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Abstract—Microorganisms is a Year 6 Science subject that 
primary school students find considerably less attractive because 
of the enormous facts that require them to have good imaginary 
skills to understand. Only limited applications are available on 
smartphones as tools to learn subjects, especially Science, 
Technology, Engineering and Mathematics (STEM). Since the 
young generation is very much into current technology, there is a 
need to develop an application to gain students' interest and 
improve their understanding of microorganisms. Therefore, a 
microorganism learning application that combines augmented 
reality (AR) and gamification called Microorganisms was 
developed. The Microorganisms prototype includes two modules; 
learning and training. The learning modules use AR technology 
that scan marker images to display a digital layer of 
microorganisms in three dimensions (3D). Meanwhile, the 
training module is represented through gamification consisting of 
quiz questions, a timer, and a score. The application was 
designed using Agile methodology and developed using various 
software such as Unity, Autodesk 3ds Max, Vuforia, and 
Firebase. Ten respondents, nine students and one teacher in a 
primary school, assessed the prototype through experimental 
testing. The results showed that, on average, the user satisfaction 
value was 4.6 out of 5. Thus, the Microorganisms application 
based on AR and gamification can be considered a good learning 
tool for primary school students to learn about micro-organisms. 

Keywords—Augmented reality; digital game-based learning 
(DGBL); game; learning tool; microorganisms; usability testing 

I. INTRODUCTION 
Students have been learning the Science subject from a 

young age, not only as a requirement in school but also for 
student comprehension. Microorganisms are one of the sub-
topics that Year 6 students learn in primary school. The 
students need to realise that microorganisms, such as viruses, 
are tiny and can only be seen through a microscope and cannot 
be seen with the naked eye. This concept becomes more 
difficult for students to understand and appreciate the design 
and structure of the microorganism itself. Most students and 
even parents consider that the Science subject or field is not 
easy to understand [1]. Moreover, scientific notes are dense 
with writing and facts, which causes students to lose interest in 
learning and understanding the topic of microorganisms. Thus, 
it is essential to create a learning tool that can grab students' 
attention and realise that Science is an exciting subject to learn. 
Factors that can motivate students to learn include presenting 
the content in various ways, such as sound, visualisation, and 

animation [2]. Specifically, it is more stimulating for the 
students to get to see the microorganisms in 3D. 

Augmented reality (AR) is a current technological medium 
that offers a unique opportunity that combines the physical and 
virtual worlds [3]. AR works interactively and in real-time, 
aligns real and virtual objects [4]. Many applications relating to 
education have applied AR in their design. For example, the 
AR Marine Scientific program aims to create awareness of 
marine environments among lower-grade primary school 
students. It was identified that the application could help low 
academic achievers improve their learning performance [5]. 
Besides, AR (as a learning supplement) has also been used in 
research to evaluate and compare Biology students learning via 
AR and printed books, in which it was found that both methods 
indeed helped enhance the learning of Biology [6]. 
Furthermore, some AR applications include a game element to 
attract learners' attention. Gaming is significantly related to the 
young generation, which generally consists of avid gamers. 
Therefore, a good learning tool that combines AR technology 
and gamification in the application design may help students 
learn better [7]. 

Thus, this research aims to design and develop an 
application as a learning tool to learn the microorganism topic, 
especially for primary school students, with the integration of 
AR technology and gamification in the design. First, this 
research paper discusses the current tools in the market for 
learning the Microorganism topic and the AR applications that 
have been developed by other researchers in a similar area, 
followed by the present research methodology, including the 
framework and the development of the Microorganism 
application prototype. Sections 3 to 6 discuss the process of 
evaluating the application, Microorganisms. Finally, the paper 
reviews the evaluation results and discusses the development 
of the Microorganisms application. 

II. LEARNING TOOL FOR MICROORGANISMS 
Learning Science subjects can be frustrating for some 

people because they cannot see or imagine how certain 
scientific phenomena work. Hence, many learning tools have 
been created to help enhance learning activities, especially 
science subjects or topics. Some tool designs may suit 
particular aims and can be used by others facing similar issues 
in learning. 

One study compared the learning performance between 
students learning biology using an AR application and a 
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printed book [6]. Their study showed no difference in 
understanding and remembering factors between the students 
in both categories. However, the students that used the AR 
application showed a better learning attitude than the students 
who used printed books. However, the study gave no detailed 
explanation of the application design. 

Meanwhile, another work [8] proposed a visual aid for 
students and practitioners to learn about antimicrobials in 
Microorganisms in the form of a video. The support was aimed 
at adult learners, and based on the result analysis, the tool 
indeed helped improve user understanding. Moreover, the 
video presentation is an excellent method to assist students in 
learning the topic. Nevertheless, it can still be improved by 
using 3D or even four dimensions so that the organism could 
be seen from a different angle. 

Another study created a learning tool for Microorganisms 
specifically to learn the mushroom structure. The study applied 
AR technology to display the design in 3D [9]. Based on the 
evaluation process, it was identified that the tool offered a 
reasonable satisfaction rate among users. Nevertheless, the 
application focused on AR and did not include any game 
element in the design. Also, the application content is not 
similar to the primary school syllabus in Malaysia. Still, it can 
be used as a reference for local students to learn the topic 
beyond that covered in school. 

Applications with AR features have been developed since 
the 2000s. Many AR applications help students to improve 
their learning performance, especially in subjects considered 
challenging or less interesting; for example, ATHYNOS, a 
serious AR game for children with Dyscalculia, was developed 
to help them learn mathematics. ATHYNOS was identified to 
be able to help students with calculation disorders and, based 
on the evaluation results, the students took less time to 
understand the subject [10]. Another application was also 
designed and developed to learn Kanji, considered one of the 
most challenging writing systems. Called Dragon Tale, the 
adventure game with AR features was designed to help 
students learn Kanji interactively [11]. Similar research also 
aimed to help students in Thailand to learn the same writing 
system [12]. Hence, the study designed an AR application that 
improved Kanji skills by more than 41%. 

According to some studies [6], [8], [9], a learning 
application should consider including multiple media to attract 
students' attention, such as video, audio, graphic, text and 
animation. The lengthy and dense text should be avoided as 
much as possible. The element of 3D that is activated through 
AR features can be one of the fun factors in learning [13]. It is 
also essential to assess the student's comprehension; thus, 
questions or quizzes should be attached at each lesson in the 
application [6], [8], [14]. Since gaming is very much connected 
to the young generation, the assessment can be presented in a 
game where students can compete with other players. The 
current problem is identified based on real scenarios at local 
schools where students are having a tough time learning the 
subject. Since there are limited learning materials that suit the 
syllabus, a research project is conducted to develop a learning 
application for primary school students to learn Microbiology. 

III. METHODOLOGY 
The research methodology was divided into three main 

phases: 1) Conceptual, 2) Design and Development, and 
3) Evaluation. The conceptual phase involved the process of 
analysing the current problems and project requirements. The 
second phase, Design and Development, comprised designing 
the application and developing the prototype. At the same time, 
the last phase involved evaluating the prototype and verifying 
the application design. The overall research method was 
adapted from the agile methodology that is usually applied in 
software development. In mobile software engineering, this 
methodology is essential since the software is constantly 
changing and evolving based on users' immediate needs [15]. 
Table I shows the phases and research activities for this study. 

In phase 1, current issues are identified and based on past 
studies, the essential elements are recognised. Thus, the 
elements that are included in the application are multimedia 
like text, graphic, audio, video and animation in 3D. The 
application also includes AR and gaming feature as fun factors 
to draw students' interest. 

In phase 2, the application is design and developed using 
multiple software and briefly describe in the following 
subtopic. While in phase 3, the process of evaluation is 
discussed concisely in Section IV. 

A. Framework 
There are two modules in the Microorganisms application, 

learning and training, which are indirectly interconnected. The 
student can browse through the learning modules or choose to 
answer questions in the training modules at any time. The 
learning module is aimed to represent the content of 
Microorganisms in 3D with the support of Augmented Reality 
technology. Five topics were included in the learning modules: 
Fungi, Bacteria, Viruses, Protozoa, and Algae. Students can 
choose any topic to learn by clicking on the listed buttons 
labelled with the topic's name. In addition, a button labelled 
AR is also included in each topic to represent the content of the 
specific topic in 3D. The student must scan a specialised 
marker to activate the AR function. Besides, a video 
presentation of each topic is also included in the learning 
module. 

TABLE I. RESEARCH ACTIVITY 

Phase Research Activity Output 

1. Conceptual 

Analyse the current problem 
Get initial information from primary school 
teachers and parents 
Analyse similar studies  

Component 

2. Design and 
Development  

Design the proposed framework 
Identify software requirements 
Develop the application prototype 

Application 
prototype 

3. Evaluation Functional testing 
Usability testing 

Verified 
application 
framework 
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The training module is aimed at testing student knowledge 
on the same topics as the learning module. In the training 
module, some questions are grouped into four difficulty levels 
to imitate the gamification structure. The students are given a 
time limit to answer the questions, and at the end of the 
training session, the student's individual score is displayed 
together with their ranking. Fig. 1 shows the application 
framework for Microorganisms. 

The application prototype for Microorganisms was 
designed based on an application framework. Adobe 
Photoshop and Unity software were used to create the 
application interface design. Meanwhile, 3D models for the 
Augmented Reality modules were developed using Autodesk 
3ds Max software. The Firebase database was used to store 
user data and the scores obtained in the training module. The 
languages used to program the application were C# and PHP. 
Fig. 2 to Fig. 9 shows the interface design for Microorganisms. 

B. Prototype 
The application prototype for Microorganisms was 

designed based on an application framework. Adobe 
Photoshop and Unity software were used to create the 
application interface design. Meanwhile, 3D models for the 
Augmented Reality modules were developed using Autodesk 
3ds Max software. The Firebase database was used to store 
user data and the scores obtained in the training module. The 
languages used to program the application were C# and PHP. 
Fig. 2 to Fig. 9 show the interface design for Microorganisms. 

Fig. 2 shows the main page of the application that consists 
of three buttons, Masuk (Login), Tetapan (Settings), and 
Keluar (Exit) buttons. Users need to select the login button to 
go to the category selection page. Users can also choose the 
settings button to set the voice settings and see the how-to-play 
guide while pressing the exit button to stop the application. 

 
Fig. 1. Application Framework. 

 
Fig. 2. Main Page. 

Fig. 3 shows the category page where users can select the 
Belajar (Note) button to view notes related to Microorganisms 
or the Kuiz (Quiz) button to answer quizzes. Users are also 
allowed to return to the main page by clicking the home button 
at the top of the page. 

Fig. 4 shows the Notes page where the users can select the 
Fungi, Bacteria, Viruses, Protozoa, and Algae buttons to view 
notes related to the chosen type of microorganism. There are 
also buttons for Jenis (Type), Proses Hidup (Processes), 
Kegunaan (Uses), Keburukan (Disadvantages), and 
Pencegahan (Prevention). Users can also view the 3D model in 
AR by clicking on the AR button. There is also a back button 
to return to the category selection page. 

Fig.5 shows a video page with similar buttons in the Notes 
page to allow users to view related video descriptions in video 
format. There is also a back button to return to the category 
selection page. 

The application can access the users' camera to allow users 
to scan the designed marker. Fig. 6 shows the page that 
displays the 3D model where users can select the Fungi, 
Bacteria, Viruses, Protozoa and Algae buttons to view 3D 
models related to the chosen type of microorganism. There is 
also a back button to return to the Notes page. 

 
Fig. 3. Category Page. 

 
Fig. 4. Notes Page. 

 
Fig. 5. Video Page. 
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Fig. 6. 3D Model in Augmented Reality. 

Fig. 7 shows the game level where users have to answer the 
quiz questions in order to move to a higher rank. 

 
Fig. 7. Level of Difficulties in the Game. 

There is a score on the left side of each question. All 
questions are multiple-choice, like in Fig. 8. There is a time 
limit to answer each question. 

 
Fig. 8. Example of Quiz. 

Fig. 9 shows the scoreboard page to displays the five 
highest user scores in ascending order. 

 
Fig. 9. Scoreboard. 

IV. EVALUATION 
Evaluation was conducted via two sets of questionnaires to 

obtain feedback from the users of the Microorganisms 
application. The testing process involved ten respondents, 
consisting of nine students and one Science teacher. The 
questionnaire consisted of three parts: to test the function of the 
application and a non-functional variable, usability. 

A. Functional Testing 
In functional testing, Microorganism was tested to identify 

any problems in operating the application. The functions in the 
learning modules, including browsing the content using the 
buttons, the scan markers to test the AR function, and watching 
the 3D and video content, were tested. Meanwhile, in the 
training modules, the testing was done by browsing through the 
game questions of different difficulties, answering some 
questions, and getting feedback and the game score. Functional 
testing was done via a simple walkthrough method to ensure 
that all features such as the buttons, notes, video, 3D model, 
and AR marker worked well. Four significant phases were 
included in the functional testing, as described in Table II, 
while Table III shows one of the detailed procedures in the 
functional testing. The functional testing procedure was 
adapted from a past study [16]. Each team member in the 
project did the testing. No issue was found in all four phases of 
functional testing. The status column in Table II indicates a 
pass to show that the application features are working well. 

TABLE II. PHASES IN FUNCTIONAL TESTING 

Phase  Description Process Status 

1 Display notes and video Manual Pass 

2 Display 3D model Manual Pass 

3 Play game Manual Pass 

4 Display scoreboard Manual Pass 

TABLE III. EXAMPLE OF DETAILED FUNCTIONAL TESTING PROCEDURE IN 
PHASE 2 

Criterion Description 

Objective 
To ensure the 3D module works well. It tests whether an 
application can display a 3D model of the microorganism 
and respond correctly to user interactions. 

Pre-requirement Markers for AR for users to scan. 

Testing 
Procedure 

1. Install the application on a mobile device. 
2. Run the application.  
3. Select the "Login" button – The application displays 
the learn and quiz menu page. 
4. Select the "Learn" button – The application displays 
the learning notes page. 
5. Select the "AR" button available on each type of 
microorganism – The application displays the camera 
mode. 
6. Scan the marker image as a target image – The 
application displays the model and name of the 
microorganism. 

Exit steps 
1. Press the home button. 
2. The application returns to the main page. 
3. Press the "Exit" button. 

357 | P a g e  
www.ijacsa.thesai.org 



(IJACSA) International Journal of Advanced Computer Science and Applications, 
Vol. 12, No. 6, 2021 

B. Usability and Effectiveness Evaluation 
Ten respondents were asked to evaluate the application and 

then answer a set of questions using a Likert scale to assess the 
usability of the Microorganisms application. According to [17], 
responses from five to ten participants are enough in 
experimental evaluation. The testing was conducted via an 
online medium to obtain feedback from the respondents about 
the usability of Microorganisms. Then, .apk files were 
uploaded onto Google Drive and the URL distributed to the 
respondents. Feedback from the respondents was collected via 
Google Forms online questionnaire. The usability evaluation 
was done to ensure that the application is in line with what 
users want by observing how users use the application. There 
are ten questions in total, with the items adapted from a past 
study [18]. Based on the descriptive analysis, the total mean 
value for usability was 4.26 and 4.56 for effectiveness. The 
detail of the usability and effectiveness result is shown in 
Table IV. 

TABLE IV. USABILITY AND EFFECTIVENESS RESULT 

No. Factor Item Mean 

1 Usability User-friendly 4.3 

2 Usability Clear instruction 4.5 

3 Usability Easy to use 3.9 

4 Usability Button works well 4.2 

5 Usability Attractive interface 4.4 

6 Effectiveness Easy to understand 4.4 

7 Effectiveness AR is interesting 4.5 

8 Effectiveness Questions in quizzes are understandable 4.5 

9 Effectiveness Enjoyable 4.8 

10 Effectiveness Suitable 4.6 

V. DISCUSSION AND CONCLUSION 
The initiative to begin the research project came from a 

teacher in a local primary school who had trouble teaching the 
microorganism topic. The teacher had problems showing the 
details of the microorganism to students since the school had 
no lab equipment. Reference books were the only resource and 
non-interactive, so it wasn't easy to attract students' interest in 
learning the topic. Thus, Microorganisms' application was 
developed as a learning tool to help the students understand the 
topic and the teacher to teach the subject. It was purposely 
developed in a mobile platform since most of the students' 
parents have mobile gadgets that the students can use not only 
at school or with the teacher but anywhere. The teacher 
specifically prepared the content of the notes, and the 
representation of the notes was redesigned by the researcher 
with the teacher's approval and verification. 

To make the notes more interesting, visualising the topic 
can be a good method to apply [19]. Thus, features of AR and 
3D models were added to the mobile application. These 
features have been identified to hold students’ attention in the 
subject matter [11], [12], [20], [21]. The researchers argued 
that AR with 3D models creates new experiences and provides 
new teaching methods, learning, and research [13], [21]. 

Hence, the AR feature with a 3D model was designed as part of 
the application to grasp students' attention and interest to learn 
the topic. Since the topic is part of Science, Technology, 
Engineering and Mathematics (STEM), the application can 
also be considered as one of the initiatives to expose students 
to STEM concepts based on real-world situations. 

Designing for a generation exposed to current technology 
and addiction, gamification has now become a compulsory 
element in learning tools [22]. Many learning tools that 
integrate gaming elements in their content aim to increase 
enjoyment in learning and measure student comprehension of 
the subject [10], [11]. Also, some studies emphasised the vital 
role of games in knowledge acquisition and content 
understanding [14], [22]. The study found that many learning 
tools have succeeded in delivering knowledge by incorporating 
gaming into their devices. Consequently, Microorganisms was 
developed with AR and layering of 3D models, with game 
element integration. 

The process of designing and developing Microorganisms 
took seven months, while another three months were required 
to evaluate its features, usability, and effectiveness. The 
evaluation of the application features, known as functional 
testing, was done via a simple walkthrough method, while the 
evaluation of usability and effectiveness was done via an 
online questionnaire. Based on the results of the assessments, 
the Microorganisms application received good feedback from 
all respondents, with high mean values for all items. Therefore, 
this application can be used in class as a learning tool for 
teachers to teach their students the same topic. 

There are some limitations to this research project; firstly, 
many respondents are negligible due to an imbalance in the 
number of students and teachers. In the future, the number of 
respondents will be increased to balance between both types of 
users (student and teacher). Secondly, the set of questions used 
to evaluate Microorganisms' usability is simple, so the 
researchers were unable to obtain detailed feedback from the 
respondents that could have further enhanced the application's 
design. 

VI. FUTURE WORKS 
Based on the discussion above, this research will 

continuously improve the diverse representation of the 
microorganism notes, adding more gamification elements, such 
as group competitions, and setting the application in an iOS 
platform. At the same time, future research will focus more on 
the importance of suitable methods and sufficient respondents 
to evaluate the application. The proper method of evaluation 
will uncover a significant or insignificant aspect of any 
application [23], [24], [25]. 
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