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Abstract 
 
The field of mathematics education is rapidly advancing, particularly with the introduction of augmented 
reality (AR) technology as one of the tools used as an innovative learning medium. This research seeks to 
assess how the incorporation of AR influences students' grasp of mathematical concepts. This study is an 
experimental quantitative research using the experimental design method, with a population of 37 students 
from class IX of SMP Al Azhar Plus Bogor. The researcher obtained 30 students as samples based on 
purposive sampling technique, which were then divided into 2 groups: 15 students as the experimental 
group and 15 students as the control group. The experimental group underwent mathematics learning 
utilizing AR technology with 3D teaching materials that were prepared and accessible via smartphones 
through a barcode, covering topics such as congruent, similar, and spatial figures. Meanwhile, the control 
group followed conventional teaching methods using books as teaching materials with the same subject 
coverage. The study's results emphasize the substantial improvement in students' understanding of 
mathematical concepts through the effective utilization of AR. This improvement encompasses students' 
abilities to solve mathematical problems, retain conceptual memory, and actively participate in the learning 
process. Based on the statistical test results conducted, the experimental group obtained an average of 
68.4153 or 68%, which falls into the category of moderately effective, while the control group obtained an 
average of 16.1508 or 16%, classified as ineffective. The Independent Sample Test yielded a Sig. (2-tailed) 
value of 0.000 < 0.05, indicating a significant difference in effectiveness between the experimental and 
control groups. Further data analysis indicates that the learning experience through AR not only provides 
a better understanding but also offers additional motivation to students, thereby increasing their interest in 
the subject of mathematics. Moreover, the study observes that a well-integrated instructional design within 
the curriculum, considering the context of AR usage, can contribute significantly to improved learning 
outcomes. The consequences of these discoveries strengthen the perspective that augmented reality (AR) 
is not just a successful educational instrument but can also offer a pleasurable learning encounter within 
the realm of mathematics education. The outcomes of this study play a substantial role in advancing more 
interactive approaches to teaching mathematics, with a specific emphasis on enhancing students' 
conceptual understanding. It is hoped that these findings can serve as a foundation for the implementation 
of AR in educational curricula as a strategic effort to enhance the quality of mathematics education and 
enrich students' learning experiences. 
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INTRODUCTION 

The introduction contains the research 
background, The increasingly advancing 
technology, including in the field of education, 
marks the progress of a nation. [1] Currently, 
learning has been extensively integrated with 
technology. The progress of technology needs to 
be balanced with the development and 
advancement of human resources to enable 
them to use and compete with this technology in 
the global arena. [1] Human resources can 

improve alongside the quality of education 
obtained. [2] Augmented Reality (AR) is an 
example of technological development that 
provides several methods to enhance the 
learning and teaching experiences for both 
students and teachers. In Indonesia, AR 
technology has become integral to research and 
is extensively cultivated in the educational 
domain. [3] 

Technology holds a pivotal position in 
education, particularly amid the 21st-century 
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education transformation and the era of Industry 
4.0 characterized by diverse digital devices. [4] 
Learning materials stand out as a vital 
component in the educational process. [5] Media 
acts as a bridge between learners and educators, 
facilitating communication so that learners can 
understand what educators teach. [6] The 
learning process must be interactive, and 
enjoyable, provide space, and stimulate learners 
to develop creativity and independence in line 
with their interests and talents. [7] Learning 
media that follows technological advancements 
includes innovations such as Augmented Reality 
(AR) in the realm of learning.  The advantage of 
AR in education lies in its potential to integrate 
AR technology into the teaching and learning 
process, [8] providing more engaging learning 
media. [9] 

Participating in learning activities entails 
the utilization of ICT as a tool to support the 
learning process. Additionally, ICT assists 
teachers in various administrative tasks, 
personnel management, finance, and other 
functions. [10] AR, with its ability to combine 
multimedia with the real world using electronic 
devices, can provide information anytime and 
anywhere for students, allowing learning to occur 
differently. [11] With AR technology, all objects 
using digital devices become visible and tangible, 
providing a more detailed and profound 
experience, [12] Improving students' critical 
thinking, problem-solving abilities, and 
educational achievements. [13] 

The definition related to Augmented 
Reality is the technique of combining virtual 
objects or digital information into the real 
environment. [14] AR can function interactively in 
real time and seamlessly blend with real-world 
objects. [15] The integrated utilization of AR in 
the educational process holds significant 
potential for yielding diverse advantages. [16] 
The benefits of Augmented Reality include 
enhancing understanding of the environment, 
transforming the virtual and real-world 
environment into a new form of interface, and 
serving as a medium to display relevant 
information and facts. [17]  By using Augmented 
Reality, which is one of the innovations in 
instructional media,  
Anticipated to boost students' interest and 
comprehension, instructional media is 
recognized as a factor that can captivate 
attention, stimulate motivation, and engage 
students in learning activities. [18] AR can also 
be beneficial in distance learning, providing a 
more realistic experience while maintaining 
proximity between materials and instructors.  

Augmented Reality (AR) constitutes a 
multimedia technology that empowers users to 
seamlessly perceive a virtual world intricately 
linked or fused with the actual world, facilitating 
interactions. [19] AR operates through devices 
that capture the physical environment and 
transform virtual elements, including objects, 
animations, text, data, or audio, observed by 
users through computer screens, smartphones, 
tablets, glasses, headsets, or presentation 
systems on other screens. Coordination between 
the real world and virtual data is achieved 
through geolocation and integrated sensors 
(such as accelerometers and gyroscopes) 
tracking the user's position relative to their 
environment and adjusting visual output in 
response to their movements. [20] 

Mathematics is crucial for understanding 
daily life. [21] Many human activities involve 
mathematics in problem formulation, modeling, 
and problem-solving. However, mathematics is 
often perceived as difficult by students, including 
those at SMP Al Azhar Plus Bogor, where it is 
considered challenging due to the use of 
formulas, complex calculations, and other 
reasons. Mathematics teaching still relies on 
conventional methods using teaching modules 
from books, causing students to become bored. 
In the sub-topic of spatial structures, a 
mathematics subject, [22] only the chalkboard is 
typically used to illustrate the structure, making 
some sides unclear. Using technology as an 
engaging learning medium is expected to be a 
solution to enhance the teaching and learning 
process. [23] 

In the study, the researcher prepared 
teaching materials covering topics on congruent, 
similar figures, and spatial figures. In the 
experimental group, the researcher utilized 3D 
teaching materials created through the Assemblr 
Edu website, accessible via smartphones using a 
barcode. The 3D teaching materials are easy for 
students to use and understand because flat and 
spatial figures can be viewed from all angles. For 
example, in the case of a cube, the material 
includes visualizations of opening and closing 
movements from the cube's net form to forming a 
cube, making the shape, sides, diagonals, and 
angle measures clearly visible and easy to 
understand. 

The purpose of this research is to 
examine the effectiveness of utilizing AR 
technology in students' learning in the subject of 
mathematics, determining whether the use of AR 
technology makes student learning effective or 
not. The hope is that with the integration of AR 
technology into the curriculum, especially in 
mathematics lessons, will become a new learning 
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experience for students at SMP Al Azhar Plus 
Bogor. Because certain topics in mathematics, 
such as geometry, require more detailed 
visualizations, with AR technology, students can 
not only view in 2 dimensions from a book but 
also perceive in 3 dimensions. 
 
METHOD 

The method used in this study is the 
experimental design method, employed to test 
the effectiveness of AR usage in mathematics 
learning regarding the comprehension of 
mathematical concepts by students at SMP Al 
Azhar Plus Bogor. The population consists of 37 
ninth-grade students at SMP Al Azhar Plus 
Bogor. Then, using purposive sampling 
technique, the researcher obtained a sample 
consisting of 30 ninth-grade students, which was 
then divided into 2 groups: an experimental group 
consisting of 15 students and a control group also 
consisting of 15 students. Data were obtained 
from pre-tests, post-tests, and n-gain regarding 
the comprehension of mathematical concepts. 
The questions given in the pre-test were identical 
to those in the post-test, consisting of written 
tests in the form of essays. The test on the 
understanding of mathematical concepts 
comprised five essay questions. In both the 
experimental and control groups, the same 
assessment instruments and questions are 
given. Before each learning session, every 
student receives a pre-test questionnaire that can 
be completed in writing within a one-hour lesson 
or 30 minutes. After the lesson concludes, 

students are given a post-test questionnaire to 
complete in writing, within the same timeframe as 
the pre-test. Subsequently, after obtaining data 
from the pre-test and post-test scores, the 
difference between the two mean scores of pre-
tests, post-tests, and n-gain was tested using the 
N-Gain Score test. After obtaining the N-Gain 
Score test results, the analysis was conducted 
using a design analysis table to identify 
disparities in the effectiveness of learning using 
Augmented Reality and conventional learning. 
Subsequently, an Independent Sample t-test was 
carried out to ascertain if a notable distinction 
exists between AR learning and conventional 
learning, aiming to evaluate the extent of AR 
learning's impact on students' comprehension of 
mathematical concepts. 

 
RESULT AND DISCUSSION 

Data was collected from two separate 
groups, and N-Gain Score calculations were 
performed to establish the average scores for 
each group. Throughout the study, as illustrated 
in Table 1, the author employed a distinctive 
methodology for the experimental group through 
the integration of Augmented Reality, while the 
control group either did not receive similar 
treatment or exclusively followed conventional 
learning methods. Following the acquisition of 
data from pretests and posttests, as presented in 
Table 2 and Table 3, this data underwent 
analysis through the N-Gain Score test, with a 
subsequent examination of the mean outcomes 
for each group. 

 
 

Table 1. Analysis Design 
 

Group  Pre Test  Treatment Post Tes 

Eksperimental Y1 X Y2 

Control   Y1  Y2 

 
 

Table 2. Experimental Group Data 
 

Subject Number Group Pre Test        Post Test 
1 1 60 85 

2 1 55 90 

3 1 60 85 
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4 1 65 80 

5 1 60 85 

6 1 50 90 

7 1 50 90 

8 1 55 85 

9 1 60 90 

10 1 60 80 

11 1 50 85 

12 1 65 90 

13 1 50 95 

14 1 50 80 

15 1 60 90 

  
 
 

Table 3. Control Group Data 
 

Subject Number Group Pre Test        Post Test 
1 2 55 65 

2 2 50 70 

3 2 50 60 

4 2 60 70 

5 2 60 65 

6 2 60 65 

7 2 65 60 

8 2 65 60 

9 2 50 60 

10 2 60 65 

11 2 50 75 

12 2 55 60 

13 2 60 70 

14 2 50 60 

15 2 60 60 
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Table 4. Results of the N-Gain Score Test Calculation for the Experimental Group 

Subject Number N-Gain Score (%) 
1 62.50 

2 77.78 

3 62.50 

4 42.86 

5 62.50 

6 80.00 

7 80.00 

8 66.67 

9 75.00 

10 50.00 

11 70.00 

12 71.43 

13 90.00 

14 60.00 

15 75.00 
 
 Mean 

 
68.4153 

Minimum 42.86 

Maximum 90.00 

  
 

Table 5. Results of the N-Gain Score Test Calculation for the Control Group 
 

Subject Number  N-Gain Score (%) 
1 22.22 

2 40.00 

3 20.00 

4 25.00 

5 12.50 

6 12.50 

7 -14.29 

8 -14.29 
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9 20.00 

10 12.50 

11 50.00 

12 11.11 

13 25.00 

14 20.00 

15 00.00 

Mean 16.1508 

Minimum -14.29 

Maximum 50.00 

 
 
 

Table 6. Categories of Interpretation for N-Gain Effectiveness 
 

Percentage (%) Interpretation  
< 40 Ineffective 

40 – 55 Less Effective 

56 – 75 Moderately Effective 

>76 Effective  

 
Table 4 displays the results derived from the 
computation of the N-Gain Score test, 
indicating that the experimental group 
achieved an average score of 68.4153, with a 
minimum of 42.86 and a maximum of 90.00. 
Meanwhile, Table 5 illustrates the results of 
the N-Gain Score test calculation, revealing 
that the experimental group attained an 
average of 16.1508, with a minimum score of 
-14.29 and a maximum of 50.00. Upon 
analyzing the mean results for both the 
experimental and control groups, as 
presented in Table 6, it is observable that the 
experimental group, which employed AR for 
learning,   

 

 
reached an average of 68.4153 or 68%, indicating 
a moderately effective level.  
In contrast, the control group, employing 
conventional learning methods, produced an 
average of 16.1508 or 16%, signifying 
ineffectiveness. Consequently, based on the N-
Gain Score test findings, one can deduce that the 
application of The implementation of Augmented 
Reality technology substantially improves 
students' comprehension of mathematics, while 
conventional learning proves ineffective in 
cultivating such comprehension. Subsequently, a 
t-test for independent samples was carried out to 
assess the statistical significance of the difference 
in effectiveness between AR learning and 
conventional learning.
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Tests of Normality 

 

Kelas 

Kolmogorov-Smirnova Shapiro-Wilk 
 

Statistic df Sig. Statistic df Sig. 

NGain_Persen Eksperimen .114 15 .200* .971 15 .868 

Kontrol .185 15 .180 .937 15 .342 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 
 

Figure 1. Test of Normality 
 
 

Group Statistics 

 

Kelas N Mean Std. Deviation Std. Error Mean 

NGain_Persen Eksperimen 
15 68.4153 12.22253 3.15584 

Kontrol 15 16.1508 17.17863 4.43550 
 
Figure 2. Group Statistic 

 
 

 
Figure 3. Independent Samples Test (Levene’s Test for Equality of Variances) 
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Figure 4. Independent Samples Test (t-test for Equality of Means) 

 

 
Figure 5. Independent Samples Test (t-test for Equality of Means) 

 
 

Before initiating the independent sample 
t-test, a preliminary normality test was performed 
to verify the normal distribution of the utilized 
data. The outcomes of the normality assessment, 
illustrated in Figure 1, indicate the significance 
value (Sig.) for both the experimental and control 
groups. The data is considered to have a normal 
distribution since the significance value 
surpasses 0.05. Next, Figure 2 displays the 
group statistics related to the experimental group 
with AR learning, which obtained an average of 
68.4153 or 68%, falling into the moderately 
effective category. For the control group with 
conventional learning, the average was 16.1508 
or 16%, classified as ineffective.  Following this, 
as illustrated in Figure 3, The significance value 
(Sig.) in Levene's Test for Equality of Variances 
falls below 0.05, precisely at 0.424. This implies 
that the variability in N-Gain (%) data is 

consistent among the experimental group and 
the control group. Furthermore, based on Figure 
4, the significance value (2-tailed) is less than 
0.05, specifically 0.000. Therefore, with these 
results, It can be asserted that a substantial 
variance in effectiveness exists between the 
learning methodologies of AR and conventional 
approaches. 
 
CONCLUSION 

Based on the results of the conducted 
research, it can be concluded that the 
implementation of augmented reality (AR) 
technology in mathematics learning at SMP Al 
Azhar Plus Bogor has successfully contributed to 
the effectiveness of students' understanding of 
mathematical concepts. The application of AR in 
the educational setting has notably contributed to 
enhancing the quality of learning and enriching 
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students' learning experiences. This study 
indicates that the intervention of augmented 
reality in mathematics learning can create a more 
interactive and engaging learning environment. 
Through the use of AR, students can experience 
mathematical concepts visually and practically. 
They become more enthusiastic because they 
are presented with moving visuals, bright colors, 
and various additional components that make 
learning math enjoyable and not boring. Students 
can easily see the presentation from various 
angles so that the sides, angles, and frameworks 
of flat and spatial figures can be seen. The use of 
AR technology also makes students more excited 
because it is a new experience for them, allowing 
them to better understand the subject matter. 
Students become more interactive in the learning 
process, actively discussing and answering 
example questions provided by the researcher. 
 The observed improvement in students' 
understanding of mathematical concepts can be 
measured through increased abilities in solving 
mathematical problems, memory retention of 
concepts, and active participation in learning 
activities. In comparison to conventional teaching 
methods, the use of augmented reality 
demonstrates more positive and effective 
outcomes in supporting the mathematics learning 
process. It is essential to note that the success of 
implementing augmented reality in mathematics 
learning is not solely driven by technological 
aspects but also by careful instructional design 
and the integration of AR that aligns with the 
curriculum. Therefore, the findings of this 
research support the perspective that augmented 
reality technology has significant potential as an 
innovative learning tool. It can enhance students' 
understanding of mathematical concepts and 
provide a more engaging and satisfying learning 
experience. 
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