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Abstract 

The development of augmented reality (AR) technology as a teaching tool in education is 

expanding, as it can boost interest in learning and improve the visual understanding of 

abstract concepts. However, most application developments currently rely on marker-based 

techniques, which are based on existing research. Recognizing this research gap not only 

highlights an unexplored area but also indicates a promising direction for future research and 

sustainability in education. Therefore, this systematic literature review highlights the 

importance of utilizing markerless and 3D object recognition techniques in developing AR 

applications to enhance visual skills during the learning process. The Scopus database was 

used to identify eligible articles, following the Preferred Reporting Items for Systematic 

Reviews and Meta-Analysis (PRISMA) guidelines. A total of 25 articles from 2019 to 2023 

met the criteria for final review, and they were categorized into three main themes: type of 

augmented reality technology, target subject, and theory and model used in developing AR 

applications for education. This study provides educational researchers and developers with a 

comprehensive understanding of the potential benefits of creating AR applications that utilize 

markerless and 3D object recognition techniques in education. 

Keywords: sustainability, augmented reality, marker-based type, markerless type, 3d object 

recognition technique, systematic literature review 

1. Introduction 

The fourth Sustainable Development Goal (SDG) is to provide quality education. One of the 

targets to be achieved by 2030 is to build and upgrade educational facilities, providing a safe, 

inclusive, and effective learning environment. Recent technologies, such as augmented reality 

(AR), can be used in the education system to replace conventional methods as learning tools 

for knowledge delivery. For instance, AR provides an interactive experience of a real-world 

environment enhanced by computer-generated virtual reality (Shakirova et al., 2020), in 

addition to providing opportunities for improving student performance (AlNajdi, 2022; 

Nadzri et al., 2023). 

AR is a digital layer that overlays the physical environment, attaching virtual elements to the 

real world (Ronaghi & Ronaghi, 2022). AR is classified into five types: marker-based, 

markerless, location-based, projection-based, and outlining-based (Devagiri et al., 2022). In 

contrast to Aggarwal & Singhal (2019), AR applications can be categorized into four types: 

marker-based, markerless, projection-based, and superimposition-based. The technology has 

undergone significant development over the years, resulting in its widespread availability for 

various applications and fields, such as tourism (Iglesia & Iglesia, 2023), indoor tracking 

systems (Shewail et al., 2023), automotive (Zuben & Viana, 2022), and education (Wen, 

2021).  

Digital learning tools can revolutionize teaching and learning in the classroom. AR 

technology offers a different perspective compared to traditional methods, such as 

blackboards, whiteboards, and PowerPoint presentations, which can be considered somewhat 

outdated. (Arulanand et al., 2020). He added that using AR can help students boost their 
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creativity, increase motivation, and encourage teamwork. 

Moreover, the educational process can be improved by accelerating the transfer of knowledge 

and experience when AR technology is used (Lavrentieva et al., 2020). In addition, student 

achievement improves through the integration of AR into learning activities, and their attitude 

towards learning becomes more positive (Fidan & Tuncel, 2019). For instance, (Dreimane & 

Daniela, 2021) found that students can understand both the external and internal dimensions 

of the body through the integration of AR technology in learning anatomy, without needing to 

be in a specialized anatomy laboratory. 

In summary, AR technology plays a crucial role as a learning tool for enhancing teaching and 

learning activities by visualizing content in 3D forms. Therefore, development techniques 

should be varied to enhance visualization during the learning process. The results of this 

study collectively support the significant impact of AR technology on enhancing 3D 

visualization and facilitating a transition from static to dynamic states in education. With the 

ongoing advancements in technology, it is anticipated that AR will play a more significant 

role as a learning tool, enhancing learning strategies and improving learning outcomes. 

This comprehensive review of the literature aims to provide an in-depth analysis of 

state-of-the-art AR development techniques specifically designed to enhance visualization in 

educational contexts. Through careful examination and integration of recent studies, research 

outcomes, and emerging trends, this review provides a comprehensive overview of current 

approaches to AR technology development within the education sector. The emphasis on 

enhancing visualization highlights AR's capacity to convert abstract ideas into concrete and 

interactive experiences, thereby promoting deeper comprehension and involvement among 

students. 

2. Method 

This section discusses the method used to retrieve articles related to the development of AR 

applications in education. The reviewers used the Preferred Reporting Items for Systematic 

Reviews and Meta-Analysis (PRISMA) statement (Moher et al., 2009) and the inclusion and 

exclusion rules guided by (Mohamed Shaffril et al., 2019). The Scopus database was used to 

identify eligible articles on the development of AR applications, specifically in the education 

sector. The review processes, including identification, screening, eligibility, and data 

extraction, are also discussed in this section.  

2.1 Identification 

The systematic review process involved three main stages for selecting relevant articles for 

this study. The first stage is keyword identification, which involves related or similar terms 

based on thesaurus, dictionaries, and past research. After all relevant keywords were 

identified, a search string was developed on Scopus in October 2023 (see Table 1). 
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Table 1. The search strings. 

Database Keyword 

Scopus TITLE-ABS-KEY ( "Augmented Reality" AND ( "Education" OR "Learning" ) AND 

"School" AND ( "Design" OR "Evaluation" ) ) AND PUBYEAR > 2018 AND PUBYEAR < 

2024 AND ( LIMIT-TO ( SUBJAREA , "SOCI" ) OR LIMIT-TO ( SUBJAREA , "MATH" ) ) 

AND ( LIMIT-TO ( DOCTYPE , "ar" ) ) AND ( LIMIT-TO ( LANGUAGE , "English" ) ) 

AND ( LIMIT-TO ( SRCTYPE , "j" ) ) 

2.2 Screening 

Based on previous stages of the systematic review process, 765 papers were collected from 

the Scopus database. During this stage, the articles underwent a filtering process based on 

several criteria. The primary and initial criteria are literature, namely, in the form of a 

research article, and limited to journal sources only. The criteria for exclusion in recent 

research encompass systematic reviews, reviews, meta-syntheses, meta-analyses, books, book 

series, chapters, and conference proceedings. Furthermore, this review was limited to 

English-language publications. It is essential to remember the scope of the publication for a 

period of five years (2019-2023). A total of 626 articles were successfully removed from the 

entire database, resulting in the remaining 139 articles. 

2.3 Eligibility 

The third stage was eligibility, which contained a comprehensive collection of 139 articles. At 

this stage, the titles of all articles and the main text content were thoroughly reviewed to 

ensure that the inclusion criteria were met and that the articles were suitable for the research 

objectives of the present study. Thus, 114 articles were excluded from the study because their 

titles and abstracts were not substantially relevant to the research purpose. A total of 25 

articles were available for review (Table 2). 

Table 2. The selection criteria. 

Criterion Inclusion Exclusion 

Language English Non-english 

Timeline 2019-2023 <2019 

Subject area Social Sciences and 

Mathematics 

Others 

Literature type Journal (only research articles) Journal (book chapter, conference proceeding) 

2.4 Data Extraction  

The expert study aimed to identify the relevant topics and subtopics. The data-collection 

phase is a crucial step in developing the theme. As shown in Figure 1, the authors 

meticulously examined 25 publications for claims or materials relevant to the topics of this 

study. Based on the selected publications, the general characteristics and findings of the 

studies were recorded, including the title of the articles, author, research question, objectives, 

research approach, theory or model, population or sample, augmented reality type, topic or 
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target area, technique, evaluation, and results. The researchers began a collaborative 

discussion to systematically derive themes from the data in the context of this research. 

 

Figure 1. Flow diagram of the proposed searching study 

 

3. Findings and Discussion 

All articles were categorized based on three main themes: the type of augmented reality 

technology, the target subject, and the theory and model used in developing AR applications 

for education. There were also reviews of evaluations, theories and models, and populations 

or samples. The interpretations of the studies' results were extracted and summarized in a 

table (see Table 3). 

Table 3. Summary of augmented reality technology usage in education. 

No. Author 

Type of 

Augmented 

Reality 

Target 

Area / 

Subject 

Evaluation Theory / Model 
Population / 

Sample 

1. Suprapto et al. 

(2020) 

(Indonesia) 

Marker Physics Product quality, 

students' abstract 

thinking skills, 

outcome of research 

project (publication & 

ADDIE model Private high 

school (33 

students) 
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property right) 

2. Uiphanit et al. 

(2020) 

(Thailand) 

Marker Chinese 

Language 

Achievement, attitude TAM model Secondary 

school (40 

teacher and 

students) 

3. Suprapto et al. 

(2021) 

(Indonesia) 

Marker Physics Product quality, 

students' 

achievement, 

research outcome 

ADDIE model Public high 

school (30 

students) 

4. Jalaluddin et 

al. (2020) 

(Malaysia) 

Marker English Achievement ADDIE model, 

CTML theory 

Primary school 

(45 students) 

5. Hussein et al. 

(2023) 

(Iraq) 

Marker English Achievement, 

tendencies, and 

acceptance 

Not mentioned Primary school 

(58 students) 

6. Nordin et al. 

(2020) 

(Malaysia) 

Marker Robotics 

educationa

l game 

Interest, engagement Agile model Secondary 

school (4 

students) and 

higher 

institution (7 

students) 

7. Lin et al. 

(2023) 

(Taiwan) 

Marker Smart 

Industry 

Knowledge and 

Understanding, 

Skills, Attitudes and 

Values, Enjoyment, 

Inspiration and 

Creativity, Behaviour 

and Progression 

Generic Learning 

Outcome (GLO) 

model 

Senior high 

school (62 

students) 

8. Merino et al. 

(2022) 

(Chile) 

Marker Science Experts' validation on 

AR apps and 

sequential analysis 

performed by 

pre-service teachers 

Teaching Learning 

Sequence (TLS) 

model 

Scientists, 

teachers, and 

pre-service 

teachers 

9. Blanca & 

Lucía (2020) 

(Mexico) 

Marker Mathemati

cs 

Achievement, 

motivation (ARCS) 

Constructivism 

learning theory, 

ARCS Model 

Secondary 

school (93 

students from 

one private and 

two public 

schools) 

10. (Widyaningsih 

et al., 2023) 

Marker Physical 

Education 

Learning and 

implementation 

ADDIE model 28 physical 

education 
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(Indonesia) model teachers 

11. Awang et al. 

(2019) 

(Malaysia) 

Marker Mathemati

cs 

Usability (ease of use, 

usefulness, 

self-efficacy, 

compatibility, using 

intention) 

Not mentioned Primary school 

(32 Linus 

students) 

12. Sun & Chen 

(2020) 

(Taiwan) 

Marker Mathemati

cs 

Achievement Not mentioned Primary school 

(60 students) 

13. Ozcakir & 

Cakiroglu 

(2021) 

(Turkey) 

Marker Mathemati

cs 

Need analysis and 

prototyping stage 

Guides for 

Improving Spatial 

Ability with AR 

(GISAR) 

1st iteration (2 

teachers), 2nd 

iteration (66 

middle school 

students), 3rd 

iteration (26 

students) 

14. Lavicza et al. 

(2022) 

(Austria) 

Markerless Mathemati

cs 

Design aspects Not mentioned Not mentioned 

15. Sukardjo et al. 

(2023) 

(Indonesia) 

Not 

mentioned 

Engineerin

g 

Instructional design, 

material, media, and 

language 

ADDIE model Vocational 

High School 

(24 students) 

16. Richardo et al. 

(2023) 

(Indonesia) 

Marker Mathemati

cs 

Design evaluation 

and achievement 

ADDIE model 4 expert 

validators, 4 

mathematics 

teachers, Junior 

High School 

(18 students) 

17. Lu et al. 

(2021) 

(Hong Kong, 

China) 

Marker Chemistry Student perceptions 

(Awareness, learning, 

understanding, and 

engagement) 

Constructivism 

learning theory, 

GBL theory, CTML 

theory 

Higher 

education (46 

students) 

18. Yamtinah et 

al. (2023) 

(Indonesia) 

Marker Chemistry Achievement, 

product quality 

ADDIE model 3 Secondary 

schools (168 

students) 

19. Arvola et al. 

(2021) 

(Sweden) 

Marker Outdoor 

activity 

Usability, teacher and 

student experience, 

opportunities, and 

challenges 

Not mentioned Primary schools 

(13 teachers & 

9 nonteachers 

for evaluating 

the apps and 6 

pupils for 



 Journal of Public Administration and Governance 

ISSN 2161-7104 

2025, Vol. 15, No. 3 

http://jpag.macrothink.org 115 

semi-structured 

interviews) 

20. Najmi et al. 

(2023) 

(Saudi Arabia) 

Marker Dangers of 

electronic 

games 

addiction 

(DEGA) 

Effectiveness 

(knowledge, 

awareness) 

Experiential 

learning theory 

(design), CTML 

theory (design), 

Constructivism 

theory (learning 

awareness) 

High School 

(75 students) 

21. Tanalol et al. 

(2021) 

(Malaysia) 

Marker Jawi Learnability, 

acceptance 

ADDIE model Pusat Minda 

Lestari (10 

pupils, age 5 to 

6 years old) 

22. Muktiani et al. 

(2022) 

(Indonesia) 

Markerless Pencak 

Silat 

(Martial 

Art) 

Design evaluation 

and achievement 

APPED model Junior High 

School (44 

teachers) 

23. Nasir & 

Fakhruddin 

(2023) 

(Indonesia) 

Marker Physics Design evaluation 

and achievement 

ADDIE model Senior High 

School (68 

students) 

24. Khazali et al. 

(2023) 

(Malaysia) 

Marker English Attention, relevance, 

confidence, 

satisfaction 

ADDIE & ARCS 

models 

Primary school 

(36 students) 

25. Sulisworo et 

al. (2021) 

(Indonesia) 

Marker Science Behaviour, 

perception 

Not mentioned Junior High 

School (24 

teachers) 

 

3.1 Type of Augmented Reality Technology 

Through SLR, 22 articles focused on developing marker-based AR applications in education. 

An animated 3D object appears on the smartphone screen when the AR camera is aimed at 

target markers (Suprapto et al., 2020). For example, students use a physics pocketbook as a 

marker to learn planetary motion (Suprapto et al., 2021). Yamtinah et al. (2023) also 

developed a marker-based AR to test the effectiveness of AR media based on a tetrahedral 

chemical representation. 

The marker-based type has been used extensively to collect participant data in education, as 

evidenced by the significant proportion of 17 review studies (68%). Statistical analysis 

indicates that the marker-based type remains reliable due to its ability to track images with 

high precision, thereby augmenting 3D models during the learning process. 

Although other AR techniques exist, marker-based AR remains widely used in education 
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because it creates simple, static experiences with low complexity and fewer technical issues. 

Other AR types, such as those in Devagiri et al. (2022) and Aggarwal & Singhal (2019), are 

rarely used due to higher complexity or implementation challenges. 

Furthermore, markerless AR eliminates the need for physical image markers; only two 

studies, or 8% of those reviewed, used markerless AR. Although limited, markerless AR 

offers flexible applications, does not require specific images, and provides better support for 

dynamic learning and visualization in education.  

3.2 Target Subject in Education Using Augmented Reality Technology 

Search findings from 2019 to 2023 using SLR found 16 studies. These studies showed that 

AR technology is widely used in Science, Technology, Engineering, and Mathematics (STEM) 

education (64%). Studies on physics (Nasir & Fakhruddin, 2023; Suprapto et al., 2020, 2021), 

science (Merino et al., 2022), mathematics (Lavicza et al., 2022; Ozcakir & Cakiroglu, 2021; 

Richardo et al., 2023), engineering (Sukardjo et al., 2023), and chemistry (Yamtinah et al., 

2023) focus on designing and developing product quality assurance based on expert 

evaluation and validation. These account for 36% of the overall studies. Only five studies 

have focused on AR technology development for language subjects (Hussein et al., 2023; 

Jalaluddin et al., 2020; Khazali et al., 2023; Tanalol et al., 2021; Uiphanit et al., 2020). Most 

studies focus on the effectiveness of AR usage in learning (60%), while 40% address factors 

such as motivation, learnability, acceptance, and other related aspects.  

However, only two studies evaluated usability aspects (Arvola et al., 2021; Awang et al., 

2019), making up 8% of the reviewed papers. Evaluating AR application usability is vital to 

ensure the learning process runs smoothly without technical issues and fulfils learning 

objectives. Most studies focus on AR effectiveness, with less attention to usability when 

assessing student achievement and related factors. Therefore, usability evaluation is 

necessary in each study to achieve consistent outcomes. 

3.3 Theory and Model Applied in Design, Development, and Evaluation 

The theories and models used in the studies are stated in the design and development of the 

applications. Most studies applied the instructional design (ID) of the ADDIE model for AR 

application development, while six papers did not mention any ID models that were used. 

There is also little discussion on other theories and models used in the development, such as 

the Cognitive Theory of Multimedia Learning (CTML) (Jalaluddin et al., 2020; Lu et al., 

2021; Najmi et al., 2023), constructivist learning theory (Blanca & Lucía, 2020; Lu et al., 

2021; Najmi et al., 2023), and others. 

example, the ARCS model evaluates motivation, encompassing attention, relevance, 

confidence, and satisfaction (Suprapto et al., 2020; Widyaningsih et al., 2023), as does the 

Technology Acceptance Model (TAM) (Suprapto et al., 2021). Nevertheless, the evaluation 

model is not widely linked to studies, as most focus on effectiveness evaluation. 

3.4 Summary of Findings and Suggestions for Future Studies 

This study examined techniques used to develop AR applications in education settings. While 
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earlier research explored the effectiveness of integrating AR into teaching and learning, they 

did not specifically focus on development methods. We found that most AR applications in 

schools rely on marker-based techniques rather than markerless or other approaches. For 

marker-based systems, the digital layer aligns with the real environment when the AR camera 

targets a 2D image or QR code. In contrast, virtual objects can be placed anywhere without 

moving physical objects, which is known as a markerless technique or superimposition-based 

method, where the original view of an object is partially or fully replaced with a new view. Our 

study indicates that both markerless and object recognition techniques are user-friendly and 

easy to implement. The proposed methods do not require images as targets, making them 

effective tools for teaching and learning both inside and outside the classroom. 

This study conducted a thorough examination of the approaches employed in developing 

augmented reality applications for education, with a particular focus on techniques that do not 

rely on markers and those that recognize objects. However, further research is needed to 

confirm the development process, particularly regarding technical difficulties. Our findings 

indicate that the majority of educational augmented reality applications are developed using 

marker-based methods. Future research could explore the development of AR applications that 

utilize markerless and object recognition techniques to enhance visualization. 

From a policy perspective, using AR technology in educational settings supports the global 

goal of providing quality, inclusive, and equitable education, as outlined in Sustainable 

Development Goal 4 (United Nations Statistics Division, 2020). In Malaysia, this approach 

aligns with the Malaysia Education Blueprint (Pelan Pembangunan Pendidikan Malaysia, 

PPPM 2013–2025), which emphasizes the importance of 21st-century education, technological 

advancement, and integrating technology to promote higher-order thinking skills. Teaching 

resources that incorporate AR, especially those using markerless and object recognition 

techniques, can help achieve policy goals by fostering interactive, student-centered learning 

and equipping students with essential digital skills for the future. essential digital skills for the 

future. 

Therefore, developing AR applications in education using markerless and object recognition 

techniques has great potential as an effective technology-assisted teaching tool both inside and 

outside the classroom. To maximize its impact, future studies should not only focus on 

technical development but also consider policy frameworks and educational reforms that 

support the meaningful integration of emerging technologies in teaching and learning. 

4. Conclusion 

In summary, most studies chosen for analysis focused on developing marker-based augmented 

reality applications. More than half of the studies were related to STEM subjects, primarily 

aimed at visualizing abstract concepts. There is a lack of research specifically exploring the 

development of AR applications using markerless and other techniques. Markerless and 3D 

object recognition methods do not rely on image targets; instead, they detect real 3D objects as 

targets. AR applications should incorporate markerless and 3D recognition techniques to 

enhance the AR learning process. AR is continually advancing, offering researchers an 

opportunity to explore this technology more thoroughly, shifting from static to dynamic 
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applications. The potential of AR technology in education, particularly when employing 

techniques beyond marker-based approaches, is highly promising and warrants further 

investigation in this field. 
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