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ABSTRACT 
 
Educational technologies can help students learn more interest and help the student to 
understand abstract concepts in science to become concrete with visuals in the learning 
process. The new technology in education is Augmented Reality (AR), which also has an 
excellent potential to make the learning process more enjoyable, coloring and helping 
students understand abstract concepts. The use of AR in science education has recently 
caught the attention of researchers and allowed students to gain real-world experience. 
Therefore, this study’s concept is the paper review about AR research in science education. 
The review discusses the application in the science subjects, including Physics, Chemistry, 
and Biology. Also, this paper explains the advantages of AR technology in science 
education. The review also shows that AR in science education has great potential and 
benefits for adapting to science education and highlights AR's limitations for future 
research. 
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Introduction 

In this era, technology in daily life is developing rapidly. In addition, the technology is also 
effective for use in education (Sahin & Yilmaz, 2020). Technology has positively impacted learning 
and teaching (Fidan & Tuncel, 2019; Karagozlu, 2018; Karagozlu & Ozdamli, 2017). Technology in 
science education can enhance the quality of the learning process, develop reasoning skills, help 
students acquire knowledge, improve problem-solving skills, and communicate situations. You 
are confusing in everyday life. Technology-assisted learning is a more efficient and innovative 
form of teaching and learning (Chang et al., 2018; Karagozlu & Ozdamli, 2017; Saidin et al., 2015). 

Integrating technology tools in the curriculum becomes good content in teaching 
(Abdusselam & Karal, 2020; Fidan & Tuncel, 2018; Virtanen & Rasi, 2017). The rapid advances in 
technology in education are prompting researchers to integrate emerging technologies to support 
the learning process (Chang & Hwang, 2018; Fidan & Tuncel, 2019; Maulana et al., 2019). The 
integration of technology can improve student learning outcomes. Recent studies have shown that 
students better understand the learning process using multimedia, computer simulations, 
animation, and statistical software (Neumann et al., 2011; Yoon et al., 2018).  

Previous studies have shown that the contribution of new technologies to the educational 
environment is increasing. The traditional learning environment can be transformed by using new 
educational techniques to enable extracurricular activities in the classroom (Karagozlu & Ozdamli, 
2017). Augmented Reality (AR) is one of the new technologies used in learning sciences (Fidan & 
Tuncel, 2019; Sahin & Yilmaz, 2020; Wang & Chi, 2012). Much research has been done on AR, but 
little on education, especially mathematics and science. AR has been widely used in the various 
education sector. Most are used because they are efficiently used to represent a model that needs 
to be visualized to look real (Nóbrega & Correia, 2012; Sahin & Yilmaz, 2020; Singhal et al., 2012). 
Augmented reality is a technology that places virtual information in an actual image to create an 
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interactive space where users can explore, interact, and learn at the same time (Wang & Chi, 
2012). 
 
Background of the problem 

In recent studies, students are bored when listening to the instructors before the lecturer. 
Students believed that integrated technology helped the learning process. Therefore, researchers 
have searched for integrated technologies in education in scientific issues. The following 
subsections describe how to use classes and science learning and technology such as AR to solve 
these problems.  
 
Reduce student’s interest in science subject  

Scientific company surveys are complex processes that include the identification of issues to 
inspect data collection methods and hypotheses and results for testing data collection methods 
(Fidan & Tuncel, 2019; Karagozlu, 2018; Sahin & Yilmaz, 2020; C. Wang & Chi, 2012). Participating 
in these processes makes students increasingly aware that science subjects are challenging 
subjects, allowing students to think critically at each step and achieve the best results (Chang & 
Hwang, 2018). 

 Much research has been done to teach students how to increase their interest in learning 
science. One suggestion to stimulate students' interest in scientific research is for teachers to 
provide subject-related context and make classroom activities more attractive (Fidan & Tuncel, 
2019; Sahin & Yilmaz, 2020; Yilmaz, 2021). Students prefer to study in an interactive environment. 
Students are also less interested in science because they perceive science as an uninteresting 
subject with many abstract concepts. Therefore, you need to create scientific concepts more 
precisely by using a class of visuals. 
 
Students' difficulties in visualizing abstract concepts in science subject 

The students must struggle to understand complex abstract concepts fully (Sahin & Yilmaz, 
2020). Students generally find the subject of science abstract. This requires deep understanding 
and visualization skills (Nóbrega & Correia, 2012; Sahin & Yilmaz, 2020). This can be a 
misconception when students struggle to understand the concept well. The selection of teaching 
methods plays an essential role in minimizing misunderstandings among students. (Ibisono et al., 
2020; Syuhendri et al., 2019).  

Visualization technology has the stimulating potential to promote understanding in the 
scientific field and avoid misunderstandings (Abdusselam & Karal, 2020; Matsumoto et al., 2015). 
Augmented reality can improve students' visualization skills by presenting various abstract visual 
images that allow them to manipulate and explore the pictures (Fidan & Tuncel, 2019). You can 
visualize abstract concepts using multiple available technologies (Lin et al., 2013; Wang et al., 
2014). Examples of visualization techniques examined in previous studies include animations, 
virtual environments, and simulations. These visualization techniques help solve 
misunderstandings and help students better understand. According to students ' degree of 
understanding, AR technology plays a vital role in embodying and visualizing abstract concepts. It 
is possible to observe phenomena that cannot be encountered in real life.  
 
Potential technology for visualizing abstract concepts  

Much research has found practical uses for technology to visualize abstract concepts well. The 
importance of using technology to enhance visual and intellectual involvement, especially when 
describing abstract and complex concepts in a science subject. Technology makes students 
multidimensionally recognize phenomena in science lessons, better interpret information, and 
focus attention on lessons (Fidan & Tuncel, 2019; Karagozlu & Ozdamli, 2017; Sahin & Yilmaz, 
2020; Wang & Chi, 2012). Augmented reality (AR) is one of the technologies with great potential 
in education today, especially in visualizing abstract concepts. Augmented reality is a new 
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technology that could affect education, especially in science classrooms. This statement from the 
2010-2016 Horizontal Report describes AR technology that brings the virtual world into the real 
world like the human world (Wang & Chi, 2012). AR can be described as an interactive platform 
that can present a combination of objects in the virtual world and the real world (Fleck & Simon, 
2013; İbili & Şahin, 2015; Singhal et al., 2012). When scanning using a camera, AR can make a 
virtual object to a certain point in the form of an image so that it interprets certain output 
programs in the form of objects in the real world (Arici et al., 2019; Küçük et al., 2014) AR consists 
of many virtual objects that are commonly used in education, especially 3D objects and graphics 
(Cai et al., 2014). 

 In the educational context, AR technology can provide interaction between the natural world 
and the virtual world so that it can increase student interest and motivation during the learning 
process (Fidan & Tuncel, 2019; Sahin & Yilmaz, 2020; Yen et al., 2013). The usefulness of AR in 
education is related to the ability of the technology to present complex information in a way that 
is easier to understand, explain events that cannot be seen directly, present phenomena that are 
dangerous if done in class, and visualize abstract concepts (Sahin & Yilmaz, 2020). AR can also 
reduce misunderstandings caused by students' inability to visualize abstract concepts. In addition, 
most studies conducted by AR show that students are excited and interested in learning with this 
technology. As highlighted in the horizon report, common points are expected to find that AR is 
most widely used in higher education in the medium term (Johnson et al., 2013). Especially in 
scientific education, AR was commonly used in education. A new dimension is brought to teaching, 
and creating a compatible interactive environment provides an opportunity to learn and 
educational processes (Karagozlu, 2018; Maulana et al., 2019). Thus, AR provides flexibility by 
providing a customizable interactive environment to a real-world environment. Several studies 
have integrated the results of previous studies. They have shown that AR applications have a 
positive impact on educational outcomes such as learning outcomes, attitudes, motivation, 
attention, and maintenance of learning processes (Fidan & Tuncel, 2019; Nincarean et al., 2013; 
Salmi et al., 2017). Table 1 shows the benefits of AR when used in science education. In addition, 
there are also benefits to integrating AR technology into the teaching and learning process. 

 
Table 1. The advantages of using AR technology in science education 

Author Advantages 
Singhal et al. (2012) It supports object interaction between the real and virtual worlds so 

that it is possible to manipulate objects so that students easily un-
derstand them. 

Burton et al. (2011)

  
Creating a learning experience where students are connected to a 
formal classroom enables students to learn outside class hours and 
school boundaries and can be done anywhere. 

Sahin and Yilmaz 
(2020) 

Use visuals in the classroom to help students understand the ab-
stract concepts of science more concretely. 
Create a more engaging and interactive learning experience 
You can embody and visualize abstract concepts according to stu-
dents’ level of understanding and observe phenomena that cannot be 
encountered in real life. 

Chen and Tsai, 2012). AR technology enhances student interest and motivation through the 
interaction of the natural and virtual worlds. 

Fidan and Tuncel 
(2019) 

Presents complex information in an easy-to-understand manner, 
teaches subjects that cannot be observed directly, presents danger-
ous phenomena, and objectively presents abstract concepts. 
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The advantages of AR in education (highlighted in Table 1 above) show that it is possible to 
use AR in teaching and learning, especially for scientific subjects such as mathematics and science, 
where students need to visualize abstract concepts so that they are easy to understand. AR 
technology can increase students' interest and motivation in the learning process. 
 
Application of AR Technology in Science Education  

This section describes research on the application of AR in science education. This review 
deals with the application of AR technology in various fields of study in science education, 
including physics, biology, chemistry, and science. Reflections on the application of AR in this area 
will be reviewed to assess the potential use of AR in science education. Table 2 summarizes a meta-
analysis of research related to AR in various areas of science education. The analysis includes the 
purpose of using AR and the study results. From this table, you can see how AR technology was 
implemented in each scope.  

 
Material and Methods 

This review aims to identify potential uses of AR in science education. The keyword used in 
literary studies was "augmented reality in science education." Second, research needs to map 
different domains to provide examples of AR use cases. Finally, the survey should emphasize the 
purpose of the AR technology used and the survey results. 
 
Results and Discussion 

The search of the literature was conducted using Google Scholar. The results are shown in 
Table 2. 

Table 2. Meta-analysis of research on the use of AR in different scopes in science education 

 
Author/s 

 
Scope 

 
Purposes of AR use 

 
Result of the Study 

Dilara Sahin (2020) Science Interactive 3D to simu-
late the solar system 
and create an AR learn-
ing environment 

Students using AR in the learn-
ing process had higher learn-
ing outcomes and positive atti-
tudes than students in the con-
trol group. 

Abdusselam (2020) Physics AR for 3D simulation 
and Arduino as sensor 
technology. Combining 
AR and Arduino as a 
learning environment 
for experiments 

Students who used a combina-
tion of AR and Arduino had 
higher learning outcomes than 
the control group. AR and Ar-
duino teaching materials are 
considered complete, easier to 
understand, and students are 
more active in the learning 
process. 

Bakri et al. (2020) Physics More attractive student 
worksheet with 3D 
simulation 

Developing worksheets for 
students using AR technology 
is very suitable for learning 
tools in practicum activities 

 
To be continued… 

   



2nd BASC  2022  

 

 
 5  

 

Fidan and Tuncel 
(2019) 

Physics AR learning environ-
ment with experi-
mental tools to create 
augmented mobile re-
ality, including aug-
mented video, 3D simu-
lation, AR as a learning 
environment 

Augmented reality technology 
combined with PBL (Problem 
Based Learning) can be a pos-
sible and practical way to in-
crease students' positive atti-
tudes in the practicum learn-
ing process. AR embedded in 
PBL has higher learning out-
comes than the control group. 

Sung et al. (2019) Physics AR learning environ-
ment in experiment 
tools 

The AR technology in this 
study is equipped with soft-
ware and real-time simulators 
to help create more realistic 
simulation results and is con-
sidered to be highly effective 
in the physics learning pro-
cess. 

Chang and Hwang 
(2018) 

Science 3D simulation of a 
flipped book Interac-
tive 3D simulation 

Augmented reality-based flip-
books can increase student 
motivation, critical thinking 
skills, and group self-efficacy. 

Damla Karagozlu 
(2018) 

 Interactive 3D simula-
tion  

Using AR can improve student 
achievement and problem-
solving skills. 

Georgiou & Kyza 
(2018) 

Biology Interactive 3D anatomy 
pictures 

The study results positively 
show motivation—further-
more, interest in learning pos-
itive concepts with a degree of 
immersion. 

Chang & Yu (2018) Biology Interactive 3D anatomy 
pictures and AR learn-
ing environment in the 
laboratory 

By integrating AR technology 
into teaching, students can 
adopt a more positive attitude 
toward self-learning. Students 
can gain an introduction to the 
biology lab through interac-
tive and collaborative virtual 
learning. 

Hung, Chen, & Huang 
(2017) 

Biology Interactive 3D anatomy 
of bacteria and AR as a 
learning guide experi-
ment 

AR integrated books provide a 
practical way for students to 
explore and study bacteria vir-
tually. This is an effective aid 
compared to other forms of as-
sistance. 

Crandall et al. (2015) Chemistry AR technology for 
Simulation of the mod-
els using 3D 

AR games can give students a 
variety of learning perspec-
tives. Initiation of learning 
transfer from virtual world-
based games to the real world. 

 
 
To be continued… 
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Singal et al. 
(2012) 

Chemistry AR technology for 
exhibiting the models 

AR is a new technology that 
has an effective way of repre-
senting and interacting with 
molecules resulting in a better 
understanding of the spatial 
relationships between mole-
cules with this technology. 

 
As Table 2 above shows, AR technology is adapted and applied to education and learning in 

science education. Most of the studies showing positive feedback from participants are related to 
AR technology. There are obvious benefits for students and teachers, so further research is needed 
to integrate AR into education and learning. The use of AR technology improves the education of 
Visual Science Course.  
 
Limitations and recommendations for future augmented reality research  

There are many aspects of AR technology that need to be placed where there will be many 
aspects related to this new technology in the future. This technology still has some limitations. 
Students who use AR in learning agree that AR is excellent and helps the learning process, but 
most participants do not consider the tool as effective when reading textbooks (Hsu & Huang, 
2011). 

In addition, research is also necessary to explore the latest technology, namely Mobile 
Augmented Reality (MAR), where smartphone applications are integrated with augmented reality. 
This new form of AR technology provides a formal classroom-based learning experience that 
supports students to learn outside the classroom or outside of school, anytime and anywhere 
(Fidan & Tuncel, 2019; Wang & Chi, 2012). These limitations review problems related to the 
technical aspects of using AR in the learning process. For AR technology to be widely applied in 
education, these technical matters need to be improved. Increasing internet access will support 
students to use AR via smartphones (Arici et al., 2019; Sahin & Yilmaz, 2020). This can make AR a 
powerful learning tool to help students acquire and retain knowledge through interaction with 
activities on smartphones. 
 
Conclusion 

A review of science education research shows that AR technology can be developed in 
education. The benefits of the extended reality function and practical applications use students in 
the learning process and help improve their visualization function. The parts are well explained 
to help you understand the students. AR technology is interested in aggressive feedback from 
students and their learning process for AR use. These appropriate answers are essential as 
students actively participate through the AR tools through AR tools. AR is a new technology in 
education. Therefore, there are still some restrictions. However, based on the research report, it 
is known that most of the limitations are related to technical problems. Over time, these 
limitations can be overcome as research integrating AR into education is enhanced. Where if the 
potential use of AR technology is explored further, the valuable features of AR can be widely 
applied in all fields of education and can increase the effectiveness of the teaching and learning 
process. 
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