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ABSTRACT 

ABSTRACT 

The aim of this study was to uncover research trends in the 

use of augmented reality (AR) in magnetic field learning 

from 2012 to 2023. The review in this study followed the 

guidelines of Kitchenham, B. and Charters, which 

consisted of three stages: planning, conducting, and 

reporting the review. During the planning stages of the 

review, 107 articles were identified using keywords. The 

remaining articles were examined according to inclusion 

and exclusion criteria, so that 21 articles were further 

processed. A review stage is then carried out, followed by 

reporting of the review results. The results of this study 

suggest that the use of augmented reality (AR) to teach 

magnetic fields is primarily focused on teaching high 

school students. The aspects that have attracted the most 

attention when analyzing the implementation of AR in 

magnetic field education are learning/academic 

performance, perception and attitude. The most commonly 

used forms of AR in the study of magnetic fields are mobile 

applications, AR-based learning experiments, 3D 

simulations, and real-time simulations, all of which aim to 

explain abstract concepts and facilitate experimental 

explorations. Quantitative research design is the most 

commonly used approach in this field. The primary data 

collection tools used in this study include achievement 

tests, surveys, and questionnaires. 
 

 

 

INTRODUCTION 
 

Physics is among the disciplines explored by students at the high school level in Indonesia. Physics 

encompasses comprehending theories and conducting experiments, which most students consider 

difficult [1] [2]. A subject of study considered difficult by students is the subject of magnetic fields, as 

highlighted by Neset Demirci [3] and Chasteen & Pollock [4]. This difficulty arises from the abstract 

nature of magnetic fields, which necessitates using visual aids to comprehend these abstract ideas. 
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Physics concepts of an abstract nature can be visually represented through the utilization of 

technological tools such as Augmented Reality [5] [6] [7] [8]. Augmented Reality (AR) is a 

technology that engrosses the user and allows for interaction, whereby computer-generated digital 

information, including video, graphics, animation, text, or sound, is seamlessly incorporated into real-

world surroundings [9] [10] [11]. An extension or variation of virtual reality (VR), AR is a connection 

that effectively bridges the divide between actuality and virtual reality [12] [13]. 

  

In the last 11 years, namely from 2012 to 2023, there has been a growing trend in the field of science 

education, especially in physics, where the integration of Augmented Reality (AR) technology has 

been the focus of research [14] [15] [16] [17]. A notable development is the incorporation of AR into 

learning materials, with various studies exploring its application in various subject areas such as 

electrical concepts [18] [19], sound waves and optics [20], and planetary motion [21] [22]. The results 

of these studies have shown positive results indicating an improvement in student performance. 

Furthermore, Dünser et al. [23] developed an interactive physics textbook that uses AR technology to 

enhance learning experiences on electromagnetism and is specifically aimed at high school students. 

Previous research has shown that marker-based AR books are more effective at helping students 

understand complex 3D concepts than traditional books. As a result, further research has been 

conducted to explore the use of tablets as an alternative to smart glasses for AR applications [24] [25]. 

These studies aim to explore the potential of tablet-based AR to improve students' conceptual mastery 

while reducing their cognitive load. 

 

In the field of educational research, the use of Augmented Reality (AR) can also be useful in the field 

of laboratory-based learning [26] [27] [28] [29] [30]. In addition, AR can increase the attractiveness 

and interactivity of physics laboratories. By using AR, students can participate in exploration and 

interaction with virtual objects in a safe laboratory environment. Furthermore, the implementation of 

AR has the potential to strengthen student engagement and improve learning outcomes in physics 

laboratory training [28]. Wang et al. [31] conducted a comprehensive study of student behavior in a 

collaborative environment for physics studies. The results of this study show that AR visualization can 

be a valuable tool for promoting student engagement and facilitating experimentation as a learning 

method, particularly in collaboration between students. 

 

Since 2019, numerous review articles have been published on the use of augmented reality (AR) in 

education, particularly in the context of science teaching. These studies include the studies by various 

researchers [14] [15] [16] [17], which examine the integration of Augmented Reality (AR) in science 

education. In previous research, there have been several reviews on implementing AR in physics 

education and experimental environments [15] [32] [33]. Based on this review, no research has been 

conducted on integrating AR into physics education, particularly in magnetic fields involving abstract 

concepts. 

  

Therefore, this research focuses on conducting an evaluation to identify and verify the use of AR in 

physics education, with a particular focus on the topic of magnetic fields. In a more specific context, 

we examine the variables, AR types, predominant methods, data collection tools, sampling techniques, 

and research participants commonly used in AR research in the field of magnetism education. The 

boundaries and scope of scientific publications included in the final review were determined by the 

inclusion and exclusion criteria of this study. Initially, the researchers only considered the papers that 

considered AR in the context of magnetic field learning – where the results could be quantified. 

Likewise, papers published before 2012 were excluded from this analysis in order to examine studies 

published in the last 11 years showing an increase in the use of augmented reality (AR) in physics 

education (i.e., between 2012 and 2023). This review only includes research published in indexed 

journals and proceedings, as such publications are believed to have greater credibility than non-

indexed journals and proceedings. 

 

The insights gained from this methodological review of the existing literature can help researchers and 

educators interested in implementing AR in the field of physics education, particularly in the context 
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of magnetic fields. Therefore, a comprehensive investigation is conducted to elucidate the presence of 

AR in magnetic field learning and answer the following seven research queries. 

1. How many articles have been published about the use of AR in magnetic field learning? 

2. What population has been studied in articles about the use of AR in magnetic field learning? 

3. What variables have been examined in the published articles on the use of AR in magnetic field 

learning? 

4. How has AR been used in magnetic field learning? 

5. What research methods were used in the published articles on the use of AR in magnetic field 

learning? 

6. What instruments were used in the published articles on the use of AR in magnetic field learning? 

7. What are the recommendations for future AR research in magnetic field learning? 

 

 

METHOD 

 
This research follows the guidelines of Kitchenham, B. and Charters [34], who suggest that systematic 

reviews include three main phases: planning the review, conducting the review, and reporting the 

review. The stages of the systematic review are shown in Figure 1. 

 

 
 

Fig 1. The Stages in a Systematic Literature Review [34]  

 

Planning the review 

This stage entailed formulating the methodology for identifying the most relevant literature to answer 

the research queries. We conducted a thorough and iterative verification process from 2012 to June 

2023 focused on scientific journals on the use of augmented reality in magnetic field learning. We 

used Publish or Perish software to conduct the search. The search terms used were "Augmented 

Reality" AND "Magnetic Field" and "Augmented Reality" AND "Magnetism Learning" in the Google 

Scholar databases. The following search criteria were defined: Document type: "Article". Language: 

English. The initial search yielded a total of 200 articles. We then defined the following categories:  

article and proceeding type. After applying these additional filters, we identified 107 articles.  

 

Researchers meticulously examined these articles to determine their suitability for inclusion in the 

Planning the Review 
 Identification of the need for a review 
 Specifying the research operation 
 Developing a review protocol 

Conducting the Review 
 Identification of research 
 Selection of primary studies 
 Data extraction and monitoring 
 Data syntesis 

Conducting the Review 
 Formatting the main report 
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study. Articles that did not meet the specified inclusion and exclusion criteria (see Table 1) were 

excluded. Ultimately, we identified 21 studies that were deemed relevant to the objectives of this 

review. 

 

Table 1. Inclusion and Exclusion Criteria 

Inclusion Exclusion 

Articles from indexed journal Articles not indexed, book chapters, paten, etc 

Conference proceedings indexed Conference proceedings not  indexed 

Empirical articles Editorials, meta-analysis, review articles on 

application developments 

Articles focusing on AR in magnetic field 

learning 

Timeline 2012 – June 2023 

Articles on other topics 

 

Less than 2012 

 

Conducting the Review 

This stage took place after the planning phase of the review was completed. We then designed a data 

extraction form (spreadsheet document) that consisted of the following elements: study name, 

publication type, publication year, publication journal, sample level, variables examined, type of AR, 

data collection tools,  reported advantages, reported disadvantages, time dimension, and main results. 

 

Reporting the Review 

In the current stage, a comprehensive analysis, synthesis, and presentation of relevant information was 

carried out, which effectively addressed the research queries established in the initial planning phase. 

The results of the study were briefly and succinctly summarized in the ―Results‖ section. 

 

 

RESULTS AND DISCUSSIONS 

 
Number of Publications 

Among the 21 research studies on Augmented Reality in Magnetic Field Learning, 13 scientific 

journals and eight scientific conferences were analyzed. The tabular format referred to as Table 2, 

illustrates the allocation of articles from 2012 to June 2023. 

 

 Table 2. Publication Type and Number of Articles Selected in Each 

Publication 

Type 
Journal and Conference Selected 

Number of 

Studies 

Percentage 

(%) 
Journal Computers & Education: X Reality 1 4.76 

Journal International Journal of Science Education, Part B 1 4.76 

Journal Interactive Learning Environments 2 9.52 

Journal Journal of Computer-Assisted Learning 1 4.76 

Journal Computer Applications in Engineering Education 1 4.76 

Journal Technology, Pedagogy and Education 1 4.76 

Journal Procedia Computer Science 1 4.76 

Journal IEEE Transactions on Magnetics  2 9.52 

Journal Pegem Journal of Education & Instruction 1 4.76 

Journal Computers & Education 1 4.76 

Journal The Physics Teacher 1 4.76 

Proceeding Journal of Physics: Conference Series 3 14.29 

Proceeding CHI '19: CHI Conference on Human Factors in Computing Systems 1 4.76 

Proceeding 2019 IEEE Conference on Virtual Reality and 3D User Interfaces (VR) 1 4.76 

Proceeding 2019 International Symposium on Educational Technology (ISET) 1 4.76 

Proceeding 2017 IEEE 17th International Conference on Advanced Learning 

Technologies (ICALT) 

1 4.76 

Proceeding OzCHI '12: Proceedings of the 24th Australian Computer-Human 

Interaction Conference 

1 4.76 
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The results of the systematic literature search show that only 21 articles were published in 

international journals and proceedings indexed by Scopus and WOS in the period 2012-2023. Articles 

exploring the use of AR in learning magnetic fields have been published primarily in the proceedings 

of the Journal of Physics: Conference Series, followed by the journal Interactive Learning 

Environments and the journal IEEE Transactions on Magnetics. Additionally, journals such as 

Computers & Education and Technology, Pedagogy and Education only have one publication from 

2012 to 2023. 

 

Distribution of Sample Levels 

Of the 21 studies on the use of AR in magnetic field learning, eight studies were conducted on high 

school students, six studies were conducted on university students, five studies were conducted on 

junior high school students, one study was conducted on teachers, and one study did not explain which 

sample was used. The distribution of sample quantities is shown in Table 3. 

 

Table 3. Distribution of Sample Levels 

Sample level 

Number 

of 

Articles 

Percentage 

(%) 
Sample research 

Junior High School students  5 23.81 Q.Liu et al. [27]  

High school students 8 38.10 Abdusselam & Karal [35]  

Undergraduate students 6 28.57 Radu & Schneider [36]  

Teachers 1 4.76 Widyanti et al. [37]  

Not mention 1 4.76 Matsutomo et al. [38]  

 

The results of the literature analysis found that the use of AR in magnetic field learning was mainly 

carried out by high school students [23] [35] [39] [40] [41] [42]. Then the use of AR in learning 

magnetic fields was carried out in universities [36] [43] [44] [45], and then the use of AR in 

explaining abstract concepts in learning magnetic fields was also carried out in junior high school 

students [27] [46] [47] [48] [49]. 

 

Variables Examined in the Articles about the Use of AR in Magnetic Field Learning 

The variables examined were examined as a separate category in this study and the results were 

presented in Table 4. The findings demonstrate that the primary benefits identified in the articles are as 

follows: "Learning/Academic Achievement" (f=13), "Perception" (f=4), and "Attitude" (f=4). 

Moreover, other variables, such as motivation, learning interaction, cognitive load, critical thinking, 

and satisfaction, were all thoroughly assessed within the scope of the analyzed literature. 

 

Table 4. Frequency of the Examined Variables in the Articles 

Examined Variables 
Number of 

Articles 
Percentage (%) Sample Research 

Learning/academic 

achievement 

13 61.90 Cai et al. [49]  

Perception 4 19.05 Abdusselam & Karal [35]  

Attitude 4 19.05 Radu & Schneider [36]  

Motivation 2 9.52 Ibanez et al. [50]  

Learning interaction 2 9.52 Y. Wang [46]  

Cognitive load 1 4.76 Q. Liu et al [27]  

Critical Thinking 1 4.76 Faridi et al [44]  

Inquiry styles 1 4.76 Radu et al. [43]  

Scientific concepts 1 4.76 Radu et al. [43]  

Satisfaction 1 4.76 Y. Wang [46]  

Collaboration 1 4.76 Radu & Schneider [36]  

Flow state 

Opinions 

1 

1 

4.76 

4.76 

Ibáñez et al. [51]  

Abdusselam [41]  
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The review results also show that learning outcomes, perception, and attitude are often examined in 

these articles. Almost all articles examined included learning outcomes variables in their research. 

These variables were found in the research [43] [46] [47]. Most research states that using AR in 

magnetic field learning is effective in improving students' learning performance. In the literature 

discussed, learning success variables are often combined with perception, attitudes and motivation. 

This is because learning achievement is strongly influenced by students' attitudes, motivations and 

perceptions, so these variables are taken into account simultaneously in a study [52[ [53] [54]. In the 

research of Cai et al. [49] and Radu et al. [43], the observed variables were students' learning 

achievement and their attitudes toward AR technology in magnetic field learning. Meanwhile, the 

research of Liu et al [27] and Abdusselam & Karal [35] examined the impact of using AR in the 

magnetic field learning on learning achievement and students' perceptions of the AR technology used. 

In addition, several studies have been conducted in the articles reviewed, the impact of using AR in 

magnetic field learning on students' interaction with the environment [46], the impact of AR on 

students' critical thinking abilities [44], the impact of AR on cognitive load [27], and several other 

variables mentioned in the ―Results‖ section. 

 

AR Applications Used in Magnetic Field Learning 

This aim of this research was to investigate the different materials for AR in magnetic field learning 

examined in the reviewed articles. When reviewing the articles, it was found that mobile applications 

(f = 4), AR-based learning environments (f = 2), 3D simulation based on AR (f = 2), and a real-time 

visualization based on AR (f = 2) proved to be the most popular alternatives. The relevant findings on 

this topic are presented in Table 5. 

 

Table 5. Types of AR Applications Used in Magnetic Field Learning  

AR Applications 

Number 

of 

Articles 

Percentage 

(%) 
Sample research 

Mobile application 4 19.05 Q. Liu et al [27]  

AR-based learning environments 2 9.52 Faridi et al [44]  

3D simulation based on AR 2 9.52 Bakri et al. [40]  

A real-time visualization based on AR 2 9.52 Matsutomo et al. [38]  

Remote AR system 1 4.76 Radu et al. [43]  

AR game system 1 4.76 Y. Wang [46]  

Electronic worksheets integrate STEM AR 1 4.76 Zahara et al. [55]  

STEM learning resources assisted by AR 1 4.76 Widyanti et al. [37]  

AR instructional material 1 4.76 Abdusselam & Karal [35]  

AR-based experiment 1 4.76 Harun et al. [39]  

Interactive hardware system 1 4.76 Radu & Schneider [36]  

AR-based inquiry courseware 1 4.76 Q. Liu et al. [48]  

AR-based motion sensing software 1 4.76 Cai et al. [49]  

Immersive visualization system 1 4.76 Matsutomo et al. [56]  

AR books 1 4.76 Dünser et al [23]  

 

The analysis results also show that mobile applications, AR-based learning environments, 3D 

simulation and real-time visualization based on AR are the types of AR that are widely used in 

magnetic field learning. This type makes it easier visualize abstract concepts from magnetic field 

material in classroom learning. 

 

Method Trends 

Based on Figure 2, 52% of  articles used quantitative design, 24% used development design, 19% used 

mixed design, and 5% used qualitative design. 
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Fig 2. Research method used in the reported studies 

 

According to a thorough literature review, researchers utilize quantitative methods more frequently 

than qualitative ones. The need to observe the immediate effects of utilizing AR in researching 

magnetic fields is likely the driving force behind researchers' widespread usage of quantitative 

designs. Due to the rise in research using quantitative designs and mixed techniques, particularly in 

using AR in physics learning in recent years [14] [32], this form of qualitative research is rarely 

conducted. A few articles also detail the design stage of employing AR for understanding magnetic 

fields. The impact of the emerging AR technology has not been examined through experimental study 

for this kind of article.  

 

Data Collection Tools on the Use of AR in Magnetic Field Learning 

The results demonstrate that achievement tests were employed in 61.90% of the articles, 

survey/questionnaires in 52.38%, and interviews in 23.81%. The distribution of data collection tools is 

shown in Table 6. 

 

Table 6. Distribution of Instruments 

Instruments 
Number of 

Articles 
Percentage (%) Sample research 

Achievement test 13 61.90 Cai et al. [49]  

Survey / Questionnaire 11 52.38 Y. Wang [46]  

Interview 5 23.81 Abdusselam & Karal [35]  

Observation 2 9.52 Y. Wang [46]  

Cognitive load scale 1 4.76 Q. Liu et al [27]  

Validated rating scheme 1 4.76 Radu & Schneider [36]  

Flow State Scale (FSL) 1 4.76 Ibáñez et al. [51]  

Self assessment 1 4.76 Buesing & Cook [42]  

 

The analysis results also show that assessment tests and surveys/questionnaires are the most 

commonly used data collection tools. This is consistent with the results showing that the quantitative 

research design is the most commonly used in the articles examined. The variable academic 

achievement appears most frequently in the papers in this study. This is consistent with the results of 

the study investigation [14] [57]. According to Sırakaya & Alsancak Sırakaya [57] and Mustafa & 

Arici et al. [14], tests, questionnaires, surveys, and interviews were the most commonly used data 

collection tools. 

 

Based on the analysis of the articles discussed in this research, especially on the use of AR in magnetic 

field learning, we propose several suggestions for future AR research in magnetic field learning: 1) 

Previous research on the effects of using AR in the field of magnetic field learning focused mainly on 

the variables associated with learning outcomes, attitudes, perceptions, and motivation. In future 

research, it would be beneficial to expand the scope of these variables to understand the effectiveness 

of AR in the learning process. Additionally, future research can be conducted on how AR influences 
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the cognitive load of students engaging in magnetic field learning, considering factors such as age and 

gender. In addition, future research could also focus on the influence of AR on students' engagement 

in magnetic field learning, so that the benefits of AR in learning can be understood. 2) There is 

potential for further improvements in integrating augmented reality (AR) technology into smartphone 

applications and games, particularly related to magnetic fields. This advance would serve to facilitate 

visualization of abstract concepts and experimentation. 3) To help explain conceptual ideas about 

magnetic fields, future research efforts must focus on developing printed educational materials. These 

materials, such as books and modules, should incorporate AR technology to visualize abstract 

concepts related to magnetic fields and experiments. This also follows the recommendations of the 

review results [58]. In addition, it is recommended to conduct experimental research to determine the 

effectiveness of using printed teaching materials in magnetic field learning. 

 

 

CONCLUSION AND SUGGESTION 

 
This work presents a systematic literature review of research articles that use AR applications for 

learning magnetic fields. It can be concluded: (1) There are 21 articles on the use AR in learning 

magnetic fields published in Scopus-indexed journals and conference proceedings. (2) The use of AR 

for magnetic field teaching primarily aimed at high school students. (3) The variables that have 

received the most attention when studying AR implementation in magnetic field learning are 

learning/academic achievement, perception, and attitude. (4) The most commonly used types of AR in 

the study of magnetic fields include mobile applications, AR-based learning experiments, 3D 

simulations, and real-time simulations, all of which aim to clarify abstract concepts and facilitate 

experimental explorations. (5) Quantitative research design is the most commonly used approach in 

this area. (6) The primary data collection tools of this study include tests, surveys and questionnaires. 

(7) Recommendations are made regarding variables that have not been examined in depth in the 

articles discussed. The implication of this research is to find the gap in research regarding the use of 

AR in learning magnetic fields through patterns of analysis results and frequently occurring keywords. 

For example, the research would examine the effects of AR on students' engagement in learning 

magnetic fields and examine the effects of gender on the learning outcomes of AR-based magnetic 

field learning. Future Research: There is a need to create teaching resources in the form of printed 

literature, including books and modules, that effectively connect augmented reality (AR) with the field 

of magnetic field learning, thus clarifying complicated theoretical constructs and experimental 

procedures. 
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