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ABSTRACT

Augmented reality (AR) is one type of learning process that can be applied through mobile
learning known as mobile augmented reality. AR offers an innovative learning space through
an active interaction of superimposing digital contents into the real context to enhance learning
experiences. Previous studies have found that AR in education is able to lead students to
achieve higher levels of engagement in the learning process. In contrast, the potential of AR in
education has not been explored intensively. Therefore, this article is to look into factors that
might influence pre-service teachers use behaviour of Mobile Augmented Reality Learning
Cardiovascular (MARLCardio). A self-designed MARLCardio app has been used as an
experimental instrument in collecting data. The influencing factors towards use behaviour of
MARLCardio are performance expectancy, effort expectancy, social influence and facilitating
conditions. This study is a part of an on-going research. In this study, a total of 75 respondents
used MARLCardio app before answering a survey questionnaire. The respondents were pre-
service teachers at one public university in Malaysia. All data from the questionnaire were
analysed using multiple regression analysis. As a result of this investigation, findings showed
that effort expectancy is the dominant factor in determining the use behaviour of MARLCardio.
Interestingly, performance expectancy did not show any significant relationship.

KEYWORDS: Augmented Reality, Mobile Augmented Reality, UTAUT Model, Technology
Adoption Model, Use Behaviour

INTRODUCTION

The advance of digital technology has now made major changes to the world. The birth of
varieties of digital technology has also developed and evolved. This scenario has provided
potential to varieties of learning approaches related with technology usage (i.e : e-learning,
massive online open course) where students can gain knowledge widely through the internet.
Additionally, with rapid technological developments, students began to gaze at another
learning opportunity by using mobile devices (Issham et al., 2016) called mobile learning. As
mentioned by Usal & Sirin (2015), mobile learning can be described as the use of mobile or
smart phone and internet in the teaching and learning process. The acceptance of mobile
learning usage is relatively high as it allows students to acquire learning resources anytime and
anywhere by the informal use of mobile devices via the internet. This idea is also in accordance
to the ‘Malaysia Education Blueprint 2015-2025° that emphasized for Higher Education
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Institutions to enhance leverage the use of technology to a more personalized learning (Ministry
of Education Malaysia, 2015).

Recent researchers (Chung et al., 2017; Hanafi et al., 2016; Mohd Lazim & Abd
Rahman, 2015; Yilmaz, 2016 and Wojciechowski & Cellary, 2013) have started exploring the
benefits of augmented reality (AR) which can be applied in mobile learning, called Mobile
Augmented Reality. Mobile augmented reality refers to the use of mobile devices in accessing
AR technology. AR offers an innovative learning space through an active interaction of
superimposing digital contents into the real context to enhance learning experiences (Azuma,
1997). Initially, AR has been widely exposed to the gaming and entertainment industry. Now,
the great potentials of AR have been discovered in education (Lee et al., 2018; C.Santos et al.,
2014; Wojciechowski & Cellary, 2013 and Serio et al., 2013). Basically, the idea of AR been
developed in 1950s, but people started to discover the potential of AR in education after about
51 years, in 2009 (Yuen et al., 2011). Within the period, the potential of AR in education
remains underexplored (Serio et al., 2013) and even if it is explored, it is still at an infancy
stage. This is happening in Malaysia (Mat-jizat et al., 2016) even though it is the future in
education. Given these statements, are we going to wait for another 51 years to see the uptake
of AR to be implemented?

These ideas are additionally related with the design principles in Industry 4.0. One of
the principles is interconnection where it promotes people to connect via the Internet of Things
(1oT). In addition, Industry 4.0 technology also promotes the scenario where assistance systems
can help to support humans by visualizing information comprehensively. In this scenario, AR
technology is represented as an assistance system where is it helping people to get a better
understanding on elusive topics in a simpler explanation. Moreover, it is also part of 10T where
a user can access some of the public AR technology through the internet. Lu (2017) agreed that
by facilitating information and knowledge, 10T improves the efficiency and effectiveness of
knowledge development.

In Malaysia, there are limited published articles reviewing AR in Education (Mat-jizat
et al., 2016; Lazim & Abd Rahman, 2015 and Abd Majid & Kamarudin Husain, 2014). In
addition, there are also limited published AR applications that can be accessed for learning
purposes. AR is exciting as it can enhance a user’s impression. Users can have an interaction
between the real and virtual world. The information obtained from the virtual objects helps a
user to comprehend more real-world tasks. For that reason, there have been some attempts to
use AR for training and educational purposes. For instance, Mohd Lazim & Abd Rahman
(2015) explores the visual usage in AR while Allen (2016) extended the potential of AR in
museum space. In addition, Estapa & Nadolny (2015) found out that learning through AR
improves students' achievement and motivation in learning Mathematics. In other point of
views, Mat-jizat et al., (2016) explored the use of AR to initiate active learning process as well
as to promote innovative and creative thinking.

In addition to the lack of information on AR in education, especially in the local context
of Malaysia, there is also inadequate information on the contributing factor that might influence
a student’s decision to use AR in the learning process. It is an important issue to address in
order to ensure AR can be widely used for education purposes. Therefore, the present study
attempts to convey a clearer picture on the influencing factors towards pre-service teachers’
decisions to use AR. The discussion in past studies and the lack of information on the
integration of AR in Malaysia have provided a clear rationale, as well as to reinforce the
grounds to conduct the present study.
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Augmented Reality in Education

Augmented reality (AR) can be seen as one type of the learning process that can be
applied through mobile learning. The rapid changes of technologies have suggested that the
teaching and learning processes should run parallel with the advancement of technology and
its peripherals. AR has always been associated with Virtual Reality (VR), since it was where
AR started to evolve. VR provides experience to the users to totally immerse themselves with
the synthetic world, which would exceed the boundaries of physical reality environments. On
the other hand, AR focuses on the combination of real-virtual environment. In getting better
understanding of this concept, Milgram et al. (1994) have viewed themselves in a scale ranging
between the real environment and virtual environment, called Reality-Virtuality (RV)
continuum (Figure 1).
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Figure 1. Reality-Virtuality (RV) Continuum

Generally, the AR application can be divided into two types of systems, which are
location based, and image-based systems (Shang & Wu, 2017). The location-based system is
determined by the Global Positioning System (GPS) based on the location of mobile devices.
This system enables users to walk around and gather information surrounding them by
detecting the mobile devices’ camera to a pointed point. Conversely, an image-based AR is
focused on image recognition technique. This technique is used in order to determine the
position of physical objects in order to get virtual information. By pointing on the trigger image
through mobile device capture, virtual information pops out to the screen after being generated
by the AR software. Interestingly, the content of virtual information can be presented in various
elements such as video, 3D model (Wojciechowski & Cellary, 2013), texts, audio and images
(Mohd Lazim & Abd Rahman, 2015). However, the selection of elements in AR usually
depends on the purpose in the student’s learning process.

RESEARCH MODEL

There are various technology acceptance models that have been developed to explain and
predict technology use, with the most commonly used being the Technology Acceptance Model
(TAM; Davis, 1989), Theory of Reasoned Action (TRA; Fishbein and Ajzen, 1975), and
Theory of Planned Behaviour (TPB; Ajzen, 1991). Each model suggests various variables in
determining the use of proposed technology. This study, on the other hand is to adapt another
model: the Unified Theory of Acceptance and Use of Technology (UTAUT; Venkatesh et al.,
2003) to develop a research model. The UTAUT model is extensively used in recent technology
acceptance studies (i.e. Guest et al., 2018; Bharati and Srikanth, 2018; Madigan et al., 2017
and Madigan et al., 2016)
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UTAUT come out with a concrete model explaining the use behaviour of technology.
Based on UTAUT model, performance expectancy (PE), effort expectancy (EE), social
influence (SI) and facilitating conditions (FC) are the major predictors towards use behaviour
(UB) of proposed technology. Although PE, EE, SI in UTAUT model did not show a direct
relationship towards use behaviour, past studies (Mou et al., 2016; Lin et al., 2014; Teo, 2014)
have proven that there are direct significant relationships without passing through behaviour
intention variable. Apart from that, behaviour intention is more suitable to predict the intention
of users to use the proposed technology, which means that users have yet to use the proposed
technology. In contrast, this study allows the participants to use a newly developed technology,
known as Mobile Augmented Reality Learning Cardiovascular (MARLCardio) before data
collection process. To sum up, the behavioural intention is not compellingly relevant to be part
of the variables in predicting the UB of MARLCardio. Thus, the proposed research model for
examining the factors that might influence pre-service teachers’ decision in using
MARLCardio is presented in Figure 2.

Performance
Expectancy = H:
Effort
_——_‘—‘_u
Expectancy Ho ———> Use
/ Behaviour
Social | Hs
Influence Hq —
Facilitating /
Conditions

Figure 2. Proposed research model in determining use behaviour of MARLCardio

Performance expectancy (PE) and Use behaviour (UB)

The importance of PE towards the use of technology has not only been proven in UTAUT
model, but also in Technology Adoption Model (TAM; Davis, 1989) and Decomposed Theory
of Planned Behaviour (DPTB; Taylor & Todd, 1995) under the construct of perceived
usefulness. PE can be defined as the degree to which an individual believes that using proposed
technology will help him or her to improve their performance under certain circumstances
(Venkatesh et al., 2012). For the purpose of this study, PE is defined as the degree to which a
higher institution student believes that using MARLCardio will help to improve their
performance in learning process. Past studies’ findings reported that PE always had positive
impacts in determining the UB of proposed technology in different contexts of study (Bharati
et al., 2018; Guest et al., 2018; Paulo et al., 2018; Madigan et al., 2017; Jaya et al., 2017,
Madigan et al., 2016 and Abdullah & Ward., 2016). In online services contexts of study, Lin
et al. (2014) and Mou et al. (2016) found that perceived usefulness is one of the strong
indicators in predicting the use of online services. Thus, the hypothesis in this study is
formulated as:

H1: The pre-service teachers’ PE has a significant influence towards the UB of MARLCardio.
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Effort expectancy (EE) and Use behaviour (UB)

EE is represented as perceived ease of use in TAM (Davis, 1989) and Technology Acceptance
Model 2 (TAM2; Venkatesh & Davis, 2000) through the different name of constructs. EE can
be defined as the degree of an individual’s belief that he or she will be free of effort while using
the proposed technology (Davis,1989). Thus, EE in this current study is defined as the extent
of higher institution students that believe that they will be free of effort when using
MARLCardio. Previous research findings provide comfirmatory evidence that there is a
relationship between EE and UB (Bharati et al., 2018; Guest et al., 2018; Jaya et al., 2017;
Abdullah & Ward, 2016 and Madigan et al., 2016). The relationship between the two variables
has also been proven in a study by Shang & Wu (2017) and Lin et al. (2015). Their study
concluded that the perceived ease of use is the main predictor towards the user’s satisfaction in
using mobile application services. All these findings indicate that when a person feels the
proposed technology as easy to use and can give benefits, the percentage to use the proposed
technology is usually higher. Nonetheless, studies by Paulo et al. (2018), Madigan et al. (2017)
and Maillet et al. (2015) showed no positive significant relationship between EE and UB of the
proposed technology. Given these inconsistent research findings, this present study is to carry
further investigation on the issue with the following hypothesis:

H2: The pre-service teachers’ EE has a significant influence towards the UB of MARLCardio.
Social influence (SI) to and Use behaviour (UB)

Social Influence is one of the constructs in UTAUT, which will also bring the same meaning
with, the subjective norm construct in Theory of Planned Behaviour (TPB; Ajzen,1991), DTPB
(Taylor & Todd,1995), TRA (Fishbein,1975) and TAM2 (Venkatesh & Davis, 2000).
Venkatesh et al. (2003) defined Sl as “the person’s perceptions that group of people who are
important to him think he should or should not perform the behaviour in question”. Taylor &
Todd (1995) stressed that peers and superiors are the groups that are closely related to SlI.
Hence, in this study, Sl is defined and used as the extent to which a pre-service teacher
perceives pressure from peers and superiors in his or her environment to use MARLCardio. A
number of previous studies discovered the positive and negative relationship between social
influences (SI) and use behaviour of the proposed technology (Madigan et al., 2017 and
Madigan et al., 2016). Drawing on the UTAUT model, a study by Jaya et al. (2017), Maillet et
al. (2015) and Hamari & Koivisto (2015) indicated that influences among friends or colleagues
give a positive impact in a person’s decision to use a proposed technology. In meta-analysis
findings, Abdullah & Ward (2016) showed 27 out of 32 studies that confirmed the relationship
of Sl in determining the use of technology. On the other hand, a recent study conducted by
Bharati & Srikanth (2018) and Paulo et al. (2018) on the use of mobile learning did not find a
positive relationship between both variables. Feedback from their respondents gave evidence
that an individual’s perception will not influence other person’s decision in use of technology.
Given these justifications, the present study hypothesized that:

H3: The pre-service teachers’ SI has a significant influence towards the UB of MARLCardio.

Facilitating condition (FC) and Use behaviour (UB)

Facilitating conditions which is based on the idea of UTAUT (Venkatesh et al., 2012) was
derived from previous construct, namely the perceived 202ehavioural control in DTPB (Taylor
& Todd, 1995) and TPB (Ajzen, 1991). FC is defined as being the perceived level of an
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individual towards the technical infrastructure needed to support the existed technology
(Venkatesh et al., 2012). With regards to this study, the individual’s FC is defined as the pre-
service teachers perceived level towards the mobile devices-assistance to support the use
behaviour of MARLCardio. A study by Lin et al. (2014) extended the TRA model to perceive
the use of mobile commerce services. Their study suggested perceived risk (PR) as one of the
essential factors towards the use of mobile commerce services when the findings showed a
positive impact between the variables. A study by Shang & Wu (2017) also confirmed that
perceived value (PV) has a strong influence towards the customer’s satisfaction in using mobile
shopping with B value = 0.997. The PR and PV in both studies bring the same meaning to the
FC factor. In addition, other past studies also had confimed the significant relationship between
both variables (Guest et al., 2018; Paulo et al., 2018 and Madigan et al.,2017). In spite of this,
a research by Bharati & Srikanth, 2018; Madigan et al., 2016; Maillet et al. (2015) reported
that FC did not show any positive relationship towards the use of Electronic Patient Record
(EPR). Given the inconsistency in research findings, further investigation needs to be
conducted. Therefore, this present study will test the following hypothesis:

Ha: The pre-service teacher’s FC has a significant influence towards the UB of MARLCardio.

APPLICATION DESIGN

This section briefly explains about MARLCardio, an experimental instrument used in
this study. The rationale of selecting content is also articulated.

MARLCardio

In this study, MARLCardio was developed based on the Augmented Reality Environment
Model (AREM; Wojciechowski, 2012) . This model enables individuals to design and create
learning scenes for augmented reality environments. MARLCardio comes in two versions of
AR-objects which are MARLCardio booklet and MARLCardio application. MARLCardio
booklet is an AR-object in the form of a physical object or a real object. Basically, it is an
interactive booklet since users can interact with it by using an app which is called MARLCardio
application. Users can explore the AR content in MARLCardio booklet by scanning the marker
image in the booklet using MARLCardio application. Figure 3 provides an AR installation for
MALRCardio for better understanding.

MARLCardio
€ hooklet

<€—— MARLCardio app

AR content
(Virtual object)

Figure 3. AR installation — MARLCardio with marker image and AR content
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The design of MARLCardio’s booklet and the development of MARLCardio’s app
were prepared by researchers. The development of AR — content in MARLCardio application
involved an intensive process. It is due to the variety of features that should be included and
completed. The MARLCardio app offered AR-content in five multimedia features which are
3D model, 3D video, 2D video, texts and images. All the features were designed and developed
in different software’s based on its necessity.

Content of MARLCardio

Cardiovascular disease and its risk factors are the topics covered in MARLCardio. The
selection of topics were based on the facts that Malaysian statistics in burden of disease shows
that ischemic heart disease holds the highest ranking since 2000 consistently (Ministry of
Health Malaysia Strategic Plan, 2016). The burden of this disease contributes to the higher
causes of death. Moreover, Ministry of Health Malaysia released the fact that a disease of the
circulatory system is the number one ranked cause of death in the government as well as private
hospitals. Therefore, various actions and plans were carried out by the Malaysian government
in their attempt to reduce health risks. One of the plans is to provide an early warning to society.
An early warning about health risks can help to create awareness as well as educate the society
to maintain their health. Due to these reasons, this study takes an initiative in highlighting this
issue as part of the content in MARLCardio.

METHODOLOGY

The present paper aims to evaluate the contributing factors that might influence pre-service
teacher’s use behaviour of MARLCardio. The study involved 75 respondents of the pre-service
teachers with different fields of study in one public university. Each participant was given a
chance to access the AR content provided in the MARLCardio booklet. The participants were
asked to download the MARLCardio app to assist them in exploring the AR content.
Participants used their own mobile devices in exploring MARLCardio. The participants
browsed the content in th eMARLCardio booklet and started scanning AR image using the
MARLCardio app when they want to know more on a certain topic (Figure 4).

, - '
! — Mobile device
\ ,4{’ ), «

N o -
@*‘ —> MARLCardio booklet

AR content

Figure 4. Interaction of participant with AR content.

In the data collection process, this study deployed a quantitative methodology in the
form of a survey questionnaire. After exploring MARLCardio, participants were asked to
answer a questionnaire in order to determine the contributing factors that might influence pre-
service teacher’s use behaviour of MARLCardio. The decision to choose the questionnaire is
due to the fact that it can facilitate the data collection process within a short period of time.
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There are 7 items in each variable that have been adapted from UTAUT and TAM in addressing
the influencing factors towards the use behaviour of MALRCardio. These items utilized four-
point likert scale ranging from “Strongly Disagree” (1) to “Strongly Agree”(4). In analysing
the data, the study employed multiple regression analysis to address all hypotheses.

FINDINGS

This section addresses the reliability of items for each construct in the questionnaire. In
addition, the finding of the research hypotheses has also been reported to determine the
dominant factor in determining the UB of MARLCardio.

Reliability of ltems

The cronbach’s alpha is the most common form of internal consistency reliability coefficient
and it is primarily used for questionnaires constructed items (Singh, Ghani & Hoon, 2009). It
has been suggested by White et al. (2012) that the value of alpha 0.5 is acceptable while scores
more than 0.7 are indicated as great reliability. Reliability statistics output in Table 1 provide
confirmatory evidence that these constructs have high reliability since the value is greater than
0.70.

Table 1
Cronbach’s alpha value for each construct
Construct Number of items Cronbach’s alpha
Performance 7 0.915
Expectancy
Effort Expectancy 7 0.880
Social Influence 7 0.900
Facilitating Condition 7 0.821
Use Behaviour 7 0.900

Multiple Regression Analysis

To verify hypotheses H1, Hz, Hs, and Ha, researchers examined the relationships between pairs
of the appropriate constructs defined in the research model using multiple regression analysis.
The result of multiple regression analysis is presented in Table 2.

Table 2
Coefficients of Multiple Regressions
Dependent Variable  Predictors R2 p B
Use Behaviour (UB) Performance expectancy (PE) 0.625 0.077 .165
Effort expectancy (EE) 0.000 .392
Social influence (SI) 0.025 .208
Facilitating condition (FC) 0.030 .213

As a result of multiple regression analysis, it revealed a regression model of UB based
on EE, Sl and FC (Rz2 = 0.625). The results of the regression analysis supported the Hz, Hs, and
Ha4 hypotheses. The multiple regression coefficients caused the exclusion of PE due to the p
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value that is higher than the significant level (p = 0.77). Thus, the H1 hypothesis was not
supported. Based on the results, three variables which were EE, Sl and FC had positive impacts
on UB. To compare these three variables, EE (= 0.392) has extra impact to use behaviour due
to the B value that is higher than SI (B =0.208) and FC (B =0.213). Figure 5 shows this research
model results.

Effort
I~
Expectancy B=0.392
. Use
I bﬂoclal B=0208 —> Behaviour
ntluence / (62.5%)
. p=10.213
Fa(:lll'taltmg |~
Conditions

Figure 5. Research model in determining use behaviour of MARLCardio.

DISCUSSIONS

The present study analyses the influencing factors towards the use behaviour of AR by using
the MARLCardio app as an experiment instrument. To achieve this main objective, UTAUT
model was adopted based on the necessity of this study. The results reported in this study
provided evidence that the UTAUT model is a valuable framework in increasing our
understanding of pre-service teachers use behaviour of augmented reality through
MARLCardio.

Many past studies’ findings show that PE had a significant impact towards UB of
proposed technology. It is proven in studies by Guest et al. (2018), Paulo et al. (2018), Jaya et
al. (2017), Abdullah & Ward (2016) and Mou et al. (2016). Unexpectedly, the present study
found a contrary finding. PE is insignificant towards pre-service teachers UB of MARLCardio.
It indicates that most of pre-service teachers seem to not get much beneficial impacts when
using MARLCardio. This scenario probably happened because of the fact that the pre-service
teachers come from different fields of study. Since the content of MARLCardio is more
towards the flow of science, thus those who come from a social science field might feel that
the benefits of the content provided is minimal. This factor might be one of the reasons
affecting the pre-service teacher’s PE while using MARLCardio.

Drawing on UTAUT model, the multiple regression analysis of the data in this study
found that EE is the main contributor towards the UB of MARLCardio. This contradicts the
finding of Venkatesh et al. (2003) in UTAUT model. Nonetheless, the findings of this study is
similar in other technology adoption model findings (i.e: TAM; Davis, 1989 and TAMZ,;
Venkatesh & Davis, 2000) and recent past studies (i.e : Bharati et al., 2018; Guest et al., 2018
and Jaya et al., 2017). The result indicates that MARL Cardio is easy to use and does not require
a lot of mental effort to comprehend the usage. It might be because of the evolution of the AR
technology that can be easily adapted by the pre-service teachers since they are from
Generation Y who is in constant access to technology.

Sl was found to be significant in this study. Although this finding contradicts with the
UTAUT model proposition (Venkatesh et al., 2003) where they believe that an individual’s

206



opinion should not be influenced by others, but in a different scenario, peers are really helpful
in increasing an individual’s use behaviour towards proposed technology. The finding in this
study indicates that pre-service teachers always believe their peers and superior’s beliefs, which
is the use of MARLCardio is important for them to use. It is also because of the environment
in the learning process where pre-service teachers always get along with their peers in life as
students. This is supported by Bharati & Srikanth (2018) when they argued that a positive or
negative influence by people with close relationships can act as an important determinant in
the use of proposed technology.

CONCLUSION

In line with UTAUT model proposition, this study has also proven that FC has positive impacts
towards UB of MARLCardio. It is predictable since during the data collection process,
researchers were there to help pre-service teachers if they face any difficulties in exploring
MARLCardio. However, some difficulties can be solved immediately by pre-service teachers
without asking for the researcher’s help. In addition, a strong internet connection also
contributed to this significant impact. This is because the participants need strong internet
connection to download the MARLCardio application that helped them from feeling frustrated.
FC is important because the findings from previous studies found that FC is not significant due
to the lack of technical supports in particular organizations (Bharati & Srikanth, 2018 and
Maillet, 2015)

As a conclusion, EE is the main contributor in explaining the influencing factor towards
the use behaviour of augmented reality technology through MARLCardio. It was followed by
Sl and FC. Future researches can concentrate on adding the field of study as a moderator
variable. By doing that, researchers can get a deeper understanding of whether the field of study
has actual effects on the relationship between PE and UB or otherwise. Considering the nature
of AR technology in Malaysia, it is still at an early stage. The exposure is still at an introductory
process especially in the education context. Hence, many researches of AR in education need
to be done to get a clearer understanding.
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