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1. INTRODUCTION

One of the human efforts to answer the challenges of today's times is through education (Widarti
& Roshayanti, 2021). Education is a conscious and planned effort to create a learning atmosphere and
learning proccess so that students can actively develop their potential (Ginting et al., 2020). Education
is very important for every human being, because it plays a big role in improving the quality of students
learning, being able to make dreams come true and being able to make the nation's life more intelligent
(Rexa & Anistyasari, 2017). A great nation is marked by educational progress. A good education system
is expected to produce graduates and human resources (HR) professionals who are able to compete
internationally with other developing countries throughout the world (Mahendra et al., 2019).

Currently, the government is promoting the development of quality human resources for the
Industrial Revolution 4.0. The quality of competitive human resources is determined by the education
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system. Teachers play an important role in educational development. Teachers are the spearhead of
determining the quality of education outcomes in Indonesia (Safriana & Marina, 2019). The development
of knowledge in the field of education in the current digital era requires teachers to be able to utilize
technological advances so that they can play an active role in transferring learning material to students
optimally and teachers are expected to be able to make learning more enjoyable through the various
skills and creativity needed by students in participating in learning (Kimianti & Prasetyo, 2019).

One of the government's efforts to support the development of knowledge that students want to
achieve is by developing a curriculum. The curriculum becomes a reference for educators in
implementing the teaching and learning process. The curriculum currently being implemented by the
government is the independent learning curriculum (Saaddiyah & Anjarwati, 2022). The independent
learning curriculum is a curriculum that gives students the freedom to learn and seek their talents
(Muliaman et al, 2022). By developing a curriculum in the education sector, the government aims to
include learning elements that are fun, interesting, safe, active, creative and innovative so that teachers
and students can interact with each other and explore their abilities so that they can achieve the desired
learning goals (Alfath et al,, 2022).

The independent curriculum gives teachers the freedom to use various teaching tools to adapt
learning to the needs and interests of their students, especially in science learning (Kemendikbudristek,
2022). Natural Scientist (IPA) is a science that studies natural phenomena such as living things and
inanimate objects. It can be seen that there is a lot of abstract material in science material, making it
difficult for students to understand (Sari, 2020). Science learning requires students to think critically in
understanding a concept. Therefor, science learning is very dependent on the teacher's role in
implementing the learning model. This teacher’s role can help increase student involvement in the
teaching and learning process and improve their learning outcomes (Rahmi, 2017).

One of the main goals of using appropriate and effective learning models is to create a
comfortable learning environment for students so that students can actively participate in the learning
process. To achieve educational goals and successful learning, of course efforts are needed to increase
creativity. Creativity is the ability to make things, think in different ways, and always find solutions to
problems in ways that other people cannot think of (Suryanti, 2021). (Jagom, 2015) said that creativity
is a person’s ability to use information that has been collected to create new ideas or solutions. Student
creativity must always be honed and developed because it makes students more critical and have new
ideas for solving problems (Suryanti, 2021). Not only that, students can also make connections between
problems and make appropriate analyzes (Haryati, 2003).

Based on the results of observations and interviews conducted by researchers at SMP Negeri 5
Lhokseumawe, it is know that the school has implemented an independent curriculum which requires
teachers to have the ability to utilize learning technology, but the science learning process is still less
effective in using learning technology. Thearhers only use Power Point when using technology-based
learning media. Meanwhile, the Ministry of Education and Culture government has done many new
things to improve the quality of education in the 21st century as it is today. This means that the
government has provided many opportunities for the world of education to use other technology-based
learning resources. This is due to the teacher’s inability to use technology-based learning media.

This causes the learning atmosphere in the class to become passive, students become sleepy,
bored, and not interested in following the lesson fully. As a result, student creativity will be hampered.
Science learning requires students to use all their abilities to achieve leaning goals, so that a lack of
student involvement in the learning process can lead to poor learning outcomes and low creativity
(Rahmi, 2017). Most of the learning models applied by teachers at SMP Negeri 5 Lhokseumawe are
discovery learning models. Discovery learning is a model for developing active learning in students by
finding and considering problems so that the results obtained are remembered for a long time and are
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not easily forgotten by students (Prasetyo & Abduh, 2021). However, the obstacle that teachers often
face when using the discovery learning model is the inability to identify problems or misunderstanding
between teachers and students.

Are aresult, this model does not apply to all learning topics. Based on the problems above, efforts
are needed to increase the use of learning models and learning media. One possible learning model is
the project-based learning model (PjBL). PjBL is a learning model through project activities that involves
complex projects absed on questions and problems. This project involves students in designing, solving
problems, making decisions, and conducting research. This provides students with the opportunity to
work together to create a predetermined project and produce a presentation or product (Muliani et al.,
2021). According to Rais (2013), project-based learning is an innovative learning model that emphasizes
situational learning. This model includes complex activities that invole students in the learning process
and help students build their own thinking patterns, solve problems, and find solutions independently.

This project-based learning method uses activities or projects as media (Salamun et al,, 2023).
Having a projects as a learning activity will of course help students hone and develop their creativity.
Apart from that, students are also required to work together and communicate well in groups to be able
to solve the problems posed. In line with Suryanti’s (2021) research, it is stated that project-based
learning will train students to become responsible, communicative and collaborative individuals, as well
as increase creativity in problem solving. That is in line with previous research conducted by Bramantya
et al (2024), Retnosari & Mediatati (2023), Arshita et al (2023), Aiman et al (2024), Pitaloka (2024) by
applying the Project Based Learning (PjBL) learning model cn increase students creativity. The
development of digital technology has had a significant impact on the world of education, including in
efforts to improve the quality of the learning process at the junior high school (SMP) level(Kim et al,,
2025). One form of technology that is growing rapidly and is starting to be widely applied in learning is
Augmented Reality (AR). AR is an interactive technology that can combine two- or three-dimensional
virtual objects into a real-time real environment, creating a hybrid space that allows students to interact
directly with the visualized learning material in a more realistic and interesting way (Guntara et al,,
2025). In the context of Natural Sciences learning in junior high school, especially in the solar system
material, many concepts are abstract and difficult for students to understand only through conventional
media such as textbooks or flat pictures. Materials such as planetary movements, orbits, and
relationships between celestial bodies require good visualization so that students are able to imagine
these concepts in their entirety (Wang et al., 2024). AR technology is present as a potential learning
medium in helping students understand the material through interactive visualizations that are close to
reality (Fidan & Tuncel, 2019). AR can boost students' creativity and imagination by allowing them to
interact with both digital and physical aspects at once. It can assist pupils in developing fresh ideas and
creative solutions to the issues at hand.(Kim et al., 2025; Wen et al,, 2022; Zubir et al., 2018). AR enables
more interactive learning, allowing students to actively participate in the learning process rather than
passively receiving information. This can improve student involvement and participation in the
classroom (Cézar Gutiérrez et al., 2015; Sofiadin, 2025).

In addition to understanding concepts, science learning is also required to be able to grow 21st
century skills, including students' creativity in solving problems and producing works. To achieve this
goal, the application of the Project-Based Learning (PjBL) model is a relevant strategy. This model
emphasizes the active involvement of students in solving a project based on real problems, which
requires collaboration, exploration, and innovation. The collaboration between PjBL and AR technology
is believed to create a more fun, contextual, and creative learning environment for students.

Based on this background, the researcher is interested in conducting research at SMP Negeri 5
Lhokseumawe regarding the application of a project-based learning model with the support of
Augmented Reality technology on the theme of the solar system. This research aims to examine the
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effectiveness of this approach in increasing student creativity, as well as contributing to the development
of science learning strategies that are more innovative and in accordance with the needs of the times.

2. METHODS

This research uses a combination method or mix methods of the concurrent embedded type (a
mixture of reinforcement/second method strengthens the first method). In this research, researchers
emphasize quantitative data, where qualitative data is used to strengthen and support the results of
quantitative data. This research design uses a nonequivalent control group design (Sugiyono, 2014) . The
design of the nonequivalent control group is:

Table 1. Nonequivalent Control Group Design
Ol X 02

0 O4

Information:

0_1 = Giving an initial test in the experimental class
X = Providing treatment in the experimental class
0_2 = Giving the final test in the experimental class
0_3 = Giving an initial test in the control class

0_4 = Giving the final test in the control class

This research was carried out at SMP Negeri 5 Lhokseumawe which is located on JLN.
Sultanah Nahrasiyah No. 5, Lancang Garam, Kec. Banda Sakti, Lhokseumawe City. This research
took place in the even semester of the 2023 /2024 academic year. According to Sugiyono (2020),
population is a generalized area consisting of subjects or objects that have certain qualities and
characteristics that are chosen by researchers to study and then draw conclusions. The
population in this study were all class VII students at SMP Negeri 5 Lhokseumawe. The sample
is part of the number and characteristics of the population (Sugiyono, 2020). The sampling
technique in this research uses nonprobability sampling using purposive sampling type. The
samples chosen by the researches were class VII-5 as a control class with 20 students and class
VII-6 as an experimental class with 20 students.

This research has two variables, namely the dependent variable and the independent
variable. The dependent variable in this research is student creativity and the independent
variable is the Project Based Learning (PjBL) model assisted by Augmented Reality. The steps
in using the Project Based Learning (PjBL) learning model have 6 stages/phases. The first stage
is basic questions, at this stage students are involved in the learning process by observing
Youtube videos presented by researchers through shows from Infocus which touch on solar
system material. Then the researcher and students asked each other questions and answers
regarding the video that had been presented, namely with qusetion (1). What is the center of
the solar system?, (2). Why is the sun at the center of the solar system?, (3). What happens if the
planets move out of their orbits?. In the second stage, namely designing the project, at this stage
the researcher provides an overview of the project that will be created.

The researcher informed the students about the project that would be created, namely
in the form of making a simple miniature about the solar system on the Assemblr Edu or
Assemblr Studio website which would produce Augmented Reality. Augmented reality is an
interactive technology that can combine 2 or 3 dimensional virtual objects into a real
environment. The combination of the two creates a hybrid space that is mixed, which can be
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projected into real time. The use of augmented reality media to create projects is very suitable
in collaboration with the PjBL model which is believed to increase student creativity. The third
stage is developing a timetable, at this stage the researcher allocates the time needed for
students to design and complete a simple tiny solar system for 40 nminutes and divides the
students into 4 groups.

The fourth stage is monitoring project progress or monitoring students. At this stage the
researcher guides students to understand each image item in the Assemblr Edu or Assemblr
Studio menu through guided steps in the LKPD. The fifth stage is testing the results, at this stage
the researcher helps students measure achievements in the project work process, one of which
is whether the project created by the student complies with the rules and concepts. In the sixth
stage, namely evaluating, at this stage the researcher and students reflect on the project
activities that have been carried out by the students. The students work on posttest questions
as a result of evaluation in learning after making the project.

3. RESULT AND DISCUSSION
3.1 Result

In this section, it is explained the results of research and at the same time is given the
comprehensive discussion. Results can be presented in figures, graphs, tables and others that make the
reader understand easily. The discussion can be made in several sub-sections.

Table 2. Data from pretest and posttest results

Class Average Average Posttest
Pretest
Control 37 65
Experiment 41 79,33

The research results obtained were based on quantitative data analysis through students
creativity tests. The trial was carried out in the experimental and control classes, each consisting of 20
students, by giving 15 multiple choice questions. The following is a table of decriptive statistics for the
pretest and posttest for the control and experimental classes as follows:

Table 3. Descriptive statistics of pretest and posttest for control and experimental classes

Descriptive Statistics
N | Minimum | Maximum Std.
Deviation

Pretest Control 20 13,33 60 12,699

Posttest Control | 20 26,67 86,67 15,578

Pretest 20 26,67 66,67 10,657
Experiment

Posttest 20 66,67 93,33 8,349
Experiment

Based on the table above, the minimum pretest score for the control class is 13,33 and the
maximum score is 60. Meanwhile, the minimum pretest score for the experimental class is 26,67 and the
maximum is 66,67. Based on the table above, the minimum posttest score for the control class is 26,67
and the maximum score is 86,67, while the minimum posttest score for the experimental class 66,67 and

Phi: Jurnal Pendidikan Fisika dan Terapan, Print ISSN: 2460-4—



Phi: Jurnal Pendidikan Fisika dan Terapan. Vol. 11 No. 2 (2025) 123-135

the maximum is 93,33. The following diagram shows the average results of the N-Gain test scores in the
control class and experimental class, which can be seen below:
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Figure 1. Diagram of N-Gain Test Results for Control Class and Experimental Class

In this research, students’ creativity was observbed. This observation aims to determine the level
of student creativity when the Project Based Learning (PjBL) model assisted by Augmented Reality is
applied in the experimental class and the level of creativity of students in the control class when the
Direct intruction model assisted by Augmented Reality is applied. The following are the results of
observations of student creativity in the control and experimental class, which can be seen below:

Table 4. Nilai Observation Values of Control Class Students Creativity

Indicator Petcentage (%)
Fluent
Thinking 60,83
Flexible
Thinking 6292
Elaboration 58,60
Original
Thinking 32,11
Average 58,61 (qulte
creative)

Based on the results of the observations that the research made during the classroom learning
process, the students creativity results were obtained according to table 4 above. The control class on
the fluent thinking indicator obtained a score of 60,83%. The flexible thinking indicator obtained a value
of 62,92%. The elaboration indicator obtained a value of 58,60%. The original thinking indicator
received a score of 52,11% and the average student creativity score 58,61% with the criteria being quite
creative, where the learning used the Direct Instruction model by assisted Augmented Reality.

Table 5. Observation Value of Experimental Class Students Creativity
Indicator Petcentage (%)
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Fluent 76,25
Thinking
Flexible 72,92
Thinking
Elaboration 68,13
Original 68,83
Thinking
Average 71,53 (creative)

Based on the results of observations that the researcher made during the learning process in
class by making a miniature solar system project, the results of student creativity were obtained
according to table 5 above, the fluent thinking indicator for the experimental class obtained a score of
76,25%. According to Sinta (2022), fluent thinking is the ability to generate many relevant ideas, answers
and problem-solving in a short time. In this aspect, many students were able to come up with lots of ideas
and answers, namely in ordering the planets in the solar system that have the have the most natural
satellites to the fewest natural satellites, many students came up with answers about how long the earth
has evolved and came up with answers about the outermost planets this time after the exit of pluto.

The flexible thinking indicator obtained a value of 72,92%. According to Sinta (2022), flexible
thinking is the ability to produce varied ideas, answers or questions, but must still refer to the problem
given, be able to see problems from different points of view and be able to apply concepts, properties or
rules in solving examples problem. In this aspect, many students can produce thr right answer from a
variety of answers, many students produce answers by looking at the problem from diffepoints of view,
and many students can apply the concepts and rules contained in the solar system material. The detailed
thinking indivcator obtained a value of 68,13%. According to Sinta (2022), detailed thinking is the ability
to improve and develop an idea or product by adding or detailing the details of a thing, idea or situation
so that it becomes more interesting.

In this aspect, students apply it in making projects and apply their own creativity. The original
thinking indicator obtained a value of 68,83%. According to Sinta (2022), original thinking is the ability
to generate problems, ideas or things that other people have not thought of and create different and
newest ideas or work. In this aspect, students can look for errors in questions given by the teacher
regarding the arrangement of the solar system correctly and clearly in their own way or idea that no one
else has thought of. The average creativity score of experimental class students obtained a score of
71,53% using creative criteria, Where the learning used the project based learning (PjBL) model assisted
by augmented reality. So it can be concluded that using the project based learning (PjBL) model assisted
by augmented reality is more effectively applied to increase student creativity compared to the Direct
Instruction learning model assisted by augmented reality. The following are various student project
results regarding miniature solar system assisted by augmented reality which can be seen in the image
below:

sistem tata surya SISTEM TATA SURVA
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Figure 2. Poor Project Figure 3. Poor Project
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Figure 4. The Project Is Quite Good Figure 5. The Project Is Quite Good
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Figure 6. Verry Good Project Figure 7. Verry Good Project

Figure 2 and Figure 3 show the results of student projects which are not good and not yet perfect
because there are still many planetary items that have not been completed and giving names to each
planet has not been completed, this is because students do not understand the concept (think flexibly)
which causes students are less fast in doing many things from making projects (thinking fluently). Figure
4 and Figur 5 show the results of the student project are quite good. Students work faster and do more
than others (fluent thinking). In this project, students have begun to understand the concept of the solar
system (thinking flexibility). Figure 6 and Figure 7 show the results of the student project are verry good
and perfect. Students already understand concepts (flexible thinking), work faster and do more than
others (fluent thinking), create detailed and different problem solutions for the project (detailed
thinking), create different and newest work (original thinking). The diagram of the results of observing
students creativity in the control class and experimental class can be seen below:
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Experimental Class
Control Class
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Figure 8. Diagram Percentage of Student Creativity Observations in the Control and
Experimental Class

This research also uses a student response questionnaire based on the application of a project
based learning model assisted by augmented reality, the aim of which is to see an increase in student
creativity. The student response questionnaire was taken from 20 experimental class students. This
response was obtained from filling out a questionnaire by students during the learning process carried
out by the researcher. The following students questionnaire results can be seen in the following table:

Table 6. Results of Student Questionnare Responses

Student Code IILTBSPET | T GO NEE Criteria
Scores %

AIA 52 81,25 Verry Good
AD 58 90,63 Verry Good
AR 54 84,38 Verry Good
AU 52 81,25 Verry Good
AR 58 90,63 Verry Good
AK 52 81,25 Verry Good
Al 49 76,56 Good

DCR 56 87,5 Verry Good

DYA 58 90,63 Verry Good
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M 57 89,06 Verry Good
IK 51 79,69 Good
IA 58 90,63 Verry Good
KW 56 87,5 Verry Good
KS 61 95,31 Verry Good
MTO 61 95,31 Verry Good
NA 51 79,69 Good
NN 56 87,5 Verry Good
NA 51 79,69 Good
TWS 58 90,63 Verry Good
T. Alhaz
Fathan 49 76,56 Good
Average 54,9 85,78 Verry Good

According to the statistics in Table 6, the student response questionnaire yielded an average
percentage score of 85.78% in the "Very Good" category.

3.2 Discussion

The research findings indicate that the implementation of the project-based learning (PjBL)
model, supplemented by augmented reality, enhances student creativity about solar system material at
SMP Negeri 5 Lhokseumawe. The results of the average N-Gain score in both the experimental and
control classes substantiate this claim. The experimental class achieved an average N-Gain value of 0.64,
categorized as medium, whereas the control class attained an average N-Gain of 0.44, also classified as
medium. The data indicates that the enhancement of student creativity was more pronounced in the
experimental class than in the control class, evidenced by a comparison of N-Gain values of 0.2 points.
The experimental class demonstrates a greater enhancement in student creativity due to the
implementation of the Project Based Learning (PjBL) model, augmented by Augmented Reality, whereas
the control class utilizes the Direct Instruction model, also supported by Augmented Reality.

The increase in student creativity can also be seen from the results of observations that
researchers have made during the classroom learning process. The results of observations of students
creativity in the control class obtained an average score of 58,61% with the criteria “Creative Enough”.
Meanwhile, in the experimental class, students creativity observation results obtained an average score
of 71,53% with the “Creative” criteria. This proves that using the project based learning (PjBL) model
assisted by augmented reality can increase student creativity at SMP Negeri 5 Lhokseumawe on the topic
of the solar system. The results of the student response questionnaire about the implementation of the
project-based learning (PjBL) model, augmented by augmented reality, yielded an average percentage
score of 85.78%), categorized as "Very Good." Augmented reality, combined with virtual reality in physics
education, can enhance students' visual literacy skills (Permana et al., 2025). This enhancement occurs
because augmented reality is a facet of computer technology that displays a real-world image of an
imaginary realm in three-dimensional (3D) format, accompanied by audio simultaneously (Ubaidillah,

2024).
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This means that the application of the Project Based Learning (PjBL) learning model assisted by
Augmented Reality on the solar system material is very well implemented in the learning process. By
implementing the Project Based Learning (PjBL) model assisted by Augmented Reality, it can not only
increase student creativity, but make learning more fun, make the material easier to understand, make
students more courageous and confident in proposing new ideas, both to the teacher as well as fellow
friends. So it can be concluded that by implementing the Project Based Learning (PjBL) model assisted
by Augmented Reality, it can increase student creativity. This is in line with research conducted by
(Bramantya et al.,, 2024), (Retnosari & Mediatati, 2023), (Arsitha et al., 2023), (Aiman et al.,, 2024),
(Pitaloka & Purwanti, 2024), where the results of the research they conducted show that the
implementation The Project Based Learning (PjBL) model can increase student creativity and make the
learning process more fun, interactive and not boring.

What differentiates this research from previous research lies in the learning media, learning
materials, target population and sample. Researchers used the the Project Based Learning (PjBL) model
assisted by Augmented Reality to increase students creativity in the solar system material, where
previous research had never researched using Augmented Reality is a learning medium. The augmented
reality learning media that researchers use can be accessed in the Assemblr Edu or Assemblr Studio
applications. By using augmented reality media, students can hone their abilities in using learning
technology to create simple miniature solar system projects and can practice each student’s creations.
One of the obstacles faced by researchers during the research process was at the first meeting in the
experimental class.

When researchers showed how to make a simple miniature solar system project on the Assemblr
Edu or Assemblr Studio website in the form of Augmented Reality, many students felt down (gave up)
because they still had difficulty using modern learning technology. The efforts that the researcher made
to overcome this problem were that the researcher provided 3x training in the experimental class in
using digital-basel learning technology outside of researcher hours. The aim of conducting training was
so that during project creation process the desired results were in accordance with the plan. At the
second meeting in the experimental class, there were no problems or obstacles that the researcher
experienced, everything went well and optimally according to the results desired by the researcher,
resulting in gigher student creativity in the experimental class compared to the control class. Meanwhile,
in the control class, at the first meeting, the obstacle experienced by the researchers was that many
students did not understand the material about the solar system, so the class became passive and
unpleasant. The second meeting in the control class, the obstacles faced were still the same a in the first
meeting, the student’s focus was less than optimal in following the learning process, resulting in lower
student xreativity results compared to the experimental class.

4. CONCLUSION

Based on the results of the research and discussion described above, it can be concluded that the
application of the Project Based Learning (PjBL) learning model assisted by Augmented Reality on the
solar system material is very well applied in the learning process. By implementing the Project Based
Learning (PjBL) learning model assisted by Augmented Reality, it can not only increase student
creativity, but also make learning more fun, make the material easier to understand, make students more
courageous and confident in proposing new ideas, both to teacher and fellow friends.
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