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Abstract

Computational thinking ability is one of the 21st-century skills that needs to be developed
since elementary school. This study aims to analyze the interaction between Problem Based
Learning (PBL) assisted by manipulative media and mathematical disposition on the
computational thinking ability of elementary school students. The study used a quantitative
method with a quasi-experimental 2x2 treatment by level design using a posttest-only control
group design. The research sample consisted of 128 fifth-grade elementary school students in
Tamansari District, Bogor Regency, selected through a cluster random sampling technique. The
analysis was conducted on 70 students who were grouped into high and low mathematical
dispositions using the extreme group technique of the top 27% and bottom 27%. Data were
collected through a computational thinking ability test and a mathematical disposition
questionnaire, then analyzed using two-way ANOVA and followed by the Tukey Post Hoc test. The
results of the study showed that there was a significant interaction between the learning model
and mathematical disposition on students' computational thinking ability (p < 0.001). Students
with high mathematical disposition obtained better computational thinking ability through PBL
assisted by manipulative media compared to the expository model. Conversely, for students with
low mathematical disposition, the expository model provided better results. These findings
indicate that the selection of a learning model needs to consider students' mathematical
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INTRODUCTION

The development of the 21st century demands students to have various skills necessary to
face the increasingly complex challenges of life and the world of work. According to Trilling and
Fadel (2009), these skills are fundamental elements that act as keys in supporting the lifelong
learning process as well as the development of creative works. Creative thinking, critical thinking
and problem solving, communication, and collaboration are 21st-century skills (Muthmainnah et
al., 2023), as well as computational thinking (Silva et al., 2021).

Computational thinking was first introduced by Seymour Papert (1980) then popularized
by Wing (2006) and defines computational thinking as a way of thinking that uses the basic
concepts of computer science to solve problems, build systems, and understand human behavior.
In line with that, Aho (2012) also defines computational thinking as the thought processes involved
in formulating problems so their solutions can be represented as computational steps and
algorithms. In other words, computational thinking is a problem-solving ability that utilizes
computer science concepts to formulate problems, analyze information, systematically arrange
completion steps, and produce effective and efficient solutions. This ability is not only needed in
the field of technology, but is also relevant for various disciplines, including mathematics.
Weintrop (2016) explains that computational thinking is a problem-solving practice that can be
applied in mathematics and science learning. Computational thinking is a form of developing the
thinking process that involves the thinking ability itself (Hariyani et al., 2024). The purpose of
computational thinking is to help students become more skilled in solving problems by using
computational concepts in practical situations, as well as allowing students to understand how
systems work, recognize patterns and create innovative solutions (Barr, 2011). Computational
thinking must be possessed by students, because in the process, problem solving does not only
focus on solving the problem but how the solving process is (Sanapiah & Aziz, 2021).

In the context of basic education, computational thinking ability has an important role
because it helps students develop logical, systematic, critical, and creative thinking skills from an
early age. This ability includes several main components, namely decomposition, pattern
recognition, abstraction, and algorithms that students can use in solving various mathematical
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problems. This is in line with what was stated by Kemendikdasmen (2025) that computational
thinking teaches students to solve problems systematically and efficiently by conducting the
process of decomposition (breaking large problems into small parts), pattern recognition,
abstraction, and algorithms that help students understand and handle digital challenges.
Therefore, the development of computational thinking ability needs to be a concern in the
mathematics learning process in elementary schools so that students are not only able to master
concepts, but also able to use them to solve problems effectively.

Nevertheless, various research results indicate that the computational thinking ability of
elementary school students is still classified as low. Based on research that has been conducted
by Rahayu et al. (2023), it shows that students' computational thinking ability is still low, this is
indicated by the scores obtained being still below the average, especially in the aspects of pattern
recognition, algorithmic thinking, and abstraction. Another research conducted by Aunurrahim
(2024) shows that students' decomposition ability is still relatively lacking, which is an aspect of
computational thinking ability. This is in line with the data results of the Bebras Task Challenge
conducted in 2024 for the SD/MI level (equivalent to grades 4-6) it was found that out of all
participants throughout Indonesia totaling 12,706 students, only 2,530 or 19% of students were
able to complete the bebras computational thinking challenge in the form of non-programming
guestions designed to test the way students think in solving problems logically, systematically,
and efficiently without having to write code. The questions are presented in the form of stories or
illustrations covering four main components, namely decomposition, pattern recognition,
abstraction and algorithmic thinking (Bebras Indonesia, 2024).

One learning alternative that has the potential to develop computational thinking ability is
Problem Based Learning (PBL). The PBL model is student-centered learning by making problems
the starting point of learning (Hmelo-Silver & Barrows, 2006; Torp & Sage, 1998). PBL is a learning
model where students learn to solve relevant and challenging problems, which are usually taken
from real or contextual situations (Hendriko et al., 2024). Through the process of identifying
problems, finding information, developing various alternative solutions, and evaluating problem-
solving results, students gain the opportunity to develop higher-order thinking skills (Arends,
2012; Tan, 2002). These characteristics are in line with the computational thinking process which
requires students to break complex problems down into simpler parts, find patterns, perform
abstraction, and arrange completion steps systematically.

The effectiveness of PBL in developing computational thinking ability can be strengthened
through the use of manipulative media. Moyer (2001) defines manipulative media as real objects
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used by teachers to help students understand mathematical concepts through direct experience,
physical interaction, and concrete representation of abstract ideas. The benefits of manipulative
media are fostering learning motivation, providing learning stimulus, and helping students
visualize abstract mathematical concepts so that they are easy to understand (Farhana et al.,
2022). Manipulative media provides a concrete learning experience thus helping students
understand abstract mathematical concepts (Nurhasanah et al., 2025). The use of manipulative
media allows students to conduct direct exploration, observe relationships between objects, and
build understanding through real experiences. Thus, the integration of PBL and manipulative
media not only encourages active student involvement in learning, but also helps students
develop computational thinking abilities through more meaningful problem-solving activities.

However, the successful application of a learning model is not only influenced by external
factors in the form of models and learning media, but is also influenced by internal student factors
(Prasetyo et al., 2025). One of the internal factors thought to influence computational thinking
ability is mathematical disposition. Kilpatrick and Findell (2001) in Hutajulu et al. (2019) explain
that mathematical disposition is the tendency to see mathematics as something that can be
understood, feel mathematics as something useful, believe that diligent effort and perseverance
in learning mathematics will yield results, act as an effective learner and as a doer of mathematics
itself. Students who have a high mathematical disposition generally show self-confidence,
perseverance, interest, and a positive attitude towards learning mathematics. Conversely,
students with a low mathematical disposition tend to be less motivated and give up easily when
facing learning difficulties (Huda & Syafmen, 2021; Marban, 2016).

Previous research has shown that computational thinking ability can be improved through
various learning approaches, such as that conducted by Noviyanti et al. (2023) by applying the
Differentiated Learning Model to improve students' computational thinking ability, Agustini et al.
(2024) who applied the Game Based Learning Model with Educational Games to improve
computational thinking skills, as well as the selection of media in the form of scratch applications
(Gao & Hew, 2022), audible books media (Alim et al., 2022), and robotics programming (Noh,
2020). These various studies indicate that computational thinking ability can be improved through
various learning models and media. Based on the literature review, previous studies mostly
examined the effect of specific learning models or media on computational thinking ability
separately. However, no research has been found that simultaneously analyzes the interaction
between Problem Based Learning assisted by manipulative media and mathematical disposition
on the computational thinking ability of elementary school students. Therefore, the purpose of
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this study is to analyze how mathematical disposition influences the effectiveness of Problem
Based Learning assisted by manipulative media in developing the computational thinking ability
of elementary school students. Furthermore, the research question proposed in this study is
whether there is an interaction between Problem Based Learning assisted by manipulative media
and mathematical disposition on the computational thinking ability of elementary school
students.

RESEARCH METHODOLOGY

This study used a quantitative method with a quasi-experimental design in the form of a
2x2 treatment by level design using a posttest-only control group design aimed at analyzing the
interaction of the learning model and mathematical disposition on the computational thinking
ability of elementary school students (Djaali, 2020; Kadir, 2018). The independent variable in this
study is the learning model consisting of Problem Based Learning (PBL) assisted by manipulative
media and the expository learning model. The moderator variable is mathematical disposition
grouped into high mathematical disposition and low mathematical disposition, while the
dependent variable is students' computational thinking ability. The 2x2 treatment by level design
is presented in Table 1.1 below:

Table 1.1 2x2 treatment by level design

Learning Model (A) / Mathematical | PBL assisted by Manipulative )
. . . Expository (A2)
Disposition (B) Media (A1)
High (B1) A1B1 A2B1
Low (B2) A1B2 A2B2

Description:

A1l = Group of students learning through the PBL model assisted by manipulative media

A2 = Group of students learning through the expository model

B1 = Group of students with high mathematical disposition

B2 = Group of students with low mathematical disposition

A1B1 = Group of students learning through the PBL model assisted by manipulative media and
having a high mathematical disposition

A1B2 = Group of students learning through the PBL model assisted by manipulative media and
having a low mathematical disposition

A2B1 = Group of students learning through the expository model and having a high mathematical
disposition
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A2B2 = Group of students learning through the expository model and having a low mathematical
disposition

The study was conducted on fifth-grade students of public elementary schools (SDN) in
Tamansari District, Bogor Regency, in the even semester of the 2025/2026 academic year. The
research sample was determined using the cluster random sampling technique. Based on the
lottery results, two classes were designated as the experimental class that received Problem Based
Learning assisted by manipulative media and the other two classes as the control class that
received expository learning. The total research sample was 128 students consisting of 62
students in the experimental class and 66 students in the control class.

The research instruments consisted of a computational thinking ability test and a
mathematical disposition questionnaire. The computational thinking ability test was in the form
of essay questions compiled based on four indicators of computational thinking, namely
decomposition, pattern recognition, abstraction, and algorithms. Before being used, the test
instrument went through a validation process by experts and a trial to determine the validity,
reliability, difficulty level, and discriminating power of the questions. The mathematical
disposition questionnaire used a five-level Likert scale developed based on indicators of self-
confidence, interest and curiosity, flexibility, and reflection in mathematics learning. The results
of the product moment validity test showed that all question items were in the valid category with
validity coefficients ranging from 0.42—0.81. The Cronbach's alpha reliability of the computational
thinking ability test was in the high category with a coefficient of 0.87. Meanwhile, the
mathematical disposition questionnaire had a reliability coefficient of 0.91, which belongs to the
very high category.

This study used a posttest-only control group design, therefore the research procedure
began with giving treatment to the experimental class and control class for eight meetings. At the
end of the treatment, students were given a computational thinking ability test to measure the
ability obtained after participating in the learning and a mathematical disposition questionnaire.
Based on the questionnaire scores obtained, students were then grouped into high and low
mathematical disposition categories for the purpose of treatment by level analysis. The grouping
of mathematical disposition was done based on the questionnaire scores obtained by students
after the data collection process, then students were grouped into high and low mathematical
disposition categories using the extreme group technique (top 27% and bottom 27%). Out of the
128 students who became the research sample, the treatment by level analysis was conducted on
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the high and low mathematical disposition groups using the extreme group technique of the top
27% and bottom 27%. Based on this technique, 70 students were obtained, consisting of 35
students in the high disposition group and 35 students in the low disposition group.
Furthermore, the research data were analyzed descriptively and inferentially. Descriptive
analysis was used to determine the overview of computational thinking ability in each research
group. Before testing the hypotheses, the data were first tested for prerequisites in the form of
normality and homogeneity. After the prerequisite tests were met, hypothesis testing could be
performed. This study used a hypothesis test in the form of a two-way ANOVA test corresponding
to the 2x2 treatment by level factorial design with the help of the Jamovi 2.6.26 application. This
hypothesis test was chosen to identify whether there is a significant difference between the
means of two or more groups influenced by two factors (testing main effects and interaction
effects). Next, the analysis was continued by performing the Tukey Post Hoc Test, which is to
determine the simple effect. This test is often used when there is a significant difference between
groups in the ANOVA test and one wants to evaluate specific differences between pairs of groups.

RESEARCH RESULTS
Data Description

Based on the research that has been conducted, the computational thinking ability scores
from each research group were obtained. The summary in the form of a descriptive analysis of the
research results is explained in the following table:

Table 2 Summary of students' computational thinking ability scores

Mathematical . . -
] . Learning Model (A) Maximum Score | Minimum Score | Mean
Disposition (B)
High (B1) PBL manipulative (A1) 100 72 85.9
Expository (A2) 78 44 65.4
Low (B2) PBL manipulative (A1) 75 50 65.9
Expository (A2) 97 53 75.9

Table 2 shows that the highest mean score for computational thinking ability was obtained
by the group of students who had a high disposition and learned with the PBL model assisted by
manipulative media. Meanwhile, the lowest mean score for computational thinking ability was
obtained by the group of students who had a high disposition and learned with the expository
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Furthermore, before conducting hypothesis testing with a 2-way ANOVA, the data were
first subjected to normality and homogeneity tests as prerequisite tests. The results of the
normality and homogeneity tests, both in groups and combined, obtained a p-value of more than
the a level = 0.05, and it can be concluded that the entire data are normally distributed and
homogeneous. Thus, the data have met the prerequisite tests and can be continued with
parametric tests.

The results of hypothesis testing using two-way ANOVA are presented in the following

table.
Table 3 Results of the two-way ANOVA test
Sum of Squares df Mean Square F p
A 481 1 481 4.34 0.041
B 394 1 394 3.56 0.064
A*B 4036 1 4036 36.44 <.001
Residuals 7311 66 111
Description:

A = Learning Model
B = Mathematical Disposition
A * B = Interaction of learning model and mathematical disposition

Interaction of Learning Model and Mathematical Disposition on Computational Thinking Ability

Based on Table 1.3 in the A * B section, it shows a p-value of 0.001 < 0.05, meaning there
is an interaction between the learning model and mathematical disposition. Figure 1.1 below
shows the interaction between the two variables.
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Figure 1 Result of A*B Interaction

Figure 1.1 shows the differences in students' computational thinking ability in each group.
The highest mean score was obtained by the group of students learning with the PBL model
assisted by manipulative media and having a high mathematical disposition. Conversely, the
lowest mean score was found in the group of students learning with the expository model and
having a high disposition. As for the group of students who had a low disposition and learned with
the expository model, they had a higher computational thinking ability compared to the group of
students who had a low disposition and learned with the PBL model assisted by manipulative
media.

Based on the information shown in the figure, it can be concluded that the PBL model,
expository model, low mathematical disposition, and high mathematical disposition jointly affect
computational thinking ability. In other words, there is an interaction between the learning model
and mathematical disposition on computational thinking ability. This interaction shows that the
effectiveness of a learning model in developing computational thinking ability is highly dependent
on the level of mathematical disposition possessed by students.

The Tukey Post Hoc Test was conducted after it was known that there was an interaction
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between the two variables; this was done to determine the differences in the computational
thinking ability of students with different levels of mathematical disposition with the PBL learning
model assisted by manipulative media and the expository model. The results are summarized in
Table 1.5 below

Table 5 Results of the Tukey post hoc test

Comparison . Mean SE df t Ptukey
difference
Al Bl - Al B2 19.941 3.61 66.0 5.524 <.001
Al Bl - A2 Bl 20.438 3.56 66.0 5.742 <.001
Al B1 - A2 B2 9.993 3.56 66.0 2.808 | 0.032
Al B2 - A2 Bl 0.497 3.56 66.0 0.140 0.999
Al B2 - A2 B2 -9.948 3.56 66.0 -2.795 0.034
A2 B1 - A2 B2 -10.444 3.51 66.0 | -2.977 | 0.021

There is a Difference in Computational Thinking Ability Based on the Learning Model for
Students with High Mathematical Disposition

Table 1.5 shows the difference between groups A1B1 and A2B1 with a p-value of 0.001 <
0.05, meaning there is a mean difference between the two groups. The mean difference value
between the two groups is 20.438. A positive mean difference means that the mean of group A1B1
is higher than group A2B1. It is known that the mean of the group of students who have a high
mathematical disposition and learn through the PBL model assisted by manipulative mediais 85.9,
while the mean of the group of students who have a high mathematical disposition and learn
through the expository model is 65.4. This means that there is a difference in the mean
computational thinking ability of students with a high mathematical disposition who apply the PBL
model assisted by manipulative media and the expository model. Therefore, it is concluded that
the computational thinking ability of students learning with the PBL model assisted by
manipulative media is higher than students learning using the expository model for students who
have a high mathematical disposition.

There is a Difference in Computational Thinking Ability Based on the Learning Model for
Students with Low Mathematical Disposition

The results of the Tukey post hoc test presented in Table 4.5 also show a difference in
students with a low mathematical disposition, namely between group A1B2 and group A2B2. The
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significance value obtained from the two groups is 0.034 < 0.05. The mean difference value
between the two groups is -9.948. A negative mean difference means that the mean of group
A1B2 is lower than group A2B2. It is known that the mean of the group of students who have a
low mathematical disposition and learn through the PBL model assisted by manipulative media is
65.9, while the mean of the group of students who have a low mathematical disposition and learn
through the expository model is 75.9. This means that there is a difference in the mean
computational thinking ability of students with a low mathematical disposition who apply the PBL
model assisted by manipulative media and the expository model. So it can be concluded that the
computational thinking ability of students learning with the PBL model assisted by manipulative
media is lower than students learning using the expository model for students who have a low
mathematical disposition.

DISCUSSION

The results of the study show that there is an interaction between the learning model and
mathematical disposition on the computational thinking ability of elementary school students.
Descriptively, students who have a high mathematical disposition and learn using Problem Based
Learning (PBL) assisted by manipulative media obtained the highest mean computational thinking
ability compared to the other groups. Conversely, for students with a low mathematical
disposition, expository learning actually produced a higher mean computational thinking ability
compared to PBL assisted by manipulative media. This pattern indicates a cross-over interaction,
which is a condition when the effect of a learning model differs depending on the student's
mathematical disposition level.

According to Hmelo and Silver (2004), PBL is learning that places students at the center of
learning activities through authentic problem solving. In this process, students are required to
identify problems, collect information, formulate hypotheses, test alternative solutions, and
reflect on the results obtained. These activities are in line with the computational thinking
components, which include decomposition, pattern recognition, abstraction, and algorithms.
Computational thinking is a thought process for formulating problems and compiling solutions
systematically so that they can be executed effectively (Wing, 2006). Thus, the characteristics of
PBL theoretically provide a broad space for the development of computational thinking abilities.

In addition, the use of manipulative media also strengthens students' thinking processes.
Movyer (2001) explains that manipulative media are concrete objects that allow students to build
mathematical understanding through direct experience. The use of manipulative media helps

2564
IJEVSS, Volume 05 Issue 03, 2026

Copyright at authors some right reserved this work is licensed under a Creative
Commons Attribution-Share Alike 4.0 International License



http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/

Iniernanonal Journal ol Educaiion, Vocaiional and Social Science

htips:/ /e-joumal.cifakensuifindo.or.id/index.php /IJEVSS
E-ISSN : 2963 4954 [l VSS

students represent abstract concepts to be more real, thereby facilitating the process of
exploration and problem solving. In the context of computational thinking, manipulative media
allows students to observe patterns, simplify complex information, and develop completion steps
more systematically.

However, the effectiveness of PBL assisted by manipulative media is apparently influenced
by students' mathematical disposition. Kilpatrick and Findell (2001) refer to mathematical
disposition as the tendency to view mathematics as something meaningful, useful, and the belief
that diligent effort will result in success. Mathematical disposition includes self-confidence,
perseverance, interest, curiosity, and flexibility in mathematical thinking. Students with a high
mathematical disposition tend to show persistence when facing challenges, do not give up easily,
and have intrinsic motivation to find solutions to the given problems. This condition explains why
students with a high mathematical disposition achieve better results when learning using PBL
assisted by manipulative media.

The complex stages of PBL require the active involvement of students, the ability to work
independently or collaboratively, as well as perseverance in exploring various alternative
problem-solving solutions. Students who have a high mathematical disposition are more prepared
to face these demands so they are able to utilize the learning experience in PBL to develop
computational thinking abilities optimally. Conversely, students with a low mathematical
disposition tend to experience difficulties in participating in problem-based learning processes
that require high learning independence. Low self-confidence, lack of perseverance, and the
tendency to avoid challenges can cause students to experience obstacles when they have to
identify problems and devise their own resolution strategies. In such conditions, more structured
expository learning allows students to obtain clearer directions from the teacher so that the
cognitive load experienced is lower. Therefore, students with a low mathematical disposition
actually show better computational thinking abilities when learning through the expository model.

The results of this study are in line with the productive disposition theory proposed by
Findell et al. (2001), namely that success in learning mathematics is not only influenced by
cognitive aspects but is also influenced by students' affective tendencies toward mathematics. A
positive mathematical disposition allows students to persevere in the face of difficulties and view
challenges as opportunities to learn. Conversely, a low mathematical disposition can hinder
students' involvement in complex learning activities.

Furthermore, research conducted by Agustini et al. (2025) shows that the application of
PBL has a positive influence on the computational thinking ability of elementary school students.
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Students learning through PBL acquire higher computational thinking abilities compared to
students learning using conventional learning. Similar findings were also reported by Jupriyanto
et al. (2026) who found that PBL significantly improved the computational thinking ability of
elementary school students in science learning. The structured problem-solving process in PBL
provides an opportunity for students to develop the abilities of decomposition, pattern
recognition, abstraction, and algorithms more optimally. In addition, research conducted by
Hafifah et al. (2026) shows that the integration of PBL with various forms of representation in
mathematics learning is effective in improving the computational thinking ability of elementary
school students. These findings strengthen the assumption that learning which provides an active
problem-solving experience is capable of developing students' computational thinking skills.

The research results regarding mathematical disposition also support the findings of this
study. Huda and Syafmen (2021) explain that students who have a high mathematical disposition
tend to show better perseverance, self-confidence, and learning motivation compared to students
with a low mathematical disposition. These characteristics are highly necessary in learning that
requires independent exploration and problem solving such as PBL.

CONCLUSION

This study concludes that there is an interaction between the learning model and
mathematical disposition on the computational thinking ability of elementary school students.
Students with high mathematical disposition obtained better computational thinking ability
through the application of Problem Based Learning assisted by manipulative media compared to
the expository model. Conversely, students with low mathematical disposition showed higher
computational thinking ability through the expository model compared to PBL assisted by
manipulative media. These findings indicate that the selection of learning models needs to
consider the students' mathematical disposition so that the development of computational
thinking ability can take place optimally. In other words, the PBL model, the expository model, low
mathematical disposition, and high mathematical disposition jointly affect computational thinking
ability.
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