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Abstract—The COVID-19 pandemic has significantly 

disrupted education and has instantaneously shifted education 

from being conducted predominately ‘face to face’ to being 

totally ‘online’. For most teachers, this unexpected teaching 

approach has impelled them into finding ways to provide the 

same quality of education to their students. One way of doing 

this is by adopting educational technologies in learning and 

teaching, including the use of augmented reality (AR) 

technology. AR technology has been integrated into the field of 

physics education. In this study, the effects of AR technology on 

understanding of the concepts of electricity in an online 

learning environment for 11
th

-grade students was investigated. 

Pretest and posttest were carried out in the control group and 

the experimental group. The results showed that AR technology 

improved understanding of electrical concepts for the students 

in the experimental group compared to the control group, with 

a very significant difference between both groups. This research 

contributes to the development of AR technology in education, 

especially in relation to the teaching and learning of abstract 

physics concepts. 

 
Index Terms—Augmented reality, conceptual understanding, 

COVID-19, online learning, physics.  

 

I. INTRODUCTION 

The spread of the COVID-19 pandemic has significantly 

affected the whole world in various aspects of life including 

education and social interaction. In most countries, including 

Indonesia, the government has issued an educational 

directive for teaching and learning to be conducted online to 

reduce the risk of the pandemic [1]. Teachers and students are 

forced to adopt online learning to ensure the continuity of 

learning despite the pandemic. In this context, the integration 

of technology plays an important role in online learning 

because of the increase in technology usage [2]. Technology 

that is easy to use is necessary to provide concrete solutions 

for online learning and to enable incorporation of virtual 

contents. Through such an approach, learning and teaching 

may go on as usual despite the constraints resulting from the 

pandemic situation. 

One option of virtual software for learning is Augmented 

Reality (AR). An augmented reality (AR) is an advanced 
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system that combines real virtuality in three-dimensional (3D) 

technology [3]. This technology, compared to other advanced 

learning technologies, is easy to use. The reason is that this 

technology increases reliability, can be easily used and can 

also involve various senses and make learning of physics, 

which is abstract and difficult, easier [4]. In addition, one of 

the sensible checks for abstract knowledge is computer 

simulations or renewable technologies because a 

technological approach would allow greater control over the 

nature of the events that students observe and thus provide an 

explicit awareness of new relationships between sudden and 

slight emerging concepts [5]. Moreover, AR is also 

considered a technology that fills the gap between reality and 

the virtual world [6], [7]. Augmented reality has been 

transformed into a platform that enables students to observe 

phenomena that might not be encountered in real life and it 

can also be tailored to suit students’ level of understanding 

[8]. Therefore, AR has been shown to increase students’ 

understanding and attitude in learning of physics [9]. Besides, 

AR allows visualisation of abstract concepts by providing 

opportunities for students to learn new knowledge that has 

never been learned to avoid conceptual errors [7], [10]. This 

indicates that AR has a powerful role in the field of education, 

with the potential to revolutionise learning as its components 

will be able to provide opportunities for exploration of 

learning that is difficult to apply, especially with regard to the 

basic concepts of the material [11]. 

In fact, in learning about electricity, the learning problem 

that often occurs among students is misconceptions since the 

lack of visualisation causes students to experience 

misconceptions in understanding concepts of electricity 

[12]-[16]. In the reviewed studies, it was discovered that 

students often have misunderstanding about electrical 

concepts [17]-[21] and found it hard to distinguish between 

voltage and battery [18], [22], [23]. Previous studies 

indicated that students found it most difficult to understand 

concepts in topics related to electricity, including the concept 

of an electric circuit [21], [24], electric current, potential 

difference, and resistance in a current flow [25], [26]. Based 

on the problems identified in extant studies, it is not easy to 

address learning of physics concepts using only online 

learning without any alternative to support students so that 

they would learn better.  

In such cases, the literature shows that AR has already 

been applied in learning and teaching in schools. In particular, 

AR helps students to develop new knowledge and increase 

students’ analysis in physics. Thus, AR is more effective than 

that of the conventional media used by teachers [27]. 

Students can interact actively with the content virtually [28]. 
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Studies revealed that AR could have a positive effect on 

students’ teaching and learning process [29]-[31], motivation 

to study [10], [32], and on students’ involvement in solving 

problems [29], [33]-[35]. As mentioned earlier, AR 

contributes by promoting student learning and by supporting 

the online teaching environment during the COVID-19 

pandemic. In addition, problems that students’ encounter in 

learning physics such as in learning about electricity and 

understanding the related concepts can be better addressed 

through AR since it can help improve the information 

collected through the different senses [36], [37]. During this 

pandemic situation, having the AR platform installed in the 

smartphone would enable visualisation of abstract concepts 

to be carried out in detail using AR. Thus, AR is flexible in its 

usage, easy to operate, and can support online learning. 

The goal of AR depends on how the systems are integrated 

for teaching and learning from the education perspective. 

Several studies mentioned that AR could intensify 

integration of technology-based learning [38], innovation 

[39], and collaboration [40], [41]. Learning using AR has 

also been said to create a positive environment among 

students [42]-[44]. 

However, only a few studies have investigated how AR 

affect the understanding of physics in online learning and 

teaching during the COVID-19 pandemic. Thus, this raises 

the question of how online learning and teaching can benefit 

from the use of AR and subsequently increase the level of 

understanding in learning physics among students. The use of 

AR could help to increase students’ understanding and 

augment learning even though the teaching and learning are 

conducted online because of the COVID-19 pandemic. 

Therefore, this work investigated students’ understanding of 

physics concepts through the use of an AR application for 

learning, focusing on the differences of the level of 

understanding between the experimental and control groups 

of 11th-grade senior high school students before and after 

using AR during the COVID-19 pandemic. 

 

II. METHODOLOGY 

A. Research Design 

In the present study, the quasi-experimental design was 

applied to investigate the effects of AR on students’ 

understanding of physics concepts related to the topic of 

electricity, especially in overcoming students’ 

misconceptions. This research design used the intact classes 

available [34], [45]. The students were then placed in the 

control and experimental groups based on their pretest results. 

Pretest results showed the average value of the control group 

was (M = 53.79, SD = 8.974) while for experimental group, it 

was (M = 58.58, SD = 7.796). Both groups had studied 

electricity previously, which is the rationale for choosing 

these classes.  

However, students in one of the groups, namely the 

experimental group, used AR application to assist their 

learning in the class. Then, the students’ level of 

understanding after learning about electricity was evaluated 

via posttest towards the end of the learning sessions. This 

method helped to measure the effects of AR in developing 

students’ understanding in learning Physics between the two 

groups. 

B. Sample 

The study sample involved 60 students, consisting of 

11th-grade science students in high school whose age ranged 

from 15 to 16 years old. The sample was selected by 

considering the fact that the students had never used any AR 

application before. The sample was chosen using the 

purposive sampling method since this study only involved 

11th-grade senior high school students studying physics 

subject. The schools were also selected based on their 

willingness to participate in the AR survey by considering 

telecommunication facilities. Two schools participated in this 

study, while one class of science from School A was selected 

as the group control and another class from School B was the 

experimental group.  

Before the implementation of the study and the collection 

of data in the schools, the authors had sought permission and 

obtained approval to conduct the research at the schools from 

the Ministry of Education and the respective school 

principals. At the same time, the teachers, and students were 

informed about the purpose of this study. The schools, 

teachers, and students involved in this study were also 

assured of anonymity and confidentiality.  

C. Teaching and Learning Design Based-AR Application 

The topic of electricity related to dynamic and static 

electricity was the focus of this study because the topic is 

challenging for students. The AR application has a great 

potential to provide students a clear and deeper conceptual 

understanding of the theoretical and abstract concepts in the 

topic compared to traditional learning because the latter tend 

to focus on basic procedures and fails to develop critical 

thinking or knowledge construction in students [46]. 

Furthermore, due to the current pandemic situation, it is not 

possible for teachers to conduct lab classes and face-to-face 

classes. For this reason, the use of AR will provide students 

with an alternative learning experience, particularly during 

online classes. Thus, carrying out teaching and learning 

innovations using AR application is necessary as it could 

help to describe the concepts clearly to students, particularly 

since students would not be able to attend physical classes 

and would be relying on online learning. The concepts 

related to electricity are already difficult to grasp when 

learning face-to-face and they are even more so when 

students are learning online during the pandemic situation. 

Many students find it challenging to understand the concept 

of electricity as they have difficulty accessing learning 

materials and understanding explanations from the teachers 

during online classes. 

The teaching and learning activities in the AR application 

were designed and developed by the authors based on the 

textbooks and worksheet guidance for physics education 

sourced from the Ministry of Education of the Republic of 

Indonesia. The guidebooks and worksheets have been 

validated by the respective Ministry of Education. Three 

learning theories, namely constructivism, constructionism, 

and self-determination were used as the basic theories that 

guided the development of the AR application.  
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The constructivist theory underlay the development of AR 

in this study. The theory was chosen so that students are 

encouraged to construct ideas that are scientifically correct 

which would later bring about meaningful understanding in 

the students, including overcoming the misconceptions. 

Constructivist learning clearly differs from ordinary learning 

practices where the passive reception and transmission of 

information usually occurs from one individual to another 

[47]. In contrast, constructivism focuses on assisting students 

in moving from a preliminary understanding to a complete 

and real comprehension.  

Meanwhile, the constructionist theory allows students to 

interact with the learning objects in a virtual environment. In 

this study, constructionist theory was utilised to foster new 

ideas and active participation of students using external 

simulations, which would encourage the students to be 

directly involved in problem solving and in providing 

feedback to help rectify misconceptions. The AR application 

was used to develop the students’ basic skills in learning of 

physics problems by giving students assignments and 

simulation to enhance their critical thinking skills [48]. In 

summary, the constructivist pedagogy selected that focused 

on students' active learning is relevant to the goal of the AR 

application which was to make the learning sessions more 

active in the process of overcoming students' 

misunderstandings [49]. AR applications can serve a variety 

of purposes in learning, but one of the most essentials is that 

they allow students to engage with real-world contexts in a 

virtual mode. Thus, AR was utilised in this study to develop 

interactive learning sessions that would expose the students 

to new situations and experiences, allowing them to 

experiment with diverse approaches and ways of thinking. 

The students would benefit from the application of the 

constructivist and constructionist theories as these theories 

would enable the students to better understand and visualize 

the abstract physics concepts through the hands-on and 

minds- on activities in the AR application. 

Additionally, the self-determination theory is relevant in 

the AR development because this theory encourages students' 

independent learning. The self-determination theory (SDT) 

was also employed in this study to ensure that the AR 

application continue to drive the students' innate desire for 

self-learning and personal development. Furthermore, the 

theory encourages students to find explanations and solutions 

to their learning challenges, particularly to overcome 

misconceptions. In other words, the self-determination 

theory was mainly used in this study to encourage the 

students to overcome their misunderstandings of the concepts 

rather than focusing on their motivation to learn. However, 

this theory would indirectly affect the students’ motivation to 

learn, which is the study’s limitation and not measured in this 

study.  

D. AR Development 

The AR application was created by employing the ADDIE 

Model where all of the processes in the model were 

implemented to accomplish the AR learning objectives, 

which are detailed in Table I. 

Further explanation of the development of the AR 

application is illustrated in Fig. 1. 

TABLE I: AR APPLICATION DEVELOPMENT PROCESS 

Steps Components 

Analyse 

a. Learning Problems 

b. Available Resources 

c. Learning Theory 

d. Learning Model 

e. Observation 

Design 

a. Application Purpose 

b. Basic Competencies 

c. Learning Methods 

d. Evaluation Instrument 

e. Measuring instrument 

Development 

a. Prototype Preparation (Based on analysis dan 

design) 

b. Application Development 

Implementation 
a. Usability Test 

b. Pilot Study 

Evaluation 
a. Expert assessment 

b. Appropriateness 

 

 
Fig. 1. Process of the AR development.  

 

After all of the AR processes had been developed, the AR 

application was put through usability and feasibility testing to 

ensure that it achieved its aim, which is to help students 

overcome misconceptions and provide a deeper 

understanding of physics concepts because abstract notions 

in the concepts can be visualised into concrete ones through 

the AR simulations. The results of the usability and 

feasibility test showed that the application fulfilled the 

purpose of the application’s development, which is to help 

students overcome misconceptions and provide a deeper 

understanding of physics concepts. The usability test 

indicators are detailed in Table II. 

Additionally, augmented reality was created in this study 

with the intention of focusing on a specific application of AR, 

notably in mobile learning. Such an approach would mean 

that the students are no longer restricted to learning using 

computers in specific places, and that teaching and learning 

activities can be carried out in a more dynamic manner. The 

students can use augmented reality on their mobile phones to 

help them carry out teaching and learning activities anywhere 

and everywhere. Usability testing on the AR application was 

also undertaken to ensure that the software met the 

competency criteria for comprehending electrical concepts in 

physics. Output of the AR application is illustrated in Fig. 2. 
 

TABLE II: INDICATOR OF THE USABILITY TEST 

 Indicator Descriptive 

AR Application for 

Student Understanding 

of Physics Concepts 

Materials 

Design 

Legibility 

Visualisation 

Activities 

Suitability 

Convenience 

Accuracy 

Usability 
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Fig. 2. AR output component. 

 

E. Implementation in the Learning Process 

This study was conducted over a six-week (6 x 4 hours) 

period with the experimental group using the AR application 

and the control group using the traditional approach 

(non-AR). Pretest and posttest were employed in this study, 

with the pretest taking place in class a week before the 

intervention while the posttest took place after six weeks of 

intervention. The entire study required eight meetings, 

including the administration of the pretest and posttest. All 

the chapters in the AR application were completely discussed, 

and every student in the experimental group was able to 

actively participate during the learning and teaching session. 

The students in the experimental group used the augmented 

reality application to access learning materials, assignments, 

exercises, and simulations throughout the learning sessions. 

Meanwhile, the control group attended the online class as 

normal, where they were taught using traditional techniques 

such as teacher-led classes without the use of AR. This meant 

that the students in the control class attended regular and 

traditional learning sessions based on the teacher's methods, 

teaching skills, and online learning preferences. During the 

class sessions, the experimental group was also given access 

to operate the AR application independently using their 

gadgets under the teacher's guidance. The teachers in both 

classes are trained teachers and both have teaching 

experience of more than 20 years and have been certified 

according to the national standard. The learning materials 

taught in the two classes were the same, namely Static 

Electricity (Introduction, Coulomb’s Law, Electric Fields) 

and Dynamic (Introduction, Strong Electric Current, 

Potential Difference, Resistance and Ohm's Law). Students 

were also assessed using 20 questions that tested their 

understanding of static and dynamic electricity. The learning 

process is described in Fig. 3.  
 

 
Fig. 3. Research process. 

 

Further explanation of the learning process is also 

explained in Table III. 
 

TABLE III: INTERVENTION PROCEDURE 

Type of 

Group 
Experiment Group 

Control 

Group 

Types of 

Intervention 

Approach 

Use of AR application for learning physics Conventional 

/ Traditional 

learning 

models 

using the 

manual book 

from the 

ministry 

Procedure 

 

Engagement Phase: During this phase, the 

teacher makes use of students' existing 

knowledge. The teacher is trying to arouse 

and develop students’ interest in the 

material to be presented at this point.  

 

Exploration Phase: During this phase, the 

teacher allows the students to engage in 

activities using the AR application, such as 

testing predictions and hypotheses through 

alternate approaches, recording 

observations, and discussing with other 

students.  

 

Explanation Phase: Students are expected 

to finish, refine, and develop the topics 

they have learned. Based on the discoveries 

in the AR application, students must 

explain the concepts that they have studied 

in their own words. 

 

 

Elaboration Phase: The teacher then 

instructs and let the students investigate 

and collect data on their own in accordance 

with the application's flow. Through tasks 

in the AR application, the students’ 

understanding of the concepts learned are 

deepened and expanded. The activity 

directs the students to use what they have 

learned, to draw connections between 

concepts and apply what they have learned 

to new scenarios. Furthermore, the teacher 

empowers the students to analyse facts and 

generate preliminary arguments using 

simulations and resources provided 

through the application. 

 

Evaluation Phase: The teacher allows 

students to examine the data on their own, 

and they then come up with tentative 

arguments based on the simulations and 

data obtained from the application. In 

addition, the teacher guides students 

through an in-depth discussion of the 

findings. The teacher assesses the progress 

of the students' comprehension based on 

completed exercises. 

as well as the 

desired 

learning 

objectives. 

 

The teacher 

explains how 

to formulate 

electrical 

problems, 

particularly 

those that are 

difficult to 

learn and 

understand. 

 

Students are 

instructed to 

study the 

electrical 

topics using 

the gathered 

data which 

are provided 

by the 

teacher. 

 

The teacher 

instructs the 

students on 

data analysis 

processes. 

 

Based on the 

tasks given at 

the end of the 

learning 

session, the 

teacher 

analyses the 

students' 

understandin

g of the topic. 
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F. Instrument to Test Students’ Conceptual Knowledge 

The pretest and posttest were created by the researcher by 

adapting the questions from the senior high school textbooks 

where the researcher only adjusted the numbers in the 

problem set and the sentences in the problem for its 

application to test students’ knowledge and understanding. 

There were 20 multiple choices that the students had to 

complete before and after the learning process. The questions 

focused on basic concepts of physics. This instrument was 

validated by the experts and education officers who were 

directly involved in the preparation of the questions. The 

questions were also tested for reliability in terms of scientific 

appropriateness and consistency. In order to achieve 

satisfactory reliability, inappropriate problems were revised 

carefully after review by the panel of experts. In this study, 

the Cronbach’s alpha of comprehension in physics education 

was 0.742, indicating high reliability [50]. In the trial, the 

values met the required standards to be used as an instrument. 

Meanwhile, the 20 problems which were designed via 

revision and reliability testing were used in the actual data 

collection; the questions were specifically to test students’ 

understanding of the physic concepts of electricity taught 

during the learning sessions. The tested problems were 

assigned before and after the implementation of the 

intervention procedure through the pretest and posttest to 

acquire two values for each group. The indicators regarding 

the questions tested in the study are listed in the Table IV. 

The questions were tailored to the content of the AR 

application used by the experimental group and the textbook 

used by the control group, allowing the study to use the 

collected data to discuss students' understanding. The AR 

application was developed based on the fundamental 

difficulties and questions that have been previously found in 

prior studies so that the presence of the AR would be 

considered as a great potential solution for physics learning 

since students could observe the simulations and content to 

improve their understanding of the concepts. 
 

TABLE IV: INDICATOR OF UNDERSTANDING IN THE TEST QUESTION 

Subject Matter Indicator 

Static Electricity 

a. Charge of Electricity 

b. Field of Electricity 

c. Potential Electricity 

d. Coulomb Law 

e. Velocity of Electron  

Dynamic 

Electricity  

a. Electric Current 

b. Voltage 

c. Difference in Electric Potential 

d. Resistance (Ohm Law) 

e. Power 

 

G. Data Analyses 

In the current study, the analysis methods used were 

descriptive statistics dan inference analyses. The outliers and 

extreme data were removed from the data list. Then, each 

variable was controlled using skewness and kurtosis statistics. 

Based on a 95% confidence interval, the value of the standard 

normal distribution would be at the point -2 to +2 [51]. The 

data results showed normal distribution based on the value 

which ranged from -2 to +2 with skewness of -0.824 (SE = 

0.421) and kurtosis of 1.873 (SE = 0.821) for students’ 

attitude, while the skewness of -0.601 (SE = 0.421) and 

kurtosis of 1,353 (SE = 0.821) were obtained for the value on 

understanding of concepts in physics. A paired t-test was 

used to determine the differences in the level of students’ 

understanding in the pretest and posttest for the groups that 

used AR and non-AR.  

 

III. RESULT 

This research investigated students’ understanding of 

concepts in physics, specifically on the topic of electricity 

through the use of AR application. Comparison of results 

were performed between the students who were in the control 

and experimental groups. Table V presents the percentages of 

the students’ understanding of the physics concepts on 

electricity for the students in the control and experimental 

groups before and after the learning sessions. Based on the 

results, the percentage for the experimental group was higher 

than the control group. The result suggests that AR can help 

senior high school students overcome their lack of 

understanding of physics concepts although the learning is 

conducted online. Table VI presents the differences in 

students’ level of understanding of the physics concepts 

related to electricity for both groups before and after the 

teaching and learning sessions (the intervention). The 

experimental group showed good achievement in their 

understanding of the electrical concepts compared to the 

control group (M= 82.03, SD= 5.759). Paired T-test was used 

to determine student achievement between the experimental 

group (AR application) and the control group (non-AR). The 

results showed a significant difference in understanding of 

the electrical concepts between the students who experienced 

online learning using the AR application in the experimental 

group compared to those in the control (non-AR) group 

(t=-22.665, p<0.000). 
 

TABLE V: THE PRECENTAGE OF RIGHT ANSWERS BEFORE AND AFTER THE 

LEARNING SESSIONS 

 Group N 
Pretest 

(%) 

Posttest 

(%) 

Understanding 

electrical concept 

Experimental 31 58.57 82.03 

Control 29 53.79 60.72 

 

  

       

 

 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 
 

 

 

 

 

 

 

 
 

 

IV. DISCUSSIONS 

This study aimed to identify the effects of AR application 

on high school students’ understanding of physics concepts 
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TABLE VI: DIFFERENCES IN LEVEL OF UNDERSTANDING OF THE 

ELECTRICAL CONCEPTS BETWEEN THE STUDENTS IN THE TWO GROUPS

Group N M SD t p

Understanding 

of electrical 

concepts

Experimental

Pretest

Posttest

3

1

58.5

8

82.0

3

7.79

6

5.75

9

-22.665
.00

0

Control

Pretest 

Posttest

2

9

53.7

9

60.7

2

8.97

4

7.18

1

-4.913
.00

0



  

of electricity in which the teaching and learning sessions 

were carried out online during the COVID-19 pandemic. The 

results showed that the students in the experimental group 

obtained a higher score in understanding of physics concepts 

related to electricity compared to the students in the control 

group. In this study, the application of AR was designed and 

developed to teach physics concepts of electricity because of 

the assumption that electricity is a difficult topic as it contains 

abstract concepts [13] and previous studies that report 

students having trouble figuring out how electrical concepts 

relate to one another [21], [24], [52] in addition to the 

misconceptions that students often have in the various 

subtopics of electricity [17]-[21]. These hindered students 

from gaining deep understanding of the electrical concepts. 

The use of AR application could help students overcome the 

difficulty in learning the topic. This is because through AR 

applications, the abstract concepts of electricity can be 

visualised into real, concrete concepts using 3D animated 

programming, allowing students to learn about the concepts 

better and gain deeper understanding. This newest 

technology was able to raise the curiosity of the students in 

the experimental group and attract their interest in learning 

the electrical lessons compared to the students in the control 

group. As implemented in this study, the AR application 

augmented the 2D drawings drawn on paper into 3D images 

which allowed for more detailed explanation on the abstract 

concepts in the electricity topic. 

In terms of understanding of the topic on electricity, the 

results showed a large gap between the experimental and 

control groups. Based on the posttest results, the students 

from the experimental group who used the AR application 

demonstrated better understanding of electricity concepts 

compared to the non-AR control group. 

The results obtained showed the potential effect of AR in 

enhancing students’ understanding of the concepts in the 

topic of electricity especially in understanding the contents 

related to abstract electrical concepts. The improvement in 

students’ understanding was also shown in the evaluation of 

learning through AR in the experimental group. The results 

are in line with the findings in other relevant studies [53]-[55]. 

There are several factors which indicated that AR affected 

the students’ knowledge. Firstly, AR can support 

descriptions of the phenomena in 3D form for teaching and 

learning [56]. In this study, the AR technology-based 

learning enhanced the student’s interaction and encouraged 

the students’ analytical skills. Additionally, the affordances 

of AR which enabled visualisation increased the students’ 

interest in the learning process because of the uniqueness of 

AR [57]. Studies have reported that new technologies attract 

students’ attention [7] [58], [59]. Moreover, AR can also 

make possible visualisation of an object’s movements in 

real-time and this can be repeated to ease understanding [60]. 

AR can also influence the student’s attitude and 

understanding directly by combining narrative fiction with 

the real world [61]. Furthermore, AR can also be integrated 

with gamification to make the learning of subjects more 

exciting and fun [62]. One of the factors that contributed to 

better learning of the electrical concepts for the students who 

experienced AR in the experimental group was that the 3D 

effect provided a clearer visual perception of the abstract 

concepts. [63] discussed that the use of AR creates visual 3D 

patterns that are more realistic and this makes it easier for 

students to understand difficult abstract concepts compared 

to 2D patterns because of its advantages of vivid illustrations. 

AR also allows students to observe a 3D object in 360-degree 

view, which is more effective for learning compared to 

observing a 2D object [64] and this can help explain the 

abstract phenomena in physics clearly to students [65], [66]. 

In addition, AR technology helps students to explore virtual 

learning environment via a multimedia digital format such as 

through text, videos and pictures [61], [67]. Regardless of the 

3D features in AR, this advanced technology is impressive 

[68] and is considered a teaching tool with numerous benefits 

[69], [70]. Furthermore, [71] discovered that participants 

who were presented with AR representation of 

electromagnetism were significantly more effective in 

developing understanding of the structure of invisible 

magnetic fields, understanding of the relationship between 

electric currents and magnetic fields, transferring knowledge 

about how to make electromagnets, and in completing 

assignments on time compared to those who did not 

experience AR. 

AR is also considered a media-based learning technology 

where the students can gain new learning experiences 

[72]-[74]. The students in the experimental group were more 

active and motivated to learn their online lessons. Previous 

studies have shown that AR is a new technology or 

media-based learning that can raise students’ interest and 

motivation while implicitly supporting and training students 

analytical problem-solving skills [75]-[77]. In short, the use 

of AR has a positive effect on student’s competency to 

understand difficult concepts in a lesson.  

Additionally, interviews with the students showed that AR 

was able to solve the problems mentioned previously and 

develop better understanding of electrical concepts among 

the students. Through the use of AR, it is possible to visualize 

the abstract concepts according to the students’ level of 

understanding, enabling and making it possible for students 

to observe phenomena that they might not encounter in real 

life. This proves that the use of AR is a problem solver for 

learning and teaching during this pandemic situation as 

students are not able to attend physical classes or go out of 

their home. Moreover, the students who were interviewed 

also mentioned the suitability, convenience, accuracy, and 

usefulness of the AR application for learning during the 

pandemic. They described that the AR application provided 

convenience for their online learning, especially in helping 

them overcome misconceptions and gain deeper 

understanding of the physics concepts. 

As mentioned earlier, senior high school students often 

face learning difficulties in understanding abstract concepts 

in the topic of electricity. The results of the control group 

revealed that the students required assistance in learning 

physics. This factor also affected their behaviour in learning 

the topic. Most of the students were found to be less attentive 

and had difficulty in acquiring understanding of the concepts. 

In the experimental group, the students could find the 

solution to the problems more easily using the AR 

application than the students in the control group. It can be 

concluded that the students in the experimental group gained 
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interest in learning the topic of electricity under the subject of 

physics as the AR application supported their learning better 

than the traditional methods used in the online teaching and 

learning sessions. Similar results from past studies showed 

that AR is a technology-based learning that can help to 

clearly describe abstract concepts in sciences [78], [79]. In 

addition, AR provides memorable experiences for students in 

gaining knowledge and enhances students’ level of 

understanding, leading to increased academic performances 

[80]. It was also found that AR technology is able to support 

learning and teaching, allowing students to understand 

concepts better during online learning [81]. When compared 

to the control group, the results also showed that excessive 

misconceptions among students in learning Physics could be 

reduced using AR. The students in the experimental group 

were able to reconstruct the knowledge they gained from 

their previous thinking errors and rectify the misconceptions 

resulting from the abstraction of physics concepts as the AR 

application allowed them to see the visualisation of the 

abstract concepts. As these are fundamental to their way of 

thinking about electrical concepts such as static and dynamic 

electricity, the students’ understanding of the concepts thus 

became increasingly diversified. Other findings revealed that 

the students in the experimental group gained considerable 

knowledge, had favourable attitudes, and learned new things. 

In terms of concepts that are directly related to observations, 

the fact that the reviewer discovered also illustrates that the 

usage of this AR tool allows for a considerable transition 

from inaccurate responses to correct answers. This finding is 

consistent with a previous study [47] which found that if AR 

is implemented appropriately, it will be able to rectify student 

errors. Accordingly, the AR application employed in this 

study was demonstrated to have a successful instructional 

design as it achieved the goal for which it was created. The 

recent social distancing measures implemented around the 

world necessitate the availability of numerous and diverse 

online educational materials that can improve student 

involvement and aid the learning process, and for this reason, 

AR applications can be one of these materials. 

Nevertheless, the fact that the students in the control group 

also improved their understanding suggests that 

non-augmented reality experiences can be an effective 

learning activity for teaching electrical principles. This 

shows that incorporating augmented reality into a previously 

successful learning experience may not always be useful to 

learning. With the condition that AR is a free tool that 

students can use, students can still gain positive effect on 

achievement and understanding of the concepts. 

 

V. CONCLUSION 

In the study, Augmented Reality (AR) was investigated 

through 11th-grade students’ attitude and understanding of 

concepts in physics related to the topic of electricity. AR was 

found to have enhanced the students’ interest in learning of 

physics and established a positive environment for 

developing understanding of the concepts, especially since 

the learning was carried out online during the COVID-19 

pandemic situation. The findings may be favourable for the 

development of AR applications in physics education. This 

study only involved the topic of electricity. As the AR 

application in this study was focused only on the topic of 

electricity, future studies can expand on this and investigate 

other topics or develop other materials as AR is a technology 

that is always evolving and easy to acquire. In terms of the 

research scope, the AR application was used to measure the 

students’ understanding of physics concepts (topic of 

electricity), while its effects on the knowledge gained were 

not examined in this study. Thus, a suggestion for future 

research would be to investigate the effects of AR on the 

knowledge acquired. The results of this research were limited 

only to one experimental group in a single school and for one 

subject. For future studies, the effects of AR on teaching and 

learning of abstract sciences can be validated through the use 

of multiple groups which is tested in various areas and using 

different subjects. During the AR implementations, the 

application of AR also received a few effects of external 

factors, including image quality and camera, which can affect 

the tested results. For this reason, it is suggested that future 

researchers plan for appropriate steps to reduce these factors 

to obtain better results. 
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