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ABSTRACT

User studies need to be perform on the new technology such as Mixed reality (MR) before it reach maturity. In this
paper we would like to reveal the study that has been done to determine users’ perception and acceptance on the
mixed reality prototype, named Mixed Reality Regenerative Concept (MRRC). The aim of MRRC is to increase
users understanding on regenerative concept and tissue engineering. The participants consisted of 37 volunteers
from 2" and 3™ year Biomedical Science students who have never experienced with mixed reality technology. We
used constructs personal innovativeness, perceived enjoyment, perceived ease of use, perceived usefulness and
intention to use to evaluate respondents’ acceptance. Results showed that perceived usefulness was the most
important factors to determine the intention to use of mixed reality technology compared to perceived enjoyment
and perceived ease of use. However students showed high willingness to use the technology in the future.
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INTRODUCTION

Mixed reality (MR) is amongst the potential technologies that has gained attention and popularity recently. This is
because it is realistic, authentic, engaging and fun [32]. In education setting, Dede claimed that properly designed
virtual environment with MR or AR (Augmented Reality) interface can foster neomillenial learning style through
physical and sensory immersion [5]. The implementation of this new technology in teaching and learning can
increase students’ motivation.

Actually, MR technology is not new because it has been invented almost 50 years ago. But, the use of MR
applications was more towards laboratory research. Now, it is widely used by people in various settings such as
entertainment, education and training [2].

Azuma et al. [31] addressed that since many research systems have been demonstrated but only few have matured
beyond lab-based prototypes, social acceptance issues should be addressed before they are widely accepted. Even
though there are a lot of advantages of MR that have been promoted, it is appropriate to understand users’
perceptions towards this technology before further implementations.

Thus, a better understanding on end-users’ perceptions towards the MR system is needed. The feedback can be used
as a guideline for developers and administrators who are considering implementing the system using MR technology
in future.

The objective of the study is to investigate users’ perceptions towards mixed reality application. We developed
mixed reality protototype, named Mixed Reality Regenerative Concept (MRRC) as a case study. In this study, we
would like to answer the following research questions:

i)  What factors or constructs can be used to determine users’ acceptance on MR application?
ii)  What are the causal relationships between the constructs?
iii) Which construct(s) affect(s) the intention to use of the MRRC?

The next section is about related work mainly in technology acceptance and MR technology. This is followed by
by theoretical framework, methodology and results. The final section include a discussion of the findings,
limitations of the study, and some directions for future research.
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RELATED WORK
Mixed Reality Technology

The AR technology is not new since the first AR interface was developed by Sutherland in the 1960°s [34]. But it
was not until the early 1990s when the term “augmented reality” was coined by Caudell and Mizell. They were
researchers at Boeing Corporation that dedicated most of their time developing experimental augmented reality
systems to facilitate workers putting together wiring harnesses in planes [4].

There are a few common accepted definitions of AR or MR. Brett explained that AR interface combines aspects of
virtual reality and real-world environment by providing a person a chance to view one or more virtual 3D objects in
real-world space[1]. According to Kondo, mixed reality is similar to virtual reality technology that combines
interactive three-dimensional computer graphics with the real world[35].

However, the definition by Ronald Azuma is widely accepted as a “benchmark’ to describe AR or MR [30]. Azuma
described the environment characteristics of AR: it combines real and virtual objects, it is interactive in real-time,
and it is registered in 4D (3 dimensions of space and one dimension of time).

Milgram described a reality-virtuality continuum that spans from the real environment to a pure virtual environment
[25]. In between, there is MR that consists of Augmented Reality (closer to the real environment) and Augmented
Virtuality (closer to the virtual environment) as shown in Figure 1.

Figure 1. Milgram Reality-Virtuality Continuum
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With those characteristics, the experience offered by MR is different from other technologies. This is because it can
support the seamless interaction between the real and virtual environments, allowing the use of a tangible interface
metaphor for object manipulation and the ability to change smoothly between reality and virtuality. In the future,
these applications are likely to become common in various application fields like education, medicine, military,
entertainment and industry [31].

Nowadays, more heterogeneous group of users are using AR or MR applications. The users are changing from
developers and researchers to wide variety of consumers. In order to make a successful introduction of MR
applications to the consumer markets, more attention needs to be paid to the usability of the applications. Besides
that, performance studies as well as ergonomics and ease of use are important future research issues.[21].

It is important to understand the users’ acceptance because the success or failure of a system depends on how well
people like the system, how easy it is to use, and the system’s effectiveness [2]. In a more common outcome is that
if a system is not liked by users, it simply will not be used, and the money spent on its development will be wasted.

Technology Acceptance

Technology acceptance can be defined as how people perceive, accept, and adopt some technology to use [19].
Technology acceptance models are used to explain how users come to use or accept a specific technology. These
models have their origins in the disciplines of psychology, information systems, and sociology. Many models to
measure end-users’ acceptance of a new technology have been suggested such as Theory of Reasoned Action
(TRA), Theory of Planned Behaviour (TPB), Innovation Diffusion Theory (IDT) and Unified Theory of Acceptance
and Use of Technology (UTAUT) [36].
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However, Technology Acceptance Model (TAM) has become one of the most widely used and empirically validated
models within information system research [37][26]. It has been applied to different technologies and has been
tested in different contexts. According to Lisa, one of the assumptions of research performed using TAM is that
usage of the technology is voluntary [17]. According to Davis, the goal of TAM is “to provide an explanation of the
determinants of computer acceptance that is generally capable of explaining user behaviour across a broad range of
end-user computing technologies and user populations, while at the same time being both parsimonious and
theoretically justified” [9]. Figure 2 shows the basis of TAM by Davis [10].

Figure 2. Technology Acceptance Model (TAM)
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Since various technologies have been used, researchers normally will emerge the basic TAM model with a few
factors that are suitable with the system they want to test. Determining the factors or constructs associated with user
acceptance of new software systems has been an important research stream in the field of information systems for
many years [6]. Constructs or determinants are weighted factors used to explain the acceptance and use of the
technology. Table 1 shows some of the previous research that used TAM model and its extents with some related
constructs or variables.

Table 1. Extended TAM

Context Extended Constructs
Edutainment game for ~ Gender, games experience,
secondary students[15]  learning opportunity

Virtual reality for External control,
treatment of mental computers anxiety,
health [20] Intrinsic motivation

E-learning for Chinese  Personal innovitiveness,
managers participating  computer anxiety

in an Executive MBA

program[11]

LEGO programming Perceived enjoyment
for robot [6]

Various online games Flow, social, critical mass

[7]
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Technology Acceptance of Mixed Reality Technology

MR and AR are relatively new technologies considering commercially and publicly available applications. As a
research field, it has existed for almost five decades with applications in diverse domains such as medicine, military,
entertainment, technical support and education[33]. MR systems are expensive to design and to be developed.
History has shown that as new technologies, even before maturing and succeeding in penetration and acceptance in
our daily lives, there is a need to carry out user studies to understand users’ perceptions of usability and usefulness
of such technologies as early as possible to avoid expensive remedial work later [38].

A new technology is considered to have been integrated successfully into an organisation or workplace when it is
actually used by the people it is intended for. There are many instances where technology has been introduced in
organisations and then it has not been used for a number of reasons. One major contributor to the lack of usage is
certainly due to the usability of the product or system itself. Another issue is how well the system operates together
with the users in a social context. Are the users interested and do they see the same potential in the system as the
people (management) who decide to introduce it in the organisation? Davis described two important factors that
influence the acceptance of new technology in organization [10]. The perceived usefulness of a system and the
perceived ease of use; both influence the attitude towards the system and hence the users’ behaviour when
interacting with the system, as well as the actual use of the system.

Users will accept the system that they consider as useful even though it is perceived as harder to use. So, it is
important to understand users’ acceptance because the success or failure of a system depends on how well people
like the system, how easy it is to use, and the system’s effectiveness [2]. In a more common outcome is that, if a
system is not liked by users, it simply will not be used, and the money spent on its development will be wasted. For
an AR or MR system, this means that even though the system may be awkward or bulky (head-mounted), if the
applications are good and useful enough, the users will accept it. Equally, if the AR system is not perceived as
useful, then the system will not be used, even though it may be easy to use or people enjoy using it [33].

THEORETICAL FRAMEWORK AND HYPOTHESES

In this study, for the development of research instrument, we used the constructs in generic acceptance model, which
are perceived usefulness, perceived ease of use, and the intention to use. Besides those basic factors of TAM, we
were also interested to know the respondents’ response towards new technology and respondents’ experience while
interacting with the MR prototype in influencing the intention to use of MR application.

A lot of researches interested to know how users’ personality might influence their behaviours. One of the pioneer
theories is Rogers’ Innovation Diffusion Theory (IDT) [28]. IDT suggests that users’ personality differences can
potentially influence how users form their intentions to perform behaviours.

By exploring the technology adoption stages, Rogers revealed that: (i) users with higher levels of personal
innovativeness are more prone to have more favourable attitude towards new technologies; and (i) highly
innovative users are more willing to embrace new technologies into their daily routine by coping with the
uncertainty of innovative technologies. Hae et al. in their study on online travel shopping indicated that
innovativeness influenced traveller’s online shopping behaviour [14]. Similarly, Farzana [12], O’Cass and Fenech
[24] suggested that highly innovative web users are more likely to develop more positive attitude towards new
technologies. Since personal innovativeness will influence the adoption of new technology to a great extent, we
consider it as one of the important constructs that will affect users” acceptance on MR technology. For this study, it
is appropriate to test the personal innovativeness in IT with perceived ease of use of using MRRC.

The aim of the system or prototype of MRRC is to increase users’ understanding on regenerative concepts. The use
of MR technology will give users different experience since it is engaging, exciting, and fun. So, the prototype of
MRRC can be considered as partly utilitarian and hedonic system. Enjoyment is one of the constructs that is
commonly used to determine the acceptance of the dual-system [36][6]. In this study, enjoyment is one of the
important constructs that might affect the acceptance towards MR technology. The previous study claimed that
perceived enjoyment has no direct influence on intention to use, but that it can influence on the ease of use and
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intention to use the MR system.

Prior research indicated that perceived usefulness is an important indicator for technology acceptance [9][36]. When
a person feels that using MRRC would enhance their study, he might intend to adopt MR technology in the future.

So, it is appropriate to test perceived usefulness with intention to adopt MR technology.

Perceived ease of use is one of the major behavioural beliefs influencing user intention towards technology
acceptance [9]. If MRRC is easy to use and the user feels comfortable, then the teaching and learning performance
might be enhanced. We would like to test perceived ease of use with perceived usefulness of MRRC and also
intention to use MRRC in the future. We also want to know whether ease of use of MRRC would affect
respondents’ enjoyment. Table 2 below defines the constructs used to determine users’ perception and acceptance

towards MR technology.

There are six hypotheses in this study. The hypotheses were formed according to the extended TAM that we

proposed.

Context

Table 2. Construct Definition

Extended Constructs

Personal
Innovativeness

Enjoyment

Usefulness

Ease of use

Intention to use

The willingness of an individual to try out
any new information technology [27].
Personal Innovativeness is used to measure
the individual traits.

The extent to which the activity of using a
specific system is perceived to be enjoyable
in it’s own right, aside from any
performance consequences resulting from
system use [36].

The feeling of pleasure or contentment
during the VVE experience [16].

Enjoyment will measure the respondents
feeling while interacting with the system.

The extent of which the person thinks using
the system will enhance his or her job
performance [9].

Perceived usefulness will measure the
system desired functionality.

The extent to which the person perceives
using the system will be free of effort [9].
Perceived ease will measure their
satisfaction on the MR system.

The degree to which a person has formulated
conscious plans to perform or not perform
some specified future behavior [9].

H1: Personal innovativeness is positively related to perceive ease of use of MR system.
H 2: Perceived ease of use is positively related to perceive usefulness of the MR system.
H 3: Perceived ease of use is positively related to perceive enjoyment.

H 4: Perceived ease of use is positively related to intention to use MR system.
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H 5: Perceived enjoyment is positively related to intention to use MR system.
H 6: Perceived usefulness is positively related to intention to use MR system.

METHODOLOGY
Objectives

We have developed MRRC and tested it to users in order to answer the following research questions:
. What are the causal relationships between the constructs?
. Which construct(s) affect(s) the intention to use of the MRRC?

System Overview

The Mixed Reality Regenerative Concept (MRRC) was developed using mixed reality technology to give the
Biomedical Science students the exposure on regenerative concept and tissue engineering. Regenerative concept
involve three-dimensional, invisible, temporal, and few observable real-life metaphors. This MRRC prototype
consists of four topics: The Natural World, Regenerative Medicine, Science of Tissue Engineering, and Tissue
Engineering Lab.

. The Natural World — This topic introduces the concept of tissue engineering by exposing the innate ability of
lower life forms such as starfish to regenerate lost parts and limited ability in human.
Regenerative Medicine — This topic explains the needs of regenerative medicine.
Science of Tissue Engineering — This topic explains the basic concept of tissue engineering and the needs for
tissue engineering.

. Tissue Engineering Lab — This topic explains and gives the students the experience on basic process of tissue
engineering in the laboratory.

MRRC integrates some components of the situated learning as a model of instruction. Situated learning emphasises
on the authentic contexts and activities [3][17]. MRRC combines the real and virtual environments and is supported
by 3D graphics, animation, text, and music. As users navigate the system, they can experience with nine MR
environments. MRRC uses markers as tangible interfaces that serve as physical handlers in interacting with virtual
object in MR environments. The advantage of tangible interfaces is that they do not require any special purpose of
input device and thus they provide an intuitive and seamless interaction with digital and physical objects. Some
scenes in MRRC application are shown in the following figures. Figure 3 shows the 3D virtual tissue engineering
laboratory where users can explore. In Figure 4, users can see hold and observe starfish regenerate it’s arm. By
choosing the specific key, users can view the different layers of skin as shown in Figure 5. Users can hold the virtual
petri dish to observe how cells proliferate as shown in Figure 6.

Figure 3. Virtual Figure 4. Starfish Figure 5. Holding a Figure 6. Observe cells
Laboratory Regenerate Arm virtual skin proliferate

_, t.‘

S

199



Issues in Information Systems

Volume XI1, No. 1, pp. 194-205, 2011

Participants

This study was conducted at one public university. The participants consisted of 37 volunteers who were from the
2" and 3" year Biomedical Science students. Fifteen of the respondents were male (40%) and twenty two were
female (60%).

Procedure

The respondents were never exposed to the MRRC system. This study followed the data collection technique by
Oded [23] and Teng et al. [38] where the data were collected immediately after the introduction of the new system
and before the users got to use it on a regular basis. The whole study was divided into three sessions: demonstration,
brief hands-on, and task-oriented. In the demonstration session, the respondents were explained on the MR concepts
and briefly explained on the system. Then, they simply played around with the system. In task-oriented interaction
session, a list of tasks was given where the respondents were required to complete. After they had finished the
interaction session, the respondents were asked to answer the questionnaires that also included the open-ended
comments. Time was taken on completing the task and answering the questionnaires.

Instrument

In order to achieve the objectives, we develop a set of questionnaire that consisted of 22 items to measure
respondents’ perception and acceptance towards the prototype system. The questionnaire consisted of five
constructs: Personal Innovativeness, Perceived Enjoyment, Perceived Usefulness, Perceived Ease of Use, and
Intention to Use. Items in each construct were measured in five-point Likert scale (“Strongly disagree”, “Disagree”,
“Not sure”, “Disagree”, “Strongly disagree”).

The items for Personal Innovativeness in IT were adopted from Agarwal & Prasad [27] while the items for
Enjoyment were developed from Venkatesh et al. [36]. The items for Perceived Ease of Use, Perceived Usefulness,
and Intention to Use were adopted from the study by Davis [9] that has been validated in numerous studies.

RESULTS
Constructs Reliability

The task-oriented session and the questionnaire were completed by 37 participants. We used Cronbach’s alpha to
test the reliability of the 22 items in five constructs as shown in Table 3.

Table 3. Constructs Reliability

Constructs Items Cronbach’s
Alpha

Personal 4 704

Innovativeness

Enjoyment 6 .881

Usefulness 4 .789

Ease of use 4 .809

Intention to 4 919

use

These all five factors showed high reliability values, which are above 0.7.In previous research by [11], reliability
coefficient for Personal Innovativeness is 0.83 while the reliability coefficient obtained in this study is a little bit
lower, which is 0.70 in our sample. For Perceived Enjoyment, we got the same reliability coefficient with Chesney
[6], which is 0.88 in our sample. For comparison, we used the reliability coefficient by [37] to measure Perceived
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Usefulness, Perceived Ease of Use, and Intention to Use constructs. Perceived Usefulness construct was measured
with the four- item scale with a reliability coefficient of 0.89 by [37] and of 0.79 in our sample. Perceived Ease of
Use construct showed Cronbach’s alpha of 0.87 by [37] and of 0.809 in our sample. Intention to Use construct
showed reliability coefficient of 0.86 by [37] and of 0.92 in our sample.

Overall, the internal consistency of reliability coefficients for research constructs in this study is well-accepted since
the values are between 0.65 and 0.95 [8]. Because the size of respondents was quite small, which is less than 50,
thus this study did not conduct factors analysis on each item. Small sample size may affect the factor analysis by
making the solution unstable: addition of more data may cause the variables to switch from one factor to another
[13].

Personal Background

Table 4 shows the respondents’ profile. Majority of the respondents used the computer intensively in their daily
activities (mean value of 3.76 on a 4-point Likert scale). All of the respondents played computer games. About 38%
of the respondents played computer games almost every day, and 22% of the respondents frequently played games,
but majority of the respondents did not frequently play game (mean value 2.46). In terms of VR and AR, the
respondents were still not familiar, where the mean values are 2.14 and 1.57, respectively. Almost half of the
respondents had never heard of AR or MR.

Table 4. Profile of Respondents

Measure Item % Mean Std.dev
Gender Male 40
Female 60

Frequency Once a while

using Once a week
computer  Frequent 24
Everyday 76
3.76 44
Frequency Once awhile 40
playing Once aweek 11
games Frequent 11
Everyday 38
246 137
Knowledge Not at all 11
about Everheard 65
VR A few 24
214 58
Knowledge Not at all 48
about Everheard 46
AR/MR A few 6
157  .603

Table 5 shows the descriptive analysis on each contructs. Construct perceived usefulness got the highest average
score compared with perceived enjoyment and perceived ease of use.

Table 5. Descriptive Analysis

Constructs Mean Std.dev
Personal innovativeness 4.29 0.54
Perceived enjoyment 4.38 0.53
Perceived ease of use 437 0.60
Perceived usefulness 4,57 0.50
Intention to use 4,52 0.56
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In this study, we used the Spearman’s Rank correlation coefficient to test the six hypotheses and summarise the
strength and direction (negative or positive) of a relationship between two variables. Table 6 shows the
intercorrelation between variables.

Table 6. Intercorrelation between variables (N=37)

Variables 2 3 4 5

1. A486**  612**  367* .100
Innovativeness

2. Enjoyment J10**  .858** .492**
3. Ease of Use J45**  564**
4. Usefulness .703**
5. Intention to

Use

Note : ** p<0.01, * p< 0.05

The results in Table 6 show that all of the hypotheses were accepted and positively correlated between all the
variables. There are highly significant results between Perceived ease of use and Perceived usefulness (r=0.745,
p<0.05), Perceived Ease of Use and Enjoyment (r=710, p<0.05), and also between Perceived Usefulness and
Intention to Use (r=0.703, p<0.05).

The scores also reveal a moderate significant result between Personal Innovativeness and Perceived Ease of Use
(r=0.612, p<0.001), and between Perceived Ease of Use and Intention to Use (r=.564, p<0.05). However, there is a
weak correlation between Enjoyment and Intention to Use (r=.492, p<0.02).

DISCUSSION AND CONCLUSIONS

In this study, we have revealed the users’ acceptance towards the mixed reality application. Even though the
respondents from 37 Biomedical Science students have never had any experience on the MR system, they showed a
strong willingness to use the MR application in the future. To determine the users’ acceptance towards MRRC, we
have proposed five constructs that combine the basic TAM model (Perceived usefulness, Perceived ease of use, and
Intention to Use), personal traits (Personal innovativeness) and experience on using MR (Perceived enjoyment).

Results from simple correlation analysis accepted all the six hypotheses. There is a positive correlation between
Personal Innovativeness and Perceived ease of use. This is true because the more innovative the respondents are, the
more they are willing to experience with new technology and they find it easier to use MR system even though they
have never experienced it before. This result is supported by previous research [12][14]. Other factors might
influence the result because the system design was quite simple and it used a fiducial marker with simple
interactivity. The results also reveal that Perceived ease of use is positively related to Perceived usefulness of the
MR system. This indicates that when respondents find that the system is easy to use, they will perceive it as useful in
their study. This result is supported by previous research [9][36].

There is a positive correlation between Perceived ease of use and Perceived enjoyment. This means that the system
that is easy to be used will increase participants’ enjoyment during the interaction session. This result is supported
by previous research [6][36].

The results also show that Perceived ease of use is positively related to Intention to use the MR system. When
respondents find that system is easy to use, they might want to use it in the future.
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Perceived enjoyment is also positively related to Intention to use. We can assume that the system that is enjoyable to
be used might attract users’ intention in the future.

The study also indicates that Perceived usefulness is positively related to Intention to use. This is absolutely true
since the system is useful in the respondents’ study and thus they might want to use in the future.

There are a few limitations in this study. First, there was small number of respondents, which were only 37. Future
works should repeat the study with more respondents with gender and various races of respondents. Second, the
results only reveal the descriptive and simple correlation analysis of the testing. Further advance regression analysis
should be performed to assess the association between variables. Since the respondents were from the same
university, future works should conduct the testing in a few universities to get the results from various backgrounds.
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