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Abstract

This research aimed to develop and evaluate the level of usability of Augmented
Reality apps named ARcell for the topic of The Structure of Cells and Organelles. The
research design used was development research. The development of this ARcell
apps was based on the ADDIE model, with the integration of Constructivism learning
theory and Mayer Cognitive theory of multimedia learning. The validity of the ARcell
apps was determined by experts, while the reliability was based on the pilot study. The
level of usability of ARcell apps was determined through 101 Form 6 student’s
perceptions randomly selected from three schools in Malacca. The data were analyzed
descriptively using the SPSS software. The findings showed that the ARcell mobile
apps had good validity from the content aspect (S- CVI = 1.00), technical aspect (S-
CVI =0.97) and also had good reliability with Cronbach’s Alpha value of 0.94 from the
student’s perspective. ARcell mobile apps also had good usability in terms of design,
functionality, ease of use, learnability, satisfaction, future use, and system reliability,
with a high mean value of 3.94. Essentially, the ARcell apps had good validity, reliability
and usability and are very suitable for the use in the learning of Form 6 biology in the
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topic of Cell Structure and Organelles. The implications of this study indicated that the
ARcell mobile apps could be used as an additional teaching aid and can be a catalyst
for a new global learning approach in Malaysia. It is very relevant and practical
particularly in applying student self-learning during the country as well as the rest of
the world facing the Covid-19 pandemic situation.

Keywords: Augmented Reality, Biology, Usability, education 4.0, ADDIE model,
COVID-19

INTRODUCTION

Based on the Malaysia Education Development Plan 2013-2025, the Ministry of
Education Malaysia intends to use ICT equipment more effectively to provide teachers
and students with additional information and resources. In Malaysia, 21st Century skills
refers to skills and competencies in line with the National Education Philosophy that
enables Malaysian students to compete internationally

Today, the Industrial Revolution 4.0 (IR 4.0) has brought changes in various
aspects of human life, including education [2]. The rapid innovation in innovation has
delivered another education model for the future, namely Education 4.0 [3]. Anealka

said that the trends related to Education 4.0 implies that learning can be done
anytime and anywhere. Besides, student learning can be focused on individuals and
student-centred learning with the role of teachers as facilitators. Martin et al. [5] stated
that various trends are emerging in education, referring to the needs of Industry 4.0,
one of which is to use Augmented Reality (AR) as part of the modular learning system.

Nevertheless, teaching and learning entirely using mobile apps based on
Augmented Reality (AR) is still not feasible in Malaysia. The AR apps is only made in
certain sections of the students’ textbooks. Students still need to rely on their textbooks
to achieve the learning objectives of the topic.

The textbook loan scheme or known as “Skim Pinjaman Buku Teks” (SPBT) will
also cause the marker card in the textbook to be damaged, torn or scratched due to
the previous borrower, making it impossible to be scanned by the student’s mobile
phone camera to get the 3D-dimensional image display of the textbook AR

Furthermore, students’ difficulty in learning abstract concepts by visualisation is
also one of the biggest problems of students in the subject of Biology. This problem
persisted that many science stream students for Form 4 and 5 did not choose Science
Stream in Form 6 because they were less interested in Science subjects such as
Biology. Studying abstract Biology subjects is a significant challenge for Form 6
students who are generation Z.

Factors such as students' perceptions and concerns about low achievement as
well as the difficulty of mastering science and mathematics concepts are among the
reasons why students are less interested in choosing science streams. This thing is
also often associated with methods and practices in the teaching and learning of
science and mathematics, rigorous science assessment and difficulty in obtaining
excellent results for the two subjects

Using mobile technology and the subsequent visualisation of abstract concepts,
we can make it easier for students to zoom in and demonstrate the subject matter of
complex subjects. One of the methods of mobile learning that allow us to demonstrate
the visualisation of a given subject is Augmented Reality [9]. AR is useful for making
invisible contents visible and giving concrete examples for abstract contents in biology
education. AR can minimize misunderstandings by students caused by inability to
visualize a concept, provide visualization in detail and be able to give students a picture
of an object that cannot seen with the naked eye. The use of AR in the process of
learning biology, can helping students visualize difficult objects in the classroom
teaching process . Besides abstract and complex information, cell biology covers
many things that are too small to see with the human eye, such as protists and cells,
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requiring special high-tech microscopes that are not affordable for schools[8, 11]. AR
is useful for making invisible contents visible and giving concrete examples for abstract
contents in biology education. AR also provides more accurate illustrations of too small
or big subjects and too fast or long processes

According to Hoog et al. , the transition to remote education during the COVID-
19 pandemic has necessitated additional means of providing classroom and laboratory
content that is readily usable using devices accessible to students. In recent years,
augmented reality apps have proven to be a powerful tool for three-dimensional model
visualisation for teaching structural biology in smartphones near-ubiquitous devices.

Hence, this study was conducted to develop an Augmented Reality (AR) based
mobile apps named ARcell for the subject of Biology Form 6 for the topic The Structure
of Cells and Organelles. Therefore, the objectives of this study are:

1. To develop an ARcell mobile apps,

2. To determine the content and technical validity of ARcell mobile apps,

3. To determine the reliability of ARcell mobile apps, and

4. To evaluate the level of Usability of ARcell mobile apps from students’
perceptions

LITERATURE REVIEW

According to , Augmented Reality (AR) will transform the educational
landscape by allowing students to use mobile devices such as mobile phones or
special AR glasses to use AR apps, in which students can view 3 Dimensional objects
with pointing their mobile device to the AR marker. According to , the use of AR
apps to teaching and learning in education has the following advantages i) interaction
with students: concerning relatively tricky abstract concepts, students can repeatedly
practice through an interactive operational process. AR can provide the correct
concept knowledge can further enhance the comprehension abilities of its users. ii)
establishment of spatial concepts: if the teaching material can make the concept of
abstract space visible and visualise, it will provide significant benefits to students to
promote their understanding of spatial concepts. The AR

materials developed are likely to transform abstract concepts into concrete and,
thus, they can enhance the effectiveness of students’ learning of spatial concepts.

Studies involving AR technologies are categorised into two classes. The first
category is usability studies through existing apps on the Android platform, or IOS apps
store such as Augment apps : , Aurasma and other AR platforms. The second
category is studies that construct their stand-alone apps using software such as Unity,
Openspace3D, System Development Kit (SDK), Vuforia and others.

Researchers have identified several previous studies in the subject of Biology.
According to the study of , it targeted Form 4 students taking Biology subjects.
They developed an Augmented Reality-based mobile apps called ATTech System.
This mobile apps is develop specifically for the topics of mitosis, meiosis and
respiration. This study found that AR technology introduces new apps in increasing the
effectiveness and attractiveness of the learning environment in real-time for students.
Next, develop a mobile apps named HUMAR (Human Anatomy in Mobile
Augmented Reality). This apps is a reference to the topic of bones under the
appendicular skeleton. The sample of this study was 30 students with an average age
of 20 years from three universities. This study found that augmented reality-based
learning could provide more understanding to students while increasing their
motivation and effectiveness.

Augmented Reality Digestive System (ARDigestion) is a mobile apps develop in
the study of Rizqi et al[19]. He mentioned that the human digestive system is one of
the topics taught in Biology subjects in upper secondary schools in Indonesia. This
study also concluded that Augmented Reality could be applied as a medium for
learning the human digestive system. study developed an Augmentation-based
mobile apps by using a textbook as a marker for the topic of cell structure and
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organisation for Form 4 secondary school students taking Biology subjects. The
findings of this study showed that the usability aspect received the most positive
feedback with a mean value of 4.12. Descriptions of some of the past studies above
are summarised in Table 1 below.

Table 1:
Past studies of Augmented Reality-based mobile apps construction in Biology
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Based on the findings of previous studies in Table 1, it confirms that AR has great
potential to be a catalyst for a new approach in the teaching and learning of Biology
subjects. According to , AR promotes that mobile AR learning tools in inquiry-based
learning activities are highly effective, adds motivation, and is simple compared to
conventional inquiry-based learning approaches. According to[22], cell Biology
teaching is often considered difficult, both by students and teachers. The hindrance of
creating mental models by students and the lack of resources used by teachers in
didactic transposition make the teaching and learning process difficult. reported
that many students struggled understanding microscopic structures, mainly because
they could not see or manipulate them. Students experience many obstacles in
remembering the names of structures and functions
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METHODOLOGY
Research design

The research design of this ARcell mobile apps study used development research

maintained that an approach to be included in the title of a development

study must have more of a balance between development and research. This ARcell

mobile apps development used the ADDIE model. ADDIE is an acronym for Analyze,
Design, Develop, Implement, and Evaluate that referring to it five phases.

Respondent

Respondents involved in this study consisted of three categories: expert
respondents to assess the content and technical validity of the ARcell mobile apps and
two groups of Form 6 students aged between 18 to 20 years to assess the reliability
and the usability of the apps. Five experts were selected through purposive sampling
according to their respective expertise. At the same time, student respondents were
selected at simple random by using Table. The demographic information of the
study respondents according to the assessment and phase of involvement is shown in
Table 2 below.

Table 2:
Demographic information of study respondents according to assessment and
phase of involvement

| l

1 Content and technical validity of the apps Implementation expert 5
Apps reliability Implementation student 35
Apps usability Evaluation student 101
Instrument

This study employed three instruments: ARcell mobile apps content and technical
validity questionnaire, ARcell mobile apps reliability questionnaire, and ARcell mobile
apps usability questionnaire.

The ARcell mobile apps content and technical validity questionnaire adapted
study and was conducted based on the consent
of five experts with experience in their respective fields. ARcell mobile app
improvements were made based on their suggestions and views. Researchers used a
four-point Likert scale, namely 1 = strongly disagree, 2 = disagree, 3 = agree and 4 =
strongly agree. The distribution of items in the content and technical validity
guestionnaire are shown in Table 3.
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Table 3:
Distribution of items in the content and technical validity questionnaire
Content validity questionnaire

1 Content Design 10
Mobile Apps Activity Organisation 10
Number of items 20

Technical validity questionnaire

No. Components Number of items
1 Presentation Design 12
2 Interactivity Design 12
3 Constructivism Learning Theory 10
4 Mayer’s Multimedia Learning Theory 12
Number of items 46

The apps reliability questionnaire composed by the researcher was based on the
objective of ARcell mobile apps formation, which refers to the learning outcomes in the
Form Biology syllabus as recommended in the book of [8]. This questionnaire was
distributed to 35 Form 6 students who took Biology from five schools in Malacca.
Experts validated the questionnaire, and Cronbach’s alpha reliability value was 0.91.
The questionnaire used a five-point Likert scale with 21 items from three subtopics, as
shown in Table 4.

Table 4:
Distribution of items by subtopic
( )
1 Prokaryotic and Eukaryotic Cells 5
Cell components 5
3 Specialised cells 11
Number of items 21

The ARcell mobile apps usability questionnaire was adapted from the Post-Study
System Usability Questionnaire (PSSUQ) . It was distributed to 101 Form 6
students who took Biology from three schools in Malacca. Experts validated the
guestionnaire, and Cronbach’s alpha reliability value was 0.94. This questionnaire
used a five-point Likert scale with 21 items from seven aspects, as shown in Table 5.

Table 5:
Distribution of items according to aspects

Design/ Layout
Functionality
Usability
Learnability
Satisfaction
Future Results/Uses
System Error/Reliability

Number of items 21

NO (B |[WIN (-
N W Ww(hwiw
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Study Procedures

The first objective of this study was to develop an ARcell mobile apps to be used
for the title Structure of Cells and Organelles of the subject of Biology Form 6. The
development procedure of this apps was based on the ADDIE model that consist of
five phases. The first phase of the ADDIE model was the analysis phase which is the
basis for the subsequent phases. In the Analysis phase the researcher should identify
the probable causes for a performance gap. The
concept of Design phase is to verify the desired performances and appropriate testing
methods. Next, the Develop phase concept is to generate and validate the learning
resources. In the Implement phase, researcher have to prepare the learning
environment and engage the students At the last phase which is the Evaluation phase,
the researcher have to assess the quality of the instructional products and processes,
both before and after implementation.

The Analysis phase was the phase that solves and identifies the problem as a
whole. Several analyses need to be done at this phase, such as user analysis, learning
environment analysis, and determination of teaching goals and objectivesA Needs
Analysis questionnaire was conducted in the analysis phase using Google Form to
Biology teachers teaching at various levels (Forms 4, 5, 6 and matriculation), including
gender, Biology teaching level, state, and duration of teaching experience. In addition,
information such as the level of ICT skills, the type of mobile device owned, the level
of capability of the mobile device, how to connect to the internet, and the choice of title
suggestions that are appropriate for the ARcell apps were asked. The findings from 41
biology teachers who were respondents indicated the highest percentage of 84.9%,
which comprised teachers who teach Form 6 and matriculation, with 67.5% of
respondents with more than ten years of teaching experience. Respondents also had
the level of ICT skills at the proficient (42.5%) and moderately proficient (55%) with the
percentage of owning a smartphone of 90%and using wifi (90%) for internet access.
The proposed title that had the highest percentage of 48.7% was from the topic of the
second chapter, which is the Structure of Cells and Organelles, which covers 14
periods according to the Form 6 Syllabus of Biology.

The next phase was the design phase, where the production of Flowcharts,
Interfaces and Storyboards in designing AR mobile appss occurred, and it was
imperative. Mayer’s Multimedia Cognitive learning theory (2001) and Constructivism
Learning Theory were also adapted. The features of the ARcell mobile apps in terms
of technical and multimedia were based on the guidelines of Mayer’s Multimedia
Cognitive Learning Theory (2001), while the learning activities of the ARcell maobile
apps were based on the elements contained in Constructivism Learning Theory. Each
of the built-in marker cards had the same Level sequence, i.e. L1, L2 and L3. While
the smartphone camera scanned the marker card, students would see 3 Dimensional
(3D) images with interactive labels on L1. At the L2 level, students would go to the next
display to see features and other note information, and then students would be given
guestions objective interactive reinforcement questions at the L3 level. Figure 1 below
shows actual pictures of Level 1, Level 2 and Level 3. The third phase was developing
ARcell apps, following the analysis phase and design phase. According to in
the development phase of screen design aspects consisting of several multimedia
principles such as text principles, graphics (2D/ 3D obijects), audio, video animation
and colour should be met. In this phase, researchers need to provide more specific
and gquality teaching materials and need to arrange course materials step by step in
sequence[32]. Researchers also combined 2D pictures from Form 6 reference books
and pictures from internet sources and modified all the pictures to form 3D virtual
images that follow the student learning syllabus.

The features found in the ARcell mobile apps based on AR technology was that it
had multiple 3D and 2D virtual images, had interactive features on labels, objective
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quizzes, the use of human voice narration, complete with concise and precise notes,
had a video link to youtube, essay questions in the

Imej 3D (L1) Ciri-ciri_(L.2) Latihan Pengukuhan
(L3)

Figure 1: Levels on each marker card (L1, L2 and L3)

form of HOTS (Higher-Order Thinking Skill). It required minimal internet data and
was only required once, that was, during the first download. Once the apps was
successfully downloaded, students could use it repeatedly in self-learning without a
time limit. It is beneficial for the teaching and learning of students, especially at a time
of the COVID-19 pandemic, in which the distribution of textbooks or the purchase of
reference books is complex due to the Movement Control Order (MCO). The use of
the complete ARcell mobile apps included one chapter and its features that could be
easily downloaded directly in various ways (Bluetooth, Share it, Telegram), greatly
aiding the teaching and self-learning of students at home.

The next phase was the implementation phase. According to every problem
identified in this phase will be fixed and redeveloped until the objectives of the apps
are achieved to ensure that the apps can be appropriately used before testing on users
is done. A general implementation strategy is planning for students and teachers as
facilitators [26].

This implementation phase began with the validation process of the ARcell mobile
apps. The researcher conducted initial discussions with the supervisor to determine
the experts who would evaluate the validity of the content and the technical validity of
the ARcell mobile apps. The evaluation of the validity of the ARcell mobile apps by
experts was made using two questionnaires: the ARcell Mobile Apps Content Validity
Questionnaire and the ARcell Mobile Apps Technical Validity Questionnaire. A total of
5 experts with experience and expertise in the content and technical aspects were
selected and contacted by phone and email.

After obtaining their consent, the researcher contacted the Postgraduate Institute
(IPS) to obtain a letter of appointment of an expert. Expert appointment letters, ARcell
Mobile Apps Content Questionnaire, ARcell Mobile Apps Technical Validity
Questionnaire, ARcell Mobile Apps and ARcell mobile apps usage manual were
communicated to the experts via email. Experts were given information on how to use
the ARcell apps also via email and Whatsapps. It was due to the MCO, which was
taking place at the time. All experts took about a month on average to evaluate the
validity of this ARcell mobile apps. All aspects of suggestions and improvements from
experts were considered and considered to improve this ARcell mobile apps.

During this implementation phase, the researcher also conducted an assessment
of the reliability of the apps. The ARcell Mobile Apps Reliability Assessment from
students’ perspective was targeted at 36 Form 6 students who took Biology subjects
from five schools in Malacca. The researchers briefed and explained the use of the
ARcell mobile apps and its implementation procedures before the teaching and
learning sessions began. Teachers conducted self-exploration based on the teacher’s
manual and the ARcell mobile apps Handbook provided by the researchers. With the
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help of teachers, students took turns exploring the ARcell mobile apps using
smartphones and tabs provided by the researchers. Group use could not be carried
out as the school had to follow the SOP (Standard of Procedure) set following the
COVID-19 pandemic that hit the whole country. Precautions were also considered by
the researchers, whereby before the use of the devices, both hands of the students
were sprayed with hand sanitiser. The smartphones and tabs used for this study were
also sanitised each time before their use in a school.

The evaluation phase was the last phase in the ADDIE model where it involved
formative evaluation and summative evaluation. Formative evaluation is an ongoing
evaluation throughout the ARcell mobile apps formation process. Researchers made
continuous improvements based on the recommendations of supervisors and the
views and recommendations of experts. The summative evaluation in this study was
based on the usability of the ARcell mobile apps from the perceptions of 101 Form 6
students who took the subject of Biology. Students’ assessment of the Usability of
ARcell mobile appss covered seven aspects: Design/ Layout, Functionality, Usability,
Learnability, Satisfaction, Results/ Future Use, and system errors/ reliability

RESULTS AND DISCUSSION
Content validity and technical ARcell mobile apps

The second objective of this research is to determine the content and technical
validity of ARcell mobile apps, The validity of the ARcell mobile apps by the expert
referred to two assessments, namely the ARcell Mobile Apps Content Assessment and
the ARcell Mobile Apps Technical Assessment. For ARcell Mobile Apps Content
Evaluation, all experts strongly agreed with the content evaluation aspects, which
referred to Content Design and Organisational Design of ARcell mobile apps activities
with the highest S-CVI value of 1.00 (Table 6).

Table 6:
Overall S-CVI values

1 Content Design 1.00
2 Activity Organisation Design 1.00
S-CVI Overall 1.00

Meanwhile, the overall value for the technical validity assessment of ARcell mobile
apps, which referred to the aspects of Presentation Design, Interactivity Design,
Constructivism Learning Theory and Mayer Multimedia Cognitive Learning Theory,
was high at 0.97 (Table 7). It confirmed that all experts agreed with the technical
aspects found in this ARcell mobile apps.

Table 7:
Technical evaluation by experts according to the aspects along with the value of
S-CViI
( )
1 Presentation Design 0.95
2 Interactivity Design 0.97
3 Constructivism Learning Theory 1.00
4 Mayer’s MuI.tlmedla Cognitive 0.97
Learning Theory
S-CVI Overall 0.97

1947



Volume 23 Issue 12022  CENTRAL ASIA AND THE CAUCASUS  English Edition

According to , an 1-CVI scale of 0.78 or higher and an S-CVI / Ave of 0.90 or
higher had excellent content validity. This high and excellent value resulted from a
potent combination of concepts and development, good items, excellent experts, and
clear instructions on constructs and evaluation tasks. Overall, the validity of the ARcell
mobile apps developed by the researcher had high and perfect validity for I-CVI and
S-CVI values for both evaluations, namely ARcell Mobile Apps Content Evaluation and
ARcell Mobile Apps Technical Evaluation. According to Ghazali & Sufean [29], the
higher the instrument’s value and level of validity, the more accurate the data obtained
to produce a good and high-quality study.

Among the aspects favored by the experts is this ARcell Mobile Apps featuring
interactive virtual images 3D shapes as well as informative notes containing sections
that test the student comprehension. According to the experts, the ARcell Mobile Apps
is an exciting application based on the use of the latest mobile phone technology.The
ARcell Mobile Apps can also provide visual impact to students through 3D virtual
images based on Augmentation Reality to enable an efficient learning experience to
take place and in turn it can provide an understanding of the topic. Further study of

also showed that AR provides a greater ability to visualize hidden details and
information and can help students learn science. Through its 3D visualization and
interaction, the AR system facilitates the explanation and conceptualization of abstract
concepts that cannot be easily described. with traditional pedagogical strategies [5].

The findings of study, also showed that their students gave the highest
agreement that AR greatly contributed in concreting abstract concepts and factual
information in biology. Hence, it proved that this mobile apps is very relevant and
effective in teaching and learning aid for students and had great potential as a catalyst
to a new approach to today’s global learning based on Augmented Reality.

Reliability of ARcell mobile appss

The third objective of this research is to determine the reliability of ARcell mobile
apps. A pilot study is conducted on a small scale before the field study is implemented
to ensure that the module content can be used during the field study
Researchers analysed the study’s findings to obtain Cronbach’s alpha values for the
reliability values of this ARcell mobile apps.

The ARcell Mobile Apps Reliability Assessment from students’ perspective was
targeted at 36 Form 6 students who took Biology subjects from five schools in Malacca.
Based on the Reliability Level Interpretation Table through Cronbach’s alpha value

, the overall value of Cronbach’s alpha for ARcell mobile apps Reliability
assessment was at an excellent level of 0.94. Table 8 shows the Cronbach’s alpha
values obtained from the students ‘perspective for the ARcell Mobile Apps Reliability
Assessment.

The apps reliability questionnaire constructed by the researchers was based on
the objectives of ARcell mobile apps construction, which referred to the learning
outcomes. These findings showed that this ARcell mobile apps received high-reliability
status among students. Values close to 1.00 indicated that the items have high
reliability, and the error on the measurement is small

The developed ARcell mobile apps was fully compliant with the curriculum and
learning outcomes of Biology Form 6 Semester 1 and gained a high level of trust
among students. Therefore, at the time of the COVID-19 pandemic that hit the country
and the world, this ARcell mobile apps is very relevant to aid in teaching and learning
from home (PdPr). Teachers can also be facilitators, and students can do self-learning
repeatedly to achieve the set learning outcomes. It supports the conceptual framework
of Form 6, which refers to “self-learning” with teacher guidance in teaching and learning
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Table 8
Assessment of ARcell mobile apps reliability from a student perspective

C )

1 Prokaryotic and Eukaryotic Cells 5 0.81
2 Cell components 5 0.73 0.94
3 Specialised cells 11 0.95

The usability level of the ARcell mobile apps

The fourth objective of this research is to evaluate the level of Usability of ARcell
mobile apps from students’ perceptions. The determination of the usability level of the
ARcell mobile apps was implemented to a total of 101 Form 6 students who took
Biology subjects from three schools in Malacca. The level of usability of the ARcell
mobile apps in this study was using Mean Score Interpretation which refers to the
mean value and standard deviation. Students’ assessment of the usability of the ARcell
mobile apps covered seven aspects: Design/ Layout, Functionality, Usability,
Learnability, Satisfaction, Future Results/ Usage, and system error/ reliability. Based
on Table 9, the highest overall mean score value of 4.10 was for the aspect of usability,
followed by the aspect of learnability which was 4.05, the aspect of satisfaction (4.01),
the aspect of functionality (3.90), the aspect of design/ layout (3.89), the aspect of
future results/ use (3.82) and the lowest was the error/reliability aspect of the system
which was 3.67. Overall, all aspects/constructs were at a high level of more than 3.67,
with the average overall mean was at a high level of 3.94 (SP = 0.68)

Table 9

Student evaluation of the Usability Level of ARcell mobile apps (mean value and
standard deviation by aspect/ construct)

a) Design/ Layout 3.89 Very good 0.67
b) Functionality 3.90 Very good 0.68
c) Usability 4.10 Very good 0.68
d) Learnability 4.05 Very good 0.61
e) Satisfaction 4.01 Very good 0.70
f) Future Revenue/ Use 3.82 Very good 0.68
g) System Error/ Reliability 3.67 Very good 0.77

Overall 3.94 Very good 0.68

The overall level of student agreement for the aspect of design or layout was high
at 3.89. This showed that the students strongly agreed with this mobile apps’s design
or layout, which had a clear information organisation, pleasant interface arrangement,
and preferred. The overall mean level value for this aspect of functionality was also at
a high level of 3.90. The study of meanwhile showed the ability to change the
viewing angle of 3D objects spurred their interest and desire to learn, and textual
information (labels) provided to enhance their memory where they stored the collected
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information longer. The ARcell Mobile apps also allows students to make explorations
similar to the study of where students are free to make viewing angle changes,
resize 3D objects and even create activities on labels and interactive objective quiz
guestions. The results of their study also found that the value of the overall mean level
for this aspect of Functionality is also at a high level of 3.90. This showed that this
ARcell mobile apps had an exemplary aspect of functionality for use in teaching and
learning. The items in this aspect/construct had a high mean value where students
agreed that this ARcell mobile apps contained all the functions and capabilities
expected and had features that work well while providing precise information.

The next aspect was usability, which had the highest overall mean value compared
to other aspects, which were 4.10. Students also found this ARcell mobile app overall
easy to use and easy to find information. The mean value for the aspect of learnability
as a whole was at a high level of 4.05. The students agreed that the information
provided in this ARcell mobile apps was easy to understand, and its use made it easy
for them to learn without needing much other information to use it properly. The AR-
based study also showed that the aspects of learnability tested on students got
excellent acceptance.

As for the aspect/construct of satisfaction, the overall mean value of this aspect
was also at a high level of 4.01. The item “| felt comfortable using this ARcell mobile
app” recorded the highest mean value compared to other items, which was 4.06. In
addition, the students also agreed on other items referring to the comfort of using this
app and feeling satisfied with this app as a whole. This finding was supported by ,
who also studied the aspect of user satisfaction of AR-based apps, and they found that
respondents strongly agreed that AR technology is desirable for students.

The next aspect was Future Results/ Usage, which recorded a high overall level of
agreement of 3.82. Students agreed that the use of this ARcell mobile apps had
succeeded in convincing them to improve their skills and knowledge and quickly
become productive and will use it more often in the future. The last aspect was the
Error or System Reliability aspect, which recorded a high overall agreement level of
3.67, where the students strongly agreed that when they made a mistake while using
this apps, they could correct it easily and quickly.

Overall, this study showed that the level of student agreement on evaluating the
usability of ARcell mobile appss was at a high level, with an overall mean value of 3.94.
It showed that the students gave positive feedback on the usability of this ARcell mobile
apps in terms of all seven aspects, hamely design or layout, functionality, usability,
learnability, satisfaction, future results/ use and system error/ reliability. Therefore, this
ARcell Mobile Apps is beneficial and very useful as an alternative aid in teaching and
learning based on Augmented Reality (AR). The findings of this study are also parallel
and supported by findings from previous studies based on other mobile AR apps. This
ARcell Mobile Apps is very relevant and practical particularly in applying student self-
learning during the country as well as the rest of the world facing the Covid-19
pandemic situation. The findings of of Umar et al. [48] also found that biology learning
activities through AR-based media can support learning during the Covid-19 pandemic

CONCLUSION

Researchers developed the ARcell mobile apps using the ADDIE instructional
design model. The results of the study showed that this module obtained the value of
content validity coefficient (I-CVI = 1.00) and the value of technical validity coefficient
(I-CVI =0.97) and a high-reliability value (a = 0.94). For the usability level of this ARcell
mobile apps, the mean value for each of the seven aspects/constructs was
design/layout (3.89), functionality (3.90), usability (4.10), learnability (4.05),
satisfaction (4.01), outcome/usage future (3.82), system error/ reliability (3.67).
Overall, the results of the evaluation of ARcell mobile apps in terms of content validity
and technical experts, apps reliability and apps usability, it could be concluded that
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ARcell mobile apps had great potential to be used as the primary support in teaching
aid for teachers and self-learning for Form 6 students for the topic of Cell Structure and
Organelles in the subject of Biology.

Ergo, this ARcell mobile apps is pertinent in promoting self-learning to students,
especially during the COVID-19 pandemic situation where the teaching and learning
of this apps can be carried out in all three situations, namely online, offline and offside
by teachers and students, in their respective homes. Therefore, this ARcell mobile
apps is convenient and has a high potential to be a pioneer and catalyst for a fresh
teaching and learning approach based on Augmented Reality, coinciding with the
notion of Education 4.0 in the epoch of Industrial Revolution 4.0 (4.0 IR) for realising
the goals of the Malaysia Education Development Plan 2013-2025 (PPPM 2013-
2025)

REFERENCES

1. Kamarudin, N., et al., Development and perception of students on e-Assessment Module for
Chemistry Massive Open Online Course (MOOC). Journal of Science and Mathematics Letters,
2020. 8(2): p. 109-121.DOI: https://doi.org/10.37134/jsml.vol8.2.13.2020.

2. Afrianto, A., Being a professional teacher in the era of industrial revolution 4.0: opportunities,
challenges and strategies for innovative classroom practices. English Language Teaching and
Research, 2018. 2(1).

3. Mohmmed, A.O., et al., Emergency remote teaching during Coronavirus pandemic: the current
trend and future directive at Middle East College Oman. Innovative Infrastructure Solutions, 2020.
5(3): p. 1-11.DOI: https://doi.org/10.1007/s41062-020-00326-7.

4. Hussin, A.A., Education 4.0 made simple: Ideas for teaching. International Journal of Education
and Literacy Studies, 2018. 6(3): p. 92-98.DOI: https://doi.org/10.7575/aiac.ijels.v.6n.3p.92.

5. Martin-Gonzalez, A., A. Chi-Poot, and V. Uc-Cetina, Usability evaluation of an augmented reality
system for teaching Euclidean vectors. Innovations in Education and Teaching International, 2016.
53(6): p. 627-636.DOI: https://doi.org/10.1080/14703297.2015.1108856.

6. Pranoto, H. and F.M. Panggabean, Increase the interest in learning by implementing augmented
reality: Case studies studying rail transportation. Procedia Computer Science, 2019. 157: p. 506-
513.DOI: https://doi.org/10.1016/j.procs.2019.09.007.

7. Muhammad Biki Saputra, Z. Petrus Bayu Cristnawan, and A. Zamnah., 3D Heart Anatomy
Augmented Reality: C-Heart. In R. K. Mohd Syukri Nordin, Muhammad Sabri Sahrir, Norsaremah
Salleh, Faizah Idrus (Ed.), Humanizing Technologies (pp. 27-28). 2018.

8. Noh, S.M. and J. Ahmad, Module Construction: How to build training modules and academic
modules (2nd ed.). Selangor: Universiti Putra Malaysia. 2008.

9. Phang, F.A,, et al., Contributing factors to the decline in student participation in science streams:
An analysis of thesis highlights. Human Science, 2 (4), 63-71. 2014.

10. Mustami, M.K,, et al., Validity, practicality, and effectiveness development of biology textbooks
integrated with augmented reality on high school students. International Journal of Technology
Enhanced Learning, 2019. 11(2): p. 187-200.DOI: https://doi.org/10.1504/1JTEL.2019.10018869.

11. Huk, T., Who benefits from learning with 3D models? The case of spatial ability. Journal of computer
assisted learning, 2006. 22(6): p. 392-404.DOI: https://doi.org/10.1111/].1365-2729.2006.00180.x.

12. Hung, Y.H., C.H. Chen, and S.W. Huang, Applying augmented reality to enhance learning: A study
of different teaching materials. Journal of Computer Assisted Learning, 33(3), 252-266. 2017.DOI:
https://doi.org/10.1111/jcal.12173.

13. Hoog, T.G,, et al., Rapid deployment of smartphone-based augmented reality tools for field and
online education in structural biology. Biochemistry and Molecular Biology Education, 2020. 48(5):
p. 448-451.DOI: https://doi.org/10.1002/bmb.21396.

14. Yen, J.-C., C.-H. Tsai, and M. Wu, Augmented reality in the higher education: Students’ science
concept learning and academic achievement in astronomy. Procedia-social and behavioral sciences,
2013. 103: p. 165-173.DOI: https://doi.org/10.1016/j.sbspro.2013.10.322.

15. Yoon, S, et al., How augmented reality enables conceptual understanding of challenging science
content. Journal of Educational Technology & Society, 2017. 20(1): p. 156-168.

16. Polit, D.F., C.T. Beck, and S.V. Owen, Is the CVI an acceptable indicator of content validity?
Appraisal and recommendations. Research in nursing & health, 2007. 30(4): p. 459-467.

1951


https://doi.org/10.37134/jsml.vol8.2.13.2020
https://doi.org/10.1007/s41062-020-00326-7
https://doi.org/10.7575/aiac.ijels.v.6n.3p.92
https://doi.org/10.1080/14703297.2015.1108856
https://doi.org/10.1016/j.procs.2019.09.007
https://doi.org/10.1504/IJTEL.2019.10018869
https://doi.org/10.1111/j.1365-2729.2006.00180.x
https://doi.org/10.1111/jcal.12173
https://doi.org/10.1002/bmb.21396
https://doi.org/10.1016/j.sbspro.2013.10.322

Volume 23 Issue 12022  CENTRAL ASIA AND THE CAUCASUS  English Edition

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

Fuchsova, M. and L. Korenova, Visualisation in Basic Science and Engineering Education of Future
Primary School Teachers in Human Biology Education Using Augmented Reality. European Journal
of Contemporary Education, 2019. 8(1): p. 92-102.DOI: https://doi.org/10.13187/ejced.2019.1.92.
Jamali, S.S., etal., Utilising mobile-augmented reality for learning human anatomy. Procedia-Social
and Behavioral Sciences, 2015. 197: p. 659-668.DOI: https://doi.org/10.1016/j.sbspro.2015.07.054.
Grimble, G.K., The significance of peptides in clinical nutrition. Annual review of nutrition, 1994.
14(1): p. 419-447.DOI: https://doi.org/10.1146/annurev.nu.14.070194.002223.

Vilkoniene, M., Influence of Augmented Reality Technology upon Pupils' Knowledge about Human
Digestive System: The Results of the Experiment. Online Submission, 2009. 6(1): p. 36-43.

Chiang, T.H.C., S.J.H. Yang, and G.-J. Hwang, An augmented reality-based mobile learning system
to improve students’ learning achievements and motivations in natural science inquiry activities.
Journal of Educational Technology & Society, 2014. 17(4): p. 352-365.

de Oliveira, M.L. and E. Galembeck, Mobile applications in cell biology present new approaches
for cell modelling. Journal of Biological Education, 2016. 50(3): p. 290-303.DOI:
https://doi.org/10.1080/00219266.2015.1085428.

Wu, H.K,, J.S. Krajcik, and E. Soloway, Promoting understanding of chemical representations:
Students' use of a visualization tool in the classroom. Journal of Research in Science Teaching: The
Official Journal of the National Association for Research in Science Teaching, 2001. 38(7): p. 821-
842.DOI: https://doi.org/10.1002/tea.1033.

Saputra, M.B., P.B. Cristnawan, and Z.A. Zamnah, Id no. Apu 003 topic: 3d heart anatomy
augmented reality: c-heart. University carnival on e-learning (iucel) 2018, 2018: p. 27.

Spector, M., Intelligent support for instructional development: Approaches and limits, in Design
approaches and tools in education and training. 1999, Springer. p. 279-290.DOI:
https://doi.org/10.1007/978-94-011-4255-7 23.

Branch, R.M., Instructional design: The ADDIE approach. Vol. 722. 2009: Springer Science &
Business Media.DOI: https://doi.org/10.1007/978-0-387-09506-6.

Krejcie, R. and S. Morgan, Sample size determination. Business Research Methods, 1970. 4(5): p.
34-36.

Marcell, M. and A. Falls, Online data collection with special populations over the World Wide Web.
Down  Syndrome  Research  and Practice,  2001. 7(3): p. 106-123.DOl:
https://doi.org/10.3104/reports.120.

Sauro, J. and J.R. Lewis, Chapter 8 - Standardised usability questionnaires. In Standardised
usability questionnaires. Quantifying the User Experience (Second Edi). . 2016.DOI:
https://doi.org/10.1016/B978-0-12-802308-2.00008-4.

Wang, M. and R. Shen, Message design for mobile learning: Learning theories, human cognition
and design principles. British Journal of Educational Technology, 2012. 43(4): p. 561-575.DOI:
https://doi.org/10.1111/].1467-8535.2011.01214.x.

Park, S., The effects of social cue principles on cognitive load, situational interest, motivation, and
achievement in pedagogical agent multimedia learning. Journal of Educational Technology &
Society, 2015. 18(4): p. 211-229.

Cheung, L., Using the ADDIE model of instructional design to teach chest radiograph
interpretation.  Journal of Biomedical Education, 2016. 2016: p. 1-6.DOI:
https://doi.org/10.1155/2016/9502572.

Gray, C.S,, etal., The electronic patient reported outcome tool: testing usability and feasibility of a
mobile app and portal to support care for patients with complex chronic disease and disability in
primary care settings. JMIR mHealth and uHealth, 2016. 4(2): p. €5331.DOI:
https://doi.org/10.2196/mhealth.5331.

Yapici, 1.U. and F. Karakoyun, Using Augmented Reality in Biology Teaching. Malaysian Online
Journal of Educational Technology, 2021. 9(3): p. 40-51.DOI:
https://doi.org/10.52380/mojet.2021.9.3.286.

Y.P, C., Research methods (Third Edition). Selangor: McGraw-Hill (Malaysia) Sdn. Bhd. 2014.
Hamid, S.N.M., et al., E-content module for Chemistry Massive Open Online Course (MOOC):
Development and students’ perceptions. JOTSE: Journal of Technology and Science Education,
2021. 11(1): p. 67-92.DOI: https://doi.org/10.3926/jotse.1074.

Tavakol, M. and R. Dennick, Making sense of Cronbach's alpha. International journal of medical
education, 2011. 2: p. 53.DOI: https://doi.org/10.5116/ijme.4dfb.8dfd.

Kumar, C.V., et al., Effect of jigsaw co-operative learning method in improving cognitive skills
among medical students. Int J Curr Microbiol, 2017. 6(3): p. 164-173.DOI:
https://doi.org/10.20546/ijcmas.2017.603.018.

1952


https://doi.org/10.13187/ejced.2019.1.92
https://doi.org/10.1016/j.sbspro.2015.07.054
https://doi.org/10.1146/annurev.nu.14.070194.002223
https://doi.org/10.1080/00219266.2015.1085428
https://doi.org/10.1002/tea.1033
https://doi.org/10.1007/978-94-011-4255-7_23
https://doi.org/10.1007/978-0-387-09506-6
https://doi.org/10.3104/reports.120
https://doi.org/10.1016/B978-0-12-802308-2.00008-4
https://doi.org/10.1111/j.1467-8535.2011.01214.x
https://doi.org/10.1155/2016/9502572
https://doi.org/10.2196/mhealth.5331
https://doi.org/10.52380/mojet.2021.9.3.286
https://doi.org/10.3926/jotse.1074
https://doi.org/10.5116/ijme.4dfb.8dfd
https://doi.org/10.20546/ijcmas.2017.603.018

Volume 23 Issue 12022  CENTRAL ASIA AND THE CAUCASUS  English Edition

39. Suranakkharin, T., Using the flipped model to foster Thai learners’ second language collocation
knowledge. 3L, Language, Linguistics, Literature, 2017. 23(3).DOI: https://doi.org/10.17576/3L-

2017-2303-01.

40. Hashim, N.C., et al. Mobile augmented reality application for early Arabic language education-:

Arabic. IEEE.
Potential Reviewer Form
DR. MOHAMAD BORHAN termizi@fsmt.upsi.edu.my
TERMIZI
PROF. FATIMAH MOHAMED fatimah@fsmt.upsi.edu.my
MADYA
DR.
PROF. MAZLINI ADNAN mazlini@fsmt.upsi.edu.my
MADYA
DR.
DR. MOHD IBRAHIM mokhzani@fsmt.upsi.edu.my
MOKHZANI

1953


https://doi.org/10.17576/3L-2017-2303-01
https://doi.org/10.17576/3L-2017-2303-01

