validity was examined through expert judgment, and the reliability of the
instruments was assessed using Cronbach’s Alpha.

b. Assumption Test. Before hypothesis testing, assumption checks were conducted to confirm
that the data met the requirements for parametric statistics. These included tests of normality,
linearity, and homogeneity.

c. Hypothesis Test. After all assumptions were satistied, hypothesis testing was performed using
Multivariate Analysis of Variance (MANOVA) with the assistance of SPSS version 27. This
analysis aimed to determine the effect of computational thinking on cognitive load and
problem-solving skills. The level of significance was set at 0.05, and using Partial Eta Squared
(N?) to determine the strength of the relationships.

3. Results

This section presents the findings from the analysis of data collected through a closed-ended
questionnaire on computational thinking, cognitive load, and problem-solving skills. The data was
analyzed using Multivariate Analysis of Variance (MANOVA) with the help of SPSS 27. The results
demonstrate the significant effect of computational thinking on both cognitive load and problem-

solving skills among Electrical Engineering Education students at Universitas Negeri Malang.
3.1 Descriptive statistics

The descriptive analysis revealed that students with high levels of computational thinking achieved
lower scores on cognitive load and higher scores on problem-solving skills than those with moderate
or low computational thinking. The data shows the mean and standard deviation for each variable,
categorized by the level of computational thinking among the students. Table 2 presents the mean
and standard deviation for each group.
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Table 2. Table descriptive statistics of computational thinking, cognitive load, and problem-
solving skills

Variable independent

Variable dependent N Mean Std. deviation

category
Cognitive load Low 41 54.80 4.991
Medium 38 50.84 5.930
High 37 4419 4.795
Total 116 50.12 6.818
Problem solving Low 41 52.66 6.729
skills Medium 38 51.89 5.018
High 37 55.70 6.398
Total 116 53.38 6.270

Based on the statistical description in Table 2, it can be observed that the highest average value for
cognitive load is 54.80, which corresponds to the "low" category of computational thinking, while
the lowest average value is 44.19, found in the "high" category of computational thinking. This
suggests that students with higher computational thinking tend to experience lower cognitive load
compared to those in the "low" or "medium" categories, indicating that as computational thinking
increases, cognitive load decreases. Furthermore, for problem-solving ability, the highest average
value is 55.70, corresponding to the "high" category of computational thinking, while the lowest
average value is found in the "medium" category. This means that students with high computational
thinking skills tend to have better problem-solving abilities compared to those in the "low" or
"medium" categories. Therefore, it can be concluded that as the level of computational thinking
increases, both cognitive load decreases and problem-solving ability improves.

3.2 Hypothesis test

The results of the Multivariate Analysis of Variance (MANOVA) showed that computational
thinking had a significant effect on both dependent variables. It significantly influenced cognitive
load (p < 0.001, Partial Eta Squared = 0.415) and problem-solving skills (p = 0.019, Partial Eta
Squared = 0.067). These findings indicate that computational thinking explains 41.5% of the

variance in cognitive load and 6.7% of the variance in students’ problem—solving skills.

Table 3. Results of MANOVA for the effect of computational thinking

Variable Df Mean F Sig. Partial Eta Interpretation
Square Squared

Computational

thinking on 2 1110,572 40,156 <0,001 0,415 H1 accepted
Cognitive Load

Computational

thinking on Problem 2 152,391 4,084 0,019 0,067 H1 accepted
Solving Skills

The MANOVA results confirm that computational thinking has a significant and substantial effect
on cognitive load and a moderate but meaningful effect on problem-solving skills. Students with
higher computational thinking experience reduced cognitive demands and demonstrate stronger
problem-solving performance. The results show that computational thinking has a statistically
significant effect on both cognitive load and problem-solving skills.
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The results of the hypothesis testing are as follows:

a. Based on Table 3, the significance value for the cognitive load variable is p < 0.001,
which is less than 0.05, indicating a significant effect of computational thinking on
cognitive load. The Partial Eta Squared value of 0.415 indicates that 41.5% of the
variance in cognitive load is explained by computational thinking, with the remaining
59.5% influenced by external factors. Therefore, the first hypothesis is accepted,
showing that computational thinking significantly affects students' cognitive load.

b. Based on the hypothesis testing results presented in Table 3, it shows that the
significance value for the cognitive load variable is 0.019, which is less than 0.05,
indicating that the significance level is lower than 0.05. This suggests a significant effect
of computational thinking on problem-solving ability. Furthermore, Table 2 reveals a
Partial Eta Squared value of 0.067. This result indicates that 6.7%, of the variance in
problem-solving ability is explained by computational thinking, with the remaining
effect influenced by other factors outside of computational thinking. Therefore, the
second hypothesis is accepted, indicating that computational thinking significantly
impacts students' problem-solving ability.

4. Discussion
4.1 The effect computational thinking on cognitive load

The results of the hypothesis testing indicate that computational thinking has a significant effect on
students’ cognitive load, with a significance value of p <0.001 < 0.05. Descriptive statistics further
show that the highest average cognitive load occurs among students with moderate computational
thinking, whereas the lowest average cognitive load is observed among students with high
computational thinking. These findings suggest that an increase in computational thinking is
associated with a decrease in students’ cognitive load. Moreover, the Partial Eta Squared value of
0.415 indicates that 41.5% of the variation in cognitive load is influenced by differences in
computational thinking levels, while the remaining 59.5% is affected by other factors beyond this
variable. Universitas Negeri Jakarta was conducted.

This relationship can be explained by the notion that students with strong computational thinking
skills are more capable of understanding complex materials efficiently. Such skills allow students to
reduce cognitive load by processing, storing, and representing complex information commonly
encountered in technical courses. This finding aligns with John Sweller’s cognitive load theory,
which posits that cognitive load can be minimized when individuals employ efficient thinking
strategies to manage information within working memory. In this context, computational thinking
serves as an effective strategy that enables students to solve problems systematically, thereby
enhancing both problem-solving skills and cognitive load management. These findings are

consistent with previous research. (Gupta & Zheng, 2020) indicated that cognitive load during

learning is influenced by task complexity, instructions provided, and students’ thinking strategies.
Students with prior understanding and strategic approaches, such as computational thinking, tend
to experience lower cognitive load as they can filter relevant information and simplify reasoning
processes in simulation-based and analytical tasks (Hakim, 2024) . These results demonstrate that

integrating computational thinking into learning activities with high difficulty levels has the potential
to reduce cognitive load and improve learning efficiency in the program.
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4.2 The effect of computational thinking on problem solving skills

The results also show that computational thinking significantly influences students’ problem-solving
abilities, with a significance value of 0.047 < 0.05. Descriptive statistics indicate that the highest
average problem-solving ability is found in students with moderate computational thinking, while
the lowest is observed in students with high computational thinking. This suggests that an increase
in computational thinking corresponds with an improvement in students’ problem-solving skills.
The Partial Eta Squared value of 0.067 indicates that 6.7% of the variation in problem-solving ability
is explained by differences in computational thinking, while the remaining 93.3% is affected by
external factors unrelated to this variable.

These findings reinforce the view that computational thinking including decomposition,
abstraction, algorithmic thinking, generalization, and evaluation plays an essential role in helping
students solve problems effectively and efficiently. Students accustomed to applying computational
thinking are better trained to break down problems into simpler components, design logical
solutions, and identify optimal strategies for resolution. This aligns with Polya’s problem-solving
framework, which emphasizes understanding the problem, devising a plan, implementing the
solution, and evaluating the results (Lisnawita et al., 2021) . Computational thinking strengthens

cach of these stages, particularly in planning solutions and performing systematic analyses. The
results are further supported by previous studies (Fei ct al., 2025) found that students with high

computational thinking skills tend to solve problems more effectively, as structured computational
thinking strategies help them understand core issues, avoid confusion, and design more strategic
and efficient solutions. In conclusion, computational thinking has a significant impact on the
problem-solving abilities of Electrical Engineering Education students at Universitas Negeri
Malang. Enhancing computational thinking can serve as a key strategy for improving students’
problem-solving skills, aligning with the demands of 21* century competencies that emphasize
critical thinking, problem-solving, and innovation.

5. Conclusion

The result of the study, based on research conducted on undergraduate students of the Electrical
Engineering Education program at Universitas Negeri Malang it can be concluded that
computational thinking has a significant effect on both cognitive load and problem-solving skills
among undergraduate students in the Bachelor of Electrical Engineering Education program at
Universitas Negeri Malang. Students with higher levels of computational thinking experience lower
cognitive load and exhibit stronger problem-solving abilities during academic activities. These
results underscore the importance of incorporating computational thinking into instructional
approaches to assist students in managing cognitive challenges and improving their problem-solving
capacity. Future research is encouraged to examine instructional models and targeted interventions
that enhance computational thinking as a means of fostering deeper and more sustainable learning

outcomes.
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