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Abstract: Teachers struggle to explain abstract concepts, and a lack of supporting
facilities in some schools also hinders the implementation of learning media. Low
student engagement in learning can lead to misconceptions and a decline in conceptual
understanding, which should be the foundation for knowledge acquisition. Therefore,
students' understanding plays a crucial role in the learning process, which requires
their ability to interpret meaning, master concepts, understand situations, and apply
the facts they have learned. This study aims to determine the extent to which students'
conceptual understanding increases in the solar system material by implementing
STEAM learning assisted by Augmented Reality (AR) media in science learning. The
method used is a quasi-experimental with a pretest-posttest control group design. With
a purposive sampling technique, the sample was determined with class VII D as the
experimental class and VII C as the control class. The instruments used included
pretest-posttest questions and documentation, with data analysis carried out using
SPSS version 26. The results showed that students' conceptual understanding in the
experimental class reached 90.97% (very good category), while the control class was
76.94% (fairly good category). This study shows that the application of STEAM assisted
by AR media has a positive impact, namely it is effective in improving students'
conceptual understanding of the solar system.
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Introduction

Education is an essential and inseparable part of
human life (Bestari et al., 2023). The quality of education
is a key factor in increasing human resource potential for
a nation's progress (Sanga & Wangdra, 2023). In this
context, through science learning, students are able to
understand scientific knowledge and develop skills that
can be useful in daily activities (Husna et al., 2022).
Science learning aims to develop students' conceptual
understanding and scientific thinking skills (Novita &
Jumadi, 2022); (Elia et al., 2024). Furthermore, the science
learning process also involves direct interaction with
observed objects or events (Falloon, 2019). Data obtained
from the PISA (Programme for International Student
Assessment) indicates that mastery of concepts in
science subjects is crucial in supporting individuals in
achieving their life goals (Kwangmuang et al.,, 2021).
However, conceptual understanding remains a
significant issue in education, particularly in science

How to Cite:

learning (Siahaan & Sihotang, 2023). One contributing
factor to this situation is conventional teaching and
learning strategies and the minimal use of innovative
media (Celsia Ditha Rahmani et al., 2025).

Interviews with junior high school science teachers
revealed that solar system learning still predominantly
relies on lectures and printed textbooks as the primary
learning resources. However, solar system material is
abstract and difficult to understand if presented solely
verbally. Teachers struggle to explain abstract concepts,
and the lack of supporting facilities in some schools also
hinders the implementation of learning media (Haleem
et al.,, 2022). This low level of student engagement can
lead to misconceptions and a decline in conceptual
understanding, which should be fundamental to
knowledge acquisition (Vancugoviene et al., 2024).
Therefore, students' understanding plays a crucial role
in the learning process, which demands their ability to
interpret meaning, master concepts, understand
situations, and utilize the facts they have learned (Pols et
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al, 2021). Furthermore, understanding of science
concepts is evident when students are able to re-express
the content of lessons they have received based on their
own reasoning and interpretation (Aidoo, 2024).

Amidst advances in digital technology, the use of
technology in education has become a crucial and
unavoidable aspect (Qazi et al.,, 2023). Furthermore,
digital technology advancements have brought changes
to education, creating more adaptive and innovative
learning processes. With technological advancements,
technological learning models such as Augmented
Reality (AR) offer a new approach that allows students
to visualize three-dimensional objects realistically in the
learning environment (Crogman et al., 2025). AR can
bridge the gap between abstract concepts and concrete
understanding  through  interactive,  real-time
visualizations (Al-Ansi et al., 2023).

The STEAM learning approach can strengthen
students' cognitive processes by integrating science,
technology, engineering, art, and mathematics into a
holistic learning experience (Priyatno, 2024). The
STEAM approach, aided by Augmented Reality (AR),
stimulates students' creative thinking and supports
them in connecting theoretical understanding with its
application in real life (AlAli et al., 2025). Therefore, this
study aims to determine the extent to which students'
conceptual understanding improves in the solar system
material by implementing the STEAM learning model
assisted by Augmented Reality (AR) in science learning.

Method

The research method used was experimental. This
type of research is quasi-experimental. The design used
in this study was a pretest-posttest control group design.
This can be seen in Table 1.

Table 1. Pretest-Posttest-Control Group Design

Group Pre- Independent Post-Test
Test Variables

Experimental Class Yb X1 Yes

Control Class Yb X2 Yes

This research was conducted in a junior high school
during the 2024/2025 academic year. The population
was seventh-grade students. The sample was obtained
using a purposive sampling technique based on student
pre-test scores. The sample consisted of 31 students from
classes VII C and VII D. The indicators of conceptual
understanding measured in this study were:
interpreting; classifying; comparing; and explaining.
The data collection technique used a multiple-choice
conceptual understanding test and documentation. The
data collected consisted of pretest and posttest scores
and student answers. Initial data analysis involved
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validating the learning tools. The conceptual
understanding test instrument was then validated by an
expert validator before being pilot tested in a class that
had previously used the material, namely, eighth-grade
students. Validity, reliability, difficulty level, and
discriminatory power were then tested, resulting in 20
valid and suitable questions for use in the study.

The prerequisite analysis tests include the
normality test using the Shapiro-Wilk method and the
homogeneity test, both of which are analyzed with the
help of IBM SPSS Statistics 26 software. The conclusion
on the normality test is obtained by comparing the
significance value (sig./P-Value) to the significance limit
a = 0.05. Similarly, the decision on the homogeneity test
is determined by comparing the sig./P-Value value with
the same significance level. The final data analysis
technique is to conduct a hypothesis test using the N-
Gain test and the independent sample t-Test.

Results and Discussion

This study aimed to determine the improvement in
students' conceptual understanding in an experimental
class using STEAM with Augmented Reality (AR) and a
control class using STEAM without AR. Student
conceptual understanding was measured based on
conceptual understanding indicators (Salim Nahdi &
Gilar Jatisunda, 2020); (Putri & Saehana, 2021). To
analyze this improvement, the N-Gain test was used,
which was then supported by statistical analysis using
an independent sample t-test to determine the
significance of the difference in improvement between
the two groups. The results of the analysis of the average
improvement in students' conceptual understanding in
the experimental class (STEAM with AR) and the control
class (STEAM without AR) are shown in Tables 2
through 7.

Table 2. Pretest-Posttest Results for the Control and
Experimental Classes

Questions Control Experiment
Pretest 57.42 66.61
Posttest 76.94 90.97

The data analyzed were obtained through a pretest,
intended to assess students' basic knowledge before
implementing Augmented Reality (AR)-assisted
STEAM learning. The pretest results, presented in Table
2, identified that the average score for students in the
control class was 57.42, while the average score for the
experimental class was 66.61. After the treatment,
improvements were observed in both groups, with
posttest scores shown in Table 2. The control class's score
increased to 76.94, while the experimental class's score

increased significantly to 90.97. Therefore, the learning
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strategies implemented in the experimental class were
more effective in improving conceptual understanding
than in the control class. These results align with
findings from other studies that suggest the use of AR
technology can improve student learning outcomes,
particularly in conceptual understanding (Hermawan &
Hadi, 2024).

One factor influencing the development of
students' conceptual understanding is STEAM learning
and the use of AR media. This is supported by other
research that has shown that the use of AR learning

Volume 7, Issue 1, 9-15

media can effectively improve students' comprehension
(Larasati & Widyasari, 2021). This is because STEAM
learning is an effective learning model that can hone
students' competencies, encouraging the use of
technology and critical thinking skills to solve existing
problems (Golden, 2023). This aligns with research
showing that the use of AR media with learning models
in education leads to students gaining more meaningful
understanding, thereby retaining learned concepts in
long-term memory (Di Filippo et al., 2025); (Atkinson et
al., 2021).

Table 3. Pretest and posttest results per concept understanding indicator

Indicator Control Experiment Control Experiment
Interpreting 58.70 67.73 80 89.67
Classifying 46.77 46.77 66.93 81.14
Comparing 70.15 85.47 84.67 96.77
Explaining 56.22 66.85 84.67 94.75

Analysis of the results obtained from the pretest
and posttest on each indicator of conceptual
understanding was carried out to determine the level of
student knowledge during the implementation of
STEAM learning supported by AR media. This analysis
used four indicators based on Bloom's taxonomy. Pretest
and posttest data per indicator in the control class and
the experimental class are shown in Table 3, namely
there was an increase in the average score on each
indicator between the pretest and posttest results in both
classes, both the control and experimental classes.
However, here there was an increase that occurred in the
experimental class showed higher consistency. In the
interpreting indicator, the experimental class's score
increased from 67.73 to 89.67, while the control class
from 58.7 to 80. For the classifying indicator, the
experimental class experienced an increase from 46.77 to
81.14, while the control class from 46.77 to 66.93. The
comparing indicator also showed an increase, namely
from 85.47 to 96.77 in the experimental class, and from
70.15 to 84.67 in the control class. Meanwhile, the

Table 4. Results of Normality Tests for Control and
Experimental Classes

Indicator  Control Experiment Control Experiment

Pretest Posttest ~ Pretest Posttest
Statistic .984 .970 .993 .980
df 31 31 31 31
Sig. 911 .530 .999 823

The next data was analyzed through a normality
test, which the study used the Kolmogorov-Smirnov
method with the help of SPSS version 26. Data is said to
be normally distributed if the significance value is > 0.05,
conversely, if the significance value is < 0.05, the data is
considered not normally distributed. Referring to Table

indicators explained that the experimental class's score
increased from 66.85 to 94.75, and the control class's
score from 56.22 to 84.67.

These data indicate that AR-assisted STEAM
learning has proven effective in improving students'
conceptual understanding across all indicators
compared to the STEAM control class without AR. The
experimental class's results were higher than those of the
control class because the AR visualizations supported
exploration and observation, helping students
understand solar system concepts more
comprehensively and engagingly. This is supported by
other research that suggests that the use of AR
technology can improve student learning outcomes
while making the learning process more engaging and
enjoyable (Zaid et al., 2022). These findings align with
research  demonstrating the  importance  of
interdisciplinary integration and technology utilization
in the STEAM approach (Yim et al., 2024); (Singh et al.,
2024).

4, the results of the normality test for the experimental
class and the control class show that the significance
value is > 0.05. Thus, the data in both classes can be said
to be normally distributed.

Table 5. Results of the Homogeneity Test for the Control
Class and the Experimental Class

Levene Statistic df1 df2 Sig.
2.368 1 60 129

The next analysis is the homogeneity test, which is
performed after the data is deemed normally
distributed. This test is intended to identify whether
there is equality of variance between groups. Data are
considered homogeneous if the significance value is
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>0.05, with a significance level of a=0.05 (5%). Based on
Table 5, the results of the homogeneity test for the
experimental and control classes show a significance
value of 0.129. Because this value is >0.05, it can be
concluded that the data are homogeneous.

Table 6. n-Gain sore test for the control and
experimental classes
Experimental Class

Control Class

Average 0.75 0.46
Minimum 40 14
Maximum 1.00 1.00
Category High Moderate
Effectiveness Effective Less Effective
Category

The next analysis was the N-Gain test, which aims
to identify the effectiveness of AR-assisted STEAM
implementation. Table 6 shows that the average score in
the experimental class was higher than that of the
control class. The experimental class achieved an
average score of 0.75, categorized as effective, while the
control class achieved an average score of 0.46,
categorized as moderately effective, consistent with the
interpretation (Wahab et al., 2021).

Table 7. Independent Sample T-Test for Control and
Experimental Classes

; Sig. (2-
i Sig. T tailed)

Concept
Understanding 12.36 000 7177 60 .000

The next analysis was an independent sample t-test,
which was used to determine the average difference in
learning outcomes, particularly in conceptual
understanding, between the experimental and control
classes. Table 7 shows that the results of the independent
sample t-test indicate a significant increase in conceptual
understanding between the two classes (2-tailed
significance = 0.000 < 0.05). Based on this value, it can be
concluded that AR-assisted STEAM learning is more
effective than AR-assisted STEAM learning. STEAM
learning aims to instill skills relevant to 21st-century
demands in students that can be applied across
disciplines. STEAM is an approach that combines
elements of art into the realm of science, technology,
engineering, and mathematics (STEM), aiming to shift
the learning paradigm to be more integrated and
creative (Bertrand & Namukasa, 2020). Of these five
elements, in the science field, it helps students learn the
solar system in a more meaningful and relevant way.
This aligns with findings showing that STEAM learning
is effective in improving students' understanding of
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scientific concepts, including the Solar System (Arpaci et
al., 2023).

From the technology side, the use of digital
technology, such as AR learning media, plays a role in
facilitating students' understanding and exploration of
abstract concepts like the solar system. This is supported
by research identifying the effectiveness and efficiency
of AR media in conveying complex material to students
(Radu et al., 2023). From the engineering side, through
discussions, students design models of the solar system's
structure and planetary orbits. The STEAM approach,
supported by AR media, opens up opportunities for
them to explore new ideas and creative solutions when
solving challenges, such as building planetary models
(Kajzer Mitchell & Walinga, 2017). From the arts side,
students can channel their creativity through designing
solar system structures and orbits. This finding is
consistent with research findings that reveal that artistic
activities can stimulate creative expression, train fine
motor skills, and foster imagination in the form of visual
works (Purwati et al., 2024).

Finally, in mathematics, students engage in
calculation activities related to the solar system, such as
comparing planetary diameters and calculating time
differences between regions. This is supported by
research evidence that STEAM learning with AR has the
potential to stimulate increased critical thinking,
creativity, and collaboration skills in completing math
assignments (Nindiasari et al., 2024). Although STEAM
learning with AR is unfamiliar to most students, many
acknowledge that the approach significantly helps them
understand the solar system more easily. Therefore,
implementing a STEAM approach with AR has been
shown to improve understanding of solar system
concepts. When STEAM is combined with AR, students
not only gain an interactive and visual learning
experience but also more easily understand the
structure, position, and movement of celestial objects in
a realistic three-dimensional format.

This is supported by other research suggesting that
AR can be a solution to the limitations of teaching aids,
which often hinder the solar system learning process, by
providing similar, or even more interactive,
visualization functions (Fatma et al., 2021). Furthermore,
the use of learning media can be an effective alternative
to streamline the learning process (Fatkhomi &
Widiyanto, 2025). Thus, the combination of STEAM and
AR creates a more engaging learning environment and
can increase student engagement and conceptual
understanding of the solar system. Furthermore, AR
media significantly contributes to overcoming
challenges related to visualizing abstract concepts, such
as astronomical phenomena, which are often difficult to
grasp in conventional classrooms (Putra et al.,, 2024).
Based on the results obtained, AR-assisted STEAM
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learning encourages students to connect mathematical
concepts with real-world contexts and understand the
role of mathematics in explaining natural phenomena.
This approach also fosters critical thinking and problem-
solving skills by utilizing the integration of the five main
elements of STEAM (Rahmawati et al,, 2019). These
results are consistent with previous findings that
revealed that the STEAM approach improves
understanding of science concepts through student
engagement (Maricic et al., 2025).

Conclusion

Based on the results of the analysis and discussion,
it can be concluded that conceptual understanding in the
experimental class that uses STEAM implementation
with AR media has increased compared to the control
class that uses STEAM learning without the help of AR
media. This can be seen based on data showing that the
experimental class obtained higher and more effective
results than the control class. With an average posttest
score in the experimental class reaching 90.97% (very
good category), while the control class was 76.94%
(fairly good category) in student conceptual
understanding. Thus, it can be concluded that the
application of STEAM assisted by AR media has a
positive impact, namely being effective in increasing
students' conceptual understanding of the solar system.
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