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Abstract

The current era of advanced display technologies, such as head-mounted displays,
smart glasses and handheld devices, has supported the usage of mixed reality and
augmented reality concepts in smart educational classrooms. These advanced
technologies have enabled enhanced collaborations and interactive communica-
tion between distance learners and local learners. Whilst being present, immersed
and engaged are key factors in both the real and virtual worlds, they play partic-
ularly important roles in improving students collaborative learning performance
during learning activities. However, few empirical studies have considered how
using such interfaces may a ect learning outcomes and whether students truly
feel fully immersed and engaged in such environments. Furthermore, the lack
of support and a conceptual architecture for collaborative mixed and augmented
reality group learning activities is still a shortcoming for distance learning and
teaching, and a signi cant challenge to researchers.

This study demonstrates a conceptual framework that supports group distance
learning and teaching collaboration around learning activities using mixed, aug-
mented and virtual reality technologies. The study also explores learning ef-
fectiveness based on the following factors: students presence, engagement and
immersion in smart environments. To evaluate these factors, we utilise several
existing frameworks that have been applied to our mixed reality platform, MiR-
TLE+, to help us examine the learning outcomes and teaching experience gained
from using these environments.

The study was divided into two experimental phases, and 40 samples were ex-
amined to assess and compare the a ordances of mixed reality interfaces within
various collaborative learning scenarios, applying a card game activity (Uno) as
a learning task. By comparing the real collaborative learning activities with the
two-dimensional web-based activity, we found that novices had slightly better
learning performance than the individuals using the web-based activity and that
both phases mimicked reality. Novices and experts also felt signi cantly more
present and immersed in the MiIRTLE+ learning scenarios (due to the impact of
the augmented reality interfaces) than in the web-based scenario.
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Chapter 1

Introduction

Advances in 3D virtual environments and the use of such equipment as head-mounted dis-
plays, goggles and new smartphones can provide new opportunities for teaching and learning.
Scholars and marketing have revealed that intelligent wearable glasses are likely to be the
next ’big thing’ in the scienti c evolution [1]. These new technologies and environments can
potentially lessen distant learners’ sense of isolation [2] and allow students to communicate
more naturally, with a greater sense of 'being there’. Some recent studies [3, 4] have used
mixed-reality! concepts to achieve interactive communication between remote and local peo-
ple in 3D virtual-reality environments. For instance, Gardner and O’Driscoll [6] and Schmidt
et al. [7] found that representing remote students as avatars on a screen in a real smart class-
room (e.g. iClassrrom? at University of Essex) could enhance the remote students’ sense of
engagement and increase their feelings of being there through virtual connections to their

real teachers and fellow students.

In the Human-Computer Interaction (HCI) eld, factors like presence, immersion and en-
gagement have been studied theoretically and empirically to prove the e ectiveness of mixed

and augmented reality technologies for end users in such diverse sectors as health [8], so-

L1t is the merging of virtual and real worlds to create new spaces that accommodate and visualise virtual
and real objects in real time and enable users to interact with them [5]
2http://ieg.essex.ac.uk/portfolio/iclassroom/
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ciality [9], military [10] and education [11]. In education, most of these empirical studies
(e.g. [12] and [13]) have focused on measuring the impact of the aforementioned factors
on students’ interactions with their learning content. However, very few empirical stud-
ies have explored the e ectiveness of these factors in relation to groups of students doing
learning activities within collaborative synchronous mixed reality learning spaces. Learners
and teachers using virtual environments typically have very limited interactions with their
real teaching environments and the people within them. Thus, this study focuses on devel-
oping and increasing the interactivity among remote virtual and real students in teaching
environments. So far, however, there has been little investigation into how to increase the
interactivity of remote virtual students in physical smart spaces based on the dynamics of
interconnecting physical people and objects with their virtual counterparts. Furthermore,
this research investigates the impact of this approach using di erent learning scenarios and
with di erent immersive user interfaces and levels of user expertise in a game learning task.
It also explores the implications on the learners’ and experts’ sense of presence, immersion,
engagement, learning outcomes, teaching experience and user experience. In so doing, this
research empirically explores the a ordances of the use of these technologies for mixed and
augmented reality! learning spaces compared to equivalent face-to-face collaborations in the

real world and when using more traditional web-based platforms.

1.1 Motivation

Given advancements in mixed and augmented reality technologies, researchers are becoming
more interested in applying these technologies to learning activities and exploring their
e ectiveness in improving learning performance and other psychological aspects, such as
engagement. For example, Callaghan et al. [14] note that "Our longer term vision is to create

an entire mixed-reality campus...” in order to provide distance learners the opportunity to

LIt is a real-world (physical) environment whose elements are augmented by computer-generated sensory
inputs, such as sound, video, graphics or GPS data
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learn in a mixed-reality space that is merged with local learners’ spaces and enhance their
mutual sense of sociality. Mixed reality and augmented reality interfaces, such as the Oculus
Rift headset, are rapidly evolving. Figure 1.1 on page 3 depicts examples of some of these
modern technologies. The high usage statistics show high levels of investment and revenues

in health, military, sociality, games and education [15].

Figure 1.1: Mixed and augmented reality interfaces

Therefore, the rst motivation of this study is to empirically explore the a ordances of these
mixed reality interfaces for learners from di erent psychological (HCI) and educational per-
spectives in a collaborative mixed reality learning space from di erent geographical locations
and with users of di erent levels of expertise. The second motivation is personal, since my
current employer (i.e. University of Umm Al-Qura in Saudi Arabia), who sponsored me
during my study in the United Kingdom, requires this research and development project to

fall under the umbrella of pedagogy and technology.

1.2 Problem statement

This study is based on the original Mixed Reality Teaching and Learning Environments
(MIRTLE) approach [16]. The MIRTLE is a lecture-based environment that enables the

lecturer to see connected remote students as avatars through a big screen mounted on the
3
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real classroom wall. The remote students, on the other hand, have two in-world screens
which in turn provide them a view of the real classroom (i.e. the lecturer and real students)
in one screen and the lecture content on the other screen. However, in this study, we extend
the MIRTLE approach to explore more interactive and engaging techniques for merging local
and remote learners within a collaborative real classroom setting. By using the augmented
reality and mixed reality concepts within MiRTLE, we integrate remote students (via their
virtual representations) more closely with their local (physically present) counterparts. In so
doing, we hope to enrich the learning activities within the mixed reality learning environment
and improve the collaboration and sharing between local and remote learners. The system is
referred to as MiRTLE+. The MIRTLE+ approach is considered to support the collaboration
of small groups of people from di erent levels of background (i.e. novices and experts) and
from di erent locations (i.e. distance and local) around learning tasks using mixed reality,
augmented reality and virtual reality concepts. Thus, the MiRTLE+, as it will be called in
this thesis, is divided into two phases to explore the impact of di erent learning scenarios
by using di erent interface devices. Phase one considers the use of tablets and PC screens,
whereas phase two considers immersive augmented reality glasses and virtual reality head-
mounted display. In each phase, four di erent learning scenarios are structured based on
user interfaces, locations and levels of expertise. For example, the scenario one in the phase
one will involve two participants (expert and novice as a team) in the local classroom who
will use tablets, and other two participants (expert and novice as another team) will connect
remotely by using PC screens. Moreover, the MiRTLE+ learning scenarios will be compared
with our baseline control group (i.e. participants who will not use technology at all) as well
as the web group (i.e. participants who will use a 2D web browser and Hangout software for

collaborating in the learning activity).
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1.3 Contribution

The main objective of this research project is to investigate the methodologies through
which the use of mixed and reality spaces involving augmented reality technology in distance
learning a ects the learning processes that take place. What the potential for this technology
is, and how they can be exploited in the classroom. Thus, this study considers two major

contributions, as follows:

1. An architectural framework for experimental collaborative technology-enhanced learn-
ing spaces comprising mixed and augmented reality interfaces, mirrored virtual and
physical objects, web-based shared activities and voice communication by extending
the concept of MIRTLE and addressing the challenge of synchronising real and virtual

objects.

2. To explore the use of di erent HCI interfaces in di erent learning scenarios in mixed
and augmented collaborative learning spaces in order to increase learning performance

by improving the learners sense of presence, immersion and engagement.
In addition, a number of secondary contributions appear during this research as follows:

1. The development of an error-based system built on the open-source Uno card game to

enable experts and experimenters to keep track of novices’ errors during the game.

2. The design and completion of a pre-design survey of experts’ views concerning the Uno

card game rules as validation for our error-based system rules.

1.4 Research questions

Independent variables for our research questions are considered to be learning scenarios,
platforms and phases for this study as explained in section 1.2 on page 3. Thus, this study

will address the following research questions:
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1. What are the di erences of learning and teaching e ectiveness depending on which

learning scenarios, phases or platforms are used?

2. What are the di erences of participants’ sense of presence, immersion, engagement
and users experience factors (as they will be described in section 5.1 on page 103)

depending on which learning scenarios, phases or platforms are used?

3. What are the relationships between participants sense of presence, immersion and
engagement with learning and teaching e ectiveness depending on which learning sce-

narios, phases or platforms are used?

1.5 Hypothesis

My hypothesis consists of two statements that I will endeavour to prove by means of ex-
periment and evaluation. First, it is possible to devise a conceptual architectural model
capable of gathering a group of remote and local experts and novices into di erent learning
scenarios, allowing them to exchange learning content in a collaborative, mixed-reality learn-
ing space. Second, in a range of collaborative augmented reality and mixed-reality learning
application scenarios, the novices’ learning performance with experts will increase because
they experience a greater sense of engagement, presence and immersion, as well as achieve
higher learning outcomes (these factors will be explained in details in section 5.1 on page
103). Furthermore, the experts’ teaching experiences will result in a positive response to
these technologies. Therefore, my study will include two phases. In phase one, novices and
experts will use tablets and PC screens in local and remote spaces, respectively. In phase
two, students and experts will use VR glasses in both extremes. Thus, | postulate that the
novices’ learning performance, experts’ teaching experiences, and the users’ sense of pres-
ence, immersion and engagement measurements in the rst phase will be higher than those
observed with traditional web-based applications but lower than those seen while learning

in a face-to-face classroom. However, the measurements in the second phase are likely to be

6
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quite similar to those seen in traditional classrooms and will probably be even higher than

those observed with web-based applications.

1.6 Publications

Ahmed ALZAHRANI, Michael GARDNER and Vic CALLAGHAN, "A Collaborative Learn-
ing Game in an Augmented and Mixed Reality Space for Di erent Levels of Expertise,” The

9th Saudi Students Conference (SSC), 2016.

A video demonstration of this study project in the BETT16, one of the biggest exhibitions
for education and technology in the world. That was in London (20th - 23rd January 2016),
the video link: https: // youtu. be/ hJXNDuj ZK4

Ahmed ALZAHRANI, Michael GARDNER and Vic CALLAGHAN, "Using the Uno card
game as a Measurable Learning Task in a Collaborative Augmented and Mixed Reality Learn-
ing Space,” iLRN 2015 Conference, on Workshop, Short Paper and Poster Proceedings from

the inaugural Immersive Learning Research Network Conference , p. 55, 2015.

Ahmed ALZAHRANI, Michael GARDNER, Vic CALLAGHAN and Malek ALRASHIDI,
"Towards Measuring Learning E ectiveness considering Presence, Engagement and Immer-
sion in a Mixed and Augmented Reality Learning Environment,” iLRN 2015 Conference, on
the Workshop Proceedings of IEEE 11th International Conference on Intelligent Environ-

ments 2015 (IE’15), IEEE Computer Society, Prague, Czech Republic, pp. 252 - 264, 2015.

Ahmed ALZAHRANI, Vic CALLAGHAN and Michael GARDNER, "Towards the Physi-

cal Instantiation of Virtual People and Components in Physical Mixed-Reality Tele-Presence


https://youtu.be/hJXNDuj_ZK4

Chapter 1. Introduction

Environments,” on the Workshop Proceedings of IEEE 10th International Conference on
Intelligent Environments 2014 (IE’14), IEEE Computer Society, Shanghai, China, pp. 285-
294, 2014.

1.7 Thesis outline

This thesis is divided into seven chapters and organised as follows:

This chapter (Chapter one) brie y introduces the trends of interest in this thesis, the
motivation underpinning this study, the contributions and hypotheses to be investigated

and the publications produced from this study.

Chapter two introduces related concepts and studies and discusses the research rationale
of theoretical and empirical studies that have attempted to investigate the usability and
bene ts of mixed and augmented reality technology interfaces in di erent elds, and more
speci cally, in education from technical and pedagogical perspectives. The chapter ends
with a summary of related studies and identi es the gaps/motivations which relate to this

new research.

Chapter three introduces the areas of mixed reality, game-based learning and HCI covered
in this thesis and describes the theoretical frameworks and pedagogical theories used to form
our architectural model MiRTLE+. The chapter mainly covers one of the main popular
mixed reality taxonomies (the Milgram taxonomy [17]) and related pedagogical theories
of games, learning by card games and collaborative learning. Next, we describe how a
theoretical framework based on the Uno card game activity as a game-based learning task
was developed. The chapter ends with a summary of the technical and pedagogical factors
that in uence the conceptual and architectural model that have been developed as part of

this research.
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In Chapter four, the experimental framework is described. This chapter starts by explain-
ing the learning scenario in this study. Next, it describes the development of our proof-of-
concept MIRTLE+ platforms in two phases. Then, it discusses the expert identi cation of
our game rules levels via a conducted pre-survey. In two phases, this chapter also explains
the experimental design aspects: subjects; variables; apparatus and procedures; ending with

a summary of all topics addressed in this chapter.

Chapter ve presents the results and analysis of our experiments in two phases. In each
phase, the results are presented by discusses the di erences in learning outcomes, scenarios
and interfaces in terms of the users sense of presence, immersion and engagement and the
correlation with their learning outcomes. Next, the teaching experience results and the
correlation with the learning outcomes are presented. Lastly, the user experience results
across the di erent scenarios and interfaces are shown; ending with a summary of the overall

results and an analysis of the groups, scenarios and interfaces for our dependant variables.

The results are discussed in Chapter six. This chapter presents a detailed, three-section
examination of the rst phase, the second phase and the general discussion between groups.
The chapter also answers our research questions and ends with a summary of the overall

vision, which supports our nal discussion.

Finally, Chapter seven concludes this study and suggests future work. This chapter out-
lines overall achievements, answers our research questions and draws nal conclusions regard-
ing our empirical exploration of mixed-reality technologies from an educational perceptive.
The chapter ends by discussing a number of future directions that could be investigated, but

which fall outside the scope of this study due to time constraints.



Chapter 2

Related Work and Research Rationale

This chapter investigates the background and related studies of the research topic. It begins
by de ning the concepts of mixed and augmented realities, and then exploring their short-
comings in current frameworks and architectures for collaborative learning spaces, highlight-
ing their importance and features in educational settings. This is followed by a description
of the features and di erences between virtual and augmented reality interfaces. Then, the
chapter investigates the human-computer interaction studies related to psychological topics,
such as engagement and presence, and explore their shortcomings to determine their e ec-
tiveness within collaborative mixed and augmented reality learning spaces. This chapter also
addresses related pedagogical views, theories and frameworks. Finally, the chapter concludes

by identifying the gaps and problems in related studies, which this research seeks to address.

We address related works of supporting small groups distance learning collaboration around
learning tasks using mixed, augmented and virtual reality technologies. Furthermore, the
chapter also considers the impact of di erent scenarios on the learning e ectiveness. There-
fore, we attempt to cover the areas of studies of the mixed reality, human computer interac-

tion and learning and teaching theories as shown in gure 2.1 on page 11.
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Collaborative
Learning

Learning and
Teaching
Effectiveness

Immersion

Engagement

Human
Computer
Interaction

Figure 2.1: This study draws together the areas of mixed reality, human computer interac-
tion, learning and teaching

2.1 Mixed Reality (MR)

Mixed reality (MR) (also called hybrid reality) is the merging of virtual and real worlds
to create new spaces that accommodate and visualise virtual and real objects in real time
and enable users to interact with them [5]. Milgram and Kishino [17] also de ne MR as
a generic concept within the zone between real spaces and immersed virtual spaces. This
zone is where graphical computer based objects exist in real space (augmented reality) and
where real objects exist in virtual space (augmented virtuality), as shown on the Reality-
Virtuality Continuum in gure 2.2 on page 11. The MR concept can be used as an advanced

tele-presence method to connect the virtual environment with the physical environment [18].

I ﬁ Mixed Reality ﬂ I

real Bugmearnted augrmemnted virtual
environment reallty viriuality reallty

Figure 2.2: Reality-Virtuality Continuum [19]
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The Mixed Reality Teaching and Learning Environment (MIRTLE), developed by the uni-
versity of Essex [20], and the Holodeck system, developed by the University of Hawaii [7],

are two examples of MR learning environments.

The MIRTLE project was empirically designed using the Open Wonderland project, which is
a popular open source software tool for creating 3D virtual spaces [21]. The Open Wonder-
land project is a Java-based system that provides a purpose-built world targeting education,

business and government applications.

The MIRTLE project sought to allow remote students to virtually (in a 3D environment)
interact with local students and their teacher. The system allows remote students to share
programs, such as word processors and Internet browsers. The remote students’ presence
takes the form of avatars superimposed with their login names as shown in gure 2.3 on page

12 [6].

Figure 2.3: MIRTLE avatars superimposed with their login names

MIRTLE has been deployed in the iClassroom, which is a high-tech teaching environment
at University of Essex. The iClassroom implementation comprises of speakers, microphones,
and a voice-bridge (within the system) to enable voice communication between remote and
local students. Furthermore, it includes an IP camera and a large display screen, both of

which are components of MIRTLE. Thus, physical students can be viewed in the virtual
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world screen through the IP camera, which is mounted on the iClassroom wall.

The virtual students are displayed in the real environment through the screen positioned at
the rear of the iClassroom as shown in gure 2.4 on page 13. This screen allows the teacher
and the real students in the iClassroom to see the virtual students in the lecture, as shown in

gure 2.5 on page 13. In this gure, the left side is what the lecturer sees from the mounted
screen on the real classroom, whereas the right side is what the view of these two avatars

(students) in the virtual environment.

Figure 2.4: The real environment of MiRTLE

Figure 2.5: Lecturer’s View of Remote Students (left) and Remote Students’ View of the
Lecture (right) [6]

A similar approach that primarily uses the concept of MR is the Holodeck environment
[7]. This application is based on Open Simulator, which is an multi-platform, multi-user

open source 3D application server for hosting virtual worlds written in C#. The Holodeck
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essentially extends the MiRTLE project. It attempts to bring the real environment and the
virtual environment into what is called a 'mash-up’ that is to combine a real classroom where
students meet in-person with a virtual classroom where students meet as avatars, so that all
students can in both real and virtual classrooms in ways that may be more natural feeling
and promote social interaction.. The di erence between the Holodeck and MIRTLE is that,
in the Holodeck, the physical students experience the virtual using their iPads within real
classrooms. Then, they engage in interactions and communications with one another, as

shown in gure 2.6 on page 14.

Display of
Virtual - ee—
Classroom

Axis IP
Network e '’

Camera

N"\._.' i | HD Data

Projector

// S
L \‘\ o il
Instructor's Axis
Computer with Camera Real World
Microphone and Field-of- Student Seating
Speakers View

Figure 2.6: Mixed-reality Holodeck environment [7]

The above gure shows the real classroom where students use their own machines to login
to the virtual 3D environment. From within the virtual classroom they can communicate,

and interact with each other as shown in the mounted screen displayed by a projector.

Moreover, the remote students’ avatars can be viewed on the screen based on the users’ pref-

erences [20, 18]. Therefore, the virtual students’ existence in the real world is screen-based,
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which can be seen as a limitation in terms of facilitating more interactive communication in

physical classrooms with real students.

2.1.1 Augmented Reality (AR)

The term Augmented Reality (AR) was rst de ned by Caudell and Mizell [22]. AR refers to
a real-world (physical) environment whose elements are augmented by computer-generated
sensory inputs, such as sound, video, graphics or GPS data. It relates to a more general
concept called mediated reality, in which a view of reality is modi ed by a computer [23].

AR systems comprise three key points [24]:
Binding real and virtual objects in a real environment.
Registering real and virtual objects with each other.
Making the use of 3D and 2D objects in a real environment.

Recently, engineers at Microsoft developed a fully immersive augmented reality technology
called HoloLens [25]. HoloLens is an advanced computer headset that enables the projection
of images on top of the real world. This approach di ers from that of the Oculus Rift, which

projects an immersive virtual environment that surrounds the user [26].

In addition, another study uses the Second Life! world and the MR concept to support collab-
orative teleconference to enable hand tracking, gesture and object interactions by augment-
ing reality [27]. However, the limitations are obvious: users are restricted to head-mounted

glasses, rather than handy smart pads or phones.

In educational spaces, using AR con gurations is an obvious alternative for promoting en-
gagement and motivation among educators in classrooms. For instance, an AR-based game
called Learning Words, which uses a head-mounted display (HMD) device, was developed and

tested with 32 pupils. The results indicate that more than 80% of the users preferred AR sys-

Ihttp://secondlife.com/
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tems to conventional systems for learning [28]. Books are a primary tool with which learners
are already familiar in education (e.g. ipping pages and searching among pages) [29]. Thus,
researchers have used the book metaphor in content-based AR systems to develop 3D virtual
content, for example based on a real book such as with the 'MagicBook’ [30, 31, 32, 33].
An example of an AR commercial tool that supports the magic book metaphor is Zooburst
[34]. Sin and Zaman [35] conducted a between-subjects study in a high school to measure
the learning e ectiveness (one of their factors) in a solar system topic using the Magic-
Book metaphor. Their ndings show that the AR-based group’s learning increased by 29%

compared to conventional book learning.

2.1.2 Augmented Virtuality (AV)

A virtual environment embedded with real objects is part of Milgram’s Reality-Virtuality
continuum, which is referred to as Augmented Virtuality (AV). AV is the opposite of aug-
mented reality, since the primary environment is virtual and real objects are only attached
to it. AV can be used as a means to combine a richly layered, multi-modal real 3D ex-
perience into a virtual environment (VE) [17]. However, this advanced technology has not
received as much research attention as AR [36]. AVs are limited to a few domains, such as

3D video-conferencing systems [36, 37].

2.1.3 Virtual Reality (VR)

A virtual reality (VR) world (also called a virtual world, a synthetic world, a three-dimensional
[3D] environment or a virtual environment) is a computer-generated environment that vi-
sually simulates a complex real environment where users can interact with one another and
with virtual objects and where users can be represented by characters (avatars) [38]. A large
number of studies have explored the use of VR applications for pure educational purposes

([39, 40, 41], among others). A good summary of educational VR applications is given by
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Mantovani Mantovani [42]. VR (i.e. 3D virtual world based on PC screen) provides oppor-
tunities for students and teachers to communicate and interact in a dynamic environment
through standard personal computers (PCs), such as those that commonly exist in schools
and homes; therefore, VR systems have been successfully integrated into university courses

as platforms for experimental learning [43] and role-play [44].

VR environments can be distinguished from more traditional 2D learning environments (e.g.
Blackboard?!, eFront?) by their characteristics of three dimensionality, interactivity and the
support they provide for exible physical changes [45]. The use of an illusory space enables
users to communicate with one another and to interact with the 3D objects that populate

it [38].

From a learning theory point of view, 3D environments can help students achieve learning
outcomes through constructivist and problem-based learning [46, 18]. Furthermore, the use

of 3D virtual environments in teaching and learning has the following advantages [47, 48, 49]:

learners can take part in learning activities from anywhere. This enables students to

engage in distance learning from their homes;

learners can walk, y and teleport inside virtual worlds without any physical con-
straints. This can help learners shift between various learning activities and engage in

more activities;

3D virtual worlds help teachers and students meet and interact more easily. Moreover,
di erent groups of people around the world can meet through educational activities,

fostering the opportunity for greater cultural exchange;

compared to other online facilities, such as emails and forums, 3D virtual environments

facilitate more interactive communication through avatar movements and gestures.

3D virtual worlds simulate the real world; thus, students can engage in dangerous or

Ihttp://uki.blackboard.com/
2https://www.efrontlearning.com
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di cult activities without the risk of actual harm. For example, medical students can

carry out simulated surgery operations;

the nature of the 3D virtual environment (e.g. a game) can have a positive e ect on

the students’ engagement in the learning activities.

However, as the VR has been identi ed as a desirable technology in such sectors as education,
health and military [50], several studies [51, 52] have advanced more complex perspectives,
positioning VR as a psychological human experience and stating how "the essence of VR
is the inclusive relationship between the participant and the virtual environment™ [53]. In
this context, various concepts, such as presence, immersion and engagement are crucial

[54, 55, 56]. These concepts are discussed in di erent sections later in this chapter.

2.1.4 Integrating virtual and augmented realities

There are several applications (e.g. games) that use the augmented reality of a rst-person
perspective view to interact within the virtual environment from the real world. Thomas
et al. [57] proposed an application game to endow players in an outdoor real environment the
freedom to interact with hybrid environments. In late 2001, in She eld, UK, another chase
game called Can You See Me Now (CYSMN) was implemented to engage online players using
the screen with physical runners in the city. Both types of players shared an online map to
help them nd one another within the game: Online players could see a virtual red avatar
on the shared map; and the runners could see their points on a handheld device linked to a

GPS service [58].

Another study [59] focused on exploring the connection between outdoor AR systems and
VR systems to generate a battle environment for low-cost and safe training and observation.
The system supported the collaboration between AR and VR systems, and the virtual en-
vironment contained vehicles and troops in a battle environment, where the user (soldier)

could interact and move about using a wearable computer Tinmith, which makes augmented
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reality applications achievable outdoors. The soldiers follow enhanced instructions and deal
with the situations presented in the environment. They can also be monitored and see one
another using the elupped GPS and digital compass devices, which re ect their movements
in the virtual environment. Another study [60] explored the use of wearable computers, such
as Tinmith, pinch gloves and hand tracking, to achieve virtual tasks. This study’s basic con-
tribution was to build 3D graphical objects from a large, real-world building using the hand

tracking and HMD on the users’ Tinmith computers.

Though the above-mentioned studies have focused on the importance of interconnecting
AR and VR in terms of the user bene ting from the virtual environment, there are some
drawbacks of using these technologies. Firstly, they lack of simultaneously bringing the
avatars presence in the real environment by using low-cost handheld devices. Secondly, the
shortage also appears in how much these technologies are able to increase users presence and
engagement during their collaboration from distant places. Therefore, there remains a gap
in the literature related to the impact of these technologies for various collaborative learning

scenarios from a psychological perspective.

2.1.5 AR and VR displays

There are several ways that AR can be used to display 2D or 3D objects in the real world,
including screen-based interfaces, handheld interfaces, see-through interfaces and projection
interfaces [17, 24]. A see-through interface must be mounted on a user’s head (creating a so-
called HMD or head-worn display). This technical concept depicts objects in two ways: the
optical see-through method, which provides an AR overlay through a transparent display;
and the video see-through method, which provides a video that captures AR objects and

images within the real world and displays them to users as video-generated images [24].

As a type of MR environment, AR includes some features of VR that can facilitate teaching

and learning. For example, Chen [61] noted that AR technologies can (1) draw attention;
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(2) create interactive learning spaces; (3) provide a sense of presence; (4) simplify conceptual
learning; (5) retain the user’s view of the world and body motions; (6) o er opportunities

for bodily learning; and (7) provide a means to require users to think carefully.

The relative bene ts of handheld and wearable AR devices have long been debated. When
they developed their collaborative AR tablet-based system, Wagner et al. [62] stated that
wearable technologies are relatively expensive, heavy, fragile and unsuitable for large-scale
platforms involving untrained people outside a constrained laboratory. Handheld devices,
such as mobile phones and tablets, are still overcoming these drawbacks. On the other hand,
some wearable devices, such as Google glasses, are considered to be superb examples of AR
use [63]. They provide more immersive and intuitive settings by abandoning the need for
the user to hold a device in front of him/herself [64]. Furthermore, according to Chang et al.
[65], wearable glasses designed to look like normal spectacles and equipped with lightweight
mini-computers and sensors are expected to be the next evolution beyond smart handheld
devices. For the present study, Meta 1 glasses, which are wearable HMDs that incorporate
many of the functions one would nd in a smart tablet, were used for the AR implementation.
Compared to other wearable devices, most of which are still in development, and support
only 2D views or are not (or scarcely) commercially available, the Meta 1 3D AR glasses
0 er the most support, reliability and a ordability at the time of writing this thesis. They
also incorporate a signi cant number of components into a relatively small, lightweight and
highly-functional device (though they do still have certain software and hardware constraints

related to deployment and development factors).

VR spaces can be viewed through normal PC screens, as well as more specialised hardware
such as ImmersiveDesk Displays and the Cave Automatic Virtual Environments (CAVE), as
well as the above{mentioned tablet and glasses devices. These 3D spaces represent a new
paradigm of human-machine interaction involving using the mouse, the keyboard or even
the touch screen. Immersion within these spaces depends on two primary components: the

depth of information (e.g. resolution, quality and e ectiveness of visuals and audio) and the

20



Chapter 2. Related Work and Research Rationale

breadth of information (i.e. the amount of sensory experiences presenting at a single time)
[66]. Through its glasses interface, Oculus Rift is a VR HMD device that works alongside
computers or mobile devices, and is very lightweight. The use of HMD can enable users
to better engage with a VR game and provide more exible degrees of movement (e.g. the
ability to look around in any direction [26]). Though Oculus Rift operates under constrained
software and hardware requirements, these requirements are still few compared to those of

the new Meta 1 AR glasses.

The CAVE is "a system where between four and six walls of an approximately 3 3m room
are back-projected stereo projection screens. The images are determined as a function of
head tracking so that, at least with respect to the visual system, participants can physically
move through a limited space and orient their head arbitrarily to be able to perceive (but not
necessarily from all directions depending on how many screens there are). Audio is typically
delivered by a set of speakers in unobtrusive positions around the Cave" [67, 68]. The CAVE

is a 3D interface that enables the integration of the concept of MR.

Another interface that provides an immersive view of VR is Immersive Display’s ImmersaVu?
10. This is 'a composite moulded panoramic dome screen, which allows a free{range of head
movement without the need of any special instrumentation such as glasses or other devices

that can interfere with the learning session’ [69].

In education, Lee et al. [70] found that using the features of a 3D virtual environment in a
secondary school lesson positively a ected the students’ sense of presence, which, in turn,
improved learning e ectiveness. On the other hand, Merchant et al. [71], who conducted
a study on an undergraduate chemistry course, found no key link between presence and
learning e ectiveness, though they did nd that 3D virtual environment features indirectly
in uenced physical presence. Moreover, Moreno and Mayer [72] found that using HMDs
increased the students’ sense of presence in immersive virtual environments; however, they

found no increase in learning e ectiveness. In short, a number of studies have investigated the

Twww.immersivedisplay.co.uk
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bene ts of various types of mixed and augmented realities, including fostering user experience
[73, 74], improving learning performance [75, 76, 77], enhancing collaborative working in a
virtual environment [78, 79, 80], increasing levels of presence [81, 82], enhancing levels of
immersion and engagement [83, 56, 84, 85] and exploring the features and psychological
factors of AR smart glasses [86, 87]. Little attention has been paid to how the use of
di erent user interface with groups of learners in collaborative mixed and augmented reality
spaces can impact on the learning e ectiveness, and user’s sense of presence, immersion and

engagement.

2.2 Telepresence

Telepresence refers to set of technologies, such as high de nition audio, video, and other
interactive elements, that enable people to feel or appear as if they are present in a place
when they are not. Telepresence is mainly used as a collaboration tool by companies to
help create more ’in person’ meeting experiences over converged networks [88]. According
to Bengler and Passaro [89], AR can be classi ed as a technique distinct from telepresence

and virtual environments, as shown in gure 2.7 on page 23.
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Figure 2.7: Broad classi cation of shared spaces according to transportation and arti ciality
[89]

The above gure shows the classi cation of AR, VR and Tele-presence concepts based on

the dimension of transportation and the dimension of arti ciality.

In addition, telepresence can be described as a condition of presence within a targeted
remote environment. From a virtual environment perspective, telepresence can be achieved
by controlling an avatar’s motion through so-called ’ rst person games’, through which a
user sees an environment through the eyes of their avatar [4]. This sort of telepresence
uses di erent user interface approaches to enhance the user’s immersion into the virtual
environment and their avatar interactions. However, researchers are also interested in the
reverse problem, that is, bringing avatars into a real environment to communicate with real

people and bene t from the real environment devices.

In terms of controlling remote robots, the tele{existence concept was rst proposed in 1980 for
the Advanced Robot Technology in Hazardous Environments project. This technology allows
us to both manage distant objects and communicate with others in distant environments.
Moreover, tele{existence creates a real{time feeling of ’being there’ using agent robots and

distant or local computers [90]. Tele{existence systems are master-slave relationships, in
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