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Abstract 

Introduction: Studies on augmented reality (AR) are crucial for identifying its proper implementation in learning 

mathematics and finding the right solution to face the times. 

Objectives: This study aimed to explore the definition, task characteristics, and implementation of augmented 

reality in mathematics.  

Methods: A systematic literature review (SLR) was conducted on articles from 2013-2023 using the Scopus 

database. For the selection of the research papers, we used the terms “augmented reality and mathematics” in the 

disbursement menu in the Scopus database. The obtained data was stored in *RIS format and was synchronized 

to the Reference Manager (Mendeley). Further, VOS-viewer software was used to visualize the data, resulting in 

a more communicative, interesting, and clearer information presentation. The PRISMA flow diagram for the 

systematic literature review detailing the database searches, the number of abstracts screened, and the full texts 

retrieved. A number of 22 related studies were accessed for this study.  

Results: The analysis was conducted focusing on the implementation of augmented reality in elementary 

mathematics, specifically on the (1) sample size and the target audience, (2) methodology, (3) author and 

keywords, and (4) learning outcomes. Research gaps and potential future studies in each theme were explored. It 

was found augmented reality (AR) can be a powerful tool to enhance mathematics learning for elementary school 

students. When integrated effectively into the curriculum, AR can lead to various learning outcomes that benefit 

students' understanding and engagement with mathematical concepts. 

Conclusions: The integration of augmented reality into mathematics learning for elementary school students has 

the potential to enhance their understanding, engagement, and retention of mathematical concepts, ultimately 

preparing them for a more mathematically literate future. 
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1. Introduction 

Tremendous scientific and technological advancements have been reported in various fields of life (Brynjolfsson 

& McAfee, 2014; Schindelin et al., 2015). In addition, the communication and information revolution led to the 

rapid development of human knowledge, especially science and technology. There have been tremendous leaps 

in the field of satellite, multimedia, and internet technology (Majeed & ALRikabi, 2022; Saad et al., 2019; 

Sulistiani et al., 2023). Previously, this huge leap in technology seemed only possible in cyberspace (Hayes, 2009; 

Maxwell, 1987). In the era of information technology and technological devices (Majid & Verma, 2021; Sandoval-

Almazan & Gil-Garcia, 2014), the information technology education movement, also the expansion of 
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technological tools and devices, the technology education movement has witnessed tremendous development 

(Al’Abri, 2011; Alsunbul, 2002; Kuratko, 2005; Yaqoob et al., 2017). As the instruments have been widely spread 

and technology has multiplied, access to knowledge and digital representation collection, and storage are available 

everywhere and at any time (Cocchia, 2014; Deichmann et al., 2016; Gibbs, 20s18; Monino & Sedkaoui, 2016). 

Recently, individuals can easily purchase tablets and smartphones regardless of their age (Khanna & Tomar, 

2016).  

In general, following the technology advancement, current teaching and learning practices can be categorized as 

conventional (Anwar et al., 2023; Chachil et al., 2015; Wang et al., 2020; West, 2012), both in terms of educational 

access and infrastructure (Febrianto et al., 2020; Livingstone, 2012; Qureshi et al., 2012). Consequently, it triggers 

the development of immersive technological innovations in the world of education (Alam, 2021; Ausburn & 

Ausburn, 2004; Cabiria, 2012; P. Chen et al., 2017; Dieker et al., 2008; Lazou & Tsinakos, 2023). Virtual Reality 

(VR) and Augmented Reality (AR) technologies are innovative breakthroughs in educational technology 

(EdTech) that aim to enhance students’ understanding, interest, and outcomes (Cevahir et al., 2022; De Pace et 

al., 2018; Farshid et al., 2018; Lu et al., 1999). In the last decade, the implementation of Augmented Reality (AR) 

has developed quite rapidly (Alamsyah & Fauziyah, 2021; Han et al., 2018; Höllerer & Feiner, 2004; Nee & Ong, 

2013), as in line with the rapid development of cellular technology (Hosokawa & Katsura, 2018; Islam et al., 

2010; Korucu & Alkan, 2011). AR is defined as a technology capable of incorporating two-dimensional or three-

dimensional virtual objects into a real environment and then displaying or projecting them in real-time (Geng, 

2013; Molnár & Benedek, 2015; Nevarini et al., 2023; Wainman et al., 2018). Therefore, “AR” extends real reality 

by adding layers of information.  

The ability to understand materials is the main foundation of learning (Carrillo-Yañez et al., 2018; Tatto, 2013; 

Winter, 2022). Therefore, learning should facilitate students to understand each concept instead of just 

memorizing the material (Ayal et al., 2016; Dewi & Primayana, 2019; Syatriana & Sakkir, 2020; Wahyuni, 2019). 

In the long term, students are expected to use problem-solving strategies and knowledge related to the material, 

concepts, principles, and procedures for the presented problem (Barak, 2013; D. D. Utami et al., 2023; Yadav et 

al., 2014). Researchers must also be responsive to the challenges of technology-adaptive learning (Bagustari & 

Santoso, 2019; Durlach & Spain, 2014; Kleisch et al., 2017). Therefore, research on augmented reality according 

to the recent education needs, expectations, and demands is necessary. Studies on augmented reality (AR) are 

crucial for identifying its proper implementation in learning mathematics and finding the right solution to face the 

times (Hanggara et al., 2023; Kazanidis & Pellas, 2019; Safar et al., 2016).  

Analysis of research published in the Scopus database (a database representing the largest reputable journal in the 

world) conducted in July 2023 signified that there were 536 publications on augmented reality (for the 2013-2023 

category). These publications require deep analysis to identify the Augmented Reality (AR) form or model for 

mathematic learning in elementary schools. For that purpose, one of the most recommended techniques is a 

Systematic Literature Review (SLR). 

Therefore, this study adopted the SLR technique to investigate, review, and compare various studies related to the 

use of augmented reality in mathematics learning in elementary schools. This SLR is expected to contribute to the 

development of elementary school mathematics learning that uses augmented reality technology. It can also be a 

reference for researchers and readers on this topic. Specifically, we focus mainly on the research articles analyzing 

elementary school mathematics learning using augmented reality technology and its implications. The available 

research has not highlighted and provided a research baseline on this topic. For the purpose of the review, we have 

exclusively incorporated research or original articles in order to offer a comprehensive insight and consensus 

among researchers on this subject. We formulate a form or model of mathematics learning that uses augmented 

reality technology. In the long term, this model is foreseen to become a reference for policymakers, stakeholders 

in mathematics education, and the general public in responding to the recent technological advancement. As a 

result, this systematic review serves as a reference point for further research regarding Augmented Reality in 

Primary School Students' Mathematics Learning, with the following two research questions. 

RQ1: How is the publication trend related to the theme of “augmented reality for mathematics learning” in Scopus-

indexed journals? 
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RQ2: How is the implementation of augmented reality in mathematics learning? 

2. Methods 

This study used a systematic literature review. A Systematic Literature Review (SLR) is a technique of identifying, 

evaluating, and analysing various existing and relevant information in the literature or references to answer 

research questions through deeper analysis (Snyder, 2019; Xiao & Watson, 2019). SLR has been proven to be 

helpful in summarizing the latest knowledge on a particular topic with a systematic and transparent method for 

answering research questions (Kurniati et al., 2022). 

Prisma 

This systematic review was adapted according to the guidelines of the PRISMA statement (Santos et al., 2018). 

PRISMA or Preferred Items for Systematic Reviews and Meta-Analyses, has been published as a standard to help 

conduct a systematic literature review. Using PRISMA can reduce the risk of misreporting and improve the clarity 

and transparency of reviews (McInnes et al., 2018; Page et al., 2021). PRISMA is suitable for systematic literature 

reviews in the social sciences because it helps 1) define clear research questions that enable systematic research, 

2) identify inclusion and exclusion criteria, and 3) attempt to search a large database of scientific literature over a 

period of time. This improves search results for exact terms related to augmented reality in mathematics learning 

for elementary school students.  

The Systematic Review Process for Selecting the Articles 

For the selection of the research papers, we used the terms “augmented reality and mathematics” in the 

disbursement menu in the Scopus database. The obtained data was stored in *RIS format and was synchronized 

to the Reference Manager (Mendeley). Further, VOS-viewer software was used to visualize the data, resulting in 

a more communicative, interesting, and clearer information presentation. The search history on Scopus was 

carried out through (TITLE-ABS-KEY (“augmented reality” +mathematics) AND PUBYEAR > 2012 AND 

PUBYEAR < 2024 AND ( LIMIT-TO ( LANGUAGE, “English”) )  AND ( LIMIT-TO ( DOCTYPE, “ar”) )  

AND ( LIMIT-TO ( SUBJAREA, “SOCI”) OR LIMIT-TO ( SUBJAREA, “MATH”) )  AND ( LIMIT-TO ( OA, 

“all”) ) ).  

With these search terms and patterns, 536 articles were found. The Preferred Reporting Items for Systematic 

Reviews and Meta-Analysis (PRISMA) were used for the inclusion and exclusion model, as previously 

implemented in a study (Patrignani et al., 2016). Several important elements for the basis of inclusion criteria for 

SLR analysis include (1) articles published in January 2013 to July 2023, (2) open access articles, (3) publications 

in the form of research or original articles, (4) article in social sciences field; and (5) articles published in English 

and only related to “science learning” research. The order of inclusion and exclusion criteria is illustrated in Figure 

1. 

Data Analysis 

The papers that met the inclusion criteria were thoroughly reviewed for the purpose of data analysis and 

subsequently categorized to extract systematic information in accordance with the criteria established for this 

research. The analysis was conducted focusing on the implementation of augmented reality in elementary 

mathematics, specifically on the (1) sample size and the target audience, (2) methodology, (3) author and 

keywords, and (4) learning outcomes. 

3. Results 

This section, divided into presents the findings of this study in detail. First, we describe the findings of the 

document analysis, and then we present the findings in a visual format to illustrate   the findings. Following four 

phases of selecting eligible articles, a total of 22 were selected for inclusion in this systematic review. All the 

selected articles were exported to data organization and management software. Only English-language articles 

were used for this analysis. Since the outbreak, researches have continued to publish.  
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Figure 1. Systematic review flow diagram. Caption: The PRISMA flow diagram for the systematic literature 

review detailing the database searches, the number of abstracts screened, and the full texts retrieved. 

 

Table 1. The main articles’ summary, sorted by author name 

No Title Author (s) Aim Main Result 

1 Effect of Augmented 

Reality and 

Simulation on the 

Achievement of 

Mathematics and 

Visual Thinking 

Among Students 

(Aldalalah et 

al., 2019) 

To investigate the effect 

of augmented reality and 

simulation on students’ 

mathematics 

achievement and visual 

thinking  

Students using augmented 

reality performed significantly 

better than those in the 

simulation mode, specifically in 

achievements and visual 

thinking. 

2 The effect of 

augmented reality 

mobile learning in 

microeconomic 

course 

(Ali et al., 

2023) 

Investigate the 

effectiveness of 

augmented reality, 

namely Augmented 

Reality Mobile Learning 

in Microeconomic 

courses (ARMLAAPPS). 

ARMLAAPPS can assist in 

highlighting student- centered 

learning, stimulating student 

interest and curiosity, increasing 

student cognitive, affective, and 

psychomotor processes, and 

increasing student involvement 

in the information-seeking 

process 

3 Augmented reality 

technology in 

enhancing learning 

retention and critical 

thinking according to 

TEAM program 

(Alkhabra et 

al., 2023) 

To advocate e-content 

based on augmented 

reality (AR) technology, 

enhance retention 

learning (LR), and 

Implementing AR in educational 

realms impacted students’ LR. 

Furthermore, statistically 

significant differences were 

exhibited in overall CT skills 

between those with high and low 
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No Title Author (s) Aim Main Result 

reinforce critical thinking 

in the intermediate stage. 

mental capacity (MC), favoring 

those with high MC. Even more 

interestingly, according to the 

STEAM program, male 

students’ outcomes in science 

learning were more reinforced 

by AR than females. 

4 Augmented Reality: 

The Improvement of 

Computational 

Thinking Based on 

Students’ Initial 

Mathematical Ability 

(Angraini et 

al., 2023) 

This study focuses on 

assessing the 

fundamental level of 

mathematical skills that 

determine a student’s 

readiness to learn under 

the guidance of a teacher. 

The enhancement in students’ 

mathematical computational 

thinking skills is more 

significant when they learn using 

augmented reality media 

compared to conventional 

learning, considering their initial 

mathematical abilities. 

5 The usability analysis 

of using augmented 

reality for linus 

students 

(Awang et 

al., 2019) 

To evaluate the usability 

of Augmented Reality in 

a mobile application 

among LINUS students 

in primary schools 

The students showed a 

significant interest in learning 

numbers by actively 

participating in the LINUS 

sessions. 

6 Heuristic Evaluation 

on Affective 4-

Dimensional 

Augmented Reality 

Mathematics for 

Children with Low 

Vision 

(Aziz et al., 

2023) 

To investigate high 

school students’ 

perceptions of AR and 

their STEM interest after 

they experienced two AR 

lessons that incorporated 

authentic inquiry 

activities for an 

exploration of medical 

surgery 

The students had positive 

perceptions of the AR lessons 

and simulators (overall mean = 

4.1) after completing the two 

lessons. 

7 A STEAM Practice 

Approach to Integrate 

Architecture, Culture, 

and History to 

Facilitate 

Mathematical 

Problem-Solving 

(Bedewy et 

al., 2022) 

Investigate how different 

phases of this approach 

(such as motivation, 

modelling, and printing 

process) reflect 

opportunities of learning 

in STEAM education, 

with a particular lens on 

mathematical 

development from open 

tasks. 

The introduced practices attempt 

to promote problem-solving 

strategies of architectural 

modelling in order to solve the 

problem. 

8 Learning 

mathematical 

modelling with 

augmented reality 

mobile math trails 

(Cahyono et 

al., 2020) 

To investigate how an 

augmented reality mobile 

math trails program can 

provide opportunities for 

students to engage in 

An educational program was 

successfully designed, which 

offered students a meaningful 

mathematical experience. 
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No Title Author (s) Aim Main Result 

program: how can it 

work? 

meaningful mathematical 

modelling activities 

9 Application in 

Augmented Reality 

for Learning 

Mathematical 

Functions: A Study 

for the Development 

of Spatial Intelligence 

in Secondary 

Education Students 

(Del Cerro 

Velázquez & 

Méndez, 

2021) 

The aim of this study is to 

find out whether the 

integration of the Geo 

Gebra AR (Augmented 

Reality).  

Given the scope and potential of 

the models learned in an 

interconnected and ubiquitous 

environment not yet established, 

the conclusions drawn from this 

work should be taken with 

prudence. 

10 Comparative 

evaluation of virtual 

and augmented reality 

for teaching 

mathematics in 

primary education 

(Demitriado

u et al., 

2020) 

Investigate the potential 

of using virtual and 

augmented reality 

technologies for teaching 

the lesson of geometric 

solids to primary school 

children. 

The implementation of new 

technologies in education, such 

as virtual and augmented reality, 

improves interactivity and 

student interest in mathematics 

education, contributing to more 

efficient learning and 

understanding of mathematical 

concepts when compared to 

traditional teaching methods. 

11 Effectiveness of the 

Augmented Reality 

on Improving the 

Visual Thinking in 

Mathematics and 

Academic Motivation 

for Middle School 

Students 

(Elsayed & 

Al-Najrani, 

2021) 

To identify the 

effectiveness of 

augmented reality 

technology for improving 

visual thinking in 

mathematics and 

academic motivation 

among middle school 

learners in Saudi Arabia. 

The experimental group 

surpassed the control group in 

visual thinking and academic 

motivation. Based on the results, 

researchers recommended the 

involvement of augmented 

reality technology in 

mathematics instruction at 

different levels of education. 

12 On Augmented 

Reality for the 

Learning of 3D-

Geometric Contents: 

A Preliminary 

Exploratory Study 

with 6-Grade Primary 

Students 

(Flores-

Bascuñana et 

al., 2020) 

To explore the potential 

of AR-based activities 

through a short classroom 

intervention in a 6th-

grade Primary class 

Obtained data allow us to 

envisage that AR-based 

proposals slightly improve the 

classical didactic methods. 

13 Examining Students’ 

Intention to Use 

Augmented Reality in 

a Project Based 

Geometry Learning 

Environment 

(Mailizar & 

Johar, 2021) 

To examine factors that 

affect secondary 

students’ behaviour 

intention to use Geo 

Gebra Augmented 

Reality to support a 

project-based geometry 

learning environment 

Geo Gebra Augmented Reality 

was properly accepted by 

secondary school students. It 

was found that perceived 

usefulness (PU) is the most 

substantial factor in students’ 

behaviour intention (BI) 
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14 Effect of Augmented 

Reality Technology 

on Spatial 

Intelligence among 

High School Students 

(Majeed & 

ALRikabi, 

2022) 

To investigate the impact 

of AR technology in 

developing spatial 

intelligence for secondary 

school students, Baghdad 

AR technology has a positive on 

spatial intelligence in 

mathematics and concluded with 

a set of recommendations and 

proposals. 

15 An Augmented 

Reality Learning 

Toolkit for Fostering 

Spatial Ability in 

Mathematics Lesson: 

Design and 

Development 

(Ozcakir & 

Cakiroglu, 

2021) 

To design and develop an 

augmented reality 

learning toolkit to foster 

spatial ability in middle 

school students using 

mobile devices 

The study showed that 

augmented reality seemed 

helpful in enhancing the usage of 

mobile devices, not just for the 

reading of books, 

communication, or playing 

games, but also as a support 

mechanism for the learning of 

mathematics.  

16 Enhancing 

mathematical literacy 

ability through guided 

inquiry learning with 

augmented reality 

(Pujiastuti & 

Haryadi, 

2023) 

To determine the 

effectiveness of Guided 

Inquiry Learning-

Augmented Reality 

(GILAR) on 

mathematical literacy 

ability 

The experimental class produced 

58.88%, while the control class 

was 45.77%. Based on these 

results, learning by using 

GILAR can improve 

mathematical literacy skills in 

junior high school students. 

17 The Effects of Mobile 

Technology on 

Learning 

Performance and 

Motivation in 

Mathematics 

Education 

(Poçan et al., 

2023) 

To assess mobile-assisted 

seamless learning 

environments’ effects on 

students’ success and 

motivation in the 

secondary school 7th-

grade mathematics class 

algebra unit and student 

opinions about the 

application. 

There were statistically 

significant differences in favor 

of the experiment group in AAT 

and MMS scores 

18 Effectiveness of 

flipped learning and 

augmented reality in 

the new educational 

normality of the 

Covid-19 era 

(Pozo-

Sánchez et 

al., 2021) 

Analyse the effectiveness 

of flipped learning and 

augmented reality in 

various dimensions 

related to the learning 

process 

There is a high appreciation from 

students in both educational 

experiences, although 

differences in various 

dimensions are present. Those 

who have received teaching 

based on flipped learning show 

significance in the teacher-

student autonomy, deepening, 

and class time dimension. 

19 Active Learning 

Augmented Reality 

for STEAM 

Education—A Case 

Study 

(Rhea & 

Bauml, 

2020) 

To investigate the method 

of Active Learning for the 

teaching of STEAM 

subjects, using a format 

where students are tasked 

with building an AR 

Students can develop a final 

project and gain a qualification 

as skills evidence for the 

university application process. 

This approach possibly changes 

the learning results from mere 
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No Title Author (s) Aim Main Result 

application as part of their 

learning.  

remembering to facilitating 

analyzing and understanding of 

concepts. 

20 Students’ Attitudes 

Toward The 

Application of Mobile 

Augmented Reality In 

Higher Education 

(Stojšić et 

al., 2020) 

to determine students’ 

attitudes toward the 

application of MAR in 

HE institutions in the 

Republic of Serbia 

The students have a mostly 

positive attitude, and there was 

no statistically significant 

difference between the STEM 

(science, technology, 

engineering, and mathematics) 

and non-STEM students’ 

opinions regarding this topic 

21 Development of 

augmented reality-

based learning models 

for students with 

specific learning 

disabilities 

(Wiliyanto et 

al., 2022) 

To develop a learning 

model based on 

augmented reality 

applications to overcome 

barriers in learning 

mathematics for Students 

with Specific Learning 

Disabilities (SLD) in 

Inclusive Schools 

There is still hope and excellence 

in achieving the learning process 

desired by STC, where the 

learning process is still in the 

sufficient category level and 

necessary as a learning medium 

in the inclusive class. 

22 The Potential Of 

Mobile Augmented 

Reality As A Didactic 

And Pedagogical 

Source In Learning 

Geometry 3D 

(Yaniawati 

et al., 2023) 

Provides  a learning 

alternative by exploring 

the potential of  

augmented reality as a 

didactic and pedagogical 

source in learning 

geometry 

The use of  augmented reality is 

worthy of  being an alternative 

didactic and pedagogical source 

and has the potential to be 

applied to other subjects both 

during the COVID-19 pandemic 

and after the COVID-19 

pandemic. 

 

Research Paper Identified by Search Terms 

Figure 1 shows the results of an initial search via Scopus, concentrating on their “article, abstract, keywords” 

found 536 articles. From those articles, we identified 519 articles that used English, while the remaining 17 articles 

were excluded, as they were written in Spanish, Portuguese, Turkish, Chinese, and Russian. Besides, we also used 

the only “article” document type, resulting in 159 articles. There were 360 articles being excluded since they were 

conference papers, conference reviews, book chapters, books, erratum, reviews, and editorials. Furthermore, the 

inclusion criteria necessitated the research to be in the field of “social sciences” and “mathematics,” so there were 

101 articles. This screening excluded 58 articles consisting of articles in the fields of computer sciences, social 

sciences, engineering, mathematics, physics and astronomy, decision sciences, psychology, arts and humanities, 

earth and planetary sciences, medicine, health professionals, business, management and accounting, materials 

science, biochemistry, genetics and molecular biology, energy, chemistry, neuroscience, environmental science, 

chemical engineering, economics, econometrics and finance, agricultural and biological sciences, 

multidisciplinary. Further, we also involved only the open-access article. From this criteria, we obtained 51 

articles that met the criteria, indicating that 50 articles were excluded as they were in gold, green, bronze, and 

hybrid gold access. In the last phase, the review of existing articles was carried out, ensuring articles were in 

accordance with the research themes, accessible, and written in English. From this final stage, we obtained 22 

research papers. The distribution of the 22 articles published in the last 5 (2019-2023) years on Scopus is illustrated 

in Figure 2.  
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Figure 2. Distribution of 22 published articles over the last 5 (2019 - 2023) years on Scopus 

Sample size and the target audience 

In terms of sample size, there was considerable variation observed across studies, with some involving as few as 

fifteen students and others including as many as 120 students. Among those studies, a development study does 

not account for sample size and is characterized by its qualitative nature, which focuses on the context and 

narratives of the individuals involved in development. Additionally, the target audience in these studies also 

varied, ranging from elementary school students to the tertiary level. Among these studies, a study involves 

general subjects. There are four studies using the target audience at the elementary school level (18%), while 

fourteen studies target secondary school students as the target audience (64%). Besides, 5 and 9 % of research 

target the senior high school level and tertiary level as the target audience. In the end, one research mentions no 

specific target audience (5%). 

 

Figure 3. Distribution of papers analysing the use of augmented reality in mathematics learning 

published in Scopus 

Methodology Used 

The trend in research related to augmented reality in mathematics is depicted in Table 1. Most of the research 

conducted in the field of science learning has employed a quantitative approach, accounting for 14 articles or 64% 

of the total. Additionally, there are a notable number of qualitative studies, total of four articles (18%), while 

mixed-method research accounts for four articles as well (18%). These findings indicate that the investigation of 

augmented reality in mathematics can be addressed using a combination of quantitative, qualitative, and mixed-
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method research approaches. Furthermore, Table 1 presents the distribution of research methods adopted in the 

sample articles. 

 

Figure 4. Distribution of Research Methods Adopted in Augmented Reality Research 

Table 2. Types of research on augmented reality in mathematics 

No 
Type of 

Research 
Total References 

1 Quantitative  14 (Aldalalah et al., 2019; Ali et al., 2023; Alkhabra et al., 2023; 

Angraini et al., 2023; Awang et al., 2019; Aziz et al., 2023; Del 

Cerro Velázquez & Méndez, 2021; Demitriadou et al., 2020; 

Elsayed & Al-Najrani, 2021; Flores-Bascuñana et al., 2020; 

Mailizar & Johar, 2021; Majeed & ALRikabi, 2022; Pozo-Sánchez 

et al., 2021; Pujiastuti & Haryadi, 2023) 

2 Qualitative  4 (Cahyono et al., 2020; Rhea & Bauml, 2020; Stojšić et al., 2020; 

Yaniawati et al., 2023) 

3 Mix-method 4 (Bedewy et al., 2022; Ozcakir & Cakiroglu, 2021; Poçan et al., 

2023; Wiliyanto et al., 2022) 

  

Author and Keywords 

Figure 4 summarizes the author’s nationality and continental from the research in augmented reality on 

mathematics learning. 

 

Figure 5. Author’s nationality and continental from research on augmented reality in mathematics learning 

In addition, Figure 5 illustrates the two most dominant keywords, namely augmented reality and mathematics 

education. These keywords appear most frequently and are interconnected. Further, the other keywords related to 
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Augmented reality include STEM, mathematics, spatial abilities, and learning STEMS. Interestingly, the 

correlation between the themes of augmented reality and mathematics spans from elementary school to university 

levels. Additionally, it is noteworthy that these themes in augmented reality and mathematics intersect with 

thematic learning, allowing for the integration of diverse subject matter expertise. 

 

Figure 6. VOS-viewer display for co-occurrence + keywords analysis. 

A frame represented each word in the cluster, and frames were connected by an edge/link. The bigger word frames 

represent the more often they appeared within the articles, and the closer distances between one frame to another 

frame indicate their greater correlation (van Eck & Waltman, 2022). 

4. Discussion 

This study attempted to analyze the existing studied publish between 2019 – 2023 on augmented reality in 

mathematics learning for elementary school students. According to the selected articles, there are several 

implementation of augmented reality in mathematics learning for elementary school students. Two criteria were 

considered for the discussion of learning results, namely, the technical and fixation of content. The technical 

analysis refers to the results related to the degree of correctness, while the fixation of content includes the research 

participants’ knowledge skills and behaviour outcomes, as well as their motivation and engagement. Table 1 

summarizes the main information, including the aim, level, method, and main results of the research. The main 

results are briefly described in the last column. The results from these studies indicate the need for special 

workshops and training for mathematics teachers on the use of AR technology and AR applications in the learning 

process. From its characteristics, AR also presents the potential for further research on other mathematical learning 

content (Rahmawati et al., 2022; Sommerauer & Müller, 2014). The models’ presentation from the augmented 

reality applications, especially in representing the abstract concepts, is of significant importance, particularly for 

middle school students. Augmented reality (AR) stands as a novel technology with substantial potential for 

educational applications. The inquiries pertaining to the actual impact of this technology warrant further 

investigation in future research (Limperos et al., 2015).  

Recently, the paradigm of education has been changing, emphasizing the development of human resources with 

excellent creative problem-solving skills in order to full fill the demands of the contemporary digital era following 

dynamic technological innovations (Marsitin et al., 2022; Sa’dijah et al., 2023; Setyosari et al., 2023; 

Wuryaningrum et al., 2017). The mobile application, equipped with augmented reality (AR) features, played a 

crucial role in assisting students in bridging the gap between real-world scenarios and mathematical concepts 

during problem-solving while adhering to the mathematical modelling cycle (N. A. Utami et al., 2023). Through 

AR development, augmented reality usage increases student’s achievement and visual thinking. These findings 

from the available studies also signify the potential of AR-based activities in promoting students’ acquisition of 

geometric and spatial abilities. Besides, augmented reality in the mathematics curriculum also aims to address the 
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students’ mathematical literacy. The findings from 76.25% of those studies also highlight the need to develop an 

Augmented reality (AR) based on learning model for students in inclusive schools. The adoption of technology-

based learning media is crucial to overcoming mathematic learning obstacles for SLD students during the COVID-

19 period. Further, augmented reality is reported as an efficient solution for its users due to its capacity to create 

3D visual displays (Limperos et al., 2015; Molnár & Benedek, 2015). 

Augmented Reality (AR) can be a powerful tool to enhance mathematics learning for elementary school 

students(Chao & Chang, 2018; Y. Chen, 2019; Kramarenko et al., 2019). When integrated effectively into the 

curriculum, AR can lead to various learning outcomes that benefit students' understanding and engagement with 

mathematical concepts (S. Chen et al., 2016). Some potential learning outcomes from implementing using 

augmented reality in mathematics education for elementary school students such as improved understanding of 

abstract concepts (Bujak et al., 2013; Marini et al., 2022; Wu et al., 2013). AR can provide visual and interactive 

representations of abstract mathematical concepts, making it easier for students to grasp concepts like fractions, 

geometry, and algebra. The immersive and interactive nature of AR can make mathematics learning more 

engaging and fun for students, motivating them to explore and solve mathematical problems (Dunleavy et al., 

2009; Estapa & Nadolny, 2015; Rahayuningsih et al., 2022).  

By utilizing Augmented Reality (AR) learning media developed in android-based mobile phone technology 

(Suryanto et al., 2018; Susilo et al., 2021). The method used in the development of this system is the waterfall 

method (Munir & Wanti, 2022). With the development of this learning media can look more real and can make 

these students become more interested in learning math subjects (Astuti et al., 2019). AR can link mathematical 

concepts to real-world applications, helping students see the relevance of math in everyday life (Blum, 2015; 

Blum & Niss, 1991; Boaler, 1993; Gainsburg, 2008; Sari, 2020). For example, students can use AR to measure 

objects or solve practical problems (Jiang et al., 2021). It also can support the development of spatial reasoning 

skills by allowing students to manipulate 3D objects and explore geometric shapes in a tangible way (Baki et al., 

2011; Del Cerro Velázquez & Méndez, 2021; Maharani et al., 2020). AR applications can adapt to individual 

students' learning needs, providing tailored feedback and challenges based on their performance, promoting 

personalized learning. AR can facilitate collaborative learning experiences, where students work together to solve 

math problems or explore mathematical concepts, promoting communication and teamwork (Handoyo et al., 

2021; Yu et al., 2022). The integration of augmented reality into mathematics learning for elementary school 

students has the potential to enhance their understanding, engagement, and retention of mathematical concepts, 

ultimately preparing them for a more mathematically literate future. 

5. Conclusion 

Tremendous scientific and technological advancements have been reported in various fields of life.In the era of 

information technology and technological devices. In general, following the technology advancement, current 

teaching and learning practices can be categorized as conventional. The ability to understand materials is the main 

foundation of learning. For the selection of the research papers, we used the terms “augmented reality and 

mathematics” in the disbursement menu in the Scopus database. This section, divided into, details the results of 

this study. First, we describe the results of the document analysis, then we present the results in a visual form to 

illustrate the results. After four stages of screening eligible articles, a total of 22 articles were selected for inclusion 

in this systematic review. In the last phase, the review of existing articles was carried out, ensuring articles were 

in accordance with the research themes, accessible, and written in English. From this final stage, we obtained 22 

research papers.  

There are four studies using the target audience at the elementary school level (18%), while fourteen studies target 

secondary school students as the target audience (64%). Besides, 5 and 9 % of research target the senior high 

school level and tertiary level as the target audience. In the end, one research mentions no specific target audience 

(5%). Most of the research conducted in the field of science learning has employed a quantitative approach, 

accounting for 14 articles or 64% of the total. Additionally, there are a notable number of qualitative studies, 

totaling four articles (18%), while mixed-method research accounts for four articles as well (18%). The integration 

of augmented reality into mathematics learning for elementary school students has the potential to enhance their 
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understanding, engagement, and retention of mathematical concepts, ultimately preparing them for a more 

mathematically literate future.  
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