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Purpose of the study: This study aims to determine the effect of Android-based
augmented reality (AR) learning media on student learning outcomes in atomic
model material.

Methodology: This study is a quantitative study with a quasi-experimental design
using a one-shot case study approach. The research sample consisted of 70 grade
X students at State Senior High School 29 Jakarta who were given treatment in
the form of learning using Android-based augmented reality media. The research
instrument was in the form of multiple-choice objective posttest questions that
had been validated and equipped with grids. Data analysis was carried out using
a simple linear regression test to determine the effect of the use of augmented
reality media on student learning outcomes.

Main Findings: The results of the analysis show that Android-based augmented
reality media has a significant influence on student learning outcomes with a
significance value of 0.000 (<0.05) and a coefficient of determination (R?) of
0.453. This shows that 45.3% of the variation in student learning outcomes can
be explained by the use of augmented reality media. This media helps students
understand the abstract concept of the atomic model more visually and
interactively.

Novelty/Originality of this study: This research is part of a further research
(dissemination) that tests the effectiveness of previously developed Android-
based augmented reality media. The uniqueness of this research lies in the focus
of its implementation on abstract chemical material and the use of experimental
design in a real learning environment.
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1. INTRODUCTION

An effective learning process is not only determined by the content of the material, but also by how the
material is delivered. Interactive, fun, challenging, and motivating learning can increase students' interest in
learning and encourage the creation of a conducive classroom atmosphere [1]-[3]. Teachers have an important role
as the main facilitator in creating a learning process that can explore and develop students' potential [4]-[6].
Therefore, teachers need to create a fun learning atmosphere and encourage student activity [7]-[9]. One way to
achieve this is by utilizing innovative learning media that is in accordance with the characteristics of students.
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Learning media has a strategic role in helping teachers deliver teaching materials more effectively and
efficiently. The use of appropriate media can facilitate students' understanding of the material and improve overall
learning outcomes [10]-[12]. Along with the development of technology, learning media has also undergone a
transformation from conventional forms to more interactive digital forms [13]-[15]. Currently, technologies such
as Augmented Reality (AR) are starting to be used in the world of education because of their ability to combine
digital elements with the real world [16]-[18]. The use of augmented reality in learning allows students to see,
explore, and interact directly with learning objects in a more concrete way.

The application of augmented reality is very relevant in chemistry learning, especially in atomic model
material which is abstract and difficult to visualize. Many students consider chemistry as a complicated subject
because the concepts are not directly visible in everyday life [19]-[21]. With the help of augmented reality
technology, the concept of the atomic model can be visualized in three dimensions so that it is easier to understand
[22]-[24]. The use of augmented reality can also increase student active involvement in the learning process
because it is interesting and stimulates curiosity [25]-[27]. Therefore, augmented reality is a potential learning
medium to support improving the quality of chemistry education in schools.

Previous research by Romadiah et al., [28] meta-analyzed the effects of Android-based learning media
on student learning outcomes in general without focusing on specific development or implementation, while
Rosyid and Setyasto [29], developed Android-based augmented reality (AR) media on human respiratory system
material, but only up to the initial evaluation stage without comprehensive implementation in real learning. The
current research fills the gap by not only developing Android-based learning media using AR for atomic model
material but also implementing it in the learning process to evaluate its impact on student learning outcomes
empirically, providing more comprehensive and contextual insights into the effectiveness of the media.

This research is a continuation of previous research that has developed Android-based Augmented Reality
learning media on atomic model material. The previous stages focused on the development and validation of media
by experts and limited trials of the appearance and functionality of the media. In this advanced stage, the focus of
the research is directed at the dissemination and evaluation of the influence of augmented reality media on student
learning outcomes. Thus, this research not only develops technological innovation in learning, but also provides
an empirical contribution to the effectiveness of using augmented reality in improving understanding of chemical
concepts. This research also fills the gap from the lack of experimental studies in the use of augmented reality in
schools.

The urgency of this research lies in the need for adaptive and relevant learning strategies with the
characteristics of today's digital generation. Abstract chemistry material requires a visual and interactive learning
approach so that students can more easily understand the concepts taught [30]-[32]. The use of augmented reality
media is expected to increase student interest, motivation, and involvement in learning [33]-[35]. In addition, the
use of technology that is close to students' lives such as Android makes learning more contextual and applicable
[36]. This is important to support the achievement of 21st century competencies, especially in terms of mastery of
technology and critical thinking skills.

Thus, this study has novelty in the evaluative aspect of the use of augmented reality media that has been
developed in the context of chemistry learning in high schools. This study not only tests the media on a small scale,
but also applies it in real classes and measures its impact on student learning outcomes. Through a quantitative
approach with experimental design, this study can provide empirical data on the effectiveness of augmented reality
learning media. The results of this study are expected to be a reference for teachers, schools, and educational
technology developers in choosing the right media. In addition, this study can be a basis for further research that
is broader and more comprehensive. Based on this background, the purpose of this study is to determine the effect
of the use of Android-based Augmented Reality learning media on student learning outcomes in atomic model
material. This study is expected to contribute to the development of more innovative chemistry learning strategies
that are in accordance with the needs of the times. The findings of this study are also expected to provide an
overview of the effectiveness of the use of augmented reality in improving the quality of learning. In addition, the
results of this study can be recommendations for educators in integrating technology optimally in the learning
process. With the right approach, the use of augmented reality-based learning media can be an alternative solution
in overcoming the difficulties of learning chemistry among high school students.

2. RESEARCH METHOD
2.1. Types of research

This type of research is quantitative research with a quasi-experimental design. The study only involved
one experimental class that was given treatment in the form of Android-based Augmented Reality learning media
[37], [38]. Measurement of learning outcomes was carried out through a posttest without a pretest (One-Shot Case
Study).
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2.2. Population and Research Sample

The population in this study were all students of class X at State Senior High School 29 Jakarta. The
sample used in this study was 70 students from classes X1 and X2. The sampling technique was carried out by
purposive sampling, where the two classes were selected based on certain considerations that were relevant to the
research objectives [39]-[41].

2.3. Data Collection Instruments and Techniques

The instrument used to measure student learning outcomes is a multiple-choice test that has been validated
by experts. This test includes indicators of Basic Competencies that are relevant to the Atomic Model material.
The following is a grid of the instrument listed in table 1.

Table 1. Instrument Grid

No. Indicator Question Number
1  Explaining the development of atomic theory from Dalton to quantum mechanics 1-5
2 Analyzing the weaknesses and strengths of each atomic model 6-10
3 ldentifying the characteristics of the Bohr atomic model and quantum mechanics 11-15
4 Applying the concept of atomic models in solving problems 16-20

The data collection technique was carried out by providing a posttest after the learning process using
Augmented Reality media was completed.

2.4. Data Analysis Techniques

The data obtained from the results of the student posttest were analyzed using quantitative statistical
analysis techniques with a simple linear regression test [42]-[44]. The purpose of this analysis is to determine
whether there is a significant influence between the use of Android-based Augmented Reality learning media on
student learning outcomes in the Atomic Model material. Before the regression test was carried out, a prerequisite
analysis test was first carried out, namely a normality test to ensure that the data was normally distributed, and a
linearity test to see the linear relationship between the independent variables and the dependent variables [45]-
[47]. After the prerequisite test was met, a simple linear regression analysis was carried out to see the magnitude
of the influence and significance of the relationship between the independent variables (use of augmented reality
media) and the dependent variable (student learning outcomes). This data analysis was carried out with the help
of SPSS software.

2.5. Research Procedures

The research procedure consists of three main stages, namely the preparation stage, the implementation
stage, and the data analysis stage. In the preparation stage, the researcher identified learning needs and prepared
learning tools, including Android-based Augmented Reality learning media and evaluation instruments in the form
of posttest questions. The instruments were then validated by experts to ensure the suitability of the content and
validity. Furthermore, the research subjects were determined, namely 70 students from classes X1 and X2 of State
Senior High School 29 Jakarta as the experimental class. The implementation stage was carried out by providing
learning to students using augmented reality media in learning the Atomic Model material. The entire learning
process took place in several meetings according to the time allocation specified in the Learning Implementation
Plan. After the learning was completed, students were given a posttest to measure their learning outcomes after
using augmented reality media. The last stage was data analysis, where the results of the posttest that had been
collected were then analyzed using statistical techniques, namely simple linear regression, to determine the effect
of using Augmented Reality media on student learning outcomes.

3. RESULTS AND DISCUSSION

This section presents the results of data analysis obtained from research on the effect of Android-based
Augmented Reality (AR) learning media on student learning outcomes in atomic model material. The data
collected were analyzed quantitatively using a descriptive statistical approach and a simple linear regression test
to determine the extent to which augmented reality media contributed to improving learning outcomes [48]-[50].
The assessment was carried out through a learning outcome test after students were given treatment in the form of
learning using augmented reality media. This analysis aims to provide an objective picture of the effectiveness of
technology-based interactive learning media in the context of chemistry learning. The results of this analysis are
presented systematically starting from descriptive statistics, assumption tests, to hypothesis tests.

3.1. Descriptive Statistics

Descriptive statistics aim to provide an overview of student learning outcomes after being given treatment
in the form of learning with Android-based Augmented Reality (AR) media. Posttest data were obtained from 70
students in the experimental class. The following are the results of descriptive statistics on students' posttest scores:
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Table 2. Descriptive Statistics Results

No Statistics Value
1 Number of respondents 70 Students
2 Minimum value 55
3 Maximum value 95
4 Average (Mean) 76.14
5 Median 76
6 Standard deviation 9.02
7 Variance 81.36

The data in Table 2 shows that the average student learning outcomes are 76.14 with the highest score of
95 and the lowest score of 55. This shows that most students get scores above the Minimum Completion Criteria
set by the school. The spread of data that is not too large (standard deviation = 9.02) indicates that student learning
outcomes are relatively homogeneous after using augmented reality media.

3.2. Assumption Test

Before the regression test is conducted, a classical assumption test is conducted first, including a
normality test and a linearity test [51]-[53]. The normality test is conducted using the Kolmogorov-Smirnov test
on the posttest score. The test results are presented in Table 3.

Table 3. Normality Test Results

Statistic Value
Kolmogorov-Smirnov Z  0.783
Sig. (p-value) 0.575

Based on Table 3, the significance value of 0.575 is greater than 0.05, so it can be concluded that the
student learning outcome data is normally distributed.

The linearity test was conducted to ensure that the relationship between the independent variable (use of
augmented reality media) and the dependent variable (learning outcomes) is linear. The results of the linearity test
are obtained in Table 4.

Table 4. Linearity Test Results
Source of Variation F Sig.
Deviation from Linearity 1.241 0.221

Since the significance value of the deviation from linearity is 0.221 > 0.05, the relationship between the
independent and dependent variables can be considered linear, and the simple linear regression test can be
continued.

3.3. Hypothesis Testing

Hypothesis testing in this study was conducted using simple linear regression analysis. The purpose of
this analysis was to determine whether there was a significant influence between the use of Android-based
augmented reality learning media on student learning outcomes. The results of the simple linear regression analysis
are presented in Table 5.

Table 5. Results of Simple Linear Regression Analysis
Unstandardized Coefficients Standardized Coefficients t

Model B Std. Error Beta Sig
(Constant) 42512 3.421 12.43
Media AR (X) 0.428 0.053 0.673 8.075

Based on Table 5, a significance value of 0.000 <0.05 is obtained, indicating that the use of Android-
based augmented reality learning media has a significant effect on student learning outcomes. The regression
coefficient value of 0.428 means that every one-unit increase in the use of augmented reality media will increase
student learning outcomes by 0.428 points, assuming other variables are constant.

Table 6. Coefficient of Determination (R?)
Model R R Square Adjusted R Square
1 0.673  0.453 0.447
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The R Square value of 0.453 indicates that 45.3% of the variation in student learning outcomes can be
explained by the use of augmented reality learning media. The remaining 54.7% is explained by other factors
outside the model.

The results of the study indicate that the use of Android-based Augmented Reality (AR) learning media
has a significant effect on student learning outcomes in atomic model material. Based on a simple linear regression
analysis, a significance value of 0.000 (<0.05) was obtained, which indicates that augmented reality media has a
positive contribution to improving students' conceptual understanding. The coefficient of determination (R?) of
0.453 also indicates that 45.3% of the variation in student learning outcomes can be explained by the use of
augmented reality media. This shows that augmented reality is not only a complementary medium, but plays a
direct role in building students' knowledge construction, especially in understanding abstract concepts such as
atomic models. These results are in line with previous studies stating that interactive learning media can improve
learning outcomes and student involvement in the learning process.

Augmented reality media allows students to interact with three-dimensional objects visually and
dynamically, making learning more interesting and meaningful [54]-[56]. In the context of chemistry learning, the
use of augmented reality helps students visualize atomic structures that cannot be observed directly, making the
concept more concrete and easier to understand. In addition, because this media is Android-based, students can
access the material anytime and anywhere, so that learning is not limited to the classroom [57]-[59]. This advantage
is in line with the student-centered learning approach, where students are given the freedom to learn independently
and actively. Thus, the integration of technology such as augmented reality in chemistry learning can be an
innovative solution to overcome challenges in understanding abstract concepts.

The implications of this study are quite broad in the world of education, especially in the development of
21st century learning strategies. First, these results emphasize the importance of teacher mastery of technology as
part of professional competence. Teachers are expected not only to understand the material, but also to be able to
utilize technology effectively to improve the quality of learning [60], [61]. Second, schools and education policy
makers need to consider the integration of technology such as augmented reality as part of the curriculum and the
provision of learning resources [62], [63]. Third, these results provide inspiration for developers of learning media
to create digital content based on augmented reality that is in accordance with the characteristics of students and
teaching materials.

However, this study has several limitations. First, the study was only conducted on one experimental
group without a control group, making it difficult to compare the effectiveness of augmented reality media with
conventional approaches directly. Second, the measurement of learning outcomes was only carried out through a
posttest, so it was not possible to see the development of students' understanding before and after treatment
comprehensively. Third, the focus of the study was only on one topic of material (atomic model), so the
generalization of the results to other chemical materials is still limited. In addition, other factors such as learning
motivation, learning style, and environmental support were not controlled in this study, even though they could
affect student learning outcomes.

Based on these limitations, there are several recommendations for future research. First, it is
recommended that research be conducted with a full experimental design, involving a control group and pretest-
posttest so that the results are more comprehensive. Second, research can be expanded to other abstract chemical
materials, such as chemical bonds, redox reactions, or molecular structures, in order to test the consistency of the
effectiveness of augmented reality media. Third, the integration of qualitative approaches in research also needs
to be considered to explore students' learning experiences in more depth when using augmented reality media.
Finally, collaboration is needed between educators, technology developers, and policy makers to ensure that
augmented reality-based learning media can be implemented optimally and sustainably in the world of education.

4. CONCLUSION

Based on the results of the research that has been conducted, it can be concluded that Android-based
Augmented Reality (AR) learning media has a significant influence on student learning outcomes in atomic model
material. The results of the regression analysis show that there is a positive relationship between the use of
augmented reality media and learning outcomes, with a significance value of 0.000 and a coefficient of
determination of 0.453. This means that the use of augmented reality media is able to explain 45.3% of the variation
in student learning outcomes, showing a significant contribution to improving the understanding of abstract
chemical concepts. The use of augmented reality allows students to interact directly with three-dimensional objects
visually, so that learning becomes more interesting, interactive, and meaningful. Augmented reality-based learning
media not only functions as a visual aid, but also as a stimulus that can increase students' learning motivation and
facilitate independent learning. This shows that technology can be an integral part of 21st-century learning
strategies that emphasize creativity, interactivity, and independence. Therefore, the integration of technology such
as augmented reality in chemistry learning is very relevant to be applied in the teaching and learning process,
especially on topics that are abstract and difficult to visualize. Based on these conclusions, it is recommended that
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future research use a stronger experimental design, such as a pretest-posttest control group design, to compare the
effectiveness of augmented reality media with conventional learning methods more comprehensively.
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