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Bruner's theory is particularly notable for its application in
mathematics, as it outlines three steps in the teaching process:
enactive, iconic, and symbolic. This research aims to implement
Bruner's theory in teaching Angles on circles to improve problem-
solving skills. The research method is a quasi-experiment with a
posttest-only control group design. Using cluster random sampling,
two classes from one of the junior high schools in Jakarta were
selected as samples: the first as an experimental class of 30 students,
who learned using Bruner's theory, and the second as a control class
of 31 students, who learned with a conventional approach. The
instrument is a mathematical problem-solving test in the form of an
essay test of four questions. The questions are given at the end of the
lesson, and the instruments have been validated through content
validity and empirical validity. The results show that, through t-test
analyses, it was found that students’ problem-solving skills, who learn
using Bruner's theory, are higher than those of students who learn
using conventional methods. It demonstrates that teaching using
Bruner’s theory is effective in improving students’ problem-solving
skills, particularly in the Area of Angles on circles.
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1. INTRODUCTION

Mathematics, as a significant component of the curriculum, plays a fundamental role
in shaping logical, analytical, and systematic reasoning skills. The nature of this discipline
is rooted in human thought processes involving ideas, mechanisms, and logic, so that
mathematics learning at all levels of education emphasizes problem-solving as a
fundamental ability needed in mathematics [1], [2]. However, the main obstacle often faced
by teachers is the low competence of students in understanding problems, as evidenced by
errors in the solution process due to a lack of familiarity with complex mathematical

concepts [3].
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Problem-solving skills play a significant role in the curriculum due to their close
connection to real-life experiences and their urgency in addressing increasingly complex
issues in the modern era. According to Wagner & Group, seven skills are essential in the
modern era, with critical thinking and problem-solving skills [4]. Both in academia and in
everyday life, these skills help students analyze complex problems, develop innovative
solutions, and make informed decisions. In line with this, NCTM has long emphasized the
importance of problem-solving as the core of mathematics education, to equip students with
the tools to understand and apply mathematical concepts effectively and contextually [5].

Considering the fundamental role of problem-solving as the foundation of
mathematics, the development of this ability is a significant concern in the learning process.
As an indicator of mathematical ability, problem-solving is viewed as a higher-order
thinking skill [6]. Dorner & Funke describe it as the ability to analyse problems, determine
the causes and priorities of a problem, select various solution options, and make decisions
in implementing the selected solution [7]. In line with this, Bariyyah explains problem-
solving as the skill of recognising problems, exploring and selecting solution strategies, and
making informed decisions [8]. According to experts, problem-solving skills encompass a
comprehensive set of abilities that include identifying problems, analysing and exploring
potential solutions, making informed decisions, and implementing those solutions. Thus,
mathematical problem-solving requires the integration of understanding, reasoning,
representation, and communication, so that students can find the right solution and interpret
the results within the context of the problems they face.

However, several studies reveal that students’ mathematical problem-solving skills
are still at a low level, requiring attention. This condition is confirmed by the results of the
2023 TIMSS (Trends in International Mathematics and Science Study) survey conducted by
the IEA (International for the Evaluation of Educational Achievement). In the survey,
Indonesia ranked 35th with an average score of 411, significantly below the international
average of 467 among 46 participating countries [9]. These findings confirm that students in
Indonesia still lag behind international standards in solving mathematical problems, a reality
consistent with various school-level findings [10].

In this study, the indicators used to measure students' ability in solving mathematical
problems are: 1) identifying known elements, questions, and sufficient elements needed to
solve the problem; 2) formulating the problem into a mathematical model; 3) identifying
which knowledge can be used in solving the problem; 4) identifying calculation errors,
formula usage errors, checking the compatibility between what has been found and what is
asked, and being able to explain the correctness of the answer [11].

The concept of angles on circles is an essential topic in the eighth-grade math
curriculum, included in geometry, and has a close relationship with its application in
everyday life; therefore, its mastery is crucial. The importance of this topic is also evident
from its presence in both the 2013 curriculum and the independent curriculum, both of which
place circles as one of the main topics at the junior high school level.

The angle of a circle appears to be a reasonably simple problem to solve. However,
in reality, many students still struggle to master the material. The main difficulty that arises
is related to the lack of basic understanding of the geometry principles that are the basis of
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angles on a circle [12]. This finding aligns with Mifetu's research, which identified students'
systematic difficulties in solving problems related to circle geometry. [13]. Related to the
lack of basic understanding, Avgm and Ergen found that although students' math motivation
was high, their problem-solving skills were still at the Needs Improvement level, so more
effective learning strategies were needed to improve problem-solving skills [14]. Based on
these problems, the application of Bruner's theory is considered relevant to overcome
students' learning gap on the topic of circular angles because it allows students' concept
understanding to be formed gradually from concrete experience to abstract representation
[15], and improve critical thinking and problem-solving skills [16], [17]. The characteristics
of angles on a circle material that can be visualised through direct activities, described as
expressed in symbols and formulas, make it suitable to test the effectiveness of Bruner's
theory.

The implementation of Bruner's learning theory is considered to enhance student
engagement during the learning process and improve student academic achievement [18].
Teachers play a crucial role in selecting effective learning strategies, providing
comprehensive infrastructure, and creating an ideal learning environment [19], [20], [21].
The application of Bruner’s learning theory is crucial for developing mathematical problem-
solving skills. Bruner's learning theory emphasises the importance of direct experience,
discovery, and understanding of concepts. Jerome S. Bruner argues that the learning process
will achieve more optimal results if students are actively involved in constructing knowledge
through interaction with their environment, where each field of knowledge can be presented
in three stages of representation, namely enactive (learning by doing actions), iconic
(learning through images and visual media), and symbolic (learning using abstract symbols)
[22], [23], [24], [25].

Bruner expanded the dimension of constructivism through discovery in the learning
process and cognitive structure, with the view that students can understand complex concepts
through a process of independent discovery to build more abstract and meaningful
knowledge [26], [27], [28] using interactive media. The process of understanding knowledge
concepts can be supported by interactive media used in learning. The use of interactive media
in Bruner's theory through a curriculum approach has the potential to increase students'
understanding of concepts, interest, and motivation to learn, while enriching their learning
experience [29], [30].

In line with this, Safitri's research, et al., which utilises multimedia-based learning
media, can enhance students' understanding of mathematical concepts [31]. Interactive
media-assisted learning, as explored in Padirayon et al.'s research, can help students build
new knowledge based on their prior experiences [32]. The development of learning tools
also emphasises the importance of contextual and structured learning design to enhance
student learning effectiveness [33], by utilising props and the surrounding environment as
learning media [34]. Therefore, the use of these media needs to be aligned with the learning
objectives and the needs of students.

Based on the literature review, the researcher found that the United States applies
Bruner's theory in helping prospective teachers understand concepts more deeply [35]. On
the other hand, South Korea's junior secondary school mathematics curriculum is based on
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the theory of constructivism, which emphasises problem-solving, whereas Malaysia is still
gradually shifting its traditional test-oriented approach towards constructivism [36].
However, no research has been found that applies explicitly to Bruner's theory to the topic
of angles on a circle. Therefore, this research aims to address the gap by comprehensively
examining the application of Bruner's theory in learning angles in a circle, utilising
interactive media as a supporting tool to emphasise the mastery of concepts through a
meaningful discovery process.

2. METHOD

The research method used is a quasi-experiment with a posttest control group design
[37]. This research was conducted in one of the public schools in East Jakarta in the
2025/2026 academic year. The study sample was selected using the random cluster sampling
technique. Class VIII-B was the control class (31 students), which learned through
conventional teaching, and Class VIII-D was the experimental class (30 students), which
learned using Bruner's learning theory.

The instrument used in the study was a test of mathematical problems in essay form,
consisting of up to four questions. The instrument was given after students finished their
study. Table 1 presents the test indicators.

Table 1. Problem-Solving Ability Instrument Grid

Problem-Solving Aspects Problem Solving Indicators
Understanding the problem Identifying known elements, questions, and sufficient
elements needed to solve the problem
Planning problem-solving Formulating problems into mathematical models
Implementing problem-solving plans  Identifying which knowledge can be used to solve the problem
Reviewing Identifying calculation errors, formula usage errors, checking

the compatibility between the findings and what is being
asked, and being able to explain the correctness of the answer

Before the instrument was used, it was validated through a content validity test by
eight expert validators, including three mathematics education lecturers, four junior high
school teachers, and one senior high school teacher in Indonesia. Next, instrument validation
through empirical validity aims to determine the extent to which the items can measure the

instrument indicators using the Pearson Product-Moment formula, as follows.
o nyXyY-GxQv) (1)
o Iy x2-Ex)2/nyY2-(Y)?2
Information:
T,y . Product-Moment Correlation Coefficient
N : Number of respondents
X :Item Score
Y : Total score

After that, measure the reliability of the instrument to determine the reliability of the test
results using the Alpha Cronbach formula as follows.

= () (- ) @
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Information:

11, : Test reliability coefficient

n : The number of questions

Y'S? : The sum of the score variances of each item
S, : Variance total

Then, the differentiating power analysis is carried out to distinguish between high-ability
students and low-ability students using the following formula.

pp =425 3)
SMI
Information:

P : Differentiating power
X, :Upper group average
X :Lower group average
SMI : Ideal maximum score

After that, the level of difficulty of the instrument was analysed using the following formula.

2
m=(5) (1-32) Q
Information:
IK : Difficulty Index
X :Average

SMI : Ideal maximum score
The results of the instrument analysis recapitulation are presented in Table 2.

Table 2. Instrument Analysis Recapitulation Results

Question Validity Reliability Discriminatory Level of Explanation
Number Power Difficulty

1 Valid Fair Easy To use

2 Valid 0,8798 Fair Moderate To use

3 Valid (High) Good Moderate To use

4 Valid Fair Difficult To use

Table 2 shows that all questions on this instrument can be used. The learning process
was conducted four times to provide treatment. After the learning process ended, a final test
was administered. Furthermore, the data were analyzed using a t-test because the purpose of
the study was to determine whether there was a significant difference between the learning
outcomes of students who received the treatment and the untreated class. T-tests on test
instruments are used to ensure that the items can distinguish between students with high and
low abilities.

3. RESULTS AND DISCUSSION
3.1. Results

After researchers applied teaching in the experimental class using Bruner's theory
and in the control class using conventional teaching, Table 3 shows the descriptive statistics
for the posttest results.
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Table 3. Mathematics Problem-Solving Skills
Mathematical Problem-Solving Skills

Statistic

Control Experiment
N 31 30
Mean 47,98 61,32
Median 54,17 63,54
Variance 195,16 304,62
Std. Deviation 13,97 17,45
Maximum 71 100
Minimum 16,67 20,8

From Table 3, it is evident that there are differences in students' abilities between the
two classes in solving mathematical problems. The mean value of the experimental class is
superior to that of the control class, indicating that the application of Bruner's theory in the
experimental class yields better results. The median value of the experimental class is also
greater than that of the control class, indicating a general trend of higher student abilities in
the experimental class. While the highest score in both classes is achieved by the
experimental class, with a score of 100, and the lowest score is achieved by the control class,
with a score of 16.67, this indicates that the experimental class students achieved higher
scores than those in the control class. In terms of data distribution, the variance value
between the two classes differs by 109.46, and the standard deviation differs by 3.81,
indicating that the experimental class has a wider data distribution. This suggests a more
pronounced ability difference among students in the experimental class.

The prerequisite analysis for this research was conducted by first testing the
assumptions and then testing the hypothesis. The purpose of this assumption test is to ensure
that the data used has met the required prerequisites so that statistical analysis can be carried
out precisely and accurately. The conjecture/hypothesis testing was carried out to determine
whether there was a difference in the average ability of students in solving mathematical
problems between the two classes.

The assumption tests applied are the data distribution test and the variance equality
test, using SPSS software. Both tests were conducted first to verify the assumptions
regarding the test results of students' abilities in the two sample classes. Table 4 displays the
results of the post-test data distribution test.

Table 4. Data Distribution Test Results

Group _ Shapiro-Wilk _
Statistic Df Sig.
Experiment 970 30 .549
Control 918 30 .024

With a significance threshold of 5% or a = 0.05, Table 5 indicates that the
significance values of both classes are higher than o = 0.05. This suggests that the values of
students' ability to solve math problems from both classes are normally distributed. The
following contains the results of the variance equality test.
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Table 5. Variance Homogeneity Test Results

Factor Levene Statistic dfl df2 Sig.
Based on the 101 1 59 752
mean

Based on Table 5, the variance equality test yielded a significance value higher than
the a = 0.05 threshold. This finding suggests that the variance in students' ability to solve
mathematical problems between the two classes is homogeneous.

All the results of the prerequisite analysis, which include normality and homogeneity
tests, indicate that both groups typically have distributed and homogeneous populations.
Therefore, the t-test was used to test the hypothesis, and the calculation was performed using
SPSS software, as shown in the following table.

Table 6. Hypothesis results
t-test for Equality of Means

T df Sig. (2- Means Std. Error
tailed) Difference Difference
Score Equal variances 3.350 59 .001 13.562 4.048

assumed

Based on Table 6, testing the conjecture/hypothesis results in sig. (2-tailed) = 0.001
so that the significance value is 0.001/2 = 0.0005. The null hypothesis (Ho) is rejected
because the sig. (0,0005) <a (0,05). The average ability of students in solving math problems
who implement Bruner's learning theory is superior to that of students who follow
conventional teaching methods. This indicates that the application of Bruner's learning
theory has an impact on students' ability to solve mathematical problems related to angles
on acircle.

3.2. Discussion

Based on the t-test, we conclude that the mathematical problem-solving ability of
students who learn using Bruner's theory is higher than that of students who learn using
conventional learning. Regarding the posttest results based on indicators, we can identify
which indicators are higher.

80.00

[e2]
o
o
S

40.00

Percentage

N
o
=)
S

0.00
Indicator 1Indicator 2Indicator 3Indicator 4

[ Experiment Class @ Control Class

Figure 1. Percentage of Student Achievement Based on Indicators of Mathematical
Problem-Solving Skills
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Based on Figure 1, it appears that the overall percentage of achievement of
mathematical problem-solving ability in the experimental class is higher than the control
class because the application of Bruner's theory emphasises student-centred learning through
three stages of representation, namely enactive, iconic, and symbolic, so that students are
more active in building concept understanding and can transfer knowledge into problem-
solving. It can be seen that indicator 1 in both classes is relatively higher because
understanding the problem is an easier initial stage, especially in the experimental class,
where the enactive stage helps students effectively identify relevant information from the
problem. However, in indicators one and two, there was a decrease in the control class
because conventional learning did not emphasize the strategy of making plans.

There is a significant difference in indicator two between the experimental and
control classes because students in the experimental class receive more assistance in
formulating mathematical models through the iconic stage, which facilitates the visualisation
of the problem. In contrast, control class students tend to struggle because, during the
learning process, they employ the lecture method and provide direct solutions without
formulating mathematical models in a structured manner.

The percentage in the experimental class also experienced a fairly sharp decline, as
seen in indicators two and three. Although students could formulate the problem well, some
still encountered difficulties and imprudence in choosing and developing problem-solving
strategies, resulting in an inappropriate solution plan and incorrect answers. In contrast, the
control class experienced an increase from indicator 2 to indicator three because even though
they were less focused on mathematical modeling, students were accustomed to memorizing
the solution procedure so that it was more helpful to the implementation stage of problem
solving, but still produced wrong answers due to control class students' errors in
understanding the problem so that they carried out inappropriate solution plans and obtained
Wwrong answers.

Indicator 4 in both classes yielded the lowest results because the stage of checking
the solution requires more complex metacognitive skills; some students concluded without
rechecking the solution, and there was no identification of the errors that occurred. In
applying Bruner's theory, although students have progressed through the enactive and iconic
stages, they still require further practice to reflect on and evaluate the truth of their answers
systematically. This finding indicates that Bruner's theory is effective in enhancing
conceptual understanding and the ability to formulate problems; however, further
strengthening is still needed in the aspects of strategy and evaluation of answers, so that
students' problem-solving skills are more evenly distributed across all indicators.

Application of Bruner's Theory in Learning Angle on a Circle

The results indicate that the application of Bruner's theory has an impact on students'
ability to solve mathematical problems related to angles on a circle. The order of the roles
of mutually sustainable steps in Bruner's theory, as it relates to students' ability to solve
mathematical problems during a lesson on the angle of a circle, can be observed in the
learning process.
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The first step is: enactive. In this step, students are asked to manipulate concrete
objects. Students are given circles, threads, arc rulers, and pins to carry out the enactive step.
In the implementation of the circle media activity, students put a point with a pin in the centre
of the circle, then they are asked to put four different pins on the circle by forming three
angles that have been determined on the worksheet, namely £60°, £90°, and £120°, with
threads connected to each pin and an arc ruler to facilitate the work. This activity is illustrated
in Figure 2.

Figure 2. Circle media in the enactive step

From the activity using the circle media above, students are asked to measure the
circumference of the circle and the arc length of each corner using a thread, which will be
measured using a ruler. Furthermore, students are asked to record the results obtained in the
table provided, as shown in Figure 3.

- - -

Sector Circumference Arc Length Angle Measure
Sector | ] 62,8 91 cm 1 Z2e "
Sector Il 62,9 16 c¢m 9o*
Sector Il £9.9 10,5 cm 60°

Figure 3. Enactive step

Figure 3 shows that students learn the relationship between angle magnitude and arc
length indirectly. This indicates that through enactive activities, students can gain a deeper
understanding.

The second step: iconic, students are asked to describe the problem situation in the
form of pictures or diagrams that facilitate analysis. The teacher asks questions to review the
knowledge gained from students' experiences in the previous step. Afterwards, the teacher
guides students to visually represent their understanding, such as by drawing a circle with
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markings indicating the angle magnitude and arc length on the student worksheet. This can
help train students' skills in organising information related to a problem. This activity is
illustrated in Figure 4.

a. Drawing and Analyzing Arc Lengths, Areas of Slopes, and Areas of Sections

Look at the circle image below.

Figure 4. Iconic step

Figure 4 shows that students can represent the activities carried out in the form of a
picture and discuss the relationships between arc length and sector, as well as the relationship
between sector and segment, based on the information they have understood in the previous
stage. The purpose of this step is to understand information obtained from previous direct
experience through visual representations, such as pictures or diagrams, so that students can
develop their cognitive skills.

The third step: symbolic, students are asked to provide formative feedback and
generalisation statements based on the patterns found. Based on the information students
have understood in the previous stage, they are asked to determine the formulas for arc
length, the area of the sector, and the area of the circular segment. Regarding one of the
student results in the symbolic step of the worksheet, it is illustrated in Figure 5.

b. From the activities above we can determine that :

'Eg"dyk reWWng O
Arc Length = —zg % & -
=Sudp‘:.av:q;( TTA

ZEOS

Figure 5. Symbolic step

Figure 5 shows that students can determine the arc length formula by comparing the
central angle to the total angles of the circle, then multiplying the result of the comparison
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by the total circumference of the circle. Meanwhile, when determining the formula for the
area of a sector, students compare the central angle of the sector to the total angle of the
circle and then multiply the result of the comparison by the total area of the circle. The area
of the circle segment is the part of the circle bounded by the arc and the chord, so in
determining the formula, students subtract the area of the sector from the area of the isosceles
triangle formed by the two radii and the chord.

Figure 5 shows that students can identify the mathematical formula used based on
the information they obtained in the previous step. This prepares students to solve
increasingly complex problems by generalising a concept and performing calculations
efficiently. It is hoped that by applying Bruner's learning theory in mathematics teaching,
students will be able to practice solving mathematical problems, thereby developing their
problem-solving skills.

This aligns with Wen and Gombo, which suggests that students should rely on their
own ability to discover the generalization behind a particular mathematical operation/law
through the exploration of mathematical learning problems [38], [39]. Such exploration
encourages students to discover learning content, where they actively participate in the
teaching process. In line with research conducted by Mabhoza and Ching, constructivism-
based learning strategies can improve the quality of students' mathematics learning, active
involvement, and the ability of students’ critical thinking and problem-solving skills because
the gradual transition from concrete to abstract representations is more effective and able to
strengthen students' conceptual understanding while facilitating the transfer of knowledge to
new contexts [40], [41]. This approach shifts the position of students from passive recipients
to active discoverers, thereby significantly improving their mathematical problem-solving
capacity.

The description explains that the application of Bruner's learning theory in
mathematics learning puts students in conditions that encourage them to be directly involved
in problem solving, demanding understanding of knowledge concepts and identifying
relevant information from a problem, students' ability to manipulate concrete objects using
leaves in understanding addition and subtraction operations in real terms, representing them
in images, and operating mathematical symbols, as well as the ability to solve problems
efficiently, in line with what is expressed [42], [43]. Thus, students are directed to: skills to
identify known information; skills to formulate the problem into a mathematical model;
skills to use relevant knowledge in solving the problem; skills to find errors in calculations
or application of formulas, assess the suitability of the results to the question, and provide
reasons for the correctness of the resulting solution. Mastery of these indicators suggests that
students who learn through Bruner's theory are more effective at solving mathematical
problems than those who learn through conventional methods.

In formulating the problem into a mathematical model, this indicator shows the
greatest improvement because this stage is directly supported by the principle of
representation in Bruner's theory. In the enactive stage, students interact with concrete
objects, allowing them to understand the problem in real terms. Furthermore, through the
iconic stage, students represent these experiences in the form of pictures or visual
illustrations that help connect concrete phenomena with mathematical concepts. Finally, in
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the symbolic stage, students transform the visual representation into a formal mathematical
equation or model.

The integration of these three stages enables students to build a bridge from real
experience to mathematical abstraction gradually. Therefore, experimental class students
have a stronger and more structured representation foundation than control class students
who learn with conventional methods. In other words, Bruner's theory can help students
understand the meaning of the symbols and formulas used, rather than just memorising them.

Based on this description and the results of hypothesis testing, it is clear that the use
of Bruner's theory affects students' ability to solve mathematical problems related to circular
angle material. This finding reveals a significant difference in mathematical problem-solving
ability between the group of students whose learning was based on Bruner's theory and the
group whose learning employed conventional methods.

4. CONCLUSION

Based on the study's results, the application of Bruner's learning theory in learning
angles on a circle material proved effective and had a meaningful, positive influence on the
development of students' mathematical problem-solving skills between the experimental and
control groups. The enactive stage, which involves manipulating concrete objects,
successfully deepened students' conceptual understanding and laid a strong foundation for
the success of the next stage, namely, iconic and symbolic representations. By using learning
methods that align with the characteristics of the material and the needs of students, students'
mathematical abilities can be optimised, as the right learning strategy can facilitate the
process of knowledge construction, develop high-level thinking skills, and encourage active
student involvement in problem-solving.

This research uses available media as a means of learning, which still utilises
traditional media in the form of circles, threads, and rulers. However, the learning process is
relatively longer in practice, and students' calculations tend to be less accurate due to the
manual processing of information. Therefore, the use of technology-based media, such as
GeoGebra, Cabri Geometry, or Microsoft Mathematics, should be considered in future
research to support concept visualisation, accelerate the calculation process, and improve
students' mathematical problem-solving skills more systematically and interactively. For
further research, it is recommended that Bruner's theory be implemented in mathematics
learning to measure various other mathematical abilities at a more diverse educational level.

REFERENCES

[1] B. Asare, Y. Dissou Arthur, and B. Adu Obeng, “Mathematics self-belief and mathematical creativity
of university students: the role of problem-solving skills,” Cogent Educ., vol. 12, no. 1, 2025, doi:
10.1080/2331186X.2025.2456438.

[2] P. Liljedahl, M. Santos-Trigo, U. Malaspina, and R. Bruder, Problem Solving in Mathematics
Education. Mexico: Springer Nature, 2016. doi: 10.1007/978-94-010-9046-9_81.

[3] A. N. Aljura, H. Retnawati, H. Zulnaidi, and V. Mbazumutima, “Understanding High School Students’
Errors in solving Mathematics Problems: A Phenomenological Research,” Indones. J. Learn. Adv.
Educ., vol. 7, no. 1, pp. 154-178, 2025, doi: 10.23917/ijolae.v7i1.24005.

[4] T. Wagner and C. L. Group, “Overcoming The Global Achievement Gap,” Harvard University,
Graduate School of Education, 2010, pp. 1-17.

[5] Y. X. Ngand T. T. Lam, “On Some Guiding Principles of Enacting Mathematical Problem Solving for




https://doi.org/10.58421/misro.v4i4.698 1063

[6]

[7]
8]
[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

Classroom Instruction,” Din. J. IIm. Pendidik. Dasar, vol. 16, no. 1, p. 1, 2024, doi:
10.30595/dinamika.v16i1.20441.

N. Akben, “Effects of the Problem-Posing Approach on Students’ Problem Solving Skills and
Metacognitive Awareness in Science Education,” Res. Sci. Educ., vol. 50, no. 3, pp. 1143-1165, 2020,
doi: 10.1007/s11165-018-9726-7.

D. Dérner and J. Funke, “Complex problem solving: What it is and what it is not,” Front. Psychol.,
vol. 8, no. JUL, pp. 1-11, 2017, doi: 10.3389/fpsyg.2017.01153.

K. Bariyyah, “Problem solving skills: esssential skills challenges for the 21st century graduates,” J.
Educ. J. Pendidik. Indones., vol. 7, no. 1, p. 71, 2021, doi: 10.29210/120212843.

B. Fishbein, M. Taneva, and K. Kowolik, TIMSS 2023 User Guide for the International Database,
TIMSS & PI. Buston College, 2025, https://timss2023.org/data

A. Susanta, E. Susanto, and S. Maizora, “The Level of Junior High School Students’ Thinking in
Solving TIMSS Mathematical Problem in Bengkulu,” Proc. Int. Conf. Math. Math. Educ. (I-CMME
2021), vol. 597, pp. 9-13, 2021, doi: 10.2991/assehr.k.211122.002.

L. M. Kennedy and A. Johnson, Guiding Children ’ s Learning of Mathematics, Eleventh Edition,
Eleventh E. United States of America: Thomson Wadsworth, 2007, http://www.thomsonrights.com
A. Prabowo, T. Herman, S. Fatimah, and A. D. Ahniah, “Development of Four Tier Multiple Choice
Diagnostic Tests to Know Students’ Misconceptions in Science Learning,” J. Penelit. Pendidik. IPA,
vol. 7, no. 4, pp. 763-769, 2021, doi: 10.29303/jppipa.v7i4.854.

R. K. Mifetu, “Using activity method to address students’ problem-solving difficulties in circle
geometry,” Contemp. Math. Sci. Educ., vol. 4, no. 1, p. ep23016, 2023, doi: 10.30935/conmaths/13079.
I. AVGIN and Y. ERGEN, “AND MATHEMATICS PROBLEM-SOLVING SKILLS OF
PRIMARY,” Int. Online J. Prim. Educ. (IOJPE), 14(2), 32-47, vol. 14, no. 2, pp. 32-47, 2025, doi:
https://doi.org/10.55020/i0jpe.1684284 This.

E. Zuliana, E. Retnowati, and D. B. Widjajanti, “How should elementary school students construct
their knowledge in mathematics based on Bruner’s theory?,” J. Phys. Conf. Ser., vol. 1318, no. 1, 2019,
doi: 10.1088/1742-6596/1318/1/012019.

J. Zhou, “A Critical Discussion of Vygotsky and Bruner’s Theory and Their Contribution to
Understanding of the Way Students Learn,” Rev. Educ. Theory, vol. 3, no. 4, p. 82, 2020, doi:
10.30564/ret.v3i4.2444.

E. Lawal Isa and E. Dangari, “Global Educational Research Journal Teacher, Teaching Theory and
Bruner’s Cognitive Perspective: A Review of Trend,” Abbreviated Key Title Glob. Edu. Res. J, vol.
10, no. 6, pp. 64-068, 2022.

S. Wibowo, P. Pujianah, A. R. Hakim, and C. I. R. Nita, “Implementation of Bruner’s Theory to
Improve Understanding of the Concept of Numbers for Grade I Students at SDN 1 Kepanjen,” J.
Pembelajaran, Bimbingan, dan Pengelolaan Pendidik., vol. 3, no. 7, pp. 605-621, 2023, doi:
10.17977/um065v3i72023p605-621.

M. Santos-Trigo, “Problem solving in mathematics education: tracing its foundations and current
research-practice trends,” ZDM - Math. Educ., vol. 56, no. 2, pp. 211-222, 2024, doi: 10.1007/s11858-
024-01578-8.

C. A. Legede, T. R. Mamo, D. B. Debelo, and A. A. Yismaw, “The role of teacher-related factors in
enhancing quality service provision in pre-primary schools of Gambella regional state, Ethiopia,” Qual.
Educ. All, vol. 1, no. 1, pp. 348-363, 2024, doi: 10.1108/QEA-09-2024-0089.

A. Zaki, S. Suparno, and L. Nulhakim, “The role of teachers in improving students’ learning outcomes
in thematic learning through the use of the environment as a learning resource,” J. llm. Sekol. Dasar,
vol. 5, no. 1, pp. 61-68, 2021, https://ejournal.undiksha.ac.id/index.php/JISD/article/view/30093

G. Aldon, U. Lyon, and C. Bernard, “How important is to solve problems and to give problems to be
solved?,” vol. 2021, no. 10, pp. 9-28, 2021.

J. C. Benson-lyare, J. C. Osagu, E. J. Nkorabon, and F. A. Sani, “A Bruner EIS-Based Learning
Management System for Teaching Algebra: A Pilot Study,” Int. J. Mechatronics, Electr. Comput.
Technol., vol. 11(39), pp. 4874-4880, 2022.

S. P. Collins et al., “Analysis of The Application of Learning Theory of J.B. Bruner in a Counseling
Study Study Counting Operation to Add Whole Numbers,” Semin. Nas. Pendidik. dan Kewirausahaan
(SNPK 2020), vol. SHEs: Conf, pp. 109-116, 2021.

J. S. Bruner, “Toward a theory of instruction,” 1968, W. W. Norton & Company, New York.

S. Nur Arsyad, W. P. Tangkin, S. Sumartono, and B. Astuti, “Implications of Bruner’S Cognitive
Theory on Elementary School Education in the 21St Century,” Klasikal J. Educ. Lang. Teach. Sci.,
vol. 6, no. 3, pp. 697—704, 2024, doi: 10.52208/klasikal.v6i3.1225.

H. Upu and Bustang, “Constructivism versus Cognitive Load Theory: In Search for an Effective
Mathematics Teaching,” no. May 2014, 2021, http://arxiv.org/abs/2108.04796




1064

https://doi.org/10.58421/misro.v4i4.698

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]
[38]
[39]

[40]

[41]

[42]

[43]

S. Prakash Chand, “Constructivism in Education: Exploring the Contributions of Piaget, Vygotsky,
and Bruner,” Int. J. Sci. Res., vol. 12, no. 7, pp. 274-278, 2023, doi: 10.21275/sr23630021800.

K. Salim, D. H. Tiawa, and M. Mohamed, “The learning strategy through the using of instruction
technology interactive animation media (IAM) seen from independence learning mathematics
secondary school students,” Int. J. Multidiscip. Res. Dev., vol. 2, no. 3, pp. 667-675, 2015,
https://www.researchgate.net/profile/Kalbin-
Salim/publication/274252360_The_learning_strategy through_the using_of instruction_technology
_interactive_animation_media_IAM_seen_from_independence_learning_mathematics_secondary sc
hool_students/links/5519a2950

B. S. Seifullina and Z. A. Shokybayev, “Educational implications of incorporating contemporary
interactive techniques into the curriculum Implicaciones educativas de la incorporacion de técnicas
interactivas contemporaneas al curriculo Implicacdes educacionais da incorporacéo de técnicas intera,”
Praxis Educ. Ponta Grossa, vol. 5, no. 19, pp. 1-14, 2024.

D. Safitri et al., “Multimedia-Based Interactive Learning Media to Improve Student’s Concept
Understanding of Mathematics,” in AIP Conference Proceedings, American Institute of Physics, 2025,
p. 20070. doi: https://doi.org/10.1063/5.0262033.

L. M. Padirayon, M. V. Pagudpud, and J. S. D. Cruz, “Exploring constructivism learning theory using
mobile game,” IOP Conf. Ser. Mater. Sci. Eng., vol. 482, no. 1, 2019, doi: 10.1088/1757-
899X/482/1/012004.

T. M. Rusdi, H. Djafar, N. K. Latuconsina, I. Suaidah, M. D. Pamungkas, and A. Kusumayanti, “The
Learning Tools development of Rectangular and Square Material Oriented toward the Learning
Cooperative Setting and included Bruner Theory on Students,” J. Phys. Conf. Ser., vol. 1539, no. 1,
2020, doi: 10.1088/1742-6596/1539/1/012089.

R. S. Wahyuningtyas and M. Silalahi, “Daily activity based learning model on new normal era digital
learning,” in AIP Conference Proceedings, AIP Publishing LLC, 2024, p. 70006.

B. Cory and A. Ray, “Utilizing Cognitive Load Theory and Bruner’s Levels of Developmental
Learning to Address Students’ Struggles Related to Area of Polygons: A Pedagogical Action Research
Study,” Electron. J. Res. Sci. Math. Educ., wvol. 27, no. 3, pp. 20-34, 2023,
https://ejrsme.icrsme.com/article/view/23309

A. H. Abdullah, “How do Malaysian and South Korean secondary school mathematics curricula
evolve?,” in AIP Conference Proceedings, AIP Publishing LLC, 2024, p. 80002. doi:
https://doi.org/10.1063/5.0227954.

B. Capili and J. K. Anastasi, “An Introduction to Types of Quasi-Experimental Designs,” Am. J. Nurs.,
vol. 124, no. 11, pp. 50-52, 2024, doi: 10.1097/01.NAJ.0001081740.74815.20.

P. Wen, “Application of Bruner’s Learning Theory in Mathematics Studies,” Adv. Soc. Sci. Educ.
Humanit. Res., vol. 283, no. Cesses, pp. 234-237, 2018, doi: 10.2991/cesses-18.2018.53.

M. Gombo, “Application of Jerome Bruner’s Learning Theory in Learning Mathematics in Elementary
School,” Int. J. Sustain. Soc. Sci., vol. 2, no. 5, pp. 335-342, 2024, doi: 10.59890/ijsss.v2i5.2631.

Z. Mabhoza and B. E. Olawale, “Chronicling the Experiences of Mathematics Learners and Teachers
on the Usage of Guided Discovery Learning (GDL) in Enhancing Learners’ Academic Performance,”
Res. Soc. Sci. Technol., vol. 9, no. 1, pp. 141-155, 2024, doi: 10.46303/ressat.2024.8.

B. H. H. Ching and X. Wu, “Concreteness fading fosters children’s understanding of the inversion
concept in addition and subtraction,” Learn. Instr., vol. 61, no. September, pp. 148-159, 2019, doi:
10.1016/j.learninstruc.2018.10.006.

J. H Sinambela, E. Elvis Napitupulu, M. Mulyono, and L. Sinambela, “The Effect of Discovery
Learning Model on Students Mathematical Understanding Concepts Ability of Junior High School,”
Am. J. Educ. Res., vol. 6, no. 12, pp. 1673-1677, 2018, doi: 10.12691/education-6-12-13.

P. M. Budiman, T. Trimurtini, and P. D. Purwati, “Implementing Bruner’s Theory for the Conceptual
Understanding of Addition and Subtraction,” Int. Res. Educ. J., vol. 5, no. 1, p. 119, 2023, doi:
10.17977/um043v5i1p119-127.




