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ABSTRACT

Practical skills and theoretical knowledge are vital competencies that technical and
vocational trainees need to master before joining the industrial workforce to perform tasks
efficiently. Therefore, comprehensive instructional materials and training equipment are
essential to ensure that the skills and knowledge are delivered effectively to trainees. This
study aimed to identify the need to develop a mobile augmented reality module to teach
and learn pneumatic systems in Malaysian vocational colleges. Descriptive research was
conducted to determine the module’s need, involving 13 subject-matter experts from various
vocational colleges. A set of questionnaires consisting of three main themes: the need for
the module, the module’s user interface design, and the module’s usability criteria with
49 items was used. The data collected were analysed using the Fuzzy Delphi Method. All
three constructs showed high levels of expert consensus of more than 75% and a threshold
value of < 0.2. Therefore, experts agreed that there was a need to develop a mobile AR-
based module for teaching and to learn pneumatic systems with the stated user interface
designs and usability criteria.

Keywords: Augmented Reality, Fuzzy Delphi Method, module development, needs analysis, teaching and

learning pneumatic systems

INTRODUCTION
ARTICLE INFO With the advent of the Fourth Industrial
ﬁ’e‘égfi :;f’g;y/;ugust 021 Revolution, the technology in the industries
Accepted: 04 October 2022 has evolved correspondingly. In line with

Published: 17 February 2023 .
N the evolution, changes should also be

DOI: https://doi.org/10.47836/pjssh.31.1.03 .
PT— implemented to ensure that the knowledge

E-mail addresses:

sflim2@graduate.utm.my (Siet Fah-Lim) and skills acquired by technical and
p-yusri@utm.my (Yusri Kamin) . . .
* Corresponding author vocational education students are compatible

ISSN: 0128-7702
e-ISSN: 2231-8534 © Universiti Putra Malaysia Press



Siet Fah Lim and Yusri Kamin

with current industrial trends. For example,
manually controlled machinery was replaced
by more advanced machinery controlled by
high-end and complicated technologies such
as programmable logic controllers, electro-
hydraulic systems, and electro-pneumatic
systems. Thus, proper instructional material
and delivery methods are essential to
training skilful technical workers who are
competent in carrying out their tasks in an
industrial automation-based workplace upon
graduation.

In Malaysia, the Ministry of Education
emphasises the acquisition of practical
skills and theoretical knowledge among
vocational students, as these are essential
components in developing a skilled
workforce. Consequently, Malaysian
vocational colleges allocate 70% of the
students’ learning time to vocational subject
matters on practical skills acquisition while
the remaining 30% to theoretical knowledge
learning. For instance, the pneumatic system
course requires students to understand their
intangible concepts and be competent in
applying what they have learned to their
practice (Kurniawan et al., 2017).

Pneumatic systems are power
transmission systems that use compressed
air as the working medium (Rabie, 2009).
Because of their lightweight and cost-
effective properties, pneumatic systems
have been widely used in various industries
(Aravind et al., 2017). However, the
pneumatic system is a complex and abstract
subject requiring students’ higher cognitive
capacity, particularly their metacognitive
skills, to master its learning content.
Furthermore, due to its multifunctional

components and intricate working principles,
the pneumatic system has been regarded as
one of the most challenging mechanical-
based subjects (Kurniawan et al., 2017).
Kurniawan et al. (2017) pointed out that
the current method of teaching pneumatic
systems, which relies on books, PowerPoint
slides, and videos, is one of the factors
leading to less effective learning. Given this
situation, students tend to lose interest while
struggling to understand perplexing learning
concepts (Khramova et al., 2019). Using
conventional theory teaching, displaying
the complicated circuit’s working state and
the pneumatic components’ hidden internal
structure is pretty tricky. Students only
managed to see the system’s external parts
during practical activities, which can hardly
help them understand the actual working
condition (Kurniawan et al., 2017; Xu et
al., 2017). The instruction content must be
delivered effectively to ensure the students
understand the components’ basic principles
and complex circuit operations (Jabar et
al., 2020). Towards this end, Kurniawan
et al. (2017) recommended well-designed
instructional resources to improve student’s
learning outcomes in the pneumatic system.
Furthermore, as a vocational subject,
pneumatic systems instruction involves
plenty of practical skills training and
assessments achievable only with adequate,
functional, proper, and up-to-date training
equipment (Arief et al., 2018; Audu et al.,
2013). Similarly, Andoko and Wirawan
(2017) believe that adequate facilities
are an essential requirement that colleges
must fulfil to enhance graduate quality.
Without proper equipment, much of the
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content is delivered theoretically, and as
researchers argue, practical skills content
is far too complicated and challenging
to be taught verbally (Md Nasir et al.,
2020). Consequently, students may feel
unmotivated to learn, leading to declining
quality and competent graduates (Anindo et
al., 2016; Ohwojero & Ede, 2013).

One way to promote a greater student
understanding of pneumatic systems and
complement the training equipment is by
using multimedia. Multimedia learning is a
popular teaching aid in delivering learning
content that is interactive and animated
to trigger students’ interest, capture their
attention, and boost their motivation (Ab
Azizetal.,2012; Asfani et al., 2016; Endres
et al., 2020). Furthermore, multimedia
resources support learners through their
learning difficulties by helping them
better comprehend through visualisation.
Nonetheless, the suitability of teaching
media depends on its characteristics; some of
the more popular multimedia for educational
purposes include web-based learning,
Virtual Reality (VR), and Augmented
Reality (AR).

Over the past few years, many studies
have been conducted to investigate the
effectiveness of AR technology applications
in the educational field, especially in
helping students with learning difficulties.
The following studies are examples of AR
applications as teaching aids for various
purposes. First, there were studies conducted
to see the suitability and sustainability of
AR applications as an instructional tool
to improve student’s learning outcomes
(e.g., Y. C. Chen, 2019; Hung et al., 2017;

Shieu et al., 2019) and it is potential to
assist laboratory activities or practical skills
(e.g., Bazarov et al., 2017; Herlandy et al.,
2019). In addition, there were also studies
to see if AR applications are effective in
reducing the cognitive load (e.g., Buchner
& Zumbach, 2018; Sambodo et al., 2018),
increasing students’ positive feelings and
other affective domains in learning the
subject matters (e.g., Baloch et al., 2018;
Hanafi et al., 2017; Sambodo et al., 2018).
All these studies displayed positive effects
of AR technology on students’ performance.

About the teaching and learning of

pneumatic systems issues in Malaysian
vocational colleges and the positive impacts
of AR applications on students’ learning,
this study was conducted to establish the
demand and urgency for formulating a
mobile AR-based module for teaching and
learning pneumatic systems. To be specific,
the objectives of this study are:

1. To identify the need to develop a
mobile Augmented Reality module
for teaching and learning pneumatic
systems in Malaysian vocational
colleges.

2. To identify the user interface
designs to be included in the mobile
Augmented Reality module for
teaching and learning the pneumatic
systems in Malaysian vocational
colleges.

3. Toidentify the usability criteria to be
included in the mobile Augmented
Reality module for teaching and
learning the pneumatic systems in
Malaysian vocational colleges.
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Based on the research mentioned above
objectives, we report the results of the
needs analysis study based on the following
research questions:

1. Is it necessary to develop a mobile
Augmented Reality module for
teaching and learning pneumatic
systems in Malaysian vocational
colleges?

2.  What user interface design elements
should be included in the mobile
Augmented Reality module for
teaching and learning pneumatic
systems in Malaysian vocational
colleges?

3. What are the usability criteria for
the mobile Augmented Reality
module for teaching and learning
pneumatic systems in Malaysian
vocational colleges?

LITERATURE REVIEW

An Introduction to Augmented Reality
Technology

AR technology allows real-time interaction
between real-world surroundings and virtual
objects that coexist in the same space
(Azuma, 1997; Klopfer & Sheldon, 2010;
Peddie, 2017). The application of AR was
first introduced in the military, science, and
manufacturing fields before being extended
to other areas over time, including education.
Today, AR technology is available closer-to-
home, to most smartphone users, offering
fun interaction and convenience across
various AR-based applications. In addition,
AR’s applicability spread to other industries
over time, particularly in education.

Various technologies can be used as
instructional tools and have significant
potential to contribute to today’s ever-
changing learning environment. In particular,
the multi-faceted benefits of AR have
outshined several existing technologies.
The primary purpose of Augmented Reality
is to improve and enhance one’s perspective
of their environment by combining sensing,
computer, and display technologies (Olwal,
2009). Having the capacity to develop a
successful and usable AR application will
undoubtedly provide users with numerous
benefits. The possibilities of AR technology
application in education will be discussed
further in the following subtopic.

The Benefits of Using Augmented
Reality Technology in Education

In the education realm, AR enables virtual
object overlay on the real environment for
more effective learning and teaching than
most traditional methods (Ali et al., 2013;
Bazarov et al., 2017). Moreover, students
learning through the AR application can
select skills or concepts they are yet to
master and replay them until learning is
complete (Wong et al., 2020). Besides, they
also get to visualise intangible concepts for
ease of learning (Akcayir & Akgayir, 2017;
Wu et al., 2013) while being prompted
to use metacognitive strategies such as
planning, monitoring, and evaluating for
active learning.

AR applications have been shown to
help students better understand the content,
particularly abstract concepts or hidden
objects, by superimposing 360-degree
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graphics in the natural environment (Arief
et al., 2018; Martin-Gutiérrez et al., 2015;
Yip et al., 2019). Students generally find
it difficult to perceive abstract concepts,
leading to misunderstandings that obstruct
learning (Saidin et al., 2015). Furthermore,
the virtual medium can replace expensive
resources, such as equipment and supplies,
to minimise practical work costs.

Because of its capacity to simplify
learning content, AR technology has also
been easier to understand and use (Y. C.
Chen, 2019; C. H. Chen et al., 2017).
In other words, it is well-accepted and
satisfied by learners due to its ease of usage.
In addition, learners gain better confidence
if they can digest and comprehend the
learning materials with less effort (Chin
etal., 2019).

Furthermore, a study shows that AR-
based teaching materials can help to
improve the learning achievements of high
achievers, but they also help to close the
gap in students’ overall learning abilities
(Zhang et al., 2015). In their study, students’
learning achievements improved in both
high and low-performance groups, with
low-performance students’ results roughly
similar to those in high-performance
groups. Y. C. Chen (2019) reported similar
findings: low-anxiety and high-anxiety
learners performed equally well when
introduced to an AR learning environment,

The Multimedia Learning Design and
Usability

The ability of instructional media to grab
the learners’ attention and deliver the

learning content precisely is critical to
its efficacy. According to Mayer (2009),
integrating multimedia into instructions
entails presenting the resources to learners
and guiding their cognitive processing of
the materials. Towards that end, adequate
planning is critical in designing and
developing effective instructional media
to promote efficient cognitive processing
among students. Therefore, several factors
must be considered when selecting the
optimal visual and auditory design attributes.

Heinich et al. (2002) proposed basic
visual and verbal design concepts. They
suggested four basic visual design concepts
that are acceptable and realistic to follow,
including ensuring legibility, minimising
the effort required to decipher messages,
encouraging active audience involvement
with the message, and focusing attention
on its key points. Students utilising such
instructional materials should be able to
see both texts and visuals on display in this
regard.

The effort required by the students to
interpret and comprehend the messages
being delivered to them should likewise
be minimal. These may include how
the underlying pattern is established in
terms of alignment, shape, and balance,
consistency of the treatment pattern, and
the use of appropriate colour combinations.
The selection of an appealing colour scheme
is critical for increasing students’ active
participation (Heinich et al., 2002).

Verbal or text design is just as important
as that visual design. In developing an
instructional display, the lettering must be
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carefully chosen to properly transmit the
message (Heinich et al., 2002). The size,
spacing, and style of the wordings are also
factors to consider. Aside from that, items
and materials displayed in the media should
be shown in three dimensions to convey
the viewers’ understanding of the subjects.
The 3D digital model stores the geometry,
texture, animation, and scene required in
engineering and teaching subjects (Solmaz
et al., 2021). These 3D interfaces can help
people learn more effectively by allowing
them to quickly and intuitively access larger
volumes of information.

Heinich et al. (2002) also mentioned
the importance of audio in instructional
multimedia design, noting that it is
increasingly used in today’s self-paced
learning. In designing audio, a designer
should use a natural and conversational
voice, as humans respond positively to a
similar voice. In addition, various vocals
should be used to maintain the learners’
interest in what is being said.

A media’s usability is influenced by its
user interface design. Usability is defined
as the usefulness and satisfaction of a
system to help people achieve their goals
by performing task sequences (Zhang &
Walji, 2011). Ko et al. (2013) developed
usability principles for smartphone AR
applications based on the following aspects:
user information, user cognition, user
support, user interaction, and user usage.
Among the most significant elements
included in the five usability aspects are
availability, learnability, responsiveness,
and low physical effort.

Similarly, Sambodo et al. (2019)
assessed an Android-based augmented
reality application covering four aspects
using a comprehensive questionnaire. They
are (1) Device quality, which includes
functionality, interactivity, ease of use, and
interface design; (2) Service quality, which
includes accessibility, personalisation, and
responsiveness; (3) Knowledge quality,
which includes content use and adequacy;
and (4) aspects evaluated in the augmented
reality system.

Ismail et al. (2019) conducted another
study to assess the usability of the generated
teaching kit. A group of experts, including
subject matter experts, and the teaching
representation kit, were involved in this
study. They find that the positive usability
score derived from expert validation
includes a teaching kit that is easy to handle,
beneficial subject content, and useful AR
application content. Therefore, AR’s correct
user interface design and usability should
be thoroughly defined to create and develop
useful AR-based educational media to boost
students’ learning.

METHODS

The needs analysis was conducted
quantitatively involving 13 subject-
matter experts in the pneumatic systems
discipline, who were carefully identified
and selected to provide expert ideas and
opinions in improving the content of the
mobile AR-based module. The sample
selection was based on characteristics
such as being experienced in teaching and
learning pneumatic systems and being
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directly involved in Electronic Technology
Programme curriculum development in
Malaysian vocational colleges. All the
samples selected are subject matter experts
with more than ten years of involvement in
the related field. Ideally, ten to 15 experts
are required for the Delphi Method (Adler
& Ziglio, 1996). However, researchers
believe that only a few experts are sufficient
for such an analysis (Noh et al., 2019).
Ridhuan and Nurulrabihah (2020) argued
that having too many experts may obstruct
the selection of accurate data and cause the
researcher to struggle to moderate the group
effectively. Therefore, a panel of 13 experts
was deemed adequate and appropriate for
conducting the needs analysis following
the Delphi Method. An online meeting
via the Google Meeting platform with the
13 experts was conducted. The researcher
explained the needs analysis study and
the questionnaire to the experts during
the meeting in detail. The questionnaires
were sent to the experts by e-mail. They

Table 1

were given ample time to answer the
questionnaires before returning them to the
researcher at the end of the meeting.

Instrument

The seven-point Likert-type scale
questionnaires were distributed to the
experts to measure their levels of agreement.
The experts stated their levels of agreement
on every item based on the seven following
anchors: “Extremely Disagree,” “Strongly
Disagree,” “Disagree,” “Somewhat Agree,”
“Agree,” “Strongly Agree,” and “Extremely
Agree.” They were built based on the
themes identified; the 49-item questionnaire
incorporated three general themes: the
needs for mobile AR modules, mobile AR
module user interface design, and mobile
AR module usability criteria. Table 1 shows
the themes and the item distribution of the
questionnaire.

Two sets of validation forms, content and
language validation forms, were produced
for instrument validation. Two content and

Themes and items distribution of needs analysis questionnaire

Item

The importance of practical skills in vocational
courses; the importance of adequate training
equipment for optimum practical skills mastery;
the pneumatic system teaching and learning
problem; the smartphone usage in teaching and
learning; and the mobile AR module usage to aid
teaching and learning

Visual design, text design, object and material
display, and audio design

Ease to use, accessibility, responsiveness, use of
the content, user’s cognitive and low physical
effort

Theme Number of Items

The Need for Mobile AR 7
Module

Mobile AR Module User 19
Interface Design

Mobile AR Module Usability 23
Criteria

Total 49
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language experts validated the instrument.
At the end of each structured question,
an open-ended section is provided for the
experts to write additional suggestions. In
addition, a pilot test was done involving ten
lecturers who were not part of the study’s
sample. From the data collected from the
pilot test, Cronbach’s Alpha coefficient was
calculated to determine the reliability of the
questionnaire.

Data Analysis Using the Fuzzy Delphi
Method

Data obtained from the questionnaires were
analysed using the Fuzzy Delphi Method
(FDM) to obtain expert consensus. Each
expert played the role of a respondent,
having recorded their levels of agreement
based on the seven-point Likert scale and
expressed their opinions at the end of the
questionnaire.

The FDM presented two main functions:
triangular fuzzy numbers and defuzzification.
A fuzzy number is a generalisation of a
regular, real number. It refers to a connected
collection of alternative values rather than
a single one, with each possible value
weighing between 0 and 1. The values m1,
m2, and m3 represented fuzzy triangular
numbers, written as (ml, m2, m3), and
used to produce fuzzy scales like the Likert
scale, where numbers were exhibited as odd
numbers. The higher the numbers were in
the fuzzy scale, the greater the accuracy of
the data obtained. The data collected from
this study were transferred to a table to find
the fuzzy values, represented by nl, n2,

n3, and the mean value (m1, m2, m3). The
threshold values (d) were identified not to
exceed 0.2 (£0.2) to reach expert consensus
for every item, while the expert agreement
percentage was greater than 75% (> 75%).
The following formula was applied to
calculate the threshold value (d).

d (‘m.n) = V1/3 [(m;-n,)? +(m,-n,)?
+(m3-n3)2]

Concerning the formula above, if the
threshold value obtained was smaller or
equal to 0.2, it meant that the experts had
reached a mutual agreement, but if the d
value was greater than 0.2, another round
of data collection was needed to ensure the
validity of an item. Apart from the threshold
value, FDM also enabled the process to
determine expert consensus based on
percentage, which must be 75% or more for
each item or the entire construct (Table 2).

Table 2
The level of expert consensus

Score range

. Consensus definition
between quartiles

0.00-1.00 High consensus
1.01 -1.99 Moderate consensus
>2.00 No consensus

Source: Ridhuan and Nurulrabihah (2020)

RESULTS

The findings of this study were divided
into three themes: the need for a mobile
AR module, user interface design, and the
usability of the AR module (Table 3).
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Table 3
The Threshold Value (d) and the Expert Consensus Percentage (%) of the needs analysis for a mobile AR Module
Threshold Expert Consensus Consensus  Fuzzy
No. Theme Value, d Percentage Level Score
. The Need for Mobile AR Module 0.166 89.3% High 0.671
2. Mobile AR Module User Interface Design 0.097 92% High 0.707
Mobile AR Module Usability Criteria 0.077 97.5% High 0.743

The Need for a Mobile Augmented
Reality Module

The theme, measuring the need for a
mobile AR module, was made up of seven
items: the importance of practical skills
in vocational courses like the pneumatic
system; the importance of adequate training
equipment for optimum practical skills
mastery; the pneumatic system teaching
and learning problems; the smartphone
usage in teaching and learning; and the
mobile AR module usage to aid in teaching
and to learn the pneumatic system. The
threshold value (d) for these items was
0.166 < 0.2, while expert consensus was
high at 89.3% (Table 2). Furthermore, all
the items’ fuzzy scores were greater than
a-cut =0.5; thus, all items were accepted.
From the values obtained, all experts
agreed that practical skills and theoretical
knowledge are important components
in vocational courses like pneumatic
systems. Therefore, it was essential to have
sufficient training equipment for students
to master the related practical skills.
Moreover, they agreed that the difficulties
in comprehending complex learning
content and insufficient training equipment
in vocational colleges impeded teaching
practical skills and learning. As a result,
they consented that mobile AR is suitable

to use as a complementary teaching tool,
especially for learning intangible concepts
in vocational colleges with inadequate
pneumatic training equipment to support
the teaching and learning process.

The Mobile Augmented Reality Module

User Interface Design

The mobile AR user interface design theme
consisted of 19 items from the following
elements: visual design, text design, audio
design, and object display. A threshold value
(d) of 0.097 < 0.2 for the items represents
a high level of expert consensus (Table
2). The expert consensus percentage was
92%, indicating that experts agreed with
all the identified mobile AR user interface
design characteristics. In addition, all
19 items’ fuzzy scores were greater than
the a-cut value= of 0.5. The group of
experts recognised that uninterrupted audio,
attractive illustrations, 3D object usage, neat
space and shape, and text font size were
among the top characteristics of mobile AR
user interface design.

The Mobile Augmented Reality Module
Usability Criteria

The mobile AR module usability theme
consisted of 23 items that covered the
following elements: ease of use, accessibility,

Pertanika J. Soc. Sci. & Hum. 31 (1): 41 - 56 (2023) 49



Siet Fah Lim and Yusri Kamin

responsiveness, learning content, and
users’ cognitive and physical efforts. The
expert consensus percentage was 97.5%,
displaying high strength levels, while
the threshold value (d) was 0.077 < 0.2.
The highest expert consensus was for the
responsiveness of the mobile AR module,
denoted by such elements as fast response,
high operating speed, easy to stop, revert,
and no delays. Other high levels of expert
consensus were also demonstrated for
items under the learning content element,
such as clear labels and easy language. The
experts also strongly agreed upon the user’s
cognitive-related items, like the consistency
of terms used and the clarity of instructions.

DISCUSSION

This study ascertains that all experts
agree that practical skills and theoretical
knowledge are essential components in
teaching and learning the vocational course
pneumatic systems. The essential practical
skills of pneumatic systems to be acquired
by the learners are designing pneumatic
circuits, selecting appropriate pneumatic
components, installing the pneumatic
circuits, performing functionality tests,
and troubleshooting the pneumatic systems
accordingly.

In vocational colleges, practical
skills training is a prominent feature
of the student learning experience. To
produce a skilled workforce, learning for
technology-based students encompasses
70% practical skills acquisition and the
remainder 30% theoretical knowledge
(Technical and Vocational Education

Division, 2019, 2022). Practical skills
acquisition is a prerequisite in work-
based programmes (Audu et al., 2014; Li
et al., 2017; Okwelle & Ojotule, 2018),
with each skill set mastered distinct to a
respective area of expertise that contributes
to optimum productivity at the workplace
(Ifeanyichukwu et al., 2018). Hands-on
skills allow graduates to operate a range
of equipment and tools, whether operating,
servicing, or maintaining, leading experts
to collectively agree on the importance
of the availability of a comprehensive
range of training equipment in vocational
colleges.

The lack of sufficient pneumatic system
training equipment has led experts to use
smartphones as an alternative for teaching
and learning purposes, such as downloading
simulations and videos. Experts agree that
integrating multimedia instruction, such as
amobile AR module, into teaching is highly
beneficial for vocational students. Herlandy
et al. (2019) point out that AR has the
potential as a virtual laboratory to substitute
practical activities that students cannot
complete due to laboratory equipment
restrictions or challenging demonstrations.
Furthermore, it allows students to access
learning outside classroom hours and a
flexible practicum. In addition, using AR
technology in teaching and learning is cost-
effective (Arief et al., 2018; Diegmann et
al., 2015; Ferrer-Torregrosa et al., 2015).
Purchasing physical training equipment and
materials is usually prohibitively expensive.
A virtual laboratory may also accommodate
more students at once.
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As for the characteristics of the mobile
AR user interface design and its usability,
experts agree on the designs listed with
high consensus levels and grant that the
mobile AR module, when used, must be
responsive; this is in line with suggestions
from several scholars like Diinser et al.
(2007), Ko etal., (2013) and Sambodo et al.,
(2019). Students should not experience long
pauses between commands and responses
(Aadzaar & Widjajanti, 2019; Diinser et
al., 2007). Expert consensus is also high for
items like clear labels and easy language.
According to Nielsen (1993), the language
used in an application should be familiar
to users and not system-oriented phrases.
Diinser et al. (2007) identify several design
principles regarding usability criteria, one of
which is reducing the user’s cognitive load.
Cognitive load stems from users’ interaction
with an overload of instructional activities
that may interfere with completing the
task. Ko et al. (2013) proposed consistency
throughout the module to reduce cognitive
load, with experts strongly agreeing with
the consistency of terms used in modules.

Visual and audio design aspects are
ranked highest among the user interface
design elements. Experts agree that
uninterrupted audio, attractive illustration,
3D object usage, neat space and shape, and
text font size are important characteristics
of the mobile AR module interface to
promote ease of learning. Interpreting and
understanding messages and information
from modules will require minimal
effort, especially with the underlying
pattern established in the multimedia. The

significant factors that affect the underlying
pattern are the alignment of elements,
shape, balance, style, and suitable colour
combinations (Heinich et al., 2002). For
example, to establish this underlying
pattern using alignment, the key elements
of a display are placed in such a way that
they have a clear visual relationship to one
another; viewers spend less time trying to
make sense of what they see and can focus
on understanding the message.

Apart from visual design, verbal or text
design is equally important. In designing
instructional material, it is advisable that the
lettering is selected with much care so that it
will be able to convey a message efficiently
(Heinich et al., 2002). Several characteristics
should be considered, such as style, size, and
spacing, with three-dimensional objects
and interactive displays conveying an idea
more effectively (Heinich et al., 2002).
The lettering style should be consistent
and blend well with the rest of the image.
For explicit informational and instructional
purposes, a plain font style is ideal. The
size of the letters determines legibility. The
lowercase letter should be used to ensure
the best legibility, and capital letters should
be added only where customarily required.
According to the standard rule of thumb,
lowercase letters should be 1/2 inch high for
every 10 feet of distance viewers (Heinich et
al., 2002). Apart from the size of the letters,
the spacing between the lines of the written
material is also significant. As a result, the
vertical space between the lines should be
slightly less than the average height of the
lowercase letter.
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CONCLUSION

The analysis of the data collected from the
study affirmed that experts collectively
agreed that both theoretical knowledge and
practical skills mastery are fundamental in
vocational education to produce a competent
workforce. However, insufficient training
equipment and related tools often impede
practical skills teaching and learning for
vocational courses in the vocational college
workshop. Thus, designing and developing
a mobile AR module is vital to support and
aid vocational college students in mastering
practical skills, especially when vocational
training equipment and tools are not readily
available.

The characteristics of mobile AR make
it suitable for practical skills instruction
through three-dimensional virtual object
overlay onto a real environment. Several
essential elements of the user interface
design and the usability of the mobile
AR module showed high levels of expert
consensus. Therefore, user interface design,
such as visual design, text design, object and
material display, and audio design, should
be considered in designing and developing
mobile AR-based modules. At the same
time, the usability criteria such as ease to
use, accessibility, responsiveness, use of
the content, and user’s cognitive and low
physical effort should be applied to direct
the design and development of a mobile
AR-based module.

For future research, it is recommended
to explore further the main components
and elements that should be included in

the design and development of mobile
AR modules for effective teaching and
learning practical skills, especially for
pneumatic systems. In short, there is an
urgency to produce a mobile AR module for
teaching and learning pneumatic systems
in Malaysian vocational colleges as an
alternative to actual training equipment.
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