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The efforts that can be made to increase learning motivation are through the use of
learning media integrated with current technology with a culture-based approach
that students often find in everyday life. The purpose of this study was to describe
the importance of AR in mathematics learning, the use of technology in
ethnomathematics, and the effects of AR in fostering student learning motivation.
This research method is Systematic Literature Review (SLR) with the PRISMA
(Preferred Recording Items for Systematic Review and Meta-analysis) technique.
The article search process uses a database from international journals indexed by
Scopus and found 287 articles. Then a feasibility study was carried out according
to the specified criteria so that 18 final articles were obtained. The results of the
study showed that: (1) the use of AR in mathematics learning is very important
because it has a positive impact such as improving learning outcomes, increasing
learning motivation, improving the quality of learning, creating fun learning,
improving learning experiences and improving creative thinking skills; (2) Cultural
integration combined with technology provides benefits, namely learning becomes
interesting so that it can foster student learning motivation, the form of integration
between AR technology and ethnomathematics can be in the form of developing
interactive learning media, modules or android-based media; and (3) Several
studies using AR-based learning media have provided significant results in
increasing students' learning motivation.
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A. INTRODUCTION

2

Mathematics learning has an important role in education because its applications are very
relevant in everyday life, but there are still students who face difficulties in understanding
mathematics (Chen et al.,, 2024). Many students have difficulty solving math problems because
the learning process tends to focus on memorizing formulas without providing a deep
understanding of concepts (Nurmaya et al,, 2021). Mathematics is considered a difficult subject,
which causes anxiety and lack of learning motivation (Supriadi et al., 2024). Thus, it is necessary
to carry out learning innovations in order to foster students' mathematics learning motivation.

Learning motivation needs to be increased because it is related to student learning
outcomes (Supriadi et al.,, 2024). Increasing learning motivation is very important because it is
one of the key factors in determining learning success (Held & Hascher, 2023). Learning

motivation not only encourages students to actively participate in the educational process, but
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also influences how they overcome challenges that arise. Some opinions state that learning
motivation is an effort to achieve educational goals (Hu et al., 2024). In this context, students
who have strong motivation tend to be more focused and persistent in the face of difficulties,
because they have a clear vision of what they want to achieve. In addition, learning motivation
acts as a driver for students' learning efforts, so that those who have high motivation and tend
to follow the learning process better (Rachmavita, 2020).

One strategy to increase students' motivation to learn mathematics is through integrating
mathematics learning with the surrounding culture (Fendrik et al., 2020). Mathematics is a
subject that is very closely related to everyday life, so including cultural elements is very
important to do. Culture contains mathematical elements that are often called
ethnomathematics (Pathuddin & Raehana, 2019). The scope of ethnomathematics in
mathematics education emphasizes socio-cultural influences, factors in learning activities, and
mathematics is a cultural product (Lena et al., 2019). Ethnomathematics can make it easier for
students to learn mathematics. This is because learning will be in accordance with the local
cultural context and related to everyday life, so that students are able to explore their creative
ideas more easily (Rudyanto etal., 2018). Thus, it can be emphasized that mathematics learning
is also related to elements of the surrounding culture which can be used to foster learning
motivation.

Another effort to increase learning motivation can be done by utilizing the use of innovative
media as a learning resource or teaching material (Andriani et al., 2024). In line with this
statement, another opinion states that one way to increase student learning motivation is
through the use of interesting learning methods and utilizing innovative learning media
(Firdayati, 2020). Innovative learning media can be developed in accordance with current
technological developments. By utilizing the latest technology, students can access learning
materials more easily and flexibly, and engage in more interesting and relevant learning
experiences (Nurvitasaril & Sulisworo, 2023). Learning media are aids designed to meet
educational needs, and can be created in various forms, including audio, visual, or other forms
that are in accordance with technological developments (Hariyono & Nur Widhi, 2021).
Technology-based learning media can provide enthusiasm and attract students' attention and
interest so that they are motivated to carry out active learning (Rachmavita, 2020). The limited
availability of technology-based interactive learning media in mathematics learning has an
impact on students' learning process (Putri et al., 2023).

Another opinion states that one approach to increasing learning motivation is to use
technology-based learning media to enhance students' learning experiences (Wongetal., 2022).
The use of technology in subject integration certainly has the hope of simplifying and
visualizing abstract concepts into something that is easy to understand. Current technology
provides opportunities for students to access it and interact through it in achieving their
learning experience (Ozcakir & Cakiroglu, 2021). Another opinion explains that technology is
very important as a form of new innovation in learning media to help students' mathematics
learning process (Syafril et al., 2021). Mathematics learning in this case requires technology
that is appropriate to learning needs. Mathematics learning that is packaged by integrating
technology in it is able to provide a meaningful learning experience, both in terms of content,
procedures, products, and learning environments (Guzman et al., 2018).
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One form of technology that can be used as a medium for learning mathematics is
Augmented Reality (AR). AR is a technology medium that has the ability to combine virtual
experiences with the real world, providing a more realistic impression at a much higher level
of reality (Zhao & Wang, 2024). The use of AR in learning can make it easier for students to
understand teaching materials according to the real situations and conditions they face
(Ferdiman et al., 2023). Mathematics learning that adapts AR-based technology as a medium is
very effective, especially for geometry or other materials, because it is able to provide
appropriate learning experiences to students (Ozcakir & Cakiroglu, 2021). AR-based
mathematics learning can provide learning experiences in analyzing information, predicting
outcomes, improving problem-solving skills, and improving decision-making skills (Hanggara
et al, 2023). Geometry learning materials packaged with AR-based technology can provide a
special attraction for students (Auliya & Munasiah, 2019).

The use of AR technology with an ethnomathematics approach is expected to be able to
increase students' motivation to learn mathematics. Previous relevant research related to the
use of technology as a learning resource measures more on the relationship between media use
and its influence on student learning outcomes. There are previous studies that have been
conducted on mathematics learning that examine ethnomathematics and learning motivation,
but these studies have not used AR technology. Some of these studies include research by
Buchori & Prasetyowati, 2021; Amelia et al., 2022; Sa’diah et al,, 2022; Mahmudah et al., 2023;
Mahmud & Cempaka, 2022; Lena et al., 2019; dan Rudyanto et al., 2018. There is still a limited
number of studies that review or present a brief overview of the ethnomathematics approach
in fostering learning motivation, which combines AR technology using the Systematic
Literature Review method. The novelty of this research is analyzing efforts to foster motivation
to learn mathematics through the use of AR technology with an ethnomathematics approach
that is in accordance with the needs of students in learning mathematic. This research is
important to be conducted so that further research can use existing technology or design
technology as a learning resource either as teaching materials, media, or supporting teaching
aids to increase motivation to learn mathematics. The purpose of this study is to describe (1)
the importance of using AR in mathematics learning; (2) the use of technology in
ethnomathematics; and (3) the effect of AR in fostering learning motivation.

B. METHODS

The method used in this study is a systematic literature review (SLR) by adapting a
qualitative descriptive approach. Systematic literature review (SLR) is a way to explore
previous articles or research, then synthesize and analyze scientific evidence to answer a topic
or thing systematically (Lame, 2019). Research questions are made based on the needs of the
chosen topic. The research questions in this study are (1) how important is AR in mathematics
learning; (2) how is the use of technology in ethnomathematics; and (3) how is the effect of AR
in fostering learning motivation.

This study applies the PRISMA (Preferred Recording Items for Systematic Review and
Meta-analysis) technique with a flow diagram of databases and registers only mode through
several procedures, namely identification, screening and inclusion (Prill et al, 2021). The
identification process is carried out by searching for articles according to the research
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questions. The search process is used to obtain relevant sources to answer the Research
Question and other related references (Haddaway et al., 2022). The article search process uses
the keywords "Ethnomathematics and augmented reality in mathematics learning”, then
"Motivation to learn mathematics" with a standard reference search engine in international
journals indexed by Scopus with the site address https://www.sciencedirect.com/ and as a
supporter using the site https://www.google.com.

Furthermore, criteria are determined to decide whether the data found is suitable for use
in research or not. Studies are suitable for selection if they meet inclusive and exclusive criteria.
Inclusive criteria include (1) IC1: Scopus indexed international journals published between
2015-2024; (2) IC2: ethnomathematics and augmented reality in mathematics learning; and (3)
IC3: fostering motivation to learn mathematics. While exclusive criteria include (1) EC1:
determination of duplicate articles; (2) EC2: not included in mathematics learning; (3) EC3:
learning in the realm of disabilities; and (4) EC4: close access. The results of the collection of
these articles are then analyzed and synthesized. Researchers determine the Quality
Assessment, namely Al: International journals published between 2015 - 2024, A2: whether
they discuss the use of AR media in mathematics learning and A3: whether the use of technology
is able to foster students' motivation to learn mathematics. This data filtering is used to answer
research questions. Furthermore, researchers collect data based on predetermined criteria,
then analyze the data that has been collected. The results of the data analysis will be used as a
reference in answering research questions. The results of the article screening analysis are
presented in a flow chart as shown in Figure 1.

Identification of new studies via databases and registers
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Figure 1. PRISMA flow chart result
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The search results using keywords obtained 287 articles. The screening process of the
articles recorded 163 articles that met the criteria. Furthermore, they were selected and
searched to take the complete file based on the "open access" article for a deeper review and
produced 105 articles. After adjusting the eligibility, 76 articles were obtained that met.
Reduction was carried out again by looking at the feasibility study through Quality Assessment
so that 18 final articles were obtained.

C. RESULT AND DISCUSSION

The results of the article search process on the "Scopus" database with inclusive criteria
topics with each keyword "Ethnomathematics and augmented reality of mathematics learning”
then "Motivation to learn mathematics" obtained 287 articles. The distribution of data on the
number of studies each year can be seen in Figure 2.
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Figure 2. Search Result Article Data

Based on Figure 2, it is known that 10 articles were published in 2015, 8 articles were
published in 2016 and 2017, 20 articles in 2018, 34 articles were published in 2019, 57 articles
were published in 2020, 37 articles were published in 2021, 36 articles were published in 2022,
45 articles were published in 2023 and 32 articles were published in 2024. Notes on articles
that were deleted due to duplication were 4 articles while notes on articles that were deleted
due to other criteria were 120 articles. So that the results of the screening of the articles
recorded 163 articles that met the criteria. Furthermore, they were selected and searched to
take the complete file based on the "open access" article for a deeper review and 105 articles
were produced. After adjusting the feasibility of the entire content, 76 articles were obtained
that met. Reduction was carried out by looking at the feasibility study through exceptions based
on Quality Assessment. Based on the results of the Quality Assessment, 18 final articles were
obtained with data as in Table 1.
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Table 1. The Result of Quality Assesmen

No. Nama Penulis Hasil Penelitian A1l A2 A3
1 Iparraguirre- This research is about the context of using AR technology that v v +/
Villanueva, the GeoGebra v calculator in 3 dimensions with AR is very
2024 useful, helps improve mathematics learning, and motivates
students.
2 Syafril et al, This study successfully designed and tested how effectivethe v v
2021 virtual geometry application is in AR-based mathematics
learning. Overall, it can attract students' interest and
motivation if the material provided is taught through various
learning tools and media.
3 Ozcakir & The use of AR technology provides a very important and v v
Cakiroglu, effective way to learn three-dimensional geometric objects by
2021 imitating reality by simply complementing it with virtual
elements. AR helps to increase learning motivation through
the use of smartphones as a supporting mechanism for
learning mathematics.
4  Wong et al, Research states thatthe use of AR in learning mathematicsis v vV
2022 something fun and motivating. Learning content using AR
makes mathematical concepts clearer and can apply what to
real life.
5 Volioti, 2023) AR technology has an important role in improving the v Vv
learning experience of students in elementary schools. AR has
the potential to engage, motivate, and deepen understanding
and needs to be accompanied by student-centered learning
activities.
6 Koparan et al, This research on the context of using AR technology shows v VY
2023 that its use for geometry learning and learning methods
supported by AR technology can improve student learning
outcomes.
7 Cai, 2020 Learning by integrating AR in mathematics has a positive
impact on students' learning outcomes and attitudes.
8 Richardo et al, This research is about the context of using AR technology by
2023 combining the cultural context or ethnomathematics context
of Yogyakarta, which can effectively improve -creative
thinking skills and foster students' learning motivation.
9  Nadzri, 2023 This research is about the context of using AR technology, that v v+
teaching materials with a combination of AR technology can
improve achievement and foster motivation to learn
mathematics in geometry material.
10 Rudyantoetal, The results of the study show that Flash Multimedia v VY
2018 Technology arranged in ethnomathematics can make it easier
for students to learn mathematics more flexibly, in
accordance with the Indonesian cultural context, and related
to everyday life
11 Lena et al, The results of the study show that the design of learning v Y
2019 resources developed with a scientific approach characterized
by ethnomathematics in geometry material is interesting to
use in learning in elementary schools.
12 Fendrik The results of the study show that ethnomathematics learning v v

fendrik et al,
2020

becomes more interesting and meaningful for students,
especially in geometry subjects.
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No. Nama Penulis Hasil Penelitian Al A2 A3
13 Muhammad et The results of the study show that students have good literacy v VY
al,, 2019 skills in geometry material through an ethnomathematics
approach at Borobudur Temple.
14 Damayanti et Development of curved three-dimensional shape learning v v v
al,, 2023 media ethnomathematics-based using AR can be used as a
mathematics learning media.
15 Wang & Yu, The results of the study showed that student learning v v v
2015 motivation increased significantly with the use of interactive
media.
16 Guo & Chen, The results of this study indicate that strategies to increase v Y
2021 motivation to learn mathematics by integrating the use of
technology are not limited to achieving learning objectives
alone, but rather to stimulate the will, help, and inspire in
achieving success in learning mathematics.
17 Rachmavita, The results of this study indicate that to increase students’ v W
2020 learning motivation, it is necessary to have interactive media
technology that is attractive both in terms of appearance and
media content.
18 Pogan, 2023 The results of the study show that the application of mobile v v

AR technology used in the learning context environment has
a positive effect on mathematics learning achievement and
motivation.

Based on the data in Table 1, several studies were selected because they had sufficient

problems, approaches, and information for data selection. Furthermore, an analysis was carried
out in order to answer the following research questions.
1. The Importance of AR in Mathematics Learning

The results obtained in Table 2 show several relationships between mathematics learning

integrated with the use of AR technology. The data description is based on findings in research
that mention the success of using AR as a learning resource (applications, teaching aids,

teaching materials, and supporting devices for mathematics learning). Based on the results of
the analysis, it was found that the use of AR in mathematics learning is very important because
it has a positive impact as in the following Table 2.

Table 2. The importance of using AR

No.

The Important Impact of Using AR on Mathematics Learning

Number of Reference

Articles

Improving learning outcomes

2

Improving learning motivation

Improving the quality of mathematics learning

Creating enjoyable learning

Improving students' learning experiences

QN |UT B (WD =

Improving creative thinking skills

(SR U Uy g o))

Based on the Table 2, it can be seen the importance of using AR which can have a positive

impact on mathematics learning. Several studies have shown that the implementation of AR
technology in mathematics learning geometry material has shown success and benefits ranging
from understanding the concept of the material, ease of use, to enthusiasm and growth of
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student motivation (Ozcakir & Cakiroglu, 2021)(Wong et al., 2022)(Koparan et al.,, 2023)(Cai et
al, 2020)(Nadzri et al., 2023). Augmented reality that can provide success is certainly
inseparable from the role of teachers as designers in the classroom. Augmented reality is not
easy to use in a context without planning, teachers must design it carefully and analyze learning
needs. Teachers as facilitators and developers in learning can compile learning procedures in
using AR, design task processes using AR, or make it easier to adjust learning needs according
to the analysis of the material to be delivered. Learning mathematics with appropriate
technology can provide success in achieving learning goals.

AR technology for learning offers many benefits that support the process of teaching and
learning mathematics. The application of AR makes it easier for students to learn geometry and
this happens through the visualization of spatial figures (Ozcakir & Cakiroglu, 2021). Many
mathematical materials can be solved using this tool, but the easiest to relate to real situations
is the geometry of solid shapes. The success of using AR is because it can display the actual
appearance without having to present the concrete object. Tools scanned via mobile phones
can be easily displayed by teachers and students themselves. Learning becomes fun because
technology in learning with AR is still limited (Wong et al,, 2022). Learning mathematics,
especially in schools, with this tool can simplify abstract concepts into something more
concrete and therefore more meaningful. The advantages of using AR in learning are that users
can create and experiment with real situations presented, the device is user-friendly, and easy
to use (Villanueva et al.,, 2024). Another opinion states that learning technology using AR has
three advantages, namely (1) the availability of detailed displays of objects and learning
materials in a realistic manner; (2) its interactivity is supported by the latest and sophisticated
video, image and animation features; and (3) it increases student motivation and interest in
learning (Syafril et al., 2021).

2. The Use of Technology in Ethnomathematics

The results of the research review on the use of technology in ethnomathematics generally
show good relationships. The ethnomathematics approach certainly requires the support of
learning media in a process, both in core learning activities, as an intermediary media, or in
fostering motivation to learn mathematics. Learning with an ethnomathematics approach
becomes more interesting and meaningful for students, especially in geometry subjects
(Rudyanto et al., 2018). Teachers as facilitators integrate culture in mathematics learning and
develop cultural content to support elementary school students' mathematical connection
skills. The use of the ethnomathematics approach has an influence on the success of learning
(Lena et al., 2019; Fendrik et al, 2020; Muhammad et al., 2019). The advantages of the
ethnomathematics approach include: (1) ethnomathematics provides greater insight for
students, both in mathematics and its relationship to natural materials and culture; (2) makes
learning more interesting; (3) provides elements of culture and other knowledge; and (4)
builds nationalism and love for local culture (Lena et al., 2019). The ethnomathematics
approach provides success and space for ease in exploring learning experiences.

Cultural integration combined with technology in mathematics learning provides more
interesting benefits so that it can increase students' motivation to learn (Rudyanto et al., 2018).
For example, the integration between AR technology and an ethnomathematics approach in the
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form of developing Curved Three-Dimensional Shape Learning Media is declared feasible and
can help improve student motivation and learning outcomes (Damayanti et al., 2024 ). From the
study, it shows that the student response to learning reaches 96% very good. Students feel
interested and motivated to learn and are more active in participating in learning activities.
Other studies on the development of ethnomathematics augmented reality and android-based
learning multimedia state that the combination of AR and ethnomathematics can improve
creative thinking skills, learning motivation and student learning outcomes (Richardo et al.,
2023). The results of the practicality test of the media by the teacher reached a percentage of
89% while the practicality test by the students reached 84%.

Although not many people use it yet, AR technology has the potential to be integrated with
the ethnomathematics approach. This is because ethnomathematics objects from cultural
elements can be a medium to display real situations in AR (Sudirman et al., 2020). Another
opinion states that the integration of AR and ethnomathematics can be a medium to help
preserve local culture in an area (Phunsa, 2014). Researchers and practitioners should be able
to use this media as a tool to help learn mathematics because the character of students in
elementary schools is still in the concrete operational stage so it will be easier to use to
introduce mathematical concepts (Richardo et al., 2023; Guo & Chen, 2021).

3. The effect of AR on learning motivation

Certain interactive technologies or media can increase motivation to learn mathematics,
are claimed to be more interesting and can focus students' attention (Rachmavita, 2020). The
results of a review of several filtered articles show that most of them state that students'
learning motivation increases with the use of technology-based interactive learning media.
Technology-based learning media that is used directly for learning certainly provides more
attention to students. This means that technology attracts attention if there is direct
involvement in its use by teachers and students.

One study stated that the application of AR technology used in learning has an effect on
motivation to learn mathematics (Pocan et al., 2023). The post-test score of students' learning
motivation using AR was 4.32 while those who did not use AR were 4.05. The test results
showed a significant difference so that it can be said that learning using AR technology media
can increase students' learning motivation. Other studies have shown that there is a significant
difference in student performance between the experimental group and the control group with
a score for the post-test (F (1,59) = 33.848, p = 0.000; eta squared = 0.377) and the delayed
post-test (F (1,59) = 14.740, p = 0.000; eta squared = 0.208). This shows that the use of AR-
based modules can improve students' learning achievement because they have a good
understanding of concepts and learning motivation (Nadzri et al., 2023). Research on the use
of AR-based mobile learning media obtained the results of the t-test differences between the
experimental group and the control group, there was a significant difference (t = 2.99, p < 0.01)
with an average motivation score of the experimental group of 4.05 and the control group of
3.63. This shows that AR-based mobile learning media can increase students' learning
motivation (Chiang et al., 2014). Other research explains that the strategy of using technology
in learning can increase students' learning motivation, foster interest in learning and the desire
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to learn, and maintain active and efficient learning conditions (Wang & Yu, 2015; Guo & Chen,
2021).

All components of the learning strategy play an important role in increasing learning
motivation, depending on learning needs and will increase further if a contextual approach is
used that is related to everyday life (Yeni et al.,, 2019). The use of AR can be integrated with a
culture-based approach that is appropriate to the context of everyday life because learning will
become more interesting (Richardo et al, 2023). This integration potential can be an
opportunity for further researchers to combine the ethnomathematics approach with AR
technology to increase student learning motivation. Research that integrates AR with
ethnomathematics is still limited so that more in-depth research can be conducted. This
integration will provide benefits, including ethnomathematics elements can become real
objects displayed in AR and can help preserve local culture in a region (Sudirman et al., 2020;
Phunsa, 2014). In general, the relationship between AR and ethnomathematics has a good
impact and is influential in fostering learning motivation (Damayanti et al., 2024).

D. CONCLUSION AND SUGGESTIONS

Based on the results of the research that has been conducted referring to the results of the
SLR conducted in journals published from 2015 - 2024, it can be concluded that (1) the use of
AR in mathematics learning is very important because it has a positive impact such as
improving learning outcomes, increasing learning motivation, improving the quality of
mathematics learning, creating fun learning, improving student learning experiences and
improving creative thinking skills; (2) Cultural integration combined with technology provides
benefits, namely learning becomes more interesting so that it can foster student learning
motivation, the form of integration between AR technology and ethnomathematics can be in
the form of developing interactive learning media, modules or android-based media; and (3)
several studies that use AR-based learning media provide significant results in increasing
student learning motivation. The weakness of this study is the limited number of articles that
discuss direct intervention between AR, ethnomathematics and its influence on students'
learning motivation. In addition, several relevant studies could not be reviewed because the
articles were inaccessible (closed access). This can be an opportunity and recommendation for
further research to combine the ethnomathematics approach with AR technology to improve
students' learning motivation through the development of various forms of interactive learning
media.
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