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Abstract

This systematic literature review aims to synthesise the trends in the use of Augmented
Reality (AR) in mathematics education from 2019 to May 2023. The researcher selected
articles from two databases, namely Scopus and Web of Science (WoS). From these two
databases, 11 relevant articles were selected using the PRISMA guide. The findings of this
study show an increasing trend in research related to this field since 2019. Indonesian
researchers have made the most significant contribution in this field, and quantitative
approaches are commonly used. The analysis also found that AR technology is used in three
mathematical topics namely Geometry, Algebra, and Statistics and Probability. In addition,
this study also examines the impact of the use of AR in mathematics education from the
perspective of students' cognitive and affective development.
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Introduction

The rapid development of digital technology has progressed in line with changing times,
especially during the Fourth Industrial Revolution era. The increasing use of digital technology
has led to the emergence of digital culture, which has become ingrained in human culture
(Sugiarni et al., 2022). With the passage of time, the accompanying components have also
evolved. The advancement of technology has provided new opportunities in the field of
education (Tulgar, 2019).

One of the significant concepts in the field of education is Augmented Reality (AR) technology.
AR technology possesses distinctive features that set it apart from other technologies.
According to Azuma et al (2001), AR involves the integration of the real and virtual worlds in
a seamless environment, real-time interactivity, and three-dimensional (3D) visualisations.
This allows users to see and interact with virtual objects that are integrated with the real
world and create an immersive and realistic experience. In the present time, AR technology
is increasingly popular in the education sector, including the field of mathematics where its
use of AR has facilitated the teaching and learning of mathematics (Saundarajan et al., 2020).
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In the teaching and learning of mathematics, AR technology offers significant advantages. A
study by Rohendi and Wihardi (2020) on secondary school students in Indonesia found that
the use of AR enhances students' spatial learning activities in geometry. AR usage can also aid
students in better understanding concepts related to three-dimensional shapes. In another
study conducted in Turkiye, Pogan et al (2023) discovered that a mobile-supported algebra
learning environment had a positive impact on the academic achievement and motivation of
secondary school students. The findings of these studies provide valuable insights into
understanding how AR can be applied in the field of mathematics education and the extent
of its effectiveness for secondary school students. However, the implementation of AR
technology in the field of mathematics education is still limited (Lainufar et al., 2021). There
is a lack of systematic literature reviews that comprehensively analyse the detailed usage of
AR in mathematics learning (Bulut & Ferri, 2023). Therefore, a systematic literature review
has been conducted to synthesise articles related to the use of AR in mathematics education
for secondary school students. This study aims to address research questions as follows:

i What are the research trends in terms of publication years, countries, and research
approaches used for investigating the use of AR in mathematics education?

ii. What are the mathematical topics that utilise AR technology?

iii. What is the impact of using AR technology in mathematics education?

Methodology

This study employs a qualitative approach and a document analysis method to conduct a
systematic literature review. Scopus and Web of Science (WoS) databases are used for
searching for relevant articles. Scopus database is the largest abstract and citation database,
covering articles from over 25,000 indexed journals (Elsevier, 2021). On the other hand, the
WoS database is widely recognised as a highly comprehensive source of information and
holds a strong reputation among researchers (Gusenbauer & Haddaway, 2020). The use of
both databases allows the researchers to explore diverse sources and gain access to relevant
articles in the research field. As a result, this study can provide a comprehensive and detailed
understanding of the highlighted topics in the literature.

The PRISMA 2020 guidelines (Page et al., 2021) were chosen for use in this study. These
guidelines have been adapted in the context of reporting, which involves the steps of
identification, screening, eligibility and included. The guidelines also assist in providing a clear
framework for researchers to organise and report the results of the literature review in a
systematic and detailed manner.

Identification

The reviewer began the identification phase in May 2023. This phase is the initial step in the
systematic search strategy, involving searching all terminologies and variations associated
with the key keywords used in the study (Zain & Aiyub, 2021). Using the Boolean operators
"OR" and "AND," the reviewer constructed a detailed and effective search string to aid in the
identification process while searching for relevant journal articles. Searches were conducted
in Scopus and WoS databases using the predetermined keywords listed in Table 1. To align
the screening process, these keywords were exclusively used to retrieve results from each
database. A total of 116 articles were obtained from Scopus, while 53 articles were obtained
from WoS. The overall number of articles to be screened was 169.
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Table 1
Database sources and search series
Database Keyword
Scopus TITLE-ABS-KEY  (("augmented reality") AND ("mathematics

education" OR "mathematics" OR "math*") AND ("secondary school"
OR "middle school" OR "high school" OR "senior high school"))
Web of Science TS= (("augmented reality") AND ("mathematics education" OR
(WoS) "mathematics" OR "math*") AND ("secondary school" OR "middle
school" OR "high school" OR "senior high school"))

Screening

The screening phase involves determining inclusion and exclusion criteria. To achieve the
study objectives, the reviewer utilised the automatic filtering functions available in each
database. These functions help narrow down the search scope and ensure that only relevant
articles are considered (Mengist et al., 2020). Four criteria were established, including
publication year, document type, language of writing, and article accessibility. Detailed
specifications are provided in the inclusion and exclusion criteria, as outlined in Table 2.
Screening the 169 articles using these criteria resulted in only 32 articles meeting the inclusion
criteria. The rigorous screening process utilising the inclusion and exclusion criteria ensures
that only relevant articles aligned with the research purpose will be considered for further
analysis. During the cross-checking process of the 32 articles, the reviewer excluded eight
articles identified as duplicates. These duplicate articles were removed to ensure the accuracy
of the literature review and to avoid redundancy of information in the study analysis. After
the screening, 24 articles in total were selected to proceed to the eligibility phase.

Table 2
Inclusion and exclusion criteria
Criteria Inclusion Exclusion
Publication year Publication from 2019 until May Publication before 2019
2023
Document types Journals (research articles) Theses, proceedings,
conferences, systematic
literature reviews and books
Written language English Other than English
Accessibility Open access (free) Paid access
Eligibility

The eligibility phase involves a manual article review process to ensure that only articles that
are truly suitable and aligned with the accepted objectives proceed to the next stage.
According to Kraus et al (2020), reviewers can determine whether an article can address the
research questions through abstract reading. Following this phase, only 11 articles were
identified as eligible to undergo full-text reading. In this selection, article quality and
effectiveness become primary factors to ensure that only the most relevant articles are
chosen for further examination.

Included
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The included phase is a crucial step that involves an in-depth reading by the reviewer
(Kitchenham & Chartes, 2007). In this phase, the reviewer examined and read the 11 selected
articles in detail to address the research questions established. This phase is a critical step to
ensure that the selected articles are of high quality and contribute to the field of study being
investigated. Figure 1 shows the steps of a systematic search strategy using the PRISMA guide
adapted from (Page et al., 2021).

S Records identified from Records identified from
= SCOPUS (n=116) WOS (n=53)
(&)
5
=
Records excluded based on year of publication, document type,
language of writing and article accessibility (n =137)
(@]
&
O 5
n Records screened Duplicate records removed
(n=32) ) (n =8)
b l
= Reports assessed for Reports excluded due to not
:'% eligibility (n =24) ‘ meeting the research
[y questions
(n =13)
§ Studies included in the review (n =11)
5
=

Figure 1: Steps of the PRISMA systematic search strategy (Page et al., 2021)

Research Findings

Article searching was conducted through the Scopus and WoS databases. The results yielded
169 articles based on the predefined keywords. After progressing through the four phases
using the PRISMA guidelines, only 11 articles were selected. All the chosen articles have been
thoroughly read. Relevant data that support addressing the research questions have also
been extracted. This data include publication year, author's country, research approach,
mathematical topics utilising AR for learning, and the impact of AR usage in mathematics
education.
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Research trends in the use of augmented reality in mathematics education

Year of Publication

Based on Figure 2, there are 11 articles published between 2019 and May 2023 that explore
the use of AR in secondary school mathematics education. Most studies were conducted in
2021. There were four (4) articles published in 2021 (Elsayed & Al-Najrani, 2021; Kounlaxay
et al., 2021; Mailizar & Johar, 2021; Ozcakir & Cakiroglu, 2021). There are three (3) articles
published in 2023 (Pogan et al., 2023; Pujiastuti & Haryadi, 2023; Richardo et al., 2023). In
2020, there were two (2) articles published (Rohendi & Wihardi, 2020; Saundarajan et al.,
2020). In 2019 and 2020, one (1) article was published (Cai et al., 2019; Majeed & ALRikabi,
2022). The publication year trend shows a consistent increase in the number of articles from
2019 until 2021. There is a decrease in the number of articles in 2022, but it increases again
in 2023.

Year of publication

4 4

2

Number of articles
N

1
0
2019 2020 2021 2022 2023
Year

Figure 2: Research trends by year

Researcher Countries

The graph in Figure 3 displays the number of articles published by seven (7) countries. The
analysis reveals that researchers from Indonesia have contributed the highest number of
studies. has conducted four (4) studies Indonesia Mailizar & Johar (2021); Pujiastuti & Haryadi
(2023); Richardo et al (2023); Rohendi & Wihardi (2020); Turkiye conducted two (2) studies
(Ozcakir & Cakiroglu, 2021; Pocan et al., 2023). Iraq Majeed & ALRikabi (2022), South Korea
Kounlaxay et al (2021), Saudi Arabia Elsayed & Al-Najrani (2021); Malaysia Saundarajan et al
(2020), and China Cai et al (2019) each conducted one (1) study.

Researcher countries

CHINA
MALAYSIA
SAUDI ARABIA
SOUTH KOREA
IRAQ
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Figure 3: Research trends based on researcher countries
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Research Approach

Table 3 displays the research approaches conducted in the selected articles. There are seven
(7) studies using a quantitative approach (Cai et al., 2019; Elsayed & Al-Najrani, 2021;
Kounlaxay et al., 2021; Mailizar & Johar, 2021; Majeed & ALRikabi, 2022; Pujiastuti & Haryadi,
2023; Saundarajan et al., 2020). Meanwhile, one (1) study utilises a qualitative approach
(Rohendi & Wihardi, 2020), and one (1) study employs a mixed-methods approach (Pogan et
al., 2023). Additionally, one (1) study uses Research and Development (R&D) (Richardo et al.,
2023), while another study employs Educational Design Research (EDR) (Ozcakir & Cakiroglu,
2021).

Table 3
Research Approach
Authors (year) Research approach
Richardo et al. (2023) Research and Development (R&D)
Pujiastuti and Haryadi (2023) Quantitative
Pocan et al. (2023) Mixed method
Majeed and ALRikabi (2022) Quantitative
Ozcakir and Cakiroglu (2021) Educational Design Research (EDR)
Mailizar and Johar (2021) Quantitative
Kounlaxay et al. (2021) Quantitative
Elsayed and Al-Najrani (2021) Quantitative
Saundarajan et al. (2020) Quantitative
Rohendi and Wihardi (2020) Qualitative
Cai et al. (2019) Quantitative

Mathematical Topics that Utilize Augmented Reality

Based on Table 4, there are three mathematical topics that utilise AR in secondary
mathematics education. Eight (8) studies employ AR in Geometry topics (Elsayed & Al-Najrani,
2021; Kounlaxay et al., 2021; Mailizar & Johar, 2021; Majeed & ALRikabi, 2022; Ozcakir &
Cakiroglu, 2021; Pujiastuti & Haryadi, 2023; Richardo et al., 2023; Rohendi & Wihardi, 2020).
Two (2) studies utilise AR in Algebra topics (Pocan et al., 2023; Saundarajan et al., 2020).
Meanwhile, one (1) study uses AR in Statistics and Probability topics (Cai et al., 2019).
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Table 4
Mathematical topics that utilise augmented reality.
Geometry Algebra Statistics &
Authors (year) Probability
Richardo et al. (2023) v
Pujiastuti and Haryadi (2023) v
Pocan et al. (2023) v
Majeed and ALRikabi (2022) v
Ozcakir and Cakiroglu (2021) v
Mailizar and Johar (2021) v
Kounlaxay et al. (2021) v
Elsayed and Al-Najrani (2021) v
Saundarajan et al. (2020) v
Rohendi and Wihardi (2020) v
Cai et al. (2019) v
Total 8 2 1

The impact of using augmented reality in mathematics education

The impact of using AR in mathematics education is classified based on the cognitive and
affective domains. In the context of this study, the cognitive domain refers to the
enhancement of understanding mathematical concepts. The affective domain pertains to
students' attitudes and motivation towards mathematics.

Table 5 presents a list of selected studies categorised into cognitive and affective domains.
The analysis reveals that there are five (5) articles that solely discuss the impact of AR usage
within one domain, namely the cognitive domain (4 articles) and the affective domain (1
article). Meanwhile, there are six (6) articles that investigate the impact of AR-based learning
in both cognitive and affective domains. The articles that discuss the usage of AR in both
cognitive and affective domains provide a more comprehensive understanding of how this
technology can enhance the comprehension of mathematical concepts while stimulating
positive attitudes and motivation towards the subject.
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Table 5
Classification of the impact domains of using augmented reality in mathematics education
Impact

Authors (year) Cognitive Affective
Richardo et al. (2023) v
Pujiastuti and Haryadi (2023) 4
Pogan et al. (2023) 4 4
Majeed and ALRikabi (2022) 4 v
Ozcakir and Cakiroglu (2021) 4
Mailizar and Johar (2021) 4
Kounlaxay et al. (2021) v 4
Elsayed and Al-Najrani (2021) v 4
Saundarajan et al. (2020) v v
Rohendi and Wihardi (2020) v
Cai et al. (2019) v 4
Total 10 7

Cognitive Impact

The impacts of using AR on students' cognitive development in mathematics include
conceptual knowledge, procedural knowledge, and achievement in mathematics. The results
of the analysis indicate that the use of AR in secondary mathematics education has the
greatest impact on conceptual knowledge, with a total of six (6) studies. For procedural
knowledge and achievement, each recorded five (5) studies. Table 6 presents a list of articles
categorised according to their cognitive impact.

Table 6
The impact of using augmented reality on students' cognitive development in mathematics
Cognitive impact

Authors (year) Conceptual Procedural Achievement
knowledge knowledge

Richardo et al. (2023) v

Pujiastuti and Haryadi (2023) v v

Pogan et al. (2023) v v v

Majeed and ALRikabi (2022) v v

Ozcakir and Cakiroglu (2021) v

Kounlaxay et al. (2021) v 4

Elsayed and Al-Najrani (2021) 4

Saundarajan et al. (2020) v

Rohendi and Wihardi (2020) v

Cai et al. (2019) v

Total 6 5 5
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Aspect of Conceptual Knowledge
The cognitive impact description of the conceptual knowledge aspect is presented in Table 7.

Table 7
Description of conceptual knowledge aspects
Authors (year) Description
Pujiastuti and Haryadi Students can interpret the comparison of quantities, relate it to
(2023) the concept of circumference, find the concept of breadth, and
relate it to the concept of equivalent comparison.
Pocan et al. (2023) The use of AR enables modelling, visualisation, and the

connection of mathematical concepts to real-world applications.
Majeed and ALRikabi The use of AR technology has a positive effect on the
(2022) development of spatial intelligence in mathematics.
Kounlaxay et al. (2021)  Students can enhance their understanding of geometry concepts

using AR applications that enable the visualisation of 3D objects.
Rohendi and Wihardi The use of AR enhances students' spatial learning activities in
(2020) understanding three-dimensional shape concepts in Geometry.
Cai et al. (2019) The use of AR in Statistics and Probability learning enhances the

understanding of concepts for students with higher self-efficacy.

Aspect of Procedural Knowledge
The cognitive impact description of the procedural knowledge aspect is presented in Table 8.

Table 8
Description of procedural knowledge aspects
Authors (year) Description
Pujiastuti and Haryadi Students can formulate solution steps, manipulate concrete
(2023) object models, and utilise procedures to establish connections
with the concept of the Pythagorean theorem.
Pocan et al. (2023) The use of AR technology and WhatsApp applications in a

continuous learning environment has helped improve students'
success in understanding mathematical concepts and applying
their knowledge.

Ozcakir and Cakiroglu The use of the SPATIAL-AR toolkit in AR-based learning can

(2021) enhance students' spatial skills by comprehending and executing
the necessary steps.

Kounlaxay et al. (2021) The use of the GeoGebra application in mathematics learning
enables students to master skills in 3D manipulation and
modelling, as well as to test the behaviour of models in given

situations.
Elsayed and Al-Najrani The use of AR technology helps students enhance their visual
(2021) thinking skills in mathematics. Students can interactively

recognise, explain, and describe shapes.
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Aspect of Achievement

The cognitive impact description of achievement aspect is presented in Table 9.

Table 9

Description of Achievement Aspects

Authors (year)

Description

Richardo et al. (2023)

The use of multimedia in the form of developed AR is effective in
enhancing students' achievement in terms of creative thinking
skills.

Pocan et al. (2023)

The test scores of students who used the AR application were
higher than those of the control group.

Majeed and ALRikabi
(2022)

The performance of students in the group using AR technology is
better compared to the group using conventional teaching
methods.

Saundarajan et al.
(2020)

A significant improvement in post-test scores after the use of the
Photomath application.

Cai et al. (2019)

Thereis an improvement in student learning achievement based on
pre and post-test results.

Affective Impact

The impacts of using AR on students' affective development in mathematics include attitudes
and motivation. The analysis results revealed that five (5) articles demonstrated the impact
of AR learning on student motivation. Meanwhile, three (3) articles highlighted the impact of
AR learning on student attitudes. Table 10 presents the list of articles classified by affective

impact.

Table 10

The impact of using augmented reality on students' affective development in mathematics

Affective impact

Authors (year) Attitude Motivational
Pogan et al. (2023) v

Majeed and ALRikabi (2022) v

Mailizar and Johar (2021) v

Kounlaxay et al. (2021) v v

Elsayed and Al-Najrani (2021) v

Cai et al. (2019) v
Saundarajan et al. (2020) v

Total 3 5
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Aspect of Attitude
The affective impact description of attitude aspects is presented in Table 11.

Table 11

Description of Attitude Aspects
Authors (year) Description
Mailizar and Johar Students have a positive attitude towards the use of AR in geometry
(2021) learning using GeoGebra. Students perceive AR as useful and easy to

use.

Kounlaxay et al. Students'attitudestowards the use of the GeoGebra application tend
(2021) to be neutral. However, students have a positive perception of using

GeoGebra in learning and find it more enjoyable compared to
conventional teaching methods.
Saundarajan et al. Students exhibit a positive attitude towards the use of the Photomath
(2020) application in learning algebraic equations. Students find this method
interesting and helpful in understanding and solving algebraic
equations easily.

Aspect of Motivation
The affective impact description of motivation aspects is presented in Table 12.

Table 12
Description of Motivation Aspects
Authors (year) Description

Pocan et al. (2023) The use of AR increases students' motivation levels. Students find the
learning experience to be more engaging, enjoyable, and conducive
to group learning.

Majeed and The use of AR enhances motivation and facilitates students in solving
ALRikabi (2022) problems smoothly, providing a more interactive learning experience.
Kounlaxay et al. The use of the GeoGebra application in 3D geometry learning has
(2021) increased students' learning motivation. Students can enhance their

learning skills and actively participate in the learning process.
Elsayed and Al- The use of AR in learning enhances students' motivation. AR creates

Najrani (2021) a fun and interactive learning environment and encourages students'
interest in achieving academic success.
Cai et al. (2019) The use of AR can enhance the motivation of students with high self-

efficacy in mathematics learning. Students show interest and tend to
actively engage in the learning process.

Discussion

In this systematic literature review, the reviewer filtered 169 articles from two databases:
Scopus and Web of Science (WoS). Eleven studies related to the use of AR in secondary school
mathematics education were selected using the PRISMA guidelines. The use of the PRISMA
guidelines in this study ensures that the included research aligns with good research
standards (Page et al., 2021).
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An analysis of the publication trend shows a consistent increase in the number of studies from
2019 to 2021, reflecting a growing interest among researchers in exploring the effects of AR
on mathematics learning. However, there is a significant decrease in publications in 2022. This
aligns with the findings of Husamah et al (2022), who observed that the COVID-19 pandemic
impacted educational activities, including research article publications. Nevertheless, there is
an increase in the number of publications in 2023, indicating sustained interest and
commitment to studying the use of AR in secondary school mathematics education.

Furthermore, this study also indicates a high level of interest from Indonesian researchers in
conducting studies on the use of AR in secondary school mathematics education. These
findings are in line with Husamah et al (2022), who found that researchers from Asia, including
Indonesia, contributed significantly to educational research even during the COVID-19
pandemic. Manikam and Maat (2023) also noted that Indonesian researchers actively
contribute to AR-related research in mathematics education. This highlights the commitment
and desire of Indonesian researchers to explore the potential and impact of AR in enhancing
mathematics learning among secondary school students, underscoring the important role
played by the Indonesian academic community in investigating the potential of AR technology
in mathematics education.

The analysis also found that most researchers used quantitative approaches in their studies.
Based on the study findings, it can be concluded that most studies employed quantitative
methods. This is supported by Ahmad and Junaini (2020), who found that quantitative
approaches were the main method used in research articles related to the use of AR in
mathematics learning. This approach allows researchers to collect measurable data and
analyse it using statistical methods. The diversity in research approaches highlights the need
for different research methods to achieve a more comprehensive understanding in this field.

Furthermore, the analysis found that AR has been extensively used in the field of Geometry.
The use of AR in geometry learning is reasonable as it can enhance the quality of mathematics
teaching and learning in schools (Fitria, 2023). By using AR during geometry learning, students
can visualise three-dimensional shapes from various perspectives in real-time (Ibafez et al.,
2020). Apart from Geometry, AR technology is also being applied in other mathematical
topics, such as Algebra. Although the use of AR in Algebra and Statistics and Probability is not
yet widespread, the studies mentioned in the analysis show interesting potential for the
application of AR in mathematics learning for these topics.

The use of AR in mathematics education has been proven to have a positive impact on
students' cognitive and affective development. The analysis of studies indicates that the use
of AR in mathematics learning has the greatest impact on students' cognitive development in
secondary schools. Runisah et al (2022) also showed that the use of AR in mathematics
learning can improve various cognitive aspects such as visual thinking skills, learning
outcomes and concept understanding. In terms of affective aspects, the use of AR strengthens
students' interest and motivation in mathematics. This is consistent with the findings of
Runisah et al (2022), who observed that the motivation of secondary school students
increased after using AR applications in mathematics learning. The use of AR applications can
also reduce mathematics anxiety (Fitria, 2023; Saha et al., 2020). Additionally, AR use enables
more effective group learning among students, fostering cooperative learning opportunities
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and active discussions. Students find group learning experiences in AR to be more engaging
and conducive to building connections with their peers, thereby enhancing their motivation
to learn and participate.

Overall, this study demonstrates that the use of AR in mathematics education holds significant
potential for enhancing learning among secondary school students. AR provides a deeper,
more engaging and interactive learning experience that helps improve the understanding of
mathematical concepts and students' interest. With the sustained interest and research on
the use of AR in mathematics education, it is expected that further developments and
innovations in this field will continue to benefit secondary school students.

Conclusion

This study conducted a systematic literature review that analysed a total of 11 studies
pertaining to the use of AR in the context of mathematics learning for secondary school
students over the last five years. The year 2021 marked the highest publication year, and
Indonesian researchers contributed the most studies. Most studies conducted in this field
have employed a quantitative approach. The analysis of studies demonstrates that AR
technology has been widely applied in the field of Geometry. AR enables a deeper and more
interactive understanding of geometric concepts. The integration of AR technology into
mathematics education has shown a favourable influence on student learning, embracing
several dimensions, including cognitive and affective domains. The prioritisation of the
cognitive domain has had a substantial impact on the efficacy of AR in the context of
mathematics learning at the secondary school level. In summary, augmented reality (AR) is a
very effective and beneficial technology that has significant potential for widespread
application in the field of education, with a particular emphasis on mathematics education.
Hence, it is essential to intensify efforts and conduct further study in this domain to optimise
the capabilities of AR in delivering a more dynamic and efficacious educational encounter for
students.
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