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___________________________________________________________________________ 

 

Abstract: Physics education is considered the most complicated subject in school and served 

as the basis for modern technology and tools used for research and development in science, 

engineering, and healthcare. However, from the survey that has been conducted among the 

science stream students, there are two (2) issues that have been identified which are the students 

think that learning Physics is difficult to understand (agreed by 73%) and learning physics 

using textbooks only is less enjoyable (agreed by 62%). To solve these, this study aims to 

propose a model for designing Physics education applications using the game-based learning 

approach to create a more enjoyable learning environment with the assistance of the 

Augmented Reality (AR) element. This application employs the Rapid Application Development 

(RAD) methodology. The proposed solution was tested using a usability testing strategy to 

assess the system usability while learning Physic through game-based learning using 

Augmented Reality (AR) for science stream students. The results of the study revealed that the 

designed system received an average score of 71.83% which indicates that the system has good, 

strong system usability in terms of its effectiveness, efficiency, and satisfaction of the 

respondents when using the proposed application in learning Physics. In the future, the 

proposed model can also be implemented in developing other subjects. 

 

Keywords: Learning Physics, Augmented Reality (AR), game-based learning, radioactive 

topics, SUS testing 

___________________________________________________________________________ 

 

Introduction 

Education is one of the areas most influenced by rapid technological development. Among 

educators and educational institutions, the use of existing and new technologies in education is 

becoming a hot topic. Gaming in schools can be seen as a distraction from learning, but it aims 

to increase student motivation and participation, as well as to improve visual skills to develop 

students’ peer engagement and teamwork skills, as well as their ability to apply gaming 

principles in a real-world setting (Zirawaga et al., 2017). While educational technology is used 
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to simplify and enhance learning, it has no direct impact on student achievement because 

technology resources must be aligned with the curriculum to be successful (Zirawaga et al., 

2017).  

 

As claimed by (Astalini et al., 2018), Physics is one of the less favored and difficult subjects 

for students to learn in school, and getting them to go to college is becoming more difficult. 

Hence, parents and teachers should put a strong focus on children’s actions in Physics classes 

to prevent them from being complacent and reckless in their learning. Physics offers a powerful 

instrument that allows humans to express creativity to see and change the world in new ways. 

It is well known that physics is regarded as the most complicated subject in school and is the 

basis for modern technology and tools used for research and development in science, 

engineering, and healthcare (Cai et al., 2021).  

 

For studying physics, student needs to comprehend physical concepts and principles which 

cannot sometimes be seen. For example, Radioactive Decay topics covered in the Physics 

textbooks for the form 5 syllabus, which is difficult to be understood by the students. However, 

this problem can be solved if the students learn the topic in a more enjoyable learning 

environment with the help of game-based learning (GBL) and augmented reality. 

 

Augmented reality (AR) is a technology that combines the real world and virtual objects with 

simultaneous interaction (Azuma, 1997). In this sense, AR can be seen as a form developed or 

deriving from virtual reality (Azuma, 1997). However, two major benefits of AR in comparison 

to virtual reality are AR users can interact with virtual objects simultaneously in real 

surroundings. Second, AR can encourage and provide opportunities for concrete interaction for 

students to participate actively in the formation of their knowledge base (Sirakaya & Cakmak, 

2018). Although AR has been used in other fields for a long time (Ibanez & Delgado-Kloos, 

2018), it is observed that studies about its usability and potential have only recently begun to 

be conducted in educational settings, especially Physics education (Zimmerman et al., 2016). 

Based on the addressed issues earlier, the objective of this study is to propose a model for 

designing a Physics education application using the game-based learning approach to create a 

more enjoyable Physics learning environment with the assistance of the Augmented Reality 

(AR) element. This study adopted the E-Game Flow model as the guideline in designing an 

enjoyable GBL in Physics education.  Towards the end, the expected outcome of this study is 

the proposed solution can  improve students’ understanding of Physics education using AR 

technology and can create an enjoyable learning environment. 

 

Literature Review 

This section further explain the concept of GBL; the assisted learning tool embedded in the 

proposed GBL model which is AR; and the learning model adopted in desining the proposed 

Physics education which is E-Game Flow model. 

 

Game-Based Learning 

Education is one of the areas where rapid technological advancement has had the largest impact. 

In recent years, a variety of innovative technologies for educational purposes have arisen 

(Pratama & Setyaningrum, 2018). Mobile learning, for example, can be done at any time and 

from any location because of the support of cell phones, netbooks, and other mobile 

technologies (Dabbagh et al., 2016). Game-based learning is a method of teaching a subject 

through the implementation of game structure (Qian et al., 2016). In addition, game-based 

learning is a learning method that makes use of game applications (Emerson et al., 2020). It is 
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not only focused on the creation of games for the user to play but GBLis more highlighted on 

the creation of learning activities that can gradually indicate the concepts and motivate the 

learners to improve their learning (Emerson et al., 2020). Some of the GBL elements such as 

competition, points, rewards, and feedback are becoming more popular in higher education as 

a technique to get users to participate in learning. Game-based learning is popular in a variety 

of situations, including workplace training, education, and social media (Qian et al., 2016).  

A few of the advantages of GBL are GBL settings connect game material with learning 

objectives to help students acquire domain-specific information and skills. Activities often 

feature problem-solving and challenge to help students feel successful (Emerson et al., 2020). 

The GBL settings offer visually appealing tales that have been shown to motivate students to 

stay engaged in their studies. It gives opportunities for students to connect skills and knowledge 

to relevant cross-curricular settings, allowing them to gain abilities that can be used in real-

world situations (Emerson et al., 2020). Due to its extensive assistance and confidence-building 

capabilities, GBL boosted the self-confidence of its learners, particularly those with restricted 

talents. 

 

In science education especially in Physics subjects, game-based learning has been 

recommended as an effective way for increasing student interest and boosting learning 

efficiency (Cheng et al., 2015). Students’ science learning has improved after they participated 

in a collaborative game-based learning mode (Cheng et al., 2015). In that way, game-based 

learning can assist students in connecting games with specific science material and bridging the 

gap between what students learn in school and what they learn in the gaming environment. To 

support this, (Cheng et al., 2015) discovered that students can learn from game-based learning 

and that the game immersion experience can lead to improved gaming performance. 

 

Augmented Reality in GBL 

GBL can come in a variety of forms. As new technologies evolve and develop, some GBL 

experiences take on new forms that are influenced by those technologies, posing new issues 

and questions for theorists and developers alike (Tobar-Muñoz et al., 2017). Augmented Reality 

is a technology that is gaining popularity in the worlds of education and gaming. Augmented 

Reality Game-Based Learning (ARGBL) combines AR with GBL (Tobar- Muñoz et al., 2017). 

The use of AR games and AR apps with rules and game components appears to be a natural 

and successful way to offer a better and engaging learning experiences (Tobar- Muñoz et al., 

2017).  

 

AR is a system that enhances the actual world by super imposing virtual content on top of it. 

AR is defined by (Azuma, 1997) as a technology that connects the real world with virtual items 

and allows real and virtual objects to interact. To put it another way, augmented reality is 

derived from virtual reality and encompasses virtual environment technologies that support 

existing reality (Chowdhury et al., 2010). Virtual reality and augmented reality are two different 

aspects of reality technology. Although virtual reality (VR) is widely employed in three-

dimensional games produced using computer-based visual design techniques, it may be thought 

of as an environment that allows the user to totally escape from the actual world when playing 

the game (Costa et al., 2020). 

 

One of the interesting functionality offers by AR, in which it allows the user to interact with 

the real environment. It can also be described as a setting in which multi-media elements 

including as text, picture, music, video, animation, and holograms, as well as 2-dimensional 

(2D) and 3-dimensional (3D) features, can be merged into real and virtual things (Costa et al., 
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2020). According to (Dunleavy et al., 2009), AR is convenient because of its motivation-

boosting effect, the design approaches that improve pedagogical competences for educators, 

the potential to extend multi-faceted thinking and perspective, and the problem-solving 

opportunity to employ various ways. However, the study also claimed that AR application 

sometimes caused the students and teachers to cognitively overburdened due to its limitations 

(Dunleavy et al., 2009). 

 

In relation to Physics education, according to (Wang et al., 2018), educators must address a 

number of issues that are inherent in the training of science subjects such as physics, including 

the cost of or inadequacy of laboratory equipment, equipment errors, and the difficulty of 

recreating particular experimental settings (Wang et al., 2018). Due to this limitations, the 

application of AR could be a good way to overcome this problems. The study of (Wang et al., 

2018) further study the AR application in magnetic field education. The findings of the study 

revealed that movement-sensing software based on AR can improve the learners’ learning 

attitudes and understanding in secondary physics education (Wang et al., 2018). 

 

Designers must adapt AR with appropriate guidelines to improve the effectiveness of GBL in 

the pedagogical process, because learning guidelines are significant instructional strategies that 

can help learners to enhance their learning capacities. In the creation of ARGBL, achieving 

intended learning results and delivering delight were considered significant goals (Game-Based 

Learning, 2015). According to (Wu & Chen, 2020), game-based learning should incorporate 

relevant guidelines based on students’ learning requirements to assist students in solving 

difficulties and completing learning tasks. As a result, by including AR into a game application, 

for example, will enhance the experience. 

 

E-Game Flow Model 

When learning new technologies, enjoyment plays a crucial role in the learning process because 

the user is more relaxed, motivated, and eager to learn (Mat et al., 2016). The enjoyment 

experience is critical not only for ordinary users but also for outstanding users (Mat et al., 2016). 

According to (Prensky et al., 2001), the significance of enjoyment in intrinsic motivation in 

education is twofold: first, intrinsic motivation stimulates the desire to repeat the experience, 

and second, the fun can inspire learners to engage in activities with which they have little or no 

prior experience. Therefore, the elements of enjoyment are very crucial in designing any GBL 

application.   

 

The E-game flow model is one of the learning models that work as a scale to measure learners’ 

enjoyment of any e-learning games (Mat et al., 2016). As mentioned earlier, the learning model 

adopted in the proposed GBL Physics education model is the E-Game Flow model as suggested 

by (Mat et al., 2016). This model works as the guidelines in designing and developing the 

proposed model to enhance students’ understanding and enjoyment in learning Physics 

subjects.  

 

The E-Game Flow model consists of seven parts, which functions to capture enjoyment in 

games. It includes concentration, clear goals, feedback, challenge, control, immersion, and 

knowledge (Mat et al., 2016). Aside from that, the E-Game Flow model can be used to review 

games, tools for designing a game, and analyzing game fun. Table I summarizes the description 

for each of the game elements in the E-Game Flow model adopted in the proposed model (Mat 

et al., 2016). 
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Table 1: E-Game Flow Model (adopted from (Mat et al., 2016)) 

Element Details 

Concentration Player able to concentrate on the task 

Clear Goals Games should provide the player with clear goals at appropriate 

times 

Feedback The task provides immediate feedback 

Challenge  Perceived skills should match challenges, and both must exceed 

acertain threshold 

Control Allowed to exercise a sense of control over actions 

Immersion Deep but effortless involvement, reduced concern for self and 

sense of time 

Knowledge improvement The improvement of knowledge after playing the game 

 

To summarized, based on the researches presented earlier on the used of GBL, AR and E-Game 

Flow model in education setting reflected as very important elements in creating an enjoyable 

and engaging learning environment.    

 

Research Method 

In this section, the methodology for Rapid Application Development (RAD) will be discussed 

into four phases as in Fig. 1.  

 

Figure 1: Rapid Application Development (RAD) phases 

 

Requirements Planning 

The requirement phase is the first step in the project development process. During this phase, 

all information and data must be gathered to determine the primary problem, the desired 

outcome, and the method for resolving the issues. Thus, a survey has been conducted at two (2) 

secondary schools located in Melaka. A total of 44 science stream students took part in this 

preliminary study. The purpose of this survey is to determine the students' level of physics 

knowledge, as well as the learning process of physics in a typical classroom and the student's 

perception to study physics through GBL and AR.  

 

The finding of the survey highlighted two (2) main problems. The first problem is the students 

think that learning Physics is difficult to understand.  As many as 33 students (73%) agreed on 

the statement “The physics subject is difficult to study”. While the remaining 11 of the students 
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either disagree or are unsure with the statement. Because of this situation, they start to complain 

that Physics is too burdensome, and they feel science is irrelevant to their lives. 

 

Next, the second problem that has been identified is learning physics using textbooks only is 

less enjoyable than learning through games and smartphone applications that include interactive 

content. Based on the survey conducted, more than half of the respondents (61.53%) believe 

that learning from a textbook is less enjoyable. This is because the students learn in class by 

referring to books and traditionally listening to their teachers. Furthermore, it is 

incomprehensible because the students simply sit, listen, and observe without engaging in any 

outdoor interaction. 

 

Based on these problems, this study proposes a model for designing Physics education 

applications using the game-based learning approach to create a more enjoyable Physics 

learning environment with the assistance of the Augmented Reality (AR) element. Section IV 

presented the proposed GBL model using AR. 

 

User Design Phase 

At this phase, the proposed model was implemented through the GBL application development. 

This phase of the GBL application development includes the elements of constructing 

flowcharts and prototyping the proposed GBL. The goal prototype serves as  a platform for 

design and the clarification of user requirements. Furthermore, the initial prototype acts as a 

proof of concept for users, but it also serves as a subject of discussion and a tool for refining 

needs. The flowchart and prototyping are depicted as the proposed GBL application’s 

procedure. Some of the features in the project design phase are depicted in Figure 2. 

 

 
Figure 2: User design phase flow 

 

Construction Phase 

The development phase is also known as the construction phase. This stage involved the 

programming and application development, coding, unit integration, and system testing. The 

development of components such as the interface, button, and graphic, was developed based on 

seven (7) elements of the E-Game Flow Model. Figure 3. depicts some of the construction 

phases in the GBL Physic education using augmented reality component that has been used in 

this study. 
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Figure 3: Construction phase flow 

 

Cutover Phase 

In the RAD methodology, the cutover phase is the final phase. The completed proposed GBL 

application was tested for its usability. Same as the preliminary study, the secondary school 

science stream students were tested to determine the GBL application usefulness using the 

System Usability Scale (SUS). The survey instruments were adopted from SUS scale as 

suggested by (Lewis & Sauro, 2018). 

 

The SUS is a simple, ten-item scale giving a global view of subjective assessments of usability 

as suggested by (Lewis & Sauro, 2018). The study also reported that measure of system 

usability should cover the effectiveness (the ability of users to complete tasks using the system, 

and the quality of the output of those tasks), efficiency (the level of resource consumed in 

performing tasks), and satisfaction (users’ subjective reactions to using the system) (Lewis & 

Sauro, 2018). Table 2 listed the SUS items used during the testing or cutover phase. 

 

Table 2: System Usability Scale questions 

No. Question 

1. I think that I would like to use this system frequently. 

2. I found the system unnecessarily complex 

3. I thought the system was easy to use. 

4. I think that I would need the support of a technical person to be able to use this system. 

5. I found the various functions in this system were well integrated. 

6. I thought there was too much inconsistency in this system. 

7. I would imagine that most people would learn to use this system very quickly 

8. I found the system very cumbersome to use 

9. I felt very confident using the system 

10. I needed to learn a lot of things before I could get going with this system 

 

Proposed GBL Physic Education using AR Overall Design Model 

As mentioned earlier, the proposed GBL application follows the E-Game Model elements as 

the major reference. The creation of the storyboard is the initial phase in this process. The 

second step entails creating the design of the character, planning the game’s content, 

implementing audio and sound, and completing the AR functionalities. Finally, the proposed 

GBL application combines all of the design elements and develops the GBL using Unity Game 

Engine. 
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The storyboard is the initial stage of the design process, during which the game’s world is built. 

The game is entertaining once the setting has been constructed for it. The game assets’ interface 

could be designed using Photoshop CS6. The Vuforia Engine in Unity software is used in the 

second phase of the design to create Augmented Reality. To verify that the object can rise on 

its mapping, a 3D model is required. Finally, the game will be completed in the form of a mobile 

application. Figure 4. shows the overall process in developing proposed GBL Physic Education 

using Augmented Reality. 

 

Figure 5. illustrates the proposed model of GBL Physics education using AR. Based on the 

critical review and all the advantages offered by GBL and AR in the education setting, the 

identified game elements were combined with the E-Game Flow model as the learning model 

in creating an enjoyable learning environment to learn Physics. Figure 6 show the Main Menu 

page of the GBL application and Figure 7 shows an example of the AR element embedded in 

the proposed GBL application.  

 

 
Figure 4: GBL application overall process 

 

 

Figure 5: Model for designing game-based learning in Physics Education using 

Augmented Reality 



 
 

 

 

202 

 

Volume: 7 Issues: 46 [July, 2022] Special Issues pp. 194 - 206 

Journal of Islamic, Social, Economics and Development (JISED) 

eISSN: 0128-1755 

Journal website: www.jised.com 

DOI: 10.55573/JISED.074621 

 

 

 

 

 

 

 

 

 

Figure 6: Main Menu Page of proposed GBL application 

 

  

Figure 7: Example of AR page in proposed GBL application 

 

Result and Analysis 

This section outlines the test procedure, details of participants, outcomes and findings of the 

proposed GBL Physics education using augmented reality. The usability of the system was 

assessed to see if it satisfied the target goals.  

 

Test Procedures 

Before the participants began testing the game, all of the participants were given a brief 

explanation of the games and a demonstration. The Android operating system was used to run 

the proposed GBL application named “Radioactive Topics”. The smartphones are set up so that 

the participants can start learning the game right away. However, due to the limitation of devices 

to run the application, other participants have to wait for their turns because the application can 

only be installed on one smartphone. The participants are required to play, learn and test the 

game for about 5-7 minutes per participant. After the participants have completed the game, 

they must complete the question about the Radioactive Topics application, which was created 

using Google Forms. The questionnaires are written in English, and the terms have previously 

been rephrased to make it easier for students to understand and evaluate accurately. The 

evaluation’s outcome is discussed in the next section.  

 

Pariticipants 

For the final testing, there are a total of 30 participants who are interested to take part in the 

survey. The participants for testing consist of Form 5 science stream students from two (2) 

secondary schools located in Melaka. They must complete the questionnaires after playing the 

game in order to be assigned as a quality tester for the project. Fig. 8 shows a few of the 

participants playing with the game.     
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Figure. 8: Few participants playing the proposed GBL application 

 

Results 

The SUS questionnaire was used to assess the usability of the proposed GBL application. The 

System Usability Scale includes the instrument that was used in this evaluation. There are ten 

questions that the participants must answer in the surveys. On a scale of strongly agree to 

strongly disagree, each question was graded. Fig. 9 shows the system usability scale result for 

each question plotted using a histogram.  

 

 

Figure. 9: Overall SUS scale result group by each question 

 

The score for the system usability is computed based on contributions on each item, which 

range from 1 to 5. The scale position is subtracted from the score for odd-numbered items, 

while the scale position is subtracted from the score for even-numbered items. Table 3 contains 

a list of the scoring group by scale position for each item. 

 

Table 3: System Usability Scale Scoring 

 

 

Next, the score from each of the 30 respondents is added together to achieve the total score of 

over 40, which is then multiplied by 2.5 to get the overall value of the system usability. An 

outcome is a number between 0 and 100. A summary of SUS total scores is plotted in a 
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histogram shown in Fig. 10. The range begins at 50% and increases by 6%. The vertical axis 

displays the frequency of each range. According to the histogram, the largest frequency is 

between 74% and 82%, with 12 responders falling into that range. While 8 respondents scored 

in the lowest range of 66% to 74%, and 2 respondents who scored in the highest range of 82% 

to 90%. 

 

Figure 10: Total SUS scores 

 

Each respondent’s score is summed together to produce the overall score for all respondents. 

As an outcome, a total score of 862 was collected from 30 responders. The average score is 

calculated by dividing the total score by the number of responses, which is 30. The designed 

system received an average System Usability Scale score of 71.83%. 

 

The average System Usability Scale score is 68%, which indicates that the system has strong 

system usability when the score meets or exceeds 68% (Binyamin et al., 2016). (Lewis & 

Sauro, 2018) confirm this assertion, claiming that 68% score as ordinary, 68% to 80.3% as good, 

and 80.3% to 100% as excellent. As a result, the system has demonstrated its usability by 

receiving an average score of more than 68%, or 71.83%. The proposed application has good, 

strong system usability in terms of its effectiveness, efficiency, and satisfaction of the 

respondents when learning radioactive topics using the augmented reality approach. 

 

Conclusion 

The main goal of this study is to implement augmented reality technology into Physics education 

to enhance the students’ understanding and enjoyment. Furthermore, the goal of incorporating 

augmented reality into GBL can be achieved with this application. This is because GBL is a new 

educational platform and medium for students to get educational knowledge. Even though this 

medium is unusual for delivering educational content, recent researchers have proof that GBL is 

a revolutionary tool for educating students. As a result, a model of GBL application for Physic 

education was proposed and further tested to the target audience to improve their knowledge and 

experience by using augmented reality. Finally, the proposed model can be used to teach and 

entertain learners and it can be made more attractive by adding more 3D models on different 

subtopics in the Physics subject. 
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