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ABSTRACT
Augmented reality in STEM education has been identified to be useful to students as indicated in many
studies. However, the interest of the students towards STEM education is reportedly declining. Thus, this
study supports the concept of STEM education through the development of an AR application namely ARSiS that aims to encourage students to study Science subjects. The objective of this study is to develop and
evaluate the usability AR-SiS application in teaching the solar system sub-topic. The respondents of this
study consist of two categories, namely five teachers and twenty students (Year 4 to 6). The result found
that both categories of respondents showed a high mean score on learnability and satisfaction toward the
use of AR-SiS application. Hence, it is hoped that this study will benefit the students who are interested in
STEM education and contribute the teachers a chance to diversify the teaching aids in the classroom.
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1. INTRODUCTION
Technology-based research to improve learning (technology-enhanced learning) such as
augmented reality, ubiquitous learning (u-learning), mobile learning (m-learning), serious games
and learning analytics have been widely used to provide user satisfaction and experience in
enriching the environment multimodal learning [1]. Among these technologies, the use of
augmented reality (AR) is seen increasingly popular to enhance learning and teaching experiences
in the classroom by encouraging students to explore learning materials from a new perspective
[2]-[3]. Besides, the use of AR technologies in practical applications such as high potential
education to improve the existing technology towards better quality of life [4].
Science, technology, engineering and mathematics (STEM) education have been recognized as a
main learning in education at schools around the world [5]. In line with the 4th Industrial
Revolution, various STEM initiatives at all levels of education in Malaysia were implemented to
achieve the goal of producing sufficient STEM workforce and the new millennium community
that are well-versed in STEM [6]. However, only 23% of senior high school students were
enrolled in Pure Science stream in Malaysia and the decline in the interest in STEM education is
seen to be more serious [7], which also causes the deterioration of students taking the Science
stream at higher education institutions. Among the factors are due to lack of interest and the
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perception of the difficult level of studying in the field. Students, who are numerically
challenged, view that mathematics and science will hinder their progress in mastering in both the
fields, accordingly. Besides, many students perceive teaching or pedagogy in the STEM field as
less interesting and assume that this field is less likely to offer job opportunities [8].
Based on studies pertaining the use of AR technology especially in STEM education [9]–[11], a
combination of efforts to improve and enhance STEM education through the use of AR in the
Malaysian education context is the main focus of the study. The selection of the Solar System
topic, which is one of the topics in Science Year 4, was conducted as many students faced
difficulty in understanding the complex knowledge of concepts, phenomena and space-related
theories [12]. The difficulty in understanding astronomical concepts occurs as the students’ needs
to explore the concept of a three-dimensional (3D) object relationships in space and the students’
view of the different perspectives are limited. This is due to the many astronomical sources that
are available in the form of two-dimensional (2D) charts and images as in school textbooks. The
findings [12] found that the use of 3D technology is one of the approaches to support students in
building and describing scientific phenomena effectively.
According to [13], AR technology allows user interaction with virtual objects in the form of 2D
or 3D combined into a real environment. Hence, the use of AR technology is appropriate for
STEM education by highlighting the teaching approach based inquiry. Through this approach,
students' inquiry skills can be nurtured through their direct involvement or interaction with
learning materials in challenging assignments [14]. In addition, teachers can diversify the
teaching techniques and aids used during learning and facilitating sessions by incorporating AR
technology. Therefore, the focus of this study is to develop and evaluate the usability of an
application on the solar system topic using AR technology. An application known as AR-SiS is
expected to attract students' interest in Science subjects, as well as to encourage STEM learning
and teaching, which will be used by teachers as a teaching techniques and aids in the classroom.

2. RELATED STUDY
2.1 AUGMENTED REALITY (AR)
AR technology is one of the technologies that create an environment where information is
generated by computers with real world scenes. Nonetheless, the AR definition is argued to vary
based on studies [1]. For example, according to [13], AR allows interactions with virtual objects
in the form of 2D or 3D that are united in a real environment. However, [15] states AR refers to
the technology that displays digital material into real-world objects. This definition is based on
one of the AR features of putting something on something else or superimposes virtual
information into real world objects. In addition, a broader perspective is used in the study,
whereby [16] indicates AR as a continuation or extension to virtual reality (VR), but with some
advantages. AR research is also evolving and now available on mobile and non-mobile devices.

2.2 AUGMENTED REALITY (AR) IN STEM EDUCATION
A study on the AR technology trends in education has shown an improvement especially in
improving learning, motivation, interaction and collaboration [1], [4]. According to research
[17], among others, AR technology provides an avenue to students in improving learning
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performance, being active in engagement, and have a positive attitude. In addition, AR
technology has also proven to be effective in increasing involvement in learning and
understanding of a particular topic, especially when it involves spatial visualization skills [2]. In
addition, there are some examples of using AR technology in education such as in study [18]
about terrain shape learning, electrochemical concept [19], civil engineering education [20],
second language learning [21], and human anatomy learning which is digestive system [22]. The
use of AR technology is believed to improve the experience in teaching and learning, as well as
through the interactive dimensions provided to strengthen the remembering process [23].
Study by[9] found that the use of AR technology in STEM education has been increasing and
suggested further research should focus on science skill-based outcomes. Among the advantages
of using AR technology in STEM education is to provide students with the opportunity to
develop practical skills through learning experiences, encouraging involvement, motivation and
satisfaction of students [11], [24]. Based on these advantages, it is clear that students and
teachers should utilize the use of AR in education, especially in STEM education.

2.3 STEM EDUCATION
The STEM education concept is an effort to attract youth in learning science, technology,
engineering and mathematics. STEM education is a learning that moves beyond facts and
procedures by introducing broad concepts, such as scales or systems, and involving students in
STEM practices such as developing evidence-based explanations [25]. This growing perspective
requires active learning mode and activities that emphasize practicality and reality. According to
[26], various studies have proved that STEM education is effective in raising students’ interest in
Science and Mathematics, and success in STEM-related occupations. He added that the current
trend is to combine the four STEM disciplines into a mega-discipline considered practical and
realistic to foster students' interest in Science and Mathematics at schools. STEM education also
provides an opportunity for students to apply the Science and Mathematical concepts and make
learning more meaningful and challenging.
STEM education is now a priority in the Malaysian education, in line with the government's
desire to improve the percentage of student’s interest in STEM education either at school or in
higher education. As a preliminary step, students need to be exposed to STEM education as early
as possible in primary school by applying the technologies that have been rapidly growing.
According to [27], studies about STEM education also represent high empirical efforts to create a
better understanding of the basic factors that influence the success of the student throughout the
STEM learning process. Therefore, it is hoped that this study will contribute to the generation of
STEM-based students who are able to compete in professional, scientific and technical fields.

3. RESEARCH METHODOLOGY
Various methodology theories can be applied throughout the product development process that
apply AR and VR technologies such as the ADDIE model (Analysis, Design, Development,
Implementation, and Evaluation), VRID model (Virtual Reality Interface Design) or R2D2
(Recursive and Reflective Design and Development) [28]. For AR-SiS application development,
the ADDIE model containing five phases which are analysis, design, product development,
implementation and evaluation phases have been selected as suitable for product development
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that applies AR technology and instructional design [28]. Beginning with the analysis phase, the
researcher analysed the needs of the study on existing markets and made comparisons on some of
the elements that are possible and should be applied in the production of researched products as
well as improving the products to be produced. Next, in the design phase, the technical, material
and media specification requirements are set. Flow charts and storyboards are created to facilitate
researcher to refer to the preliminary description of the production of AR-SiS application (see
Figure 1 and 2). The relevant content of the materials to be incorporated into the application
based on Year 4 Science textbooks, specifically the introduction to the Solar System subtopic was
also referred.

Figure 1. Application flow chart structure

Figure 2. Example of image target display storyboard (Earth)
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In the development phase, the AR-SiS application was developed based on the previous phase of
the plan. Each graphic for the target image is generated and the audio is recorded and imported
into the main authoring software, Unity 3D. The design of the AR-SiS application interface (as
shown in Figures 3 and 4) is based on the direct manipulation concept which uses touch inputs or
sensors that can receive user responses such as swiping, tapping, pinching and reverse pinching to
manipulate objects on the phone or tablet touch screen. Therefore, the navigation button
represents the user immediate response to input, which is designed to produce touch response to
the application. In addition, explanation audio about the planet in the Malay language is also
available and will be heard when the target image is scanned using a smartphone. The AR-SiS
application is developed using C# programming language and software such as Unity 3D,
Vuforia, Blender, Adobe Photoshop CS6, Android Studio version 2.3 and Sound Recorder.

Figure 3. AR-SiS menu screen

Figure 4. Examples of AR-SiS object screen

After the AR-SiS application is developed, this application is installed on a smartphone that uses
the Android platform. Next, in the evaluation phase, two categories of respondents involved,
teachers of Science subjects and Year 4 to Year 6 students that randomly selected at one of the
primary schools in Pahang. There are two sets of questionnaires used to assess the usability of
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AR-SiS application for learnability and satisfaction of teachers and students. Learnability refer to
the extent to which something can be learned efficiency and satisfaction refers to the users'
comfort and positive attitudes towards the use of the system [29].The set of questionnaires for
teachers consists of 12 items and uses the Likert scale of five answer options, while the
questionnaires for students consist of 10 items and uses a three-choice scale only to facilitate
them to choose answers such as in Table 1 and Figure 5. Construction of the relevant items for
the questionnaires for teachers and students were adapted from [30] and [31].
The assessment session was conducted by asking teachers and students to use the AR-SiS
application and then to answer the questionnaires provided. Data from the questionnaires was
analysed using the Microsoft Office Excel 2013 software program to facilitate the researcher to
do comparisons and conclusions on AR-SiS application development. The researcher uses
descriptive analysis method which is interpreted to several levels of tendency which are low,
medium and high level [32]. The mean score obtained through descriptive statistics is interpreted
to some degree of inclination as shown in Tables 2 and 3.
Table 1. Description of Likert scale (Teachers respondent)
Scale
1
2
3
4
5

Definition
Strongly disagree
Agree
Neither
Disagree
Strongly disagree

Figure 5. Description of Likert scale (Students respondent)
Table 2. Interpretation of mean score (Teachers Respondent)
Level
Low
Medium
High

Range
1.00 – 2.33
2.34 – 3.67
3.68 – 5.00

Table 3. Interpretation of mean score modified by researcher (Students Respondent)
Level
Low
Medium
High

Range
0.10 – 1.00
1.10 – 2.00
2.10 – 3.00
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4. DATA ANALYSIS AND DISCUSSIONS
4.1 RESPONDENT BACKGROUND ANALYSIS
According to [29], the number of samples for quantitative studies on usability assessments is at
least 20 people. Thus, the researcher h selected five teachers who were all female teachers and 20
students aged from 10 to 12 years old comprising of 11 male students and 9 female students to be
involved in the AR-SiS application usability assessment.
Table 4. Category and gender of respondent
Respondent
Teachers
Students

Male
0 (0%)
11 (55%)

Female
5 (100%)
9 (45%)
Total

Total
5
20
25

4.2 AR-SIS APPLICATION USABILITY ANALYSIS
The findings from the respondents, which are teachers and students in terms of learnability and
satisfaction regarding AR-SiS application are provided in Table 5 and 6. The mean score average
in Figure 6 shows that in the case of learnability, the two categories of respondents show high
mean score average, namely4.4 for teachers and 2.8 for students. This shows that both of
respondent categories, whether the teacher or student can control the AR-SiS application well and
easily even though it was their first time using during the assessment. They can also understand
the use of the AR-SiS application well and believe that the use of this application can help
improve knowledge of the solar system. Meanwhile, for satisfaction aspect, the mean score
average in Figure 6 also shows a high value of 4.2 for teachers and 2.7 for students. This high
mean value indicates that both the respondent categories are satisfied while using this AR-SiS
application. This satisfaction can be illustrated when the AR-SiS application can be clearly seen
and heard, as well as the colours, texts, images, pictures and background elements are interesting.
It worth noting that AR-SiS application was used differently in solar system sub-topic and
provided factual knowledge or helped students to become immersed in the educational context by
superimposing digital elements related to the narrative of the lesson and also helped students to
visualize 3D concrete or to increase students’ visual perception [15]. In addition, by using audio
in AR-SiS application for instance, can achieve a higher immersion in the learning context [9].
Table 5. Data finding from teacher respondent
Aspect
Learnability

Item
This AR-SiS application is easy to control and use.
This AR-SiS application is suitable to use as teaching aids
in the classroom.
The content provided is easy to understand by students.
The AR-SiS app can help students to increase their
existing knowledge.
The use of image scan cards in this AR-SiS application is
easy to use.
Users are easy to understand the concept of solar systems
using this AR-SiS application.

Mean
Score

Mean
Score
Average

5.00
4.60
4.20
4.00

4.40

4.80
3.80
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Satisfaction
The background used is very interesting.
4.20
Audio in this AR-SiS application can be heard clearly.
4.00
3D objects display in AR-SiS application can be seen
3.80
clearly.
This AR-SiS application interface meets the concept of
4.20
4.20
solar system.
Text elements in the AR-SiS application and the scan card
4.80
are interesting.
The graphical elements in this AR-SiS application is
400
appealing.
Table 6. Data finding from student respondent
Aspect
Learnability

Satisfaction

Item
I can use this AR-SiS application properly.
I can use this AR-SiS application easily.
I can understand the information delivered from this ARSiS application.
I can improve knowledge about Solar System through
this AR-SiS application.
I can understand the language used in this AR-SiS
application.
I like the colors used in this AR-SiS application.
I like the images used in this AR-SiS application.
I find audio in this AR-SiS application can be heard
clearly.
I like 3D-shaped planetary objects.
I am satisfied with this AR-SiS application.

Mean
Score

Mean
Score
Average

3.00
2.65
2.80
2.60

2.80

2.95
2.70
2.45
3.00

2.70

2.60
2.75

Note. Mean Score Average (Teacher) based on a scale of 1-5 while Mean Score
Average (Student) on a scale of 1-3
Figure 6. Mean score average for teacher and student respondents
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5. CONCLUSION
Science and mathematical concepts, when integrated into the Technology and Engineering field
can be used as a platform for solving real-world problems in life as well as providing a very
effective learning experience for students. The findings of this study showed that AR-SiS
application is easy to use and the application can be learnt and understood by users. Thus,
encourages respondents to be satisfied with the developed AR-SiS application. However, there
are some suggestions for improvements to produce better and effective AR-SiS application. First,
the design of each target image were almost similar to each other that causes a confusion in the
scan of the target images, thus, the 3D object appears unlike the scanned target image. Therefore,
the target image should be designed properly to avoid causing confusion while the user scans it in
terms of colours, graphics and text layout on the image to be generated. Next, the navigation
button on the smart phone screen is small for users who use small-sized smartphones. Hence, the
navigation buttons should be designed to suit all sizes of smartphones. In a nutshell, the
production of AR-SiS application is beneficial not only to attract students to study Science
subjects, especially astronomy, but it can help teachers in delivering the lesson content with the
help of more interesting teaching techniques, as well as aids and fulfils the perception of the
current generation. In addition, it is a good idea to both parties where teachers can improve their
teaching methods and students can learn new knowledge in accordance with the applied
technology.
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