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Abstract

The use of Augmented Reality (AR) in learning has shown rapid development. This study aims to analyze the
effect of AR integration on students’ creative thinking abilities in the topic of surface area and volume of cubes
and rectangular prisms. We applied a quasi-experimental design by utilizing two existing classes, namely an
experimental class consisting of 32 students and a control class consisting of 30 students. We used an essay test
instrument measuring creative thinking ability that had undergone expert validation using the Q-Cochran test
before being used for data collection. Data analysis was conducted using descriptive statistics and an independent
samples t-test. The analysis showed a significant difference between the post-test scores of the two groups, with
t(60) =2.31 and p = 0.012 (one-tailed). The effect size calculation produced a Cohen’s d value of 0.60 (moderate
effect). These results indicate that students who participated in AR-assisted mathematics learning obtained higher
creative thinking scores than students who participated in learning without AR support. This finding indicates that
the implementation of AR is able to provide a meaningful effect as well as a positive contribution to the
development of students’ creative thinking abilities in solving mathematics problems.
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INTRODUCTION

The Creative Creative thinking skills constitute one of the fundamental competencies that
must be developed in 21st-century learning (Akbar et al., 2025; Blegur et al., 2017). Creativity
not only serves as the foundation for innovation but also plays a crucial role in enabling students
to generate new ideas, adapt to change, and solve complex problems flexibly (Faiziyah et al.,
2022). The Organisation for Economic Co-operation and Development or OECD (2017)
emphasizes that creativity is among the core competencies that should be cultivated through
interdisciplinary learning to prepare students for dynamic global challenges. Theoretically,
creative thinking is defined as the ability to generate new, relevant, and meaningful ideas or
solutions (Hadar & Tirosh, 2019). Bicer et al. (2024) highlights that creativity involves
generating novel approaches to problem solving, while Leikin and Sriraman (2022) view
creativity as the capacity to produce original and valuable solutions. The main components of
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creativity include fluency, flexibility, and originality, along with additional dimensions such as
novelty, synthesis, and elaboration (Guilford, 1967; Haylock, 1997).

Despite its importance, numerous studies indicate that elementary school students’
creative thinking skills remain at a relatively low level in many countries (Bicer, 2021;
Budhiarti et al., 2025). Christopher et al. (2020) reported low levels of mathematical creativity
among students in Nigeria. Willemsen et al. (2023) found that teachers in the Netherlands still
encounter challenges in implementing instructional practices that foster creativity, despite
existing curricular support. Similar conditions have also been observed in Taiwan (Liu et al.,
2019; Sadeghi & Hamedi, 2024).

In Indonesia, the limited development of creative thinking skills has also been reported
in several studies. Affandy et al. (2024) found that students in Lampung experience difficulties
in solving mathematical problems due to limited creative thinking abilities. Findings by
Herawati et al. (2023) revealed that third-grade students were unable to solve word problems
due to low levels of fluency and elaboration. Siregar (2023) also reported that elementary
school students in Pekanbaru demonstrate limited flexibility when solving basic geometry
problems. These findings are further supported by international assessments such as Trends in
International Mathematics and Science Study Mullis et al. (2016) and the Programme for
International Student Assessment (OECD, 2019), which place Indonesian students’
mathematics performance at relatively low rankings and highlight weaknesses in higher-order
thinking skills, including creativity.

One factor contributing to the low level of creativity is the dominance of traditional
teaching methods (Cahyaningsih et al., 2023; Dewanti, 2022). Instruction that primarily centers
on the teacher often results in students passively receiving information, thereby limiting
opportunities to explore ideas, independently develop concepts, or engage in open-ended
analysis—activities that are essential for fostering creativity (Xu et al., 2024). Such limited
opportunities for exploration hinder the development of divergent thinking skills required for
creative problem solving (Leibovitch et al., 2025).

With the advancement of technology, digital innovations offer new opportunities to
enhance the quality of learning, including the development of creative thinking skills (Dewanti
& Santoso, 2020; Syarifudin et al., 2021). One technology that has demonstrated considerable
potential in education is augmented reality (AR). AR integrates virtual elements with the real
environment to create interactive, visual, and contextual learning experiences (Akgayir &
Akcayir, 2017). Unlike traditional instructional media, AR enables students to manipulate
digital objects, visualize abstract concepts in a more concrete manner, and engage in
exploratory learning experiences (Meriyati et al., 2024).

Numerous studies have shown that AR has positive effects on mathematics learning. Cai
et al. (2020) reported that the integration of AR improves conceptual understanding, student
engagement, and learning outcomes. Koparan et al. (2023) and islim et al. (2024) found that
AR is effective in enhancing students’ spatial abilities, which are essential for mathematical
problem solving. A study conducted by Demitriadou et al. (2020) in the context of elementary
education demonstrated that AR significantly increases students’ interest, interactivity, and
overall learning experience.

Over the past five years, the use of AR in mathematics education has grown rapidly (Wu
et al., 2024). Ivan and Maat (2024), through a systematic review of publications indexed in
Scopus and Web of Science, found that research on AR in mathematics education has
developed consistently, with Indonesian researchers among the largest contributors. AR has
been shown to enhance both cognitive and affective aspects of learning through responsive and
immersive learning environments. For instance, an experimental study conducted by Lubis and
Idris (2025) demonstrated that the use of AR in mathematics classrooms can improve students’
mathematics learning outcomes. Furthermore, research by Pujiastuti and Haryadi (2024)
indicated that the use of AR technology in mathematics instruction enhances students’
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geometric thinking abilities. Meanwhile, findings by Alghamdi and Alshahrani (2025) revealed
that the integration of AR in learning increases student motivation and helps reduce learning
difficulties.

Although the use of AR in mathematics learning has been widely explored, studies that
specifically investigate its impact on the development of creative thinking skills remain
relatively limited. Existing research primarily highlights the benefits of AR for general learning
outcomes, motivation, or conceptual understanding, but does not sufficiently explain whether
AR can facilitate and develop creative thinking as a crucial skill in contemporary education,
particularly in elementary mathematics learning. Research that provides a comprehensive
analysis of the impact of AR on elementary students’ creative thinking abilities, especially in
the topics of surface area and volume of cubes and rectangular prisms, still needs to be
expanded.

This research gap highlights the need for studies focusing on the impact of augmented
reality on elementary school students’ creative thinking skills. Therefore, this study aims to
analyze the effect of integrating AR technology on students’ creative thinking abilities.
Specifically, this study examines whether students who participate in AR-assisted mathematics
learning demonstrate better creative thinking abilities than those who participate in
mathematics learning without AR. Such research is important not only for strengthening the
theoretical foundation of creativity in mathematics education but also for providing practical
recommendations for teachers in effectively utilizing innovative technologies. Consequently,
this study holds both academic and practical relevance in enriching instructional strategies that
can enhance creative thinking skills at the elementary education level.

METHOD
Research Design

This study employed a quasi-experimental design due to time constraints that prevented
the formation of new classes and to ensure that the learning process continued to run normally.
Therefore, the existing class composition was maintained, consisting of one control class (N =
30) and one experimental class (N = 32). Both classes received instruction on the topic of
surface area and volume of cubes and rectangular prisms; however, the experimental class used
AR technology as a learning aid, whereas the control class did not use AR. The instructional
sessions were conducted over five meetings in each class.

During the intervention phase, Augmented Reality (AR) technology was utilized to
support students’ understanding of three-dimensional geometry concepts. The AR media
consisted of interactive three-dimensional objects representing geometric solids, particularly
cubes and rectangular prisms. These objects were displayed through a marker-based tracking
mechanism, in which the device camera detects markers in the form of printed images provided
as part of the learning materials. Once the marker is scanned, the application automatically
displays manipulable 3D models, enabling students to visualize abstract mathematical concepts
more concretely.

Figure 1. Sample Interface of an AR-Based Geometry App with 3D and Interactive Features

Students interacted with the AR objects through the device’s touchscreen, including
actions such as rotating, zooming in and out, and moving the objects to observe them from
various perspectives. In the learning process, task prompts were also provided to guide students
in exploring surface area and volume concepts through direct manipulation of the 3D objects.
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For example, students were asked to identify the number of faces, edges, and vertices, as well
as to derive and verify formulas based on their observations of the displayed objects.

The AR application used in this study was Augmented Reality Bangun Ruang, which
was installed on Android-based smartphones and could be operated offline after initial
installation (Arsari, 2022). The application did not require an internet connection during the
learning process. Immediate feedback was provided through dynamic visual responses of the
3D objects during user interaction, thereby enhancing student engagement and supporting
active and exploratory learning.

Properties Volume of a

of cube and Calculating cube and a Calculating

a cuboid the area cuboid volume

Figure 2. Main Topics For The Five Meetings

In the first meeting, students studied the characteristics of cubes and rectangular prisms
by identifying the number of faces, edges, and vertices through observation of three-
dimensional models presented using AR. Students explored the objects by rotating them and
observing them from various angles to understand the differences and similarities between the
two geometric solids. The second meeting focused on discovering the formulas for the surface
area of cubes and rectangular prisms through a discovery learning approach. Students observed
and unfolded the nets of cubes and rectangular prisms, calculated the area of each face, and
then independently formulated the surface area formulas with guidance from the teacher.

In the third meeting, students applied the surface area formulas in various exercises,
ranging from routine problems to contextual problems. Group discussions were conducted to
encourage fluency and flexibility in problem-solving strategies. The fourth meeting addressed
the concept of the volume of cubes and rectangular prisms. Students visualized the process of
filling space using small unit cubes (both concretely and through AR media) to discover the
relationship between length, width, and height. From this exploration, students concluded the
volume formulas and distinguished them from the concept of surface area. In the fifth meeting,
students solved problems related to volume calculations, including problem-solving-based
tasks.

Participant

The We involved 62 fifth-grade elementary school students in this study. They were on
average between eleven and thirteen years old and came from middle socioeconomic
backgrounds in Gowa Regency, South Sulawesi Province. Before their participation, we
obtained permission from the teachers and sent an email to their parents to inform them about
their children’s involvement in the study. Student participation in this research was voluntary,
and all collected data were kept confidential. Of the 62 students, 30 were in the control class
and 32 were in the experimental class. This distribution followed the existing class composition
established at their school.

Instrument and Procedure

We used a research instrument in the form of an essay test to measure creative thinking
ability. The instrument was first validated by three mathematics education experts to assess its
content validity and face validity. At this stage, we employed the Q-Cochran statistical test to
examine the consistency of the experts’ evaluations. The results of the assessment were then
used to revise the test items before conducting a limited trial to obtain external validity and the
reliability of the instrument.

Table 1. Results of The Instrument Uniformity Test

Type of validity Significance Criterion
Content 0.37 Consistent
Face 0.063 Consistent
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The results of the expert validity analysis showed that the significance value of the Q-
Cochran test for content validity was 0.37 and for face validity was 0.063. Both values are
higher than the significance level of 0.05. These findings indicate that there were no significant
differences in the experts’ evaluations, suggesting that their assessments regarding the
suitability of the content and the appearance of the instrument were consistent. The
construction of the mathematical creative thinking test items referred to the four components
of creative thinking ability previously developed by Torrance (1966), namely originality,
fluency, flexibility, and elaboration. Meanwhile, the reliability of the instrument was analyzed
using the Cronbach’s alpha formula with the assistance of IBM SPSS software. The reliability
coefficient of the test was 0.82, indicating that the test instrument has a very high reliability
criterion (Suherman, 2003).

Table 2. Instrument Reliability

Standard Deviation Reliability Coefficient (ry) Criteria
597 0.82 Highly reliable

Furthermore, the data on creative thinking ability obtained through the pre-test and post-
test were analyzed using descriptive and inferential statistical methods. To conduct the
inferential test, an independent samples t-test with a significance level of 5% was used to test
the research hypothesis. Before the hypothesis testing was conducted, prerequisite tests in the
form of normality and homogeneity tests were first applied. The Shapiro—Wilk test was used
to examine the assumption of normality in the distribution of mathematical creative thinking
ability in both the control and experimental groups. Meanwhile, Levene’s test was employed
to determine whether the data variances of the two groups were homogeneous.

Table 3. Components of Creative Thinking Skills Measured

Component Description

Originality Students are able to generate unusual ideas or solutions and discover new
strategies for solving mathematical problems.

Fluency Students are able to develop a variety of different strategies when solving
mathematical problems.

Flexibility Students are able to provide various solution alternatives using diverse
approaches.

Elaboration Students are able to explain problem-solving steps in a detailed, structured, and

logical manner.

Subsequently, hypothesis testing was carried out with the assistance of IBM SPSS
Statistics version 25 software. The testing criterion used was that if the p-value was greater
than 0.05, it indicated that there was no significant difference between the creative thinking
ability of students who participated in AR-assisted learning and those who followed
conventional learning. To complement the statistical significance analysis, this study also
calculated the effect size using Cohen’s d (Hedges, 2025). This analysis aimed to determine
the magnitude of the effect of implementing the learning model in the experimental class on
students’ creative thinking ability. The scoring criteria for the mathematical creative thinking
ability test were developed by adapting the rubric for assessing mathematical creative thinking
ability developed by Bosch (1997). This rubric has been widely recognized in prior studies,
ensuring both the validity and reliability of the assessment process. By adapting Bosch’s rubric,
the scoring becomes more objective, consistent, and aligned with established theoretical
constructs of mathematical creativity, thereby strengthening the overall quality and credibility
of the research instrument.

Table 4. Scoring Criteria for Creative Thinking Skills

Indicator Student Response Score
Fluency The student does not provide an answer or does not express any relevant 0
idea.
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Indicator Student Response Score
The student produces a relevant solution but writes it unclearly. 1
The student writes a relevant solution clearly and adequately. 2
The student provides more than one relevant solution, but the 3
explanation is unclear.
The student generates more than one relevant solution and writes them 4
clearly and completely.

Flexibility The student does not produce a solution or provides solutions using one 0

or more methods, but all are incorrect.

The student uses one method but makes calculation errors that leadto an 1
incorrect solution.

The student uses one strategy with accurate calculations and producesa 2
correct solution.

The student uses more than one strategy but still makes errors due to 3
miscalculations.
The student solves the problem using more than one strategy and 4
performs all calculations correctly.

Elaboration The student does not provide a solution or gives an incorrect one.
The student begins to develop a strategy but does so inaccurately and 1
without details.
The student develops a strategy inaccurately and provides insufficient 2
details.
The student develops an accurate strategy and presents the steps 3

coherently but incompletely..

The student develops an accurate, coherent, and complete strategy 4
Originality Does not provide an answer or provides an incorrect answer. 0
1
2

Writes an answer, but it is difficult or unclear to understand.
Writes an answer; the calculation process is directed but incomplete or

inaccurate.

Provides a solution using a particular strategy, but it is inaccurate or 3
contains errors in the calculation process.

The calculation process and the result are correct. 4

The scoring criteria for creative thinking skills cover four indicators which are fluency,
flexibility, elaboration, and originality. Fluency reflects the ability of students to generate ideas
or solutions, starting from giving no answer up to producing several relevant and clearly written
solutions. Flexibility assesses how students use different approaches to solve a problem, and
the highest score is given when they successfully apply more than one accurate strategy.
Elaboration relates to the completeness and clarity of the steps developed by students, with the
best performance shown when they present accurate, coherent, and fully detailed solutions.
Originality focuses on the uniqueness and correctness of the students’ answers, and the highest
score is awarded when they perform the calculations correctly and arrive at the correct solution.
Taken together, these criteria provide a comprehensive understanding of the quality of
students’ creative thinking when working through a problem.

RESULTS AND DISCUSSION
Results

The results of the study indicate differences in the achievement and improvement of
creative thinking skills between students in the experimental class, which implemented AR-
based learning, and those in the control class, which learned without the use of AR. At the
beginning of the learning process, the experimental class obtained an average pretest score of
74.02 with a standard deviation of 7.63, while the control class had an average pretest score of
73.54 with a standard deviation of 8.31. These findings suggest that the initial creative thinking
abilities of students in both classes were relatively equivalent before the intervention was
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carried out. After the learning process took place, the experimental class showed improved
performance with an average posttest score of 85.15 and a standard deviation of 8.80. In
contrast, the improvement in the control class was relatively lower, with an average posttest
score of only 79.59 and a standard deviation of 9.70.

In addition, the N-gain score in the experimental group reached 0.45, which falls into the
medium improvement category, whereas the control group obtained an N-gain score of 0.24,
classified as low. This difference in N-gain achievement indicates that the implementation of
the discovery learning model enriched with AR technology was able to produce a more
significant improvement in creative thinking skills compared to discovery learning without AR
support. The consistency of learning improvement in the experimental group is also evident
from the relatively stable standard deviation, suggesting that the effects of AR-assisted learning
were more evenly experienced by students. Conversely, the standard deviation in the control
group increased, indicating greater variation in learning outcomes and the possibility of
unequal material comprehension without the support of AR. Thus, these findings confirm that
integrating AR into learning provides a more effective and stable impact on developing
students’ creative thinking skills compared to instruction that does not utilize AR.

Table 5. Results of Students’ Creative Thinking Skills Test

Group Mean Standard Deviation N-gain
Pretest Post-test Pretest Post-test

Experimental 74.02 85.15 7.63 8.80 0.45

Control 73.54 79.59 8.31 9.7 0.24

Based on the distribution of creative thinking skill scores in Table 5, it is evident that the
score composition of both groups is relatively comparable across all test items. For Item 1, in
the experimental group, 24 out of 32 students (75%) achieved a score of 3, and 6 students
(18.75%) obtained a score of 4. Meanwhile, in the control group, 23 out of 30 students
(76.67%) scored 3, and 6 students (20%) achieved a score of 4. A similar pattern was also
observed for Item 2. In the experimental group, 21 students (65.63%) obtained a score of 3 and
10 students (31.25%) achieved a score of 4. In the control group, 24 students (80.00%) scored
3 and 4 students (13.33%) obtained a score of 4.

Furthermore, for Item 3, the experimental group showed that 28 students (87.50%) scored
3 and 1 student (3.13%) scored 4. In contrast, the control group had 23 students (76.67%) who
obtained a score of 3 and 2 students (6.6%) who achieved a score of 4. For Item 4, the
experimental group recorded 17 students (53.1%) scoring 3, while the control group showed
19 students (63.3%) at the same score, with no students in either group achieving a score of 4.

Table 6. Students’ Creative Thinking Skills Pretest Scores

Score

Item 0 1 2 3 4

Exp Ctr Exp Ctr Exp Ctr Exp Ctr Exp Ctr
1 0 0 0 0 2 0 24 23 6 6

() (0) (0) 0) (6.2) (0) (75) (76.6) (18.7) (23.3)
2 0 0 0 0 1 2 21 24 10 4

() 0) 0) o @1 (6.6) (65.6) (80) (31.2) (13.3)
3 0 1 0 0 3 3 28 23 1 2

() (3.3) (0) 0 (9.3 (10) (87.5) (76.6) (3.1) (10)
4 0 1 1 0 14 10 17 19 0 0

(0) (3.3) (3.1) (0) (40.6) (33.3) (56.2) (633) (0) (0)

Note: The first row shows frequencies; the second row shows percentages (%)

The post-test results show that both groups were able to provide answers relevant to the
indicators of creative thinking, as indicated by the absence of students in either the
experimental or control group who obtained scores of 0 or 1 on any of the test items. This
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condition suggests that all students had reached the basic level of creative thinking skills after
the learning process was completed. When examining the distribution of higher scores, it
becomes evident that the achievements of students in the experimental group are more evenly
distributed across scores 3 and 4. For Item 1, for example, 56.25% of students in the
experimental group achieved a score of 4 and 43.75% scored 3, while the control group was
still dominated by score 3 (56.67%) with only 43.33% scoring 4. A similar pattern appears in
Item 2, where the experimental group had an even distribution between scores 3 and 4 (50.00%
each), whereas the control group leaned more heavily toward score 3 (70.00%) with only
30.00% achieving score 4.

Table 7. Students’ Creative Thinking Skills Post-test Scores

Score

Item 0 1 2 3 4

Exp Ctr Exp Ctr Exp Ctr Exp Ctr Exp Ctr
1 0 0 0 0 0 0 14 17 18 13

(0) (0) (0) (0) (0) (0) (43.7) (56.6) (56.2) (43.3)
2 0 0 0 0 0 0 16 21 16 9

© © O ©O ©O 0) (50) (70) (50) (30)
3 0 0 0 0 0 4 19 17 13 9

(0) (0) (0) (0) (0) (13.3) (59.3) (56.6) (40.6) (30)
4 0 0 0 0 3 7 21 19 8 3

© (0 (0 (0 (93) (233) (65.6) (63.3) (25) (10)

Note: The first row shows frequencies; the second row shows percentages (%)

For Item 3, 40.62% of experimental group students achieved a score of 4, which is higher
than the control group’s 30.00%, although the distribution of score 3 in both groups was
relatively close (59.38% in the experimental group and 56.67% in the control group). This trend
continued in Item 4, where 25.00% of experimental group students obtained a score of 4 and
65.62% scored 3, while the control group showed a lower percentage at score 4 (10.00%) and
a higher percentage at score 2 (23.33%), indicating less complete responses compared to the
experimental group.

Overall, the percentage distribution indicates that the experimental group consistently
had a higher proportion of students achieving the highest score (score 4) on all test items. These
findings suggest that the use of the discovery learning model supported by Augmented Reality
(AR) was able to encourage students to produce more original, detailed, and flexible
mathematical ideas compared to discovery learning without AR. Thus, the implementation of
AR in instruction not only enhances understanding but also strengthens the quality of students’
mathematical creative thinking skills at the end of the learning process.

Based on the pretest results, the creative thinking skills in the originality dimension (Item
1) between the control and experimental groups were relatively balanced, with average scores
of approximately 3.2 and 3.12, respectively. In the fluency dimension (Item 2), both groups
also showed nearly identical scores, namely 3.1 and 3.28. Similarly, in the flexibility (Item 3)
and elaboration (Item 4) dimensions, the scores of both groups ranged from 2.5 to 3.0, with
only minimal differences. This indicates that before the intervention, the participants’ creative
thinking skills across all dimensions were at comparable levels.

After the intervention, a more significant improvement occurred in the experimental
group compared to the control group across all dimensions. In the originality dimension (Item
1), the experimental group’s score increased to 3.56, while the control group reached 3.43. In
the fluency dimension (Item 2), the experimental group recorded a score of 3.5, higher than the
control group’s 3.3. For flexibility (Item 3), the experimental group’s score rose to 3.4, whereas
the control group reached only 3.16. Finally, in the elaboration dimension (Item 4), the
experimental group obtained a score of 3.1, while the control group scored 2.83. The consistent
improvement across all dimensions of creative thinking demonstrates that the intervention
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successfully enhanced participants’ originality, fluency, flexibility, and elaboration. Therefore,
the implemented treatment was effective in improving various aspects of students’ creative
thinking skills.

Pretest Post-test
oM 4 e 52 e 4 g 07 1
e 3 —— 293 e 3 — 51
T 2 —— 3,25 e 2 — 35
e | N 312 e L 5 36
0 1 2 3 4 0 1 2 3 4
Control ™ Experimental Control ™ Experimental

Figure 3. Comparison of Students’ Score Achievement by Item

The normality analysis using the Shapiro-wilk test showed that all data in both the
experimental group and the control group were normally distributed. In the pretest, the p value
for the experimental group was 0.067 and for the control group was 0.091. In the post test, the
p values were 0.122 and 0.084, all of which were greater than 0.05. This indicates that the data
in all groups and measurement periods followed a normal distribution. In addition, the
homogeneity of variance test using Levene’s test showed that the variances between groups
were uniform. The p value in the pretest was 0.872 and in the post test was 0.093, both greater
than 0.05. Thus, the variances of the experimental and control groups can be considered
homogeneous. With both assumptions met, namely normality and homogeneity, the data can
be analyzed using an independent t test with the assumption of equal variances.

Table 8. Homogeneity and Normality Tests

Pretest Post-test
Group p-value Dp-value p-value p-value
(Levene) (Shapiro-wilk) (Levene) (Shapiro-wilk)
Experimental 0.067 0.122
Control 0.872 0.091 0.093 0.084

Based on the results of the t test on the pretest data, the obtained t value was 0.53 with
60 degrees of freedom (df) and a significance value (p-value) of 0.597. Since the p value is
greater than 0.05, it can be concluded that there was no significant difference between the mean
scores of students’ initial creative thinking ability in the experiment group and the control
group. The mean difference of 1.11 indicates that the gap between the two groups’ pretest
scores was very small, showing that the students’ initial abilities in both groups were at a
comparable level before receiving different instructional treatments. Therefore, both groups
can be considered to have equivalent starting abilities, making them appropriate for comparison
in the subsequent stages of the study.

Table 9. Independent Samples t-test for Pretest Mean Differences

t-test equality t df p-value Mean differences
of means 0.53 60 0.597 1.11

The post-test results show that the value of t = 2.31 with degrees of freedom (df) = 60
and a p-value = 0.012 (one-tailed). Since the p-value is smaller than 0.05, it indicates that there
is a significant difference between the creative thinking abilities of students in the experimental
class and those in the control class. The mean difference obtained was 5.47, indicating that the
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average creative thinking ability of students in the experimental class is higher than that of
students in the control class. In this study, the experimental class participated in learning
assisted by Augmented Reality (AR) technology, while the control class followed learning
without using AR technology. These findings indicate that the use of AR technology in the
learning process contributes to the improvement of students’ creative thinking abilities.

Table 10. Independent Sample t-test and Effect Size of Students’ Creative Thinking Ability

t df p-value Mean Diff. Cohen’s d Interpretation
2.31 60 0.012 (I-tailed) 5.47 0.60 Moderate

Furthermore, the effect size analysis using Cohen’s d produced a value of 0.60. This
value falls into the moderate effect category. Therefore, it can be concluded that the
implementation of Augmented Reality-based learning has a meaningful effect on improving
the creative thinking abilities of elementary school students compared to learning that does not
use AR technology.

Discussion

This study demonstrates that the use of Augmented Reality technology has a strong
influence on improving students’ mathematical creative thinking abilities. Creative thinking is
an important cognitive skill that must be developed in the era of globalization, as stated by
(Astuti et al., 2023). In mathematics, this ability is highly relevant because it is related to
students’ capacity to generate new ideas, think flexibly, and discover original solutions.
Guilford (1967) emphasized that creative thinking involves flexibility, fluency, and originality
in thinking. Therefore, learning media that facilitate the exploration of concepts in various ways
have a strategic role (Sharma et al., 2024).

The findings of this study are consistent with Anwar (2024), who found that Augmented
Reality technology can support the development of higher-order thinking skills. This occurs
because students can explore geometric objects more deeply and intuitively through the three-
dimensional visualization provided by Augmented Reality technology. In addition, the study
by Akgayir and Akgayir (2017) shows that Augmented Reality can improve students’ spatial
abilities. These spatial abilities serve as an important foundation for the development of
mathematical creative thinking, especially when students are required to interpret, compare,
and modify three-dimensional geometric shapes (Wu et al., 2024).

The spatial skills supported by the use of Augmented Reality technology are also
reinforced by the findings of Koparan et al. (2023). They explained that these skills help
students interpret and think about objects more deeply, making it easier to solve geometry
problems. This study is also consistent with the research of Faradillah and Maulida (2022),
which found that the use of Augmented Reality technology encourages students to find multiple
ways to solve mathematical problems. The diversity of solution strategies is an important
indicator of creative thinking ability (Hadar & Tirosh, 2019; Septiana & Faradillah, 2022).

In addition to improving creativity, the integration of Augmented Reality technology has
also been shown to have a positive impact on learning outcomes, as indicated by the research
of Koparan et al. (2023). This impact occurs because Augmented Reality technology can
present geometric objects in visual forms that are close to real-life conditions, thereby
facilitating students’ understanding. This finding is supported by Cahyono et al. (2018), who
stated that Augmented Reality technology can bridge the gap between mathematical concepts
and the real world, thereby improving conceptual understanding and problem-solving abilities.

Although some studies have reported weaknesses of Augmented Reality technology in
terms of interactivity, such as those reported by Akkus and Ozhan (2017), this study shows that
interactivity can actually increase when instructional design considers didactic aspects such as
learning obstacles, learning trajectories, and the TDS framework. The importance of such
planning has been discussed in detail by Cahyono et al. (2020), who emphasized that learning
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experiences using Augmented Reality technology must be carefully designed so that students
can construct mathematical knowledge meaningfully. Bereczki and Karpati (2021) also
explained that the effectiveness of using Augmented Reality technology greatly depends on the
pedagogical support provided to teachers and students.

The findings of this study also provide new contributions when compared with the
research of Lee and Lee (2008), which implemented Augmented Reality-based games for early
childhood students. This study shows that the same technology can also have a positive impact
on the mathematical creative thinking abilities of elementary school students. In addition, this
study supports the bibliometric findings by Islim et al. (2024), who analyzed six hundred forty-
five articles and concluded that the use of Augmented Reality technology has a positive impact
on problem-solving abilities that require higher-level strategies.

This study further enriches the understanding of the various benefits of Augmented
Reality technology in mathematics learning. Previously, this technology has been found to
improve mathematical literacy (Hakim et al., 2024), problem-solving abilities (Cahyono et al.,
2018), mathematical computational thinking skills (Angraini et al., 2023), and geometric
thinking abilities (Pujiastuti & Haryadi, 2024). The findings of this study expand this scope by
demonstrating that Augmented Reality technology is also effective in supporting the
development of mathematical creative thinking abilities.

These findings are in line with Alkhabra et al. (2023) and Wang et al. (2024), who stated
that Augmented Reality technology can increase students’ active engagement, thereby
supporting the development of creativity. Dynamic interaction with mathematical objects
allows students to explore and understand concepts more deeply. Furthermore, Ivan & Maat
(2024) emphasized that Augmented Reality technology can enhance creative thinking abilities
through clearer visualization and more meaningful learning experiences. The results of this
study are also consistent with the findings of Sanabria and Ardmburo-Lizarraga (2017), who
stated that Augmented Reality technology is a pedagogical approach capable of promoting
creative thinking abilities.

Overall, this study indicates that Augmented Reality technology has significant potential
to enhance students’ mathematical creative thinking abilities, particularly in the topic of three-
dimensional geometry, which requires strong visualization and deep conceptual exploration.
This technology provides immersive and interactive learning experiences that facilitate the
development of creative thinking in mathematics.

This study has several limitations. First, the study was conducted with a limited number
of participants; therefore, the findings cannot yet be generalized widely. Second, the study
focused only on three-dimensional geometry topics, so the effectiveness of Augmented Reality
technology in other areas of mathematics remains unknown. Third, the short duration of the
learning intervention prevented the researchers from assessing the long-term impact of
Augmented Reality technology on the development of creative thinking abilities. Fourth, this
study did not consider factors such as teacher readiness and the availability of technological
infrastructure, which may influence the quality of Augmented Reality implementation.

CONCLUSION

The findings of this study indicate that the integration of Augmented Reality (AR) in
mathematics learning contributes positively to the improvement of elementary school students’
creative thinking abilities. The use of AR in learning the surface area and volume of cubes and
rectangular prisms enables students to interact with three-dimensional object representations
more concretely, thereby helping them visualize the structure of geometric solids and explore
various problem-solving strategies. This interactive learning environment provides
opportunities for students to develop important aspects of creative thinking, such as fluency,
flexibility, elaboration, and originality in solving mathematical problems.

Compared with learning without the support of AR technology, students who learned
with the assistance of AR demonstrated higher levels of creative thinking ability at the end of
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the learning process. These findings indicate that the use of AR can enrich mathematics
learning experiences by providing clearer visualizations and broader opportunities for students
to explore and understand geometric concepts. The magnitude of the effect found in this study
suggests that the implementation of AR-based learning has a meaningful impact on improving
students’ creative thinking abilities, indicating that the use of this technology not only produces
statistical differences but also provides a tangible contribution to the learning process.

This study suggests that the integration of AR has the potential to become an effective
instructional approach for supporting the development of creative thinking skills in elementary
education. Therefore, AR-based technology can be considered an innovative alternative for
mathematics instruction that creates more interactive and meaningful learning experiences for
students, while also opening opportunities for future research to explore the application of AR
in other mathematics topics and cognitive domains.

RECOMMENDATION

Future research is recommended to involve a larger sample size in order to obtain more
representative results. Studies across various mathematical topics are also necessary to examine
the consistency of the impact of Augmented Reality technology on creative thinking abilities.
In addition, longitudinal research is needed to evaluate the sustainability of the effects of this
technology. Future studies may also consider other supporting aspects such as student
motivation, engagement in learning, and teacher readiness in using Augmented Reality
technology. The development of more structured technology-based learning tools is also
important to ensure that Augmented Reality technology can be used optimally to enhance
students’ mathematical creative thinking abilities.
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