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Abstract Education is considered one of the impact sectors, which is a part of the Industrial Revolution 4.0
(IR4.0), where humanity and technology are aligned to empower new possibilities. Academic
exploration of Augmented Reality (AR) technology and skills of IR 4.0 in schools, especially in
rural areas, have been scarce. Therefore, this paper examines the influence of AR technology via
mobile application on teachers and students via community-based learning approach. One rural
primary school was selected for this community-based research project: Sekolah Kebangsaan Pulau
Gaya in Kota Kinabalu, Sabah, Malaysia. It was selected as the school’s drop-out rates have
remained high and it has low student retention levels. Students here are unprepared for becoming
more autonomous learners with better responsibility for organizing and planning their learning time.
There were 22 teachers and 95 primary students (75 female and 20 male), aged from nine to twelve,
third to sixth grades involved in this project. Their changes in attitude, practices, and skills were
evaluated before and after the AR intervention. A majority showed an increase in positive
preferences and enjoyment in AR learning, and in general, an increase in their STEM skills and
performance. The findings show that employing an AR approach in primary students learning reveal
significant differences in students’ preference in AR learning, enjoyment in AR learning,
performance in STEM learning, enjoyment in science learning, willingness to attend STEM classes,
and STEM skills after the AR intervention. Thus, the newly developed AR learning module is an
attempt to assist teachers nurture their students via this knowledge transfer program, increase their
engagement, peer interactions and collaboration, and improve their confidence to become

successful learners in the future.

Keywords: Augmented Reality (AR); AR Learning Module; Mobile Application; Knowledge Transfer; Fourth

Industrial Revolution.
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1. Introduction
Education is considered one of the impact sectors, which is a part of the Industrial Revolution
4.0 (IR4.0), where humanity and technology are aligned to empower new possibilities. The
advancement of technologies persists, transforming old teaching methods and setting
conventional learning processes (Dunwill, 2016). Indeed, many countries have launched
multiple strategies and initiatives, including educational transformation plans, redesigning and
rethinking educational systems to improve the quality (and equity) of education in the new era
of IR4.0. Teachers, in turn, now act as facilitators in the educational system with collaboration
and social networking, as well as project- and inquiry-based learning. In this framework,
positive reinforcements are utilized to promote positive learning experiences and empower
students’ learning and increase their confidence in their overall academic abilities (Hussin,
2018). For instance, in such cases, students are expected to explore more “real” and “hands-
on” activities through different mentoring programs (mentor—mentee programs) (Kanchewa et
al., 2021), collaborative projects, and translational and knowledge transfer programs.

#WeAlsoHaveDreams was a project that covered academia and society with the aim to
transfer necessary knowledge and skills to those who needed them the most, i.e., students,
teachers, academics, and communities from diverse backgrounds, via a community-based
learning approach. Our current project is similar that was conducted to address the issue of
decreasing basic literacy skills of students, enhancing knowledge absorption capabilities, and
empowering teachers’ strategies and skills. It aims at promoting learning community among
teachers and students, which encourage knowledge sharing through knowledge transfer
programs (Cheng, 2020) or community-based training (Sumaryanta, Mardapi, Sugiman, &
Herawan, 2019). Hence, it is centered on community-based learning approach which is here
regarded as a participatory learning process to facilitate more engagement and enrolment in
creating positive attitudes toward community development, with the aim of providing new
skills and knowledge for all learners (Cheng, 2020). To take a relevant example in this context,
the knowledge transfer program (KTP) is a scheme designed by the Ministry of Education in
Malaysia, which has enabled higher education institutions in the country to apply their expertise
and scientific knowledge to different communities (Firdaus, Mohamad, Mohammad, &
Gunaratne, 2020).

Communities, in turn, have the chance to improve their living standards via these valuable
inputs of innovative knowledge whereas academics from higher education institutions can
maximize their innovative research and design though KTP (\Wang et al., 2020). KTP could be

considered a vital indicator for educational success, which could enable knowledge and skills
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that learned from the schools and applied them in a new situation. There is another term for this
kind of program, i.e., service learning, which combines academic learning and community
service, with the aim of promoting students’ knowledge transfer. At the same it, it applies the
knowledge and skills that have been learned in the classrooms to real-life contexts and
situations (Wang et al., 2020).

Augmented Reality (AR) has been perceived as the new teaching tool in Malaysia. Similar
to mobile applications, it has modernized learning processes and brought them closer to real-
life practices. Perhaps, most importantly, it has engaged learners and allowed training to take
place in more realistic learning environments (\/osinakis, Anastassakis, & Koutsabasis, 2018;
Zhu, Sun, & Luo, 2018). Former research shows that AR learning has the potential and
advantages of augmentation for teaching and learning environments, such as engaging and
motivating learners to explore classes from very different viewpoints, fostering student
creativity and imagination, and indicating improvement in learning outcomes (Alalwan et al.,
2020). In short, AR with mobile applications has modernized the country’s learning processes,
brought them closer to real practices, engaged learners, and more generally, allowed training
to take place in more realistic learning milieux.

AR has been experimentally adopted in education and training sectors (Alalwan et al., 2020;
Avricl, Yildirim, Caliklar, & Yilmaz, 2019; Hincapie et al., 2021). It appears more advanced and
powerful when being integrated into education and training, for it is more feasible in various
types of devices or tools, including wireless mobile devices, such as smart phones and tablets.
In the scholar’s critical reviews and analysis, almost one third of the AR studies integrated
design elements from game-based learning and simulation, and a third from experiential
learning (Sommerauer & Miuller, 2018). The existing study also employed AR in teaching for
second grade students in reference to transportation and different types of animals by
superimposing 3D models or objects. Students spent some time in learning this knowledge by
playing digital games (Tang, 2021). In effect, AR game is found to have assisted students
familiarize with their learning spaces, objects of learning via the gameplay of the AR-and
immersive AR experience (Tang, 2021). This study also indicates that AR-based learning tool
can help increase students’ motivation and have a positive influence on their learning
experience.

As mentioned previously, in many ways, the explosion of IR4.0 has already changed the
future of learning (Hussin, 2018). Indeed, AR could be considered as one of the tools that is
utilized to transform the educational process into new technological-based learning methods or

so-called smart-level educational tools. One of the IR4.0 requirements is the development of
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human capital to fulfill the needs of related knowledge and professions. In addition, knowledge
exchange program is needed to develop new smart teaching skills (Hussin, 2018). Moreover,
AR is deemed as a crucial technology for the IR4.0 approach, which itself promotes human-
centric industrial environment, and thereby, allows people to access the digital world via the
layer of information, which is placed on top of the physical world, such as maintenance
processes, Vvisualization technology, marker-based tracking system, and two-way
communication (Masood & Egger, 2019).

These technologies are important for educational purposes. Yet, exploration of IR 4.0
technology and skills in schools, especially in rural areas, are scarce. The awareness of IR 4.0
components and knowledge remain low among the students. Static and “boring” features of
learning or co-curriculum activities in schools also contribute to the urge to explore new
technologies or co-curriculum activities. Therefore, this project is aimed at embedding AR
concept in conducting school learning activities and contribute to the knowledge transfer
between universities and communities. At the same time, school learning or co-curriculum
activities can be improved by embedding the AR technology, which is aligned with the IR 4.0.
The Ministry of Education in Malaysia has also launched campaigns with other related
organizations with the initiative to utilize technology to increase teaching and learning, and by
that, produce first class human capital in the country.

This translational project is covered under the #WeAlsoHaveDreams project, which is in
turn aimed to transfer knowledge from the higher educational institutions to the primary schools
via integrating AR technology in the instructional process in schools. The main objective of the
#WeAlsoHaveDreams project is to bridge different educational institutions, as well as
educators and stakeholders, and to identify local community issues. Furthermore, the aim is to
develop appropriate educational modules, which would increase the basic literacy skills of
students, to train and strengthen their basic literacy skills and knowledge in addressing their
own needs, and to evaluate the changes of the students toward positive improvements of their
existing skills. This paper goes to present some of the findings derived from the students’
perception analysis regarding their preferences and enjoyment in AR learning. We then
evaluate their performance and skills before and after exploring AR learning. Finally, we
present the enhanced AR learning module for teachers. Against this background, the following
three research questions are examined:

1) What are the students’ preferences and enjoyment in AR learning, performance, and

skills before and after exploring AR learning?
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2) Are there any major differences in their preferences and enjoyment in AR learning,
performance, and skills before and after exploring AR learning?

3) What is the successful design and development of an enhanced AR learning module?

2. Methods

This project employed a mentor-mentee program, implying that a mentor provides support,
knowledge, and guidance to a mentee who then receives this guidance to increase his or her
knowledge and skills. The mentoring program was selected as it is considered suitable for
knowledge transmission. Moreover, it involves a sustainable relationship between a person
(mentor) perceived as having more experience and knowledge, and a person (mentee) perceived
as having less experience and knowledge (Zanchetta et al., 2017). The collaborative mentoring
process has been proved to be significant when it comes to academic outcomes (Zanchetta et
al., 2017). Mentors and mentees were motivated by their intellectual relationships; via
combined situations, self-reflections, and sharing ideas and knowledge in general. The
uniqueness of this collaborative relationship derives from the fact that the mentees can take
responsibility through the encouragement, motivation, guidance, and examples as presented by
the mentor (Lee, Krauss, Suandi, & Hamzah, 2016). This project thereby builds a relationship,
which involves more experienced people to assist the less experienced, to determine and attain
their objectives based on encouragement, openness, trust, respect, and willingness to learn and
share. All these factors, via the community engagement project, are pivotal and play their own
vital role in achieving the goals, such mastering basic literacy skills and everyone having their
own opportunities.

At the first stage, university lecturers act as mentors. They implement the training of trainer
workshops to train schoolteachers (as mentees). They introduce the AR concepts with the
mobile application, and the related multimedia techniques, such as text, graphic, audio, and
video elements for the future teaching and learning in the schools. Figure 1 shows the snapshot
of the training workshop. The new AR learning module, i.e., “Create Your Own First
Augmented Reality with Vuforia,” has been produced and enhanced to be used as the material
to assist teachers to build their own simple AR learning experience for students. This project
used mentor-mentee program, which means mentor provides support, knowledge, and guidance
to the mentee receives this guidance to increase their knowledge and skills. For this AR learning
module, Vuforia Engine, Unity, 3D Paint, humanoid 3D model, and Google Play were the
software applications that were used to develop a simple AR for student learning. In total, there

were eight modules that were developed for the simple AR learning for teachers and students.
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These eight modules, in turn, provided guidance, manual settings, steps, and tips for

schoolteachers to develop simple AR learning for different school subjects.

Figure 1. Training of Trainer workshop for the schoolteachers

Next, schoolteachers became mentors and taught their students AR technology, which they
had learned from the workshop by using the AR module. Figure 2 shows the AR learning
intervention session between schoolteachers and students. By embedding AR-based learning
activity, teachers were able to engage their students to their teaching and learning process,
change their attitudes toward learning, increase their practical work and other skills. For this
AR learning modules, Vuforia Engine, Unity, 3D Paint, humanoid 3D model, and Google Play

are the software and applications that need to develop a simple AR for students learning.

Figure 2. AR learning intervention session among the schoolteachers and students

The flow charts that describe all the project activities are illustrated in Figure 3.
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Figure 3. Flow charts for the project design

One rural primary school was selected for this community-based research project: Sekolah
Kebangsaan Pulau Gaya in Kota Kinabalu, Sabah, Malaysia. The school was selected as its
drop-out rates have remained high and it has low student retention rates. Students were
unprepared for becoming more autonomous learners with better responsibility for organizing
and structuring their learning time. As learners have positive attitudes toward AR, it has
indicated improvement in learning outcomes. Thus, this project attempts at providing and
exploring the application of AR technology in student learning, especially in rural areas, the
aim being to get students engaged in their learning, increase their enrolment and retention rates.
In the new era of IR4.0, most importantly, AR technology could engage students, and by that,
increase their learning skills. Moreover, smart devices and high technology tools for rural
student learning could bring many benefits when it comes to further knowledge transfer
between universities and communities.

This is an exploratory case study-also called a pioneer study—where the data is collected
from a small group of participants before the actual study is conducted from a large number of
respondents in other schools. This study was conducted on a group of students at two different
times, before and after the participation of this KTP, known as pre-test and post-test procedure.
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Availability or convenience sampling method was utilized for this exploratory case study, the
aim being to find out the views and opinions of the participants regarding the effectiveness of
the KTP. Altogether, in this project, there were 22 teachers and 95 primary students involved
(75 female and 20 male). Students were aged from nine to twelve, i.e., from third to sixth
grades. Their changes in attitude, practices, and skills were evaluated before and after AR
intervention. Before the AR intervention class, the students were invited to answer some
questions regarding their knowledge of AR technology and learning methods. During the AR
intervention class, the students’ interaction with AR tools via mobile application were observed
and evaluated by their teachers. At the same time, students’ responses during AR intervention
class were recorded. The data was collected from 19 to 21 August 2019. Descriptive and
frequency statistics were employed to further analyze the perceptions of the primary students
and their demographic factors. Figure 4 presents the mapping diagram for the measurement
design of the study. It shows, in particular, the impact evaluation of students’ performance,
engagement, skills, and practices. The research hypothesis for research question 2 (R2) is stated
as detailed below:

Ho: There is no differences in the students’ preferences and enjoyment in AR learning,
interest, enjoyment, performance, and skills before and after exploring AR learning

Hi: There are differences in the students’ preferences and enjoyment in AR learning,
interest, enjoyment, performance, and skills before and after exploring AR learning

Respondents (95 Primary School Students)

Descriptive
R1 Analysis

Preferences and enjoyment in AR learning,

interest, enjoyment, performance and skills (U1) Qualitative Analysis

AR learning Intervention

Preferences and enjoyment in AR learning, interest,

enjoyment, performance and skills (U2)
|

I
Wilcoxon T Test R2

Figure 4. Mapping diagram for the research measurement design
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3. Results and discussion

This report presents the comparison results of primary school students’ preferences, their
enjoyment of AR learning, and implications of AR on their performance and skills. A majority
showed an increase in positive preferences and enjoyment on AR learning and increased their
skills and performance (see Figure 5). If viewed from findings in Figure 5, we can observe that
the students’ skills and performance increased after AR intervention. The students who
perceived their skills as “good” increased from 34 to 40, whereas the students who perceived
their performance as “very good” increased from 20 to 27. In addition, there were 49 students
who perceived their performance as “good” after having explored AR learning.

Furthermore, there were 47 students who enjoyed AR learning as opposed to those who did
not. It is notably that only a small number of students did not enjoy (or only “sometimes”
enjoyed) AR learning. The majority of students, i.e., 74, liked AR learning after being exposed
to it. The data show that 78% of the students liked AR learning after intervention. Hence, the
findings support earlier studies, which examined learners’ positive attitudes toward learning by
using AR technology (Alalwan et al., 2020; Cheng, 2017). These studies had observed that
students show high educational satisfaction, perceived engagement in AR-based learning
activities, positive attitudes to the usability and usefulness of AR learning systems, and
behavioral intention to use AR learning tools. Thus, they consider AR learning as helpful. It
increasingly attracts students’ attention during the teaching and learning process.

It could be concluded that most students show a positive response to AR learning in their
study, including feeling, enjoyment, performance, and skills. Schoolteachers also feel positive
and motivated to teach students via AR learning tools, the aim being an increase in their
students’ study interests. Therefore, they are willing to build their existing AR learning tools
to attract and facilitate their teaching and learning, especially for those students who really need

motivation to continue their enrolment until secondary and tertiary levels.
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Comparison Students' Feeling, Enjoyment of AR Learning, Implications of AR on
Students' Performance, and Skills

Good
Ordinary
Not Good
Skills

Strongly Not Good
Not Good

Okay

Good

Very Good
Performance

Not

Sometimes
Ordinary

Always

Enjoy AR learning

I don't like AR learning
| feel AR learning okay

| like AR learning
Feeling on AR learning

i

o

20 40 60 80 100 120 140

B Pre-AR Learning M Post-AR Learning

Figure 5. Comparison students’ preferences, enjoyment of AR learning, implications of AR

intervention on their performance, and skills

In order to answer research question 2 (R2), Wilcoxon Signed-Rank test was employed to
analyze student preferences and enjoyment in AR learning, performance and skills, before and
after the AR intervention. The analysis findings show that utilizing AR approach in primary
students learning show significant differences in student preference in AR learning (z=—4.086,
p = .000), enjoyment in AR learning (z = —4.110, p = .000), performance (z = -—3.500, p
=.000), and skills (z=—1.968, p = .049) after having been exposed to AR intervention in their
learning (see Table 1). Since this is an exploration study into rural primary school students, this
research project should be conducted for certain longer periods of study to investigate further
impacts of AR intervention on primary school students. As previously mentioned, the majority
of students showed a positive attitude and responses to AR learning, this test findings are also
significantly shown differences before and after AR learning intervention. These results further
confirm that AR learning approach can increase student preferences, enjoyment, performance,
and skills. Table 1 shows the findings of Wilcoxon test for student preferences, enjoyment,

performance, and skills before and after AR learning intervention.
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Table 1. Wilcoxon T test results for students’ preferences and enjoyment in AR learning,

enjoyment, performance and skills before and after AR learning intervention (N = 95)

Post-Test N Mean Sum of Z P-Value
Pre-Test Rank Ranks
Preference on Positive Ranks 30? 19.20 576.00 -4.086  .000**
AR learning  Negative Ranks 6° 15.00 90.00
post-Pre- Ties 59°

Total 95
Enjoyment in  Positive Ranks 26% 16.35 425.00 -4.110  .000**
AR learning  Negative Ranks 4b 10.00 40.00
post-Pre- Ties 65°

Total 95
Performance  Negative Ranks 28% 19.21 538.00 -3.500 .000**
in STEM Positive Ranks g° 16.00 128.00
learning post-  Ties 59¢
Pre- Total 95
STEM skills  Negative Ranks 42 7.00 28.00 -1.968  .049**
post-Pre- Positive Ranks 11° 8.36 92.00

Ties 80°

Total 95

Note: a. Post-test < Pre-test, b. Post-test > Pre-test, c. Post-test = Pre-test, **p < 0.05 (2 tailed)

Next, this project was progressed to the next phase to enhance the AR learning module for
schoolteachers based on their suggestions and interview findings. A new AR learning module
was then designed and developed to assist teachers build their own AR learning tools. Simple
video, animations on 3D object could be built via this learning module. Guidance and step-by-
step training were given through the module so that teachers could learn to build new AR
learning tools more easily. The newly enhanced AR learning module was named as “Create
your first Augmented reality (AR) with Vuforia.” In total, there were eight modules that were
developed for the simple AR learning for teachers: (i) Design and develop image-based targets;
(i) Tips to design and develop image-based targets; (iii) Animation on organic 3D object; (iv)
Animation on simple 3D object; (v) Video on simple 3D object; (vi) Build APK for Android;
(vii) How to use the play console; and (viii) Upload AR application on Google Play. These

eight modules provided the guidance, manual settings, steps, and tips to schoolteachers for
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developing simple AR for different school subjects. The following provide the descriptions and
contents of these eight AR learning modules.

(1)  Module 1 “Design and develop image-based Targets”

This module is about how to select a good image tracker and how to design it to become
five stars in the Vuforia database. Examples of different images, natural features, and image
ratings have been listed in the module. At the same time, contrast, feature distribution, organic
shapes, repetitive patterns, non-rectangular image targets, and feature-exclusion buffer are also
described in the module.

(i)  Module 2 “Tips to design and develop image-based targets”

This module is about how to choose an appropriate image and edit it accordingly. Here 3D
paint is used to edit images.

(ili) Module 3 “Animation on organic 3D Object”

In this module, Unity 2019 and Vuforia Engine are used to create AR on an a 3D organic
object. This module lists all the steps required to register an account, to find the characters and
save it, to create and develop animations and save it as FBX For Unity, to prepare image targets,
and set up a 3D model and animation settings.

(iv) Module 4 “Animation on 3D object”

This module is about how to apply a simple animation on a simple 3D object by using Unity
2019 and Vuforia Engine. This module consists of four steps: (i) prepare an image target, (ii)
create a 3D object, (iii) set up animation and animator, and (iv) create the animation.

(v) Module 5 “Video on 3D object”

This module is aimed to teach how to apply a simple video on a simple 3D object by using
Unity 2019 and Vuforia Engine. This module involves four steps: (i) prepare an image target,
(ii) create a 3D object, (iii) set up a video, and (iv) set up the control button.

(vi) Module 6 “Build APK for Android”

This module is aimed to enable teachers to learn how to build an Android Application
Package (APK) file for Android. The APK is used for installing and running AR on Android
devices. Teachers need to prepare Unity Hub and have internet access for downloading files.
This module consists of five steps: (i) preparation before start, (ii) set up scene, (iii) set the
project platform, (iv) edit APK file, and (v) building APK file.

(vii) Module 7 “How to use the play console”

Before uploading applications on Google Play, it is important to learn about how to use the
play console and it is the main purpose for this module. To start using the play console, there

is a need to register for a Google Play Developer account. After that, a registration fee is
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charged. Then, the user can manage account information and start using the play console. All
the settings and guidelines for the play console personalization are provided in this module.

(viii) Module 8 “Upload AR App on Google Play”

This module aims to train teachers to upload their built AR App on Google Play. The
requirements for this module are Unity 2019, Google Play Account, AR project (completed by
using Vuforia Engine), icon, some snapshots of the AR project, and a feature graphic and
privacy policy. There is a template for privacy policy provided in this module for users or
teachers review, which is followed by “step-by-step” tasks until a successful uploading of the
AR application on Google Play has taken place.

To take a relevant example, an ordinary schoolbook can become a “magic book” when AR
technology is applied to it. Students could feel excited and more motivated when they read
these “magic books” in interactive and realistic ways, which is done by superimposing 3D
objects or models to them by using AR technology. This way, AR could enable educational
environments to be more productive, pleasurable, and interactive (Alalwan et al., 2020; Cheng,
2018). Not only does AR engage students—particularly younger ones —in multiple interactive
ways to learn, but also, it provides unique discovery paths with comprehensive learning
materials via 3D environments and models. If compared to prior studies (Pantelic & Vukovac,
2017), the AR learning module is emphasized as a simplifying tool that facilitates the
interaction between teachers and students. In other words, teachers design and develop their
own AR tools to enhance and improve the whole teaching and learning process. In such cases,
students are able to produce and receive knowledge with the aid of 3D simulations. This module
also provides the opportunity to learn new skills via AR technology. It encourages students to
build positive characters and minds. Moreover, this community-based learning approach is a
participatory learning process to facilitate the broader participation in creating the necessary
attitudes toward greater community development, which is done by offering the relevant skills
and knowledge to all students.

One of the main challenges of AR-based learning utilization in teaching and learning is cost
and/or expensive designs (Hincapie et al., 2021). Thus, this enhanced AR learning module is
designed and developed for the simplicity to implement AR application in schoolteachers’
teaching and learning plans to enhance immersion and presence among students by integrating
new AR-based learning tools. The pedagogical strategies have been considered for the
implementation of AR-based learning tools in the teaching and learning process. The AR-based
learning tools usually involve participatory simulations, and by that, teachers are often required

to shift the attention from themselves to learner-centered and inquiry-based learning. The
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ADDIE model is used to design and develop learning contents for AR applications to ensure
that AR-based learning tools are pedagogically sound. Finally, teachers may need to evaluate
and assess the resources that are available to ensure the suitability and appropriateness of AR
learning tools for their students.

The KTP has progressed to assist and offer opportunities for students to improve their
literacy skills. Different collaborators could then take up the same idea and apply the same
concept to other contexts. This is one of the methods in which academia could contribute to the
community as a while. Using the concept of collaborative partnership, this project has been
extended to Universiti Malaysia Sabah academia, in which knowledge transfer begins at a
collegial level. Learning from experts, training has been given to academics, teachers, and
university student volunteers to attribute the project. Following the concept of scaffolding,
mediation, and regulation in Vygotsky’s sociocultural learning theory, collaborative learning
offers learners more effective learning opportunities where they could learn from the
community of learners through social interaction, activity engagement, as well as reflective
thinking (Chang & Hwang, 2018; Georgiou & Kyza, 2018).

With the assistance of AR-based learning tools which consisted of 3D animation, the
physical classroom practices and learning activities become more fun and interesting. This
advantage further attracts students’ attention and enables them to be more engaged in their
learning process. In short, it motivates them to learn well. Students may gain a better
understanding of selected school topics by offering them extra information through visual 3D
models. Furthermore, the subject contents could be understood more easily by using AR
technology. For instance, it could create objects that are hard to visualize and transform them
into 3D models. Simultaneously, AR technology could also act as a friendly system that assists
students with special learning needs. In addition, AR could help students with low
comprehension abilities, for example, when they need more time to achieve certain learning

goals, improve their confidence or complete their lessons.

3.1. Discussion

In one of the previous studies regarding innovation and knowledge sharing, innovation is
considered as being dependent on knowledge sharing (Castaneda & Cuellar, 2020). Knowledge
sharing involves the transfer of experiences, skills, and information into different practices,
where the organization often encourages knowledge sharing and facilitates innovation
capabilities (Castaneda & Cuellar, 2020). Knowledge sharing, in turn, is claimed as a key

success factor that leads to innovation, which means that innovation can only take place when
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knowledge sharing is present (Kremer, Villamor, & Aguinis, 2019). Therefore, this study has
attempted to embed AR technology in school learning activities via knowledge transfer
programs, for AR plays an important role in various knowledge transformation modes. Our
findings indicate that the majority of the respondents show an increase in positive preferences,
and enjoyment in AR learning. It has increased the students’ STEM skills and performance.
These findings are supported by other previous studies, which have already revealed that
students can demonstrate greater educational achievement in knowledge while using AR in
physics education (Yoon, Anderson, Lin, & Elinich, 2017). This has further increased their
attention to school practices, particularly with regards to pre-school education (Ozdamli &
Karagozlu, 2018), and increased their motivation and interaction as well as positively impacted
their learning in general (Cheng, 2018).

Furthermore, the KTP scheme has become one of the main initiatives of some higher
education institutions. The plan has been to develop knowledge assets via conducting research
and development activities and transferring knowledge to the recipients (Cheng, 2020). Cheng
(2020) also maintains that effective knowledge transfer strategies need to consider the
absorptive capacity of knowledge recipients. Knowledge is here defined as information that
can be easily transferred to others as information. AR, in its part, can transfer knowledge via
placing information in explicit contents, but it also cause a limited transfer for explicit
knowledge (Del Amo et al., 2018). Some scholars (Masood & Egger, 2019) have also reported
how data that are visualized make AR a powerful key technology in education. In short, it
promotes “the real space” and its utilization in a complex environment of IR 4.0. With the new
affordability of mobile devices, smartphones, and tablets (with all their sensor features and
processing facilities), AR applications are now easy to develop and deploy (Bonner &
Reinders, 2018). Thus, our study, which has utilized AR technology in knowledge transfer
programs, has contributed to community services in the sense that they have increased students’
attention spans, affected their behavior positively, and raised student retention and enrolment
rates, at least indirectly.

As has been put forward by previous academic research, AR has offered new insights into
teaching and learning, and is currently being increasingly recognized by scholars across
different disciplines. First, AR technology can increase students’ motivation to study. As our
results show, the majority of students, i.e., 49.5%, always enjoy AR learning when compared
to the 17.9% of students who do not enjoy it, or sometimes enjoy it. Moreover, there were
significant differences in the student enjoyment before and after AR intervention. Students

enjoying AR learning is supported by other academic studies in this research field, which claim
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that students are more eager to learn, and more interested and engaged to deal with new
technology, such as AR, when being compared to non-AR assisted instruction (Petrov &
Atanasova, 2020). For example, AR can be utilized in an AR book form, which enables
students to view 3D presentation and interactive learning experiences with the assistance of a
special glass. This feature can increase their motivation and attention to learn further and
continue learning by using AR technology after class. While using AR technology, students
can concentrate better and remain focused in their learning as they appear more motivated to
learn.

Second, students’ satisfaction is increased when they feel satisfied about their learning
process and educational progress. Students were satisfactory and motivated by these new AR
technologies in their learning as our findings also reported that AR has increased student’s
preference in AR learning from 53.7% to 77.9%. AR assists students to explore real-world by
illustrating the digital objects and phenomena which are hard to be observed from a text, picture
and blackboard (Gomez-Galan, Vazquez-Cano, Rosa, & Lopez-Meneses, 2020). This, in turn,
implies that AR can be utilized to interpret difficult and complex situations in completely new
ways when it comes to education. For instance, AR technology can incorporate immersive
features into different teaching and learning processes. Students, in their part, have shown high
levels of satisfaction when they are joining these learning activities. They appear more
motivated toward instruction that incorporates these features, which improves their academic
results (Salar, Arici, Caliklar, & Yilmaz, 2020).

Third, AR can promote student-centered learning, which here refers to self-directed or self-
paced learning that is currently replacing conventional class teaching or teacher-centered
learning. In student-centered learning, students are responsible for their own learning and
progress in educational processes. Instructors, or schoolteachers, are here seen as mere class
facilitators who guide students to learn independently and more individually. In this context,
different mobile devices with AR applications can be adapted accordingly to fit students’ needs
and interests and facilitate personalized learning (Bonner & Reinders, 2018). Therefore, this
study has attempted to use AR technology to train teachers by using simple modules for AR
development in education. Teachers can then go to create, design, and develop a simple AR
learning tool for their students. Indeed, as part of this, AR could promote student-centered
learning. It could improve students’ abilities to explore and learn new knowledge, solve
problems autonomously, and facilitate critical thinking and relevant communication skills
(Chang & Hwang, 2018; Hincapie et al., 2021). Teachers can combine different AR

applications to reinforce flipped classroom and student-centered learning. In fact, it is now
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being used at all levels of education, from primary schools to university levels (Gomez-Galan,
Vazquez-Cano, Rosa, & Lopez-Meneses, 2020). For example, scholars have found that AR is
beneficial for teaching STEM subjects, due to its features like ease of use, high level of
personalization, and the possibility to run many different applications (Petrov & Atanasova,
2020). This also supports this study’s findings, which have shown that employing AR in
primary student learning has shown significant differences in student preferences in AR
learning, enjoyment in AR learning, performance in STEM learning, enjoyment in science
learning, willingness to attend STEM classes, and STEM skills after AR intervention.

Fourth, collaborative learning can be promoted and enhanced by using AR technology.
Researchers have reported that AR applications have improved collaborative learning via new
ways of communication, interaction, and cooperation (Hincapie etal., 2021; Yoon et al., 2018).
Moreover, AR technology has facilitated social interactivity, interaction, and collaborative
learning (Bonner & Reinders, 2018; Gomez-Galan, Vazquez-Cano, Rosa, & Lopez-Meneses,
2020). AR is the representation of visual virtual information, which is added to the real-world
environment. Thus, students can access rich, diverse, and meaningful multimedia contents to
learn, offering them related materials they can interact immediately with (Gomez-Galan,
Vazquez-Cano, Rosa, & Lopez-Meneses, 2020). Furthermore, the immersive scenarios which
integrate AR with learning contents, real contexts, and competences from a visual approach,
may assist activate students’ cognitive learning processes, and simultaneously, foster a more
motivating, collaborative, and interactive learning process (Lai, Chen, & Lee, 2019).

Lastly, AR has also helped students improve their memory (tom Dieck, Jung, &
Rauschnabel, 2018). It has helped them acquire memory-related skills, which are needed to
access their learning contents and put them into the real-life practice (Gomez-Galan, Vazquez-
Cano, Rosa, & Lopez-Meneses, 2020). AR has enabled students to remember or recollect more
knowledge or clues that were memorized during AR learning activities or tasks than
conventional physical classes. Hence, AR experiences have led to an increase in students’
capabilities to retain long-term memory (tom Dieck, Jung, & Rauschnabel, 2018). This, in turn,
has enabled students continue to learn, increase their enrolment and retention, and helped to
improve student motivation and academic performance. Our research findings, which show
that students with good or very good performance (80%) in their learning with AR tools when
compared to their performance (62.1%) before AR intervention—are supported by the above
academic studies, which previously reported that AR allows for a more attractive learning

environment and a better understanding of different school subjects in real-context learning.
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Although AR technology offers many advantages to students, there are also limitations and
challenges of integrating AR to student and teacher learning. Mentoring program, for example,
is suitable to train teachers to integrate AR in student learning. Mentoring could enable tacit
knowledge transfer through informal learning. Mentors or experts transfer their experiences,
skills, technical skills and relevant knowledge to their mentees. The concept of mentoring
scheme allows schoolteachers receive guidance, advice, and support from experts, also called
“knowledge sharing.” AR is hereby deemed as sufficient to offer students a sense of
completeness in the learning processes, as good quality education has to mix conventional

teaching tools with technological means, which then inspires and motivates future instruction.

4. Conclusion

The newly developed AR module is an attempt to assist teachers nurture their students through
knowledge transfer programs, increase their overall engagement, peer interactions and
collaboration, and improve their confidence to be successful learners in the future. Since this
is an exploration study into rural primary school students, this research project should be
conducted for certain longer periods of study to investigate further impacts of AR intervention
on primary school students. More AR tools should be embedded or integrated into multiple
school subjects, especially regarding STEM or STEAM learning. In the future, in this project,
there is a new collaborator for contributing new and enhanced AR tools for student learning.
To be a well-developed country, the exploration to AR technology should be integrated into
school learning to increase student awareness with regards to the different components of IR
4.0 and encourage them to equip themselves with 21%-century skills, which is in line with the
initiatives in the Malaysia Education Blueprint. This social engagement project is also
endeavored to enhance student engagement, increase their general education practices, and

improve their retention and success rates when in middle school or higher education.
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