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Abstract—Learning of electrical motor is difficult as it’s
understanding  requires  fundamental = knowledge  of
multidisciplinary concepts such as mechanical, electrical and
electromagnetism. At the same instance, the number of
enrollment for students pursuing engineering programs in the
higher education is declining. In response to this, there is a need
to come out with a solution to stimulate the interest of students
and improve their confidence in learning the subjected
materials. This study proposed the development of an
innovative Augmented Reality (AR) interaction environment
for learning solutions related to basic principles of electrical
motor operations. The AR system is built in Android platform
for smartphone suitable to be placed into a virtual reality
headset. The corresponding scenarios causing malfunction of
the motor are projected as quiz scenario to the participants of
the study. The participants are required to come up and select
the appropriate solution to identify and troubleshoot the issues
based on the appearance and movement of the virtual motor.
The interactions between the participants and the developed
system are made through vision capturing of the finger
movement of the participants using the in-built smartphone
camera. Based on the results, the proposed AR system is able to
stimulate the interest of the users and applicable to enhance
their learning experience and problem analysis skill through the
outlined features. Overall, the developed system demonstrated
much potential for enhancing the learning experience of
engineering education and to attract students to involve in
STEM related activities.

Keywords—Augmented Reality (AR), electrical motor,
learning solutions, quiz-based scenarios, virtual interaction,
usability

I. INTRODUCTION

Due to the emergence of digital technology, many
institutions have shifted their attention to utilizing the
existing digital tools in transforming educational practice.
Based on some researchers, the application of digital
technologies improved the quality of teaching and reduced
the operational cost of learning system [1-3]. For technical
courses that require the use of hardware and machinery, the
laboratory can be conducted through the digital tools for
experiential learning and acquisition of relevant hands-on
skill [4-6]. In addition, students exposed under this digital
learning environment are found to be more motivated and
engaged in learning [7].

In higher education, the number of students who pursue
further studies in science and engineering programs are
slowly decreasing. The down-steep is linked to negative
self-perception of the students towards the courses and the
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financial aftermath followed by the recent pandemic [8].
Researchers have identified that through proper learning
environment, students’ awareness and interest on STEM
courses can be established. Subsequently, this will promote
the interest of students and inspire them to pursue their study
in STEM related fields [9-10]. Based on this, we can
conclude that through the introduction of specific stimuli, the
user’s perception towards the acceptance of the technology
will also be influenced. Especially for engineering studies,
both the cognitive and practical domains are weighted
similarly during the gaining of technical knowledge.

Recently augmented reality (AR) has been applied in
education institutes to guide students in their learning. The
AR technology overlaps virtual information onto real world,
thus provides much seamless interactivity to the users. Under
this context, the conceptual knowledge of the subjected
content is projected as a digital representation, subsequently
reducing much cognitive load of the users to visualize the
overall processes. In the education field, several applications
have been developed using AR technology in conducting
STEM related lessons such as biology, chemistry and physic
[10-12]. For engineering application, classes incorporated
with AR are found to improve the motivation of students,
enrich the learning experience and stimulate their
self-acceptance towards the adoption of the technology as the
learning platform [13-15].

AR technology serves as an alternative platform for
simulation study of related engineering applications. The
technology as one of the technology pillars of Industry 4.0
has already made an impact in various simulation guidance,
operation training and teaching involving constant
interaction and active engagement with users [16]. Majority
of the research agree to the influence of AR in stimulating the
interest of users and promotes the acquisition of knowledge
easily in much engaging fashion.

Hence, this paper proposed to develop an AR system to
promote the learning of technical knowledge in engineering
study. As a means of engaging stimuli, the AR system will
relate a series of quiz like scenarios to the engineering
content which require the students to identify the problem
and determine the solution to troubleshoot the error
interactively. A scoring module is then displayed on the
projected scene to allow the students to reflect their
achievements and understandings on the addressed problem.
Throughout the study, usability of the AR system and the
motivation of the students will be examined to evaluate the
outcome of the research.
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Il. LITERATURE REVIEW

In recent years, augmented reality has been increasingly
applied in education. The corresponding AR application can
be packaged into Android platform to support the learning of
digital electronics [17]. Based on the reported study, for this
type of AR interaction, the schematic layout is projected next
to the digital chip to guide students in understanding the
connections and operations of the circuit. A similar handheld
system has also been applied in identifying resistance value
and understanding of finite state machine through AR
projections [15, 18]. Based on the study, students are more
engaged with the learning process and responded positively
towards the adoption of AR in the classroom.

Research has shown that learning environments,
particularly involving activities which prompted the response
from students, are able to induce the interest of students and
keep them attended to the learning process [19, 20]. Students
found that learning activities integrated with AR are more
interactive, exciting and enjoyable to take part in. Based on
the study conducted by [21], students interacting individually
with the AR content representing the circuit element are
found to learn better the concept of electromagnetism. As a
result, they will become more interested and oriented in
attending to the subject taught.

Overall, animation of physical structures through 3D
visualization in the AR environment has the potential to
support constructive engagement and understanding of the
students on the topics being delivered [22]. Under this
context, students are free to manipulate the input of the
system and relate the changes in the behavior of the
augmented content to the fundamental concepts of the subject
taught. As such, students are consistently interacting with the
teaching material in the AR scene and subsequently enhance
their learning experience and motivation to learn the
course [23].

In addition, AR has also been introduced to conduct basic
laboratory [13, 24]. The digital content representation of the
hardware and equipment setup is projected onto the AR scene
and hence, students can explore the activities more freely
without the risk of exposure to unsafe events. Since digital
contents are being manipulated, routine maintenance and
servicing of the machines are not required. Besides that, AR
systems are found to be easier to set up and access using
ubiquitous devices such as smart phones. As such, the
operational cost for the application and maintenance of the
AR system is by far lower compared to the approach in which
the conventional method is applied.

The current technology revolution has driven rapid
development of highly personalized products manufactured
through complicated machine operations. Subsequently, the
industry requires highly skilled worker who is well-trained in
managing and operating and servicing such machines and
equipment. As a result, universities are constantly pushed to
ensure the sufficient of STEM professions to meet the
industry demand [25]. The introduction of AR technology
has significantly changed the landscape of STEM education
in recent years. The AR integrated content is designed to
visualize complicated concepts and guide the engineering
design process [26] commonly encompassed in STEM
education. Especially during the recent pandemic,

researchers have extensively applied AR technology to
support lesson delivery. The AR assisted education improved
the critical thinking and practical skills of students [27],
however, there is no indication of the improvement in
learning motivation brought by AR to the students as
mentioned in the previous studies [28]. In view of this,
researches should be carried out to continuously develop
competent AR system capable to motivate students to learn
and commit in STEM related courses.

Based on the literatures, to suit the variety interests of
students, a general multidisciplinary system such as motor is
chosen as the subjected learning materials. To actively
engage the student in the learning process, a few scenarios
where the motor is experiencing malfunction will be
projected onto the AR scene. The failure experienced is
distinct as per the projected scenarios in which the students
are prompted to identify the problem and suggest the
corresponding solution based on the behavior of the motor.
Through introduction of animating object, users can relate
better the underlying concepts of the motor operation to the
addressed issues. In the proposed system, students can
provide their feedback through interacting with the virtual
buttons outlining the choices of answer which are readily
displayed in the AR scene. Since the students are consistently
prompted for interaction with the system, their attention to
the learning process can be maintained accordingly. The
correct answer will be displayed after each selection and
upon completion, a final score value will be projected to
reflect the overall achievement and competency of the
students for their understanding on the topic. Finally,
collective feedback by means of short discussion and surveys
to the students are gathered to evaluate the outcome of the
study.

I1l. MATERIALS AND METHODS

A. Participants and Procedures

There are about 41 participants who voluntarily took part
in this study. The participants are aged between 18 to 20
years old and are currently studying in a pre-university
program or in their freshman year (science stream). All the
participating students do not have any prior experience in
applying similar AR system in their current studies.

The motor will be projected once the students pointed their
headset in direction to the image target. The students need to
identify the problem and solution to the quiz based on the
appearance or movement of the projected motor. To proceed
to the next scenario, they are required to select the correct
answer out from the projected choices next to the motor. The
choices are then confirmed once the students point their hand
to the virtual buttons representing their choices of answer.
For each of the choices made, the corresponding correct
answer will be displayed onto the scene prior to the next
scenario. Once all the scenarios have been reached, a final
score is then displayed on the AR scene to reflect their
achievement.

B. AR Application

In this study, the AR application is constructed using Unity
3D with Vuforia Engine development kit. The application
eventually will be packaged in Android platform to suit
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installation in smartphone which is then placed into a virtual
reality headset for actual deployment. During the
development, a specific image target is set as the ground
plane to project the augmented contents. As such once the
vision zone of the headset is directed on the target image, the
projected motor accompanied with the virtual buttons will be
oriented on top of the image.

Fig. 1 shows the image used as the projection target of the
augmented contents. The dotted regions are the feature point
generated by the Vuforia Target Manager, a web-based
development portal for the AR application built with Vuforia
Engine. It is important to note that the virtual buttons should
be designated on the generated feature points so that the hand
interaction of users with the buttons can be captured and
recognized by the AR system. Fig. 2 shows the placement of
the augmented contents on the image target in the
development scene of Unity 3D.

Fig. 1. The target image for AR projection. Left: Original version. Right:
Feature points shown represented with dotted point.
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Fig. 2. The scene view of the game design.

There are four virtual buttons being utilized in this work.
The virtual button just below the augmented question display
is meant to turn on or off the motor. The choices of answer
are projected onto the remaining buttons accompanied by the
question or quiz displayed just below the motor. The

selection of the corresponding solutions and the problems
experienced by the motor is done by hand manipulation from
the user onto the projected answer. At the same instance, the
camera from the smartphone which is used to project the
virtual motor is programmed to track the interaction of the
user on the projected virtual button. Once the selection is
successfully tracked or recognized, the correct answer will be
highlighted with a tick symbol represented by the
corresponding virtual button. The appearance and rotation
speed of the motor varies depending on the addressed quiz
and that students can observe the changes made by the correct
choices to the behavior of motor after the interaction made.
The following question will then be projected together with
the new sets of choices till the completion of the quiz which
sees the score percentage representing the number of
questions being answered correctly. Fig. 3 and Fig. 4 show
the AR projection on smartphone display and students
engaging in the AR activities respectively.

Fig. 3. AR projection on the smartphone display. Top: Plain view without the
virtual reality headset. Below: Placed into the virtual reality headset.

Fig. 4. Student engaged in AR system.
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Fig. 5. Typical linkage of the theoretical framework of the AR technology to
learning outcome of engineering education.
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Fig. 6. Overall System Implementation of the developed AR tool.

The proposed AR system provides an interactive and
personalized learning to the students. The projected problems
experienced by the virtual motors are reflection of what
commonly encountered after long servicing period especially
in the absence of proper maintenance. The students will build
up their problem solving skill through close observation
(analyse) and relation on the operation of the motor to the
fundamental physics such as friction, electromagnetism and
work done (remember). At this instance, the students are
given the role of learner, to gather all the relevant points
(analyse) and finalize the perception to the intended quiz
(evaluate). The physical prototype accompanied with virtual
button triggering (apply) provided them the opportunity to
experience laboratory-like experiment which in many ways
similar to the mandatory practical assessment encompassed
in most STEM courses. Based on these workaround, the
students gradually study the movement and theoretical
concepts of the working motor (understand) and
subsequently enable them to grasp the basic understanding of
the learning materials and exhibit interest to learn the related
subject. However, since the students are not creating any
products, the AR technology could incorporate features
prompting them to come up with new solving idea in order to
meet the subjected learning domain (create). Fig. 5 and Fig. 6

shows the relation on the theoretical framework of the AR
system to typical learning outcome of engineering education
and the overall system implementation of the AR tool
respectively.

C. Survey

There are two important metrics to explore in this work:

1) Interest or motivation of students

2) Usability of the AR system

As mentioned in the previous section, the objective of the
research lies in determining should the proposed system able
to instill the interest of students. In this study, a reduced
version of Keller’s Instructional Materials Motivation Survey
[11, 13, 29, 30] is used to measure the interest of students
after completing the activities. Table 1 shows the 12 items
under the reduced version of the motivation survey.

Table 1. Reduced version of Keller’s instructional materials motivation

survey
No Questions (Motivation) Domain
1 The quality of the AR application is helpful
seizing my attention.
The way the information is interfaced on the AR .
2 . . Attention
application helped hold my attention.
3 The variety of contents helped hold my attention
on the user instructions.
4 It is clear to me how the content of this learning
material is connected to the things that | knew.
5 The content and presentatiop style in this I_esson Relevance
impress me that the content is worth knowing.
6  The content of this work will be helpful to me.
7 I was confident that | could learn the content
after working on this lesson
A moment after working on this lesson, | was
8  confident that | would be able to pass a test  Confidence

related to it.

The organization of the content convinced me
that | would learn this material.

I would like to learn more about the related
10 topics of this subject after feeling such
enjoyment working on the lesson.

11 |Itruly enjoyed working on this lesson. Satisfaction

It was pleasurable to work on this well-designed

12
lesson.

On the other hand, a general survey addressing the
technical difficulty encountered by the students is also
implemented followed by a closure interview to outline the
overall learning experience of the students using the AR
application. Table 2 shows the questionnaire for the technical
difficulty surveys.

Table 2. Questionnaire for the technical difficulties survey
0 Questions (Technical Difficulties)
Is it easy to operate the AR application?
Is the Motor behavior similar to the real motor?
Do you find the buttons on the interface to be appropriate and
easy to manipulate?
Do you find it easy to control using mobile device and headset?
Do you find it easy to distinguish between real world and
virtual world?
Does having devices with augmented content such as headset
improves the AR experience?
7 Avrethere any hardware or software issue upon using it?
8 Is it easy to complete the activity?

pd

g || W (N

o

All the surveys implemented in this work are addressed
based on Likert-scale ranged from 1 (strongly disagree) to 5
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(strongly agree) and measured based on the average score of
the collected feedbacks. Then, a reliability test based on
Cronbach’s alpha is implemented to evaluate the reliability of
the results.

Fig. 7 shows the overall process flow chart of the
conducted study.

[ Briefing to students ]

l

s ~

Initiate the AR system

i

Answering the quiz

s . 3
Survey feedback
\ J
!
'd N

Short interview session

A vy
Fig. 7. Overview process flowchart of the study.

IV. RESULT AND DISCUSSION

Table 3 shows the result of the motivation survey. Based
on the results, all the dimensions of the motivation survey
recorded an average value of about 4.0 indicating high or
above average motivation level. For the attention domain, the
average score is about 4.033 indicating that the participants
attended the AR activities. For relevance domain, an average
score of 4.098 is recorded which implies the participants are
in overall in agreement that the AR content is relevant to their
interests. Lastly, most of the students expressed confidence in
using the AR system and are satisfied with the learning
platform as indicated with the mean score of 3.951 and 4.024
respectively.

Table 3. The survey results on the motivation of the participants

Domain Mean Maximum Minimum
Attention 4.033 4.098 3.976
Relevance 4.098 4.220 4.024

Confidence 3.951 4.220 3.756
Satisfaction 4.024 4,171 3.878

Table 4 shows the results of the technical difficulty survey.
Overall, students found no issues in operating the AR system
(Mean = 3.707). The students were able to perceive the
operation of the augmented motor (Mean = 3.878) with ease.
No severe difficulties were encountered while interacting
with the virtual buttons (Mean = 3.463) using the headset
(Mean = 3.463). Furthermore, the augmented contents can
also be easily distinguished by the students (Mean = 3.634)
with much pleasant experience (Mean = 4.073). The students
were able to engage the AR system without any technical
issues (Mean = 3.219) and complete the activities smoothly
(Mean = 4.219).

The Cronbach’s alphas for the surveys are shown in Table
5. Based on the result, the alpha coefficients for all the
surveys are around or higher than 0.8 suggesting that the
response given by the participants are internally consistent
and considered accepted [13, 31].

Table 4. The survey results on the technical difficulties encountered by the
participants

No Questions (Technical Difficulties) Mean

1 Is it easy to operate the AR application? 3.707

2 Is the Motor behavior similar to the real 3.878
motor?

3 Do you find the buttons on the interface 3.463
to be appropriate and easy to operate?

4 Do you find it easy to control using 3.463
mobile device and headset?

5 Do you find it easy to distinguish 3.634
between real world and virtual world?
Does having devices with augmented 4.073

6 content such as headset improves the AR
experience?

7 Are there any hardware or software issue 3.219
upon using it?

8 Is it easy to complete the activity? 4.219

Table 5. Internal consistency of the surveys using Cronbach's alpha

Survey Cronbach’s Alpha
Motivations 0.94
Technical Difficulties 0.78

Based on the results, it can be concluded that the AR
system is able to stimulate the interest of students accordingly.
However, some of the questionnaires in the technical
difficulties such as hardware/software, buttons and control
recorded much lower score compared to the overall feedback
received. A short interview or discussion session has been
conducted after completing the activities to understand the
said observations. Firstly, some students addressed that they
are not able to undo the selections of answers when they
accidentally triggered the button interactions. Since the
manipulation of the virtual buttons only accept one time
response, the selections made by the students are considered
final. Moreover, due to the smaller placement gap between
the virtual buttons, the students need to be extra cautious
when interacting with the system to prevent triggering false
responses. As an improvement, undo features and
confirmation button can be introduced to allow students to
modify the selection and finalize the chosen answer before
proceeding to the next question. Studies on the effect of
buttons separation on the user interaction and the mental
domain shall be explored as well in the following research.

On the other hand, focus of the headset can be altered to
accommodate users with different vision capability, but
limited to the myopia (nearsightedness) user. For users with
hyperopia (farsightedness) conditions, they are still required
to put on their spectacles together with the headset and
subsequently contribute to the discomfort usage. In addition,
there are no cases of simulation sickness reported suggesting
that the proposed system is suitable for long term engagement
from the users. Since all the participants do not possess any
prior experience with AR, they started to respond to the
activities quite slowly when it just began. They suggested
that the headset can be omitted in the future by just simply
pointing the smart phone camera onto the image target. Other
than that, all the students responded positively to the
proposed AR systems. They found out that it is very
enjoyable and refreshing using the AR application as the
learning platform. In addition, they are captivated by the
quiz-based scenarios and expressed interest in learning the
electrical motor operations.
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As mentioned earlier, this work focuses on exploratory
research on the application of the proposed AR system and
the design of the study only limited to basic content. As such,
the number of participants are only kept at around 40 to 50
just in aim to satisfy the survey requirement and to confirm
the methodology of study [32, 33]. Nevertheless, to reflect on
the long-term assessment of the system, a larger pool of
participants typically close to 100 under a longer period of
observation. Besides that, more in-depth, with a larger
number of participants, large scale based survey study
involving a series of trials can be conducted for example
cognitive effort, gender variation, universal usability test for
disabled user, influence to the study outcome of pre-tests and
post-tests results and so on as future endeavours to the
current research. For this case, instead of the descriptive
statistic and Cronbach’s alphas, for rigorous method such as
t-tests and ANOVA involving parametric assumptions would
be beneficial. It is also worth noting that, in view with the
small scale of surveys and sample sizes that we have
collected, it is still too soon to generalize the study and
standardize the related application for practical inclusion into
the syllabus at this stage. Hence, more specific scope and
technical requirements are still needed to the feasibility of the
study in the future.

Overall, the proposed AR system provided an interactive
learning experience to the students. The action of relating the
physics concepts of the electrical motor to selection of virtual
button representing the answer to the quiz shaped the
knowledge transfer from the digital content to the reflective
learning of students in real world. As said earlier, the quiz
subjected in the developed application addresses the actual
problem and solution commonly encountered in the industry
setting especially concerning the maintenance and servicing
operation of electrical machine. Such experience involves
cyclical process of observation, analysis, reflecting, thinking
and triggering the system response resembling the concepts
of experiential learning. Subsequently, the practical
experience and theoretical knowledge gained from the use of
the AR tools fostered a connectivism learning environment
aim to improve the scientific literacy of students. The unique
innovation of our system lies on the interactive virtual button
interaction to find possible solution to the quiz revolve
around the augmented virtual motor. The results also show
positive acceptance of the students in terms of usage and
learning experience. Unlike what being addressed in the
previous study, our system manages to impress and captivate
the student in learning the subjected content evaluated based
on the feedback given in the motivation survey. The setup of
AR is less expensive and affordable compared to purchasing
the actual machine for the study. As such, in the future,
should the AR approach be officially standardized and
employed, the tuition fee inclusive of maintenance of the
actual machine can be lessen to relief the financial burden of
students and may subsequently assist in boosting the intake
of students. All in all, it can be concluded that the learning
experience through AR is positive, and the students are
motivated to the content introduced.

V. CONCLUSION
This study proposed the development of an AR system to

stimulate the interest of students in studying engineering
materials. A series of quiz-based scenarios has been
implemented to test the understanding of students on the
operation of motor in which they need to identify the
corresponding problems and solutions based on the
appearance and movement of the augmented motor. Based on
the results, all the students have responded positively to their
learning experience with the constructed AR. The students
found that the AR system is very interactive and are
motivated in learning the materials. Some limitations and
future improvements are identified accordingly. First, to
accommodate users with various visibilities, the headset can
be omitted by simply projecting the camera onto the image
target. Second, an undo feature can be implemented in case
the students accidentally selected a wrong answer. We plan to
include more quiz-based scenarios covering much wider
engineering topics to attract more students to use the AR
system. Besides that, the effect of buttons design and
separation on user interaction and the mental domain will be
explored in-depth in the future study.

Overall, the proposed system has provided a unique and
interactive hands-on experience to the students. The AR
application enables real-time visualization and interaction
with complex engineering concepts. Through digital
representation of the physical object, students can conduct
the work without the risk of exposure to safety hazards and in
addition downtime due to maintenance of the machines can
be omitted. Subsequently, this will open up to possible
opportunity in establishing remote classroom for distant
learning. As such, we expect to see the continuous
development of AR in deriving a personalized learning
experience suitable to be integrated with the current syllabus.
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