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Abstract: Along with the development of technology, Augmented Reality (AR) has been used as a teaching aid to
facilitate the teaching and learning process. Nevertheless, the use of AR technology in teaching and learning
session in Vocational College is still at a minimal level. Therefore, this study was conducted to identify the level of
students' acceptance of AR technology from the aspects of perceived usefulness, perceived ease of use and attitude.
A total of 114 students who took the Diploma in Refrigeration and Air Conditioning (PPU) program at Batu Pahat
Vocational College, Kluang Vocational College, Muar Vocational College and Segamat Vocational College were
involved in this study. The distribution of the questionnaire for this study is using google form through the online
platform. This study uses descriptive analysis method (mean and standard deviation). The reliability value for this
study instrument is a = 0.890. Overall, the results of the study showed that the level of perceived usefulness, the
level of perceived ease of use and the level of attitude were at a high level with a mean value (M = 4.34, M = 4.36,
M = 4.25). In conclusion, the results of this study indicate that most students have a high level of acceptance of the
use of AR technology in teaching and learning session. In this regard, VVocational College should strive to enhance
the use of AR technology so that the teaching and learning process can be carried out more effectively.

Keywords: Students’ acceptance, augmented reality, Technology Acceptance Model (TAM), perceived
usefulness, perceived ease of use

1. Introduction

Over the past few decades, technological approaches to teaching and learning have led to the development of
various approaches to support learning including online homework systems, simulations, games and even entire online
courses where all readings, assignments and tests are done online (Cooper et al., 2014). However, such expectations
become futile if students are not really interested in using them. The best teaching aids will fail if it does not stimulate
students' interest or motivate them to use it. Various studies have shown that AR technology offers many advantages
when used in educational settings (Cheng & Tsai, 2012). For example, AR helps students to engage in real-world
exploration (Dede, 2009). By displaying virtual elements alongside real objects, AR facilitates the observation of
events that cannot be observed with the naked eye (Wu et al., 2013). Therefore, it increases students' motivation and
helps them acquire better investigative skills (Sotiriou & Bogner, 2011).

However, there are challenges faced even though AR technology provides many advantages in education. The
most reported challenge is that AR is difficult for students to use. Usability is an important technical factor (Chiang et
al., 2014), which affects the effectiveness of education. For example, without a well-designed interface, students may
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experience difficulties when using this technology (Mufioz-Cristobal et al., 2015). Usability difficulties can cause a loss
of time for students and may require excessive additional lecture time. A recent study by Gavish et al. (2015) reported
that the group that used AR in their study required a longer average training time than the group that did not use their
AR. They suggest that this result may be partly due to the innovation of AR technology.

Another issue that must be considered in an AR learning environment is the cognitive load of students (Dunleavy
et al.,, 2009). Cheng & Tsai (2012) suggested that students may experience cognitive overload in an AR learning
environment due to the amount of material and the complexity of the task. Next, other reported challenges involve
application-related and technical problems. Most technical problems are experienced in location-based AR
applications. Global Positioning System (GPS) errors are problems caused by AR applications that misunderstand
location and direction (Chiang et al., 2014). Similarly, low sensitivity is more often experienced in location- based AR
applications (Cheng & Tsai, 2012). The conclusion that can be drawn from this study is that this matter should be taken
seriously by researchers who plan to use location-based AR applications. Future technological developments are
expected to solve most of the current problems experienced in location-based AR applications. Furi6 et al. (2013) also
reported that when AR technology is used with large groups, it may be costly and regular class sessions may not
provide enough time to implement some AR applications.

Challenges or problems that have been faced by past researchers can be the cause of students' acceptance of the use
of AR technology in education. This will conflict with the technology acceptance factor which is the perceived
usefulness (PU) and perceived ease of use (PEOU). Indirectly, this will affect the attitude of students to accept the
technology used. Attitude can be defined as an individual's response to objects and circumstances that generate guiding
and leading impact on the situation. This means that attitude is not a behavior but a tendency that directs an individual
to a certain behavior. The Technology Acceptance Model (TAM) developed by Davis (1989) to present the factors that
influence individuals in accepting technology also mentions the importance of attitude. According to TAM, the attitude
of forming the intention is decisive in displaying behavior.

A positive attitude towards technology is directly related to its usability. Individual attitudes in accepting new
technologies vary and as a result of this variance, process integration may end in adaptation or rejection of this
technology (Akca et al., 2013). Students' attitudes towards new technologies will influence their effective and
productive use in the classroom. So, it cannot be disputed that identifying students' attitudes towards AR applications is
important to ensure the successful integration of AR technology into the educational environment. Indirectly, it is
necessary to understand the potential of students' acceptance of AR technology applied to teaching aids chiller
simulation system. Therefore, the main objective of this study is to identify the level of student acceptance of AR
technology in teaching aids produced using a model based on the Technology Acceptance Model (TAM) 1989. The
level of student acceptance of AR technology in teaching aids are measured with three main aspects which is level of
perceived usefulness, level of perceived ease of use and level of attitude.

1.1 Literature Review

A chiller unit is a cooling system used to lower the temperature of machines, industrial spaces, and process liquids
by removing heat from the system and transferring it outside of the buildings. Chillers are important for temperature
control in several industrial processes such as injection molding, metal plating, oil field production and food
processing. This is because this chiller system is a large commercial air conditioning system. In this research,
researcher referring a teaching aids of chiller simulation system that applies 10T and AR technology to help teachers
during teaching and learning sessions. Figure 1 shows the teaching aids of chiller simulation system that use in this
research.

S P

Fig. 1 - Teaching aids of chiller simulation system

There are two types of processes for the instructor uses this chiller simulation system in teaching and learning
session. For the process of obtaining the performance of the product's cooling system, the system needs to be turned on
and the temperature and pressure sensors will detect any changes in the system and convert it into analog data value.
Arduino Wemos D1 R1 programming board that built with ESP8266 chip will process the data and get internet
connection. The programming board will send to the Blynk server as interaction platform to the instructor and student
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after the data has been processed into digital value. Smartphones that installed Blynk software will access the Blynk
server to get the data that has been stored. This setting gives the instructor the advantage of not limiting teaching
activities close to the product only but interact the teaching aids using smart phone individually.

Next, the second process is to shows a three-dimensional component using the smartphone. Firstly, the researcher
had prepared a unique programmed QR code to placed it on each main component. To start the process, users need to
scan the QR code placed on the front of the product using a smartphone. The QR code will display a website that will
require a camera to interact. Next, users can scan the QR code on each main component by using the application that
has been opened. A real three-dimensional object model along with the name will be displayed and the user can look at
the desired part by moving the smartphone to the left or right. This function will provide facilities to the instructor to
show the actual products found in the actual chiller system. The chiller simulation system that has been developed not
only applies 10T elements, but AR technology is also applied in this teaching aids. With the help of AR technology,
students can see real design of the actual component when the teacher teaches using this teaching aids. The use of 10T -
based applications also helps students see temperature readings easily. Figure 2 shows the AR model generated in smart
phone when student or teacher hovering their smart phone around the teaching aids.

Fig. 2 - AR model generated using QR using smartphone

TAM which is a development theory from the Theory of Reasoned Action (TRA) explains why users accept or
reject information technology. TRA theory is used to explain more carefully the relationship between the two main
characteristics (PU and PEOU) with user attitudes, intentions and actual acceptance of technology. The two factors that
are mentioned are PU and PEOU that can predict consumer behavioral intentions and technology acceptance
(Venkatesh & Davis, 2000). Based on TAM, the use of information technology by a user affects behavior (BI), attitude
(AT), PU and PEOU either directly or indirectly. Figure 3 shows the framework for the TAM model.

Perceived

Usefulness
Behavioral Actual
External Attitude | SOIAVIOML LSl gystem
Variables Intention Use

Perceived

Ease of

Use

Fig. 3 - Technology Acceptance Model (TAM) (Davis, 1989)

Based on this TAM model, Davis (1989) has defined the PU as someone believing that using a system will
improve performance and knowing the benefits of using information technology while the PEOU as someone feeling
confident that using a system does not require any effort. These two variables are considered to be different factors that
influence consumer attitudes towards technology. Therefore, the behavior to use the technology will be determined by
the user's attitude towards the use of technology.
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2. Methodology

In order to carry out this study, the researcher has used a descriptive quantitative survey method, which is using a
questionnaire as a research instrument. Descriptive aims to gather information about variables and make a description
of the phenomenon that occurs. A questionnaire will be given to respondents to conduct this study (Chua Yan Piaw,
2006)).

2.1 Population and Sample

This study is comprised of Refrigeration and Air Conditioning Diploma program students at Batu Pahat VVocational
College, Kluang Vocational College, Muar Vocational College and Segamat Vocational College. The researcher chose
students at 4 vocational colleges because of the constraints and lack of time to conduct research at all vocational
colleges. The student population of the PPU Diploma program at these 4 vocational colleges is a total of 114 people as
stated in table 1. The number of respondents in this study was determined based on the sample size table developed by
Krejcie & Morgan (2016). The sampling method used in this study is probability sampling which is simple random
sampling. The selected sample at least has the same characteristics as the population in the research (Konting, 2000).
Therefore, for a population of 114 people, the appropriate sample size for this study is 88 respondents.

Table 1 - Population distribution and sample of PPU Diploma program students

Johor Vocational College Total Population Total Sample Selected
KV Batu Pahat 17 13
KV Kluang 23 17
KV Muar 51 41
KV Segamat 23 17
Total 114 88

2.2 Research Instrument

For the research instrument, researchers use questionnaire as an instrument containing 21 items which consists of
three elements which is perceived usefulness, perceived ease of use and attitude. Additionally, the researcher created a
validation group for the questionnaires that included lecturers who were adept in both language and technology. The
questionnaire will be examined using a Likert scale (Table 2) to determine how far the study's goals have been
achieved. According to Mohamed Najib (2001), instruments that use a five-point likert scale are more stable in use.

Table 2 - Likert scale (Mohamed Najib, 2001)

Rating Scale
Strongly Disagree (SD) 1
Do Not Agree (DA) 2
Disagree (D) 3
Agreed (A) 4
Strongly Agree (SA) 5

2.3 Data Analysis

The data that has been collected will be analyzed using the Statistical Package for the Social System (SPSS)
software. The type of quantitative analysis used is statistical analysis. The split statistical analysis for this study is
descriptive statistics. The mean score for the level of student acceptance of technology aspects of perceived usefulness,
perceived ease of use and attitude was analyzed using descriptive statistics. The researcher used the mean score to
analyze the data from the questionnaire items in the form of a likert scale. Table 3 shows the interpretation of the mean
range level that gives low, medium and high results.

Table 3 - Interpretation of the mean range level (Abdul Ghafar, 2013)

Mean Value Interpretation level
3.68 - 5.00 High

2.34 - 3.67 Medium

1.00 - 2.33 Low
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3. Results and Discussion

The data analysis addressed the conclusions of the data obtained from the respondents. The goal is to identify the
students’ acceptance level of technology towards AR in system simulation chiller. Each item also has a frequency value
and a percentage value according to the respondent's response to the item. The frequency values and percentage values
are arranged according to the likert scale from 'Strongly Disagree' to 'Strongly Agree'.

3.1 Level of Perceived Usefulness

Eight items are presented to answer the research question, which is what is the level of student perceived
usefulness towards AR technology applied to teaching aids chiller simulation system. The overall results of the analysis
of the level of perceived usefulness among vocational college students for each item are arranged according to the
highest mean value to the lowest mean stated in table 5. Overall, the mean value for the level of perceived usefulness is
at a high level with a mean value (M=4.34).

Table 5 - Perceived usefulness level and average mean of each item

No Statement SO DA D A sA  Average
item mean
The use of AR technology can F 0 0 9 22 57 4.55 High
B5 improve my performance in the % 0 0 10.2 25 64.8
chiller topic.
B4 The use of AR technology can F 0 0 9 34 45 441 High
increase my learning motivation % 0 0 10.2 386 511
The use of this AR technology is F 0 0 18 19 51 4.38 High
effective in helping me to know the % 0 0 205 216 58
B2 o .
phase condition of the refrigerant on
each component
The use of AR technology can F 0 0 14 35 39 4.28 High
B6 improve the quality of learning in % 0 0 159 39.8 443
chiller topics
The use of AR technology is useful F 0 0 15 34 39 4.27 High
for me to recognize the actual shape % 0 0 17 38.6 443
B1 - ;
of the components used in the chiller
system
The use of AR technology was F 0 0 19 26 43 4.27 High
B3 effective in helping me to know the ~ % 0 0 216 295 489
type of coolant pressure on each
component
The use of this AR technology F 0 0 13 38 37 4.27 High
B7 during the class facilitated my % 0 0 148 432 42
understanding of the chiller system
concept
B8 | can learn faster by using this AR F 0 0 14 38 36 4.25 High
technology % 0 0 159 432 409
Average Mean 4.34 High

The item that found the highest mean value is item B5 which is 'The use of this AR technology can improve my
performance in the chiller topic'. The findings of this study can be supported by the study Sirakaya & Cakmak (2018)
who found that students from the experimental group who used AR applications were more successful in the computer
hardware course. This shows that AR applications can be effective in improving student achievement. In addition, the
results of the study of Mumtaz et al. (2017) showed that students who attended classes based on AR had a higher mean
score compared to students who attended classes based on traditional learning. These results prove that blended
learning with AR technology improves students' understanding of concepts. Next, the item that found the lowest mean
value with a value of 4.25 is item B8 which is 'I can learn faster by using this AR technology'. According to the study
of Kegeci et al. (2021), one of the factors of students not being able to learn quickly is due to the slow internet factor.
However, the item is still at a high level despite having the lowest mean value. This shows that the majority of students
agree that they can learn quickly by using AR. The findings of this study can be supported by the study of Karagozlu &
Ozdamli (2017) that there are respondents who feel that when using AR applications, the topics discussed become short
and simple compared to learning from books.
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3.2 Level of Perceived Ease of Use

The researcher will study the level of perceived ease of use of students towards AR technology applied to teaching
aids chiller simulation system to answer the second research question by submitting 7 question items. The overall
results of the analysis of the level of perceived ease of use among vocational college students for each item are
arranged according to the highest mean value to the lowest mean stated in table 6. Overall, the mean value for
perceived ease of use is at a high level with a mean value (M=4.36).

Table 6 - Perceived ease of use level and average mean of each item

No Average

. Statement SD DA D A SA Level
item mean
The use of AR technology on this F 0 0 10 26 52 4.48 High
C6 chiller simulation system is easy to % 0 0 114 295 591
understand
| easily remember how to operate F 0 0 10 27 51 4.47 High
C5 the AR technology found in the % 0 0 114  30.7 58
chiller simulation system
ca This AR technology is easy to F 0 0 13 30 45 4.36 High
understand % 0 0 148 341 511
c7 The AR technology used is easy to F 0 0 14 31 43 4.33 High
operate % 0 0 159 352 489
c1 This AR technology does not use F 0 0 1 38 39 4.32 High
high effort to operate it % 0 0 125 432 443
c2 | think that this AR technology is F 0 0 14 34 40 4.3 High
user friendly % 0 0 159 38,6 455
The image display on the F 0 0 15 33 40 4.28 High
C3 application used when scanning the % 0 0 17 375 455
QR code is clearly visible
Average Mean 4.36 High

The item that found the highest mean value is item C6 which is 'The use of AR technology on this chiller
simulation system is easy to master'. The findings of this study can be supported by the study of Delello et al. (2015)
who found that students took a short time to learn the AR used. This could be one of the factors students feel AR
technology on the chiller simulation system is easy to learn because it is easy to use. In addition, 69% of the
participants stated that they learned how to work with the application in a short period of time (Abdinejad et al., 2021).
These results prove that learning using AR technology is not difficult for students to use. Next, the item that found the
lowest mean value with a value of 4.28 is item C3 which is 'The image display on the application used when scanning
the QR code is clearly visible'. This result may be due to a lack of suitable devices. Based on the study of Delello et al.
(2015), six of the students stated that their mobile device could not read the picture to display the virtual image. One
student stated that he had to borrow his friend's device to use the AR application (Delello et al., 2015). In addition, one
of the factors that there are students who do not agree with this item is because the stability of marker-based AR is not
satisfactory. According to the study of Cheng et al. (2017), when using marker-based AR, virtual objects always appear
to wobble or flicker over time. These studies can prove that those factors cause a few students to disagree with this C3
question item.

3.3 Level of Attitude

The researcher will examine the level of students' attitudes towards AR technology applied to the teaching aids
chiller simulation system to answer the third research question by presenting 6 question items. The overall results of the
analysis of the level of perceived ease of use among vocational college students for each item are arranged according to
the highest mean value to the lowest mean stated in table 7. Overall, the mean value for the attitude level is at a high
level with a mean value (M=4.25).
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Table 7 - Attitude level and average mean of each item

No Average

. Statement SD DA D A SA Level
item mean
I think that it is necessary to use AR F 0 0 13 31 44 4.35 High
D1 technology in class t_)ecause this % 0 0 148 352 50
technology helps to increase my
motivation
D2 My interest in learning increased F 0 0 13 33 42 4.33 High
when using AR technology % 0 0 148 375 477
D6 AR technology makes learning more  F 0 0 14 34 40 4.3 High
interesting % 0 0 159 386 455
| tention 1o the cl F 0 0 14 38 36 4.25 High
can pay more attention to the class
D3 when AR technology is used % 0 0 159 432 409
D5 I would like AR technology to be F 0 0 18 37 33 4.17 High
used in other air conditioning subjects % 0 0 20.5 42 375
D4 | believe the use of AR technology in ~ F 0 0 18 41 29 4.13 High
the classroom is a good idea % 0 0 205 46.6 33
Average Mean 4.25 High

The item that found the highest mean value is item D1 which is 'l think that it is necessary to use AR technology in
class because this technology helps increase my motivation'. The findings of this study can be supported by the study of
Estapa & Nadolny (2015) who found that there were some significant differences between the groups on the survey
items that AR did attract students' attention to a higher level than the website-only group. These results support
previous research showing that the use of AR in a classroom context by creating an environment with reality can
increase student motivation (Wu et al., 2013). In addition, students who study with the proposed system show higher
learning motivation and have better learning performance (Chin et al., 2018). These results prove that students agree
that learning using AR technology can increase their desire to learn. Next, the item that found the lowest mean value
with a value of 4.13 is item D4 which is 'l believe the use of AR technology in the classroom is a good idea'. These
results show that students have a high interest in using AR in the classroom as one of the teaching and learning
methods. According to Nufus (2013), teaching and learning methods that only focus on the teacher can cause students
to become passive in class. This opinion is supported by Rusli et al. (2019) who stated that students are less interested
and less motivated to follow the teaching and learning session in the lecture room when the teaching and learning
session takes place one-way. Therefore, it is reasonable if students feel that teaching and learning methods using AR
technology is a good idea because students will be more active and enthusiastic to engage in teaching and learning
session.

4. Conclusion

The results of this study found that the level of perceived usefulness, the level of perceived ease of use and the
level of attitude of students at Batu Pahat Vocational College, Kluang Vocational College, Muar Vocational College,
and Segamat Vocational College towards the use of AR technology is high. Based on this study, it shows that the AR
technology on the chiller simulation system benefits students in improving their knowledge. In addition, students
expect AR technology on the chiller simulation system to be easy to use, which does not depend on their efforts. Next,
students who have a positive attitude to learn a new learning environment that is using AR technology on the chiller
simulation system will try to master a learning topic. The research results obtained are expected to be used as a
reference for certain parties. The author suggests that the relationship between each element of the Technology
Acceptance Model should be measured for future studies.
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