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Abstract
Three-dimensional videoconferencing tools are thought to be less artificial
than conventional videoconferencing tools and therefore have the potential
to support more complex business tasks.
Social Presence serves as a measure of the naturalness of communication.
However, a communications media that supports high Social Presence does
riot imply that the communication process within the media is of a high
quality.
This research evaluates Social Presence within two videoconferencing setups, a traditional 'two-dimensional' interface and a newly emerging 'threedimensional' virtual one. An initial study compares these with a face-toface setup using two existing Social Presence measures and finds one to be
sensitive enough to find variations in the Social Presence levels emitted
This questionnaire is used in a second study along with items constructed
from an extensive literature review to explore communication quality within
each interface. A significant difference in the supported Social Presence was
found. Initial thoughts on communication quality are also discussed.
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Chapter 1
Introduction
Videoconferencing is widely accepted as real time communication between two or more
geographically separated nodes with both an audio and video stream. Videoconferencing is a relatively new concept but already many organisations avoid physical travel
in favour of these technologies (Gabriel and Maher, 2000). Research suggests however that these technologies lack some essential aspects of face-to-face communication.
These include social cues such as eye contact and gaze, body gestures and spatial hearing (Short et al., 1976). The lack of such cues may result in the inability to be able
to engage in some business tasks effectively. More recently introduced into the teleconferencing arena is the idea of three-dimensional vicleoconferencing (3DVC) which is
believed to overcome some of the shortcomings of previous videoconferencing software
because of its ability to model the real world to a higher degree (Gabriel and Maher,
2000).
With more than one person involved in these interactions there is the potential to
produce a phenomenon known as Social Presence. This is where one feels although they
are co-present with the other; they gain an insight into the others emotional thoughts
and can respond to their behaviours (Biocca et al., 2001). It is believed by Biocca et al.
(2001) that the more information able to be transmitted in the form of cues such as
direction of looking, expressions, posture etc in an environment contribute to the level
of Social Presence experienced.
This document describes a study performed to determine whether Social Presence

alters over two different videoconferencing environments: 2-dimensional videoconferencing (2DVC) and 3-dimensional videoconferencing (3DVC), comparing them to each
other and to a Face-to-Face environment. The results were gathered by a questionnaire
consisting of two Social Presence instruments developed by Biocca et al. (2001) and
Short et al. (1976), which are considered valid measures of Social Presence. The task
performed was solely discussion based.
If a difference in Social Presence among the environments is discovered does this
necessarily flow through into how the team work together? A virtual environment may
be appealing and feel somewhat more natural compared to traditional videoconferencing interfaces but this does not necessarily mean to say that the quality of the tasks
performed within positively correlate. It is only when this evaluated that grounded
decisions on whether to use videoconferencing as an alternative to face-to-face meeting rather than a novelty can be made. Task performance in this study refers to the
team's communication quality throughout a particular task. Traditional task performance measures are discarded and replaced with a new measure of the communication
process in terms of conversational coherence.
The second experiment describes a study performed to determine whether there
is a correlation between Social Presence within an environment and how tasks are
performed within it, comparing a 2DVC environment to a 3DVC one. Again, a subjective approach is taken using a questionnaire comprised of refined Social Presence
measures from the first experiment and communication quality measures constructed
from an extensive literature review. The task performed in this experiment was again
discussion-based but required more interactivity within the conditions.

1.0.1 Hypotheses
It is hypothesised that because 3DVC systems are modelling the real world to a higher
degree than their traditional '2D' counterparts, they would promote higher levels of
Social Presence among participants because more social cues are present (Gabriel and
Maher, 2000). These include spatial hearing', the ability to determine where a peer is
'being able to tell who is talking in a room by where a voice is coming from
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looking (Regenbrecht et al., 2004). The ability to move about the room, change ones
field of view and point to certain objects are further cues that promote Social Presence.
• Hypothesis 1: Social Presence increases in the conditions in the order 2DVC,
3DVC and Face-to-Face communication.
– Subordinate Hypothesis la: There is a significant difference in Social Presence between the conditions 3DVC and 2DVC.
– Subordinate Hypothesis lb: Existing Social Presence instruments are sensitive enough to detect levels of Social Presence within two audio-video
communications media.
• Hypothesis 2: Spatial Presence will be highest in the condition 3DVC.
It is also hypothesised that a sense of Social Presence will have a large impact on
communication quality and therefore the task performance of a team.
• Hypothesis 3: Task Performance increases in the conditions in the order 2DVC,
3DVC.
– Subordinate Hypothesis 3a: Task Performance is positively correlated with
Social Presence.
1.0.2 Scope
This work attempts to show in three chosen conditions; a conventional 2DVC, a 3DVC
and face-to-face setup, that there is a change in Social Presence. Two existing instruments will be used in this evaluation which will also show whether these instruments
are sensitive enough for these cross-media variation comparisons.
This research will then explore communication quality using subjective measures
to see whether there are any differences between the media.
These evaluations will be performed for a discussion-based task.

3

1.0.3 Importance of Research
These findings will enable conclusions to be made on the effectiveness of 3DVC as
an alternative or complement to traditional 2DVC based methods used today. It will
also determine whether there are grounds for avoiding the inconvenience of physical
travel by using new 3DVC based approaches for certain tasks. As this software is
expensive, drawing conclusions about its effectiveness as collaborative tool in terms
of task performance will save large amounts of capital being invested, not knowing if
is likely to be beneficial. IT departments can take these findings into consideration
when faced with the problem of designing a mechanism to aid the organisation in
collaborative activities.
It is not always possible to meet in one location due to geographical and financial
barriers but often this is desirable. If we make use of new technology such as videoconferencing will we feel as present and comfortable as talking face-to-face? will we
work efficiently together? This dissertation provides some insights into this area. This
is worth to considering and investigating today as it may allow more widespread use
of videoconferencing and related technologies in the future.

1.0.4 Considerations
The use of different media types affect the way individuals perceive each other as they
communicate (Newberry, 2001). Examples include face-to-face, email, text based chat
and videoconferencing. Media richness is defined by Newberry (2001) as the ability of
a medium to carry information in the form of two types: data and symbols. It should
be noted that in this study however, the environment is being altered, not the richness
factor as both 2DVC and 3DVC are videoconferencing media (audio-video). Another
factor to consider is the nature of the task being performed and its effect on presence
and task performance. A task in which interpersonal relationships arid non-verbal cues
with the other participants are not essential may have no effect on the t ask performance.
Williams (1977) saw problem solving, brainstorming and information exchange tasks to
have such a relationship. This research does not look at the differences between tasks
but rather the effect on a specific task in the chosen environment. The assumption
4

would therefore be that the results of this study could be extended to similar tasks in
similar environments.

1.1 Definition of Terms
Videoconferencing: Real time communication between two or more geographically

separated nodes, with both an audio and video stream.

211YVC: (two-dimensional videoconferencing) Conventional videoconferencing tools with
fixed video streams between two or more participants. They can have application sharing and other tools. Examples include Qnext, Ichat and NetMeeting.

3DVC: (three-dimensional videoconferencin.g) Videoconferencing exhibiting the idea
of a virtual room. Participants may be represented as video streams or avatars that
most often have the capability to move about the virtual space. 3D spatial sound is
usually experienced also. Application sharing and other features such as a presentation
screen are also available. Examples include Smartmeeting (SmartMeeting, 2005) and
AliceStreet (AliceStreet Ltd, 2005).
Social Presence: The feeling of being together with others even though you are

not co-located.

Spatial Presence: The feeling of being removed from the physical world and some-

how 'present' in the virtual environment.

Participant: Refers to a subject in a study or a person interacting with the interface.

Cross-Media Comparison: Comparisons between media of different 'types' e.g.
audio-video i.e. videoconferencing and audio-only i.e. telephone.

Cross-Media Variation Comparison: Comparison between media within the same
5

media 'type' i.e audio-video e.g. videoconferencing, 3DVC and 2DVC.
VNC Server: Virtual Network Computing (VNC) is a protocol to remotely control a

computer. It transmits activities such as keyboard presses and mouse clicks from one
computer to another updating the screen in the other direction, over a network.
Frequency Analysis: For each possible answer for a question item, the participants

scores are summed and analysed for possible polarisation.
Immersion: Has the intention of establishing a belief that one has left the physi-

cal world and is now 'present' in the virtual environment.
Conversational Coherence: Coherence is how the participants maintain threads

within their collaboration on a task. If they are reasonably focused and methodical,
this indicates high coherence.
Co-ordination: Inferred by coherence, shows that group members share similar in-

terests and want to sustain a common topic. Also refers to communication skills and
whether the media is suitable for the task.
Mutual Understanding: If participants share common beliefs, assumptions and

ideas upon the conclusion of a task.
Interpersonal Attraction: Refers to whether the participants have a liking for one

another.
Satisfaction: If high levels of co-ordination, mutual understanding and coherence

are experienced, the group experience satisfaction as a result.
Interpersonal Awareness: The extent to which participants are aware of t le at-

tentional state of the others.
6

Direct Address: The explicit use of another's name,

Request Compliance: A measure of efficiency of a conversation. Understanding
and carrying out a request without the need for elaboration is efficient, A factor converted from coding scheme into subjective questions, in this study.

Turn taking: The hand-over of conversation to another, can be implied both verbally and visually.

Interruption: Participants talking at the same time briefly, usually as a result of
a missed conversational turn taking cue.

Body Language: A non-verbal cue used to infer turn or point out a concept

Topic Management: The way participants maintain their threads of conversation.
Smooth topic flow is indicative by not going back to previously discussed topics or
insisting own topics.

7

Chapter 2
Review of the Related Literature
2.1 Literature Review
2.1.1 Introduction
This research explores the relationship between task performance in terms of communication quality, and a concept known as Social Presence in videoconferencing environments.
This chapter reviews related literature related to the hypotheses in Section 1.0.1.
The motivation for studying the effects of videoconferencing are proposed. Examples
of the new type of videoconferencing are then discussed. The concepts immersion
and presence are closely associated with virtual environments, with presence being
described as having many facets. Social Presence is one type that can be associated with
the collaborative nature of videoconferencing interfaces and two differing constructs are
discussed.
Previous Social Presence cross-media comparisons are then discussed, mainly between face-to-face and mediated communications, then cross-media variation comparisons are investigated.
The current views on the relationship between task performance and Social Presence
are then stated, with the present metrics available for evaluating task performance in
virtual environments.
This chapter then discusses the

proposed research in relation to the review.
8

2.1.2 Video conferencing
Videoconferencing technology plays an important role providing a rich communication
environment in which various collaborative tasks can be accomplished (Hauber et al.,
2005). Over the past years, with the 'boom' of the internet and advances in technology,
web-based videoconferencing tools have improved. Organisations are already experimenting with these tools for activities such as presentations and meetings (Hauber
et al., 2005). Communication through what are seen as 'conventional' videoconferencing tools is unnatural when compared to an actual face-to-face meeting, clue to
the lack of social cues such as eye contact and gaze (Grayson and Monk, 2003), body
gestures and spatial hearing, which are essential for effective interpersonal communication. These systems are said to lack "media richness" and "support for both verbal
and non-verbal communication" (Hauber et al., 2005), p.1
Media richness is described by Newberry (2001), p.1 as the "ability of the medium
to carry information". The criteria for ranking a medium's ability is often based on its
capability to provide: immediate feedback in real time, feedback cues, relaying messages
to an intended participant, and conveying ones feelings to another. (Newberry, 2001;
University of Twente, 2004).
A more recent teleconferencing technology is three-dimensional videoconferencing
(3DVC), a name given by }Tauber et al. (2005) to distinguish them from the conventional (2DVC) videoconferencing tools. These are believed to address some of the
shortcomings of the conventional videoconferencing tools because of their ability to
model the real world to a higher degree.
Some see this as an alternative to face-to-face collaborative communication because
participants are immersed in the same virtual meeting room (Gabriel and Maher, 2000;
Williams, 1977).
3DVC examples

SmartMeeting is an example of a 3DVC tool, exhibiting a very realistic meeting environment with multiple rooms, whiteboard facilities, multimedia projection and avatars
that can portray facial expressions and simulated lip-synching (Hauber et al., 2005;
9

Figure 2.1: SmartMeeting Room Example (SmartMeeting, 2005)
SmartMeeting. 2005) (See Figure 2.1).

Figure 2.2: .AliceStreet Environment Example
AliceStreet (shown in Figure 2.2) is another example, using a similar concept of
meeting room design but participants are represented as live video feeds seated around
a virtual table. The participants can look at each other or to a projection screen at the
front of the room. When a participant speaks, an arrow indicates to each of the other
participants which side they are on, so they can turn to them etc (AliceStreet Ltd,
2005). c.AR/PE! developed by Regenbrecht et al. (2004) also represents participants as
10

video steams around a virtual table but participants can move around the room and
adjust their field of view. Participants are aware of the others actions as 3D sound is
provided and the video plane tilts, indicative of where their peers are looking. There
is also functionality which allows 3D models to be placed on top of the table and
manipulated, such as in a product design review.
2.1.3 Presence and Immersion
Sadowski and Stanney (2005) state that the primary characteristic distinguishing virtual environments (VE) from other displays is the concept of immersion. Immersion,
"whether physiological or psychological in nature" has the intention of establishing a
belief that one has left the physical world and is now 'present' in the VE (Sadowski and
Stanney, 2005), p.1. Presence is thought of by Presence-Research (2005) as the central
variable for virtual environment application. Although many definitions exist, presence
is usually thought of as "the psychological perception of 'being in' or 'existing' in the
VE in which one is immersed (Sadowski and Stanney, 2005; Huang and Alessi, 1999;
Schubert et al., 1999; Witmer and Singer, 1998; Ijsselsteijn et al., 2001; Lombard and
Ditton, 1997). Immersion is emphasised by many authors. Slater and Wilbur (1997)
define immersion as an objective measure, "the extent to which the computer displays
are capable of delivering an inclusive, extensive, surrounding, and vivid illusion of reality to the senses of a participant" (Sadowski and Stanney, 2005; Huang and Alessi,
1999). This places attention on the media's capabilities of replicating sensations from
the real world. Witmer and Singer (1998) p.603, define immersion in a more subjective
way, believing that it is a psychological state in which a participant believes they are
"included in" and interacting with an environment that provides a "continuous stream
of stimuli and experiences". This treats immersion as something the participant experiences, from being able to communicate naturally, move realistically and feel isolated
from the physical world (Witmer and Singer, 1998; Sadowski and Stanney, 2005). Theybelieve also, that immersion is necessary to experience presence.
The literature talks about many differing 'types of presence' and often presence is
described as a multidimensional construct (Botella et al., 2003).
11

2.1.4 Spatial Presence
Spatial presence (also known as Physical presence) is defined generally as 'the sense of
being there' (Biocca et al., 2001)p1., feeling as though you have left the physical world
and are now somehow 'present' in the virtual one (Botella et al., 2003). Sadowski and
Stanney (2005) discuss some variables that are thought to influence the level of spatial
presence experienced. These variables include: ease of interaction and user initiated
control. If participants have trouble with navigation in a virtual environment they are
likely to perceive the environment as unnatural, which reduces the level of presence felt.
The more control a user has over their actions in a virtual environment, the greater the
experience of spatial presence. The realism of pictures is another variable; the extent
to which the pictures flow logically and have real world meaning can contribute to the
level of presence also. One factor also thought to contribute to the levels of presence
experienced are social factors. It is said by Sadowski and Stanney (2005) that if other
people 'exist' in the virtual environment and one can interact with another realistically
that this can contribute to presence levels. Social Presence emerges as a result of
communication through verbal and non-verbal channels providing confirmation that
others recognise the existence within the environment.

2.1.5 Social Presence
When more than one participant is involved in an interaction there is the potential
to produce Social Presence; the sense of being together with others and also having a
sense of engagement with them (Biocca et al., 2001).
Different communications media have the potential to produce different levels of
Social Presence (Short et al., 1976). Face to Face meetings are considered by Short
et al. (1976) to exhibit the 'gold standard' in Social Presence as any verbal and visual
cues can be clearly absorbed by another. Most mediated communications are assumed
by Short et al. (1976) to lack the visual cues exhibited by a face-to-face meeting and
therefore have less Social Presence (Short et al., 1976; Biocca et al., 2001).
Short et al. (1976) see Social Presence as the extent to which a medium is perceived
to be sociable, warm, sensitive, personal or intimate when it is used to interact with
12

others. They see Social Presence as a subjective quality of the medium, under the
assumption that every user of a communications medium is aware to some degree of
the Social Presence levels. This mental set toward the medium affects the nature of
in teraction

of a user and for example the users media selection. In the Short et al.

(1976) approach, the chief method for measuring Social Presence in the laboratory is
the semantic differential technique (Hauber et al., 2005). Participants are asked to
rate the system that that they used to perform the interaction, on a series of 7-point,
bipolar pairs such as warm-cold, impersonal-personal.
According to Biocca et al. (2001) from an analysis of existing literature ; Social Presence consists of three dimensions: Co-Presence is the degree to which the participant
believes that he/she is not alone in the environment. Psychological Involvement is the
degree to which the participant allocates focal attention to the others, responding to
their emotional states and Behavioral Engagement is the degree to which participant
believes their actions are connected to another's in the environment (Biocca et al.,
2001). Each dimension is composed of certain factors (see Figure 2.3).
This recent theory of Social Presence by Biocca et al. (2001) uses a questionnaire
built by multiple matched-pair items for each factor scale (Hauber et al., 2005). Biocca
et al. (2001) understand Social Presence as a subconscious state of a person that
is linked with the distant other. The items therefore gauge subjective experiences
of a participant such as, "My thoughts were clear to the others" and "My actions
were dependent on the others actions". The experience with a remote other is the
measurement in this study as opposed to a participants subjective ideas about whether
the medium supports Social Presence (Hauber et al., 2005). This approach is similar
to conventional subjective presence measures and Biocca et al. (2001) believe this
approach will be sensitive enough to perform cross-media comparisons. However, it
also inherits the problems that subjective presence measures have to cope with see
Section 3.4.
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Figure 2.3: Dimensions of Social Presence (Biocca et al., 2001)

2.1.6 Previous Social Presence Cross-Media comparisons
A pilot study by Biocca et al. (2001) to construct, the instrument known as the 'Networked Minds Questionnaire' (example items given previously), performed a cross media comparison using face-to-face interaction and a. mediated interaction using videoconferencing. Participants performed a discussion task in which they had to rank items
according to their importance for survival in a given situation. The study was a step
toward teasing out possible dimensions of Social Presence and proposing the questionnaire as possibly valid for these cross media comparisons, but further research was
advised.
One of the first studies in Social Presence raised the issue of the social implications involved with switching from face-to-face toward mediated communication (Short
et al.. 1976). Face-to-Face, closed circuit. television and audio only systems were the
conditions in which pairs of participants assess the degree of risk of particular given
situations. The participants rated the medium afterwards on scales that had been
found to be representative from a previous study. The outcome showed that different
media exhibited different levels of Social Presence.
A study by Bente (200.5) explored Social Presence between four different communication modes: text chat. audio, video and avatar systems. Bente (2005) used a
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variation of the Biocca et al. (2001) instrument and found that text chat was significantly different in terms of Social Presence than the other modes.

2.1.7 Previous Social Presence Cross-IVIedia Variation corn-parisons
In a study by B. Champness in 1973 as described in Short et al. (1976), three participants took part in the same 'degree of risk task' as used in the study by Short et al.
(1976), except that two participants were located in the same room and the other by
themselves. The two subjects saw a close up picture of the lone participant, whilst the
lone participant saw two smaller images of the two participants. Higher scores were
evident for the close up image, therefore a higher level of Social Presence was perceived.
The study by B. Christie in 1973 as described in Short et al. (1976) evaluated
Social Presence within five different media, including three variations of speaker phone
technology. The scales from the study by Short et al. (1976) were used again in this
study.
The instrument used demonstrated at least twice, that it was sensitive enough to
detect changes in Social Presence between two variations of the same media. This
makes this instrument a potential candidate for the research in question, as a reliable, validated and sensitive enough instrument is needed for the nature of the study
proposed.
So, previous studies have indicated that different media exhibit different levels of
Social Presence and that even media of the same 'type' i.e. videoconferencing can have
differing levels of Social Presence (using the measure by Short et al. (1976)) The higher
the Social Presence of a particular medium the less artificial (Hauber et al., 2005), it
is said to be.

2.1.8 Social Presence and Task Performance
Social Presence was developed to better match communications media with organisational. tasks, to maLKimise satisfaction and efficiency (Lombard and Ditton, 1997) but
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the actual quality of the communication and tasks performed within has not be assessed
to a great extent.
Although a particular media for example 3D videoconferencing may, have higher
levels of reported Social Presence than their conventional 21.) counterparts ; there is
limited evidence that observed task performance positively correlates (Sadowski and
Stanney, 2005). This research is an initial step toward uncovering the relationship
between them.
Newberry (2001) discusses Social Presence as necessary to research as the extent
to which a person feels like they are present, and their ideas are being listened to may
increase their motivation to participate and therefore the overall task performance could
be increased. Short et al. (1976) however are of the opinion that, although different
media may exhibit differing levels of Social Presence, they do not necessarily have a
correlating level of task performance. They hypothesise that cues could be a possible
distraction to participants, reducing efficiency overall. Sheridan (1992) also proposed
presence to be a distraction in some cases, stating that that having enough information
in the right form is important when performing a task.
Gabriel and Maher (2000) believe that the correlation between task performance
and Social Presence is dependent on the type of task being performed whereas Williams
(1977) expect the extent to which participants get along is highly dependent on the
observed task performance.

2.1.9 Task Performance Measurement
It is important to study the impacts of new technology on group performance in comparison to the real world. Lampton et al. (2002) state the importance of studying
whether a virtual environment sufficiently

represents

the real world, stating that an

expert in the 'rear world should be able to demonstrate their expertise in the virtual
environment. To do so metrics to evaluate the collaborative interface are needed.
Billinghurst (2002) describes previous studies and methods/metrics, in audio and
videoconferencing to evaluate collaborative interfaces. Communication metrics can be
divided up into performance, process and perceptual measures (Billinghurst, 2002).
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Performance Measures and Related Studies
Performance measures are those that use the result of collaboration such as time taken
(Basdogan et al., 2000), consensus reached (Cornelius and Boos, 2003) and recall of information (Mania and Chalmers, 2000). Lip until recently, most experiments evaluating
differences between collaborative interfaces were based on performance.
Mania and Chalmers (2000) designed a pilot study in which they investigated the
correlation between presence and task performance within three conditions: real world
seminar, virtual 3D seminar, and audio-only seminar. Although no results are discussed, the measurement for the task performance was based on participant's recall
of information from the seminar, half which was presented in audio and visual stimuli
and the other in audio-only stimuli. The authors constructed their hypothesis from a
conclusion made by Mel Slater (a well established presence researcher) that there is no
reason to expect presence to improve task performance, so they set out to find a link
between the two concepts.
Billinghurst (2002) states however that in some comparative studies, no performance differences were found, finding often that it was if the collaboration was mediated or not. This varies according to the task; communication involving information
exchange or brainstorming may not be affected by mediation but tasks such as negotiation may well be. It is suggested that often it is not the consensus/outcome of a task
that is the true indicator of task performance. Often the process to get to the outcome
is the true indicator, in the form of communication quality (Cornelius and Boos, 2003).
Process and Perceptual Measures
Process measures look at the collaborative activity between participants to extract and
classify the communication, usually from video or audio tapes. It is important to have
the right metrics when undergoing the time consuming coding process. Billinghurst
(2002) outlined measures that have found to vary significantly across different technology conditions. Turn-taking measures such as frequency of conversational turns,
hand-ovens and completions are examples, A variety of cues are used to indicate turns,
a participant may stop speaking, gaze at another participant, directly address another
17

or even indicate in their tone of voice (Billinghurst, 2002; Gabriel and Maher, 2000).
If the technology prevents these cues from being apparent, there is the potential. for
the participants to interrupt each other resulting

in

inefficient communication. Other

features of a conversation that can be extracted include back channels such as 'nh-ha'
and 'okay' (Ward and Tsukahara, 2000), length of dialogue, body gestures, and pause
length (Billinghurst, 2002).
A study by Gabriel and Maher (2000) looked at the effect of Computer Aided Design
(CAD) and communication technologies on the way that architects think and work.
The conditions were face-to-face, text-chat and videoconferencing. A coding scheme
was used that looked at the aspects Communication Control - such as interruption, floor
holding and hand avers; Communication Technology - discussions between participants
about the tools they were using; Social Communication - amount of informal talk
such as how they looked on video, personal statements about instructors; and Design
Communication - divided into ideas, scope and task.

The results showed that face-to-face and videoconferencing exhibited strong similarities in terms of collaborative communication. Large differences were found between
these conditions with a video stream over the text-chat condition. Gabriel and Maher
(2000) suggested that talking by speaking or by typing has a significant effect on the
way architects communicate rather that whether they are physically present in the
same room. The results did not imply one condition was 'better' simply that there are
significant difference between them.
Perceptual measures are considered by Billinghurst (2002) to be an essential accompaniment to performance and process measures, as it is important to record the
user's subjective opinion of using the interface to collaborate with others. This is usually gauged by using subjective questionnaire and interviews upon conclusion of the
collaborative task. In this study, each participants subjective views on the interface
used and experience will be recorded.
Daly-Jones et al. (1998) in their study comparing videoconferencing to high quality
audio communication, used a questionnaire that was sensitive enough to distinguish
between different mediated technologies. The set of questions that proved to be the
most sensitive were the items referring to interpersonal awareness. Interpersonal aware18

the others. This can be confused for mutual understanding and can therefore influence
satisfaction. Johnston et al. (2000) also showed that if a conversational partner looked
attentive and interested, a participant is likely to find the conversation interesting,
increasing the satisfaction with the collaboration. This research, will also be aware
of this factor. Direct addressing was also a factor considered by Cornelius and Boos
(2003), believing that in face-to-face communication using another's name will almost
never occur because participants can direct their speech using non- verbal cues. In
some situations this could be true, such as informal situations but in other situations
direct address is still likely to occur. Request compliance is also described by Cornelius
and Boos (2003) as a measure of efficiency of the conversation. If requests were carried
out reasonably quickly by participants this results in little need for elaboration. if a
request is not understood i.e. a participant is confused, this suggests an inefficiency in.
the communication.
2.1.10 Data Analysis Techniques for Communication Data
Coding schemes are observation-based methods that turn collaborative communication
into quantitative data so that it can be analysed. In the study by Gabriel and Maher
(2000) each utterance was coded by two people, with one or more of the categories
being assigned to each utterance. The average distribution of the coded text across
the coding categories for each condition was then calculated. For an accurate measure,
multiple coders are needed. This also requires 'synchronising' the coders so that they
categorise the aspects in the same way, which can take some time (Cornelius and Boos,
2003). It is also a time consuming process to edit arid study each collaboration instance.
The process for analysing questionnaire data, can follow a pattern: Factor Analysis
is performed especially if the questionnaire has been constructed with exploratory
intention, as is the case in the intended study and was in the study by Biocca et al.
(2001) and Cornelius and Boos (2003). Factor analysis examines the relationships
between items in a questionnaire, based on the correlations between them and attempts
Lo

find underlying factors (Hinton et al., 2004). Usually the questionnaire, is then

submitted to some sort of reliability analysis, a common calculation is Cronbach's Alpha
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(Hinton et al., 2004), which assesses the reliability of the instrument i.e. producing
similar results in multiple studies. A Cronbach's alpha value of >0.7 is said by Hinton
et al. (2004) to indicate high reliability and is used in the studies by Biocca et al.
(2001) and dauber et al. (2005). Most of the studies talked about have exhibited a
measurement between conditions of a communications medium. An analysis of variance
(ANOVA) is the usual calculation to compare variability between the conditions for the
participants questionnaire 'scores'. This however does not say where the variability is,
only if there is enough evidence to suspect a difference in means and not merely which
the sample produced. Post-hoc
if

tests

determine for each factor in the questionnaire

there is a significant difference between the mean scores of each condition (Hinton

et al., 2004).
The questionnaire in the proposed study will have factor, reliability and variance
analysis performed on it.

2.1.11 Summary of Important Findings in Relation to Intended Study
With the recent introduction of 3-dimensional videoconferencing tools on the market,
the need has arisen, as with any other new technology, to measure the impact on.
collaborative activity. It has been hypothesised that because participants are immersed
in a virtual meeting room, they will experience higher levels of Social Presence than
collaborating with conventional tools. Such an environment is c.A.R/PE! which is the
intended environment to be used in this experiment clue to its successful attempts at
simulating real world sensations e.g. 3D spatial hearing. There are differing views on
the make up of the Social Presence construct: medium oriented and subjective opinions
of the collaborative experience.
This study will take two instruments from each theory and apply them to a crossmedia comparison: face-to-face meeting versus a meeting via videoconferencing but will
also be tested for sensitivity to be able to perform cross-media variation comparisons
between a conventional type videoconferencin g (2DVC) tool vs. a virtual room type
(3DVC) videoconferencing system.
21

From reading the literature it is hypothesised that Social Presence will be highest
in the face-to-face condition decreasing over the conditions: 3DVC, 2DVC. The results
from this study will be extended to determine whether the communication quality of
the participants collaboration positively correlates.
The instrument to measure this will be constructed by reading the existing literature, of which was mentioned in section 2.1.9, in which some items require the conversion of an objective measure into a subjective one. The major factor being assessed is
the overall coherence of the collaboration which is made up of various sub-factors such
as: topic management and request compliance. This approach proposed by Cornelius
and Boos (2003), replaces original attempts at measuring task performance such as
the consensus reached, memory recall or time taken, looking at the communication
between participants and their subjective opinions of the collaborative experience.
The outcome of this research is intended to delve into this relatively new area and
contribute some exploratory fin.dings to the presence community.
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Chapter 3
Exploring Social Presence
3.1 Introduction
This section describes an experiment conducted in the first weeks of May 2005 in
which two instruments were used in a cross-media comparison of two videoconferencing
systems versus a non-mediated face-to-face set-up in a within subjects design.
The main interest was to explore whether the instruments were sensitive enough to
detect changes between the two mediated set-ups and therefore detect the set-up with
the higher level of Social Presence.
The materials described in this section can be found in Appendix A.

3.2 Research Variables and Methodology
This study was to determine the extent to which Social Presence changed over different environments. The environments were a 3DVC system, a 2DVC system and a real
world or face-to-face setup. An ambiguous task was chosen in which participants were
required to collaborate in teams of three to come up with a solution. The study was a
within-subjects design ; in which each participant performed the task in all three environments, the independent variable. Participants worked on the same task throughout
the three environments. At the end of each 'round' participants were required to fill
out a questionnaire based on their experiences within the environment; the question-
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naire was constructed to measure Social Presence, the dependent variable and some
exploratory aspects of communication quality. The participants were given feedback
of their team's progress which was designed to promote further discussions.

3.2.1 Potentially Confounding Variables
There are potential confounding variables in this study which have been addressed to
minimise their effect on the results. If people already know each other this could affect
result as the people already feel confident together and this may be reflected in their
questionnaire answers especially as the Biocca et at. Networked Minds questionnaire
is targeting the experience with a distant other. If participants know each other it will
be recorded, then this factor can be taken into consideration in the results.
The choice of 3DVC and 2DVC may use different video and audio coders ; which
could possibly affect results, In this particular study we intend to use the same system
configured in two-ways so the same coders are used. If a participant has already
participated in the chosen task this could influence results also, it is ensured that
the participants have never been exposed to the task. It has also been observed that
different, gender ratios impact results, analysis of gender ratio will be incorporated into
the data analysis phase. IL is ensured there will be a mix of all male, all female and
mixed groups to be able to do this. The order of conditions that a participant is exposed
to may also influence results; a Latin square will be constructed before the experiment
that will ensure that there are results from every possible order of conditions, taking
into consideration possible learning effects.

3.2.2 Hardware Setup
For the mediated conditions 3DVC and 2DVC, three acoustically and visually separated
rooms were set-up with identical desktop PC's and monitors (TF"I', 17", 1280X-1021).
EJSB Web cameras with CIF resolution were used for the video stream. Headsets
with stereo speakers and mono microphone were used for the audio component. The
machines were connected over a standard 1000MBit/sec network, but 200MBit/sec
would have been sufficient. This workstation is shown in Figure 4,1
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Figure 3.1: Videoconferencing Workstation
Environments

The videoconferencing software cAR/PE! developed by Daimlei-Chrysler, discussed in
Regenbrecht et al. (2004) was chosen as a suitable candidate for this study because
of its availability. cAR/PE! allows up to three participants who are not co-located
to communicate over a network that imitates a real meeting room. The room has
a virtual presentation screen for two-dimensional (2D) application sharing, there is
also the option of placing three-dimensional (3D) models on a table to manipulate
(Regenbrecht et al., 2004), but: tins feature is not used in this study. cAR/PE! can
be configured in both 3D and 2D modes. The 3D mode is set in the virtual room;
users are not restricted, they can move around the room and adjust their field of view.
Participants are initially represented as live video streams around a virtual table but
can be as spatially close or far as they desire from the others. Participants are also
aware of another's actions as 3D sound is provided and the video plane tilts, indicative
of where a peer is looking. The 21D mode is somewhat restrictive in that participants are
confined to a view of the presentation screen and can not navigate at. all - in fact the use
of the mouse is disabled in this setup. Video streams of the participants including the
individual are displayed around the presentation screen. To determine who is talking,
requires looking at the video feeds. This software is used for this initial study as it
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allows certain external factors to be controlled such as video and audio coclecs.
The face-to-face setup is conducted around a real table. The participant can see
the others, hear the others and move around if they need to.

3.2.3 Participants
42 Subjects (36 Male and 6 Female) participated in this experiment. sessions were
conducted where each of the three subjects participated in three trials which gives a
total of 126 trials. This is an acceptable sample size for a 95% confidence interval when
testing the hypotheses according to Bartz and Doering (1995). Participants ranged
in age from 19-63 (mean age 34.7 years). The participants were only told that the
experiment's objective was to evaluate videoconferencing systems. The assignments to
slots wasn't entirely randomised as participants could choose from pre-defined timeslots. A chocolate bar was given as a reward upon conclusion of the session.

3.2.4 The Desert Survival Problem
The Desert survival task has its place in 'ice breaking' exercises when people are getting
to know each other. Human Synergistics International (2005) advertise this task (along
with other various 'survival' problems) to purchase as a team development instrument.
The desert survival problem constructed by Lafferty et al.. (1974) presents participants with a problem definition in which the team members have been involved in a
plane crash in the desert. They are the only survivors, and various items have been
salvaged. The task requires the team to discuss their survival. strategy by interpreting uncertainties to construct a prioritised list of the items. An expert solution exists
which was constructed by an army survival expert.
in this experiment the desert survival problem was used throughout the three environments. At the end of each 'round' participants were given a progress report in the
form of the number of hits, referring to how many items the team had correctly placed
- irr relation to the expert solution and a 'score' which is constructed by working out
the sum of the differences between the teams placing of an item and its rank in the
expert solution.
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The objective of this feedback was to promote further discussion for the next round'
in the next environment. It is not intended to be informative for the team as they have
no idea which items are correctly placed, but is merely intended to spark motivation
and discussion.
The team was not presented with the expert solution upon conclusion of the task.
As this task was interesting and discussion promoting in nature, the leakage of this
solution could have hindered our results. An email option was given in the consent
form to

receive the solution at the end of the experiment.

This task was used in the pilot study of the Networked Minds measure of Social
Presence (Biocca et al., 2001) in which allowed a potential replication of results.
The actual detailed game description was found at Roger.Knapp (2005) and was
adapted by reducing the number of items to ten to reduce the complexity and converting
values miles and Fahrenheit to kilometres and centigrade for local understanding.

3.2.5 Questionnaires
The instrument selected as the measurement of Social Presence in this experiment was
a combination of questionnaires. The 'Networked Minds Questionnaire' was developed
by Biocca ct al. (2001), consisting of 38 items measured on a 7--point likert scale.' This
consists of "pairs of matched items to reflect both the participants own feelings and
the participants perception of the feelings of their communication partners" (Biocca
et al., 2001) an example being "I often felt as if 1 was all alone" was matched with "I
think the other

individuals felt alone"

The questionnaire was chosen for its tested validity 2 but also because the desert
survival task was also used in the testing of the questionnaire itself.
The second questionnaire used was developed by Short et al. (1976), who were
the first to begin the discovery into Social Presence. This focuses on ranking the
composite measure using standardised response categories such

as

strongly- agree, agree, disagree

acrd strongly disagree.
-It should be mentioned that this questionnaire has gone under one pilot study only, and was found
valid for cross-media comparisons like this experiment. However it should he noted extended study
needs to be undergone, this experiment could verify Biocca et al. (2001) results.
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medium that was used during the interaction rather than the actual experience with
a distant other. This has been added so that comparisons can be performed on the
results of each instrument determining whether they are granular enough to perform
`similar'-media comparisons (i.e. find a significant difference between 3DVC and 2DVC
conditions). The items are bi-polar pairs on 7-point Likert scales, examples include:
Rate the communication just used to collaborate with the other as warm...cold, impersonal...personal, unsociable...sociable.
The research into the differences in Social Presence is confirmatory in nature, this
used the hybrid Networked Minds Questionnaire/Presence Questionnaire as the measure of Social Presence. The questionnaire also contained some exploratory items
measuring communication quality in preparation for the second study.
The questionnaire has 61 items in total:
• Biocca et al.'Networked Minds' items
– 38 Items
• 'Short et al.' Social Presence items
– 9 items
• 'Task Performance' exploratory items
– 14 Items
The following question examples were incorporated into the questionnaire in an
attempt to gauge an individual's impression of task performance and provide some
preliminary statistical data. These items will adopt a similar format to the 'Networked
Minds' items described above. Items included:
• Task Performance
– The teams task performance in the activity was [poor...excellent]
– The task performance was highly affected by the communication medium
[strongly disagree...strongly agree]
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• Communication Quality
– The overall flow of communication between the team was [poor...excellent]
• Turn taking
– I waited for my turn to speak [never...often]
– The others waited till it was their turn to speak [never...often]
– Turn taking was complicated [strongly disagree...strongly agree]
– We were talking over one another [r ever..often]
• Interruptions
– I felt like I was interrupted [never...often]
– I felt like I interrupted the others[never...often]
• Confusion
– I was confused [never...often]
– The others seemed to be confused [never...often]
– There was aloe of time when no-one spoke at all [never...often]
• Body Language
– I often used body language (such as facial expressions, hand movements) to
express myself [never...often]
– The others used body language to express themselves [never...ofterd
A General Demographics survey was completed by each participant, this collected
general information such as age, gender, experience etc. This data can be used to draw
conclusions about different types of participants that may have appeared to have an
effect on the outcome of the experiment.

29

3.2.6 Procedure
The experiments were conducted at the University. of Otago's Information Science departments Research Annexe. Each session was an hour in duration with three subjects
used per session. Upon arrival participants choose to sit at one of three seats around
a table. They

were asked

to read a Participant Information sheet that explained:

the goal of the experiment (evaluating different vidcoconferencing systems), the general procedure and the anonymity of the experiment. The participants then signed a
Consent Farm, and were asked to fill in the General Demographics Survey. A Participant Instruction sheet was then provided which had the desert survival problem on it;
they were given ten minutes to become familiar with the items before the sheets were
returned to the instructors.
Each participant took part in three trials, one for each condition (1) 3D VideoconFerencing, (2) 2D Videoconferencing and (3) Face-to-Face unmediated communication.
Each condition saw a different, participant be assigned the role of 'scribe' who was
responsible for recording the teams rank on paper3.
The order of environments that a group was exposed to was determined beforehand
in accordance to a Latin Square which ensured that each condition appears once per
session. This ensures that learning effects can be ruled out as a potentially confounding
factor.
In the 3D Videoconferencing condition the participants could navigate within the
environment using a simple mouse interface. They could hold down the left hand
mouse

button and move the mouse left/right, up/down to simulate a head movement

see Figure 3.2. They could also hold down the right hand mouse button and move the
mouse left/right, forward/backward to actually move about the room see Figure 3.3.
They were given approximately 2 minutes to familiarise themselves with the navigation. A sheet with these instructions in picture format was also placed at each
workstation as an additional reference.
3 1t was observed in the 'warm up's before finalising this study's methodology that if participants
were all given a sheet of the items then when immersed in the 3D and 2D environment they were
always looking down. The idea of the scribe was developed, and has been observed to promote more
intera.ctio ii in the form of non-verbal cues
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Figure 3.2: Turning/looking around in cAR/PE!

Figure 3.3: Moving around in cAR/PE!
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The 21) Videoconferencing condition did not require any learning. Each condition
lasted ten minutes, which was indicated by a countdown clock located on the presentation screen of the mediated conditions and on computer monitor in the face-to-face
conch Lion.
After each condition the participants were bought back into the original room and
filled in the Social Presence questionnaire (with the exploratory communication items
included). An instructor meanwhile calculated their interim score, and presented the
result so they could begin to discuss the problem further. This continued for the next
condition. After the third condition and questionnaire, the participants were told their
final score (the one that counts toward a grand prize!), thanked and then released.

3.3 Assumptions
It is assumed here that the two instruments are indeed measuring the construct Social
Presence, and not something else. The notion of Social Presence is defined by the
instrument itself. These instruments have been constructed by established presence
researchers and have undergone prior studies, so this research is confident that such an
instrument can be used without having to extensively scrutinise the instrument itself.

3.4 Data Collection
The data collected in this study is in the form of answered questionnaire items, falling
into the interval scale of measurement. The questionnaires are on a 7-point Likert
scale, so the raw data will be one 'X' marked on the scale that corresponds to how the
participant felt about certain aspects of their interactions in the specific environment.
This scale is finer than other approaches e.g. The 5-point scale.
The advantage of using a subjective measurement to gauge a presence concept
according to Inkso (2003) is, at face value, the instruments appear to be measuring
the concept they propose. Questionnaires are also often easy to oversee and analyse.
A further benefit is that they do not interfere with the user in an environment as they
are performed usually post-immersion (Inkso, 2003). Drawbacks however according to
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Inkso (2003) ; include the fact that the questionnaire is administered post-immersion
(in contrary to the last point), as questionnaires often fail to measure the fact that
presence is time varying. Often participants remember the experiences toward the end
of immersion. Participants are said by Inkso (2003) to often get bored or tired after
exposure to a virtual environment, influencing their responses.
The use of objective-based measures is reasonable as in the real world people have
reactions,(which could be both behavioural or physiological in nature) so it can be
assumed that one may also have similar reactions in a virtual world'. Such objective
measures are: Reflexive motor acts; like measuring 'startled' responses or physiological
responses; like muscle tension or cardiovascular responses.
It is said by Sadowski and Stanney (2005) that objective measures could be useful
for comparisons between the real world and the virtual environment but it is difficult to
relate to the level of presence experienced and can be obtrusive and difficult to collect.
A combination of both objective and subjective measurement is advised. However, due
to time constraints a subjective approach was taken.
The two instruments used to gauge Social Presence have shown reliability and
validity in previous studies, however it should be noted the Networked Minds measure
of Social Presence has only been tested in one pilot study, so caution must be practised.
The communication quality items have had no prior testing before this experiment,
which is the intention as this is an exploratory aspect.
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Chapter 4
Exploring Social Presence: Results

4.1 Results
This chapter discusses the data analysis techniques and findings, along with any limitations. The justifications for the results are then discussed. The results were analysed
using SPSS version 13, with the graphs being constructed using Microsoft Office Excel
2003.

4.1.1 Reliability Analysis
Reliability analysis is a technique used for analysing questionnaires to determine whether
question items are measuring the same underlying construct. Chronbach's alpha is a
useful method for examining reliability, with the calculation being based on the number
of items and the average inter-item correlations (Hinton et al., 2004).
The alpha value ranges from 0, indicating a completely unreliable test, to 1, for
a completely reliable one. There is debate on an acceptable alpha value to conclude
a questionnaire is reliable, but values over .70 would be considered acceptable in this
study.
Chronbach's alpha was calculated for every factor using the questionnaires from all
42 participants.
The factor Social Presence using the hi-polar pairs by Short et al. (1976), produced an excellent score suggesting that all the items together measure a single uni34

Factor

No. Items Alpha (2 d.p.
0.94

Social Presence 9

Table 4.1: Internal Consistency Test for the semantic differential technique (Short et al.
(1976)) measure of Social Presence
Factor

No. Items Alpha (2 d.p.)

Isolation

2

0.58

Mutual Awareness

6

0.81

Mutual Attention

8

0.76

Empathy

6

0.70

Mutual Understanding

6

0.86

Behavioural Engagement 6

0.83

Mutual Assistance

4

0.73

Dependent Action

3

0.41

Table 4.2: Internal Consistency Test for the factors of The Networked Minds measure
of Social Presence
dimensional construct well. See Table 1.1
The majority of the factors in the Networked Minds Measure of Social Presence
produced high alpha scores indicating that the items within each factor were measuring
a consistent underlying construct, as shown in Figure 4.2. The factors Isolation and
Dependent Action however produced low alpha values so are therefore excluded from
tire next stage of analysis. This was also the case in the study by Biocca et al. (2001),
suggesting these items should be excluded in future use of the instrument.

4.L2 Significance Testing
The average score and standard error for each factor in the Network Minds Measure
of Social Presence was calculated as shown

in

Figure 4. L

In every factor the face-to-face condition reached the highest value. A withinsubjects Analysis of Variance (ANOVA) was then performed to determine if there was
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Figure 4.1: Mean and standard errors in the Networked Minds measure of Social
Presence
variability- between the condition's mean questionnaire scores. This determines if there
is a difference between them but not its origin. It was found that the main effect was
significant (p=<.001).
The mean scores of every condition in the Short et al. (1976) measure of Social
Presence were evaluated in an ANOVA as a within-subjects factor. The main effect of
the media was significant for Social Presence (p=<.005).
As both instruments showed significance, meaning that there was a difference between the conditions. Post. Hoc test were performed to determine where the effect of
the media was.
For descriptive statistics for the Short et al. (1976) items and the factors of the
Networked Minds instrument. can be found in Appendix A.

4.1.3 Post-Hoc Tests
The Bonferroni adjustment. for multiple comparisons was used because multiple conditions were being compared. Bonferroni is a post-hoc test that is used to determine
the significant differences between group means in an analysis of variance (ANOVA)
setting. This makes it harder for any one test to be statistically significant.
In

the Networked Minds measure of Social Presence the scores in the Face-to-Face
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condition were significantly higher than the 3DVC scores, over all factors.
The Face-to-Face condition scores were higher than the 2DVC in the factors Mutual
Awareness (p=<.001), Mutual Understanding (p=.001), Empathy (p=.014) and Attention Allocation (p---.021). The factors Behavioural Interdependence (p=.270) and
Mutual Assistance (p=.699) did not show significance of Face-to-Face over 2DVC.
No significant differences were found between the conditions 3DVC and 2DVC.
Hypotheses 1 (Social Presence increases in the conditions in the order 2DITC,V)VC
and Face-to-Face communication), la (There is a significant difference in Social Presence

between the conditions 3D VC and 2DVC) and lb (Existing Social Presence instru-

ments are sensitive enough to detect levels of Social Presence within two audio-video
communications media)were not supported using this instrument as Social Presence

did not increase in the order of conditions: 2DVC, 3DVC and Pace-to-Face; there was
no significant difference in the conditions 3DVC and 2DVC; and the Network Minds
instrun-ient measuring Social Presence was not sensitive to detect changes in Social
Presence within the same media type.
The Short et al. (1976) measure of Social Presence saw the mean score of the face-toface condition (M-6.33, Sl...702) significantly higher than the 3DVC score (M-4.4.6,
SI..1.28) and significantly higher than the 2DVC score (N.4=3.98, SD,1.08), both
with a significance level of p.-Tr.<.001. The mean score of 3DVC was also significantly
higher than that of the 2DVC also (p=.002). The graph shown in Figure .4.2 shows
the mean difference and standard error of Social Presence using the Short et al. (1.976)
instrument.
Hypotheses 1, la and lb were supported using this instrument as Social Presence
increased in the order of conditions: 2DVC, 3DVC and Face-to-Face; there was a
significant difference in the conditions 3DVC and 2DVC; and the Short et al. (1976)
instrument measuring Social Presence could detect changes in Social Presence within
the same media type.
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Figure 4.2: Mean Difference and Standard Deviation in Social Presence

4.1.4 Factor Analysis
The items comprising the communication component of the questionnaire were exploratory in nature so were submitted to a factor analysis to determine whether there
were any correlations between items. Factor analysis is useful to determine if the factor names given to a bunch of items were indeed measuring something consistent or
whether some items could be removed from the instrument..
There were 6 'factors' making up the communication component of the questionnaire: Task Performance, Communication Qualit y. Turn taking. Interruption. Confusion and Body Language. These items were shown in section 3.2.5.
A principal components analysis was used, which analyses the total variance and
attempts to explain the maximum variance while minimising the number of underlying
factors. Firstly, the key decision according to Hinton et al. (2004) for an exploratory
factor analysis is choosing the number of factors. This decision is made by examining
the total variance explained output, the eigenvalue and the scree plot. Each conditions
scores produced a total-variance explained value of around 76%, with 5 factors producing an eigenvalue greater than I. The criterion for selecting factors from a scree plot
is said to be where the line evens out.. Figure 4.3 shows that the line starts to flatten
out around 3, 4 or 5 factors. So the total-variance explained data was re-generated for
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Scree Plot

Component Number

Figure 4.3: Scree plot for the condition Face-to-Face
4 factors, where around 68% of the total variance was explained.
A rotation matrix was then constructed to get a clear picture on how individual
items could he assigned to certain factors, and also provided an indication on whether
some of the items that were thought to contribute to a factor actually did.
The rotation matrix was constructed for all item scores, from all three conditions.
This proved quite cluttered, so it, was advised to perform a. separate factor analysis
for each condition and see if any items were loading on the factors in all three cases.
In all three analyses, all the items comprising the original factors interruption and
body language showed high correlations. Two items comprising the factor turn taking
showed high correlations in all three conditions. An example is shown in figure 4.4,
that. shows the face-to-face conditions loadings. Two other factors are apparent in
component 4 and 5 but were not consistent over the three conditions. Factor analysis
does not conclude the meaning of the data, it simply shows which items correlate
strongly to each other according to how the participants scored them. It is up to the
analyst, to interpret the meaning of the data, often by viewing the correlated items and
giving them a general variable name. In this case it wa:s reasonably easy to assign the
names body language, interruption and turn-taking to the correlated item groups.
A reliability test was then calculated for each factor under each condition. most
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showed acceptable alphas (<.70). The table of values is shown in Table 4.3.

4.2 Further Findings and Limitations
Control variables such as sex, age, experience, order of conditions and proficiency in
English were tested for any effects on all factors. No significant effects were detected,
showing that the Short et al. (1976) measure of Social Presence is strong enough to
withstand any variable disturbances.
During the course of the experiments, each instructor was provided with a notebook
in which to make notes on their observations of the sessions. The aim of this wa.s to
provide some extra information when it came time to explain any results and perform
the experiment postmortem.
In the pilot studies of this experiment all participants were given a list of the items
to rank but it was found when they were inside the videoconferencing environment
conditions they were always looking down, so the idea of a scribe was created for the
experiment. It was found that the scribe always looked down still which, surprisingly,
had little effect on the results. The scribe could have immediately perceived the levels
of Social Presence and have been somewhat 'aware' of the environment, even though
the communications from their point of view, appeared to take place over an audio
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Item Number/

3DVC

2DVC

variable

Faceto-Face

(4) Turn taking

.823

.933

.875

(5) Turn taking

.738

.924

.821

(7) Interruption

.730

.861

.777

(8) Interruption

.866

.849

.873

(9) Interruption

.725

.616

.802

(13) Body Language

.859

.937

.834

(14) Body Language

.888

.918

.861

Table 4.3: Reliability Values for Exploratory Factors
only channel.
Dependent action had two items in the original instrument described in Biocca
et al. (2001) but there was some confusion by the experimenters as to the meaning of
the question "I could not act with the other" which was thought to mean either "I
couldn't act without the other" or "I couldn't act with the other" in accordance with
the first item "The other could not act without me".
A note must be made that studies involving new technologies such as three-dimensional
videoconferencing have the potential to have a little noise because of the reaction of
first time users to such a system. Such comments evident in the experiment such as
"Wow, this is so cool", could indicate excitement which according to Usseisteijn (2003)
is typical of newly introduced media. This could have an impact on the way questions
are answered, when emotional attitudes are being gauged of a two systems: one they
may be used to or one that has that certain 'wow' factor, the first time one experiences
it.
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Chapter 5
Conclusions from Exploring Social
Presence
5.1 Discussion
in this experiment the pilot study of the Networked Minds measure of Social Presence
was replicated in a setup consisting of three participants. The results show that this
instrument is capable of measuring Social Presence between unmediated and mediated
audio-video communications media. The instrument did not prove sensitive enough
however to distinguish between the two types of mediated communications: 2DVC and
3DVC.
The two factors isolation and dependent action did not pass internal consistency
tests, suggesting the need for modification for use in future studies.
The Short et al. (1976) measure of Social Presence could not only discriminate
between the unmediated and mediated communications but also between the two mediated forms: 3DVC and 2DVC. This confirms the studies by B. Champness and B.
Christie in 1.973, who supported a similar hypothesis, predicting that the instrument
by Short et al.. (1976) could perform comparisons between media of the same type.
The result indicates that 3DVC is rated to be more capable of supporting a high
level of Social Presence than the conventional 2DVC tools.
The overall ratings however indicate that face-to-face communication is still the
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`gold standard'. The trend however indicates that the more the system is similar to
the real world, the higher the Social Presence. It could be said that the move toward
developing these 3DVC type tools is founded.

5.1.1 Future Work
The next step would be to evaluate Social Presence within two videoconferencing media
using a three-dimensional task this time, which could be expected to further increase
one's sense of presence because such a task could be better suited to a 3DVC environment.
The final question to be answered is whether task performance can be increased by
using 3DVC interfaces.
The next chapter describes a study in which these aspects were tested.
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Chapter 6
An Exploratory Communication
Study with Spatial and Social
Presence Aspects
6.1 Introduction
This section describes an experiment conducted in July and August 2005 in which two
validated instruments and some exploratory items derived from literature, were used
in a same-media comparison of two videoconferencing systems: 2D Videoconferencing
and 3D Videoconferencing ; in a within-subjects design.
The main aims of the study were to: determine whether the existing instruments
could again prove reliable and to analyse the exploratory factors in terms of a consistent
underlying construct and significance differences. It is expected to contribute some
initial ideas to the research community that can be built upon.
The materials described in this section can be found in Appendix B.

6.2 Research Methodology
This study had three objectives. The first objective was to determine again ; using a different task, the levels of Social Presence within two environments 2DVC and 3DVC. To
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measure this, the instrument that proved sensitive enough to distinguish between the
two mediated conditions in experiment one was used. The other main objective was to
explore communication aspects within each condition. This was measured subjectively
by questionnaire, incorporating items that passed reliability tests and factor analysis
from experiment one and also items taken, constructed, or directly taken from current
literature on communication theory. The subordinate objective was to investigate spatial presence levels within the two conditions using an already validated instrument in
the field. The study was a within-subjects design, in which each participant performed
the task in both environments, the independent variable.
Participants worked on the same task throughout the two environments. At the
end of each 'round' participants were required to fill out a questionnaire based on their
experiences within the environment; the questionnaire was constructed to measure
Social Presence, spatial presence and communication quality aspects, the dependent
variables.

6.2.1 Potentially Confounding Variables
There are potential confounding variables in this study which have been addressed to
minimise

their effect on the results.

The choice of 3DVC and 2DVC may use different video and audio codecs, which
could possibly affect results. In this particular study we used the same system configured in two-ways so the same codecs were used.
The relationships between the participants is a potential confounding variable. Cornelius and Boos (2003) showed that short term groups or people who do not know each
other beforehand are likely to show less effort at adapting to a medium or getting to
know the others, which is shown to have a negative effect on the communication within
a group. An initial questionnaire asked the participants whether their relationship with
the others is: first meeting, familiar or friends, which is taken into consideration during
the data analysis phase.
Participants who have had a lot of prior experience with videoconferencing, may
not be subject to the °wow' factor of the system which puts them on an uneven 'playing
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field' with first time or minimal use participant's. Finding participants is often hard
due to the huge time commitment required which means that some participants who
were briefly exposed to the system used in the first experiment may participate in this
experiment too. Every effort to reduce these factors has be taken, people who have
never used the system before were given higher preference and in the case that they
had used it, it was only for 30 minutes approximately, with reduced functionality. The
data analysis phase takes these factors into consideration.
The participants may have also had some experience with 3D manipulation, so this
was asked in the questionnaire and taken into consideration.
de Greef and Usselsteijn (2000) suggest that men and women differ in their communication behaviours so gender will be analysed for any potential effects on results.
The conditions were randomised also to reduce the learning effects but also so that
the experiment is considered fair. If the order of conditions for example, was always
2DVC then 3DVC, then it could be seen that the results were being influenced, showing
a less interactive condition before an interactive one.

6.2.2 Hardware Setup
For the mediated conditions 3DVC and 2DVC, three acoustically and visually separated
rooms were set-up with identical desktop PC's and monitors (TFT, 17", 1280X1024).
USB Web cameras with CIF resolution were used for the video stream. Headsets with
stereo and mono microphone were used for the audio component. The machines were
connected over a standard 1000MBit/sec network, but 200MBit/sec would have been
sufficient.
Each session was recorded from within the system from the moderators point of
view. This required a mini-& video camera connected to the moderators machine and
to another machine, using dynalink where Windows Movie Maker version 5.1 recorded
the sessions. This setup is shown in Figure 6.1.
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Figure 6.1: Moderators Recording Station

6.2.3 Environments/Software
As in experiment one, the videoconferencing software cAR/PE! developed by DaimlerChrysler. discussed in Regenbrecht et al. (2004) was chosen as a suitable candidate for
this study. cAR/PE! allows up to three participants who are not co-located to communicate over a network that imitates a real meeting room. The room has a presentation
screen for two-dimensional (2D) application sharing, there is also the option of placing
three-dimensional (3D) models on a table to manipulate (Regenbrecht et al., 2004).
cAR/PE! can be configured in both 3D and 2D modes. The 3D mode is set in the
virtual room; users are not restricted, they can move around the room and adjust their
field of view.
Participants are initially represented as live video streams around a virtual table
but can be as spatially close or far as they desire from the others. Participants are also
aware of another's actions as 3D sound is provided and the video plane tilts, indicative
of where a peer is looking.
The 2D mode is somewhat restrictive in that participants are confined to a view of
the presentation screen. The mouse can be used to point to the screen. Video streams
of the participants. including the individual, are displayed around the presentation
screen. To determine who is talking requires looking at the video feeds. This software
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is used for this initial study as it allows certain external factors to be controlled such
as video and audio codecs.

6.2.4 Participants
35 Subjects (25 Male and 10 Female) participated in this experiment. 18 sessions
were conducted where two subjects participated in two trials which gives a total of 70
trials. This is an acceptable sample size for a 95% confidence interval when testing the
hypothesis according to Bortz and Doering (1995).
There were 18 sessions but only 35 participants because of a misunderstanding
between the instructors not realising that they had already participated, so the second
set of data was not included.
71% of participants were between 18-28 years old. The participants were only told
that the experiment's objective was to evaluate communication quality in videoconferencing systems. A chocolate bar was given as a reward upon conclusion of the session.

6.2.5 The Task
A three-dimensional (3D) task was chosen for this experiment to contrast to the task
used in experiment one, where the task was purely discussion based. This was decided
because social presence was shown in experiment one to be higher in 3DVC over 2DVC
even though the task was not necessarily suited for a 3D environment.
Finding 3D models is hard because often their authors are reluctant to give them
up because they are very laborious to create. cAR/PE!, because it was initially created
for a car manufacturer: DaimlerChrysler, came with some 3D models of 5 different car
models. Car models was viewed however, as not promoting extensive discussion and
may have been more interesting to one sex over another.
Jakob Beetz of the Technical University Eindhoven, Design Systems, was very kind
as to provide five architectural models that were the result of a competition held in
Europe to create a house representative of a particular country.
The task designed in this experiment set a scenario for the participants. The scenario told them that they had won lotto and had decided to build a house in Queen48

stown, New Zealand to live in together. There were told that they were in a family
of six (Grandma, Mum, Dad, Teenager and themselves) who had reduced possible
house designs down to five, in which they had to pick a mutual final choice - with
justifications.
This task was used in both environments. In the first condition participants Were
advised to have an overview of the models and perhaps choose a couple of candidates,
then in the second condition could evaluate them further and make a final decision.
Each 'round' could last a maximum of eight minutes, but often only six minutes approximately were needed. In the 3DVC condition, the models were placed one by one
on the virtual table by the moderator, as the participants requested them. Participants
could navigate around the table using their mouse to view the house, and point out
features using a telepointer. Additionally participants could use a 'spin' feature and
various toolbar buttons to get different perspectives of the conference and the models.
In the 2DVC condition, the models were represented statically on the presentation
screen. Four different perspectives of each house was made into a slide show that
the participants could operate themselves. Participants could point out aspects of the
slides using telepointers.

6.2.6 Questionnaires
The instrument selected as the measure of Social Presence was the questionnaire developed by Short et al. (1976), that was used in the first experiment that proved sensitive
enough to detect Social Presence levels within variation of the same telecommunications media. This approach sees a participant rank the media they used on a series of
7-point bi-polar pairs. The first experiment had nine items selected from the original
literature, in which two items referred more to the aesthetic appeal of the medium
(colourless...colourful and ugly...beautiful). These were excluded and three extra items
from the paper (Short et al. (1976)) were included referring more to feeling of the
medium.
The instrument selected as the measure of spatial presence was the IGroup Presence
Questionnaire (IPQ), constructed by the igroup project consortium. Spatial presence
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(Also known as Physical Presence or Telcpresence) is defined simply as the "sense of
being there" (Biocca et al., 2001) pl., feeling like you are in the mediated space and
that it is somewhat 'real'. The IPQ measures the subjective sense of presence in a.
virtual environment (Igroup Project Consortium, 2005). It consists of 13 items on
5-point Likert scale.
The communication factors were constructed by an extensive literature review and
analysis from exploratory data from experiment one. The factors body language (BL),
Tarn taking (TT), Pauses (PS) and Interruption (M) emerged from experiment one
showing high inter-item correlations and high reliability. Smooth Turn taking indicates
that participants are receiving all of verbal and visual. cues needed to infer who's turn
it may be next to speak. Pauses and Interruption can indicate that participants can
not detect Turn taking cues, leading to a reduction in the coherence and quality of a
conversation.
The paper by Cornelius and Boos (2003) was useful as it focused on aspects of
conversational coherence, which is how people maintain their threads of conversation.
Mutual Understanding (MU), Satisfaction (SA) and Interpersonal Attraction (IT) were
other factors that surfaced (see Section 2.1.9 for details) and were already represented
as question items so were included in this study. The factors Request Compliance (RC)
and Topic Management (TM) were implemented as a coding scheme in the Cornelius
and Boos (2003) study. For tins study they were converted into question items, so
that they could he subjectively obtained. If participants have a smooth topic flow,
this indicates coherence of the conversation, which contributes to the quality of the
communication. Request compliance is important because if a participants requests of
another are carried out immediately this requires no elaboration, showing there is little
confusion, indicating a high quality communication process.
The factor Interpersonal Awareness (IA) has three items obtained from Daly-Jones
et al. (1998). Interpersonal Awareness refers to a participants awareness of the attentional state of their peers (Daly-Jones et al., 1998). The importance of being aware of
the attentional status of another, is said by Daly-Jones et al. (1998) to be important.
People should only speak when they know the other person is attentive, if they are
not then this leads to inefficient communication. Daly-Jones et al. (1998) believes a
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subjective rating is the way Interpersonal Awareness should be gauged.
The factors mutual understanding, satisfaction and interpersonal attraction are represented on 6-point Likert scales. The rest of the communication items are represented
on 7-point Likert scales.
A General Demographics survey was completed by each participant, this collected
general information such as age, gender, experience etc. This data was used to draw
any conclusions about different types of participants that may have appeared to have
an effect on the outcome of the experiment.

6.3 Procedure
The experiments were conducted at the University of Otago's Information Science
departments Research Annexe.
Each session was an hour in duration with two subjects used per session with an
instructor acting as a third participant, but in a passive 'moderator' type role, aiding
in technical queries and discussion promotion. Upon arrival participants choose to sit
at one of two seats at a table.
They were asked to read a Participant Information sheet that explained: the goal of
the experiment (evaluating communication quality in videoconferencing systems), the
general procedure, that each session was recorded and the anonymity of the experiment.
The participants then signed a Consent Form, and were asked to fill in the General
Demographics Survey.
Each participant participated in two trials, one for each condition (1) 3D Videoconferencing (3DVC) and (2) 2D Videoconferencing (2DVC).
Approximately half the sessions run were in the order 3DVC, 2DVC and the other
half in the reverse order. This reduced possible learning and sequence effects.
In the 3DVC condition the participants could navigate within the environment
using a simple mouse interface. They could hold down the left hand mouse button and
move the mouse left/right, up/down to simulate a head movement see Figure 3.2.
They could also hold down the right hand mouse button and move the mouse
left/right, forward/backward to actually move about the room see Figure 3.3.
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Figure 6.2: Participants in the 3DVC condition
Participants could click the model holding down the mousewheel and moving the
mouse left/right. This created an axis point that. they can spin around to get different
perspectives of the house models. The cursor of the mouse turned into a telepointer
when moved over the models, which enabled the participants to point out features of
the house models. A further feature were buttons on a. tool-bar. Participants could use
a 'shoulder' button to 'jump' behind a peer to see their perspective or use the 'birds
eye view' button to have an overview of the conference. The 3DVC condition is shown
in 6.2.
In the 2DVC condition the participants could operate a 'slideshow like' mechanism
on a presentation screen using the page up/down buttons on a. standard keyboard.
As a participant changed a slide it. would be immediately evident to the the others.
Participants as in the 3DNI C condition could point out features on the presentation
screen using their mouse as a telepointer. The 2DVC condition is shown in 6.3.
Participants were taken to separate rooms where they received a. tutorial from the
moderator on the aspects mentioned above which lasted about five minutes or until
both participants were comfortable they could proceed. Car models were used in this
tutorial, so that, when the actual task started with the house models, it could be assured
that a clean, fresh communication process was started without any prior exposure to
the models.
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Figure 6.3: Participants and Moderator in the 2DVC condition
The participants were then bought into the initial room where they received a
problem definition that outlined the task mentioned in section 6.2.5.
They were given a chance to read it while the instructors set up for the first condition. Participants then began the first condition, then were bought back into the
original room where they were required to fill out the Social PresenceSocial Presence/spatial presence/communication quality questionnaire. They then participated
in the second and final condition, filled out another questionnaire, were then thanked
and released.

6.4 Data Collection
The instruments used are measured on Likert scales, in which some are 5,6 and 7-point
depending on the instrument.
For a discussion on the benefits and drawbacks of subjective and objective presence
measures please refer to Section 3.4.
An objective measure not mentioned in Section 3.4, is the use of observation-based
measurement. This requires converting collaborative behaviours and utterances into
quantitative data. The drawbacks to such a measure is the time consuming process of
determining what a particular series of verbal and non-verbal communication means,
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synchronising coders to 'read' a situation the same and interpreting the findings. Ideally such an approach would be incorporated with a subjective measure because a
participant may not be able to accurately respond to a questionnaire.
The Short et al. (1976) instrument proved reliable in experiment one, and this
instrument has been used extensively in previous studies so can be considered reasonably valid. The communication quality factors: Body Language, Interruption and
Turn taking are considered reliable from reliability testing in experiment one but are
not considered valid as yet. Even though some of the other communication quality
factors have been used in previous studies, often these were used with other factors
making up an instrument, so can not be considered reliable or valid as yet.
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Chapter 7
Exploring Social Presence and
Communication Quality: Results
7.1 Results
The following results were calculated using SPSS version 13.

7.1.1 Reliability Analysis
Reliability analysis was performed on every factor in the questionnaire to determine
whether the items making up those factors were measuring a single underlying construct.
Table 7.1 shows once again that the Short et al. (1976) items produced another
`excellent' value (>0.90), indicating that the instrument is measuring anni-dimensional
construct well, that is, Social Presence.
The Cornelius items, taken directly from the paper by Cornelius and Boos (2003)
of Mutual Understanding, Satisfaction and Interpersonal Attraction showed high
alpha values (.879, .877, .844 respectively) which was reasonably consistent with the
results in the paper which found the alpha values to be between .720 and .850.
The Interpersonal Awareness items however did not produce an acceptable alpha
value, which was surprising as they had been used in a previous study, in which they
produced high alpha values.
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Alpha

Factor
Communication Quality

Direct Address

.707

Interruption

.780

Turn taking

.663

Body Language

.585

Topic Management

.355

Pauses

.796

Request Compliance

.674

0. Daly-Jones
Interpersonal Awareness

.608

C. Cornelius and M. Boos

Mutual Understanding

.879

Satisfaction

.877

Interpersonal Attraction

.844

Short et. al

Social Presence

.940

IPQ measure of Spatial Presence

Spatial Presence

.860

Table 7.1: Test of Internal Consistency for Factors in Experiment 2
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The factors Direct Address, Interruption and Pauses all show high reliability, which
is encouraging as these items were constructed from scratch. The factor. Interruption
has shown in two experiments that it is a reliable scale measuring a consistent construct.
The factors Turn taking, Body Language and Request Compliance produced moderate alpha values (defined by Hinton et al. (2004) as being .50-.70). This was to be
expected of request compliance because the items had been constructed from an objective based measure but Body Language and Turn taking were factors that showed
reliability in the last experiment, so this was not expected.
The item Topic Management showed poor reliability (<.50). Which once again
could be expected because of the coding scheme conversion.
The IPQ measure of Spatial Presence showed high reliability also, which is expected because a lot of testing went into the construction of the instrument (PresenceResearch, 2005).

7.1.2 Significance Testing
Significance testing was performed at the 95% confidence interval. All items believed
to comprise a certain factor were averaged for each condition and then compared in a
paired-samples 't' test. The results are outlined as follows:
• Direct Address
Cornelius and Boos (2003) believe that in face-to-face meetings the use
of Direct Address) is exchanged for non-verbal cues, for the direction of
speech. It could be hypothesised from this that direct address would be
more apparent in a 2DVC environment because a 2DVC exhibits lower levels
of Social Presence, therefore is less like a face-to-face encounter.
It is believed however, that it is not how unnatural an environment is, but
the task being performed within it, or the relationships among participants.
Formal business tasks or tasks in which participants are unfamiliar with each
other could be expected to produce a need for directly addressing another.
'The direct saying of ones name
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Mean

Factor

std er

Mean

std er

p

2DVC

3DVC
Direct Address

4.11

.256

3.78

.328

.315

Turn taking

4.37

.227

4.46

.210

.731

Interruption

3.03

.155

3.17

.205

.470

Topic Management

3.64

.125

3.97

.130

.023

Pauses

3.37

.300

3.23

.301

.654

Body Language - Self

3.06

.323

3.23

.290

.633

Body Language - Other

2.00

.213

2.51

.260

.042

Interpersonal Awareness

4.89

.165

4.63

.190

.183

Request Compliance

4.99

.183

4.97

.250

.955

Mutual Understanding

5.06

.124

5.07

.113

.895

Satisfaction

4.90

.148

4.85

.147

.729

Interpersonal Attraction

5.34

.116

5.27

.128

.378

Social Presence

5.12

.177

4.33

.209

<.001

Spatial Presence

2.93

.073

2.72

.081

0.19

Table 7.2: Average Factor Scores and Significance
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It is expected that direct addressing would be reasonably similar over the
two types of environments because the same task is being performed.
This assumption is somewhat supported in that there was no significant difference between the 2DVC and 3DVC environments (p=.315). Simple observations of the mean scores show participants rated Direct Address higher
in the 3DVC environment. It was easy in the 3DVC for the participants to
get so caught up in the task that they 'lost' the other, so may have directly
addressed them to get some proximity information.
The control factor stating the relationships among participants was tested
for any effects on direct address, none were detected (p=.61o)
• Turn-Taking
— There were no reported differences in Turn taking behaviour between the
2DVC and 3DVC conditions (p=.731). Purely taking the mean scores into
account, indicates participants rated turn taking behaviours to be smoother
in the 2DVC. Although the result is not significant, a possible explanation
for 2DVC being smoother could be because participants can always see
each other so can perhaps pick up more non-verbal turn taking cues. In
the 3DVC, participants are involved with the task, and often the other
participant is not in their sight.
• Interruption
— There were no observed differences in Interruptions between the 2DVC and
3DVC conditions Taking purely the mean scores into account,
indicates participants rated Interruption higher in the 2DVC. This result,
if significant would contradict the comments made about Turn taking, so
as both results are insignificant they need to be discarded from further
discussion.
• Topic Management
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– Topic, Management scores were rated significantly higher in the 2DVC condition over the 3DVC condition (p=.023).This implies that the participants
felt that topic management wasn't as effective in the 2DVC condition indicating that they believed topics changed without being completed.
– Item no 19 in the questionnaire: "We went back to a previously discussed
topic" showed individual significance p=.043. This could be because there
was limited information in the 2D condition i.e. only 4 perspectives of 5
houses, so it was easy to come back to an already discussed topic.
• Pauses
There were no reported differences in Pauses between the 2DVC and 3DVC
conditions (p=.654). Taking purely the mean scores into account, participants indicated that there were more pauses in the 3DVC condition. Pauses
tend to indicate confusion leading to a less coherent conversation but in this
case it could be concluded that there was a lot of silence in the 3DVC while
the participants explored the models which was evident in the video footage.
• Body Language
– Body Language comparisons reported a value close to significance (p=.179).
It was decided to split the questions into observed body language and self
performed gestures. Item no. 4 "The others used body language to express
themselves" showed individual significance (p=.023) over no. 21 "I used
body language to express myself' (p=.633). This indicates that a participant
was aware when another was giving gestures, significantly more so in the
2DVC over 3DVC. Participants may not have been aware of themselves
actually performing gestures, i.e too focused on task.
• Interpersonal Awareness
– Interpersonal Awareness was addressing attention i.e Did a participant realise when the other was concentrating on the 3D models and not actually on
what the other was saying. Although the result was not significant (p=.183),
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in terms of mean comparison participants indicated that they were more
aware of the concentration point of their peer in the 3D condition. A possible explanation, could be the tilting of the video panes indicative of where
a participant was looking.
• Request Compliance
– This factor addresses whether participants understand each other without
the need for elaboration. There was a small variation in the means for
this factor and the result was not significant (p=.955) This value indicates
two things (1) participants would never indicate that they did not comply
with anothers requests and (2) they may not have realised when they did
not comply with a request. This factor was adapted from a coding scheme
implying that it is better measured objectively.
• Social Presence
– Social Presence was rated by the participants to be significantly higher in
the 3DVC over the 2DVC (p=<.001). This is consistent with experiment
one which showed the same trend. Once again the Short et al. (1976) bipolar pairs have proved their sensitivity, to detect levels of Social Presence
between two communications media of the same type. Descriptive statistics
for the Short et al. (1976) items are shown in Appendix B.
• Spatial Presence
– Spatial Presence was shown to be significantly higher in the 3DVC over the
2DVC environment (p=----.019), indicating that participants felt like the interaction was more natural. Participants appeared to understand the spatial
nature of the environment and utilise it.
Hypotheses 1 (Social Presence increases in the conditions in the order 2DVC, 3.017C
and Face-to-Face communication), la (There is a significant difference in Social Presence between the conditions 3DVC and 2DVC) and lb (Existing Social Presence in-
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struments are sensitive enough to detect levels of Social Presence within two audiovideo communications media) were supported using this instrument as Social Presence
increased in the order of conditions: 2DVC, 3DVC and Face-to-Face; there was a significant difference in the conditions 3DVC and 2DVC; and the Short et al. (1976)
instrument measuring Social Presence could detect changes in Social Presence within
the same media type.
Hypothesis 2 (Spatial Presence will be highest in the condition 3DVC) was supported also because spatial presence was rated significantly higher in the 3DVC condition.
Hypothesis 3 (Task Performance increases in the conditions in the order 2D VC,
3DVC) and 3a ( Task Performance is positively correlated with Social Presence) however
were not supported, as no evidence was found in this study to suggest 3DVC supports
higher communication quality and no correlations were found.

7.1.3 Cornelius Analysis
The article by Cornelius and Boos (2003) predicted that interpersonal attraction would
be confused for mutual understanding, so satisfaction of the group process would be
derived from an affiliation rather than by the coherence of a conversation. It was
found that in a face-to-face set-up group, those that reached a consensus derived their
satisfaction from interpersonal attraction; those who did not seemed to get theirs from
coherence, but this was not replicated in the mediated condition.
They were also concerned at the relationships of participants going into the exercise,
whether they were friends or it was a first meeting was thought to effect the group
process and therefore satisfaction but they were surprised to see that it had no effect.
In this study it was found that the 3DVC and 2DVC followed the same trend in
terms of the relationship between the factors Mutual. Understanding, Satisfaction and
Interpersonal Attraction. That is, if one of the factors was rated high in one condition,
it was also in the other.
Interpersonal Attraction appeared to be significantly higher than Satisfaction in
both the 3DVC and the 2DVC but found little difference between Mutual Understand-
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ing and Satisfaction. This indicates that participants may have liked the others but
were not always as satisfied with how the team worked and the effectiveness of the discussion. It could be said that because participants rated their Mutual Understanding
positively with satisfaction that coherence played a part in satisfaction of the group
process.
A Spearman rank correlation was performed on the factors and the correlations of
Satisfaction, Mutual Understanding, and Interpersonal Attraction are all positive and
high, suggesting that high scores on Satisfaction are related to high scores on both
Mutual- Understanding and Interpersonal Attraction. A Spearman rank correlation
does not assume that the relationship between the variables is linear.
In the general demographics questionnaire participants were asked to rate their
relationship with the other as first meeting, familiar or friends as in the Cornelius and
Boos (2003) article. Approximately half the groups rated themselves as friends and the
others as first meeting, with a couple falling in the familiar category. These were tested
as a between subjects factor and were found to have no effect, which is consistent with
the findings by Cornelius and Boos (2003).

7.2 Further Findings and Limitations
The control variables: age, simulator experience, sex, communication tools and language were tested for any effects on all factors. No significant effects were found.
The control variables: relationships and whether they had been briefly exposed to
the system were tested for significance. The relationships between the participants
showed significance against the factors Social Presence (p=.004), interpersonal awareness (p=.030), request compliance (p=.031) and spatial presence(p=.043), however because the participants were polarised to the friend and first meeting categories, there
is only a small contribution from the familiar category.
The control variable 'participants that had briefly been exposed to cAR/PE! in
experiment two' showed significance in the factors request compliance (p=.022) and
interpersonal attraction (p=.035)
A frequency analysis on each item in the questionnaire showed signs of polarised
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answering i.e. the participants were not considering the scale. This frequency analysis
means looking at the possible answers for a particular question item and how many
participants answered that way. Polarised answers means that participants did not
seem to be answering one way or another rather had differing opinions on the same
question.
At the conclusion of each session the instructor asked each participant which system
they preferred to use in the exercise, then if they could explain why. This process was
not strictly followed due to limited instructor numbers in some sessions. The data
collected for 28 participants saw 71% of participants rated that they liked the 3DVC
conditon, 21% preferred the 2DVC condition and 8% explicitly said they would prefer
a combination of both the conditions.
The general reasoning for the selection of 3DVC was that the participants liked
the idea of 'individual views', where they could get their own perspective of the room.
Other consistent comments that were made was that participants liked the 3D sound
idea, the interactivity component and that they felt like the were in a room compared
to the 2DVC condition. Some participants, even if they indicated they preferred the
3DVC reported having some problems navigating around the room but believed they
would get used to it with a bit more practise.
The participants which preferred the 2DVC condition, thought that it was less distracting, liking the fixed angles of the slides and being able to see the same perspective
as the others. Participants who chose the 2DVC also indicated however that aspects
of the 3DVC condition could be beneficial like being able to 'go inside' the models.
Originally the 2DVC condition was more interactive than the setup described in
section 6.2.5. The presentation screen supports application sharing, and when this
experiment was designed Computer Aided Design (CAD) viewing software was running
on a VNC server. The VNC server allowed an application to run on one machine but
be projected into and operated within the virtual space. The models were loaded into
the program by the moderator as the participants needed them. Participants could
use their mouse and various toolbar buttons to manipulate the model and zoom in and
out, making it more consistent with the 3DVC functionality. As participants turned
the model the VNC server had to push out the updated image at each station in real
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time which proved to slow. The delay was making the 2DVC frustrating to use, so a
decision had to be made after the first couple of pilot studies to create a slideshow type
mechanism, which was much faster. It was a trade off between consistency in terms of
functionality or speed (which can promote frustration).
A Spearman rank correlation was performed to see if there were any correlations
between Social PresenceSocial Presence and spatial presence as the significance testing
showed both were rated higher in the 3DVC condition. The result (Rs=.456, N=35,
p=.006) indicates a vague relationship but this is not strong enough to conclude a
correlation indicating the two phenomena are separate constructs. Further research
could determine whether there is a cause effect relationship between the two constructs.
As in experiment one, the 'wow-effect' is a potentially limiting factor. First-time
users are often intrigued and excited when they use a system like this for the first
time, the 3D models add to this also. Results need to be considered carefully in these
types of studies as participants could be overrating their emotional attitudes about the
system.

65

Chapter 8
Conclusions from Exploring Social
Presence and Communication
8.1 Discussion
The phenomenon of Spatial Presence, the feeling of 'being there' proved to be a reliable construct. Spatial Presence in the 3DVC condition was higher indicating that
participants felt the experience was realistic compared with the 2DVC condition. This
adds to the research on presence, that is said to be important as a better understanding of what promotes presence can save time and money when designing new media
technologies (Lombard and Ditton, 1997).
This experiment succeeded in finding a difference in Social Presence once again
between two media of the same type (audio-video). 3DVC again showed that it supports
higher levels of Social Presence than conventional 2DVC types. This, along with the
Spatial Presence result is an indicator that once again the design toward 3-dimensional
systems is a reasonable move.
The 3D task used in this experiment, that was particularly suited to the 3DVC
environment was a contrast to that in the last experiment, showing that the Short
et al. (1976) measure of Social Presence measure could be considered robust enough to
withstand any task related influences.
The factors: Mutual Understanding, Satisfaction, Interpersonal Attraction, Pauses
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Interruption and Direct Address showed high reliability indicating that the items were
measuring a uni-climensional construct.
The most surprising result however was that the factor Interpersonal Awareness,
that was taken from a previous study in which they proved reliable, was not in this
study. In the original study by Daly-Jones et al. (1998), audio only and audio-video
were the conditions, perhaps the instrument was not intended for same media type
comparisons (audio-video) therefore did not show an a high reliability value.
Direct address proved to be a reliable instrument and did not show any significant
differences between 2DVC and 3DVC. The literature suggests the closer to the real
world a communications media is the less direct addressing would be needed. The
researcher disagreed, contending that direct address is dependent on the type of task
being performed or the relationships among the participants. Relationships however
found no effect on the use of direct address, suggesting that perhaps it is the type
of task being performed. It could be expected that complex tasks may require more
direct address because of the formal nature of them.
The results of significance testing on the communication quality items overall however, was not favorable. No real evidence was found but this is not to say that there is
no difference as many results showed no statistical evidence one way or another.
There are possible reasonings for this result:
Participants are likely to over or under estimate some factors also i.e.

complied

with the other's request'. A participant is not likely to rate that they did not comply.
The results from the frequency analysis showed participants often did not take the
scale into account i.e. 'There were often pauses in our conversation' participants would
either answer that they agree but crossing the last box or disagree by crossing the first.
These polarised results tended to affect the mean scores of each condition, so they were
similar.
The most obvious reasoning is the fact that some of the factors are not best measured subjectively. Factors such as Interpersonal Attraction, Satisfaction and Interpersonal Awareness, where the opinion of the participant is needed, are best suited to
subjective measures. Measures such as Pauses, Request Compliance and Turn taking
behavior is best assessed by observation by a third party. Participants were so caught
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up in the task that it would have been impossible to accurately judge these concepts.
The number of participants in the study may also have been a factor. There may
not have been enough data to actually see any trends emerging. It was also suggested
by statistical adviser Brian Niven l that perhaps too many factors were being tested
against the number of participants. Perhaps the questionnaire needed to be scoped
more to deal with a few factors of communication quality to begin with. The intention
though, was to read the literature and try and develop the factors believed to construct
communication quality. It is still believed that the factors do comprise such a construct
but it is the way this data is collected that is most probably the issue.
Ideally an observation-based coding scheme would have been adopted in which each
utterance by a participant is carefully categorised and analysed by a series of coders to
determine the context, intention or direction of speech. This approach would produce
better results especially for factors: Pauses, Turn taking, Body Language, Request
Compliance, Interruption and Topic Management.
The adoption of a coding scheme however requires time to develop it, test it and
synchronise coders so that each coder can read a situation the same way. This would
have been impossible given the time constraints of this study, so it was decided to to
take an exploratory view point and go ahead with a subjective measure.
Social Presence however has shown that it is a psychological phenomenon and it is
best measured subjectively, which has been shown in two studies, within this research.
The factors that were extracted from the Cornelius and Boos (2003) paper, showed
in this study, there were high correlations between Satisfaction, Mutual Understanding
and Interpersonal Attraction, however there was a significant difference between Interpersonal Attraction and Satisfaction indicating that personal admiration for a person
did not ultimately result in a satisfying group process. This is consistent with Cornelius
and Boos (2003) who found in consensus groups, that Mutual Understanding rather
that Interpersonal Attraction was the reasoning for participants rating their satisfaction of the group process high. These findings add to the initial study by Cornelius
and Boos (2003) in attempt to tease out the dimensions of communication quality.
statistics Department University of Otago

68

8.2 Future Work
The constructs spatial presence and Social Presence showed a weak correlation indicating that they are indeed two separate phenomena but it is hypothesised that there
is however a cause and effect type relationship between these constructs, which could
be explored in further studies.
The main direction for further studies is implementing a coding based scheme to
the video tapes of the sessions. This could be a practise exercise in preparation for
another study, perhaps using a different task.
This coding scheme would look at the objective measures just discussed and interpret them in conjunction with a questionnaire that gauges a participants subjective
opinions, on Social Presence and subjective communication factors such as satisfaction
and interpersonal awareness.
It is hoped that such an exercise will find more solid evidence to support the hypotheses:
• Hypothesis 3: Task Performance increases in the conditions in the order 2DVC,
3DVC.
— Subordinate Hypothesis 3a: Task Performance is positively correlated with
Social Presence.
Sadowski and Stanney (2005) suggest that the necessity of presence to support task
performance is unclear. Previous empirical studies have been performed, but with the
outcome that the relationship needs to be explored more fully. Further study is also
needed to take into account the task-related influences that can be assumed to affect
this relationship. Designers aim to create the 'ultimate' virtual experience, trying to
maximise the presence experience. Sadowski and Stanney (2005) suggest that such
activities should not be invested into, until the affect of presence on task performance
is validated. This study was another step toward determining this relationship but a
solid measurement instrument for evaluating such a relationship must be constructed
and validated across many different task types.
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It is also desirable to test such a relationship on many different types of people
and groups. The relationship between participants could be expected to influence the
way people work together. In these studies it was found that often when there was a
dominating person in the group, they tended to do most of the talking etc. All these
types of balances could influence the task performance also.

8.3 Last Word
In conclusion it has been shown that the less 'artificial' a videaconferencing communications media is, the more Social Presence it can support.
It was hypothesised that the quality of communication within these media would
positively correlate to the levels of Social PresenceSocial Presence. This study can not
however draw any sound conclusions about this hypothesis to date. An observationbased method rather that a subjective one could better explain any differences between
conditions in some factors.
The move toward the development of virtual videoconferencing environments appears to be becoming more founded but it is believed to be essential to evaluate the
quality of the tasks performed within an experimental environment first.
Face-to-Face communication however is still the 'gold standard' suggesting that
some business activities may still be more efficient when meeting this way.
Future studies will address the issues raised and attempt to draw some conclusions
about communication quality in videoconferencing.
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Appendix A
Materials From Experiment 1
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Participant information
We (Aimee, Holger and Gordon of Information Science and Joerg from the HITLabNZ in
Christchurch) are carrying out an investigation into the ability of advanced
telecommunications systems to support collaborative tasks. In particular, we are evaluating
different videoconferencing interfaces.
There will be a task that you have to work on in a group of three people. The task will be split
into three rounds. In every round you will communicate with others through a different setup.
After each round you will be asked to evaluate the last setup by filling out a questionnaire. In
total, your participation should take approximately 1 hour. This is not in any way a test of
your competence with computers.
All information and data collected in this study is kept private and confidential to the
experimenters and the experimenters' supervisors, and individual participants will not be
identifiable in results or publications. Your participation in this study is optional and you may
withdraw your participation at any time, including the withdrawal of any information you
have provided. However, by signing the consent form attached, it is understood that you have
consented to participate in this experiment and to publication of the results, with the
understanding that anonymity will be preserved.
Thanks for your co-operation. If you have questions related to the study itself or the results
obtained from your participation, please feel free to contact Dr. Holger Regenbrecht,
University of Otago, Department of Information Science, by phone at 03 479 8322, or by
email at hoIger@infoscience.otago.ac.nz
Please take this sheet with you when you leave.

Figure A.1: Participant Information Sheet
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Date

/ Group

/ Person

General demographics
Please tick all appropriate answers or fill in the spaces provided:
1. Sex:

q Female

q Male

2. Age:
3. Simulator experience during the last 5 years: (Please Tick)
Simulator includes full-motion simulators, head-slaved virtual reality equipment, and 3D first-person
perspective computer games including flight simulators, "Quake" and "Tomb Raider" style games, and
"Descent" style spaceflight simulations

111 less than 5 hours

q 5 – 50 hours

q 50 – 500 hours

111 More than 500 hours

4. Which of the following telecommunication tools do you use regularly to
communicate with your friends?

5.

q Chat tools (like MSN, iChat)

q Cell phone txt-messages

121 Video-Conferencing

q Telephone

q Emails

q Letters/Fax

Which of the following telecommunication tools do you use regularly to
communicate with others at your j oh?
q Chat tools (like MSN, iChat)

q Cell phone txt-messages

q Video-Conferencing

q Telephone

111 Emails

q Letters / Fax

6. Is English your native language? q Yes

q No

If English is NOT your native language, how would you rate your proficiency in
English?

q basic

q good

q fluent

7. Have you ever played the Desert Survival Game before? q Yes
8. Have you ever used the "cAR/PE!" system before? q Yes

9.

*

Email address (optional):
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q No
q No

Desert Survival Game

Your Situation:
It is approximately 10:00 am in mid-August and you have crash-landed in
the Sonora Desert in South-western United States. The light twin-engine
plane, containing the bodies of the pilot and the co-pilot, has
completely burned. Only the air-frame remains. None of the rest of you
has been injured.
The pilot was unable to notify anyone of your position before the crash.
However, he had indicated before impact that you were 112 km southsouthwest from a mining camp which is the nearest habitation, and that
you were approximately 100 km off the course that was filed in your
Flight Plan.
The immediate area is quite flat and, except for the occasional barrel
and saguaro cacti appears to be rather barren. The last weather report
indicated the temperature would reach 43 degrees Celsius that day, which
means that the temperature at ground level will be 54 degrees Celsius. You
are dressed in light-weight clothing - short-sleeved shirts, pants, socks, and
street shoes. Everyone has a handkerchief. Collectively, your pockets
contain $2.83 in change, $185.00 in bills, a pack of cigarettes, and 2 ballpoint pens.
Figure A.3: The Desert Survival Task
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Your Task:
Before the plane caught fire, your group was able to salvage 10 items. Your task is to
rank these items according to their importance to your survival, starting with 'I' the most
important, to '10' the least important. Discuss your situation together as a group.
You may assume:
1) the number of survivors is the same as the number on your team
2) you are the actual people in this situation
3) the team has agreed to stick together
4) all items are in good condition
Procedure:
You must rank the items in three separate rounds lasting 10 minutes each. One of you will
get the list of the items and has to write down a complete ranking that everybody agrees
on before the ten minutes are over.
As some feedback, after each round you will be told how well you are doing based on the
`Score' and the 'Hits' of your previous ranking .
( 'Score' is the sum of all deviations between your and an expert's ranking , 0 being the
optimal score i.e. all the item are correctly ranked, 50 being the worst possible score i.e. all
the items are far Off. 'Hits' refer to how many items match the expert's solution).

You can use the information about the score and the hits to improve and revise your
ranking in the next round. The final score after round three is the one that counts!
The best survivors will get rewarded!!!
Good Luck!
The 10 salvaged Items:
•
•
•
•
•
•
•
•
•

large flashlight and batteries
sectional air map of area
magnetic compass
red and white parachute
bottle (1000) salt tablets
1 litre of water per person
book: Animals of the Desert
2 litres 180- proof Vodka
1 topcoat per person

•

a cosmetic mirror
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L

Condition

I Person

Group _

Date

Questionnaire
Indicate your preferred answer by (narking an "X" en the appropriate box of the
seven-point scale. Please consider the entire scale when making your responses. as
the intermediate levels may apply.
PLEASE READ THE STATEMENTS BELOW AND INDICATE YOUR DEGREE OF
AGREEMENT WITH EACH STATEMENT.

0000000

1. The other individuals were
influenced by my moods.

3. 1 was often aware of others in the
environment.

strongly
agree

undecided

strongly
disagree

q 0

q

undecided

Strongly

0

disagree

0

rorigi.y
agree
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behaviour :

5. What I did affected what the q
strongly
others did.

disagree

7. My thoughts were clear to my
partners,

proetoes..

00.4.00:.
a: tion:10...th.:Other

0000000
undeciAlecl

strongly

disagree

strongly
agree
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Figure A.5: Questionnaire incorporating Short et al. (1976) items, Biocca et al. (2001)
Networked Minds items and exploratory Communication Quality items
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Figure A.6: Questionnaire cont. Biocca et al. (2001) items
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Figure A9: Questionnaire cont. Communication Quality items
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Table A.1: Descriptive Statistics for Short et al. (1976) Social Presence Instrument Items
2D

3D

FTF

Social Presence
mean

std. error

std. dev

mean

std. error

std. dev

mean

std. error

std. dev

cold-warm

6.29

0.14

0.89

4.43

0.24

1.53

3.93

0.22

1.40

impersonal-personal

6.31

0.19

1.20

4.29

0.22

1.44

3.95

0.21

1.34

unsociable-sociable

6.64

0.10

0.62

4.71

0.21

1.33

4.33

0.20

1.30

closed-open

5.98

0.20

1.28

4.24

0.23

1.48

3.86

0.24

1.57

ugly-beautiful

4.88

0.15

1.00

4.31

0.22

1.41

3.67

0.18

1.16

colourless-colourful

5.33

0.23

1.48

4.64

0.21

1.34

3.71

0.24

1.55

passive-active

6.24

0.16

1.01

4.90

0.23

1.49

4.26

0.24

1.58

insensitive-sensitive

6.10

0.15

0.98

4.43

0.21

1.36

3.71

0.17

1.09

small-large

5.33

0.23

1.51

4.29

0.22

1.44

3.12

0.20

1.31

Table A.2: Descriptive Statistics for Networked Minds Measure of Social Presence
2D

3D

FTF

Networked Mir Ids

Factors
mean

std. error

std. dev

mean

std. error

std. dev

mean

std. error

std. dev

Mutual Awareness

6.45

0.09

0.61

5.46

0.17

1.11

5.17

0.19

1.22

Mutual Understanding

6.13

0.10

0.68

5.60

0.18

1.17

5.64

0.1.3

0.85

Mutual Assistance

6.24

0.11

0.76

5.86

0.16

1.05

6.05

0.12

0.77

Empathy

4.79

0.14

0.89

4.23

0.14

0.93

4.35

0.15

0.98

Attention Allocation

5.87

0.12

0.75

5.24

0.15

0.99

5.46

0.14

0.89

Belt Interdependence

5.13

0.16

1.00

4.79

0.16

1.06

4.81

0.16

1.05
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Participant Information
We (Aimee and Holger of Information Science and Joerg from the HITLabNZ in
Christchurch) are carrying out an investigation into the ability of advanced
telecommunications systems to support collaborative tasks. In particular, we are evaluating
the communication quality in different videoconferencing interfaces.
There will be a task to work on in a group of three people, consisting of you, the participant
beside you and a moderator. You will communicate with the others through two setups, in
which the computer screen of the moderator and .the audio stream from the session will be
recorded. At the end of each setup, you will be asked to evaluate the experience by filling out
a questionnaire. In total, your participation should take approximately 60 minutes. This is not
in any way a test of your competency with computers.
All information and data collected in this study is kept private and confidential to the
experimenters and the experimenters' supervisors, and individual participants will not be
identifiable in results or publications. Your participation in this study is optional and you may
withdraw your participation at any time, including the withdrawal of any information you
have provided. However, by signing the consent form attached, it is understood that you have
consented to participate in this experiment and to publication of the results, with the
understanding that anonymity will be preserved.
Thanks for your co-operation. If you have questions related to the study itself or the results
obtained from your participation, please feel free to contact Dr. Holger Regenbrecht,
University of Otago, Department of Information Science, by phone at 03 479 8322, or by
email at holger@infoscierice.otago.ac.nz
Please take this sheet with you when you leave.

Figure B.1: Participant Information Sheet
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Date

/ Group

/ Person

General demographics
Please tick all appropriate answers or fill in the spaces provided:
q Female

1. Sex:

q Male

2. Age: <18 years

q

18-28 q

29-39 q

40-50

q

51-65 q

65+ q

3. Simulator experience during the last 5 years: (Please Tick)
Simulator includes full-motion simulators, head-slaved virtual reality equipment, and 3D first-person
perspective computer games including flight simulators, "Quake" and "Tomb Raider" style games, and
"Descent" style spaceflight simulations
q less than 5 hours q 5 – 50 hours q 50 – 500 hours q More than 500 hours

4. Which of the following telecommunication tools do you use regularly to

communicate with your friends?
q Chat tools (like MSN, iChat)

q Cell phone txt-messages

q Video-Conferencing

q Telephone

q Emails

q Letters / Fax

5. Which of the following telecommunication tools do you use regularly to
communicate with others at your job?
q Chat tools (like MSN, iChat)

q Cell phone txt-messages

q Video-Conferencing

q Telephone

q Emails

q Letters/Fax

6. Is English your native language? q Yes

Er No

If English is NOT your native language, how would you rate your proficiency in
English?

q bask

q fluent

0 good

7. Have you ever used the "cAR/PE!" system before? q Yes

q No

8. Have you ever used 3-dimensional manipulation tools before? q Yes
(For example: 3D studio max, Rhino, Cosine worlds,3D CAD programs)

9. How would you rate your relationship to the other team member?
0

q first meeting q identifiable*

q familiar**

q friends

q No

?'Ask Description
r.mogio;.... YOU and. the other participant belong to one be! family
( .1,, randma, maul. dad, the tcenager Alisha, and you tw0., You have just
hit the- big time and won Lotto. The whale family has decided to build a
lumtry house somewhere near

QMP;-.1-mA-},,,,,n

with the money to ii NT in

together, After extensively studying dozens of "House and Gardenmagazines, the other members of your faintly have already narrowed
dawn the possible candidates to five award-winning designs.
You haw come togethertoday as representatives for

your family to select

the best out or those live models as vow funtre home.
COUrse,

you want to make sure that YOU Carl justify your decision when

presenting it lea- 'to yew- Ibmily. Therefore, be sure to consider ail. pros
and cons of every model and give a reason for your final decision.

• The models of the houses will be presented to you in -the virtual
room which you have just. been introduced to,

•

The review will be split two tounds,

each lasting for g minutes.

After each round, you will be brought back to this room and will be
asked to fill out a questionnaire.

•'

After -the end of the second. round, you should have agreed on your
favourite. design: Therefore, in total you will have 16 minutes to
decide. Make. the best out of ill
Tl ank you fOr your time,

Figure B.3: Problem Definition for Experiment 2
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Date

/ Person

/ Group

/ Condition

Questionnaire
Indicate your preferred answer by marking an "X" in the appropriate box of the scale.
Please consider the entire scale when making your responses, as the intermediate
levels may apply.
Please read the statements below and rate according to the attributes on the
7-point scale.
EI

I felt as though I was
interacting with the
other participants

q
not at
all

I waited for my turn to
speak

never

q q q q q q
very
much

Tr

2.

q
sometimes

often

IR

3.

I felt like 1 was
interrupted.

q

q q q q

never

sometimes

often

never

sometimes

often

never

sometimes

often

BL

4.

The others used body
language to express
themselves

TM

5.

I insisted on my own
topic.

El

6.

q

q q q q q q

I felt like I was
interacting with the
virtual objects.

not at
all

There were times when
conversation seemed to
cease.

strongly
disagree

very much

PS

7.

q

q q q q q q
undecided

strongly
agree

EI

8.

I was aware of what I
could do within the
room.

q
not at
all

q q q q q q
very much

Figure B.4: Questionnaire incorporating Spatial Presence, Social Presence and Communication Quality
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IA

9•

I could readily tell when
the others were
concentrating on what I
was saying.

q

q q q q q q

strongly
disagree

undecided

strongly
agree

EI

10.

I wanted to touch the
virtual objects.

A new topic was
11. initiated even though I
felt like we had not
discussed the preceding
topic thoroughly.

q

q

q

q
very much

not at
all

TM

q

q

q q q
sometimes

never

often

El

I wanted to feel the
12. weight, texture or
temperature of the
virtual objects.

q

q q q q q q
very much

not at
all

DA
13.

[directly addressed the q
others
never
(i.e. said the others name)

q

q

q

q

q

q
often

sometimes

EI

14.

IA

15.

I was aware of what I
could do with the virtual
objects
During our conversation
I could readily tell when
my partner was
occupied with the
models and not listening
to me

q

q q q q q q
very much

not at
all

q

q q q q q q
strongly
agree

undecided

strongly
disagree

EI

16. I wanted to get inside
the virtual objects.
PS

17.

There were often
pauses in our
conversation.

El

18. I felt that I had to 'act in
the virtual room.

very much

not at
all

q

q

q

q

undecided

strongly
disagree

q

q

0

strongly
disagre93

q

q
strongly
agree

q q q q q
undecided

Figure B.5: Questionnaire cont. Communication Quality

strongly
agree

TM

19.

We went back to a
previously discussed
topic.

0

q q q q q

never

sometimes

EI

20.

I would have liked to
shake the hands of the
other participants.

I used body language
(such
as facial
21.
expressions, hand
movements) to express
myself.

q
often

q
very much

not at
all

SC

EI

I felt like I was
22.
interacting with the
virtual room

q

q

never

q

El
sometimes

often

q q q q q q

not at
all

very much

RC

23. I acted upon the other's
requests.
TM

24.

never

sometimes

q
We worked methodically q
strongly
and discussed topics
disagree
one at a time.

q

I tried to look into the
eyes of the other
participants.

q

El

often

q

q

undecided

q
strongly
agree

EI

25.

q

q

never

q

q

q

sometimes

q
often

IA

I was very aware of the q
q
26. presence of my
strongly
conversational partners. disagree

q

El

0

undecided

q

El
strongly
agree

RC

27. The others acted upon
my requests.

q
never

DA

28. The others directly
addressed me.

q q q q

0
never

q

sometimes

often

q
sometimes

often

Figure B.6: Questionnaire appt. Communication Quality

IR

29.

q

q

q q q

I interrupted the others.

never

sometimes

The others waited till it
was their turn to speak.

never

sometimes

often

TI

30.

q

q

q
often

IR

31. We were talking over
one another.

q

q

never

q

sometimes

often

Please read the statements below and rate according to the attributes on the
5-point scale
IQ

32 '

How real did the virtual
world seem to you?

IQ

I had a sense of acting
33. in the virtual space,
rather than operating
something from the
outside.

0
about
as real as
an imagined
world

q

indistinguishable
from the real
world

q

q

fully
disagree

fully
agree

IQ

How much did your
34, experience in the virtual
environment seem
consistent with your real
world experience?

q
not
consistent

q

q

q

q
moderately
consistent

q

q
very
consistent

IQ

35 '

How real did the virtual
world seem to you?

completely
real

q

q

q
not real
at all

IQ

I did not feel present in
36 ' the virtual space

q 95

did not
feel present

felt
present

IQ
37

'

I was not aware of my
real environment.

fully
disagree

fully
agree

1C2

38. In the computer
generated world I had a
sense of "being there"

q
not at
all

q

q
fully
disagree

q

q

q

q
very much

IQ

39. Somehow I felt that the
virtual world surrounded
me

q

q
fully
agree

IQ
40

*

I felt present in the
virtual space

q

q
fully
agree

fully
disagree

IQ
•

41.
'

•

I still paid attention to
the real environment.

q

q

q

q
fully
agree

IQ

42. The virtual world
seemed more realistic
than the real world

q

fully
disagree

q

0
fully
disagree

q
fully
agree

IQ
43

*

I felt like I was just
perceiving pictures

0

0
fully
disagree

fully
agree

IQ

was completely
captivated by the virtual
world

44. I

0

q
fully
disagree

96

q

q

q
fully
agree

Please read the statements below and rate according to the attributes on the
6-point scale

MU

45. I was able to
understand the point of
view of the others.

q

q q q q q

strongly
disagree

undecided

strongly
agree

IT

q

46 .

My partners were
likable.

strongly
disagree

SA

I could extend my
perspective by the ideas
of the others.

q
strongly
disagree

would like to work
again with my partners.

strongly
disagree

We worked together in a
cooperative manner.

strongly
disagree

47.

q q q q q
undecided

strongly
agree

q q q q q
undecided
strongly
agree

IT
48 .

q

q q q q
undecided

q

strongly
agree

SA

49.

q

M

5

° • I could make myself
heard.

q

q q q q q
undecided

strongly
agree

q q q q

strongly
disagree

undecided

strongly
agree

SA
51

'

We defined the
problems adequately.

q
strongly
disagree

q

q
undecided

q

q

q
strongly
agree

SA

52. In my opinion, the
discussion was
effective.

q
strongly
disagree

q

q q q q
strongly
undecided
agree

IT
53

'

We had a pleasant
discussion.

D7
strongly
disagree

q q q q q
undecided

strongly
agree

MU

54.

q q q q q q

I could follow the flow
conversation,

of strongly
disagree

The others referred to
me.

strongly
disagree

56. 1 am satisfied with our
result (even if no
decision was made)

strongly
disagree

undecided

strongly
agree

M
55 '

q q q q q q
undecided

strongly
agree

SA

000000
undecided

strongly
agree

MU
57 '

The others showed an
interest in my opinion.

q
strongly
disagree

q

q
undecided

q

q

q
strongly
agree

I rate the type of medium I just used to collaborate with others as:

warm
insensitive

sensitiv

Figure B.10: Questionnaire cont. Cornelius and Boos (2003) items and Short et al.

humanising

dehumanising.

Figure B.11: Questionnaire cont. Short et al. (1976) bipolar pairs
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Table B.1: Descriptive Statistics for Short et al. (1976) measure of Social Presence experiment 2
2DVC

3DVC

Short et al. (1976)

Factors

F-

o

mean

std. error

std. dev

mean

std. error

std. dev

cold-warm

5.37

1.37

.232

4.80

1.57

.265

insensitive-sensitive

4.91

1.09

.185

4.54

1.31

.222

small-large

4.60

1.63

.276

3.60

1.61

.273

impersonal-personal

4.94

1.23

.209

4A9

1.48

.251

dosed-open

4.57

1.75

.296

3.86

1.95

.331

passive-active

5.71

1.38

.234

4.17

1.88

.319

unsociable-sociable

5.52

1.29

.218

4.94

1.45

.246

constricted-spacious

4.60

1.68

.285

3.40

1.65

.279

boring-interesting

5.97

1.40

.237

4.94

1.71

.290

dehumanisin.g-humanising

5.06

1.18

.201

4.94

1.71

.290

Appendix C
Conference Papers
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Abstract
New three-dimensional videoconferencing systems are
trying to overcome the artificial nature of two-dimensional
desktop video conferencing. The phenomenon of Social
Presence serves as a measure of how natural
communication is. We present a study measuring the
difference in Social Presence in three conditions: (I)
desktop 2D videoconferencing, (2) desktop 3D
videoconferencing, and (3) face-to-face communication in a
real environment, each with three participants involved. We
applied two Social Presence measurement scales in an
experiment with 42 subjects and found that in one scale
Social Presence is rated higher in 3D than 2D. Further
results are discussed in the paper.
Presence,
Keywords--Social
Videoconferencing, Presence measurement

Co-Presence,

1. Introduction
The success of globally and locally distributed
organizations heavily depends on their ability for remote
collaboration. Therefore, videoconferencing (VC)
technology plays an increasingly important role as it
provides a rich communication environment in which a
wide range of remote collaboration tasks can be
successfully accomplished. The quality and the reliability
of web based video conferencing tools has improved over
the last years, aided by the explosion of the internet and
advances in modem network technology. In order to save
travel expenses and time, many organizations apply these
tools on a global scale for online meetings and
presentations, or simply to keep in touch.
face-to-face
with
real
compared
However,
conversation, communicating through conventional
videoconferencing tools is an artificial experience. This is
due to the absence of eye-contact, lack of a shared social
and physical context, and a limited possibility for informal
communication. These mediated systems lack "media
richness" and support for verbal and non-verbal
communication (Burgeon, Buller, & Woodall, 1996).
Recently three-dimensional metaphors have been
applied in videoconferencing applications in an attempt to
simulate traditional face-to-face meetings. For instance,
SmartMeeting (2005) provides a highly realistic conference
environment involving different virtual rooms with chairs,

M. Billinghurst*

whiteboards, virtual multi-media projectors, and even an
interactive chessboard. AliceStreet (2005) makes use of a
similar concept, although with a more minimalist virtual
room design. Participants are represented here as rotating
video planes sitting around a virtual table and watching
each other or a shared presentation screen. Finally, in
"cARJPE!" (Regenbrecht et al., 2004) participants can even
freely move within the virtual environment and are able to
place and discuss 3D models on top of the virtual table. The
common goal of all of these approaches is to decrease the
artificial nature of remote communication.
Social Presence, or the sense of "being together" (de
Greef & llsselsteijn, 2000) serves as a key indicator. If the
perceived Social Presence is high during a remote
encounter, it feels more like the real face-to-face situation
and thus holds a less artificial character. The level of Social
Presence is determined by the level of how a user feels
access to the intelligence, intentions and sensory
impressions of a distant other (Biocca, Harms, and
Burgoon, 2003).
Short et al. defined Social Presence in their 'theory
based on feelings of Social Presence' as the degree of
salience of the other person (Short, Williams, and Chrsitie,
1976). They regard Social Presence as a stable subjective
quality of the medium, assuming that every user of any
given communications medium is in some sense aware of
the degree of Social Presence of the medium. This mental
set towards the medium in turn affects the user's nature of
interaction and for example the user's media selection. In
Short's approach, the chief method for measuring Social
Presence in the laboratory is the semantic differential
technique (Osgood, Suci and Tannenbaum, 1957).
Participants are asked to rate communication media on a
series of seven-point, bipolar pairs such as impersonalpersonal or warm-cold. Media having a high degree of
Social Presence are typically rated as being warm, personal,
sensitive, and sociable.
A more recent theory of Social Presence is given by
Biocca, Harms, and Gregg (2001). Based on a
comprehensive literature review, they identify "CoPresence", "Psychological Involvement" and "Behavioral
Engagement" as the theoretical dimensions of Social
Presence and name their empirically determined factors
(figure 1).

Manuscript submitted for 8 th Presence Workshop, London / UK, September 21-23, 2005

Theoretical
Dimensions

Co-Presence

Factors

Iseletionfinclusien
Mutual Awareness

Psychological
involvement

VD

Behavioral
Engagement

Behavioral

aetion

Mutual Assistance
Dependent Action

Figure 1: Factor structure of the Networked
Minds Social Presence measure
(Biocca, Harms, and Gregg, 2001)
Biocca's corresponding measurement instrument
consists of a questionnaire which is built up by multiple
matched pair items for each factor scale. The important
difference to Short's concept of Social Presence is, that
Biocca et al. understand Social Presence rather as a
subconscious state of a person that is linked up with a
distant other than the property of the medium that connects
them. As a consequence, the questionnaire items aim at
self-reported effects of Social Presence such as "When I
was happy, the other was happy" or "my opinions were
clear to the other". The experience with the remote other is
the criterion that is measured and not a user's subjective
judgment about how well he or she thinks the medium
supports Social Presence. This approach is more in line
with other conventional subjective presence measures and
promises a higher sensitivity and deeper insights in
different points of interest in cross-media comparisons.
However, it also inherits the problems that subjective
presence measures have to cope with (for a review of
advantages and disadvantages of subjective presence
measures, please refer to Insilco, 2003).
We applied both instruments in a cross-media-variation
comparison of two audio-visual videoconferencing
interfaces versus a non mediated face-to-face situation as a
within-subject design. We were particularly interested to
see if the instruments could discriminate between the two
interface variations and thus tell which interface design
concept can support a higher degree of Social Presence.

2. Method
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age of the participants ranged from 19 to 63 years (mean
age 34.7 years).
Participants had no prior knowledge of the experiment
except for the fact that the objective is to compare
videoconferencing systems.
The participants were recruited by personal invitation
mainly out of Information Science staff members. The
assignment of participants to groups and time slots was
pseudo randomized as every participant could individually
choose an available time slot in an assignment form.
Two additional subjects had to be recruited "on-thefly" as a substitute, because two participants did not show
up on time.
Each subject participated in a session for
approximately one hour, including introduction, three trials
x 10 minutes, and the time to fill-in the questionnaires.
As an incentive a large chocolate bar was given to each
participant at the end of the session,

2.2 Task
We chose the collaborative task "the Desert Survival
Game" (Lafferty & Eady,1974). The main challenge of this
task is to assign priorities to a given list of items such as a
parachute, a cosmetic mirror or a compass, based on how
useful the items would be for helping the group survive in a
certain, given extreme situation (crash landing of an
airplane in the desert). This task requires the people to
work together as a team to resolve and interpret many
uncertainties and to trade off all alternatives. According to
the media richness theory (Daft and Lengel, 1984), this sort
of task requires a rich medium such as given in audio-video
telecommunication and is thus appropriate for our
experiment.
Another reason for choosing this task was the fact that
the same task has been used in the pilot study of the
Networked Minds Measure of Social Presence (Biocca,
Harms, and Gregg, 2001) which we want to partly replicate
and extend in our study. Choosing the same task guarantees
a better comparability of results and ensures scientific
stringency. In order to keep the task interesting and
involving for the participants, we calculated the difference
of the group's ranking with an "expert solution" after each
of the three conditions to give some feedback on how well
their team was doing. Based on this interim score, we then
encouraged them to further improve their result in the
succeeding round by reconsidering the previous ranking.
The detailed game description was found at
RogerKnapp (2005) and was adapted in the following
ways: (1) the number of items on the ranking list was
decreased to 10 (from 15 in the original task), (2) values in
miles and Fahrenheit were converted to km and centigrade.

2.1. Participants
Forty-two subjects (36 male and 6 female) participated
in the experiment. In 14 sessions each of three participants
took part in three trials which gives a total of 126 trials. The

2.3. Procedure
The experiments were conducted during the first weeks
of May 2005 at Otago University in New Zealand. For
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every one-hour session a group of three subjects were used.
Upon arrival the participants could choose one of three
seats at a table (marked as person I, 2, 3) and were asked to
read the Participant Information, explaining (1) the goal of
the experiment (investigating differences in previous
experiences with videoconferencing systems), (2) the
general procedure, (3) the anonymity of the experiment,
and (4) a participant consent text which was to be signed by
the subjects. Additionally the document contained a
General Demographics Questionnaire.
After completion a second sheet was handed out for
reading: the Participant Instruction which describes the
Desert Survival Game.
Each participant had to take part in three trials (withinsubject design), one for each condition: (1) Face-To-Face
(FTF) communication without computer mediation (figure
3), (2) 3D videoconferencing (3D, figure 4), and (3) 2D
videoconferencing (2D, figure 5). The order of conditions
was randomized beforehand (Latin Square). The task in
each condition was the same (ranking of item list) and the
group was told the interim result after each condition. One
participant in each condition had the role of the "scribe"
who had the list of items and who had to compile the group
ranking list to be presented after each round.
In the 3D condition the participants could navigate
within the videoconferencing environment using a simple
mouse interface. Participants were given an introduction of
how to use this mouse interface and had then approximately
2 minutes to make themselves familiar with it. A sheet
explaining the mouse interface with pictures was put at the
workplace as a further reference.
The 2D condition did not require any instruction. In
both mediated conditions (2D, 3D) the subjects wore audio
head-sets (see figure 2) which were explained and adjusted
for best comfort.

Figure 2 Videoconferencing workplace
After each condition the subjects came back together
and filled in the Social Presence Questionnaire on paper.
The interim score of their ranking was announced and they
continued to the next condition trying to further improve
their result.

Figure 3: "Face-To-Face" (FTF) Condition
The experimenters played a rather passive role. They
were only instructed to assist the participants in case of
unforeseen circumstances or to help with the equipment. In
addition, the experimenters made notes of their
observations.

2.4. Apparatus
For the mediated conditions (2D, 3D) three
acoustically and visually separated rooms were prepared
with identical standard desktop PC's, monitors (TFT, 17",
1280x1024), head-sets (stereo with mono microphone),
and web cameras (USB, CIF resolution) (see figure 2). All
three PC's were connected using a standard 1000 MBitisec.
network, although the available bandwidth was not
necessary for the application (200 KBitlsec would have
been sufficient).
Both mediated conditions (20 and 3D) consisted of
variants of the same videoconferencing software
"cAR/PE!" as described in (Regenbrecht et al., 2004). This
software represents all participants as video planes in a
three-dimensional virtual environment as shown in figure 4.
Users can freely navigate in the virtual room while their
movements are directly mapped onto the position of their
video planes in the environment. Participants can thus
automatically convey spatial relationships between each
other: They can be virtually close or far to each other, can
face each other or the projection wall of the room, or can
"sit" around a virtual table In addition; the "cAR/PE!"
software supports 3D-sound further assisting the spatial
character of the 3D environment.
These features were fully available in the condition
"3D". To start, all participants were placed around a virtual
table. Afterwards they could freely navigate within the
environment using the computer mouse ("head" rotation
Left/right and up/down, and movement forward/backward
and left/right). If a participant got "lost" in the virtual room
he or she could get back to the initial position at the virtual
table by clicking on a home-button shown in an interactive
menu on the bottom of the screen. Integrated into the virtual
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environment was a

virtual screen which displayed a counter
with the remaining time for the current round.

Figure 4 Screenshot Condition "3D"
In condition "2D" the subject's view into the
environment was locked at a fixed position facing the timer
screen (see figure 5). Video streams of the participants were
shown on top of each other beside the timer screen. This is
comparable to other conventional 2D desktop
videoconferencing layouts.
In both conditions the same video and audio codecs
have been used (CIF resolution, 16 Bit stereo audio). The
given video and audio quality was therefore constant in
both mediated conditions and can thus be excluded from
having an unwanted side effect. Video and audio are
synchronized and the latency (loop) was about 300 msec.
The size of the video for each participant in the
environment in the "2D" condition was 6 cm x 4 cm
measured on the monitor screen while in the "3D"
condition this size varies according to the movements of the
participants (own and others). In a view most participants
intent to choose after a while (e.g. like in figure 4)
comparable video sizes (measured on the monitor screen)
as in "2D" were displayed (between 5 and 7 cm in width).

The General Demographics Questionnaire assessed:
gender, age, simulator experience, previous use of
telecommunication tools for business and private purposes,
proficiency of English, and if the task (Desert Survival
Game) was played before and if the -cAR/PEI" software
was used before.
The Social Presence Questionnaire consisted of the
following parts:
a All 38 items of Biocca's Network Minds
Questionnaire (Biocca et al., 2001) in randomized
order,
selected 9 items of Short's bipolar pairs (Short et
al., 1976, de Greef & Ijsselsteijn 2000), and
18 additional items addressing communication
quality (exploratory, for preparation of a follow-up
experiment)
All items used Likert-like scales (7 point).

Similar to the approach taken by Nowak and Biocca
(2003) we have selected items out of Short's Social
Presence measurement instrument, but left them unchanged
in wording and kept the anchoring and scaling. Experiences
made with our previous experiments have strongly
indicated the applicability of these items fusing Social
Presence and aesthetic appeal. As we show in the next
section the reliability of the selected items is very high. The
bi-polar pairs chosen are:
impersonal - personal
cold - warm
ugly - beautiful
small - large
insensitive - sensitive
colourless - colourful
unsociable - sociable
closed - open
passive - active
The Social Presence Questionnaire was applied after
each of the three trials (randomized conditions 2D, 3D,
FTF). The last two sessions (6 trials) have been recorded on
video tape for later use after agreement of the participants.
The data have been analyzed using SPSS version 11.
2.5.

8:25
Figure 5 Screenshot Condition "2D"
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Hypotheses

Before the actual experiment presented here we
conducted three pilot test sessions (9 trials) with slightly
altered setups and tasks. In particular the chosen task
seemed to have a certain impact on the way the
environment is perceived, and therefore also on Social
Presence. Our general assumption was that a threedimensional environment would be perceived to support a
lower Social Presence as a real meeting (FTF) but higher
than in a "traditional" 2D videoconferencing system. So our
experimental hypotheses were:
Hypothesis I: Even with a non-three-dimensional task,
Social Presence increases in the conditions in the order 2D,
3D, FTF.
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Hypothesis 2: There is a significant difference in Social
Presence between the conditions 3D and 21/

3. Results
The results presented here are based on our hypotheses
and the data of the General Demographic Questionnaire and
our Social Presence Questionnaire.
In the following analysis the complete set of data of all
42 participants are considered (no data missing).

3.2 Comparing Means
The average score and standard error were calculated
for every factor in the Networked Minds Measure of Social
Presence and are displayed in figure 6. For a more detailed
information about all sub-scores, please refer to Appendix
A and B.
2D_avg 3D_avg q FtF_avg

6.5

3.1 Reliability analysis
As all measured factors are multiple-item additive
scales, a reliability analysis of the items in all factors was
performed first. For this, Cronbach's Alpha was calculated
for every variable using all questionnaires of all 42
participants (see tables 1 and 2).

6
5.5
5
4.5
4

Factor
Social Presence

Nr of Items Alpha
0.93
9

Table 1: Test for internal consistency for the
factor Social Presence
Factor
Isolation
Mutual Awareness
Mutual Attention
Empathy
Mutual Understanding
Behavioral nteraction
Mutual Assistance
Dependent Action

I

Nr of Items
2
6
8
6
6
6
4
2

Alpha
0.54
0.83
0.76
0.70
0.88
0.84
0.74
0.32

Table 2: Test for internal consistency for the
Networked Minds Measure of Social Presence
The alpha score for the factor Social Presence using the
bi-polar pairs is very good, suggesting that the items
measure a single uni-dimensional construct sufficiently
well. No items had to be removed.
In the Networked Minds Measure of Social Presence,
the factors "Isolation" and "Dependent Action" reached an
insufficient Alpha score and are therefore excluded from
further analysis. This result of reliability is in line with the
results of the pilot study presented by Biocca et al. (2003).
No strong correlations were found between the
different factor scores of both instruments. The strongest
inter-correlation between scales of the two different
measurement instruments appeared between the factor
mutual understanding and the pair "cold-warm" in the 3D
condition with a Pearson correlation factor of 0.577,
p<0.0005 and between mutual understanding and the pair
"insensitive-sensitive" with a correlation factor of 0.630,
p<0.0005 in the 2D condition.

3.5
3
r)

3

a

CD
7
CD
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pi

Figure 6: Mean differences and standard errors in
the Networked Minds Measure of Social Presence
In every factor, the score of the Face-To-Face
condition reached the highest value. Furthermore, every
factor was analyzed in an analysis of variance with media
(FTF vs. 3D vs. 2D) as a within-subject factor. The main
effect of media was significant for all factors. Post-Hoc
comparisons were performed using the Bonferroni
adjustment for multiple comparisons. The scores of the
face-to-face condition were significantly higher than the
scores of the 3D condition in all factor scales. The scores
for of the Face-To-Face condition was significantly higher
than the 2D condition in the factors Mutual Awareness
(p<0.0005), Mutual Understanding (p=0.003), Attention
Allocation (p=0.026), and Empathy (p=0.008). This result
is slightly different from the findings of the Biocca's pilot
test, which found significant differences between Face-ToFace and a 2D videoconferencing interface only in Mutual
Awareness, Mutual Attention, and Mutual Assistance. No
significant differences (p<0,05) could be found in any of
the factors between the condition 3D and 2D.
With the Networked Minds instrument the hypotheses
H land H2 could thus not be supported. Social Presence did
not increase in the conditions in the order 2D, 3D, FTF and
there was no significant difference in Social Presence
between the conditions 3D and 2D.
The mean value and standard error of the dimension
Social Presence as measured with the semantic differential
technique, is displayed in figure 7.
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between 3D and 2D is less than the difference between 3D
and FTF.

6.5
6
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r

11

5.5
5
4.5 4

The experimenters wrote notes during the sessions
about their observations. The intention for this procedure
was to explore clues for further experiments in the field and
to get some informal hints about the usability of the
concepts tested. Although these observations lack empirical
evidence, they are useful for explaining reasons behind the
measures. Some of these anecdotal situations are:

3.5 -I
3

2D

3D

FtF

Figure 7: Mean Difference and Standard Error in
Social Presence
The mean values of every condition were compared in
an analysis of variance with media (FTF vs. 3D vs. 2D) as a
within-subject factor. The main effect of media was
significant for Social Presence, F(2,82)-64.776, p<0.0005,.
After that, pair wise post-hoc comparisons were performed
using the Bonferroni adjustment for multiple comparisons.
The Social Presence mean score in the Face-To-Face
condition (M-5.90, SD=0.77) was significantly higher than
it was in the 3D condition (M=4.47, SD– I .11, p<0.0005)
and in the 2D condition (M=3.84, SD-1.00, p<0.0005).
Furthermore, the measured Social Presence in the 3D
condition was significantly higher than the 2D condition
(p-0.002).
The hypotheses Hi and H2 were supported with this
instrument. Social Presence did indeed increase in the
conditions in the order 2D, 3D, FTF and there was a
significant difference in Social Presence between the
conditions 3D and 2D.

4. Further Findings and Limitations
The control variables order, age, simulator experience,
sex, proficiency in English, and experience with
telecommunication technology were tested for further
effects on all factors. No significant effects (p<0.05) were
detected. (highest within-subject effects for Social Presence
and sex F(2,50)=1.993, p=0.147, and Social Presence and
age F(6,50)=1.656, p=I51, both not significant.) This result
shows that the semantic differential technique is quite
robust against variable disturbances.
We also tested whether there was a linear decrease
from FTF to 3D to 2D in Social Presence by testing the
linear contrast. This linear contrast was significant for
Social Presence, F(1,41)=135.795, p<0.0005. However, in
addition, the quadratic contrast also reached significance,
F(I,41)=5.628, p=0.022, indicating that the pattern cannot
be fully explained by a linear decrease. This quadratic trend
is due to the fact that the difference of Social Presence

While head-movement in reality is very fast and does
not need any interface (except for the already learned one),
its substitute in the 3D conferencing interface needs to be
improved. Obviously the interface is not fast enough to
meet the expectations of the participants. Turning the
(virtual) head with a computer mouse is not fast and robust
enough or deserves more training. For instance asking
participants who frequently play computer games with their
PC they would prefer a keyboard or combined
keyboard/mouse interface because it is more "natural" for
them.
Very often participants tried to navigate to a
"comfortable view" position (two others in view, as shown
in fig. 4). The pre-set field of view of the software system
used did not allow for three participants to see each other in
that kind of view, so at least one participant had only one
person in view and had to do a lot more virtual head
rotations when wanting to see the communication partners.
This could be improved in future versions of the system by
either changing the virtual field of view in the environment
(with a trade-off in correct perspective view) or by altering
the navigation interface.
Occasionally the sheet with the interim rankings was
held in front of the camera by the "scribe" to show it to the
other participants. Obviously there is some need to present
something to others even in this mainly verbal task.
Therefore the approaches taken by AliceStreet (2005),
SmartMeeting (2005) and Regenbrecht et al. (2004) to
include virtual presentation mechanisms into their
environments seem to be logical. From an interface design
point of view and considering these observations, a more
"natural" interaction metaphor should be provided for the
presentation of real world objects (like documents).
The "scribe" was almost always looking down to
his/her sheet and therefore was not seeking face contact
with the others. The communication took place on an
almost audio-only channel. Surprisingly there was no effect
on the results. This might lead to the assumption that the
mediated environment was cognitively and emotionally
"understood" within the first minutes of contact and later on
taken for granted. So, the "scribe" was aware of the
environment (and the perception of the others of it and of
him/herself) even when not using the medium continuously.
The three-dimensional audio capabilities of the system (to
hear the other participants from their spatial position within

Manuscript submitted for & Presence Workshop, London / UK, September 21-23, 2005

the environment) could also have been contributing to this
behavior and rating.
It was also observed that the display of the video
stream of oneself in the 2D condition was valued as
advantageous. It apparently gave some faith in using the
system to know how others were seeing one. The same
feature was present in the 3D condition (displayed video
streams of all participants on the virtual room wail opposite
to the presentation screen and table) but almost nobody
made use of it. Perhaps it was simply too "laborious" to
navigate to this place in the virtual environment.
We would also like to mention that evaluative studies
of new media such as a 3D Videoconferencing system
could also be distorted by a certain "Wow-Effect" by first
time users. As Ijsselsteijn (2003) points out in a review of
the introductions of age-old media technologies, people's
first responses to new and more realistic media such as the
first photograph, first movie, or the first virtual
environment have always been characterized as being very
exciting, emotional, and intriguing. However, the reason for
this is more grounded in the fact that previous expectations
with and experiences of users were exceeded, rather than
the sensory information that this medium provides could be
improved. In our study we therefore have to be aware that
this effect might also have an impact when we ask
participants for their emotional attitudes of a new 3Dinterface versus a common 2D one.

5. Discussion
With the presented experiment we have successfully
replicated the Pilot Study of the Networked Minds Measure
of Social Presence in a three person setup. Our results
confirm that the instrument is capable of discriminating the
experienced Social Presence between unmediated and
audio-video mediated communication. However, the
instrument was not sensitive to comparisons within the two
video conferencing interfaces. Also, we found the factors of
isolation and dependent action failed the criteria for internal
consistency. This suggests that the items in these factors
should be reconsidered and modified in future studies. At
this point it would also be interesting to run a factor
analysis involving both our data and the Networked Minds
Lab pilot study data sets to refine the current factor
structure.
Using the semantic differential technique we succeeded
to find a difference not only between the Face-To-Face
versus the two audio-video mediated settings, but also
between the two audio-video interfaces themselves in the
Social Presence scale. This result confirms studies by
Christie (1973) where the hypothesis that the Social
Presence dimension would discriminate even between
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variations of the same telecommunications medium was
supported. Our result implies that the 3Dvideoconferencing is rated to be more capable of supporting
a high sense of Social Presence than the 2D version.
From an interface designer's point of view, this is a
very encouraging result, suggesting that the semantic
differential technique is sensitive enough to evaluate
different interface features of telecommunication systems
with respect to Social Presence as Short et al. defined it. For
example in our presented experiment, the concept of 3D
videoconferencing was encouraged as it seems that it has
some positive effects on the user's attitude towards the
medium. The instrument seems to be valid, elegant and
robust, as it can be universally applied for different media
and different tasks.
From a presence researcher's point of view, however,
our result shows that in its current version, the Networked
Minds questionnaire alone is not able to inform about how
the experience of Social Presence is affected by
telecommunication interfaces. Future evaluative studies
should therefore try to add objective or physiological
measurements as well.
A more robust and uniform theory and measure of the
experience of Social Presence could advance many fields of
telecommunications research including the exploration of
design goals, properties and effects of telecommunication
systems (Biocca et al., 2003). We believe that the
Networked Minds theory of Social Presence is a good first
step towards such a robust theory, but further efforts are
required.
Having a look at the overall ratings in all factors
apparently the Face-To-Face situation is still the gold
standard as expected. The differences measured are clearly
higher between the FTF and the mediated conditions
compared to the differences between the mediated
conditions (if any).
The Trend (2D-3D-FTF) indicates that the more .. the
system is similar to the FTF situation the higher the Social
Presence. This leads to the assumption that an interface
design towards three-dimensionality is a founded one.
It can reasonably be expected that a truly threedimensional task would even further increase ones sense of
Social Presence. E.g. the task described by Regenbrecht et
al. (2004), where the design of different 3D car models had
to be evaluated, would probably benefit from the threedimensionality of the environment itself. Further
investigations are needed here to prove this assumption.
While the focus of this study was set on perceptual
issues, namely Social Presence, the question remains if task
performance can be increased by using three-dimensional
user interfaces rather than two-dimensional ones. Empirical
evidence here would clearly strengthen the argument for
this new kind of environments. We assume that task

lanuscript submitted for 8 `h Presence Workshop, London I UK, September 21-23, 2005

erformance will positively correlate with communication
uality in computer-mediated communication. Further
search is needed here.
onclusions
We have shown that Social Presence increase from
,vo- and three-dimensional mediated to real face-to-face
ommunication. While the natural face-to-face meeting
ituation is still by far the benchmark for all mediated
ystems the introduction of three-dimensionality in
omputer-mediated communication is a well-founded step.
While the instrument given by Short et al. (1976) is a
:liable and elegant one to measure the main dimensions of
lis study, further work is needed towards a robust theory
nd measure regarding all other dimensions. This was
tated by Biocca at al. (2003) and could be reinforced here.
Based on our results, further findings, and observations
this study we believe that research and development in
Tree-dimensional video-conferencing can be seminal.
We hope that researchers and practitioners in the field
sill benefit from our findings and that we can contribute
iith this study and in the future to more effective, efficient,
nd enjoyable computer-mediated communication
uterfaces.
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Appendix A: Descriptive statistics table for
the Social Presence Items
Social Presence
(sem.dif.)

mean

FTF
std.
error

std.
dev.

mean

3D
std.
error

std.
dev.

mean

2D
std.
Error

std.
dev.

111.1.111111111111111111111111111.1111111101.
0.20
1.30
0.21
LIM 4.33
0.62
4.71
6.64
unsociable-sociable
0.10
1.48
3.86
0.24
0.23
IBM
1.28
4.24
0.20
closed-o•en
5.98
0.22
3.67
0.18
1.16
1.41
4.31
0.15
1.00
4.88
0.21
1.34
WM 0.24
MUM
4.64
1.48
0.23
5.33
colourless-colourful
P

t

REM

11111

IIIII

Appendix B: Descriptive statistics table for all
sub factors in the Networked Minds
Questionnaire
Networked Minds
Measure of Social
Presence factors
Mutual Awareness

Mutual Understanding

mean
6.45
6.13

FTF
std.
error
0.09
0.10

std.
dev.
0.61
0.68

mean
5.46
5.60

3D
std.
error
0.17
0.18

std.
dev.
1.11
1.17

mean
5.17
5.64

2D
std.
Error
0.19
0.13

std.
dev.
1.22
0.85

IIEIIIMIIIIIIIIIIMIIIMIMIIIEIIMIIII
0.89
0.99
5.46
0.14
5.24
0.15
5.87
0.12
0.75
Attention Allocation
1.06
0.16
4.81
0.16
1.05
1.00
4.79
Beh. Interde•endence
EMEI 0.16
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Abstract
We present a comparative study on different
videoconferencing interfaces. Our results show that the
sense of Social Presence and Spatial Presence are
significantly higher when videos of different people are
put into the spatial context of a Shared Virtual
Environment (SVE). Further results are discussed.
Key words: Presence, Social Presence, Video mediated
communication, Virtual Reality, Evaluation

I. Introduction
Video-mediated communication (VMC) allows remote
interlocutors to collaborate with one another using a
wide range of communication cues including speech,
gestures, and facial expressions. However, conventional
two dimensional videoconferencing systems are not
capable of supporting spatial cues such as gaze
awareness or proximity behavior. Without these cues, it
is especially difficult to regulate the conversation
process [1]. Turn taking or the direct referencing of
shared objects often results in confusion which can not
be resolved in a natural way. Consequently,
conventional videoconferencing still feels unnatural,
which prevents many users from using it extensively.
Shared Virtual Environments (SVE) allow distant
participants to meet and work together in an artificial,
computer generated space. In such a space, every person
can move his or her own avatar around independently
and is thus able to convey natural spatial cues based on
their position relative to other avatars.
We conducted an empirical study on videoconferencing
interfaces to investigate how a SVE's concept of
individual views would compare against the
conventional "What you see is what I see" (WYSIWIS)paradigm, which is predominant in conventional twodimensional desktop videoconferencing interfaces.

them and then to agree upon the best alternative
according to a given problem definition.
2.2 Participants
Thirty-five participants (71% between 18-28 years old)
were recruited amongst staff and students at the
University of Otago, New Zealand. Only one participant
used videoconferencing regularly.
2.3 Conditions
Two interfaces were implemented on the basis of the
existing virtual tele-collaboration space described in [2].
The -Individual views" interface (see Figure 1, left),
allowed participants to control their own view into the
virtual room using an easy mouse navigation interface.
By changing the angle or center of their view, the
position and orientation of their three dimensional video
avatar also changed accordingly, allowing the others to
infer where they were looking and what they were
paying attention to. When talking to each other, the
voices appeared to come from the relative position of
their avatars (3D sound support). The different houses
were placed on a virtual table in the middle of the room
and so could be inspected from all sides.
The "WYSIWIS" interface (see Figure 1, right) locked
the view of the participants, so that they were all facing
an interactive wall where videos of all the participants as
well as a shared slide show that illustrated various
perspective shots of the houses were displayed. Both
interfaces provided telepointers for the participants to
point at house details.

2. Experimental Design
We designed a one factor, within-subject experiment
with two conditions. Subjects worked on a given task in
groups of three, where one participant was one of the
experimenters in the role of a moderator.
2.1 Task
The given task was of judgmental nature. The subjects
had to evaluate five different house designs presented to

Fig. 1: "Individual Views" (left, screenshot) and
"WYSIWIS" (right)
2.4 Dependent Measures
A questionnaire addressing the phenomena of Social
Presence and Spatial Presence was applied.
Social Presence, "the sense of being together", serves as
an indicator of how natural participants perceive a

mediated collaboration to be. Social Presence measures
have been applied widely in cross-media evaluations that
take the social effects of telecommunication into
account. As proposed in [3], we asked the subject to rate
the medium on a set of 10 bipolar pairs including warmcold, personal-impersonal, or unsociable-sociable.
Spatial Presence, "the sense of being there" is very
closely related to the concept of telexistence. It addresses
the degree to which a person is immersed into a virtual
environment while ignoring the stimuli of the real
surrounding. We applied the IPQ-Presence
Questionnaire [4] consisting of 13 items to measure to
what extent a person feels to be present in the virtual
meeting room rather than in his or her real environment
while interacting with the remote people.
2.5 Procedure
Before the experiment, subjects filled out a questionnaire
asking for demographic data and prior experience. They
were then sent to different rooms where they received a
10 minute introduction of how to use the telecollaboration system. The subjects were then given the
task description and they began to evaluate the houses in
one of the two conditions. After 6 minutes, the first
round was finished and the participants were asked to fill
out our questionnaire. They then continued with the task
for another 6 minutes in the second condition. At the end
of the second round, participants were asked to name
their shared favorite house design and to answer the
same questionnaire again.

3. Results
Reliability analysis of the collected questionnaire data
showed a very good result for Cronbach's alpha for the
factors Social Presence (a=0.92) and Spatial Presence
(a=0.86). This confirms that the applied set of items
describe a uni-dimensional construct as expected.
Individual views M WYSIWIS

significantly higher value for "Individual views"
(M=0.73, SE=0.025) than for "WYSIWIS" (M=0.62,
SE=0.03), 434)-4.7, p<.001.
No substantial inter-correlation was found between
Social Presence and Spatial Presence in Condition
"Individual views" r(35)=0.546 and "WYSIWIS"
r(35)=0.540.

4. Discussion
The higher sense of Social Presence in the condition
"Individual views" suggests that this type of interface
allows a more natural interaction for the given type of
task. The participants were able to understand and
exploit the spatial nature of the SVE. The higher sense of
Spatial Presence could be an indicator for a possible
positive relationship between Spatial Presence and
Social Presence. The rather low correlation between
Spatial Presence and Social Presence on the other hand
shows that both phenomena are indeed independent. We
assume that there is a cause and effect relationship
between the two types of presence. However, this
requires further investigation in the future.

5. Conclusion
We have presented the results of a user-study of two
videoconferencing interfaces. We investigated the
difference of perceived Social Presence and Spatial
Presence between a conventional "WYSIWIS" interface
and a three dimensional interface which integrates the
videos of remote participants into the spatial context of a
Shared Virtual Environment. Our results show that
people perceived a higher sense of Social Presence and
Spatial Presence when collaborating with each other in
the Shared Virtual Environment.
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Abstract
Previous three-dimensional videoconferencing
evaluations have shown these collaborative systems to be
less artificial in nature than two-dimensional desktop video
conferencing, using the measure Social Presence. The
relationship between Social Presence and the quality of
tasks performed within a collaborative videoconferencing
media is however less clear. We present a study exploring
the relationship between these in two conditions: (1)
desktop 2D videoconferencing, (2) desktop 3D
videoconferencing, A Social Presence instrument that
proved sensitive enough for these comparison previously
was applied, along with some exploratory communication
quality aspects from an extensive literature review. This
measurement was applied in a within-subjects design with
35 subjects, that showed Social Presence again rated
higher in three-dimensional videoconferencing. Some
trends amongst communication quality items were
consistent with previous studies but suggestions to future
researchers are advised. Further results are discussed in
the paper.
Keywords--Social
Presence,
Videoconferencing, Communication Quality.

Measures,

1. Introduction
Previous evaluations of videoconferencing have shown that
three-dimensional metaphors are less artificial than
conventional videoconferencing tools because they allow a
more natural experience for the user. Little evidence exists
however to suggest that the quality of tasks performed
within these media positively correlates {Sadowski and
Stanney, 2005). Studying the effects of videoconferencing
on task performance is essential in determining whether
they are interchangeable for face-to-face meetings.
Lampton et al. (2002), believe that a measure of the level of
task performance compared to the real world is whether an
expert in the real world can sufficiently demonstrate their
expertise in the virtual one. This study is a follow up to the
study by Hauber et al. (2005) in which the phenomenon
Social Presence ----"the sense of being together with others"
was shown to be highest in face-to-face meetings but also
concluded that three- dimensional videoconferencing
(3DVC) was less artificial than conventional
videoconferencing tools because of their ability to emit
more social cues such as proximity and focal awareness.

The measure of Social Presence that proved to be sensitive
for these cross-media variation comparisons was the
measure by Short et al. (1976), which focuses on the user's
mental set towards a particular medium for supporting the
current interaction by the use of bi-polar pairs i.e. coldwarm, humanizing-dehumanizing. Media that are rated for
example: warm, humanizing, sensitive and sociable are said
to have a higher degree of social presence. Hauber et al.
(2005) hypothesized that task performance and Social
Presence would positively correlate but advised further
research.
Billinghurst, (2002) divides communication metrics for
videoconferencing into performance, process and
perceptual measures. Performance measures look at the
outcome of the collaboration such- as time taken or
consensus reached but often it is not the process to get to
the outcome that is a true indicator of task performance
(Cornelius and Boos, 2003). Process and perceptual
measures look at both subjective and objective approaches
of measuring communication in videoconferencing.
Turn-taking is one measurement factor, looking at aspects
such as: the number of handovers, interruptions and body
language. Turn taking can be inferred by both verbal and
non-verbal cues, so often this is a good indicator of
communication quality within videoconferencing because
the extent to which non-verbal cues are recognized
contributes to the realism of a collaborative interface. The
smoother the Turn taking the more the efficient the
conversation is. Billinghurst, (2002) also states the
importance of recording a participant's subjective opinion
of using an interface to collaborate with others.
Cornelius and Boos {2003) used both perceptual and
process measures in their study of conversational
coherence, looking at thread maintenance in collaborative
groups. If conversational topics are methodical and focused,
the conversation is thought to be coherent. Mutual
understanding, whether the group shares common beliefs,
assumptions and ideas is also gauged. Co-ordination refers
to the collaborative groups willingness to communicate and
their communication skills. If high levels of Mutual
Understanding, Co-ordination and coherence are present the
groups are shown to be satisfied with their result. Cornelius
and Boos (2003) however, warn of the effects of
Interpersonal Attraction – the liking for one another, which
can be confused for Mutual Understanding and therefore
influence satisfaction. The relationships between group
members were thought to influence also but were found
surprisingly not to.

Direct Address was a further factor described by Cornelius
and Boos (2003) who believe in face-to-face meetings the
use of Direct Address (the explicit use of one's name) is
exchanged for non-verbal cues. It could be hypothesized
from this that 2DVC would see a higher level of Direct
Address than 3DVC because they are less like the real
world. Formal business tasks or tasks in which the
participants are unfamiliar could be expected to influence
the use of Direct Address rather than the medium; this is
investigated in this study.
These measurements were used in this study, with the
objective measures (request compliance and topic
management) converted into questionnaire items due to
time constraints.
Interpersonal Awareness is a factor devised by Daly-Jones
et al. (1998) that looks at a participant's awareness of the
attentional state of another. If a participant is aware when
another is concentrating on what they are saying or when
they are focused on something else, this could contribute to
a higher quality communication process. These questions
have also been included in this study.
The study by Hauber et al. (2005) included some
exploratory communication items in which the factors:
interruption, pauses, turn taking and body language
emerged as reliable constructs, so were used in this study
also. These factors from the literature were combined with
the Short et al. (1976) measure of Social Presence to create
a subjective instrument.
The instrument was applied in a cross-media variation
comparison of two audio-visual videoconferencing
interfaces in a within- subjects design. This was intended to
be an exploratory study to extract some ideas about the
measurement of communication quality in virtual
environments and some indication of a possible relationship
with Social Presence.

1.1. Hypotheses
The study by Hauber et al. (2005) saw with a discussion
task that 3DVC proved less artificial than 2DVC in terms of
Social Presence. It is therefore hypothesized:
Hypothesis 1: With a three-dimensional task, Social
Presence will be higher in 3DVC over 2DVC.
The study into communication quality in videoconferencing
is exploratory in nature but it was expected that the general
trend of the communication items would show to be of
higher quality in 3DVC.
Hypothesis 2: Communication Quality will be higher in
3DVC over 2DVC.
It is also believed that some trends from the literature will
emerge in this study:

Subordinate Hypothesis 2a: Satisfaction will be derived
from Mutual Understanding rather than Interpersonal
Attraction.
Subordinate Hypothesis 2h: Interpersonal Awareness will
be significantly higher in the 3DVC over the 2DVC
condition.
Subordinate Hypothesis 2c: Direct Address will not be
significantly higher in either condition.

2. Method
2.1. Participants
35 participants (10 female and 25 male) in which 71% were
between 18-28 years old participated in the experiment. 18
sessions were run with 2 subjects and a moderator
participating in two trials each. This gave a total of 70
trials.
Participants were aware that the objective of the experiment
was to evaluate the communication quality in different
videoconferencing interfaces.
The participants were recruited by extending personal
invitation and could indicate their preference to predetermined time slots, therefore grouping of participants
was not entirely randomised.Each subject was retained for
approximately 60 minutes which included introduction, task
and questionnaire completion time. Participants were given
a chocolate bar upon conclusion of the session.
2.2 Task

The task chosen was a 3D task in which 3D architectural
models were viewed and manipulated in two audio-visual
videoconferencing interfaces. One interface had models
placed on a virtual table in a virtual meeting room while the
other had an interactive slide show screening on a virtual
presentation screen.

The task description explains to the participants that they
have just won lotto and have decided to buy a house to live
in together in Queenstown, New Zealand. They are also
told that the list of possible designs has been reduced to 5
choices.
This task is similar to that described in Regenbrecht et al.
(2004) as it requires the participants to work together and
make a decision on which design they like best according to
the problem definition, which could be in terms of aesthetic
appeal or practicality. The decision must be supported by
both participants.
3D models are hard to obtain as they take months to build,
so their creators are often reluctant to give them up. We
were fortunate however to be provided with 5 architectural

models for use in this experiment. These are thought to be
more discussion provoking for both men and woman than
perhaps cars, which was the other alternative.
This task was chosen because it is intended as a follow up
to the study by Hauber et al. (2005), whereby a '2D' task
i.e. not necessarily suited for a '3D' environment was used.
It was thought to be a nice comparison to use a '3D' task
this time so that tasks differing in nature could be compared
in terms of social presence.

keyboard. They could also point out features with a telepointer.
After the session participants came back around the table
and filled in the Communication Quality/Social Presence
questionnaire.
Every session was recorded from within the system
from the mediator's point of view, to avoid editing mass
amounts of tapes. This had ethics committee approval and
was agreed to by all participants.

2.3. Procedure
The experiments were conducted 25 July -- 29 July and
16 August - 19 August 2005 at Otago University's
Information Science research annex in New Zealand. For
each 60 minute session 2 subjects were used.
Upon arrival participants were seated at a table with
places marked person 1 and person 2. They were then
presented with a Participant Information sheet explaining
confidentiality of the experiment, the nature of the
experiment (evaluation of communication quality within
videoconferencing interfaces) and general procedure. The
participants were then required to sign a Consent Form.
A General Demographics questionnaire was then
handed out to gauge experience and general information
about age, gender etc. Upon completion of the paperwork,
participants were handed a Task Description that contained
a small paragraph to set the situation and an explanation on
what would happen next, Each participant took part in two
conditions (I) 2D Videoconferencing (2DVC) and (2) 3D
Videoconferencing (3DVC) and an initial warm up phase.
One instructor acting as the mediator was responsible
for teaching participants how to use the interface, placing
3D models on the table in the 3D condition and invoking
discussion when needed.
In the initial warm-up, participants were taken to
separate stations in which they were greeted by the
mediator via the videoconferencing interface. The mediator
went through a warm-up with the participants teaching
them how to navigate about the virtual environment and
tips on how they could view the models. Specific functions
the participants were shown included (1) Axis, by holding
down the wheel of the mouse to spin around a fixed point
(2) Walkthrough, to get an idea of the rooms in the house
and (3) Telepointing, to point out specific features of the
models. In this warm-up 3D car models were used so that
when the real task began, participants started with a fresh
task, new models and a true communication process
They were left for approximately 5 minutes to get used
to the interface, then taken back to the original table and
handed a task description.
In the 2D condition participants were told that they
were in the same room as just experienced (in warm-up or
3D) but that they had a fixed perspective of the presentation
screen. They were also shown how they could view the
slideshow by pressing the page up and down buttons on the

2.4. Apparatus
Three acoustically and visually separated rooms were
prepared with standard desktop PC's, monitors (TFT, 17",
1280x1024), headsets (stereo with mono microphone) and
web cameras (USB, CIF resolution). All PC's were
connected using a i000MBit network which is more than
sufficient for running the applications.
The conditions were running variants of the same
videoconferencing software "cARIPE!" as described in
Regenbrecht et al. (2004). Participants are represented as
live video planes around a virtual table. Participants can
move around the room and adjust their field of view. Their
movements are mapped in space and conveyed to the other
participants. Participants are also aware of the others
actions as 3D sound is provided and the video plane tilts,
indicative of where their peers were looking. All these
features were enabled in the 3D condition. To begin with all
participants were placed in the 'home' position – seated
around the virtual table, which they were shown how to get
back to using the menu bar if they got "lost". Movement
using the mouse included simulating 'head' movements,
up/down and left/right and 'walking' left/right and
forward/backward. The virtual presentation screen in the
room displayed a static slide.
Participants indicated to the mediator when they wished to
view each model. They could use the functionality
mentioned earlier or alternatively they could walk around
the model or click a 'shoulder' button which placed them in
a position so they could see exactly what their peer was
looking at.

The communication quality component of the questionnaire
was exploratory in nature and combines present task
performance/communication quality factors from literature
and attempts to provide some results contributing to the
research of communication in collaborative communication
media.
•

•
Figure 1: Three-dimensional condition (3DVC)
There is further functionality such as the use of clipping
planes but this was excluded from this study, to avoid
complication and maintain a small degree of consistency
between 2D and 3D.
The 2D condition restricted participants view to the
presentation screen running the slide show and to fixed
video stream of themselves and the other participants.
The presentation screen was running a slideshow with 4
different perspectives of each of the 5 houses. These were
static images with the architect's country of origin present
in the top right corner of the screen.

•

Cornelius and Boos (2003), original items
addressing Mutual understanding, Satisfaction and
Interpersonal attraction. All using 6-point Likert
scales. Coherence, direct address and request
compliance developed by reading the paper and
were represented on 7-point scales.
Daly-Jones et al. (1998) items addressing
Interpersonal Awareness.
Hauber et al. (2005) exploratory items passing
factor analysis addressing Turn taking behaviors,
Interruption, Body Gestures and Pauses in
conversation.

The IPQ items developed by the Igroup Project Consortium
(2005) were included in the questionnaire also.
The General Demographics Questionnaire assessed: age,
gender, cAR/PEl Experience, relationship with the other
and previous telecommunications use at work and socially,

3. Results
The results presented here are based on the above
hypotheses and the data from the General Demographics
questionnaire. All 35 participants are included.
3.1 Reliability analysis

Factor

Figure 2: Two-dimensional (2DVC)
The Communication Quality/Social presence questionnaire
consisted of:
9 bipolar pairs from the Short et al. (1976) Social Presence
instrument to gauge the Social Presence component of this
study but also to provide further data to contribute to
further validity of the tool, especially in conjunction with
the study described in Hauber et al. (2005).

Communication Quality
Direct Address
Interruption
Turn taking
Body Language
Topic Management
Pauses
Request Compliance
Interpersonal Awareness
Mutual Understanding
Satisfaction
Interpersonal Attraction
Short et al. Social Presence
Social Presence

Alpha
.707
.780
.663
.585
.355
.796
.674
.608
.879
.877
.844
.940

Table 1: Test for Internal Consistency for
Communication factors and Social Presence.
The alpha value for Social Presence is high indicating that
once again the items making up the Short et al. (1976).
instrument are measuring a consistent underlying structure.

The alpha values for the Cornelius and Boos (2003) items
have high alpha values also, which is consistent with their
study.
The items Body Language and Topic Management have
insufficient alpha values, excluding them from any further
analysis.

3.2 Comparing Means
The mean score for every hi-polar pair in the Social
Presence measure was calculated (Appendix A). A paired
samples analysis of variance showed that the 3DVC
condition was significantly higher than the 2DVC
(p---<.001). Hypothesis 1 is therefore supported using this
instrument because social presence was highest in the
3DVC condition. See Figure 3.

Figure 3: Mean Difference and Standard Error in
Social Presence: 2DVC and 3DVC.
The mean score and standard error was calculated for each
factor in the communication quality measure of Social
Presence. No factors showed particular significance in one
condition over another, which in some cases is a favorable
discovery. The general trend, looking at the means however
indicated that the 3DVC has the potential to support a
higher level of communication quality.

4. Further Findings and Limitations
Each control factor was tested for further effects on the
factors. Relationships between participants showed to have
an effect on Social Presence (p=.004), Interpersonal
Awareness (p=.030) and Request Compliance (p--.031).
Previous exposure to the cAR/PE! system showed
significance in the factors Request Compliance (p=0.22)
and Interpersonal Attraction ( p=.035). All other variables
had no effect on any factor.
The Cornelius factors: Mutual Understanding, Satisfaction
and Interpersonal Awareness were analysed for potential
relationships.

Figure 4: Mean score comparison between Mutual
Understanding, Interpersonal Attraction and
Satisfaction.
Figure 4 shows the means scores of each factor reasonably
equal between conditions but shows a distinct relationship.
Interpersonal Attraction was significantly higher than
Satisfaction in both the 3DVC and the 2DVC but no
significant difference between Mutual Understanding and
Satisfaction was found. This indicates that participants may
have liked the others but were not always as satisfied with
how the team worked and the effectiveness of the
discussion. It could be said that because participants rated
their Mutual Understanding positively with satisfaction that
coherence could play a part in satisfaction of the group
process.
A Spearman rank correlation was performed on the factors
and the correlations of Satisfaction, Mutual Understanding,
and Interpersonal Attraction were all positive and high.
This suggests that high scores on Satisfaction are related to
high scores on both Mutual Understanding and
Interpersonal Attraction, which is consistent with the
hypothesis held by Cornelius and Boos (2003) about the
relationships among these factors.
In the general demographics questionnaire participants
were asked to rate their relationship with the other as first
meeting, familiar or friends as in the Cornelius and Boos
(2003) article. Approximately half the groups rated
themselves as friends and the others as first meeting, with a
couple falling in the familiar category. These were tested as
a between subjects factor and were found to have no effect,
which is consistent with the findings by Cornelius and Boos
(2003).
Hypothesis 2a is also supported because Satisfaction
appeared to be derived from Mutual Understanding rather
than Interpersonal Attraction.
Interpersonal Awareness did not show significance in one
condition over another (p=.183), which was surprising. This
rejects hypothesis 2b as 3DVC did not support a higher
level of interpersonal awareness.
It was hypothesized that the use Direct Address would be
dependent on the task performed or relationships among

participants rather than the naturalness of an environment.
No significant difference was found between the 2DVC and
3DVC condition for the factor Direct Address (p=.315),
which is as predicted. The control factor 'relationships' was
then tested for any effects with none detected indicating
that it is possibly the task rather than the environment or
participants relationships influencing the use of direct
address. Hypothesis 2c is therefore supported because no
difference was found but further research would be advised
to determine the exact origin of the relationship.
A frequency analysis on each item in the questionnaire
showed signs of polarized answering i.e. the participants
were not considering the scale.
At the conclusion of each session the instructor asked each
participant which system they preferred to use in the
exercise, then if they could explain why. This process was
not strictly followed due to limited instructor numbers in
some sessions. The data collected for 28 participants saw
71% of participants rated that they liked the 3DVC
condition, 21% preferred the 2DVC condition and 8%
explicitly said they would prefer a combination of both the
conditions.
The general reasoning for the selection of 3DVC was that
the participants liked the idea of 'individual views', where
they could get their own perspective of the room.
Other consistent comments that were made were that
participants liked the 3D sound idea, the interactivity
component and that they felt like they were in a room
compared to the 2DVC condition.
The participants who preferred the 2DVC condition thought
that it was less distracting, liking the fixed angles of the
slides and being able to see the same perspective as the
others.
Originally the 2DVC condition was more interactive than
the setup described. The presentation screen ran Computer
Aided Design (CAD) viewing software was via a VNC
server. The models were loaded into the program by the
moderator as the participants needed them. Participants
could use their mouse and various toolbar buttons to
manipulate the model and zoom in and out, making it more
consistent with the 3DVC functionality. As participants
turned the model the VNC server had to push out the
updated image at each station in real time which proved to
slow. The delay was making the 2DVC frustrating to use,
so a decision had to be made after the first couple of pilot
studies to create a slideshow type mechanism, which was
much faster. It was a trade off between consistency in terms
of functionality or speed.
It should be noted that the 'wow-effeet' is a potentially
limiting factor. First-time users are often intrigued and
excited when they use a system like this for the first time.
Results need to be considered carefully in these types of
studies as participants could be over-rating their emotional
attitudes about the system.

5. Discussion
This experiment succeeded in finding a difference in Social
Presence once again between two media of the same type
(audio-video). 3DVC again showed that it supports higher
levels of Social Presence than conventional 2DVC types.
The 3D task used in this experiment, that was particularly
suited to the 3DVC environment was a contrast to that in
the experiment by Hauber et al. (2005), showing that the
Short et al. (1976) measure of Social Presence measure is
robust enough to withstand any task related influences.
Direct Address proved to be a reliable instrument and did
not show any significant differences between 2DVC and
3DVC. The literature believes the closer to the real world a
communications media is, the less direct addressing would
be needed. The researcher disagreed, contending that direct
address is dependent on the type of task being performed or
the relationships among the participants. Relationships
however found no effect on the use of Direct Address,
suggesting that perhaps it is the type of task being
performed. It could be expected that complex tasks may
require more direct address because of the formal nature of
them.
The results of significance testing on the communication
quality items overall however, was not favorable. No real
evidence was found but this is not to say that there is no
difference as many results showed no statistical evidence
one way or another. There are possible reasoning's for this
result: Participants are likely to over or under estimate some
factors also i.e. 'I complied with the other's request'. A
participant is not likely to rate that they did nut comply.
The results from the frequency analysis showed participants
often did not take the scale into account.
These polarized results tended to affect the mean scores of
each condition, so they were very similar. The most
obvious reasoning is the fact that some of the factors are not
best measured subjectively. Factors such as Interpersonal
Attraction, Satisfaction and Interpersonal Awareness, where
the opinion of the participant is needed, are best suited to
subjective measures. Measures such as Pauses, Request
Compliance and Turn taking behaviors arc best assessed by
observation by a third party. Participants were so caught up
in the task that it would have been impossible to accurately
judge these concepts.
The number of participants in the study may also have been
a factor. There may not have been enough data to actually
see any trends emerging. It was also suggested by a
statistics adviser that perhaps too many factors were being
tested against the number of participants. Perhaps the
questionnaire needed to be scoped more to deal with a few
factors of communication quality to begin with. The
intention though, was to read the literature and try and
develop the factors believed to construct communication
quality.

It is still believed that the factors do comprise such a
construct but it is the way this data is collected that is most
probably the issue.
Ideally an observation based coding scheme would have
been adopted in which each utterance by a participant is
carefully categorised and analysed by a series of coders to
determine the context, intention or direction of speech. This
approach would produce better results especially for
factors: Pauses, Turn taking, Body Language, Request
Compliance, Interruption and Topic Management.
The adoption of a coding scheme however requires time to
develop it, test it and synchronize coders so that each coder
can read a situation the same way. It was decided to take an
exploratory view point and use a subjective measure in this
study.
Social Presence however has shown that it is a
psychological phenomenon and it is best measured
subjectively, which has been shown in two studies, within
this research.
The factors that were extracted from the Cornelius and
Boos (2003) paper, showed in this study, there were high
correlations between Satisfaction, Mutual Understanding
and Interpersonal Attraction; however there was a
significant difference between Interpersonal Attraction and
Satisfaction indicating that personal admiration for a person
did not ultimately result in a satisfying group process. This
is consistent with Cornelius and Boos (2003) who found in
consensus groups, that Mutual Understanding rather that
Interpersonal Attraction was the reasoning for participants
rating their satisfaction of the group process high. These
findings add to the initial study by Cornelius and Boos
(2003) in an attempt to tease out the dimensions of
communication quality.

Conclusions
Evaluating communication quality within collaborative
environments requires an extensive contribution of time and
effort, trying different approaches. This study was intended
to take an exploratory viewpoint using a subjective measure
to contribute to the investigation of communication
research. Trends emerged that were consistent with
previous studies suggesting that these constructs are reliable
and could be a valid measure in building an instrument to
evaluate communication quality.
Once again we have shown that Social Presence is highest
using the three-dimensional tools suggesting that the step
toward using these interfaces is becoming more founded
but it is important to assess the quality of the work being
performed within them. Future work would take another
angle, incorporating an observation based study to further
tease out the relationship between Social Presence and Task
Performance.
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Appendix A
Descriptive statistics for Short et.al. Bipolar pairs and Communication quality exploratory factors
2D VC

3DVC

Bi-Polar pairs

Cold-Warm
Insensitive-Sensit ve
Small-Large
Imsersonal-Personal

Std.
Mean error
1.37
5.37
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1.63
4.60
4.94 MEM
IIII

'
Boring-Interesting
Dehumanizing-Humanizing

Std. dev
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Mean
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1.61
1.48
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dev
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.222
.273
.251

IIIIIMMI

111.11.=M
4.94
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1.40
5.97

Communication Factors

Direct Address
Turn taking
Interruption
Body Lan ,ttaze

•

MIIIIIIIMIIIIMIIIIIIIIIMIIIII
Interpersonal
Re quest Complianc
P
Mutual Understandin •
.147
.875
4.85
.880
4.90
.148
Satisfaction
.128
.760
MEM
.116
.688
5.34
Interpersonal Attraction
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