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Technology. However, Teaching Aids which is not use AR technology will make it
difficult for students to learn an abstract subject, poorly understood and easily bored
through traditional teaching approaches. The purpose of this study was to develop a
learning kit by using AR technology to improve student visualization, understanding
and motivation. Meanwhile, this study also used the Design and Development
Research (DDR) approach in developing a learning kit for Types of Lathe Defects
assisted by AR. The instrument of this study uses a questionnaire to collect information
related to the functionality of the learning kit based on visualization, understanding
and motivation of students. The sample of this study consisted of 48 students of Kota
Tinggi Vocational College who took the Industrial Machining Course. The data obtained
were collected and analyzed using Descriptive Statistics, Central Tendency and
Independent T-Test using SPSS version 25. The reliability value of the questionnaire
obtained was r = 0.903 which indicates a high level of reliability. The majority of
participants gave positive feedback and were interested while using this AR
technology. Overall, students can visualize the process of occurrence of the defect,
understand how it can occur and be more motivated to learn technical subjects by
using AR technology learning kit. The results also showed that there was no significant
Keywords: difference in the mean of visualization score, understanding score and motivation
Augmented Reality; learning kit; score for this AR technology learning kit. Therefore, the use of this learning kit can help
motivation; understanding; visualization  and facilitate students to learn technical courses more effectively.

1. Introduction

The ongoing globalization has driven towards technological sophistication that can create the
development of simple multi-purpose machines and be able to perform critical tasks. The
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development of technology today is driven by the changing needs of industrialized focus towards the
Industrial Revolution 4.0 (IR4.0). According to Abd Aziz [2], the potential impact of the
implementation of Industry 4.0 in the country is also expected to be higher with industry experts
projecting added value to the manufacturing sector of 35% to 40%. Along with these changes, various
modern technological improvements are being vigorously used in the manufacturing industry to
increase productivity.

The education demand is a matter that needs to be emphasized to ensure the balance of
development of the country in the future. According to Samian and Awang [50], education can take
steps towards the achievement of the desired job. Pursuing quality education requires learning that
follows current developments so that it is more relevant and acceptable. The application of
technology in education helps to improve student achievement. Various methods can be used to
apply the use of technology in learning. According to Tamuri and Ajuhary [56], instructor methods
need to use appropriate techniques to increase students’ interest during the teaching and learning
process. Teachers should also master various forms of teaching and learning techniques in response
to the challenges of 21st-century classroom learning [4]. The use of attractive teaching aids can
attract students to learn. Accordingly, there is a positive effect on student academic excellence with
the use of teaching aids among teachers in schools [20]. A study conducted by Francis [17] showed
that students feel motivated through the use of specialized technology in the classroom. Therefore,
the use of technology teaching aids can help increase students' motivation to be more motivated to
learn.

Various teaching methods should be explored such as the use of applications and teaching aids
in learning to ensure that the time allocated can be utilized well [34]. Nevertheless, the lack of
teaching aids for some subjects is one of the barriers to the effectiveness of learning delivery [21].
Visualization skills in learning should be emphasized to students in understanding teaching in the
field of skills. The reason is, visualization skills are among the important elements in learning
engineering subjects [18]. According to bin Nordin et al., [40], the field of engineering requires
students’ ability to process visual information as well as the ability to develop mental images, draw
diagrams or develop symbols to represent their imaginations. Students' visualization skills are weak
in skills subjects because students difficult to understand, imagine and visualize an image in 3D
through conventional teaching that only uses the method of ‘chalk and talk’ [55]. This statement is
supported by Saidin et al., [49] wherein his study found that the use of the latest technology such as
Augmented Reality (AR) can improve visualization compared to using traditional methods.

Students' understanding can be seen in various methods to show the effectiveness of teaching
and learning sessions by teachers. According to Lee et al., [32], students’ lack of understanding of
teacher descriptions cause them to be easily bored and disinterested by using the teacher-centred
learning method. Moreover, most students lack understanding while in theory classes that use a
teacher-centred approach and cause students to have difficulty understanding while conducting
practical work [29]. In the study of Mukhtar et al., [19], the development of the teaching aids IBS
component assembly model that uses a video approach can provide understanding to students in
showing the real concept of IBS component assembly at a construction site. The reason is, in the
study of Noor and Jamaludin [38], to increase higher understanding, the reception of information
must use sight senses and hear senses simultaneously. According to Daud et /a., [15], the evaluation
results from his study showed that the development of AR video application can help students in
increasing motivation in completing the next task and will improve their understanding and
performance in learning compared to using the old method. It is also supported by Chiang et /a., [13]
who found that students who learned with an Augmented Reality-based mobile learning approach
showed higher motivation in the dimensions of attention, confidence, and relevance than those who
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learned with a conventional inquiry-based mobile learning approach. The effect of the use of AR
technology can be seen through the study conducted by Wei et la., [57] students ’learning motivation
increased by using the application.

2. Education 4.0

The development of technology has intensified in recent times, has now entered the Industrial
Revolution 4.0. The Industrial Revolution 4.0 is a concept first introduced by Professor Klaus Schwab
while in Geneva at the World Economic Forum in 2016. He is the Founder and Executive Chairman of
the World Economic Forum. According to Effoduh [16], the introduction of Industrial Revolution 4.0
is to uncover the technological revolution of the present day and explore how one world is witnessing
a transformation that is sure to affect the way we live, interact and work. There are Nine things
covered in Industrial Revolution 4.0 among them are cyber security, Augmented Reality (AR), big
data, robot autonomy, additive manufacturing, simulation, system integration, cloud computing and
the internet of things (loT).

Education 4.0 is also defined as the use of technology in the context of teaching and learning [31].
The use of technology for teaching and learning is to encourage to open up space for students'
interest in current technology. The success of bringing Education 4.0 in the present should adopt a
cybergogy approach in line with the Industrial Revolution 4.0 [60]. According to Braund [9], cybergogy
is a framework for creating engaging online learning. It uses online approaches and devices to
conduct learning and teaching sessions. Zubaidah [61] also says that cybergogy learning encourages
students to use computers, devices and the internet to access information. Several approaches can
be used in cybergogy learning, including using Augmented Reality (AR) technology [47] and Virtual
Reality (VR) [39] which can be practised in 21st-century learning (PAK21).

3. Augmented Reality (AR)

Augmented Reality (AR) is a direct or indirect view of the physical environment of the real world
that has been enhanced or augmented by adding virtual computer-generated information to it [10].
Augmented Reality can be seen in several ways, such as through AR glasses that combine the
surrounding scenery with computer graphics, or on a smartphone display that does the same using a
phone camera to see and manipulate the world in front of an audience. Augmented Reality will keep
you still in the real world and place virtual elements as a visual layer in the environment. Immersive
AR systems can combine computer elements with real-world elements with depth, perspective and
rendering features.

4. Defect In Lathe Machining

According to Kim et al., [28], operating conditions are not always ideal during conventional
machining processes due to various faults that occur during the material removal process. Machining
defects easily occur when if there is negligence occurs before or during machining if not emphasized.
Many defects in machining are inaccuracies in surface roughness dimensions. In the study of Singh
et al.,, [52], defects in lathe have three main factors namely inaccurate cutting parameters, blunt
cutting tools and workpiece not secure clamp in the chuck. If cutting parameters such as feed rate,
spindle speed or cutting depth is too high, the workpiece surface will be rougher than desired and
there may be scratches or worse part is burn effects.
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Large cutting depths can make the tool vibrate and cause inaccuracies in cutting. According to da
Silva [11], the high cutting speed with a low feed rate is generally the best combination to obtain
good surface roughness. In addition, sharp tool points will wear out and become dull with frequent
use. With increasing cutting time, the cutting tool eye becomes blunt due to the wear of the tool eye
or sharp parts [7]. Blunt tool points will result in inaccurate cutting or machining. Next, if the work
part is not installed properly in the chuck, the workpiece can vibrate and change the desired cut. A
worse situation can also occur likes an accident while cutting. According to Akinyemi et al., [54],
workpieces that are not tightly tied to the chuck can cause accidents in the workplace. All three
factors causing these machining defects will be used to develop learning kits using Augmented Reality
(AR) technology.

5. ADDIE Model

The development process of this learning kit uses the ADDIE model to solve the problems that
have been stated. It covers all the required steps that are present in the ADDIE model (analysis phase,
design phase, development phase, implementation phase and evaluation phase). In the design and
development phase, researchers use the Design and Development Research (DDR) popularized by
Rahma et al., [47] for use in the ADDIE Model. In addition, several tests will be conducted to test the
learning kits emphasized in DDR to demonstrate their applicability before use. Researchers use
product and tool research types that require using a learning kit development approach and
application development. Among the methods used are expert assessment, interviews and
questionnaires.

5.1 Analysis

The researcher made an observational and short interview analysis of the problems faced by
students in learning the types of lathe defects. The sampling group consisted of industrial machining
students of Kota Tinggi Vocational College. This preliminary study is very important to determine the
objectives of the development of teaching kits for the types of lathe defects using Augmented Reality
(AR). The lack of teaching aids related to lathe defects in learning while using lathe machines causes
students not able to understand the content of the lesson.

5.2 Design

In this phase, the researcher will produce a learning kit design that meets the criteria used by
teachers during the teaching and learning process. Some of the criteria that are emphasized in this
phase are taken from the study by Ismail et al., [24] namely ergonomics, safety, materials and cost.
In addition, the design of this product includes preliminary sketches for the development of learning
kits. The sketch contains five samples that are lined up showing defects when performing the lathe
operation.

5.3 Development
At early development, the Zappar app platform will use to create Augmented Reality (AR). The

researcher will incorporate several videos, photos, quizzes, brief notes and descriptions of lathe
defects. In this phase, a learning kit will be developed based on the design that has been sketched in
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the design phase. Meanwhile, expert validation will also be made to ensure whether the learning kit
and the items in the questionnaire follow the specifications and are reliable to run.

5.4 Implementation

In this implementation phase, the learning kit that has been developed will undergo Alpha testing
and Beta testing. The researcher will perform an Alpha test to obtain Cronbach's alpha value by using
Statistical Package for the Social Sciences (SPSS) version 25. The Alpha test was conducted at the
Pusat Latihan Teknologi Tinggi (ADTEC) Batu Pahat consisting of 29 students who took the Diploma
of Manufacturing Technology (Machining). The importance of making this test on the learning kit is
to see its effectiveness when used by students of Kota Tinggi Vocational College. Next, the researcher
conducted the Beta test on users consisting of Malaysian Vocational Certificate (SVM) and Malaysian
Vocational Diploma (DVM) students who took the Industrial Machining course at Kota Tinggi
Vocational College.

5.4 Evaluation

The results of the feedback will be analyzed using standard deviation and mean. The researcher
will conduct a normality test that uses the Shapiro-Wilk method. It is one of the steps before
conducting the T-Test or Mann-Whitney U Test to know differences between the two groups with
the use of Statistical Package for the Social Sciences (SPSS) version 25. Data analysis includes four
parts that are evaluated, namely Part A (Demographics), Part B (Visualization), Part C (Understanding)
and Part D (Motivation).

6. Results And Discussion

The use of the Five-point Likert scale became the measurement in the questionnaire. The scores
used were strongly disagreed with score 1, disagree for score 2, less agree for score 3, agree with
score 4 and strongly agree for score 5. This five-point Likert scale is categorized and interpreted into
four levels. Table 1 shows the interpretation of the mean scores for the five source-point Likert scale
from Dakir et al., [14] and Kadira et al., [1] adapted from Pallant [45].

Table 1

Interpretation of mean

Mean score Interpretation
1.00to 2.33 Low

2.34t0 3.67 Moderate
3.68 to 5.00 High

Data from respondents is an important component. The interpretation of the average score of
this questionnaire instrument involves three constructs of elements of visualization, understanding
and motivation of the learning kit. Each of these constructs has seven different question items.

Table 2 shows the results obtained from Kota Tinggi Vocational College students who answered
the questionnaire according to questionnaire items V1 to V7. Calculations using Descriptive Statistics
(standard deviation) and Central Tendency (mean) were made where the mean has a high value
based on the interpretation of the mean score as in Table 1. This value also shows, the majority of
students agreed with each item of the question asked in the questionnaire. The low mean score on
the visualization construct was on the V7 item “I find it easy to interpret visualization using this
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learning kit.” with a mean value of 4.11 and still at a high level. While the high mean score is on the
fifth question item "l am interested in a brief note with a picture that combines colour combinations."
with a mean value of 4.59. Based on the calculation of this mean score, the researchers found that
students at Kota Tinggi Vocational College agreed with a brief pictorial note that combines colour
combinations and the use of this learning kit can improve their visualization.

Table 2

Mean and standard deviation values for visualization variable

No Item Mean Standard deviation

V1. My visualization power increased with the help of graphics and video 4.22 0.554
displays.

V2. 1 was able to understand the types of defects found on real objects 4.30 0.553
with the help of the videos shown.

V3. Ifocus entirely on interactive graphics in the use of Augmented Reality 4.20 0.619
(AR) applications during learning sessions.

V4. |Ifind the use of Augmented Reality (AR) apps and graphic 4.35 0.526
presentations can help improve my visualization skills.

V5. I was intrigued by the brief pictorial notes that incorporated colour 4.59 0.498
combinations.

V6. | easily understand lessons that use a lot of visual approaches rather 4.41 0.580
than words.

V7. Ifind it easy to interpret visualizations using this learning kit. 4.11 0.567

Table 3 shows the results obtained from the questionnaire according to the items K1 to K7. For
the understanding construct, students also agreed with each item of the questionnaire. The low
mean score on the visualization construct was on the V4 item “I expect the learning process to be
easier by using a learning kit.” with a mean value of 4.15 and still at a high level. While the high mean
score is on the sixth question item "Brief notes provided in the learning kit become clear when
combined with Augmented Reality (AR) technology" with a value of 4.37. As a result of this mean
calculation, the researcher found that students' understanding of using this Augmented Reality (AR)
assisted learning kit increased.

Table 3

Mean and standard deviation values for understanding variable

No Item Mean Standard deviation

K1 The learning content regarding the types of running disabilities 4.28 0.688
becomes clear with the help of learning kits.

K2 The use of this learning kit gives a true picture of how disability occurs  4.26 0.648
when running.

K3 When using this learning kit | can learn on my own even at home. 4.33 0.598

K4 | expect the learning process to be easier by using learning kits. 4.15 0.595

K5 Learning the types of running disabilities becomes easy by using 4.24 0.524
interactive methods such as Augmented Reality (AR).

K6 The brief notes supplied in the learning kit become clear when 4.37 0.532
combined with Augmented Reality (AR) technology.

K7 Content learning using this learning kit is easier than conventional 4.24 0.639
learning.

Table 4 shows the results obtained from the questionnaire according to items M1 to M7. As a
result of calculating the mean in this motivation construct, the researcher found that students agreed
with all the items questioned in this questionnaire. The lowest mean value at M2 item "I pay full
attention during the learning session while using this learning kit" with a value of 4.24 but it is still at



Semarak International Journal of STEM Education
Volume 5, Issue 1 (2025) 1-13

a high level according to the interpretation of Table 1. While the highest mean value in this
Motivation constructs on the first item "I am excited to use Augmented Reality (AR) technology
during the learning session" with a value of 4.50. The conclusion obtained from this mean value
shows that the students’ motivation at Kota Tinggi Vocational College increased by using Augmented
Reality (AR) assisted learning kits.

Table 4
Mean and standard deviation values for motivation variable
No Item Mean Standard deviation
M1 | am excited about using Augmented Reality (AR) technology during 4.50 0.548
learning sessions.
M2 | pay full attention during the learning session while using this learning kit. 4.24 0.524
M3 | am excited to study the sub-topics of the types of running disabilities 4.35 0.566

using the help of this Augmented Reality (AR).
M4 | would like to study the sub-topics of the types of running disabilities using  4.37 0.532
this learning kit to understand the content of learning.

M5 | feel the use of this learning kit encourages me to learn technical subjects.  4.30 0.511

M6  The use of this learning kit can give a boost in the mastery of technical 4.37 0.532
subjects.

M7 | am eager to learn a variety of subjects using this learning kit method. 4.37 0.532

6.1 The Significance of the Elements of Visualization, Understanding and Motivation Towards Gender.

To see the differences between male and female students in terms of visualization, understanding
and motivation of the learning kit of the types of lathe defects, Independent T-Test has been using.
Researchers have listed hypotheses regarding the differences between the two groups based on the
mean of visualization score, mean of understanding score and mean of motivation score for male and
female students on the learning kit.

Ho = There was no significant difference between male and female students in the mean of the
visualization, understanding and motivation scores of Augmented Reality Learning Kit in Type of
Lathe Defect.

H1 = There was a significant difference between male and female students in the mean of the
visualization, understanding and motivation scores of Augmented Reality Learning Kit in Type of
Lathe Defect.

The use of the null hypothesis (Ho) is a formal approach to deciding between two interpretations
of statistical relationships in a sample [46]. The alternative hypothesis (H1) is the hypothesis that we
want in conducting the study. The null hypothesis (Ho) will be rejected or not accepted if the proof
of the alternative hypothesis is accepted through the p-value conducted through the Independent T-
Test. The p-value should be below 0.05 (p-value <0.05) to reject the null hypothesis. Table 5 shows
the statistical values for male and female students.

Table 5
Independent T-Test
Levene test t df Sig. (2-tail) Mean dif.
Visual score The same variance is assumed 0.217 0.513 46 0.610 0.500
The same variance is assumed 0.615 12.381 0.549 0.500
Understanding scores The same variance is assumed 0.896 0.236 46 0.814 0.275
The same variance is assumed 0.238 10.090 0.816 0.275
Motivation score The same variance is assumed  0.485 0.582 46 0.563 0.600
The same variance is assumed 0.511 9.003 0.622 0.600
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The results of the Independent T-Test conducted on the visualization score, understanding score
and motivation score found that the value of the Levene Test for similarity of variance for the three
scores exceeded 0.05. The p-values on the visualization score, understanding score and motivation
score were greater than 0.05, then, the alternative hypothesis (H1) was rejected and the null
hypothesis (Ho) was accepted. There was no significant difference in the mean visualization scores
of Augmented Reality Learning Kit in Type of Lathe Defect Machining between male students (M =
30.25, SP = 2.6) and female students (M = 29.75, SP = 1.98); t (46) = 0.513, P = 0.61. Furthermore,
there was no significant difference in the mean score of understanding of Augmented Reality
Learning Kit in Type of Lathe Defect Machining between male students (M = 29.9, SP = 3.01) and
female students (M = 29.625, SP = 2.97 ); t (46) = 0.236, P = 0.814. Finally, there was no significant
difference in the mean motivation score of Augmented Reality Learning Kit in Type of Lathe Defect
Machining between male students (M = 30.6, SP = 2.57) and female students (M = 30, SP = 3.117); t
(46) = 0.582, P = 0.563. This means that the values of visualization score, understanding score and
motivation score for male and female students using this learning kit have no difference due to
different gender factors.

The development of an effective learning kit can enhance the elements of visualization [41],
understanding [35] and motivation [58] of students. This Augmented Reality (AR) assisted learning
kit, can help students visualize learning and understand the types of lathe defects. In the context of
visualization, the researchers found that the students of Kota Tinggi Vocational College were very
interested in the short pictorial notes that combine colour combinations. This is because top students
in polytechnics mostly adopt a visual learning style in receiving input [12]. This is supported by Ali
and Abdul Kadir [6] who said that simple and pictorial notes can attract students to understand the
content of learning. The use of colour also has an impact on consumers in controlling their emotions.
In a study, Sheng and Teo [51] stated that the use of colour can affect a person's emotions. In
addition, the use of video projection in Augmented Reality-assisted learning kits to understand the
learning content of the types of disabilities can improve their understanding. As in the study
conducted by Nurdin et al., [42], video-assisted learning can improve students' understanding of the
topics they study.

Furthermore, the increase in test scores that conducted by Lan [30] on students showed an
increase. With a combination of Augmented Reality (AR) technology, pictorial brief notes and video
projections on the learning kit, students are easy interpret visualizations of learning content.
According to Igliya and Kustijono [22], the use of learning kits that use Augmented Reality (AR)
technology can help improve user visualization. Visualization between the genders of male and
female students was also increased by using learning kits using Augmented Reality (AR) [25]. There
was no significant difference in visualization scores between male and female students on the use of
learning kits of the types of lathe defect using Augmented Reality (AR). This situation also occurred
in a study conducted by Tahar et al., [55] and also, Isah and Hock [23] in using teaching aids to see
the difference in scores between genders. However, the value of the visualization score on the use
of learning kits for male and female students got a high value. Mastery of high scores on visualization
constructs can have a positive effect on understanding the content of learning. According to Yahya
and Abdul Rahman [59], in their study found that the use of visual models can speed up student
understanding.

Improving the understanding of the content of learning among students with the help of
additional materials in the learning and learning sessions is one of the added values that should be
emphasized to strengthen students' understanding. As in this study, the researchers found that brief
notes combined with Augmented Reality (AR) technology can make the learning content easy to
understand and clear. The use of teaching aids can increase students' interest and understanding in
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the lessons from Mohd Bakhir and Zamri [8] study. This is because the use of technology in teaching
and learning activities has been proven to increase students' knowledge of a subject. After all, the
use of advanced technology can attract students to pay careful attention during teaching and learning
sessions [5]. Furthermore, researchers found that the use of learning kits can give a true picture of
how a process occurs, especially technical learning. A study conducted by Abd Jalil et al., [3] found
that the development of teaching aids can help facilitate students to understand the concepts and
views of visualization angles in the subject of engineering drawing. It can be seen from the study by
Salsidu et al., [53] that use interactive learning modules can overcome the problem of students'
understanding of a topic.

The learning process also becomes easier by using interactive methods such as the use of
Augmented Reality (AR) technology compared to traditional learning. According to Arip et al., [37],
students easily focus on the content of learning by using teaching aids. The excitement of male and
female students can be seen because they easily understand the content of learning in the study of
Saad and Wan Mamat [36]. The score value for the understanding score did not show a significant
difference between male and female students on the use of learning kits of the types of lathe defect
using Augmented Reality (AR). A study conducted by Othman and Pakar [44] showed no significant
difference in understanding performance scores between male and female students on the use of
interactive software. The understanding between male and female students on the content of
learning is increased in a balanced way by using interactive learning materials and the value of the
score is also at a high level. Unconsciously, the pleasure of learning can also be evoked and students
are easy to motivate themselves in future learning.

Next, the researchers found that students were excited about the use of Augmented Reality (AR)
technology during the learning sessions. According to Daud et al., [15], the evaluation results from
the study he conducted showed that the development of Augmented Reality (AR) applications can
help students in increasing motivation in completing assignments. In addition, in the study of Johar
and Abdullah [26], the use of Augmented Reality (AR) on the learning of technical subjects can
increase student motivation and stimulate students to continue to focus in teaching and learning
sessions. Opinions from study participants conducted by Omar et al., [43] say he is more eager to
learn new topics with the help of interactive teaching aids. Researchers also found that this study has
the same opinion on the use of Augmented Reality (AR) technology to encourage students to be more
enthusiastic to learn technical topics. It is proven that some previous researchers agree that the use
of Augmented Reality (AR) technology can increase student motivation. Such as the study conducted
by Zulkapli and Suparmaniam [62] in which the application of Augmented Reality (AR) technology can
increase the motivation of students' understanding in learning. In addition, the use of learning kits
based on Augmented Reality (AR) technology can increase students ‘motivation to complete assigned
tasks [15]. The motivation of male and female students increases when students can imagine and
interact through Augmented Reality (AR) technology in the classroom [27]. The gender differences
of males and females in this study did not have significant differences in motivation scores on the use
of learning kits of the types of lathe defect using Augmented Reality (AR). Similar to the study
conducted by Maarof et al., [33] who showed no significant difference between male and female
students on motivation scores on the use of interactive teaching aids.

7. Conclusion
The development of this learning kit has achieved its goal with the help of the use of Augmented

reality technology in learning the types of defects in lathe machining. The results of the study
conducted on the Kota Tinggi Vocational College students found that they agreed that the use of this
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learning kit can improve visualization, understanding and also their motivation towards learning the
types of defects in lathe machining. The use of interesting brief notes as well as the Augmented reality
technology approach in this learning can increase their learning motivation. The level of
improvement in visualization, understanding and motivation can be seen evenly increase despite
different genders. As in the study, there were no significant differences between the males and
females students in the scores of visualization, understanding and motivation. This study can further
expand the use and function of other machines to facilitate students to learn online.
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