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Our research the of presence and co-presence collaborative virtual en-

vironments. We conducted to and some of the factors 

to affect 

In this 

presence and co-presence in a virtual environment. 

we the aims 

of presence and co-presence as 

this research introduce the 

and indicate the 

presence in VR research. Section 1.2 describes aims 

and the different 

in Section 1.4. 

Section .3 describes the 

dissertation. we an 

used 

of the 

involve the use of distributed architecture and ad-

vanced interactive user interfaces to create a "shared" users, located in dif-

ferent locations can interact and collaborate. eVEs are seen many as the future 

of telecommunications [13, where a multitude of will be able to meet and interact with 

each other in the same 3D space as if were in the same real space, with a full range of social 

in order for eVEs to be usable and to 

to Steuer 

will convince the 

sensation of 

the virtual environment rather than 

presence means "The of 

with real 

in an 
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2 1. INTRODUCTION 

the in virtual environment exist 

and are 

is np,'f'P'"'''''' that the persons 

that one in 

whom one is 

in the same environment when in fact 

We believe that nrp'''f'11''f' is of 

numerous reasons. One 

in the virtual 

It 

communication are 

for 

on many 

etc. 

issue is not whether 

the chance 

is the main 

presence 

that in a VE will behave in a similar manner to their behaviours in the real This 

is since it enables from the virtual environment to the real world, 

which is in 

state that nrp"pr1"p does not IIv'''"''O'':><U enhance task peltOlw,mce. some sense of 

nr~,,,p,rH'p in an environment is a necessary to occur. 

One 

Ditton 

is to measure As and 

out that the "lack a rn,nr?'nt, of presence is 

one the reasons that there is no or instrument 

and Sheridan also note that we don't have a 

There two to measure presence: measures. 

Most 

is 

to measure presence in their studies because there 

can be valid and '"Al'''V,''' and Vvvuu"" 

measures have several 

may influence 

reflect the 

There is a need 

measurement can be used in ,tt?'rp,,,t studies presence. 

measures of presence do not conscious 

eXlpeI'lerlCe rather than after it. administered the 

and 

the 

ques-
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1.2. AIMS 

measures 

The focus of this 

factors believed 

This was achieved 

1. 

in skin pressure, heart 

the behaviour of 

3 

muscle ten

in the real as 

in the virtual While these measures the 

measures, are and difficult to administer. 

was to conduct and 

presence and co-presence in collaborative 

and in vVU""JV,,,,,, 

some 

environment. 

presence and co-presence in the eVE. In 

measure of co-presence in the fonn 

was used to measure the amount 

collaboration and interaction with 

ex-

co-presence. It is that other 

users in 

that the 

2. We that 

whether 

to create a sense 

and interact with other 

co-presence. 

co-presence in a eVE are 
for ('r. .. nr,"~'" 

co-presence. We 

in the 

Slater et at 

to know 

presence are associated or not. If presence and co-

nrp·~Pt""P are "''''"'V,-"''''''A.A this could be because of common factors which or 

because are not it that these two 

of presence are OnnOgOlnal et at (71] and et at found in one their 

and co-presence scores were 

correlated. 

3. We u,,",u,-,y,,", the of presence and co-presence within a in a 

the of collaboration and between members. 

4. The way one reClre!;ents other in the virtual en1nn)mneltU is very to 
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4 1. 

sense of co-oresc~nc:e 

ance the avatar affects 

The issue here is to determine how the ::II"IT1,,::Ir-

5. We to the avatars 

the sense 

or are crude re]:)re:5erltal:to]1S 

We want to test the t'I,,,,nTt'lPC avatars without any 

movement create a worse sense co-presence than unrealistic avatars 

any movement. This is because there is a between the 

avatar and the 

avatar makes it to "n,elP"C'" 

Hypothesis 1, · · · · · · · 

do not 
hypothesis 

· · · · · · · · · · · · · 

movement. On the 

that it is not 

Hypothesis 5, 

IJV,'U'-'""" number 1 and 2. 
2 and 3. 

2, 4, and 5.The 
outcome of this dissertation. 

The various to increased presence have been studied 

realism 

an 

researchers. We aim to this research some of these factors to create 

environments different levels presence. We aim to and 

some of the results found in the relation of presence and co-presence, 
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1.3. METHODOLOGY 5 

and the relation of the immersive tendencies and presence. 

1.3 Methodology 

The approach that we adopted in this research was the following: We identified the different hy

potheses to test. We then designed the experiments which involved the design of the collaborative 

virtual environments and experimental tasks. We selected appropriate subjective measures in the 

form of post-experiment questionnaires. We then performed the experiments with subject, gathered 

data, and then analysed and interpreted the results obtained to reach conclusions on the hypotheses 

tested. 

In order to investigate the hypotheses described in Section 1.2, we designed three experiments 

involving groups of three participants performing an experimental task in a collaborative virtual 

environment. In all of these experiments, we made use of subjective measures in the form of post

experiment questionnaires to measure personal presence, co-presence, and the immersive tendencies 

of participants. The presence and immersive tendencies questionnaires were obtained from the 

literature, and we developed a co-presence questionnaire. 

Experiment 1: This experiment was used to investigate the effects of group collaboration and 

interaction on personal presence and co-presence in a collaborative virtual environment. This ex

periment is presented in Chapter 5. The main aim of this experiment was to test whether personal 

presence and co-presence was increased by collaborating and interacting with other participants in 

the CVE. We used two collaborative virtual environments which were identical and only the ex

perimental task differed. The task was used to create two different levels of group collaboration, a 

high-collaboration task and a low-collaboration task. 

In this experiment, personal presence was measured using Slater et al presence questionnaire 

[58, 51, 55] which is described in Section 3.4. Co-presence was measured using a co-presence 

questionnaire that we developed, which is described in Section 3.5. We also measured group col

laboration by using a collaboration questionnaire we developed and which is presented in Section 

3.6. This collaboration questionnaire was used to make sure that we achieved our goal of having 

different levels of group collaboration in the two virtual environments. We also measured the im

mersive tendencies of participants using Witmer and Singer's Immersive Tendencies Questionnaire 

which is described in Section 3.3. 

Experiment 2: This experiment was used to investigate the differences in collaboration pat

terns under different levels of presence. We used two collaborative virtual environments designed 

to engender different levels of presence (i.e., a high-presence VE and a low-presence VE). We then 

analysed the interaction and collaboration styles in the two environments. This experiment is pre

sented in Chapter 6. 
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and 

in 

in Section 3.5. 

CHAPTER 1. 

presence was measured Witmer 

in 3.2. 

3.5. The immersive tendencies of 

ques

our co-presence 

to the schedule 

and col

Bales 

it easy to maintain 

avatars, while 

(fp"t11'rp" and facial ~"lJk~'~Y' 

avatar appearance and turlctlOntall 

virtual environment. 

et at presence 

"0","""'''' was measured our co-presence 

aim of this 

on presence and co-

is 

which is 

Virtual Environments. We then 

to our research. We first de

the notion of presence in a virtual 

of and some the theories in the 

riA"""""''' some of the factors believed to affect the sense of presence in virtual 

environments. We end the 

3This 

in this dissertation. The 

presence 

we 

vironments 

ronments were 

we 

of virtual 

introduction to group 

the influence of on interaction 

a 

described in this 

collaborative virtual en

The '-'VIIUU'UI virtual envi-

the DIVE Interactive Virtual 
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[19,18, DIVE is a toolkit for the nrnTlP"r of multi-user 

ronments used were which means that no head mounted or 

used in any of the 

] mentioned in ].3. We 

ex-

some of the factors to affect nn"''''TH 

tified in 

between the two 

two 

action 

there was a 

ent "nT"\p<1,rm,rp 

we also 

tTp,-pn,'p between the 

and that realistic 

which in turn 

of co-presence when "',."'UIJU"AJ to static avatars. 

10 dissertation 

some remarks and for future work. 

between the 

the inter-

in :)e(;tlO'l1 1 We that 

the avatars of differ-

sense of co-ore:sellce that 

avatars_ 

a summary 
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In this we discuss the which is relevant to our and in so 

and its social 

we 

a review Collaborative Virtual Environments 

the sense presence in Virtual the repires:enltatl in Collaborative 

Virtual and interaction and collaboration. 

Section 2.1 Virtual Environments. It CVEs as 

"H"V"'~v" one faces 

the notion of presence 

the theories of 

the a VE. We end the 

ways to measure the sense nrp,<:p'1r'''' in a virtual environment. Section 2.3 

2.4 

of 

2.5 

into virtual 

a brief introduction to group .nh",.",rt 

and the influence of 

a summary the main of this 

in Virtual Environments. Section 

It describes the 

on interaction and collaboration. Section 

In this section we describe Collaborative Virtual Environments We a definition 

and describe their characteristics and We then some the 

that have to face when virtual environments. 
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10 CHAPTER 2. BACKGROUND 

is a debate within the constitutes virtual 

"H'.4~L"~" where a user interacts with a 

The term 

used to describe some 

sort of a new fonn of 

it has now almost become synonymous with 

We 

same space as the data or the data and the 

user users. 

of hardware 

Virtual 

to the 

the to 

It seems therefore to VR '''fC''''''''C from a 'user 

from a 'l"'UlI'"I"'" takes into account human factors in terms 

software. 

can therefore be detine:d in terms of presence. Presence refers 

there" 

are described in 

environment". He ",,",'li''',,' 

Steuer 

Presence and its relevant 

defines presence as "the sense of 

of presence in an means 

as "a real or environment in which a 

human and communication 

in tenns of presence 

over which VR can vary, 

of mediated 

where users are to meet and interact with each other as if were in the same real 

with a full range of social interaction The of eVEs lies in their 

enable users to work on a task. Users can "see" users in the 

can comnnUlllcate some means, and are able to 

In eVE some sort of virtual emlbodunellt called 

avatars. Avatars are but also as a means for 

and 

are 

environment. Avatars in a 

in more detail in Section 2.3. 

can be 

and distribution The interface can vary 

virtual environment 

2D "fJ''''-''LU user 

interfaces to immersive 3D virtual The range of eVE vary 
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2.1 . COLLABORATIVE VIRTUAL ENVIRONMENTS 11 

virtual environments or MUDs (Multi-User Dimensions/Dungeons) at the one end to multi-user 

immersive virtual reality at the other end. In MUDs, users access the environment using a simple 

terminal program and all interaction is done using text messages. Multiple simultaneous users can 

"see" each other (i.e., read text descriptions of each other), "talk" to each other (i .e., type text mes

sages) and "walk" about within the MUD's world by typing commands such as "go west". On the 

other hand, in multi-user irnmersive virtual environments, users can use Head Mounted Displays 

(HMDs), have their body movements, gestures and facial expression captured and conveyed, they 

can have real-time audio and video communications. In other words, users of an immersive virtual 

environment can see realistic articulated representations of other participants, can use gestures and 

expressions in conversation, and can speak to each other directly. 

Given the fact that CVEs can be implemented using a wide range of platforms, the means by 

which interaction and collaboration are achieved differ immensely. One user might be viewing the 

environment from a monitor and using the keyboard to move around the shared space. Another 

might be using a HMD and a hand-operated controller. Another user might be using stereoscopic 

glasses in a CAVE, a room which has projected images of the virtual environment in its walls 

and thus the user is surrounded by the virtual environment. The more powerful HMD and CAVE, 

with wider field of view and increased depth perception, provide a more natural interface to the 

environment [8, 30]. 

There are a number of characteristics which are common to collaborative virtual environments : 

• CVEs are multi-user computer-based systems which support geographically separated users. 

• Users are able to communicate and collaborate in a number of different ways such as audio, 

text, and avatars with gestures and facial expressions. 

• There is a space or world modeled in the computer - the virtual environment - in which this 

activity is situated. 

• Each user is explicitly represented or "embodied" within the virtual environment and is made 

visible to others by means of this virtual representation called the avatar. 

• Each user is autonomous and able to move about independently within the virtual environ

ment. 

Singhal and Zyda [49] describe the main features of multi-user networked virtual environment 

as follows: 

• A shared sense of space: All users are presented with the illusion of being in the same place. 
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\II) A sense 

selves. When a 

avatars and the other 

are 

enters a virtual 

u,""vaUlLi can see the new 

2. 

a virtual 

he/she can see the other 

own avatar. 

of them-

\II) Real time interaction: users, located in different with 

each In other should be able to see each other's be-

haviour as it occurs. 

\II) A way to communicate: Virtual environments allow some sort communication to occur 

among the may occur text, or 

are seen many as the future in [13, 

where in different locations are able to interact and col-

laborate each other in an environment rendered virtual The of 

CVEs becomes when one considers the ways that collaboration and interaction 

the Collaborative Virtual Environments 

distributed collaboration and interaction in ways which are far 

with normal tools. CVEs a shared environment where can 

resources which are to them in other 

can have some control over that 

a camera and monitor 

natural ways in 

rather than some technical means such as floor 

because users in a CVE are 

which is not 

can use more 

gaze or 

used in 

location and orientation are reJ:)re:serlte<l, a of mutual awareness of each other's activities is 

\II) 

indicate in terms of 

communication: 

for real-world communication and 

cation such as gaze direction and 

can be viewed as a resource for 1"""''''.5''''5 

and orientation of 

are for a 

has a social is 

and so space 

interest and 
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2.1. COLLABORATIVE VIRTUAL ENVIRONMENTS 13 

actions. The shared space in the eVE can be used to support some of these real-world func

tions. 

• eVEs support peripheral awareness: Having participants working in a shared environment is 

a powerful method for supporting peripheral awareness. Greenhalgh indicates that workers 

situated in the same environment maintain and make use of an ongoing awareness of the 

activities of others within the environment even when not cooperating explicitly. 

• eVEs unify communication and information: As an example, consider eVEs that are being 

used for visualization purposes. Having the visualization situated in the collaborative virtual 

environment allows the users to have combined access to the information and to facilities 

for cooperation and communication. These systems, where participants are virtually situated 

in the same place as the information with which they are working, are known as Populated 

Information Terrains (PITs). Benford et al [11] present an example of such a system. 

• Maintaining autonomy: In a eVE, participants have independence of movement and activ

ity. This is opposite to the approach used by 2D window based conferencing systems where 

participants see exactly the same view and are therefore limited to certain possible activi

ties. In a eVE, participants can navigate freely and have spontaneous encounters, informal 

collaborations, and exploration of the virtual world and data in it. 

• eVEs scale to a large number of participants: eVEs have a clear potential to support a large 

number of simultaneous participants, when compared to other real-time collaborative systems 

such as video and audio conferencing. 

The type of collaborative virtual environment being considered in this document are three di

mensional environments where each user is represented within the virtual environment by a graph

ical representation or avatar (refer to Section 2.3 for some background on avatars in eVEs), each 

user can move independently, and the position and orientation of each user's avatar provides infor

mation about what they are seeing and doing. As an example, Figure 2 shows an image of such an 

environment taken from [27]. 

2.1.3 Challenges in Development of Networked Virtual Environments 

Signal and Zyda [49] indicate that networked virtual environments are complex systems which 

are difficult to implement correctly or effectively. They indicate that this is because networked 

virtual environments involve different disciplines of computer science such as distribution, computer 

graphics, etc. 

Signal and Zyda [49] describe networked virtual environments as being: 
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Figure 2: A Collaborative Virtual Environment. A small group of participants meet
ing in a Collaborative Virtual Environment. The CVE system used here is the MASSIVE 
system described in [27] 

• distributed applications, meaning that they must deal with all the challenges and problems 

of managing network resources, such as network bandwidth, latency, scalability, data loss, 

network protocols, etc. 

• Graphical applications, meaning that they must maintain smooth frame rates and provide 

realistic graphics. 

• Interactive application, meaning that real time interaction is required. 

Here are some challenges which have to be addressed when developing a networked virtual 

environment: 

Scalability 

Scalability is an important factor to consider when developing large scale virtual environments. 

Scalability refers to the effects of increasing the scale of a system, so a scalable system is one were 

the cost of increasing the scale is small [27]. 
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There are a number of aspects which influence the scale of a collaborative virtual environment. 

Snowdon et al [61] indicate that the greatest challenge facing the development of large scale VR 

systems is that of scalability. They indicate that there are several dimensions to the problem of scale: 

• Network: The network needs to be able to deliver information about many objects to many 

users, given limited bandwidth and unavoidable latencies. Sensible use of network protocols 

such as multicasting has the ability to reduce bandwidth requirements and thus increase the 

scalability of the VR system. 

• Computational: The processors used need to be able to compute and render a very large 

number of complex objects. 

• Perceptual: Users need to cope with perceiving all the other users and objects at the same 

time (cognitive/information overload). 

• Geographical: Having a VE system spanning different continents poses some problems such 

as increased latency. 

Distribution Model 

There are different distribution models which correspond to the nature of the database representing 

the virtual world and the manner in which the data is made available to all participants in the virtual 

environment [26, 37]. The different approaches are: 

• Replicated database: A copy of the database is maintained by all processes, and database 

updates are broadcasted to all processes (refer to Figure 3). 

• Centralised database: The database is kept on a central machine, to which updates and re

quests for information are sent. This model is also called a client-server model (refer to Figure 

3). 

• Distributed database: A replicated database but guaranteed to be synchronized at all times, 

i.e., all the copies of the database are kept consistent at all times . 

Network protocols 

A protocol is an agreement between processes on how the communication is to proceed [69]. Two 

important issues that a network protocol must address are reliability and communication speed [26]. 

Unfortunately, these two issues are inversely related (i.e., higher levels of reliability incur more 

overhead, slowing communication [26]), and so networks provide more than one protocol, letting 
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Database Centralized Database 

3: 

maintained all users, and database 
centralised database the database is 
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difference was statistically significant only in some models. They also found that real walking was 

significantly better than both walking in place and flying in simplicity, straightforwardness, and 

naturalness. Another important finding in this experiment was the fact that presence correlated with 

subjects' degree of association with their avatars . This implies that the sense of presence should be 

greatly enhanced by tracking all limbs and customizing avatar appearance to match the participants' 

appearance. 

Lombard and Ditton [34] mentions known and suggested factors which might affect the sense 

of presence. The following are some of these factors: 

• Number of sensory outputs: It is generally believed that the greater the number of human 

senses for which a medium provides stimulation, the greater the capability of the medium to 

produce a sense of presence. 

• Visual display characteristics: Many characteristics of visual displays, such as image quality, 

image size, viewing distance, colour, dimensionality (e.g., stereoscopic images), etc, enhance 

the sense of presence. 

• Sound characteristics: Audio is clearly important in generating presence. The main issues 

here are sound quality and 3D sound. 

• Stimulating other senses: Visual and audio may be the most common senses stimulated, but 

there are others, each of which is likely to enhance presence: body movement, tactile stimuli, 

and force feedback. 

• Interactivity: A major cause of presence is the ability to interact with the environment. 

Durlach and Slater [23] indicate that in a collaborative virtual environment, given that the shared 

virtual environment is perceived as a common environment, the extent to which the participants 

feel present in this common environment depends on the same factors that influence presence in a 

single-user virtual environments . However, because the environment is shared between a number 

of participants, there are additional factors which influence the sense of presence and co-presence. 

For example, they indicate that it seems likely that the sense of presence and co-presence will be 

increased by fostering interactions with the environment. In such an environment, the alterations 

of the environment caused by actions of one participant must be clearly noticed by other partici

pants. They also indicate that the sense of presence and co-presence will be increased even more 

by interactions where the environment changes are the result of collaborative work by a number of 

participants . For example, moving heavy objects which require cooperative lifting. 

Witmer and Singer [79] have identified factors which might affect presence, based on the work 

by Sheridan [46] and Held and Durlach [29]. They have grouped those factor into the following 
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- Selective attention: The participant's willingness and ability to focus on the VE stimuli, 

and to ignore distractions from other sources should enhance the sense of presence. 

- Interface awareness: Held and Durlach [29] indicate that unnatural, interface devices 

that interfere with the interaction and thus decreases the sense of presence in a virtual 

environment. 

• Realism Factors 

Scene realism: Presence should increase as a function of scene realism, which is affected 

by scene content, textures, light sources, etc. Real world content is not required accord

ing to Witmer and Singer [79], but many researchers feel that omitting physical laws 

may decrease presence if the absence of these laws directly affect the user's actions, as 

well as if the VE is attempting to model a real world situation 

- Information consistent with objective world: More presence should be experienced in 

a virtual environment when the information conveyed by a VE is consistent with the 

information experienced in the real world [29]. 

- Meaningfulness of experience: The sense of presence should be increased when the 

experience presented by the VE is meaningful to the participants. 

Romano et al [43], believe that it is possible to have a high level of presence in a virtual envi

ronment without having to stimulate every sensory system of humans. In fact, many current virtual 

environments successfully generate a sense of presence by stimulating only the visual and audio 

senses. This has a significance for producing presence in virtual environments, since constructing a 

fully immersive virtual environment has a lot of cost associated with it. 

While there has been a good number of experiments investigating some of the factors believed 

to influence personal presence in a virtual environment, there has not been much research into the 

factors believed to affect co-presence in a multi-user collaborative virtual environment. There is a 

need for more research into the sense of co-presence in multi-user virtual environments. There is 

also a need for much more experimental data on the factors believed to affect personal presence and 

co-presence. There is not enough evidence of the replicability of some of the claims made. 

We used the factors which affect presence mentioned by Witmer and Singer above, in order 

to create two virtual environments which generated different levels of presence. These two virtual 

environments were used in the experiment described in Chapter 6. 

2.2.5 Measuring the Sense of Presence in Virtual Environments 

One of the major issues when dealing with presence in virtual environments is how to measure it. 

Held and Durlach [29], and Sheridan [46] note that we don't have a working measure of presence. 
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even he does 

Slater et al have a measure of presence 
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• To what extent did you have a sense of the ? 

use two one to measure presence, and the other to mea-

sure the 

naires derived from earlier research done Psotka 

Thie and van 

These two 

use two 

measure the 

of a person for presence, and the amount of virtual a person 

ences. 

Witmer and have a presence 

to presence, environmental that encourage 

and internal become 

which measures the 

or immersed within a virtual environment. Most items in this 

based on: the 

VPTTlP!nf and enable immer

v'-','vu\..u an Immersive Ten

to become involved 

measure involvement 
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in common while some measure alertness and the to focus one's attention. Both 

are described in more detail in Sections 3.2 and 3.3 rpcnfO',('t 

items 

of 

and 

Freeman et al use methods of "'V,,,,,,U 
their sense of presence. 

Presence was 'defined for observers as "a sense 

had a hand-held 

used the effects of 

and to 

assessment of TV to measure 

VII-"VJITlU' a virtual environment. 

scene or environment' . 

the preserltatlOn of both C'lC'-'i''-'U,,,,,U 

sense of ~".,"v'I\A .. the 

measures of presence 

and of the presence 

ent based of 

very difficult to vu,~u," among different 

in 3. 

Measulres of 

Some of the measures of presence 

of 

a nrr,,,pnmrp is that there is no 

the 

use differ

of presence which means that is lJe(~onrles 

and is 

measures. 

Behavioural presence cannot 

Held and Durlach and Sheridan 

!"p"'nA,r",p of 

movements in '''"'',",VI'''''' to a 

seen to be on a collision course with one's event 

the Other variants on this are the extent to which 

to 

on can 
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2.2. PRESENCE IN 

avoid even In 

measure behavioural presence 

or 

measures 

startle-based measurements may 

the overall presence the 

Slater et 

formation about an 

In 

in 

same 

room. The real 

know that this is 

the reactions of the 

head. The 

and measure with 

rather 

environments. A radio was 

was moved to 

the radio to turn it 

from the VE and the information from the real world. extend to which the 

indicated their IJViUt,,·U to the virtual radio 

of presence in VE. 

to the 

35 

to 

with 

in-

to 

Slater and Steed a new measure for presence in a 

the course of the VE 

environment which can 

This to measure presence. 

measurement is based on the fact that at different times a 

between two states: 

The states V to R. Based on a stochastic 

it is over. 

presence 

will 

an 

estimator in the V state is is used to measure the 

sense 

asses the between presence and 

This 

movement in an 

that this new measure gave results which were vV'''VUl to those obtained 

Prothero et a behavioural measure related to the rest frame 

to 

found 

If 

presence has to do with a switch in the cues used to define and orientation from those 

task rlP,rTr.rrn 

real environment to 

to the level 

and Hendrix and Barfield 

in the virtual 

mance may not 

virtual then the level of 

cues. 

measures of presence based on 

with this method is that task 

with presence, and that factors other than presence 

influence task rlP,rTArrn One must find a task and that presence 

the of that task. 

Prothero et mention as a measure of presence; it 

must first be established that presence and task 
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sible 

Slater et 

measures have 

to virtual events. 

correlate well with presence 

CHAPTER 2. 

may be in 

COltlSI'Oer'eo. Prothero et 41] mention 

can be 

e t al are IJv,n~'''" 

is no evidence thus far that 

pos

and ocular 

measures 

"The body social many things: prime symbol of self. but also of the society; it something we have. yet also what we it is 

born subject and object at the same lime; it is individual and personal, as unique as fingerprint or odour-plume, yet it is also common 

to all humanities ... " 

- Anthony Synno/ [68] 

motivation of 

becomes clear 

action," 

Our 

we 

can be overlooked" 

• 

• A 
able to it. 

• A 
the use of sound and 

• It is 

some sort of a to users within 

one ~V''''7AU'''' In to 

it is the means UUVY,tC, 

which converts this ,nT,...,.".")!;1f 

tUIlctlonls in most of which are so obvious that 

the ;.;v.,,,,,,,,,,vuof a is so obvious that its 

the the in 

the use of our we interact with the world and are 

our allows us to with other persons 

oneself: we others their 

rec:ogms,e different status of the 

the 
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Given the "rl.,nr·"" of the the use of some sort of embodiment to 

in eVEs is cmciaL In a of a user is tenned an avatar 

the avatar becomes a 

of the user, and a means 

In a a user's avatar has a the • .fA ".,,,_, n,.", 

of that user to any other users who are in the environment other users with 

user's location and 

The way one rprlrp.opn in the 

find it the sense of co-presence. Some maintain the sense of 

others with of avatars. Others 

issues for virtual within 

collaborative environments: 

• Presence: The main of an avatar is to convey a sense sense of some-

one's nn,·",..,rw,.. in a 

• Location: In shared an avatar to show the lV"U'1''-'' of the user. 

• 

• 

This involve and orientation, the 

orientation may be in collaborative because of the 

to p\J,"r\i'rl::'\J interaction, For could turn backs on 

someone to indicate that are not interested in 

issue is re(;O~(I1ISlrlg who someone their avatar. Benford et 

al an avatar should user as VUiUV""U to a 

of scenery, u .... ,~v'.u 

the avatars should be IJV,>:"UIC to who an avatar 

of the user's 

user is 

could be done name or 

An avatar should some indication of the user's For exam-

and orientation of the avatar in a data can indicate which data a 

It to convey some sense of how and/or 

informa

the use of some indicator on their 

and means the incarnation or the embodiment of or a 
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avatar. 

• Gesture Gesture is an 

<:v<!<u,.vi). there must be some sort of 'limbs' 

set of 

or 

onto the avatar. Another <In,..,,..,,,,,.. 

sensors. Benford et at 

facial These 

CHAPTER 2. BACKGROUND 

of conversation. In order to 

in the avatar. These limbs can 

'''''='''F, the 

a 

of 

be to texture map 

the user's face 

is the issue of and 

are also as 

is because it is very 

of data about the user. 

to 

• There is a limit on the 

embodiments should be as v"" ... ,,~'" 

ways. 

Bowers et at [12] 

virtual 

iment of 

avatars were 

used their avatars in ~~_"~<q "'vUllll'J; 

wish to interact 

avatars are not 

in social 

as gaze, 

haviour to avatars. 

such as 

aliveness to the 

For 

vVJlHIJ'U""'J; resources, and as a 

in 

form in as much detail as 

the above In 

ways, such as to the 

even 

communicative 

etc. This 

towards each other. If there is a to COnrlmlll1lc:ate smile at each other and 
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We 

in the 

eVE. 

An ,rn,nror+<>" 

a ('r"HIPn: the avatars will 

The that 

seems an excellent way InrUf"'" 

avatars. 

to avatars and co-presence that further 

avatars to 

appearance avatars is also 

could be related to co-presence. The way one rPTwp<:pt 

very well the sense of f'n .. nr,",,,p·n 

is vVJllalJViU<1.VU or COIJP(~raltlOJn. An 

par

in a 

is an interaction in which two or more 

are enhanced 

definition for 

rn,'}rfltln.17ll' their 

actions so that 

of a 

This definition .... .." .. ""," 

rary. 

shared. 

al 

members can CI1(Jo~;e 

togethl~r on all 

made here between 

tion and 

involves 

some level of in 

the needs of members. 

COJ:la[)or:am/e group, whether serni-perm,ment or 

the individuals the 

cannot be 

a common 

is 

a technical 

nAl,Xff'''lIpr as mentioned Underwood et at in 

social interaction is whilst this may not hold for COC)DeratJ.on. 

anagrams, groups solved more 

than but did so terms of 
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than individuals. 

Underwood et al found that while with a .... ..,.nnh" .. led to 

of groups benefited least 

seen to lead to success 

can to locate gaps in needed to the 

pn,p','fn! ... learners "'''I'''''''' 

cussions 

in one m~~mIDer n"",,,""'1'n',,, a 

group memclers 

themselves. The success 

groups is not transferred to individual expe-

as group may mean that are 

In 

• 
others than when 

• 

is nevertheless 

to the 

pn(~nClmi:ma often occur 

to 

work may not be the 

to 

when 

members to engage extreme concurrence 

"",--t .... ,"tn.>rI without some of 

or discussion. 

JL"-",, • .,"VI,Vi: •. ' on 

Cairns tells us social acts cannot understood the social context in which 

are embedded because the VllI';V' "I'; surrounds 

this statement 

has relevance "'-'<.lVll'" It 
terns in a environment may in a "real" environment. 

This idea seems to be _~,.,..,~,,_ .... Some of the results summarised 

and Finholt in are: 

• medIated groups are at (fPt1pr,::.t ideas in 
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• or consensus on 

• tTIPriH.tpri groups is more 

• Richer media for 

• stem from level of with the 

tnlrtll'I'"l".(Y of tasks 'HI~V'>\"U 

• at group level reduces reduces stress 

with 

• The use of result in increased decision 

focus on the 

• the use of group decision 

a due to the and 

consensus, and less "Ut'''''H .. 
outcome, 

• groups 

• Members trust human 

ter-m'COIare:a groups are less • Members of 

face-to-face groups. 

to 

a 

to communicate 

the 

all other 

more 

to reach 

and 

process and 

of groups while 

screen, 

than 

to create virtual environments in which can work and interact 

is not these environments must also serve the same social and functions 

as environments. The in which 

coordination of collaborative the circumstances of collaboration introduces new 

due to the loss of shared In 

tors have fewer social cues and thus there is a heavier burden on 

communicate what would understood 

transmit more social context cues will have a on 

and context cues 

and monitor feedback from others. A reduction in cues like eye contact, head 

and voice inflection the of interaction. In lack of 

cues such as and reduces feedback as to others 
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The 

1 

The 

have little 

tasks 

more 

CHAPTER 2. BACKGROUND 

information 

feel that their 

other members and their 

avatars. Until such 

social context cues ne(~ae:a may differ for various 

are less 

in 

'H"'LlU'H re-

of tasks. and 

the lack of cues may even 

if inhibitions are np'r"rp""~'n in more novel and diverse For intellective 

that context cues be 

more 

outcomes where there is a per'Cel)t1clO of for 

when one is or when the task 

consensus ~u,~u>,~ members. 4 .... ' '''''"" are often in tasks 

relevant needed for our research. 

nrp'CPTl('P in virtual rep-

collaboration and interaction. 

virtual 

defined as "a real or in which the 

We 

definition 

the 

other 

way a concrete way In 

We then described some of the characteristics of 

a discussion of the notion of presence in a 

the found in the We defined presence as 

in the virtual and co-presence as the the 

We also described some of the 

to affect the sense of rp<;:,f',nr'p in virtual V1U"""""" as well as the presence in 

presence is one 

we could build 

virtual research. the factors which should influence the sense 

the main research focii at the moment is because if we know 
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which 'UAUU''',- the sense presence. H",,,p\lpr most 

presence are 

Another 

of 

in which the sense 

measures 

the 

We 

where we 

avatars in a 

factor. 

To 

and more 

to 

H'-'\~U".u to confirm those 

43 

in 

'v""",""'''', but that a bunch 

the ways 

measures such as 

,H~'>~';'V'U measures. 

The 

are also an 

"'''''-','" .... 'y some back-
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we IJIC;~!cI.lL the ~~,,.,.., .. , 

we used in the 

et 's Presence 

main contribution of 

a co-presence ,-!"''-''>L'V''''''U 

co-presence felt 

We also nrF",,,'ntc 

in Section 3.1. 

to measures the amount 

of 

describe the Immersive Tendencies 

Slater's Presence 

some and 

which we use in one 

3.6. It measures collaboration and 
"".>rnlhp,'c in 

of different 

of 

Slater 

anal

to measure the amount of 

Section 3.3 

presence. We 

Section 3.4 de-

and comfort with 

nr,'cpn,c a summary of the 

ron",,,,rp must be shown to be both and In 

some on test and 

45 
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3. 

the same person when reexamined with the 

same test on different different sets or under other variable 

indicates the extent that individual in test 

scores are attributable to true differences in the characteristics under and the extent to 

which are attributable to chance errors 

There are a The most obvious 

method identical test on a second oc-

the scores the same persons on the two 

is the correlation hp.!"",,·p.n 

of the test. The error variance 

from one test session to other. These A~0,",~A''UJ to the random llU'I.-LUULlV' 

To some 

as 

are to 

Another 

occasions. The 

-''''''h-U in the condition of the 

a 

as sudden noises 

the 

the extent to which scores on a test 

scores 

environment. 

The same person can be 

of the 

on the test. 

first and with another cOlnp,arable the second. The coo'elation between the scores 

alternate 

forms of a test 

test. The first 

A 

test. Inter-item 

be taken to ensure that are 

constructed tests --'''h''-- to meet the same 

Two scores are obtained for each 

This involves one the 

the test in order to obtain most 

halves. Once the two half-scores have been obtained for each person one can 

To one can use the formula 

1 + 1'hh 

the the half-tests. 

which also uses a Nr<Hlrm is the 

This is on the items in the 

based on an examination of np1rt()rrn on each item. The Kuder-Richardson 

is 

to calculate 
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is: 

where rtt is the coefficient of the whole n is the number of items in the 

the deviation total scores on the the nr(u",rt,rm of 

persons who 

are then added 

to tests whose 

items. For such tests, a 

or wrong. Some may have 

been derived known as 

In the 

variances of item scores. The prc)ceam"e is to 

item and then to add variances across all is then: 

rtt = 

The a test concerns "what" the test measures it does so A 

is to the extent that it measures what it is set out to measure and it measures it 

well. 

construct 

Content 

covers a re[)reSerltatl 

situations. For this 

direct and 

n_,'un,>Q such content criterion and 

examination of test content to determine it 

of the behaviour domain to be measured. 

a test in behaviour in 

a 

that which the test is 

Construct to the coverage of the measured behavioural domain the 

naire items. Items should cover a of the domain in order a 

scale to 

Witmer and 

presence in a VE 

measures the 

and the influence of the 

based on factors believed to 

individuals PV1"p,',pr,('p 

factors on 



Univ
ers

ity
 of

 C
ap

e T
ow

n

48 CHAPTER 3. 

the this and Presence ,-,U,"''''''V,IH can be in 

A. 

presence as Witmer 

ment, even 

indicate that 

situated in another" 

seems to be a matter of 

VE may have 

the on "Vl",""',-,," mronnatlon 

coherent set 

Refer to Section 2.2.1 for a of Witmer and 

Witmer and 

Factors. The factors are described in detail in Section 

One v"~l'-""'" that Control Factors may but not 

involvement but not 

in one or environ-

of presence. 

a 

to 

to the 

on one 

the real 

and are listed in 1 

Factors 

r,...,.'"rm Factors should 

immersion 

these factors may 

can conclude that 

One has to note that while it is reasonable to that 

and 

work is necessary 

on the work 

one 

and VU,C;"".IV.HWUIVcan be found in rl.LJLJL."U A The 

tic 

that the 

scale that is on the semantic 

each item is anchored at the 

a anchor as well. 

measures of 

of Cronbach 's 

reliable and measure the same 

Like the seman

Witmer and 

of 0.88 

1) is close to 1, 

the 

us

distributions. 

Presence 

The Witmer and An."".",. was used in the PYr,pr',rn,'n described in 

6. We np.,"fr"'"TYi<'ri on the obtained scores and a for Cronbach's 
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Distraction Factors Factors 
Isolation Scene realism 

richness attention 

nt,,·rt<.I'P awareness 

Mode control 

of movement 

Search 

Table : to Presence. This table 
to contribute to a sense of presence . These factors are 

based on work Sheridan 

of 0.887. The value we was to the one mentioned Witmer and 

This that the presence contains items which are reliable. 

Content refers to the coverage of the measured behavioural domain the 

items. Items should cover a 

to have content 

believed to influence presence 

that the items in the Presence 

Witmer and 

of the behavioural domain in order for a scale 

that the 

involvement and 

are valid. 

items were on factors 

and therefore indicate 

Slater indicates that Witmer and Presence 

from the factors that 

does not a 

measure presence that is constructed influence it. Slater 

says that Witmer and rpc,onr'p at and rather it is a measure of 

responses to various of the which of course is to be 

other measures presence. Slater mentions that this not measure the sense of 

there" the virtual environment which the central of presence. it measures 
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the on the to Int111~'nrp 

A scale has construct to extent to which it can be to measure a construct 

or trail. If the is a valid measure the presence construct, then scores should be "''-''',",,,,,,"",,,-, 

in a nrt'rh,,,! manner with other or constructs that in are related to preserlce. 

of 

indicate that a VE 

'vUA"'c,'VU should result in more presence 

all modes 

on ttp:lrp:n,(':p,<;; in presence as 

by the between groups 

not associated in a 

modes of interaction. This 

manner a variable that in 

is not a valid measure 

indicate that presence relate 

indicate that the is 

and so it 

and indicate that the was shown to be related to measures of task "","'-Arrn 

and claim that presence should to task 

on 

skills nature of the etc. But even per-

Witmer and indicate that 

between nr~·"pl"'('P and task npl'T"lctTI'~n("p in 

Witmer and indicate that 

in a more presence on the 

correlation between 

In the 

correlation between 

of the results VUHU,IJ'-".J} This failure to 

is to doubt. 

V,"",vu.'.v these results could 

In the same which we np'';-f'lrrn 

yvl'UUI...U two YEs which 

in two of the four 

we did not 

of the 

and presence 

the amount of 

This difference in presence between the two YEs 

was achieved 

In 

This was 

p<:.,'nt,prl in detail in Section 

conclusion that presence as measured 

open to and and 

from the same factors 

Witmer and 

scores in both YEs. 

to underlie 

Witmer and 

a valid construct 
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an Immersive to mea-

sure the Im;renC(~S in the tenaerlCle~S of to 

assesses involvement in common activities. The 

can be found in B. 

mon 

one who to become more 

in com

in more 

have 

Some 

assess the 

a 

This 

The 

naire. Each 

Witmer 

in nn,~""rp measure 11UH',",1;)1 

uses 

1 to 7, and no reverse 

reliable and measure the same 

in the three 

the 

in 

while others 

attention in 

the 

6, and 7. 

on the obtained item scores and obtained a value for 

on 

indication that the 

Witmer and that the 

that could affect how much presence 

in 

items 

items cover a ... <>",,..<>c·"''''t'u, of the behavioural 

is reliable. 

to 

These items assess the 

to focus 

it content 
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Slater et at a v .. ",,,,,,,,,,,,,, ',{U""'H.AV.HW.UV which measures the amount 

presence felt a environment. Presence can be 

Slater et at have their ..,.~.~~ •• vv based on the three 

which describe nrp'(:Plnf'P 

• The sense of there" in the the environment. 

• The extent to there were times when the virtual environment became the the 

extent that the he/she was on the 

tend to ''-'''VVIIU to events in the VE rather 

• The extent to 

The first attribute is 

Held and 

other two 

The sec:onlo attribute 

;)nuu."vu in the 

Held 

mptonls of 

third catt!gOllV 

ronment is to their 

rPt1nprnt',,'r it as visited a 

a VVI'II~'UU.' 

acc:eoted notion of t'WP'CA'"'''' 

environment. The 

studies. 

are 

flies towards even 

V"'<"'''liJ'V of this is the 

nevertheless 

"there", he tries to convey as a 

to what is "there", and rpt1nprnnf'r the VE as a visited rather than 

seen. Slater to ask to the the 

"where are ,an answer 

the VE. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

3.5. CO-PRESENCE QUESTIONNAIRE 53 

3.4.2 Reliability and Validity of Slater's Presence Questionnaire 

We have used Slater's presence questionnaire in two experiments described in Chapters 5, and 7. 

Using the scores obtained in these two experiments, we performed a reliability analysis and obtained 

a value for Cronbach's Alpha of 0.785 . This value of alpha is somewhat closer to 1 than to 0 which 

indicates that the questionnaire's items are somewhat reliable. 

Slater et al [60] mention that the fundamental idea of presence is that participants who are 

highly present should experience the VE as more the engaging reality than the surrounding phys

ical world and consider the virtual environment as places visited rather than images seen. Since 

Slater's Presence Questionnaire has been developed from the three aspects mentioned in Section 

3.4.1, which are the fundamental ideas behind Slater's presence definition, the questionnaire items 

cover the measured behavioural domain which gives it content validity. 

If Slater's presence questionnaire is a valid measure of the presence construct, the questionnaire 

scores should be related to other variables or constructs which are related to presence in theory. 

Slater et al [58] performed an experiment to determine the effects of having dynamic shadows 

on presence in a virtual environment. They found that the greater the extent of shadows in the VE, 

the greater the sense of presence reported by the participants. This indicates that the presence scores 

were related to pictorial realism of the VE, which is one of the factors thought to influence presence 

(refer to Section 2.2.4). This provides evidence towards the construct validity of Slater's presence 

questionnaire. 

Slater and Usoh [56], Slater et al [55], and Usoh et al [73] have performed experiments to in

vestigate the relation between the virtual body and presence in the VE. They investigate such issues 

as the effects of body movements, the participant's association to the virtual body, and walking 

techniques. In these experiments they found that having a virtual body and a high match between 

proprioception and sensory data about the corresponding dynamics of the body increased the re

ported level of presence in the VE. These experiments show that the presence scores collected by 

Slater's presence questionnaire are associated with some of the factors that, in theory, are related to 

presence. This evidence might indicate that Slater's presence questionnaire has construct validity. 

3.5 Co-Presence Questionnaire 

The main contribution of this chapter is the design and analysis of a co-presence questionnaire 

that we have developed to measure the amount of co-presence experienced by the participants in a 

collaborative virtual environment. Our co-presence questionnaire can be found in Appendix D. 
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Slater et al 

CHAPTER 3. SELF-REPORT 

in the virtual en'vln)nrnel]( 

of co-presence, 

and 

to measure the sense co-presence pV'''P'''P'"'P,rl 

These 

the 

I, In the last "'"v""''",''F" to what extent did you have the sense of the other 

you? 

2. to back about 

now the other two 

3. Please rate how 

sembles your sense 

extent can you 

that room? 

others in a re-

in the virtual room. 

refers to a sense that others are in the of a group, 

and real We used these three char-

co-presence to which measure such a state to D 

for the co-presence 

three 5,6, We 

and 7. the co-presence scores in these three 

value for Cronbach's of 

value of 

reliable 

is close to 1 indicates that the co-presence contains somewhat 

The co-presence characteristics of co-presence, 

of 

In order to measure construct 

domain which 

if the co-presence is a measure of 
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presence felt by the participants in a virtual environment. The questionnaire items are developed 

from the following three attributes which describe presence: The sense of "being there" in the 

virtual environment, the extent to which there were times whenthe virtual environment became the 

reality, and the extent to which partiCipants, after the VE experience, remember it as having visited a 

"place" rather than just having seen images. We also perform some reliability and validity analysis 

on this questionnaire. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

58 CHAPTER 3. SEL~REPORT 



Univ
ers

ity
 of

 C
ap

e T
ow

n

the 

we U1\.,",-,'." a of the different 

5,6, and 7. 

4.1, an 

into some of the 

in any of the 

towards our co-presence work 

virtual environments used in 

""''',''11"11'> a 

virtual 

but served as a 

attention and ... E' .... o"'" 

tant issues. 4.2 describes the two collaborative virtual environments used in 

to 

laborative 

a 

environments used in 

virtual environment used in 

the virtual environments described in 

All 

two col-

the 

4.4 were im

DIVE 

environments used were 

virtual pn'!1rr .. , 

used in any of the 

which means no head mounted ~", ....... , or VR was 

this nr"tr.h,,-,p of a CVE which we in to a pre-

into some of the issues 

Environment. This nrr""'''"",,' has served as a 

to co-presence in a Collaborative 

basis our work co-presence 

59 



Univ
ers

ity
 of

 C
ap

e T
ow

n

4. 

"''''''-'''CUJI14 areas 

each 

In order to reduce 

use UDP 

Since UDP 

OF 

as 

such as the of one 

to Section 2.1 as 

of database as well as rlPlrtnITri 

AU'-'':>'''~'F,v is sent to 

Refer to Section 2.1.3 for a I1p'<l'r'lnfllnn of UB",","",,'"'''' 

avatars of 

sent, we 

and 

also has a TCP/IP server which 

non-

a connection to the 

subscribes to the 

server, and receives the 

the client makes 

from the server. It 

the 

server, which 

In we 

in our collaborative 

Virtual H:pnrl>'i:pnt~it1t1.n of 

which allows for messages and messages to 

a Illv:';'dE~V to TCP 

to the other client that a client left the 

is a user 

tested on SOl workstations 

cVF,"-U,,,, with the Fast 

,vv',u-"J for the window and menu 

IRIX 5.3 and 6.2. 

co-presence enhanced 

the use of avatars, ",r,n'''''M 

to create a sense of co-presence, on or group 

This information is etc, must addressed [10, 



Univ
ers

ity
 of

 C
ap

e T
ow

n

4.1. INITIAL PROTOTYPE 

(al 

.. ' 
,,,t

.' 

. 
•.•• 

/ xIlltia1 
connection 

........ TCP 

~ .... UDP 

'Oller 

(b) 

Figure 7: Distribution model of initial eVE prototype. The system uses a Dis
tributed Model together with a Client-Server model (a). This provides different degrees of 
reliability to gain better real time perfonnance. The system makes use ofUDP Multicasting 
(b) to reduce the number of messages sent. 
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very effectively by using virtual representations of participants or avatars. The issues relating to 

avatars in collaborative virtual environments are presented in Section 2.3. 

In order to fulfill some of the requirements described in Section 2.3 (namely presence, location, 

identity and viewpoint of the participants), the system provides the users with different avatars of 

varying complexity. It provides some body-like avatars and some simple avatars composed from 

a few basic graphics objects. The avatars do not possess any functionality in terms of gestures or 

facial expressions. The avatars positions and orientations are updated in the 3D space to indicate 

the viewpoints of the different users in the virtual world (see Figure 8 for some screenshots of the 

system). 

To tell you who are you collaborating with, the systems keeps a menu of all the participants 

collaborating in the virtual world. This menu is updated every time a new participant joins or a 

participant leaves the collaboration session. 

Navigation 

Virtual reality technology gives users the freedom of navigation, and each participant can indepen

dently explore the environment to find out who else is there, what are they doing etc. 

There are two types of navigation metaphors which are used by the system for individual navi

gation, the walk metaphor and the fly metaphor. The walk metaphor allows the user to move forward 

and backwards, and to tum left and right. The fly metaphor allows the participants to move their 

heading vector in any direction, thus enabling the participants to 'look around'. It also allows the 
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I T"IO:-8!f IIr8lk tDuse4 fll!W 8vStBlf AVal8f";~ 

(to BlI] Juan says: Hello everyOoctyl 
(to Juen) Edwin says, Hi Juan, how ere you doIng? 

Mt!!$~ e9 rrtirn lilt..,.; Mena e'3 lrom artiel anlS"" 

(to all] Juan say9: Hello everybodyr 

Figure 8: Initial eVE prototype. Screenshots of the initial prototype showing the 
views of two participants. Some of the avatars available are shown. In this system, the 
participants were able to move around the room, communicate with one another using text, 
and move some of the objects in the room. 

partic ipant to move in the direction of the heading vector, thus allowing the participants to 'fly'. 

Navigation in the virtual world is facilitated by providing navigation aids, such as 2D maps of 

the world . There are three such maps, a front map, a back map and a map seen from the top. These 

maps indicate the current position of the participants in the virtual world, and are situated in the 

bottom and top left sides of the rendering window (see Figure 8). 

Interaction 

The participants can interact with the environment by picking objects and moving them around. 

The system implements a simple ownership mechanism: If a participant clicks on an objects 

which is owned by no one, he becomes the owner of the object. Other participants cannot select 

this object until the owner releases the selected object. In other words, a participant cannot select 

objects which are owned by other participants. 

As a primary focus of group interaction, there is the issue of efficient communication between 
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participants. Communication is provided by a text based chat interface where users can type mes

sages and send them either to all participants, or only to a specific participant. More sophisticated 

tools such as video and audio will provide more efficient communication, and can be considered as 

future improvements. 

4.1.3 Experiences with the System 

The system addresses the issue of co-presence mainly by using different avatars to represent the 

collaborating participants. This is a simple but very effective way to create a sense of presence of 

others in the environment. The system provides a variety of avatars. Some avatars are body-like, 

while others consist of basic geometric shapes (such as spheres and blocks). We found that, contrary 

to what one would think, semi-realistic avatars (such as the avatar in the left side of the rendering 

window in Figure 8) are less appealing than totally unrealistic ones (such as spheres, blocks or 

cartoon like avatars). This might be because in a virtual environment, the users have the possibility 

to take virtually any form they please, and so form other than our own and in particular humorous 

ones, are probably more appealing and effective. 

We found that the avatars are very static and that one needs to provide avatars with behaviour. 

This includes providing gestures and facial expressions which are an important part of conversation 

since they can be used to convey visual cues to other participants. 

We found that the system did not allow participants to know whether a particular user is avail

able for interaction. A user has no way to tell if another participant is available to engage in a 

conversation or not. For example, a user might be busy having a private conversation with another 

user and does not want to be disturbed. 

There is also the problem of knowing if the person behind the avatar is there or not. This arises 

because there is a strong separation between the avatar and the 'mind' behind it in a non-immersive 

virtual environment. In fact the person may have popped out of the lab for a few seconds leaving 

an "empty" avatar in the environment. This causes a number of problems such as the wasted effort 

involved in talking to an empty avatar. As a result it might be important to explicitly show the 

availability of users. 

The system was useful in demonstrating the importance of avatars in a collaborative virtual 

environment. It showed that the use of simple avatars (without any gestures and facial expressions) 

was enough to create a sense of co-presence in the YE. The issues of avatars and co-presence was 

investigated further in Experiment 3 which is described in Section 4.4 and Chapter 7. 
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Figure 9: The virtual environment used in Experiment 1. The VE consisted of a 
set of rooms forming a simple maze-like setup. Participants were represented using simple 
avatars of different colours, and the task consisted of moving different geometric shapes to 
specified rooms. 

4.2 Virtual Environment Prototypes used in Experiment 1 

In this section we present the design of the virtual environments used in the experiment described in 

Chapter 5. The experiment required two virtual environment which engendered different levels of 

collaboration between the participants. These environments are called high-collaboration VE and 

low-collaboration VE. 

4.2.1 Structure and Layout 

The layout of these two environments (high-collaboration VE and low-collaboration VE) was the 

same, and consisted of a set of rooms which created a simple maze (see Figure 9). Each room had 

different textured walls to differentiate between them. 

The only difference between the high-collaboration VE and the low-collaboration VE was the 

experiment task. In the low collaboration VE, the task required the participants to move shapes to 

specified rooms in the maze. The shapes consisted on cubes, pyramids, and rectangles, and were 

scattered around the rooms. The shapes were coloured red, green, or blue, and the participant 's 

avatars were also red, green, or blue. So a participant could only pick up a shape which had the 

same colour as the participants' avatar. In the high-collaboration VE, the task was very similar, 
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Figure 10: Low-collaboration VE of Experiment 1. A participant carrying a shape 
in the low-collaboration VE (Experiment 1). 

Figure 11: High-collaboration VE of Experiment 1. A participant carrying a shape 
in the high-collaboration VE (Experiment 1) . In the high-collaboration VE, the shapes 
were locked with padlocks which needed to be unlocked before picking up a shape. 

were labeled Red, Green, and Blue, and participants called each other by these names. Participants 
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could not see their own avatar, and there was a coloured square situated at the top left side of the 

rendering windows which indicated the colour of the participant (refer to Figure 9 for pictures of 

the avatars) . Knowing the colour of the participants' avatar was important in order to perform the 

task of the experiment (refer to Section 5.3 for a description of the task). 

4.3 Virtual Environment Prototypes used in Experiment 2 

In this section we describe some issues related to the design and implementation of the two virtual 

environments used in the experiment described in Chapter 6 (Experiment 2). 

This experiment required participants to interact in two virtual environments which exhibit op

posing degrees of presence. Thus, one would be a high presence environment while the other would 

be low presence. We named the two environment high-presence VE and low-presence VE. In or

der to achieve this difference in presence, each world exhibits different properties and perspectives 

according to the factors affecting presence described in Section 2.2.4. 

4.3.1 Structure and Layout 

Both virtual environments have a similar layout, consisting of an approximately square open central 

area with a maze-like series of rooms along each side (refer to Figures 12 and 13 for screenshots of 

the two YEs). This design was chosen in order to balance the participant's ability to find their way 

around the environment against the experimenter's aim to make the task harder for a user acting in 

isolation. The central area is easy to locate from any room within the maze, and therefore gives 

the participants a point of reference for navigation in the environment. On the other hand, the 

maze makes it difficult for any single user to complete the task without collaborating with the other 

participants in the environment. 

In both the high-presence and low-presence YEs, we had ten cubes and ten rectangular bill

boards which were placed randomly around the world. These are used to perform the experimental 

task which was as follows: there were ten rooms in the VE which had a word printed on either the 

wall (in the high-presence environment) or on the floor (in the low-presence environment). Each 

one of those words had a letter missing, replaced by a . _' (for example we had "loa_") . The missing 

letters, which were all consonants, were scattered in the environment in the form of cubes which had 

the letter written in all the sides. The participants could pick up the cubes and move them around 

the environment. For each word, they had to find the missing letter and move it next to the word. 

The letters could be moved to a different room if it was later decided that the letter was placed in 

the wrong room. In both YEs, textures were used to display the necessary text on both the cubes 

and the billboards. 
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Figure 12: The low-presence virtual environment used in Experiment 2. The VE 
consisted of an open central area and maze-like series of rooms around it. The participants 
could see a top-down view of the world, and were represented using simple block-like 
avatars of different colours. There were yellow cubes with letter textures scattered around 
the rooms, which had to be moved to specified locations. 

In the high-presence VE, textures were used in the walls and ceiling in order to enhance the 

visual realism of the world. In the low-presence VE, no such textures were used. 

The view of the environment depends on which VEs the participant is using . In the low-presence 

VE, the participant has a third-person perspective in that the world is viewed from above, in a top

down fashion (refer to Figure 12 for a screenshot of the low-presence VE). In the high-presence VE, 

the participant has a first person 3D perspective. Participants can pan around the rooms and move 

forward and backwards using the arrow keys. While this view is more limited than its real-world 

counterpart, it remains closer to the natural perspective than that of the low-presence VE (refer to 

Figure 13 for a screenshot of the high-presence VE). 

4.3.2 Interaction 

We made use of gravity and collision detection to enhance presence in the high-presence VE and 

decrease it in the low-presence VE. In the high-presence VE, gravity and collision detection were 

enabled which meant that participants could not walk through walls and through each other's virtual 

representations. In the low-presence VE, gravity and collision detection were disabled. This made 



Univ
ers

ity
 of

 C
ap

e T
ow

n

4.3. VIRTUAL ENVIRONMENT PROTOTYPES USED IN EXPERIMENT 2 

r--'f-- .---- -- - - - : --- -- -: - - ---j--r-
Ell8 Bonder 'IlMd QbJocl ~.K lIaYlgaIII IoolS Windows 

Figure 13: The high-presence virtual environment used in Experiment 2. The 
VE consisted of an open central area and maze-like series of rooms around it. The partic
ipants had a first-person perspective view of the world. They were represented by human
like avatars which had walking gestures (movement of legs and arms to mimic walk action 
when moving in the VE). 
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it possible for the participants to walk through walls and through each other's avatars. Despite 

explicitly not being told this, participants soon noticed that they could walk through solid objects in 

the low-presence VE. 

In both the low-presence and high-presence VE, participants were able to pick up and drop 

the cubes scattered in the virtual environment. Participants could only pick up one cube at a time, 

by clicking on the cube with the mouse. This causes the cube to be attached to the participant's 

avatar and could move around the environment carrying the cube. Dropping a cube was achieved 

by clicking on the cube with the mouse which caused the cube to be dropped on the floor (refer to 

Figures 12 and 13 for examples of participants carrying cubes in both environments). 

The method of inter-personal interaction available to the participants was dependant on which 

of the two YEs the participants were interacting. In the low-presence VE, communication between 

participants was achieved using typed text messages. The DIVE system handles this communication 

by providing a text based chat interface with dialogues for the entry and review of text messages. 

In the high-presence VE, participants were able to use audio communication through the use of mi

crophones and headphones. We used an audio software called RAT (Robust Audio Tool) developed 
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at the University College London [3]. 

4.3.3 Avatars 

Participants were embodied in the virtual environment by making use of avatars. (refer to Section 

2.3 for information about avatars in CVEs). The avatar positions were kept consistent in the different 

user databases, and updated in real time. This meant that each user could see every other user in the 

virtual environment, and could follow their actions. 

The appearance and functionality of the avatars used in this experiment was dependent on the 

type of world in question (that is, the high or low presence VE). 

In the low-presence VE, participants were embodied in the VE using a simple block shaped 

avatar (called "blockie", which is the default avatar in DIVE), which was shaped as a letter "T" (see 

Figure 14). All the participants in the low-presence VE had the same avatar, and only the avatar 

colour was different. The "blockie" avatar did not possess any functionality in terms of gestures 

or body part movements, and had a very low polygon count. In the low-presence VEs, participants 

could see their own avatars because they had a top-down view of the environment. 

Figure 14: Avatars used in Experiment 2. Blockie and Walkman avatars used in 
Experiment 2. The Blockie avatar was used in the low-presence VE, and the Walkman 
avatar was used in the high-presence YE. The Walkman avatar had the ability to "walk", 
which involved moving the legs and arms to mimic the walk action. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

4.3. 

In the 

to make the avatar more 

arm to 

14 

same 

see their own 

the avatar's colour 

so we a 

IN 2 71 

avatar called "walkman" was This 

In this 

on the 

in the 

VB. In order 

and 

had the 

t',r'Clntc could not 

to indicate the the 

In vn,>riYl"IP'r>t 2, two were created in order to different levels of 

presence. main U11'''l\/11'.\/''" between these two VE are: 

• A with 

versus a 

• Texture surfaces in the 

presence VE. 

• and 

and 

the 

versus 

and 

in the low-

in the 

presence <v"'<-uu""~,u interaction in the VE. 

the "Blockie" avatar in the versus 

• 

more human 

in the 

detection in the 

,w-pre:sem:e VE. 

These differences can be cOlmpare:d in terms of the 

in more detail in Section 2.2.4: 

• Mode Control - communication in the 

VE vs. 

• the textures in the 

was available than in the VE 

avatar in the VE. 

versus no collision detection or grav-

to underlie presence 

VE was more natural in the 

meant that more 



Univ
ers

ity
 of

 C
ap

e T
ow

n

72 CHAPTER 4. OF VIRTUAL 

• Richness - the more sensory information to par-

than the environment textures, 

• 
VE 

• the view of as the 

avatar was VE view was of the 

• Isolation - the 

due to the 

uv,,"~."w, but were the lovv-pres,enc:e 

6 ('n,1tr,' t'llltp/1 to ,..,-, .... 1,-,,,,,1,"-" the 

from the real 

• Awareness - to 

• Realism the 

rl",trcu,t",rl from the realism 

• - the lack of and 

walls in the as as the static nature of the avatars, to walk 

reduced the 

in the 

of VE 

The two YEs thus differ in the amount of pre~sellce 

In in Ex-

_~ .. ,.,_._~ the effects avatar 

presence and co-presence. 

The the 4.1 

us and in a 

virtual environment That initial showed that the way one others in a 



Univ
ers

ity
 of

 C
ap

e T
ow

n

4.4. VIRTUAL ENVIRONMENT PROTOTYPE USED IN EXPERIMENT 3 

Figure 15: The virtual environment used in Experiment 3. The world consisted of 
a conference room where participants could meet around a table and have a discussion. 
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CVE is very important to create a sense of co-presence. It also highlighted the fact that providing 

gestures and facial expressions to the avatars might be essential in order to create a high sense of 

co-presence. 

4.4.1 Structure and Layout 

The virtual environment consists of a conference room where multiple users can meet around a 

table and have a discussion. Each participant has a book on the table which can be used to view 

a document. There is a white board which is used to help the participants with the experiment 

task (refer to Section 7.2 for a description of the task). The virtual environment is fully textured to 

enhance the visual realism (refer to Figure 15 for a screenshot of the virtual environment). 

Participants are able to move around the room using the arrow keys. Cooperation is basically 

supported by directly embodying the users in the virtual environment using different avatars, and 

providing them with inter-user communication facilities such as an audio channel. 

4.4.2 Avatars 

We provide the participants with a range of avatars of varying appearance and functionality. These 

avatars include unrealistic avatars, cartoon-like avatars, and realistic human-like avatars. Some of 
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Figure 16: Facial expressions used in Experiment 3. Some of the facial expressions 
available for the realistic human-like avatars. From left to right, top to bottom: neutral, 
happy, sad, and furious. 

these avatars have some functionality in terms of simple gestures (waving, raising arms, joy and sad 

gestures, movement of head such as yes, no, and perhaps, walking), and simple facial expression. 

Facial animation, based on the linear muscle model developed by Parke and Walters [38], provides 

some of the avatars with six expressions (happiness, surprise, sadness, anger, disgust, and furious). 

Figure 16 shows some of the facial expressions available. The gestures and facial expressions are 

controlled by means of a Graphical User Intedace (GUI) which contains buttons to activate the 

various gestures and facial expressions (refer to Figure 17 for a screenshot of the gestures and facial 

expressions GUI). The participants had a 1 st person perspective view of the world, and could not 

see their own avatar. 

The different avatars available are the following : 

Unrealistic avatars: we provide the participants with three simple unrealistic avatars named 

Blockie, Cube, and Sphere. These avatars have a very low polygon count, and do not provide any 

functionality in terms of gestures and facial expressions. Figure 18 shows a screenshot of these 

avatars. 

Cartoon-like avatars: We also provide the participants with two cartoon-like avatars, namely 

dilbert and cartoon. The dilbert avatar has some simple gestures such as waving, raising arms, 

joy and sad gestures, movement of head, and walking movement. It does not provide any facial 
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Figure 17: Gestures and facial expressions GUI. The Graphical User Interface used 
to control the gestures and facial expressions of some of the avatars in Experiment 3. 

Figure 18: The unrealistic avatars provided in Experiment 3. These avatars had a 
low polygon count and did not provide any gestures or facial expressions. 

75 

expressions. The cartoon avatar does not posses any gestures or facial expressions. Figure 19 shows 

a screens hot of these two avatars . 
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76 CHAPTER 4. DESIGN OF THE COLLABORATIVE VIRTUAL ENVIRONMENTS 

Figure 19: The cartoon-like avatars provided in Experiment 3. The "dilbert" 
avatar had some simple gestures but did not have any facial expressions. The "cartoon" 
avatar did not posses any gestures or facial expressions. 

Figure 20: The realistic human like avatars provided in Experiment 3. The 
"Bob" avatar has simple gestures and facial expressions, while the "Man" avatar only has 
facial expressions. 

Realistic human-like avatars: We also provide the participants with two realistic human-like 

avatars. Both avatars provide a simple range a facial expressions which can be controlled by means 
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of a simple GUI. These avatars are called Bob and Man. The Bob avatar also provides simple 

gestures in the form of waving, raising arms, joy and sad gestures, movement of head, and walking 

movement. Figure 20 shows a screenshot of these two avatars. 

4.5 Summary 

In this chapter, we describe the virtual environments which we used in the different experiments 

described in Chapters 5, 6, and 7. All the virtual environments used in these experiments are screen 

based YEs, which means that we did not make use of head mounted displays or projection based 

VR. 

We developed an initial prototype in order to provide a preliminary investigation into some of 

the issues relating to co-presence in a CVE. This initial prototype served as a good basis towards our 

investigation of co-presence by highlighting areas that require attention, and highlighting important 

issues and good prospects. 

Experiment 1 required two collaborative virtual environments which generated different levels 

of group collaboration and interaction. The two virtual environments (named low-collaboration VE 

and high-collaboration VE) were identical and only the task that the participants had to perform 

differed. The task was used to generate different levels of collaboration and group interaction in the 

two YEs. 

The virtual environments used in Experiment 2 were two VE which generated opposing degrees 

of presence. We named the two environments high-presence VE and low-presence VE. 

In Experiment 3, we investigated the effects of avatar appearance and functionality (in terms of 

gestures and facial expressions) have on presence. We used a virtual environment which consisted 

of a conference room where a group of participants could meet and have a discussion. He provided 

the participants with a range of avatars of different appearance and functionality. We provided 

the participants with unrealistic avatars (consisting of simple block-shaped avatars without any 

gestures or facial expressions), cartoon-like avatars, and realistic human-like avatars (these avatars 

had gestures and facial expressions). 
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In this we an which was to and inter-

action between small groups of three users in a and the effects that collaboration and interac-

tion has on presence and ""1.1"'\",1"1 in the eVE. The is 
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other 

1. Does the use a 3D 
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environment and avatars create a 
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in a collaborative virtual environment? 
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which we named 
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communicate and interact with one 

do not the task cannot be In low-collaboration 

communicate with one but don't need to collaborate to 
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to and interaction levels in the two YEs. Section 5.4 describes the 

measured. Section 5.7 

of the results. 

This 

Section 5.5 describes the different used 

on:~senc(~. CIO-[Ire:seflce and ,""V,uwvv, were 

of the ", .... 'u ......... a summary and a Ul" ... U;~" 

and interaction with en-nVlr){lI'npS1S is that 

vironment should influence -Drt:~t;Uct:. It is believed that 

of other users in 

the to "v.ua'JUl should 

very much increase the sense of co··ores{:nce. 

one of which was to have a task which creates the colllatmrate and interact with 

others in the " ..... ,,"'v,,'. while the other was ~v'''V'~'" --'''h'''-- to have a task that not 

cOlllat)OraWI/e virtual are in 

Section """'J'.."\.<" to either the 'low-collaboration VE' or the 

VE' and the sense of v,,,,,,,,,,,,,,, and were measured. The results obtained 

were ,"v,'' ... ,,", 

The second 

Slater et at 

is 

to know whether these two 

this 

one another. 

pre:serlce and 

was tested the 

environments 5.7 a the ob-

because of common 

nrp'<;:Pfl"P scores were 

in a eVE could be cO!Telated. 

co-pre:serlce. It would be useful 

and co-

found in one of small group 

on those scores in each of the two 

-nr',,<:,'nr'p scores and np,rt",.".., 

env ironments. 

While environments could have 

to one of the two 

virtual v"'.,,'"""'"" as OD1Dm;ed 

to make sure that this not we measured the immersive tendencies in 

to the mean immersive tendencies score of each virtual environment. This 

allowed us to check if we had a random between the two environments. 
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5.2 Subjects 

The experiment involved 30 participants, divided into 10 groups of 3 users each. The pa.rticipants 

used were paid volunteers and were mainly recruited from the second year psychology course at the 

University of Cape Town. The participants were recruited by means of announcements in lectures, 

as well as posters placed on the noticeboards in the psychology department. Some participants 

where recruited from other departments as indicated in Table 2. 

Four volunteers were asked to sign up for a given session. Three of these volunteers were 

chosen to participate in the experiment while the fourth person was chosen as a surplus volunteer in 

case one of the other participants was unable to arrive to the session. Selecting an extra person for 

each group allowed us to minimize the risk of being unable to complete a session due to a lack of 

participants. The first three participants to arrive where selected to do the actual experiment, and if 

the fourth participant arrived, he/she was assigned a dummy task and was paid regardless. 

The first four groups (12 participants) were assigned to the low-collaboration VE, and the next 

six groups (18 participants) to the high collaboration VE. Participants were not told which virtual 

environment they were assigned to. In fact none of the participants knew that there were two differ

ent YEs. 

Due to the difficulty of obtaining volunteers, conditions such as age, gender, and previous com

puter experience could not be controlled. We chose second year psychology students because the 

course involves doing assignments on computers which means that they are familiar with a computer 

and its interface (e.g., using a mouse). On the other hand, unlike computer science students, few had 

been exposed to 3D first-person games. This is an important issue since some studies have shown 

that frequent exposure of 3D first-person games may affect the levels of presence experienced by 

participants in a VE [73]. 

5.3 Experimental Scenario 

The task consisted of moving different geometrical shapes (pyramids, cubes, rectangles) into spec

ified rooms. There were three rooms which had labels to indicate which shapes had to be brought 

to which room. The shapes were scattered around the virtual environment which forced the partici

pants to navigate around the different rooms to find the shapes. The virtual environment consisted of 

a set of rooms which created a simple maze (Refer to Section 4.2 for a description of this VE). This 

meant that participants had to communicate with each other in order to navigate the maze and find 

the appropriate shapes more efficiently. All the participants had an identical avatar, consisting of a 

'T' shaped block avatar called 'Blockie' (Blockie is the default avatar used by the DIVE system). 

The only difference between the participant's avatars was their colour being red, green or blue. The 
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1 

2 

Environment 3 

4 

5 

6 

7 

Environment 8 

9 

Table 2: 

avatars were labeled Green and and 

the 

In the 

It 

had an avatar of a 

the task was 

observation and 

colour green or 

COLLABORATION AND 

Green 
Blue 
Red 

5 Green 
6 Blue 
7 Red 
8 
9 Blue 
10 Red 
11 Green 
12 Blue 

13 Red 
14 Green 
15 Blue 
16 Red 
17 Green 
18 Blue 
19 Red 
20 
21 
22 
23 
24 
25 
26 Green 
27 Blue 
28 I Red 
29 
30 

in 1. were 

each other these names 

to encourage collaboration between the 

collaboration. Each 

and the where also green, or blue 
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roOID. This task was 
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other and 

In the 
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3. 

of another 
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ClU\JU;,'." with other 

in in 

of the 

on the 

to 

with each 

that there were no 

the same colour as 

and so 

in the environment. 

the two virtual as described in 

Red Red 
Green Green 
Green Green 
Blue Blue 
Blue Blue 
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in a group meet for the first time in the virtual environment and could communicate 

with one another the virtual environment. This was .,,,,,,,"""', 

the same In aUlHU'UlI. 

UIU',",,,",,;;U out extraneous 

were taken to their the 

This 

how to move in them some-

sure that each 

to each 

a 

started the task. 

had about the task, 

to 

which colour was a"~,v'-.,, 

In to make 

and 

The task had a time "W''''''''', but this was not mentioned to the as knowl-

of the time limit the time was 

to the 

Witmer and Tendencies 1J'~'0~"~~ ques-

and the Collaboration VWf'U""''' are described in more detail 

in 3 and 

that no immersive as 
." .. ,,,.,,,,,h the virtual 

environment could be up and 

UV"UUb on them with the mouse, 

the were used: 

""'''1''>'''''''' with four200-MHz R4400 prc)ce:;sors 

• Blue IJ~'''''''AIJ<.U SGI 02 with a R 1 0000 processor, 128 and 21 

inch screen, 
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• Green 

inch screen. 

In 

software used 

tool 

In this 

naires to 

SGI with a 195-MHz 

"""''-'<'<'"'' used 

audio communication was RAT 

processor, 

Audio 

of and 17 

audio communications. The 

which is a multicast audio 

We 

We also measured the immersive 

measures presence have been used in 

ac(;epted and as a measure of 

In order to measure of nrF'<;Op,r'l("P and co-presence the the ex

con

and eluded. The nrp,opn.'p 

co-presence. 

The presence """''lV'" 

Slater et at 3.4. 

The co-presence 

Witmer and 

to measure in the tetlldenC.les of individuals to become immersed. The """,u,"",., in this 

in common activities. Since increased involvement can 

result in more to I"IP("nrr,p more will also have 

immersive tendencies, We use to make sure that 

tTU'r""'f"f.> in immersive in the 

VE. This is used to check that we have a random The 

and can 

in 

The also uses a 

is described in more detail in 

Likert on the semantic differential 
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tionnaire. a 1 to 7, and no reverse is 

We the to fill in a collabora-
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to rate the 
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comfort with members 

in Section 3.6. 

a "p"'"n._nn col.latlonltlcln score is 

scores of all the 

this section we U'UH'~,U in the We nrP'"p,nr the different 

on those a summary and a 

of the obltauled results. 

There are three 

is that a sense 

IJVI.H"',,,,,, which we wish to test means of this The first 

in the eVE is created 

IS 

co-presenlce, and 

to enhance co-presence. The 

CO-pn$ellCe could be related in some sort. 

in ""''''v''' measured the 

presence score P: P measures the sense of .... "',.:>v,,"', 

It is Slater's "''''''-'11''\0 
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The co-presence score CO-P: The variable measures the sense co-presence Py"pr,_ 
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I'm,,,.,.,,,, found in D. 

The LV'",U""VI score COLL: The COLL 

t"'''''Olf't.nn This variable is measured 

and which can 

score IT: The IT 

VE than in the 

oration between the two 

to check if there is 

measures of 

COLLto 

was indeed a 

CO-p score to be 

to check if this ,",v."."e", 

CO-P scores. 

to 

IT score 

measured 

I;OIJJl11;O,:UI;OU in this 

It is also 

1] 

that between the presence and scores in one 

of their is described in more Slater et 

For each environment the VE and we 

measured the presence score the co-presence score 

and the immersive tendencies score The scores were environment 

to means 
The scores nhlt<ln1prI 

the 

In 

group number 

level. For the 

with their standard 

in Table 5. 

each variable in 

are shown in Table 4, and scores obltalIlea in 

p > 0.05. 

P scores 

H'VVlLUH.'U VE and then in the 

p> 
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on 
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were no 



Univ
ers

ity
 of

 C
ap

e T
ow

n

CHAPTER 5. EXPERIMENT 1: AND 

Table 4: Results the IO\'V-CIOlUmo 1. For each par-
we measured the presence score the co-presence 

the collaboration score and the immersive tendencies score 

errors with the P and CO-P scores. 

In order to check if a role in the 

VE an ANOVA on colour and P score. We no 

the 

on 

did not 

the 

VE we have 

and CO-P score for 

",'v, ... "',,,,, VE we have 

p> 

in P and CO-P scores. 

We np,'tr.'Tn.·rI a t-test on the mean IT score in each 

collaboration to ensure that we had an even 

we nPI-tn'Tn?>rI for each 

at the 

VE 

and 

score. The results of t-tests showed that was no "'5"""""''' difference at the 

to the IT 

confidence 

level. 

In order to check both YEs VU'''\A;;U a different level of 

one-way ANOVA to check the difference in COLL score between the VE the 

U",UVU4U,,'" VE. we found as there was a very difference in COLL score 
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70 
85 
78 
70 
61 
71 
70 
78 

47 
52 78 

24 
25 
26 37 

112 
98 
75 

VE in 1. For each par-
we measured the presence score the co-presence 
,--,-,'w,-". and the immersive tendencies score 

between p < 0.001. shows that 

in the and not at all in the VE. 

We then t'nrnn>;>.r"," the difference in the P scores between the low and YEs. 

This and we found that there was 

the 0.05 confidence 

P score on the 

16 p<O This indicates that 

We also '-VLU .... U'''' .... the CO-P scores between the low and 

at 

t'"".,,,,'fc had a 

YEs. This was 

achieved a one-way ANOVA on CO-P scores for YEs. We found that there was 

very p < 0.001. difference indicates that 

,-'-'JHUUV'UU'V' VE had a sense co-,pn~selnce than in the 
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A on the P, in each to if 

V~""y .... ,utests in both the low and 

collaboration and we obtained the Tables 6 and 7 the 

matrices 

• 
Ata 

and a 

• Correlation norWD,.n 

a v.F. ..... ,~~, 

a critical value of r 

collaboration 

scores: r 

withN 

to 

IT scores: r 

t and p 

freedom we 

HIU'''''"I.O'' that P and IT were 

< 0.05. 

t 2.7140 and p O. 0.05. At 

= 11 and 9 we t and 

to 0.6020. We can see that the CO-P and IT scores were 

correlated. However this ":>'F,'''''',",Uli was achieved after an 

section. 

• CO-p scores: r 

12 and 10 

1.7865 and p 

of freedom we t and 

a the P and CO-P scores were not 

• Correlation 

0.05. 

• 

• 

• Correlation 

P r = 
scores were not 

CO-P and COLL: r 

the CO-P and COLL scores were 

IT r 

scores were not 

with N 

t 

18 and 16 

t and p > 
correlated. 

andp = < 

1.19500 and p = > 

and p < 
of freedom we t At a 

and a r to 0.4682. We can see that the P and IT scores were 

• Correlation nPTIAlP4'n CO-P and IT scores: r t = and p = 
At a of 18 and 16 of free-

dom we t and a critical r to 0.4682. We can see the 
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• 

• 

• 

p 

1 
-0.3535 1 

1. 
Results with p < 0.05 are marked in bold. We can see that in the low-collaboration VE 

and CO-PIIT are correlated. 

p 

1 

Table 7: :orreiatlon matrix for the 
Results with p 0.05 are marked in bold. We can see that in the 

and CO-P/COLL are correlated. 

CO-P and scores were not correlated. 

CO-p scores: r = t andp 

18 and reeOOlTIWe 

and a critical value of r scores were not 

t andp= PandCOLL: 'T' 

the P and COLL scores were not .. _._ .... , correlated. 

CO-P and COLL: 'T' 

the CO-P and COLL scores were 

2.145790 and p = 

correlated. 

1. 

91 

> 

> a 

• IT and COLL: 'T' 

the IT and COLL scores were not 

p= iJv ...... vv > 0.05. 

We the CO-P scores vs the IT scores in the 

check if we had any outliers in the data The shows that we have a data 

VEto 

that is 
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to 2n If we do not remove this data we the 

"''''''''j~,",., to the calculated above. Correlation between CO-P and IT scores r 0.4706 

and t 

t 

1.6870. At a level of with N 12 and 10 freedom we 

and a critical value of r to 0.5759. This indicates that the CO-P and IT 

scores are not if we do not remove the outlier. 

IT 

Scatterplot of CO-P vs IT scores in the low-collaboration VE 
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95 
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75 

10 

65 

60 

6 II 10 12 14 16 18 20 22 24 26 28 
co-p 

21: 
collaboration VE in 

vs the IT scores in the low-
see an outlier ( in the data 

for 

of the P scores vs the CO-P scores in the 

It can be seen that there are no clear 

of the CO-P scores vs IT scores in the 

to check 

We 

VE. The shows an outlier to If we remove this data we the fol-

to the correlation calculated above. Correlation between CO-P and IT scores: 

T = -0.01392 and t -0.05391. At a level of with N 17 and 15 de-

grees of trpprl,r\", we t and a critical value of r to V.""v ... vv'v This indicates 

that in the CO-P scores and the IT scores were not correlated even 

we removed the outlier data 

The of the P scores vs the CO-P scores in the VE shows that we 
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Scatterp10t of P vs CO-P scores in the 1ow-co11aboration VE 
28 ,-----,-----~------~-----r-----,r_----,_----~----~ 

26 

24 

22 

20 

18 
CO-P 

16 

0 .... 

P scores vs the scores 
1. There are no clear outliers. 

which is an outlier to 

to between P and 

between P and eo-p scores: r Ata 

of freedom we 

the 

93 

causes the 

with 

to 

V."'·U£.,VV'J. This shows that in the 

and a critical 

the P scores and scores were not 

even when we removed the outlier data 

The results show that there was a very difference in the collaboration score 

the low and YEs. This that we in our 

collaboration 

In the 

"",mu,pn the two virtual 

of the co-presence score, we found that there was a very 

co-presence between the two environments. The co-presence score was 

VE when to VE. This 

collaboration and interaction enhance co-presence in a eVE 

between 

a 

up the 

that 
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Scatterplot of CO-P vs IT scores 
120~--------~--------~--------,---------~--------~ 

110· · ,, · ·· · · · · ·· · 

100 o.utli.er. 

IT 90 

80 

70 

60 

50~--------~--------~--------~--------~--------~ 
15 20 25 30 35 40 

CO-p 

Figure 23: Scatterpiot of the CO-P scores vs the IT scores in the high
collaboration VE in Experiment 1. We have an outlier (17,98) in the data points . 

having virtual representations of others. 

When looking at the presence scores, we found that the presence score (P) was higher in the 

high-collaboration VE than in the low-collaboration VE. This is an interesting result since it might 

indicate that collaboration and interaction with others participants affect personal presence. This 

might be explained by the fact that since the high-collaboration task was more challenging, it re

quired the participants to be more involved in the experience and hence enhanced the sense of 

personal presence. 

Witmer and Singer [79] indicate that their Immersive Tendencies Questionnaire (ITQ) predicts 

the level of presence as measured by their presence questionnaire in a VE. However, in the exper

iment described next in Chapter 6, we failed to replicate Witmer and Singer's result using their 

presence questionnaire (rather than Slater's) and their immersive tendencies questionnaire. Since 

in this experiment we have used a different presence questionnaire developed by Slater et at, it is 

important to see if we can replicate Witmer and Singer's results with Slater's questionnaire. We 

found that in both the low and high-collaboration YEs, the presence score (measured by Slater's 

presence questionnaire) and the IT score (measured by Witmer and Singer's immersive tendencies 

questionnaire) were positively correlated. This might indicate that there is a relation between the 
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Scatterplot of P vs CO-P scores 
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immersive scores and the presence scores. lrr\m~'r<::I'vp <v1,'''',",'''''''''-0 score act as 

a of the presence score. When we the co-presence scores and the im-

mersive scores, we that in the low-collaboration VE 

correlated if outlier data 

between the eo-p scores and the IT scores in the VE. We th"''''''T,,,r'''' 

the immersive 

research needs to be 

When we 

score can act as a 

in this area. 

of the co-presence score in a 

if 

and more 

no 

results 

the presence 

,""ucuv'" between them in any 

J and 

an co-presence 

the two 

Slater et al 

scores, we was 

We therefore failed to the 

which indicate that found a 

correlation between presence and co-presence. More research needs to be done in this 

in order to confirm if there is a IvIUll'V"."" 

eVE. 

between the sense of presence co-presence in a 

We found a between the co-presence and scores 

in both the low-collaboration VE and VE. This indicates that group 

collaboration and co-presence are We did not any between P 
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COLL or between IT and 

that VUL~"""'OJ 

1: GROUP COLLABORATION AND INTERACTION 

in any of the two YEs. 

the session were 

if walked too close to other 

had some for the avatars 

There was also 

bit 

this we have preserlted the 

collaboration and 

ronment. This 

were a 

and results of an aimed at 

in a "-''''!!<leVV 

1. and interaction with other in the environment influ-

ence co-presence. It is that "Weta11"''' the sense 

of co-presence that afforded 

found the sense ,-,,,,,,vv..,,,, presence and 

virtual rprlrp',pn 

o-piresem:e was enhanced 

We 

and 

with the group. 

2. Personal presence and co-presence in a CVE could be correlated. This is a useful issue to 

presence and co-presence are associated this could be because 

common factors 

These 

named 

In 

or one another. If are not 

IVJ<;V""'" to each other. In this we did 

r"C',,"r'''' and in the two virtual 

the creation of two II-U'<L~".U virtual 

-cOllalJOratHm VE. These YEs are identical and 

COllta[)Orate in order to solve the task. If 

do not ta."k cannot be In the low-collaboration 

don't need to collaborate to solve the task. In YEs can communicate with 

one another an audio channel. 

We a one-way to check the difference in COLL score between the 

collaboration VE and the VE. We found that there was a very in 

COLL scores between the two This indicates that we succeeded in our of 

1",''-'1''." in between the VE and the VE. 
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We 1.111. •• ""'1.1\"'" score and the co-presence score 

in 

We 

and immersive 

IT score were 

as a 

no 

in the VE. 

between them. We 

the CO-P score 

an 

j.lV"""",,'" that 

if were 

tendencies score act 

the IT score were 

but was 

cannot say if the IT score can 

the score. We found no "'TIt'''''' correlation between the and 

scores in this 

and Slater et 

and 

a 
the co-·pn:selrlCe 

did not 

More research needs to conducted in 

immersive tPT.,1,,·nf'1PC in any the two 

the results 

correlation between 

area in order to 

a "II',Hlu",,:un 

nr~",pl'(,P and vV;l''''JV' 

is 

between 

VE and 

We 

or between 
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In this which is to 

between small groups and the effects 

the virtual environment is of pre~sellce in the 

and on users, we aim to show that an increased 

virtual environment 

a 

Our aims were two-fold. We wish to 

• How presence is in a collaborative virtual environment: The 

• 

to increased presence have been studied 

We aim to consolidate this research and combine all the 

nra .. ,,, .. ,, virtual environment. 

and co-presence on 

and interac-

a 

factors con

researchers. 

a 

two virtual with of presence, are used in 

a 

and co-·on~selnce 

environment. 

We 

The nrt"ar-<l",""n as well 

how the differences in 

with other 

science 

of results and much of their 
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was 

th e n P 1FT "rrnnH,. 

6. EXPERIMENT 2: GROUP '-'-"~LJnUJ AND 

three honours <U-"''-''''''' under 

and the actual 

role 

the 

and 

the course of the 

we wish to test, in Section 

the 

Section 6.2 describes the 

task that the 

the 

in Section 6.5 describes the used. Section indicates how presence, 

co-presence and interaction were and how the data was J:',nlllv,lvU Section 6.7 

the of the results which a summary the obtained results. 6.8 nrp,pn" a 

This 

VVI,<U"vU results, 

the of two The first and main 

a group in a eVE 

'"'V''' ..... ''hJ is that in-

the of 

interaction between group members. In order to test this we created 

two to a 

ence, while the other was to and decrease the sense of presence 

the of these two virtual environments well as the differences between 

them are described in Section 4.3. were the or 

The second 

in the 

and the interaction and collaboration of group members were 

across the two 

we tested was that 

sense of presence and 

the two virtual 

felt 

and lower sensations of presence and co-presence 

In order to test this 

described 

'''''"is'''-''-' to asses the sense of presence and co-presence 

The 

of two 

second year 

divided six groups of users and one group 

The volunteers and were recruited from the 

course at the of Town. were recruited means 
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6.2. 

announcements in lectures as 

from other 

as on the notice boards. Some 

HIUll,,(1IC;U in Table 8. 

were 

1 2 

2 0 3 

3 2 

4 

5 2 

Environment 6 

7 1 

Table 8: The 

it was groups would take 

six volunteers were asked to up. From this four 

of three were selected to 

one was chosen as a 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

13 
14 
15 
16 
17 
18 
19 
20 

Blue 
Red 

2. Most of the 

in this 

selected. Out 

the fourth 

lll,,'.IJ(1,!ll" was unable to attend. If 

task and was 

were not that 

failure which forced 

the data obtained these two sessions. As a result of was 

scheduled. For 

The third was a year 
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6. 2: 

our overall number 

and one 

were not told 

were unaware we one in 

Due to the we were unable to control conditions such as age, 

Table 8 shows the 

uu" .. ,.r" ... """'" groups interact 

group 2 we had a 

H-''''H''''' across the two rltl-j-t>,..,,,, ... t 

We can see that the 

as Slater et al 

across the two environments was -Dneselnce VE had 

the 

The 

was ~~A'",U~'U to encourage u" .... u' ..... , 

VE had four male female 

in two virtual pn,"rr,n which exhibit VIJ'JV~JU 

presence 

both 

1 ...... • ... 1 ... <1.1 avatar. The 

The avatars were AUU'V''''U 

~~.,."'.<VU to encourage 

collaboration rather than 

to interact with the environment. 

below 

and 

It 

was as there were ten rooms in the VE 

which had a word on either the wall the or on the 

the Each one those 

The UH.J~U'F. were 

the letter written in all the 

up the cubes and move them around the environment. For each 

letter move it next to the word. The letters could be moved to a 

were scattered in the 

could 

the 

room if it was 

• 
• 
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Words 

"orse 

"urry 

Pool of Scattered 
Letters 

2. The words used in the task of 

wrong room. 

and between the 

103 

np."'Tnpnt 2, and the 

we 

decided 

In order to 

the task '''UA,U''", sure that the letters could used in more than one but if it was used 

in the 

As each were taken to their 

order to 

25 shows the words 

the lU"~lWc;,;l as-

in 

an in-

would have to 

included a detailed rlPt:t'nnt 

in the virtual environment. 

to start, their 

was 

in the group were 

controlled another 

gh-,prt~selnce VE this was 

to 

with the 

each 

the instructions and lUl'"",,·\Al that 

virtual environment on the screen, 

indicated colour on the 

were 12:re:etc:d in the virtual environment 

nUl_nr,""",nf'p VE 

to draw their attention to the 

were the 

how to move in the 

When all 

an avatar 

in the 

how 

text or audio Ut:IJt:IlIU if in the _nr .. "pw"f-" VE 
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or in the 

were ,",v,,,,,,'';, 

told 

out 

As 

6. 2: GROUP '-V'L./L./i&.u AND 

how to and Once all the ,u>v,,,Vv' 

with the interface and indicated their readiness to start the actual 

go ahead and start task. At 

avatar left the area in the 

so that the group 

of the group 

were 

the 

once 

the 

had an to them. The role 

varied Det'we(~n the 'ClUJ_nr".",,,nr',,.. VE and the 

rnpntp .. " were in case severe interface were 

there to increase distraction and real-world in order to decrease the sense of " .. " . .,,,.,,,,p 
the 

into the 

later 

soft drink served as a ,",v,nu, . ..,,,,, intrusion. In the left 

the room once 

The task 

• 

• 

• 

as 

in the environment and instructed the 

and the Immersive "'<;;;IJIU<;;;'""";:;" 

in more and in 

As the 

the 

were used for the 

an SGI 

and 3-button SGI mouse the 

with an Rl 

an R 10000 processor, 

and 3-button SGI mouse for the 

3. 

no immersive 

was 

ronmeJnt could be 

a 21 inch screen, SG I 

_""" .. ~_ the colour 

a 17 inch screen, SGI 10 1 

~~'''b''~- the colour 

a 21 inch screen, 101 

the 
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AND 1 

the 

a NT to a SGI workstation after the two 

used nealopinorle 

of the 

in order to 

worlds. 

In this section we 

an 

In order to interaction and ,",UJllalJV,aU'Ul 

This was Interaction Process 

To measure Dre~sellce and co-presence in the were 

the con-

tained to measure co-presence. The 

Witmer 

co-presence 

was used to measure the innate 

more B. 

All between group members Text communication sequen-

written to a while means of a recorder 

as well as via the sound tool used. In the the of the person 
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1 6. 

was not recorded. 

information was not used in the 

2: 

the was to 

are four main categ()m~s statements: 

• 
ment 

• or orientation 

• 

• "J,v""rll D: np,,,,,,,,,,,, socio-emotional content; or ""","'",'V' 

can be down into three "U'Y-\",:U\"It;Vl described in more detail 

each group was down and v~''''''''J' into 

In this the We 

this 

the presence, co-or'esl~nc:eand immersive tendencies the the interaction 

and vV'""'C''''' 

Presence 

the 

were obtained for each 

and 

The co-presence score was obtained to 

form a co-presence score 

to a total The scores obtained in the 

ore:serlce VE are shown in Tables 9 and 10 

",,,,,-t,,,Fj'y,,,rl on these values to aet:enmrle whether the in mean scores 

between the and the VE were For a 

0.05 

• The 
the 

j'1-prp'l"p between the mean P score in _n .... ""p,nr'''' VE and the mean P score in 

rpcpnr'p VE was not at p 

• The difference between the mean CO-P score in the -presenl::e VE the mean CO-P 

score in the VE was at p 0.0288. 
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6.7. ANALYSIS RESULTS 107 

2 107 
114 
122 
92 19 51.191 

6 101 93 
7 111 31 72 
8 94 
9 52 
10 74 

115 
92 

:vn,p ........ • ... t 2. 
For each we measured the presence score the co-presence score the 
total presence score and the immersive tendencies score 

13 
14 74 
15 

39 76.863 
39 88.043 
40 81.159 
39 81 

66 

11.778 

the 
For each we measured the presence score the co-presence score 

the total presence score and the immersive tendencies score 
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108 CHAPTER 6. EXPERllWENT2:GROUP AND 

• The between the mean TP score in the ntJlm-Ipresellce VE and the mean TP score in 

the InUl_nrp"",,,n('p VE was at p = 

• The 

the 

In 

tT"""""" h,>t\lfPpn the mean IT score in the 

rf'"",,n('f'. VE was not at p = 

the P scores each VE were 

on group number and P score showed no 

in P scores across for either VE. the 

p = 0.9527. In the VE we have F 

_n",~"p1nt'p VE and the mean IT score in 

A one-way of Variance 

at the 

This indicates that 

there were no errors with the P scores in VE. 

In order to check if a role we for each VE 

P scores than a one-way ANOVA on colour P score. This showed that no colour had 

any other for either VE. In the 

0.376 and p 

and shows that the different 

P scores. 

In order to if the IT scores obtained in this 

used in this was thus drawn from the same 

F 1.1478 and p 

ttplrpnt'P<: were not 

In the 

at a 0.05 

to in 

to that of 

"'''''-A''','P h,>hl/PPM the mean 

;::)""'''1.1'''-' standard 

intervaL The 0"'"I-'J',-, 

in order to A correlation 

there were .Vu."ulvbetween them. For correlation variables with IT scores, a one

sided test was used as there was a for that any correlation 

would be IT scores lead to P 

For a 

the 

O'niln("<>n/'p level was 0.6215 for 

oe~~ret~s of freedom == 

For a two sided test, as used for P/CO-P 

of 0.7067 the -1-'"">, ... ,,,,",,,, VE and of 0.5760 for the 

VE. 

In the of the P scores vs the scores reveals that on of the data 

is an outlier to """A4U'" which does not contains any other 

We removed this data and obtained the 



Univ
ers

ity
 of

 C
ap

e T
ow

n

6.7. OF 

• In the thatP was 

• In VE we found that P was not 

clear 

tween 

. CO-P was not 

110 

100 

90 

80 

70 

60 

80 90 100 110 

P 

120 

P vs IT scores in 
2. Data 

the 

members was categon 

o-pTeseuc:e VE P vs IT 

to 

and collatJoratlOI 

accOrdmg to the schedule 

109 

, rc,.it 

to 

to 

17 
0 

'15 
0 

19 
Q, 

,14 
0 

130 140 50 

we 

we can see that there are no 
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1 6. 

105 

100 

95 " .8 
0 

90 ? 
0 

85 
t: 

75 

70 

65 

95 
p 

27: P vs scores in 
2. There are no clear outliers in the data 

Underwood et at The 

., Reactions 

., Answers 

., 

., Reactions 

Each of these ,",,,,vF.'JA are three 

105 

areas, 

7 
<> 

115 

AND 

4 
o 

125 

twelve v .. ' .... ""JA alto-
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6.7. 

6. 

7. 

8. 

9. 

10. 

1. 

of 

exist. 

111 

or asserts 

6 may be taken as an of the amount 

to the and 

Lal[eQIDfV 7 may be taken as an index of the amount 

, .. ",,,~c, .. ,,,,,,, to each other that of and 

can be used to calculate an index of where the 

the value of the the 

numbers in this 

the raw number of scores within that ,-,£u,vo:.'J' 

7 
7+6 

and 

If are not 0lt1r1rp'>::<: are unable to .... v,;Vvu;,"" .... , and 

index of behaviour can be delme:d as: 

to the that group members need to 

and inference as to what consider 

situation and activities as a group in order for "'V,""",,,,, 

for this COIlcept can be as where a for 

in evaluation 

8 

8 5 

to 

will result . An 

ade

and 

to occur. An index 

indicates a O""'5>r,·,. 

group of 

their and skills in a way which is effective in nr£vn,,, 

feel 

to 

their situation 
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112 CHAPTER 6. EXPERIMENT 2: GROUP COLLABORATION AND INTERACTION 

I ndez of Difficulty of Control over Situation = _9_ 
9+4 

Directiveness of control indicates the degree to which individuals within the group feel that they are 

able to exercise control over the cooperative efforts, and limit the degree and circumstances under 

which particular group members exert their potential power over each other. Activities in Category 

6 is the least directive, that in Category 5 more directive, while activity in Category 4 is the most 

directive; thus, the derivation of the formula for the index: 

Category Group 1 Group 2 Group 3 Group 4 Mean Std Dev 
1. Shows solidarity 4 7 10 8 7.25 2.500 

2. Shows tension release 1 0 0 12 3.25 5.852 

3. Agrees 10 12 5 12 9.75 3.304 

4. Gives suggestion 7 10 6 11 8.50 2.381 

5. Gives opinion 7 7 1 9 6.00 3.464 

6. Gives orientation 34 27 28 38 3l.75 5.188 

7. Asks for orientation l7 12 13 32 18.50 9.256 

8. Asks for opinion 10 1 0 3 3.50 4.509 

9. Asks for suggestion 2 0 3 1 1.50 1.291 

10. Disagrees 3 0 2 5 2.50 2.082 

11. Shows tension I 0 2 5 2.00 2.160 

12. Shows antagonism 1 0 3 1 l.25 1.258 

Total No. of Statements 97 76 73 137 95.75 29.500 

Table 11: Dialogue Categorisation for the Low-Presence Environment of Ex
periment 2. Values are given as number of statements made by group. 

4 + 5 
.. C 4+6 5+6 I ndez of Dzrectweness of ontrol = 2 

A group in which members are collaborating freely wi1l be expected to have more verbalisations 

indicating exchange of information, suggestions, and opinion, as well as agreement. Relatively few 

verbalisations from the last three categories would be expected in a collaborative group. An "index 

of collaboration" could then be defined as: 

I d f C Ii b
· 3 + 4 + 5 + 6 + 7 + 8 + 9 n ez 0 0 a oratwn = --;-,------------:-----:---------,-

(3 + 4 + 5 + 6 + 7 + 8 + 9) + (10 + 11 + 12) 

All the statements in the different groups were assigned into the 12 categories described above. 

Tables 11 and 12 give the raw number of statements per session per category for each the low

presence VE and the high-presence VE, as well as the mean number of statements per category 
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6] 113 

of Ex-

13 14 the number statements per ""'c''''V'U per 

The 

of statements 

shown in Tables 13 and 14 can 

for VE. Such charts are shown in 28 and and the mean number of statements 

per ..., .... ,vF,·v. 

In to if the means were 

intervals were calculated 

confidence intervals were then 

the two YEs ('(,\,n",1"" 

the two means are not 

two 

Tables 15 and 16. These 

to 

The 30 the means of Ca'te!!:IDrv 

at the 0.05 confidence between the two YEs. under 

The 

The mOlces 

the indices described 

mean number 

in this section. 

The VE. 

In to if the index means were different between the two 

confidence intervals were each index mean. This is 19 for the low-

presence VE 20 the VE. These were then 
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114 6, 2: AND 

Table 13: ~.~ .. ~ ... the Environment of Ex-
jJV"'V'''M''''~ of total number of statements made group, 

Table 14: Ex-

order to determine if the two YEs confidence for each 

confidence intervals UUI,oIL"," that the two means are not --------J different. The 

is shown in 31, and as one can the in means index 
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6.7. ANALYSIS OF RESULTS 

Mean - Low Presence 

Showo solidarity. raises other's status. gives help. reward 

Shows tension release, jokes, laughs, shows satisfaction 

Agrees, shows panive acceptance, understands, concurs, compl~ 

Gives suggesllon. direction, Implying autonomy for other 

5 Gives opinion, evaluation, analysis, expresses feeling, wish 

6 Gives orientation, Information, repeats, clarifies, confirms 

Asks for orientation, Informatlon, repetHlon, confirmation 

8 Asks for opinion, evaluation, anolyals, exprassion of feeling 

9 Asks for suggestion, direction, possible ways of action 

10 Disagrees, shows passive rejection. formality, witholds help 

11 Showo tension, ask. for help, withdraws out of field 

12 Shows antagonism, deflates others status, defends or asserts self 

" --~7 I "'--'-I"- --ti-
-- --.. ! I ! I 

1-I--7':'--i ", -+--[---+--I -!- l 
I--~--~I~=~i--~--+--+_'--

I -+- i 

I" -+-r -=+---t---f----!--I --i 

~r--_:_+_t-........ ··-_+t---+i-........ -jt±_ 
o 10 20 30 40 

% of Total Statements Tot.1 ~ 95.75 

Figure 28: Mean Interaction Profile for the low-presence groups. Total value 
shown is the mean total number of statements made by the groups. 

Mean - High Presence 

Shows solidarity, raises other's stotus. gives help, reward 

Shows tension release, jokes, laughs, shows .. tlsfactlon 

Agrees, shows passive acceptance, understands, concurs, compiles 

4 Gives suggestion, direction, Implying autonomy for other 

5 Gives opinion , evaluation, onalyals, elCpfess .. feeling. wish 

6 Gives orientation, infconation, repeats, clarifies, confirms 

Asks for orientation, Information, repet~lon, confirmation 

8 Asks for opinion, evaluation, analysis, expression of reeling 

I 9 Asks for suggestion, direction, possible ways of action 

10 Disagrees, shows passive reject ion. formality, witholds help 

11 Shows tension, asks for help, withdraws out of field 

12 Shows antagonism, deflates other's status, defends or asserts self 

o 

-!----+- -_.-: --.~ ... j-i.-- -, I 

1$ 
,,- - ~-

10 20 30 40 
% of Total Statements To .. t = 512.67 

Figure 29: Mean Interaction Profile for the high-presence groups. Total value 
shown is the mean total number of statements made by the groups . 

115 
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116 6. EXPERIMENT 2: GROUP '.A/AJJ....,F1c'-' 

Mean 
0.0822 

0.2642 
0.0732 
0.0433 . 

Latee;OrISatlon of the Low-

Table 16: ."' .......... of the 
Presence 

values for the two YEs are not at a 0.05 level. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

6.8. DISCUSSION OF RESULTS 

Confidence InteNals for Dialogue Categories 1 to 12 in each VE 

0.45 

0.35 

f g 

" . . . 

0.25 

~ f f 
f1 f jd fe 

fJ 
2 0 

2Q 20 ~ 0 . ~ 

0.15 

0.05 

-0 .05 

Figure 30: 95 % Confidence Intervals of the mean number of statements in each 
category. If high-presence and low-presence confidence intervals overlap, the difference 
in means is not significant. 

6.8 Discussion of Results 

117 

In this section we present a discussion of the results obtained during this experiment. Firstly, we 

discuss the results concerning presence, co-presence and the immersive tendencies. After that, we 

present a discussion of the results obtained during the dialogue analysis. 

6.8.1 Presence, Co-presence and Immersive Tendencies 

We have shown that participants were randomly assigned between the two YEs, as the mean IT 

scores for each VE were not significantly different. This also implies that any difference in P, CO-P 

or TP scores between the two YEs cannot be attributed to a difference in IT (i.e., that any difference 

in presence found between the two YEs cannot be explained by a difference in immersive tendencies 

of participants). 

The mean co-presence scores were significantly different between the two environments, indi

cating that participants in the high-presence VE felt more as though they were part of a real group, 

interacting with real people, than the participants of the low-presence VE did. This means that 

the manipulations of the YEs, with regard to increasing co-presence, were successful. While more 
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18 CHAPTER 6. 2: 

4 Mean Std Dev 

Index of 
0.3333 0.3077 0.3171 0.4571 

o 0.3182 0.2 

0.5882 0.1250 o 0.2500 

of Control over Situation 0.2222 o 0.16 0.1476 

0.0494 

Tab Ie 17: .IJ .... Vi .. "'''"' Indices "'" .. "u." .... ',.. the Low-Presence Environment. Val-

0.4171 0.3130 

0.0901 0.1474 

0.2923 

Index 

of ...... v."" 'Ji 0.1111 

0.0087 
0.0124 

Table 18: "-' .... v, .. "'''' Val-
ues range between 0 and 1. 

on the would be it seems that the two most the 

VE was the nature the avatars and 

to converse with the other 

to the to underlie presence Witmer and 

two YEs created for this should have of 
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DISCUSSION 

Low-

Indices 

presence in ",,,'p'N'r the difference between the mean P scores between the 

oW'-OI:eslenc:e VE were not that the "'UIU",,'''' 

two VEs to create a sense of presence in the 

be because there was no difference in the presence felt 

that the presence used was not sensitive 

119 

the 

This 

be 

Whether this comments on the size of the in presence, or on the of the presence 

cannot determined from this 

The TP scores of the two VEs did show a is 

most difference in CO-P scores. it does still show that 

the amount of total presence of to be 

of the environment. 

In order to check if different lead to different of the 

we """,-1"A,·"",>11 a one-way ANOVA on avatar colour and P scores. This ANOVA showed 

within P scores were not different between with different 

colour avatars. This indicates that colour avatar that to the not affect 
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120 CHAPTER 6. EXPERIMENT 2: GROUP COLLABORATION AND INTERACTION 

1.2 

1.0 

0.8 

0.6 

04 

0.2 

0.0 

-0.2 

-04 

Confidence Intervals for Dialogue Indices for each VE 

.. . 

I Q : 

. . .. . . .. . . .. . . .. . . 

. ... 

I I ( 

1 . .. 

1 
II 

~ 
( 

. . . . . . . . 

IDC LO IEMB LO IDE LO IDCS LO IDC_LO IC_LO 
- IDC_HI -IEMB_HI - IDE_HI -IDCS_HI IDC_HI IC_HI 

I Mean+2'SD 
Mean-2'SD 

o Mean 

Figure 31: 95 % Confidence Intervals of the indices. If high-presence and low
presence confidence intervals overlap, the difference in means is not significant. 

the degree of presence felt by that participant during the experiment. Since different workstation 

configurations were used for different avatar colours, this result also indicates that the particular 

workstation configuration used by a participant did not affect the level of presence felt by that par

ticipant during the course of the experiment. 

We found that the mean IT score in this experiment was not significantly different to the one 

reported by Witmer and Singer [79, 47]. This indicates that the sample of participants used in this 

experiment was drawn from the same population as the participants used by Witmer and Singer 

in their experiments. This implies that the questionnaire scores obtained in this experiment can 

be compared to the ones obtained by Witmer and Singer in their experiments. Witmer and Singer 

found a correlation between the P scores and the IT scores. In other words, they found that the 

immersive tendencies predicted the level of presence as measured by their presence questionnaire. 

The correlation analysis in this experiment showed that the P scores were significantly correlated to 

the IT scores only in the high-presence VE, after we removed an outlier data point. The PIIT scores 

were not correlated in the low-presence VE. 
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The P/IT correlation Witmer and thus seems to certain 

tions, it is unclear what these are, as the measure 

that showed a between the two YEs was the which was shown not to interact 

with either IT scores or P scores, It seems that there must be some other factor .nt'''r<>,('1 

with the P and IT. seems to be related to some in the two YEs that wasn't 

in 

in ,,,,"mp-r,, 

a certain level in 

aU'_"llJ' to this 

a virtual environment. 

and 7 .. """,,,,('1,, we did 

studies should be out in an 

a method for 

npr"rYlpnt 3, which are 

score act as a the presence score their pre:sellce 

presence did between P and IT 

The 

measured 

level of E'r.._n ... ,,~o 

A further 

the eo-P nor TP scores were to the 

that an individual's immersive tendencies as 

a collaborative 

cannot 

environment. 

that the P scores and the eo-p scores were not 

the 

of the two VEs. We 

scores 

tail in Slater et 

between presence and ro,.nrp<;!f'nr'p in a evE. 

was decided to maintain internal 

consistent within this py,)pr'I'Y'I,>n 

The most Hu,,,,,-,,;auu;;; nd+<.ra,,,"" in the 

to 

rl"",,,r.hc·rj in more de-

or 

Bales 

Due to time 

it 

",tt,prnnlc.rj to follow 

nh!t", ",,"rl are thus 

of the two YEs is in the 

statements made the in each VE. this data is in Tables 11 and 12 in 
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it shown a more 

groups were more 

that the number of statements made 

it must be renlerrlDerec1 

to two members as a result 

two the 

statements 

the 10Vi/-presen(~e VE groups. This is 

are more 

2: COLLABORATION AND INTERACTION 

in Table 21. It is clear that the VE 

which may be taken as 

were more collaborative than 

to note 

LJ''-''''''''''''' VE was 
cannot be 

with mean 

appear to some 

in terms of the VE 

VE groups made more 

than 

as group members 

rnrinl'F'n in Table 22 

and 2 were ranked in 

This means that 

IT,,' .. ,,"I''''' were found to be 0'h'U"'~~' 

in both VEs made more orientation and state

vv,Uv'" statements ments than any other kind of .:nu"",,,."'" 

than 

of 

of statements 

VE these two 

of 

in Table 22. 

lOis in 

Ibis is rpV,f'r<:f'.l1 

was ranked much 

tension release than 

closer -~r.-"'-

m 

in mind the ease of 

while the 

fact that the rank correlation co-efficient 

are different overall. It cannot comment on, for whether 

9 in the VE and 10 in the 
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1<4.""""5 is or not In itis 

to say that Caleg()rv 

Irm,,_nr"'''Pnt'P groups showed 

more groups, is not conclusion 

the in the number of statements per found hpl"",,'pn two 

YEs was in 

22: ll" .... n" .. 6 

The ,",V"'IJUl ~.~~~.,~~ "'~""""., between 

the two YEs. The fact 

ferent between two YEs indicates once more that 

of which VE the group was to. 

mean no. of statements. 

was 

means 

are 

constant, 

dif-

presented the and results of an aimed at the 

• the of presence co-presence within a group in a Coli abo-

rative Virtual Environment would the of and interaction between 

members. 
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124 CHAPTER 6. AND 

• the two virtual environments as would results in a 

in the 

sen

and a sation and co-presence 

lower presence VE. 

The first which were 

to engelldt~r different of presence. The 

which measure the levels 1.1'\;,,, ... , ........ and co-presence in the 

eVEs. 

After the were asked to fill out two a Presence 

naire -~'J""'~'- to measure the of presence and co-presence, and the Immersive 

and 

and 

used was the presence Witmer 

the sense ,n~"~AA~~were added to this 

in Section 3.5. The 

to measure the innate 

Witmer 

to immersion 

[erloenc:les were 

for each ,.,,,,'t.t"'''' 
presence, co-presence, and 

'V""U'" "" scores. 

• iT .. rPT.""'" between the mean VE P score the mean -prc;o:sence VE 

P score was not atp = 

• The difference between the mean mgn-[)res:em~e VE score and the mean 

VE score was 

• The mean VE TP score and the mean 

TP score was '''F.'U'''~<U 0.0264. 

• The difference between the mean 

score was not atp 

were found with 

• P scores 

of with VE were ~uU"b"~-

• The PIIT correlation was 

must be some 

related to some 

should be out in to 

a virtual environment. 

-n''''''''I1("'''' VE IT score and the mean ow-pn::se][lce VE 

P, IT scores: 

the same level of presence 

not in 

with the P and IT. This seems to be 

wasn't measured in this Further studies 

a method for the immersive of 



Univ
ers

ity
 of

 C
ap

e T
ow

n

• We 

• scores 

order to 

was 

between the P scores in either VE. This ",,",,,,-u,,,-,,, 

et 

between presence and co-presence. 

eo-p scores were not in either VE. 

and ,",V"U,H"'LH 

statements were va''''I".'J! 

P,",'U,,'Ir! in 

between 

1 

we 

between the two VEs were, on the We did not find 

between the 

eVE in 

VEs with 

in the two VEs. 

of co-presence 

was that n""""t,,,,n,,,nt~ 

,n","""',,),; and 

.... "",,,,",,,,,,,, it 

the two 

_nT,,,,,,,,n,,,,, VE made more comments 

in the IAUll_M'T"'"'' VE. 
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(I) 

one rPTWPo;:pr,t in a ,",VJllUIJVl virtual rnr,rn,f>nt is a 

realistic human-like avatars with 

In 

presence in the collaborative 

In to address the 

find it easy to 

avatars while 

to 

aPlotnFPC and 

issues: 

issue in 

the sense of 

avatar 

1. The effects avatars on co-presence as to nUlman-IIKe avatars. 

The to determine here is how does the appearance 

r,.","",u"P in the eVE. 

different avatars affect 

the sense of 

2. effects that avatar has on co-presence in the virtual environment. func-

we mean avatars arms, and sad 

head movements such as yes, no and and facial 

angry and 

In order to address the issues mentioned 

We 

the effects 

",-"e'F,uce,",c> the effects of avatar 

in 7.1 

we divided the 

avatar appearance on 

on co-presence in the eVE. 

the different 

the 

Section 7.2 describes the and and Section 

127 

in this 

shows 
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different avatars used 

ent used the 

were 

a 

This 

3: 

in the 

AND 

Section 7.4 the 

ndlcates how presence and 

as well as 

is that the way one '~IJA~"v' environment 

is very co-presence. 

how the UIJ'J~U~W"~~ resl:mce. In order to test 

the 

the 

The second static avatars is not sufficient to create a 

sense of co·-pres(!nc:e in COllJa()Orawve virtual environment We 

we 

necessary or are crude re}:)re:serltatjOlls 

also want to test 

"t"".''''''''-''' in the eVE. Here sense 

functional avatars, with ITP"tnrp" 

to the sense of presence 

any 

movement could create a worst sense of co-presence than avatars 

visual realism any movement This could be because there is a between the 

the 

avatar 

avatar 

it 

the 

to it is not functional. 

In order to 

which use the same virtual environment and have the same 

avatar appearance on co-presence. In 

which involves the of 

Part A 18 V~"'-'V 6 3 users each. Part B involved 30 

an unrealistic 

two 

we 

the 

1 0 groups of 3 users each. were recruited from the second year 

ogy course at the of 

in 

were 

in the 

means of announcements 
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Four participants were asked to sign up for a given session. Three of these volunteers were 

chosen to participate in the experiment, while the fourth was chosen as a surplus volunteer in case 

one of the other participants was unable to arrive to the laboratory. 

Participants in a group met for the first time in the virtual environment and could only com

municate with one another through the virtual environment. This was accomplished by situating 

the workstations in different rooms within the same laboratory. Each participant used headphones 

which blocked out the noises from the real world. 

As each participant arrived to the laboratory, they were taken to their respective rooms by the 

experimenter. Before starting the actual experiment, each participant was introduced to the system. 

This involved learning how to control the avatar's gestures and facial expression if provided, move 

through the environment, pick up objects, etc. The participants could not see their own avatar. Once 

every participant was familiar with the interface, they read the experiment instructions stating the 

task that they will have to perform in the virtual environment. In order to make sure that the partic

ipants had understood the task completely, the experimenter explained the task verbally, answering 

any questions that the participants had about the task. 

The task consists of reading a story (4 short paragraphs) by accessing the book on the table 

in the VE. Once each participant has read the story, they have to agree on a ranking for the five 

characters in the story. The ranking is as follows: the best character is assigned a "1" and the worst 

a "5". There was a white-board on the VE which had a simple grid with the names of the five 

characters of the story. At the bottom of the board there were five numbers which could be moved 

around the board, so that the participants could assign the ranking to each character in the story. 

The participants had to argue with one another and arrive to a group agreement. This task required 

communication to argue or agree with the other participant's rankings. 

The avatars used by the participants were labeled Red, Green or Blue, and participants called 

each other by these names during the experiment. Since the participants could not see their own 

avatars, there was a colour strip on the monitor used to indicate the colour associated with the 

partici pant. 

The task had a time limit of 20 minutes, and after that each participant was required to fill 

in two questionnaires: Witmer and Singer's Immersive Tendencies Questionnaire (ITQ), and the 

Presence/Co-presence Questionnaire. The Immersive Tendencies Questionnaire is described in 

more detail in Section 3.3. The presence questions are described in Section 3.4, and the co-presence 

questions in Section 3.5. 
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130 CHAPTER 7. EXPERIMENT 3: AVATAR APPEARANCE AND FUNCTIONALITY 

Figure 32: The different avatars used in Experiment3. From left to right: Blockie, 
sphere, cube, dilbert, cartoon, man, and bob. 

7.3 Avatars 

In this section we describe the different avatars used in both part of this experiment. The participants 

cannot see their own avatar, so none of the subjects had an idea of how they were portrayed. 

7.3.1 Part A: Effects of Avatar Appearance on Co-Presence 

In the first part of the experiment, in order to investigate the effects of unrealistic avatars as opposed 

to human-like avatars, we provided a set of avatars divided into three categories: realistic human

like avatars, cartoon-like avatars, and simple unrealistic avatars (refer to Table 23 and Figure 32). 

Each group consisted of three participants, and each participant in the group had an avatar from one 

of the categories (refer to Table 24). None of the avatars used in this experiment had gestures or 

facial expressions. 

7.3.2 Part B: Effects of Avatar Functionality on Co-Presence 

In the second part of this experiment, in order to investigate the effects of avatar functionality, we 

provided the set of avatars described in Table 25 (refer to Figure 32). Each group consisted of 3 

participants, using the avatars described in Table 26. 
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7.3. AVATARS 131 

Avatar name Avatar description 

bob, man Realistic human-like avatar 
cartoon, dilbert Cartoon-like avatar 

blockie, sphere, cube Unrealistic avatar 

Table 23: Avatars available for Part A of Experiment 3. This part of the experiment 
investigates the effects of avatar appearance on co-presence. 

I group Participant 1 Participant 2 Participant 3 

Group 1 blockie dilbert man 
Group 2 sphere cartoon bob 
Group 3 cube cartoon bob 
Group 4 blockie dilbert bob 
Group 5 blockie dilbert man 
Group 6 cube cartoon man 

Table 24: Avatars used in each group for Part A of Experiment 3. Participant 
I used unrealistic avatars, participant 2 used cartoon-like avatars, and participant 3 used 
realistic human-like avatars. 

Groups 1 to 6 in Table 26 are used to investigate static avatars vs. avatars with gestures and 

facial expressions. Groups 7 to 10 in Table 26 are used to investigate the claims that having realistic 

human-like avatars without any body movement could create a worst sense of co-presence than 

having unrealistic avatars without any body movements. By "functionality" we mean that the avatars 

Avatar name Avatar description 

blockie, cube Unrealistic avatars with no functionality 
dilbertNoGesture Cartoon avatar with no functionality 

dilbert Cartoon avatar with functionality 
bobNoGesture, man Realistic avatar with no functionality 

bob Realistic avatar with functionality 

Table 25: Avatars available for Part B of Experiment 3. This part of the exper
iment investigates the effects of avatar functionality on co-presence. By functionality we 
mean that the avatars have a range of gestures (waving, raising arms, joy and sad gestures, 
head movements such as yes, no and perhaps, walking) and facial expressions (sad, happy, 
neutral, surprised, disgusted, angry and furious) 
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Table Avatars used in each Part B 
to 6 are used to static avatars vs. avatars with gestures and facial 

7 to 10 in are used to the claims that realistic human-like avatars 
without any movement could create a worst sense than unreal-
istic avatars without movements. 

head movements such as yes, 

no and 

In order to control the ,.,,,,,,tn'rAe 

the user to 

'''''''''''''''1'. that no as 

controlled with the mouse, F.H'''''''''''~ user interface 

were used: 

• ~Ubu,.~~with processors, 

• SGI 02 with a 175-MHz RIOOOO 128 and 21 

screen. 
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• 02 a 1 Rl 

inch screen. 

In ,.",,"1"'f>.n<l,ntc used np<.rin,,,,,'''''''' 

communication was RAT 

tool 

were used to 

this of nprcnr." 

133 

of and 17 

The 

which is a multicast audio 

the data in this In 

the 

also the immersive tendencies of the different individuals 

In order to measure the the users 

ment, we 

de-

in c. 
The r(),_nrp<:">nc·p we have can be 

found in 

We also used the Immersive 

to measure the differences in the tendencies U",vVJ.Jlv immersed. 

assesses in common can be in 

pn:~sente:d in Section 3.3. 

In this "p",',,,n the results obtained in the The central idea was to 

the 

and 

avatars of different UVI"'"'~U('u''''-,,,, 

to the avatars. 

appearance of 

to the avatars. immersive tendencies scores 

and the score were associated indicates that the immersive tendencies 

could act as a for the presence scores. These results can found in Section 7.6.2 
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We the different variables measured and the nYIDOl,nt:;:st:;s we are 

,-,n"""-".1< a summary and a discussion of the obtained 

A: J.!,nl~ClS on 

We 

There are two tJUI,"""''''3 which we wish to test means Part A of 3. One is that 

a sense presence and f'n_,nr""P!nf'P in the eVE is the 

is that 

means of 

human-like avatars should create a 

The second !"",nthp", 

co-presence than f'" .. 'tnt'.n 

avatars, which in tum should create a I'n·_nrp<:F'nI'P that avatars. 

In order to test the above 

The presence score, P: This variable is measured 

naire described in 3.4. It measures the 

The le~Ull'nCleX score, IT: This is measured 

mersive in Uv,#,,~'u 3.3. It measures the tenldenCles 

to involved and ""H',",''''''~ 

the co-presence 

vv.,.-< .. "" avatars, CO-P-CA: 
avatars. It is ,.,.,,,,,,,,,"'.,,,; 

3.5. 

unrealistic avatars. 

described in 3.5. 

This measures the 

measures the 

variable is measured 

is 

sense 

the 

The co-presence score, CO-P: This variable measures the overall 

the user. is the sum of the individual co-presence 

which in tum 

as measured 

their presence 

use a different presence 

above 

the holds. It is 

are: We than 

"'~''"'~'" that the IT score, 

I described in 

so it is 

5, we 

the check if 

rnn","<>nt to see if there is a correlation between the P score and 



Univ
ers

ity
 of

 C
ap

e T
ow

n

ANALYSIS 1 

CO-P score. et al [71] indicate that a 

and co-presence in one of their 

also in Slater et al 

This small group is described 

un(~tlOinalllty on 

There are three means of Part B 

is that a sense of presence 

the 

avatars. The second is that avatars with n""otl1rp<, 

the of a CVE. The third indicates that 

movement could create a worst sense of co-presence than 

The 

virtual 

means of 

avatars without any 

unrealistic avatars movements. This is there is a vv.uu.,v between the 

UHI-IIII,<:; avatar and the lack movements. On the other 

a avatar it to understand it is not 

In order to test first and second we measure the 

measures the 

It is measured 

3.4. 

The immersive Ij/TllIj/,,,, score, is 

mersive tendencies QuestlOrma.lredescribed in Section 3.3. It measures 

to become and n..,.nPNp'i1 in the 

avatars, CO-P-F: 

F.v,,.UL"''' and 

avatars, CO-P-S: This variable measures 

presence of avatars avatars without and 

measures the 

the user. This variable is a sum of the co-presence variables 

variables: 

Witmer and 

tendencies of 

The We CO-P-F to be 

than find a correlation between P and CO-Po 

In order to test the which 

any movement could create a worst sense 

without any movements, we measure the 

CO-P-U: This 

of co-presence the other 

measures the 

any 

in 

sense 

co-

avatars 

sense 

ex-
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7. EXPERIMENT 3: 

static human-like avatars 

sense of of the other 

human-like avatars 

sense co-presence of the other 

AND 

variable measures the 

avatars without any 

This variable measures the 

" .... 'L"U,"-Jj'''" .... avatars 

presence score 

human-like avatars 

ilie ~ore the 

co-presence score of 

of the total CO-Dre~sellce 

scores obtained are shown in Table 27 

We 

way 

co-presence scores 

of cartoon-like avatars 

the The 

a one

that there was a 

if were 

any between them. We the 

the 

• Correlation nOTlAJO,nl 

a 

• 
o 

a critical value of r 

H"'lvU,n,) correlated. 

and IT scores: r 

N 

• Correlation TJP1lAJP,'n P and 

At a of 18 and 16 

p 0.033255 < 0.05. 

t= 
were 

> 
~~.,.~,,~ of we t 

that and were not 

andp > 

and a critical value of r to 0.46829. This indicates that P and were not 

correlated. 
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We 

the data 

10 
17 13 

18 12 
16 9 48 

6 11 
7 15 10 44 
8 20 12 
9 14 13 47 
10 15 9 49 
11 16 6 39 
12 87 12 13 47 
13 92 14 12 
14 87 17 8 49 
15 48 74 14 

I111'1"il1lO' the 3. This exper-
iment the effects of avatar appearance on co-presence. For each 
we measured the presence score the immersive tendencies score the co-presence 
score of realistic human-like avatars of cartoon-like avatars of 
unrealistic avatars and the total co-presence felt the 

Table 28: A 
are marked in bold. We can see that P and IT are 

3. Results with p 0.05 
correlated. 

a of the CO-P scores vs the IT scores to if we had any outlier in 

The that there are no clear outliers in the data. We 
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Scatterplot of CO-P vs IT scores 
120 

110 

100 

IT 90 

80 ... . .... ' 
! 

70 

60 

50~--~--~~--~--~----~--~----~--~----~--~ 

38 

Once 

For the 18 

tendencies score 

40 42 44 46 48 
CO-P 

50 52 

the scores vs. the IT scores 

the P scores vs the CO-P scores to 

are no clear in the 

Jfunc'tionaJlilJ on 

54 56 

the 

outliers 

1 to we tnP'",,,,,rp·rl the presence score 

the co-presence score functional avatars 

58 

to 

and the total co-presence score 

variables are shown in Table 

the co-presence score 

The scores obtained for these 

We 

the avatars with nt>,otnr"~ 

of co-presence. 

results 

on the P, 

variables. We 

to Table 30 for the correlation 

and avatars with 

a one-way ANOVA on the two 

p< This 

sense 

and CO-P scores to check if there was any 

rrOJrmt~a two-sided tests obtained the 
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Scatterplot of P vs CO-P scores 
58~----~----~----~----~-----r----~----~----~ 

~ . 

56 

54 • , •• • • • • • • • 1 • •• •• • ••• ; .1> • .••••• , • 

52 

50 
CO-P 

48 

46 

44· · . .. .. 

42 

40 

: . 
: . . 

. . . . . . .. . . .•..... : . 

38~----~----~----~----~----~----~----~~--~ 
30 35 40 45 50 

P 
55 60 65 70 

Figure 34: Scatterplot of the P scores vs the COoP scores for the first part of 
Experiment 3. 

• Correlation between P and IT scores: l' = 0.587179, t = 2.901595, and p = 0.010406 < 
0.05. At a significance level of 0.05, with N = 18 and 16 degrees of freedom we get t = 2.12, 

and a critical value of r (1'crit) equal to 0.46829. This indicates that P and IT were significantly 

correlated. 

• Correlation between CO-P and IT scores: l' = -0.03871, t = -0.1225, and p = 0.904928 > 
0.05. At a significance level of 0.05, with N = 12 and 10 degrees of freedom we get t = 
2.228, and a critical value of r (1'crit) equal to 0.575959. This indicates that CO-P and IT were 

not significantly correlated. 

• Correlation between P and CO-P scores: l' = 0.049294, t = 0.15607, and p = 0.8790 > 
0.05. At a significance level of 0.05, with N = 12 and 10 degrees of freedom we get t = 
2.228, and a critical value of r (1'crit) equal to 0.575959. This indicates that P and CO-P were 

not significantly correlated. 

We plotted a scatterplot of the CO-P scores vs the IT scores to check if we had any outlier data 

points. The plot in Figure 35 shows that there were no clear outliers in the data. We also plotted a 

scatterplot of the P vs CO-P scores to check for outliers. We can see in Figure 36 that there were no 
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3. This exper-
iment on co-presence. For each 
we mea~ured the presence score the immersive tendencies score the co-presence 
score of avatars with and facial of static avatars 
and the total co-presence felt the 

1 
-0.0387 1 

Table 30: matrix Part B 3. Results with p < 0.05 
are marked in bold. We can see that P and IT are "'5"'''''"'''''''] correlated. 

in the data 

In order to test the "'I'",£H""''' human-like avatars without any 
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Scatterplot of co-p vs IT scores 
100 

95 

90 

85 .. .,"" ..... . 
80 

IT 
75 

70 e, ••• "". , ", ....... ' "', ...... 

65 

60 , .......•. 

55 ... ,. ','" 

50 
35 40 45 50 55 60 65 

co-p 

scores vs scores 

movement create a worse sense of nr","""'''''' than unrealistic avatars 

any 

avatars 

movement, we groups 7 to 10. We measured the rr._ ..... rp·cp'''l'p 

the co-presence created 

the co-presence ('rp·"tF'11 IUll-UEI,,", avatars with 

are 

Table 31: Results the se<:on,o "'v","o·rin",,,.,t 3. Scores obtained 
for the co-presence created unrealistic avatars and the co-presence created 

realistic human-like avatars without gestures or facial These 
scores are used to test the that realistic human-like avatars without any 

movement could create a worst sense of co-presence than unrealistic avatars 
without any movement. 

141 

The 
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Scatterplot of P vs CO-P scores 
65 

60 

55 

CO-P 
50 

45 ... 

40 

35 ~ __ ~ ____ ~ ____ -L ____ ~ ____ ~ ____ ~ __ ~~ __ ~ ____ ~ 

25 30 35 40 45 50 55 60 65 70 
P 

~c1luerpl!ot of P scores vs the scores the "' ... ,.v ...... 

Table 32: " ....... ,n .. '...., for second 3. Scores obtained 
for the co-presence created unrealistic avatars and the co-presence created 
realistic human-like avatars with gestur,~s 
are used to test the that 

These scores 
realistic human-like avatars without any 

movement could create a worst sense co-prt~SeI1ce than unrealistic avatars without 
any movement. 

We then n"r-rr.''IT\~·r! one-way ANOVAs on CO-P-U on CO-P-U and 

P-RF. We realistic human-like avatars f.JH~'''''''''' a 
sense of co-presence than avatars, The ""'''AT'''P is that the realistic human-like 

and facial PYr'TP',<;: difference in co-presence 

p < 0,05 for 
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In this ",v~uv.u. 

of the results obtained in 

the eVE. This is a ~'''VY.,,, 

on co-presence in the eVE. The most 

the 

and the 

could act as a for the nr~'CP'nf'p scores. 

Avatar ADoe:lra on 

The show that there was a and 

143 

un"""",,, a 
('()·_nr'p<::'I'n('p in 

of avatar 

fact that 

scores 

n .. ,,,,,,>P" the co-presence scores 

the 

avatars was 'VV·"-ll""-' avatars, which in turns was than 

the co-presence o-Plnpy·"t,·rl avatars had any 

sense 

of co-presence that avatars. 

the 

used a nr>.,rh:" ... t to see if we can 

results with Slater's Qm~stlOnt 

We found that presence score measured Slater's """""',nl"'" "V,,,"',,,, \0 and IT score 

measured Witmer and tendencies 

""H~""'v that the immersive tenldenCles score the presence score, This 

~n.~~ntheco-nresI3n(:e 

scores, and we found that there was no correlation scores and the immersive tendencies 

the IT scores. 

was no correlation between 

the results and which indicate that 

between presence and co-prt~st~I1(;e in one of their small 



Univ
ers

ity
 of

 C
ap

e T
ow

n

144 

The 

was 

7. EXPERllWENT3:AVATAR AND FUNCTIONALITY 

B: L'.·"·~~"~ of ,u,,,,.,, ... ... .. "'~.v ...... ~:J on 

uP,:tn.-p" and 

This ,,,,,"\n,wt,, 

""'-'''''''JU;) to the avatars 

that 

the sense 

of "V'"Hv''''''~''' in a collaborative virtual environment. It is .Tn'''''''''"n 

which 

and the sense of rr\,.nrp"~·n{'p 

so u'-'" ...... u our results. 

We also found the presence score 

score and immersive tendencies 

and the IT 

were correlated. This 

that the immersive score act as a 

the presence score. the co-presence scores and the ten·· 

dencies scores, we found that there was no between them. When we "'VJ'UUU.H •• U the 

and scores, we that there was no between 

the results et al [71] and III 

one 

We wanted to test v","Uv."" that avatars without 

movement create a worst sense co-presence any 

movement. realistic human-like avatars, 

did create a sense co-presence avatars without any 

movement. 

the and an aimed at the 

• The first the way one rpr,,-p,,,"nrc 

ment is very 

determine how 

to enhance the sense of co,·prest:mce. The issue here is to 

co-presence . 

• The avatars is not to create a 

sense of co-presence in the We believe that nr(\Vl,r11t1'" 

"p"tnrpc and avatars will increase the sense of co-presence in 

the eVE. We also want to test the that realistic human-like avatars 

any movement could create a worst sense of than unrealistic avatars 
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without any body movement. This is because there is a conflict between the greater visual 

realism of the human-like avatar and the lack of bodily movement. On the other hand, having 

an unrealistic avatar makes it easier to understand that it is not functional. 

In order to test these hypotheses, we provided the participants with a range of avatars having 

different appearance and functionality. The avatars included realistic human-like avatars, cartoon

like avatars, and simple unrealistic avatars. Some of the avatars (such as the human-like avatars) 

had simple gestures and facial expressions. 

We divided this experiment into two parts, having the same scenario and virtual environment. 

The only difference between these two parts were the avatars used. The first part (Part A) was used 

to investigate the effects of avatar appearance on co-presence, and the second part (Part B) was used 

to investigate the effects of avatar functionality on co-presence. 

In Part A, we found that there was a significant difference between the co-presence scores gen

erated by the avatars of different appearance. The realistic human-like avatars produced a greater 

sense of co-presence that cartoon-like avatars, which in turn produces a greater sense of co-presence 

than unrealistic avatars. In Part B, we found that avatars having gestures and facial expressions pro

duced a significantly higher level of co-presence when compared to static avatars. We also found 

that realistic human-like avatars, with or without gestures and facial expressions, did create a higher 

sense of co-presence when compared to unrealistic avatars without any body movement. 

Another interesting result was that the immersive tendencies scores measured using Witmer 

and Singer's Immersive Tendencies Questionnaire and the personal presence scores measured using 

Slater's presence questionnaire were associated. This might indicates that the immersive tenden

cies of participants could act as a predictor for the presence scores. This result was also found in 

Experiment 1 (refer to Chapter 5). 
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The of was to to 

co-presence in a 

some the 

We 

measures to asses the levels of un;:~ellce and a 

nrp'<;:PTlrp in the form of a 

was used to measure the amount of 

virtual 

As mentioned in Section 1 the were ~~.,,., .. ~,_ to test aims: 

• collaboration 

We 

that group vV'HAL'V 

in the environment co-

1 were we found 

and group interaction enhanced the sense of co-presence "pr," .. '"'' 

the hp,uw"rI that avatars others. 

• presence and (y,,_nrP<:,'nr,p in a eVE are correlated. We tested this in all 

the sense of three of the any 

presence and co-presence in any of the 

• the of presence and "'V'-~",","",U"",", within a group in a eVE 

of collaboration and interaction We tested this in 

2 any in 

levels of nrp'<:Ptlrp 
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• 

• 

various factors 

researchers. We 

to create 

found in the 

CHAPTER 8. 

some of these factors 

We also to 

the relation of 

nr~'CPl"'('P and co-presence, and the relation of the immersive '1OIlUIO''''-'''''' and presence. We 

to 

ature. The 

of and in the liter-

hold under certain \.-U'H .. ,>UU, 

way one other n'n-tll'".,~,n 

the sense of co··preSfmce. This 

that the sense 

tendencies of 

in virtual en1/lf()firneIU 

was tested 

when the 

to 

to 

were realistic human-like avatars, as to cartoon avatars or unrealistic 

avatars. 

• We believe avatars will 

static avatars. This 

was the other 

enhanced the sense of co

nvrmUleSIS that 

movement could create a worst sense of co-presence 

,",cu,,"'" avatars without any movement. We found that 

''',",,'''''''1\'< UUJlUU."-Ll"''' avatars without 

..-.. ",ea.,,,, avatars without any 

In this 

nr~'~""rll'''' and co-presence is multi-user collaborative 

In this researcn. to 

presence and in a 

movement created more co

movement. 

three eX1peIlm,ents nrp<!pn'tp(1 in this 

environments. 

"' .... ',l .... " ........ to 

The main results the 

believed to affect ore:sellce and (,1"I._nr;>".'n obtained in are the 
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8.2. IN DISSERTATION 

the of small and inter-

were 

in 

enhance the sense of presence. 

The second ~~C"k"V~ to 

ate 

some 

of presence, we did not find a "'"HU''''"'''' 

more comments 

We t'rp,!>rp'ri 

result 

environments to cre-

levels 

and inter

IJ'~"'~""V in a eVE. We found that the co··pn~seJnce scores were 

difference in the co-presence scores 

avatars fTrl',,,,t,'r sense of co-presence than 

a sense of "'V-1J1C;,,,~ .. ~.\J than avatars. We also 

and facial 

create a 

movement. 

sense of t'CI·.nrp<:f'n("p when '"'V'''V'''' 

COIIaOiJral:lOn VE. 

a 

and function-

which in tum 

to static 

and 

to unrealistic avatars without any 
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1 

asses the levels of 

Two nre:selrlce 

measures in 

presence, co-presence, Imme:rSl 

found 

8. 

form to 

and 

ence Questl0IlD2nre 

and 

We also used 

tendencies of par

In order to measure co'·pr1ese:nCle, we a co-presence 

a collaboration to asses group collaboration in eVE. 

uv'''~''vuto the 

environments. We created two 

a -pn~selnce VE and a ,,,u,_n,cp,,,>n 

to affect presence found in the found that even 

We also 

some 

the 

two of presence, we 

" .. p,e>"T'''''' scores obtained Witmer and 

of the two VEs to create a sense of 

because there was no 

that the presence used was not 

Whether this comments on the 

difference in presence cannot 

from also indicate that Witmer and 

could not be used to ,",V"",",,""'"' the levels of presence across different VEs. 

In these three Py,,,pr',,,, we np.rfnrTnP·;1 correlation to 

presence, co-presence, immersive tendencies scores 

In , we found a ~'o"W'~~' correlation between the scores and the 

co-presence scores. This PV,to"""'P that 

in the eVE increases the sense that you. 

the claims found in the literature 

as 

In three we pelttormea, we did not 

presence and co-presence scores rprlnr'PrI We therefore failed to the 
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results found et [71] 

nr~·"plnrp and 

presence and r(),.nrP<::f'n("p are 

Witmer and 

the immersive ."l,IU\."U'-'l'-''' 

scores 

sured 

2, we 

pn~senCle/lfnmlersave tendencies 

that found a correlation between the nrld'''''''''P scores and 

nr~"">lrl"P and immersive tenden

presence 

and 

in some the 

seems to hold under 

a certain ~~,nrl,," 

ence and presence 

between them. 

in two 

between pres

indicates 

There is a need <v11'''')'''' research into the presence in virtual 

to a sense presence the consequences that 

"""y,""'" that "it has not 
and that "Prev ious discussions of nr~"">lnf'''' 

and Durlach 

These 

which enhance presence, 

' .. '-.,,<J,vu that the "lack of a consensus 

reasons that there is no 

We believe that there is a need to 

ence in virtual environments. In order to 

been based on 

of data and/or 

this lack of 

()nl-prnln,cr presence in a virtual 

presence, how to measure presence, 

of presence to work et at 

definition of presence is one of 

measures of presence 

for a theoretical .. -."'~-~. 

,"VIUIJUU\,UC variables and how 

1J1\,",,"U"'~. At the moment, presence is 

relate to other variables. This is not 

is a need 

its 

to create a true un-

environments. An the process 
np,-,p,,,'P of would be this purpose. Once a standardised 
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UvJlUUlU'U'l1 and <OlU'LI"'.1. it will 

used to COlnp:are 

measurement tn",rru" .. , 
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1. How much were you 

I Not at all ... 4 

to control events? 

... 7 

2. How 

1 Not 4 IVU)/1prntp/ 

How natural did your interactions with 

that you initiated 

7 

J 4 Borderline ... 7 LO'ITHne,te 

seem? 

natural 

4. much involve 

1 Not at all 4 

5. How much did the aUlJlL'Jl of the environment involve 

J Not at all ... 4 nrnPlAJnnr ... 7 LU'ffttltt:,tt: 

6. How natural was the mechanism which 

1 ... 4 Borderline ... 7 LUUtLItE' 

movement 

natural 

7. How aware were you events in the real world 

1 ... 7 Not aware 

8. How aware and devices? 

1 ... 7 Not aware 

9. How COlnpt~lIu 

J Not at 

was your sense 

4 

153 

environment? 
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10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

21. 

22. 

A. WITMER& 

How inconsistent or 

1 

OlSCOJrlne:cte;o was the mrorrnarlOn 

.JOirne:wni'11 inconsistent 7 inconsistent ... 4 

'5 

from your 

consistent 

senses? 

How did your in the environment seem consistent with your real-

world 

1 consistent ... 4 lVIr,nOrnTon, consistent ... 7 consistent 

Were you able to what would next in to the actions that you per·· 

1 Not at all ... 4 

How were you surveyor search the environment 

1 Not at 4 Somewhat 

How well could you 

1 Not at all ... 4 

How was your sense around the 

1 Not ... 4 ... 7 

were you able to examine 

1 Not at 

How well 

How well in the 

1 Not at . .. 7 

How were you in the virtual 

1 ... 4 involved ... 7 

was control mechanism? 

1 '" 7 Not at all 

How much between your actions and outcomes? 

1 No 7 

How to virtual environment 

1 Not at all 7 Less one minute 
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23. How proficient in moving and interacting with the virtual environment did you feel at the end 

of the experience? 

1 Not proficient ... 4 Reasonably proficient .. . 7 Very proficient 

24. How much did the visual display quality interfere or distract you from performing assigned 

tasks or required activities? 

1 Not at all ... 4 Inteifered somewhat .. . 7 Prevented task peiformance 

25. How much did the control devices interfere with the performance of assigned tasks or with 

other activities? 

1 Not at all ... 4 Interfered somewhat ... 7 Interfered greatly 

26. How well could you concentrate on the assigned tasks or required activities rather than on the 

mechanism used to perform those tasks or activities? 

1 Not at all ... 4 Somewhat ... 7 Completely 

27. How completely were your senses engaged in this experience? 

1 Not engaged ... 4 Mildly engaged ... 7 Completely engaged 

28. To what extent did events occurring outside the virtual environment distract from your expe

rience in the virtual environment? 

1 Not at all ... 4 Moderately ... 7 Very much 

29. Overall, how much did you focus on using the display and control devices instead of the 

virtual experience and experimental tasks? 

1 Not at all ... 4 Somewhat ... 7 Very much 

30. Were you involved in the experimental task to the extent that you lost track of time? 

1 Not at all ... 4 Somewhat ... 7 Completely 

31. How easy was it to identify objects through physical interaction; like touching an object, 

walking over a surface, or bumping into a wall or objects? 

1 impossible .. . 4 Moderately difficult ... 7 Very easy 

32. Were there moments during the virtual environment experience when you felt completely 

focused on the task or environment? 

1 None ... 4 Occasionally ... 7 Frequently 

33. How easily did you adjust to the control devices used to interact with the virtual environment? 

1 Not at all ... 4 Moderately ... 7 Very easily 
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A. WITMER & PRESENCE 

34. senses in 

J Not consistent ... 4 consistent 
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1. you 

2. Do you ever become so 

your 

1 Never ... 4 

3. How 

1 Not 

involved in movies or 

<VF,HUUor a that have 

nr~'<:pl"t time? 

4. Do you ever in a movie that you are not aware haonl~njnQ around 

1 Never ... 

5. How 

J 

closely with characters in a 

6. ever become so involved in a video game that it is as if you are the 

than and the 

J Never 

7. What do you read most trPfl11,F'nt one item 

Adventure Romance 
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8. How 

1 

9. How 

B. & 

"'A.IV'''' when you are involved in "'''''V'''''''F, 

... 7 

10. ever become so involved in the game react if you 

were one 

1 Never ... 4 

11. Do you ever that you are not aware 

1 Never ... 4 

12. Do you you 

1 ... 4 

13. When n".r·r\..,.,,,. so in the that you track 

J Never 4 

14. How well do you concentrate on 

1 Not at all ... 4 ... 7 

arcade or video be taken to mean every or 

every two 

1 Never 4 

16. a chase or scene on TV or in the movies? 

17. Have on a TV show or in a movie? 

1 Never ... 4 

18. you ever or a 

1 Never ... 4 

19. Do you ever become so involved in that you lose all track of time? 

1 Never ... 4 
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1. Please rate your sense of there" in the virtual on the scale from 

1 to 7, where 7 your normal in a 

1 Not at all ... 4 Somewhat ... 7 

2. To what extent were there the when the virtual room became the 

for you, and you almost about the "real world" of the 

There were times the when the virtual room became more real or 

me to the "real world ..... 1 At no time ... 4 Sometimes ... 7 Almost all the time 

3. When you think back about your do you think of the virtual room more as ""u.}'"", 

4. 

that you saw, or more as somewhere that you 

The room seems to me more like... 1 

Somewhere that 1 visited 

the course of the 

the virtual room, or 

which was 

in the real world of the 

that 1 saw ... 4 ... 7 

on the your sense of In 

I a sense in ... 1 The real world in the lab... 4 About 50150... 7 The 

virtual room 

5. When you think about the virtual 

this similar to the way that you are 

I think virtual room as a 

1 Not at all ... 4 Somewhat ... 7 

to what extent is the way that you are about 

about the various that you have been today? 

in a way similar to other places that I have been 

much so 
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APPENDIX SLATER'S PRESENCE 
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1. To extent did you have a sense that the other rnprnh,p.r<: of were in the same 

the course of these events? 

1 were in the same as me ... I. Never ... 4. 7. All 

the time 

2. To what extent did you have a sense 

1 

time 

3. To 

of 

1 

that 1 was in the same 

extent you a sense 

the emergence group ... 1. 

4. To what extent did you did you have a 

not robots? 

1 a that 1 was 

All the time 

think back about your last 

to a or \,.VJ'"1l'U,,,,,,,:UH16 with a 

you where in the same as the group 

1. Never 4. ... 7. All the 

pmpr"pnr'p of a course 

the time 

that you were LUUVHUW"" with real 

with 1. 4. About ... 7. 

prll"nc'p do you remember this as more like ._" ...... 1"> 

to a ... 4. 

... 7. with a group 

6. To what extent did 

1 had a sense 7. All the time 
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1. do you think was the overall team nt>r'trorTY'l ? 

1 Not very ... 4 

2. If you npprjprj to np>r'tr.rrn 

1 Not at all ... 4 ... 7 yes 

3. well you think you 

1 Not very 4 Somewhat well 

4. How would you rate the 

1 ... 4 ... 7 

5. 

6. How 

1 ... 4 

7. How would you rate 

1 ... 4 

the 

1 Not very 

9. How would 

1 

....... ,nvu·o •• ~ 7 

would you like to 

in the group? 

well 

? 

? 

? 

? 

the task? 

the same group 

10. the how talkative did you find the other group members? 

1 Not very ... 4 talkative ... 7 
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1 E. 

11. How would rate your the ? 1 Not very ... 4 
talkative 7 

12. Would you to meet group 

1 Not at ... 4 ... 7 

13. 

1 Not very ... 4 

14. How you rate your ? 

1 Not very ... 4 
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