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Abstract 
 
This investigation has been carried out at the Royal Institute of Technology (KTH) in 
Stockholm. The main goal has been to investigate the factors determining the 
production of a sense of presence and reality in video mediated communication. 
Presence is in these studies defines as the subjective experience of being together in 
one place when one is physically situated in another. Presence is an emergent 
property; it has no physicality, but arises as a mental sensation. Special attention has 
been paid to spatial factors, embodiment issues, and narrative elements related to the 
production of presence. 
 
A context map has been used in order to model the semantics of presence production 
and to visualize the relationships between the determining factors. The conclusions 
may be summarized as follows:  
 

• Knowledge about physical and extended spaces and bodies and of the shifting 
of attention between these is important in presence production. 

• Well planned design of physical and virtual spaces enhances the sense of 
presence.  

• Coherent design and production of mediated embodiment can enhance the 
sense of presence. 

• Conscious use of content characteristics, e.g., good storytelling, can enhance 
the sense of presence. 

• Different communication modes need the support of different combinations of 
presence production factors. 

• Even technically poorly mediated communication may support a sense of 
presence and reality if the storytelling is good. 

• The human sensory environment should be supported by a sense of non-
mediation, technological transparency, on the plane of discourse. 

• The results indicate that individual differences influence the sense of presence 
and reality.  

 
The perception of video mediated communication evolves as people become daily 
users. People seem to intuitively begin to interpret new types of mediated cues, adding 
what is missing in comparison to a real time physical communication experience.  
 
Keywords: Telepresence, presence, social presence, co-presence, concept modeling, 
virtual reality, person space, task space, narration, video mediated communication, 
video conferencing. 
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Preface 
 
This doctoral thesis is the result of research work conducted between 1997 and 2002, 
at the research group for Media Technology and Graphic Arts of the department of 
Numerical Analysis and Computer Science (NADA) at the Royal Institute of 
Technology (KTH), Stockholm, Sweden. The research group, led by Prof. Nils 
Enlund, studies and develops technology and methods supporting media communi-
cation over distances in time and space. The research area is multidisciplinary and 
covers a broad spectrum from printed communication to interactive digital media. 
 
The telecommunication industry, providers and developers, has contributed to an in-
creased technological quality of video mediated communication on digital networks 
during the last decades. The graphic arts industry was an early starter in the 
development of a digital work process. During recent years, researchers and 
manufacturers have focused much effort on investigating the complexity and 
designing solutions for digital networked production systems (DNPS) for multiple 
channel publishing. My vision is that in such a system, users may choose their 
physical location independently, connected to a global work chain of digital media 
elements, doing their daily work for the connected publishing industry. Such pro-
duction systems can also be used in the production of dynamic media. 
 
A dilemma with networked production systems is the lack of a common working 
environment. I do believe that human beings have a basic need for communicating in 
a shared physical and social working environment. In many cases, however, a medi-
ated presence between cooperating individuals may have a sufficient quality for 
replacing real meetings. The use of mediated environments may lead to a reduced 
need for physical travel and thereby to a decrease in environmental impact. A re-
duction in travel may also save time and increase productivity. 
 
The critical factor here may be the quality of the presence, or the quality of 
communication. Presence production also needs to support informal and improvised 
meetings in addition to the formal ones. There also has to be an economic profit from 
using video mediated presence production.  
  
My goals have been to contribute to the research area of presence production with the 
objective of increasing the quality of presence and to explore new creative uses of the 
technology. 
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“The Internet gives us access to a world without limits. The virtual reality is an 
increasing challenger as we struggle for more time and attention in our lives. 
But still people are standing every night under the stars, like our forefathers and fore-
mothers did thousands of years ago, sensing longings and dreams not yet realized. Now, 
like then, we wonder; Who am I in this crowded universe? 
Music has belonged to the humans all the way. The Pytagorees discovered the connection 
between the lengths of a vibrating string to cause music harmony more than 2500 years 
ago. They imagine the whole universe as a gigantic instrument where the sky fragments 
slides across the space with its own tune. Cosmos, the salt of the world, had been 
organized in such a way that all the motion together composed a symphonic harmony. 
Still the music is one of the most important modes of expression for mankind. From what 
we know, all what a human soul might cover could be expressed by music.” 
 

Hogne Moe 
 

1. Introduction 

1.1 Communication and dreams 

One of my dreams has been to make it possible to communicate through music 
simultaneously played over digital networks. In my research work, music has been a 
source of inspiration and a key to understanding the richness of mediated human com-
munication. As media technology at its current stage only can provide poor 
communication quality compared with real life experience, individual expression through 
playing music seems to enhance the communication of emotion and the sense of presence 
beyond the physical.  
 
The metaphor of the Pytagorees, the feeling of being just an individual in a crowded 
universe, reflects the sense of wonder experienced through the period of doing my 
research studies on the “borderline between the physical and the virtual reality”. My 
dreams and fantasies were always present, creating new ideas related to the investigation 
of video mediated communication, so called “videoconferencing”. 
 
To be able to see and to talk to a person who is not present, is also one of mankind's 
oldest dreams, the beginnings of which go way back to the mists of mythology and fairy 
tales. Reflections in fluids, crystal balls and magical mirrors such as the mirror on the 
wall in Snow White (Grimm brothers 1812) are examples of fanciful metaphors for 
'audio-visual' distance communication which have become part of our folklore. Also the 
Shaman, in spiritual religious aspects, “the embodiment of another person,” and the 
presence of God’s body in the Eucharist1 demonstrates the same aspects related to the 
belief in embodied presence and communication.  
 

                                                           
1 See Catholic Encyclopedia: The Real Presence of Christ in Eucharist, Web edition: 
http://www.newadvent.org/cathen/ 
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Figure 1: Alleviating absence by use of the "Telephonoscope". A mirror is envisaged as the 

display screen (From Albert Robida "Le Vingtième Siècle, 1880s). 
 
In the 1880’es, the French futurist writer Albert Robida (1898 – 1926) in his book "Le 
Vingtième Siècle" envisaged a mirror on the wall as the display for his 'Telephonoscope'. 
This metaphor was also used by Jules Verne for the 'cinema telephone', a combined 
sound telephone and 'tele-cinema', in his 1889 short story "In the Twenty-ninth Century: 
The Day of an American Journalist in 2889" (Nordby, 1997). 
A little more than hundred years later, we can experience communication through 
mirrors, although today it is a computer display, a television monitor, or a projection on a 
screen, watching and talking to other persons that we experience as being real (Reeves, 
B., Nass, C., 1996). The presence of other, non physical persons that we can see and hear 
is become a reality in everyday experience, e.g. in educational institutions and business 
companies. It can also be accomplished on the Internet by means of small video windows 
and shared distributed task spaces. The expansion of the Internet, developing new 
technology, academic research and government policies have been driving forces of this 
development.  
 

 
Figure 2: The Mediator, an iSpace project meeting between Royal Institute of Technology and 

Stanford University. 

 
Figure 2 illustrates a “modern mirror”, the so called Mediator2, for video mediated 
communication, in this case between Stockholm, Sweden, and Palo Alto, California in 
the Unites States. People gather in the communicative space in front of the display to 
interact in a real-time two-way television communication. In terms of television 
                                                           
2 Developed at KTH by Erixon et al. (http://www.amt.kth.se/projekt/face2face/skiss2.html) 
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production, they produce a representation of themselves in another environment than 
their own physical one, and the remote participants can sense their presence in their own 
space. Sometimes the participants may even sense a shared space, a new shared reality, 
which I will call a video mediated virtual reality. The investigation of factors that de-
termine the experience of presence has been the main focus area of my research. 

1.2 A brief history of video mediated communication  

Table 1 illustrates the history of communication using moving pictures in telecommuni-
cation.  
 
1884 Nipkow P. patented the first “Electrical Telescope”, the beginning of television. 
1925 Baird and Jenkins succeeded in transferring moving pictures. 
1927 Bell Laboratories made the first phone call with an added picture between Washington and New 
York. 
1936 Two post offices in Germany, one in Berlin and one in Leipzig, were interconnected using a full two-
way picture and audio communication, demonstrating “picture telephony” or “video-telephony”.  
1937 Proprietary electronic television systems were developed using different resolutions, frame rates and 
transmission standards depending on continents and countries. 
1967 The American Telephone and Telegraph Corporation (AT&T) started to install the first 
teleconferencing systems, called picture phones in North American universities. They were based on fixed 
telephone lines and were mainly used for distance education. 
1984 Boardroom systems were installed at some large companies 
1987 “Roll about systems” were installed at medium size companies 
1988 The first video codec3 was developed for ISDN use 
1992 Desktop ISDN video conference systems are released using interface card for computer installation.  
1993 Integrated Services Digital Network (ISDN) becomes commercial 
1997 Videophone systems are released for the home market 
1998 Developers such as Polycom, Picture Tel and Tandberg start to develop and experiment with video 
conferencing systems using TCP/IP4 on the Internet and the H.323 standard from the International 
Telecommunication Union (ITU). 
1999 Broadband digital networks are developed and the Internet becomes more reliable for use in 
videoconferencing. Computer graphics is integrated in the video codecs. 
2001 Web servers are embedded in video conferencing systems to maintain the units over the Internet. 
Multipart conference services are integrated in video codecs and the company First Virtual Communication 
(FVC) introduces desktop software solutions and videoconference servers integrating standard H.323 
protocols for the Internet.  
2002 The first videoconference unit for Wireless Local Area Network (WLAN). Additional services are 
developed worldwide, such as Internet Telephony (VoIP). 
2003 Videoconferencing is a steadily growing market and more video conferencing systems are being sold 
for TCP/IP than for ISDN. Additional new services are developed such as third generation, mobile phone 
video conferencing on standard H.323 protocols. 

Table 1: A brief overview of the history of moving picture and videoconferencing technology. 
The history of transferring moving pictures through telecommunication networks is less 
than hundred years old. During this period, the methods have developed from early 
electromechanical solutions to electronically advanced applications. The transfer proto-
cols and interfaces have also been changing in pace with the technological development 
                                                           
3A video codec is the name for a device, coding and decoding audio, color video and data for video

 communication on digital networks. It is also called a video conference unit.  
4 The Transmission Control Protocol (TCP) and Internet Protocol (IP) 
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of the telecommunication infrastructure. Europe, United States and Asia have chosen 
different proprietary standards and world wide standards, such as the Internet Protocol 
H.323 are less than ten years old. The latest visual standard, H. 264, was released in May 
2003 and ITU standard compliant 20 kHz audio with stereo, was released in June 2004. 
But the technology is still in its infancy.  

 
The technical development and the number of video conference units sold have been 
turbulent the last five years. But software and hardware development for professional use 
of the Internet as well as new services have turned the tendencies from 2001 and 
influenced optimistic prognoses for the years to come. In 2003, 92 518 group video-
conferencing units were sold world wide and the market expands especially in Asia and 
North America, see figure 3. 
 

 
Figure 3: Sold videoconference units, 1996 – 2003 and an estimate for coming years  

(Andreassen 2004). 

 
Conference” is just one of many communication modes. Today, video mediated com-
munication may be used for many other communication forms, such as: 

• Distance learning. 
• Collaborative work and instruction. 
• Telemedicine. 
• Meetings. 
• Role play and games. 
• Creation of social presence.  
• Music, theatre and dance performances. 
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Because of the many varieties of communication forms, the term “video conference”, 
focusing on just one of the modes, seems to be “out of date”, although the term is widely 
used, for example by the VIDE5 network of developers for new communication 
standards. 
 

 
 

1.3 The production of presence 

Findings in the area of presence research6 have, to a small degree, influenced the 
technical and usability development of video mediated communication. Togetherness, the 
sense of presence of another body, and spatial presence, the sense of being in another 
environment than the physical one, are both subjective and important variables in video 
mediated communication. The objective should be to utilizing these variables consciously 
and consistently to enhance the communication quality. This I will call production of 
presence.  
 
Several interesting user studies have been carried out in the fields of teleoperation and 
telerobotics. Held and Durlach (1992) referred to a “new phenomenon” called tele-
presence, associated with the concept of Virtual Environments (VE). In connection with 
simulated environments this phenomenon was also referred to as presence (Rheingold, 
1991; Sheridan, 1992). Presence is an emergent property, it has no physical attribute, but 
arises as a mental sensation. 
 
The term “telepresence” was originally coined by Marvin Minsky (1980) in the context of 
teleoperation systems for remote manipulation of physical objects.7 In this classic paper 
Minsky writes: “As described by teleoperators, presence is the sensation of being at the 
remote worksite rather than at the operator’s control station” (IJsselsteinjn and Harper, 
2001). 
 
Ditton (1997) has studied television presentation characteristics and the memory errors 
which lead viewers to unintentionally use memories of mediated experiences when 
evaluating real world phenomena. In another paper, “At the heart of it all: The concept of 
presence” (Lombard, M., Ditton T. 1997), the term presence has been connected to 
mediated experience: one that seems truly “real”, a mediated experience that seems very 

                                                           
5 See Johnson T., North Carolina University, 2000, http://www.vide.net. 
6 See e.g. Sallnäs (2004) for an overview of the field. 
7 Actually the term was suggested to him by his friend Pat Gunkel, according to IJsselsteijn and Harper et 

al. (2001). 

In this thesis I have decided to use “Video Mediated Communication” (VMC) as a 
general term for all types of synchronous communication where two or more geo-
graphically separated participants are involved and the media technology used is 
based on video and audio.  
The term Video Conferencing (VC) will be used mainly when referring to technology 
history and to the actual systems on the market today. 
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much like it is not mediated; a mediated experience that creates for the user a strong 
sense of presence. 
 
Witmer and Singer (1998) define presence as the subjective experience of being in one 
place when one is physically in another. In virtual reality (VR) research, the concept 
often refers to experiencing a computer generated environment rather than the actual 
physical local one. The phenomenon of presence is being used as the basis for predicting 
potential new gains in the effectiveness of many application areas, e.g., learning. The 
concept is that experiencing presence is a form of normal awareness or an intentional 
phenomenon based in an interaction between external stimuli, immersive factors, and 
involvement tendencies. These same factors support the transition to or experience of 
presence in a remote or artificial environment. (e.g., Sheridan, 1992, Held and Durlach 
1992, Witmer and Singer, 1996).  
 
The word “presence” has been used in the title of a scientific journal (Presence Journal, 
MIT) dedicated to the study of both teleoperators and virtual environment systems. Here 
“presence” seems to have become a general term for both fields of research. Enlund 
(2000) uses the terms “presence” and “presence production” to refer to the experience 
common to both teleoperation and virtual environments. The term “production” refers to 
the intentional creation of a sense of presence and reality between individuals that are 
geographically separated. Creation refers to all factors involved in this production, such 
as plotting a story, influencing individual preconditions, and enhancing the sensory 
environment. 
 
In this thesis I have decided to use the term “presence”, building on the basic definition 
by Witmer and Singer (1998). 
 
Presence is defined as the subjective experience of being together in one space when one 
is physically situated in another.  
 
In this open definition “together” means the subjective experience of joint embodiment of 
at least two representations (Benford and Fahlèn, 1994, Benford et al., 1995a, Benford et 
al., 1994b, Benford et al., 1995b, Rheingold, 1991, p 190). Each embodiment may be a 
representation of a living “you” such as a two or three dimensional video mediated body, 
using a camera as the sensing device. But it can also be a humanoid avatar, preferably for 
social interaction (Becker and Mark, 2002, Cheng et al., 2002) or a uniquely labeled 
telepointer (Jää-Aro, 2004, p 38) on a task space in a Computer Mediated Communi-
cation (CMC)8 environment. A virtual space or a virtual environment may also be video 
mediated, but may also be completely computer generated. 

1.4 Trust in media 

As we read a book, watch a movie, or just listen to a good story we may mentally be 
“transported” into a new reality, an illusion that is constructed by adding our own 

                                                           
8Computer Mediated Communication; communication taking place over a computer network.  
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fantasies to the visions of the author. In video mediated communication, this transport-
tation can be made into existing but physically distant environments. Rich communi-
cation in real-time may help us trust in the existence of the mediated reality. 
 
Trust seems to be an important factor in achieving a sense of presence and transportation. 
We have learned to trust even poor audio quality through mobile telephones to represent 
a real person that we know from physical experience. We trust email for communication 
between people we know. We trust what is being said in news programs on radio, 
television or in newspapers, although we know that it all is mediated and by definition 
therefore prone to manipulation. 
 
Some few decades of mediated reality in daily life seem to have produced an evolvement 
in the human perceptual systems (Hochberg, 1986). Simple internalized cues in the media 
and the fact that we as receivers add our own experiences onto a poorly mediated reality 
seem to help us overcome our mistrust of manipulation. Through a skillful use of media 
clues and the individual willingness to suspend disbelief, we can give trusted human-to-
human communication a chance.  
 
In playing music together, you must trust your co-performers. In figure 4, two musicians 
play improvised jazz music in a shared virtual environment, communicating using rich 
body language and musical expression. The geographically separated musicians can ex-
perience a feeling of presence, enhanced by transparently mediated video communi-
cation. 
 

 
Figure 4: Simultaneous collaborative music playing. 

 
This moment of mediated “transparency”, communicating through music performance, is 
now within reach.  
 
Hopefully, the research work presented in this thesis may contribute to the international 
presence research, building a common platform of terms and theories for future investi-
gations of the determinants of presence. 
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2. Research focus 

2.1 Main focus of interest 

My main research goal has been to investigate the factors determining the production of a 
sense of presence and reality in video mediated communication. I have paid special 
attention to spatial factors, embodiment issues and narrative elements related to the 
production of presence. The objective has been to enhance the quality of communication 
that uses multiple modes of interaction such as performance, collaborative work, social 
interaction, music playing, dance, games, and ceremonies. I have also been interested in 
making users of mediating technology aware of these factors, allowing them to use them 
in a consistent way in order to achieve their communication objectives. 
 
The main hypotheses behind the research studies are: 

• Well planned design of physical and virtual spaces can enhance the sense of 
presence. 

• Coherent design and production of mediated embodiment can enhance the sense 
of presence. 

• Conscious use of content characteristics, e.g., good storytelling, can enhance the 
sense of presence. 

• Different communication modes need the support of different combinations of 
presence production factors. 

• Even technically poorly mediated communication may support a sense of 
presence and reality. 

2.2 Frame of reference 

Figure 5 illustrates the different areas of science and disciplines relating to the main re-
search focus area in this thesis, the phenomenon of presence. The research studies have 
touched upon all the disciplines, trying to select the most relevant theories and methods. 
This multiplicity of research disciplines and the confusion of terminology and methods 
have been a challenge. 
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Figure 5: The field of presence research is found in the union of arts and storytelling, computer 

science, social science, cognitive psychology and perception. 

2.3 The timetable of the research studies 

This research study has progressed through a series of projects and test cases presented in 
published papers. Figure 6 illustrates the progress and the different test case studies re-
lated to the publishing of papers. External projects have also influenced the research 
studies in various ways. The network of people involved, the investigations, and the 
discussion have all contributed to a learning process in the study of presence. 
 
A university course in telepresence, see figure 6, was developed at an early stage and 
used for the research investigations during the whole period of the research studies. The 
course was continuously renewed, updating the lectures with the latest findings. In this 
way, the students of the course contributed to the studies. The research studies have been 
a continuous, iterative process, testing theory by learning from test case studies. Inter-
mediate results were published, and the research question was adjusted. Further details 
about the research study process are described in the chapter 4, Methods.  
 

  

  

  

  

Social science 

Computer 
science 

Cognitive 
psychology 

and 
perception 

Arts 
and 

storytelling 

Presence
research



PRESENCE PRODUCTION 10 

 

 
Figure 6: Timetable of the research studies. 
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3. Related research 

3.1 Communication science research of video telephony 

In the period from 1970 to 1990, a number of research reports was published focusing on 
the social psychology of telecommunication, see for instance Short, Williams and 
Christie (1976). Some of the areas of interests during this period were: the role of gaze in 
communication, models of groups and group processes and models of communication 
centering on the telephone (literature review in Finn 1995). 
 
In autumn 1994, 25 researchers from different disciplines met for a workshop related to 
video mediated communication research in connection with the ACM Computer-
Supported Collaborative Work conference at Chapel Hill, NC. The goals for the work-
shop were to: 

• Compare results and methodologies. 
• Propose a strategy for advancing understanding in the field. 
• Presenting papers on own research and how to interpret the differences between 

different results. 
 
This was the first major attempt to define a research area concerned with the technologies 
and uses of video mediated communication and it set the stage for much of the research 
carried out in the following years (Olson et al. 1995). 
 
A second meeting was held at the ACM CHI`95 conference in Denver, May 1995, to 
discuss the editing of a book offering an overview of what was currently known about 
video mediated communication. The participants identified a set of researchers that they 
considered to have carried out significant research in the field, but who had not attended 
the original workshop. They agreed to solicit contributions to the book “Video-mediated 
communication” (Finn, Sellen and Wilbur 1997). 
 
This book surveys the literature, constructs a foundational framework, introduces a 
common vocabulary, and helps explain technical aspects and terms related to video 
mediated communication. It also presents empirical work ranging from psychological 
laboratory-based studies to ethnographic field studies, and explores various aspects of 
design and evaluation of new kinds of video systems. The book also comments on new 
and innovative applications of video mediated communication technology and points out 
the ways in which its use may be tied to broader technology trends. Since this book 
defines a new research field but also indicates the problems related to research within 
such a broad and complex area, I have chosen to present some of the central issues in 
more detail. 
 
The findings section of the book describes how mainly researchers working from 
psychological or sociological perspectives are adopting a range of analytic techniques in 
the field. The results of the methodological and philosophical diversity and the role of 
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video in communication and collaborative work were explicated on a number of different 
levels.  
 
The use of video is seen in a range of contexts: 

• From the detailed study of tasks in controlled laboratory settings, to observations 
of its broader organizational impact in the “real world”. 

• Different aspects of the time period of usage of and exposure to video systems, 
which raises a number of important issues concerned with adapting and 
habituating to video technology by living and working in it. 

 
The design section presents a variety of different approaches to the application of video 
in the workplace. A major goal of this research area was defined as the creation of a 
“virtual space” for collaboration based on audio, video and data connections, focusing on 
particular aspects of the design of virtual space, and aiming to provide a context for com-
munication that is as rich in opportunities for visual and verbal communication as face-to-
face environments. 
 
The future section comments on new and innovative applications of video mediated com-
munication technology and points out how its role may be tied to other emerging tech-
nological trends. This section also discusses how the role of video may be changing from 
the concept of “talking head” video systems for conversation to more useful concepts 
such as supporting informal communication and awareness. The communication should 
also focus on work-related objects and artifacts. 
 
This collected material from 1995 illustrates the beginning of the work of building a 
theory for video mediated communication research. Terms and vocabulary were already 
at this time identified as a problem: “Without a common vocabulary we cannot build a 
theory that links cause and effect” (Olson et al. 1995, Senge 1990). 
 
At the beginning of the 1990’es, work was carried out on collaborative systems called 
Group Decision Support Systems (GDSS). In this context, research focus was on group, 
task, and situation factors, as well as process and outcome measures dividing context 
variables into classes having to do with the group members and their relationships, the 
situation, the technology, and the task (Finn, Sellen and Wilbur 1997). 
 
It was argued that the size of the group was a missing factor in earlier research. When the 
size of the group increases, a number of other variables change concurrently, such as: 

• The homogeneity of abilities.  
• The mix of status and power. 
• The probability that someone will assume leadership. 
 

By describing these process-oriented variables, which may vary independently in other 
situations, one can account for effects that are attributed to the single variable, the size of 
the group. 
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Based on such considerations, Olsson et al. (1995) suggests the following categories for 
characterizing mediated communication processes: 

• Characteristics of the group. 
• Characteristics of the technology. 
• Characteristics of the task. 
• Measures of group processes. 
• Measures of outcome. 

 
The empirical studies reported by Gary M. Olson and Judith S. Olson (1995) presented 
some common results that can be seen as the beginnings of a growing body of theoretical 
models to build on, such as: 

• When people who know each other are cooperating in a complex task, video does 
not seem to add much over audio to the quality of the end product. 

• If there are any delays in the audio, quality suffers. 
• All remote work, no matter how high the bandwidth and how small the delay, still 

makes people behave differently. They often either explain more or need to clarify 
their ideas to their remote group members. But clearly, through these studies, it 
can be seen that people prefer video connectivity over audio only. 

 
In conclusion, the researchers represented in the book were carefully optimistic. “We are 
nowhere near understanding all the interactions among these variables, for all the kind 
of groups, technologies, task, and situations, we are at least beginning to find 
consistency. Theories are on the horizon.” (Olson et al. 1995, pp. 89) The statement 
illustrates the fact that the researchers still were lacking models and methods in the study 
of video mediated communication and the results from the research so far had been 
difficult to compare and use for building a theoretical platform.  

3.2 Usability aspects of video telephones 

At the same period in time, Nordby (1997) was focusing on usability aspects on the 
“new” technology of video telephony. He states that despite of a number of video 
telephony projects around the world, no video telephones have had any success so far. He 
explained some of the reasons to be attributed to factors such as cost, availability, 
usability and lack of appropriate applications. The usability aspects combined with the 
lack of appropriate applications to support deferent kinds of human-to-human 
communication at a distance are of great importance. In the introduction to his article 
“Human factors in video telephony”, he described it this way: A video telephone is 
something much more than just a sound telephone with a video picture added. In the 
video telephone we have to adopt new ways of communicating with other people and we 
must learn to operate several new controls, the results of which are not always obvious to 
us. This poses many new and different problems from the point of view of human factors 
compared to the much simpler sound telephony. 
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3.3 A communication model – the telepresence view 

Regardless of the particular medium used, e.g. telephone, electronic mail, online chat 
systems, computer-video conferencing or immersive virtual reality, all mediated inter-
action falls within the domain of communication research (Steuer, 1992). 
 
The traditional communication model, simplified in the upper part of figure 7 (Defleur 
and Ball-Rokeach, 1989; Schramm, 1971; Shannon and Weaver, 1962) has been replaced 
by Steuer (1992) with a new communication model, based on Krueger (1991). In Steuer’s 
model (lower part of figure 7), “virtual reality” is defined as a real or simulated en-
vironment in which a perceiver experiences telepresence (Steuer, 1992). 
  

 
 

Figure 7: Two models of mediated Communication. 

 
 
According to this model, telepresence can be experienced in virtually any technology for 
mediated communication. Newspapers, letters and magazines can place the reader in a 
space in which the writer is telling a story; television transports the viewer into a virtual 
space in which both viewer and on-screen objects are present; and video games create 
virtual spaces in which the game-player is an actor. (Steuer, 1992).  

Telepresence view Virtual 
reality 
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  A 
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The model has three main advantages: 
• In this model VR refers to an experience rather than to a machine, (a shift of focus 

from a hardware package to the perception of an individual). 
• The definition specifies the unit of analysis of VR – the individual – since VR 

consists of an individual experience of presence. 
• Since this definition is not technology-based, it permits variation across 

technologies along a number of dimensions. 

3.4 Physical presence, social presence and co-presence 

Lombard and Ditton (1997) did a large literature study on the concept of presence and 
identified six different conceptualisations: realism, immersion, transportation, social 
richness, social actor within a medium, and medium as a social actor. They provide a 
unifying definition of presence as the “perceptual illusion of non-mediation”, in other 
words “the extent to which a person fails to perceive or acknowledge the existence of a 
medium during a technologically mediated experience” (IJsselsteijn and Harper, 2001, p. 
13). 
 

 
 

Figure 8: A graphic illustration of the relationship between physical presence, social presence 
and co-presence, with various media examples according to IJsselsteijn and Harper (2001). 

 
According to Ijsselsteijn and Harper (2001), the six conceptualisations may be divided 
into two broad categories of presence – physical and social. As defined by Witmer and 
Singer (1998), the physical category refers to the sense of being located in mediated 
virtual space, whereas the social category refers to the feeling of being together, of social 
interaction in the mediated virtual space with another person physically situated in 
another environment. 
 
Most of the test case studies in this thesis have been carried out in the intersection of 
these two categories, an area called co-presence (Ijsselsteijn and Harper, 2001), see figure 
8. 
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The social presence theory originally comes from telecommunication research (Short 
et.al. 1976). But also researchers from the area of computer generated reality have 
developed theories concerning social presence (Hendrix and Barfield 1996a, Hendrix and 
Barfield 1996b, Slater and Wilbur 1997, Witmer and Singer 1998). Social presence is 
described by Short et al. (1976) to be a “subjective quality of a medium”. He regards 
social presence as a single dimension which represents a cognitive synthesis of several 
factors as they are perceived by individuals to be present in the medium. These factors 
were found to be (Short 1976): 

• Expression. 
• Direction of looking. 
• Posture. 
• Touch. 
• Nonverbal cues. 

 
 
Witmer and Singer (1998) added some important observations to the theory of social 
presence, relating the sense of social presence to immersion and to the extent in which the 
continuous stream of stimuli and experience from the media - the sensory environment -
makes people feel included in and able to interact in the environment. They pointed out 
additional factors which affect immersion, such as: 

• Isolation from the physical environment. 
• Perception of self-inclusion in the shared virtual reality space. 
• Natural modes of interaction and control. 
• Perception of self-movement. 

 
The direction of looking is important to the perception of conscious contact as opposed to 
subconscious involvement in the social process of presence (Penrose, 1994). 

3.5 Shared person spaces and task spaces 

Space is the place in which visible narration may take place (Buxton, 1992). Space may 
have different functionalities in virtual reality. We may identify, for example, a person 
space for representing the illusion of bodies and a task space for collaborative work. If 
the collaborative work consists of a dialog, the person space is equal to the task space. To 
get a better understanding of shared presence and shared space among geographically 
separated members of a group, the term may be developed in the context of group 
interaction. We may ask; What is being shared and how is the technology supporting such 
sharing? Let us look closer at the two concepts that I have found useful in my research: 
person space and task space. 
 
A shared person space in telepresence is the collective sense of co-presence (Steuer 1992) 
between/among group participants. This includes the awareness of factors such as facial 
expressions, voice, gaze and body language (Buxton 1992). 
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By shared task space we mean a co-presence in the domain of the task being undertaken.  
(If we were doing a budget, for example, this might mean that each one of us has the 
budget in front of us in the form of shared sheets.)  
 
Sometimes the person space and the task spaces are the same. One example would be in 
negotiations or counseling. Here a major part of the task involves “reading” the other 
person, for instance in order to assess confidence or trust (Buxton 1992). 

3.6 Factors creating a sense of presence 

Enlund (2000) suggests a model of factors creating a sense of presence and reality. The 
model is building on different theories and he argues that even simple technology may be 
used to achieve a sense of presence and reality at a distance. Based on case studies 
described in earlier studies and related work by Jonsson (1998, 1999a, 1999b), Enlund 
argues that the key factor is storytelling and with good storytelling even simple 
technology works (Enlund, 2000, 2001). 
 
Figure 9 illustrates factors creating a sense of presence and reality. Enlund suggest that 
these factors can be further sub-divided, e.g., according to the dimensions of Steuer 
(1992).  
 

Sense of presense 
and reality

Sensory 
environment

Vividness
Depth
Breadth

Individual 
preconditions

Content 
characteristics

Interactivity and control
Company of "others"

Imagination

Emotional state
Associative context
Suspension of disbelief

Plot and story
Narration and dramaturgy

Presentation and execution
 

Figure 9: Factors creating a sense of presence and reality (Enlund, 2000). 

 
 
In the conclusion of his paper Enlund writes: “The basic factors producing feelings of 
presence and reality in virtual reality or media applications and services are related to 
sensory environment, individual preconditions and storytelling. The key factor is 
storytelling. With good storytelling, even simple technology works. This is best illu-
strated by the simple fact that a tale well told will transport the audience into “another 
world” even if the medium is “low tech”, e.g., a traditional book or a bedtime story read 
aloud.” (Enlund 2000). 
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In the following, I will elaborate somewhat on the sensory and content factors identified 
in the model of figure 9: 
 
Sensory environment 
 

1. Vividness – determined by number of senses involved in the creation of the ex-
perience (Steuer 1992). Another term that has been used for expressing the same 
characteristics is realness (Naimark 1990, Laurell 1991, Rheingold 1993). 

 
2. Depth – refers to the technical resolution or quality of representation within each 

of these perceptual channels (Steuer 1992). 
 

3. Breadth – refers to the number of sensory dimensions simultaneously presented 
(Steuer 1992, Gibson 1966), e.g.: 

• The basic orienting system –which is responsible for maintaining body 
equilibrium 

• The auditory system 
• The haptic (touch) system 
• The taste – smell system 
• The visual system. 

 
4. Interactivity and control – the degree of interactivity that the participant has with 

the environment. This factor can be further subdivided into, e.g. (Steuer 1992, 
Naimark 1990, Laurell 1991, Rheingold 1999): 

• Speed – which refers to the rate at which input can be assimilated into the 
mediated environment 

• Range – which refers to the number of possibilities for action at any given 
time 

• Mapping – which refers to the ability of a system to map its controls to 
changes in the mediated environment in a natural and predictable manner 
(Steuer 1992). 

 
5. Speed of interaction, or response time, is an important characteristic of an 

interactive media system. Real-time interaction clearly represents the highest 
possible value for this variable. Teleconferencing systems and groupware com-
puter applications extend real-time interactivity to multiple users and modalities 
(Steuer 1992). 

 
Content characteristics  
 
Enlund (2000) suggests in his model three subdivided groups connected to content 
characteristics: plot and story, narration and dramaturgy, presentation and execution. The 
drama factor is an immersive factor and is related to the description of plot given by 
Slater and Wilbur (1997): “Plot is the extent to which the virtual environment in a 
particular context presents a story-line that is self-contained, has its own dynamic, and 
presents an alternate unfolding sequence of events.” 
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3.7 Concepts from film and television 

Foss (1992) and Thompson (1978) gives a list of important parameters related to nar-
ration in film and television: 

1. On and Off-screen spaces. 
2. Point of view. 
3. Means of expression. 
4. Narrative functions. 

 

 1. On and Off-screen spaces  

In film theory, the framing of a picture refers to six off-screen spaces important for the 
understanding of narration (Thompson, 1978). These spaces are situated over, under, to 
“my left” (your right) and my right (your left) of the frame. In addition to this there are 
two spaces, one “behind” the camera and one within the frame, as a space in the space. 
For example, if you hold up a book to the camera, there is a space behind the book that 
you may see, but not “the others”. Another example of off-screen thinking is when 
“sound” is added to the shared virtual space by showing the actual physical microphone 
within the frame. The listening becomes an active part of the story, bringing in the 
imagination of “what is going on in the off-screen space”. 
  

2. Point of view 

In film theory, different points of view are often identified in relation to the presence or 
absence of the storyteller or participants: 

a) Omniscient point of view-outside the factual or fictional situation. 
b) Character-related point of view (including first-person narrative). 
c) Neutrally observing point of view. 

  

3. Means of expression in film and TV 

Foss (1992) argues that the dramatic structure of a story may roughly be the same in 
different media. The story may be transferred from one medium to another even if the 
treatment of the story varies considerably. A good result of a story transfer can only be 
obtained by deliberately using the means of expression that are particular characteristics 
of the medium. He also sorts the means of expression in moving picture media - the 
elements of the narrative - into two distinct categories: those belonging to the Plane of 
Events and those belonging to the Plane of Discourse. 
 
The means of expression on the plane of events – what we see and hear – are, e.g.: 
Physical appearance, acting, costume and make-up, setting, props, time, weather, physical 
relations, movement, real colors, natural light, real sound, real music and dialogue. 
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The means of expression on the plane of discourse – how we see and hear – are, e.g.: 
Format, shot composition, focal distance and definition, size of shot, camera angle, 
camera movement, color and monochrome, artificial light, type of film and exposure 
(color balancing and resolution), special photographic effects (video effects on a mixer), 
editing (variation), sound effects, film music, commentary, texts and subtitles (slide 
presentations) and title.  
 

4. Narrative functions – principles of selection, related to Video Mediated 
Communication (“The WHY of film narrative”) 

In film theory, every use of the narrative elements should be clearly justifiable in every 
case (Foss 1992). Any element which does not have a clear function within the narration 
framework, the concept design, may cause a “blurring of the filmic expression”, a 
communication confusion. Foss uses six types of narrative functions: the realistic, the 
dramatic, the thematic, the lyrical, the comic and the extraneous or the non-function, i.e., 
the accidental event that unintentionally affects the narrative concept. 

3.8 Technology supporting the transfer of gaze and gesture 

An important factor in achieving a sense of presence seems to be the transfer of facial 
expressions and especially eye contact. Several technologies have been developed for this 
purpose, e.g., the teleprompter commonly used in direct television production.  
 
A teleprompter-like technology to obtain eye contact was patented already in 1947 
(Rosenthal 1947). This technology has been used in several videoconferencing studies 
and the users have reported greater comfort and naturalness in face-to-face meetings 
(Buxton 1992). 
 
At the Royal Institute of Technology (KTH), a similar teleprompter-like solution has 
been developed for producing a sense of presence between alarm coordination centers 
that are geographical separated. The solution is based on an application supporting the 
sense of social presence in a so called “Video Café”, creating a continuously shared 
virtual space (Lenman, Räsänen and Thuresson, 2002).  

3.9 Development of a cognitive theory of presence and social presence 

Presence research projects have been funded in the IST, EU9 program from 2002. The 
aim of the presence projects varies a lot and most of them will be finished and published 
in 2005. The content presented on the Internet IST project sites so far has been 
summaries from brainstorming processes and presentations from early 2000 and reports 
from the conferences. It indicates an increasing activity within presence research. 
 

                                                           
9 Information Society Technologies (IST) program in the European Union, 

http://www.cordis.lu/ist/fet/pr.htm 
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The objective of the EU program has been stated as (EU 2002): 
 
 “To develop novel media that convey the sense of "being there". A theory of presence, emerging 
through interdisciplinary research that explores the cognitive and affective roots of sensory 
perception is expected to give rise to the design of innovative systems that offer "richer" 
experiences than any current media and communication technologies.” 
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4. Methods 

4.1 Introduction 

This review of research, theory, and conjecture concerning the intriguing and important 
phenomenon of presence demonstrates that research on presence is in its infancy. We 
know relatively little about the characteristics of a medium´s form and content and the 
characteristics of medium users that encourage a sense of presence. 
(Lombard and Ditton, 1997) 
 
Doing presence research is to maneuver in variety of analytical procedures and designs, 
based on traditions from the social sciences, the humanities, as well as the technology and 
engineering sciences.  
 
At a multidisciplinary research conference in 1997 at the University in Toronto on the 
topic of “Video Mediated Communication”, the conclusion was that the different research 
efforts on these topics were “impossible to compare” because of the lack of common 
theories, research methods and models (Olson et al. 1997). Jensen (2002) also points out 
the methodological challenges of research in a field of technological convergence or 
divergence between separate traditional media. 
 
But gradually there seems to have occurred a shift from passive tolerance between self-
defined qualitative and quantitative research to an active dialog as we have entered the 
new millennium. In my own studies, I have employed a sequence of experimental case 
studies as my main method of collecting data. These have been combined with various 
other methods of collecting empirical material, such as video recording, pictures, written 
material, web sites, computer logging, observations, and the development and use of 
questionnaires. The development of useful research methods has been a study itself 
reflecting the lack of common theories and consistent research methods for mediated 
human to human communication sharing virtual environments.  
 
An entry point to my research studies on video mediated communication was to look at 
the tradition in computer mediated communication research as well as the research 
methods related to human computer interaction.  
 
In this research study, several “intermedialities” and social forms have been explored 
through which “interactions” have taken place. Mediated communication may be 
discussed in terms of dividing lines, not only between “media” and “context”, but also 
between “reality” and “virtuality”. Jensen (2002) argues that virtuality can and must be 
examined as a matter of degree in phenomenal terms and he stresses the fact that virtual 
partners become partners in a real social context. The phenomena observed in my 
research studies thus are the subjective experiences of presence and reality by virtual 
partners or audiences in virtual environments. I found the analyses of these phenomena to 
be a useful entrance to the area of interpersonal relationships in a shared virtual reality. 
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4.2 The methods used 

Literature studies 

A comprehensive literature study was carried out during spring 2002 to get an overview 
of the research area. The terms used for the literature search were carefully selected to 
find related research within video mediated human-to-human communication excluding 
robotics and simulator research. More than 500 hits were found at the Scientific & 
Technical Information Network, most of them focusing on technology for a wide range of 
communication applications related to presence or telepresence. The Dialog Information 
Service was used for a literature search within the fields of psychology, sociology, 
business, education, social science, architecture, arts and humanities. A number of 
interesting research works were found in the American Psychology research database, 
PsycInfo. Many of these hits, related to the phenomenon of presence connected to video 
mediated human-to-human communication and to shared virtual reality, have been cited 
in this study. Literature found through web site searches has also been used in the studies. 
 

Empirical studies 

The main findings in this thesis are based on developing new combinations of 
technologies based on the convergence of different media technologies and on doing 
action research in the intersection between Computer Mediated Communication (CMC) 
and Video Mediated Communication (VMC). But today VMC and CMC cannot be 
separated anymore because of the latest developments in media and communication 
technology, e.g. Internet and broadband technology. 
 
Empirical material was collected using questionnaires and interviews, video recording, 
subjective observations, practical experiments, and reflective writing based on 
hermeneutic methods. The methods can be described in terms of six different prototypical 
methods as seen in table 2. 

 
 Qualitative Quantitative 

Speech/ 
verbal language 

interviewing survey 

Action/behavior observation experiment 
Texts/video/documents discourse analysis content analysis  

Table 2: Prototypical empirical methods used. 

 
The primary methods used have been observation and experiments. 
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Experiments 

Different experiments were carried out in order to investigate the determinants of 
presence. An overview of the experiments and methods are given in figure 10. 
 

Empiric data collection  
Paper 
1 

Paper 
2 

Paper 
3 

Paper 
4 

Paper 
5 

Paper 
6 

Paper 
7 

Telepresence research process        
          
Qualitative measurements         
Observation   yes yes yes yes yes yes  
Full observation (1) - participation (10) 9 7 10 10 5 1  
Video rec. VMC - subjective point of view yes yes yes yes yes yes  
Video rec. VMC - objective point of view - - - - - yes  
Video rec. CMC - subjective point of view  - - - - - yes  
Video rec. CMC - objective point of view  - - - - - -  
Pictures - subjective point of view yes yes yes - - -  
Pictures - objective point of view - - yes yes yes yes  
Questionnaires - short time after event yes - yes - - yes  
Questionnaires - long time after event yes - - yes - -  
Interviews   yes yes yes - yes yes  
Reflective writing - hermeneutic process yes yes yes - yes yes  
          
Quantitative measurements         
Hypothesis testing and sampling yes yes yes yes yes yes  
Case study - building a model - yes yes yes yes yes  
Experimental installation  yes yes yes yes yes yes  
Quantitative data analysis  yes - - - - -  

 
Figure 10: Overview of experiments and methods. 

 

Questionnaires and interviews 

The development and use of proper questionnaires was difficult due to changing project 
goals over time. For example, at the first experiment two questionnaires were sent by 
email to a target group of 64 people just after the experiment and it was repeated half a 
year later. Only 32% replied (see paper 1, sections 4 and 5). The questions asked 
concerned visitors impressions, association and experiences. The questions were also 
formulated with the objective of collecting more specific details about the perception of 
communication method. In paper 3, a technological questionnaire connected to the 
development of a communication platform on the Internet was followed by a second 
questionnaire, similar to that in paper 1. The answering percentage was again low (22%), 
see paper 3, sections 2 and 3. Later, my studies became more focused on presence and 
presence research. A social presence questionnaire, paper and electronic version, was 
developed based on background and development publications (Witmer 1996). It was 
never used (see paper 5 and 6, section 2, primarily for of practical reasons and also 
because of the lack of quality controlled content. 
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Interviews, however, were carried out using many different methods. The interviews 
were mostly informal and not based on scientific principles. The interviews were 
documented by taking notes and some were recorded on video. 
 

Observation 

Hammersley and Atkinson (1995) indicate a scale from full observation to full 
participation, suggesting that there is a normal degree of each element in any fieldwork. 
The main task of this method is trying to interpret “what is really going on”. The 
observations were documented using video recording. The “shooting” of video recordings 
involved three different points of views: 

• Video recording of the multi-way communication.  
• Subjective point of view. 
• Objective point of view.  

 
To document the first viewpoint, video recording of the multi-way communication was 
carried out locally at each physical site of the connected spaces. The recording consisted 
of the received visual and auditory signals. The second viewpoint, the subjective one, was 
recorded by the user/participant using e.g. a handheld camera. The third viewpoint was 
objective recording, off-screen and without any active participation. 

4.3 The progress of the research work 

The research studies have been carried out during the years 1997-2002. The progress of 
the research and the use of methods are illustrated in figure 11. In this figure, I have also 
included the development of planning methods for production and design of test case 
studies in presence research. 
 

 

Paper 1 
 
The Cave 
Experience 

Paper 2 
 
Distance 
Learning 
applications 
across.. 

Paper 3 
 
Interaction 
between 
musicians and 
audience.. 

Paper 4 
 
New learning 
modes in 
synchronous.. 

Paper 5 
 
Synchrono
us virtual 
spaces.. 

Paper 6 
 
Presence 
production 
in virtual 
shared… 

Paper 7 
 
Video 
Mediated 
Com…. 

Communication quality 
Measuring methods 
 
What research methods are 
useful to evaluate 
communication application 
experiments – sense of 
physical and social presence? 
How… 
 

questionnaire, 
video 
recording 
observations 
and reflective 
writing 

 questionnaire, 
video 
recording, 
observations 
and reflective 
writing 

questionnaire, 
video recording, 
observations and 
reflective writing 

subjective 
improve 
methods, 
video 
recording 

observation, 
video 
recording, 
interviews 

 

Research Installations 
planning methods 
 
What methods may be used 
for planning a video mediated 
communication experiment? 
  

synopsis, 
prod-plan 

  synopsis and 
prod-plan 

interactive 
concept 
design 

  

Figure 11: Research and planning progress related to the included papers. 
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The process of production planning has been related to the production of presence. The 
methods used are based on experiences from film production but with the important 
difference of including interaction between geographically separated persons and the 
illusion of a dynamic manipulative environment. 

4.4 Context 

The experimental studies have been carried out using a range of different contexts. A 
variation of tasks have been set and the physical environments have varied from 
controlled laboratory settings to observations in places such as an old, cleaned-out 
nuclear reactor, class rooms, offices and sports halls. Except for the studies described in 
papers 1, 5, and 6, the users had an adapted and habituated relation to video technology 
by living and working with it. This has been taken into consideration as a factor when 
evaluating the results of the studies. 
  
The contexts that have been used in the “video conferencing” experiments are: 
 

• Artistic performance and emotional influence in a unique physical space, 
interactive concerts and opera with interaction from physically and non-physically 
present audiences (Paper 1). 

 
• Building a work community using a continuous “low tech” video mediated 

communication by desktop video and communication between visitors in a shared 
virtual “lobby” (Paper 2).  

 
• Creating work related communities supported by audio, video, and data to support 

a meeting point on the Internet between professional musicians and their future 
audience, building a concert based on material created by the audience itself 
(Paper 3). 

 
• Creating an experimental virtual laboratory for a large number of different 

contexts based on basic video conferencing applications (Paper 4). 
 

• Creating a shared virtual space supporting informal communication for learning in 
contexts such as dancing and music playing, focusing on the transparency of 
technology (Paper 5). 

 
• Creating a virtual space that supports eye-to-eye contact and the sharing of facial 

expressions, on top of a distributed computer generated virtual environment for 
exploring mathematics (Paper 6). 
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5. Results from the included papers 

The outcome from the questionnaires proved not to be the actual answers, but rather the 
mental process involved in formulating them. The test case studies in this thesis have 
been parts in a journey building hypotheses, performing experiments, doing observations, 
documenting, evaluating, publishing and doing new experiments based on revised 
hypotheses. The first focus area was to investigate the term “spaces” – both physical and 
non-physical (virtual) – connected to the experiences and sense of presence in selected 
groups of people. The second area was to investigate additional determinants of presence.  

5.1 Paper 1, The Cave Experience. 

Theme: People and bodies experiencing a sense of presence in a unique shared space 
with physical and non-physical components. 
 
The first investigation concerned the ability of a person to adapt to and perceive a kind of 
border between a physical and virtual reality, triggered by installations and performances 
in a large scale dedicated environment. The experiment used artistic expression in 
physical space of unique character. A thirty meter vertical underground staircase leading 
to an enclosed cathedral-like environment was used for a continuous ongoing per-
formance with hypermediacy as the form of artistic expression. The installation included 
live electro-acoustic music, light effects, laser sculpture, projected art, video-mediated 
visitors over the Internet, and an interactive theatre performance with public participation. 
The performance space was extended into virtual space through Internet connection and 
ISDN connections.  
 
The main goal of this first experiment was to investigate the effects of a multisensory, hy-
permediated environment on the experiences of the participants. We aimed at producing 
social and physical presence using a combination of presence creating technologies to 
achieve an illusion of non-mediation (Lombard and Ditton, 1997).  
 
The results of two interview studies carried out in two stages after the experiment indi-
cate that: 

• The participants’ emotional state was influenced by the physical entrance, the 
physical environment and the hypermediacy. 

• Participants were influenced by the company of others, both physically and non-
physically present, and the emotional reaction of most participants was intense.  

• The artistic installation generated a sense of being present in another “reality”, 
comparable to a concert hall, an art gallery, a church, or a laboratory. 

 
The results stress the importance of factors such as sensory breadth, interactivity, and 
company when generating feelings of reality. They also indicate that presentation and mis 
en scène is of great importance, also in tuning the individual preconditions of the 
participants, and that considerable effects can be achieved with simple technical means 
(Enlund 2000). 
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5.2. Paper 2, Distance learning application across multiple platforms 
and networks. 

Theme: Vividness and interactivity across different applications supporting a sense of 
presence and reality. 
 
The main goal of this test case study was to investigate interaction and interaction speed 
connected to the experienced sense of presence and reality in different video mediated 
technologies. The results of the studies indicate that software based desktop solutions 
were, at the time the study was made, in an early technological state because of limited 
processor capacity and bottlenecks in the LAN network. The frame size, the interaction 
speed, and the resolution in the individual sensory environment were so poor that it was 
hardly possible to sense either presence or reality. Still, in combination with ISDN-based 
full frame video conferencing technology, it was possible to achieve a very low level 
sense of presence in video mediated communication between geographical separated 
individuals. 
 
Another result of the investigation was the development of what was called “the Media 
Laboratory test model”, a tool for active narration and video documentation in shared 
virtual spaces. The three different examples of shared spaces referred to in paper 2 
illustrate the way the presence narration tool was used for interconnectivity across 
platforms and digital networks. A revised version of this interactive narration tool was 
used for the studies presented in papers 3, 4 and 5. 
 
The lack of adequate technical presence solutions described in this paper were solved 
some years later and today desktop solutions and more advanced presence technologies 
for combined LAN and ISDN communication are much closer to being a reliable 
professional technology for supporting presence from the perspective of interaction and 
vividness.  

5.3. Paper 3, Interaction between musicians and audience in a learning 
process on the Internet. 

Theme: Collaborative creation of music through Web interaction and live performances. 

In the Spindelvev@ project, a total of 4700 students at 36 secondary schools in Norway 
were invited to actively and interactively participate in a set of public multimedia per-
formances combining live music, projected images, light sculptures, and video clips. 
Each student was invited to submit in advance musical themes, poems, images and video 
sequences through the Web. 
 
The main goal of the project was to produce a performance and to evaluate the process of 
constructing a task space application on the Internet in order to support the communi-
cation of creative material and ideas between audiences and the performers of a planned 
physical face-to-face music concert.  
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In addition, a physical test-bed for such performances, using creative material from the 
Web, was developed and used at concerts with the objective of investigating determinants 
of presence production. This test-bed involved an audience split into two parts by a 
mountable screen where both groups could see and hear a similar performance on the 
screen but have different physical experiences. A video artist on one side of the screen 
and a musician/actor on the other side were interacting with one another through the 
audio and the visualization on the screen. Particular focus was directed on looping 
‘output’ of one half of the performance space as ‘input’ to the other half. The audience 
became an integral part of the experience. After 37 concerts, the organizers had become 
very experienced in using the ‘language’ of the installation.  
 
After some introductory experiments, concert performances were given where 
improvising musicians and video artists used the submitted material to create a multi-
sensory totality where the audience could recognize their own creative contributions. The 
audio parts of the performances were also digitally distributed over the Internet. 
 
Interview studies, carried out in two steps after the performances, show that the act of 
interactively participating in the creative process using distance techniques had the effect 
of increasing the audience’s emotional experience of the performances. Participatory 
creation led to feelings of group belonging, identification, collaborative control, and 
presence. The presentation and execution of the creative material as a live performance 
became the climax of what was a continuous creative process. It was found that the 
simultaneous use of multiple media elements combined with live stage performance 
created a very strong emotional experience. 

5.4 Paper 4, New learning modes in the production of presence – 
distance technique for education. 

Theme: Exploring various communication modes and content characteristics using 
presence technologies and narratives to support specific communication objectives.  

The main goal of these test case studies was to investigate co-presence (Ijsselsteijn and 
Harper, 2001) through a set of experiments on various communication modes in person 
and/or task spaces (Buxton, 1992), using simple technologies. 
 
A course in telepresence was developed in 1997 based on earlier experience. The course 
was further developed over the years, supported by research findings and literature 
studies. Between 1997 and 2002, more than 600 students in Norway and Sweden 
participated in this distance education course. The student project-based exams, the 
lectures, and the teacher support were used as a test bed for new developments. The 
course was in many ways a “meta”-course, using video mediated communication 
between Sweden and Norway to teach students about the main principles for producing 
video mediated presence.  
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The experiments are best summarized by some examples of the type of exam projects that 
the students did undertake: 
 

• Games, competitions, e.g., “Who wants to become a millionaire?” and “Bit by 
bit”, a game between two competing groups at a distance.  

• Instruction, e.g., concerning software education or support, origami, LEGO 
construction, guitar playing, card tricks, and computer work ergonomics. 

• Role play and ceremonies, e.g., court trials, weddings, and theatre. 
• Multipoint cooperation, e.g., controlling a building process and the collaborative 

composition of music. 
• Interactive information services, e.g., interactive TV news and travel agency 

services. 
 
The results of the experiments indicate that good storytelling, interaction and control 
helped achieve a transparency of the medium among the participants – the experience of 
the perceptual illusion of non-mediation defined as presence (Lombard and Ditton, 1997).  
 

5.5. Paper 5, Synchronous virtual spaces - transparent technology for 
producing a sense of presence at a distance. 

Theme: Transparent technology in communicative spaces. 

The main goal of this study was to investigate if a prototype application for the creation 
of synchronous communicative spaces could support a sense of co-presence and reality 
for shared task and person spaces with a high level of technological transparency.  
 
In an experiment concerned with participant perceptual illusion of non-mediation, two 
similar installations were connected through high speed interaction and repeated visual 
feedback for merging images of the remote participants with those physically present. 
Novice users were asked to act in different content contexts such as dancing, music 
playing, competitions, role-playing and social interaction. The installation was also tested 
with active narrative tools supporting shared computer generated task spaces and the 
possibility of adding video from remote visitors on other digital networks. The repeated 
feedback in the experimental installations was published on the Internet in real time.  
 
Interviews, observations, and analyses of the recorded material indicate that the vividness 
breadth was seen as relatively low, especially with regard to the visual system. The 
participants wished to have an enhanced mediation of gaze and facial expressions. The 
two-dimensional representation of the distant participants on the screen was found to be 
good enough for sharing symbolic gestures such as handshaking in the shared virtual 
reality. The participants explored the virtual space by testing its limits and they started 
quite intuitively to use the shared virtual space for storytelling. The virtual participants 
and the physical participants acted quite realistically from the point of view of the 
physical audience. Again, storytelling seems to compensate for deficiencies in the sen-
sory environment. 
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My subjective analysis of the synchronous virtual space installations supports the hypo-
thesis that use of quite simple technology can lead to a high degree of presence and 
reality at a distance. 

5.6. Paper 6, Presence production in a distributed shared virtual 
environment for exploring mathematics. 

 
Theme: Combining shared computer generated virtual environments and video mediated 
communication to support distance education. 
 
This experiment combined two separated shared virtual environments. Physically, a lec-
turer was located in Stockholm and the students in Uppsala. One shared virtual 
environment was a distributed computer generated environment with avatars and the 
other consisted of video mediated communication. The main goal of the experiment was 
to investigate whether students at a distance could adapt to the combination of presence 
in shared person spaces and shared virtual reality task spaces with avatars. Another goal 
was evaluate the quality of learning mathematics at a distance using this technology.  
 
The results indicate that the video mediated communication added an important element 
of social presence by communicating gestures and gazes between the participants. The 
results also show an increased use of informal talks which supported the more formal 
learning activities in the shared computer generated virtual environment. The students 
treated the avatars on the computer screen and the lecturer on the display in front of them 
as real persons and did not report any confusion in relating to more than one reality.  

5.7 Paper 7, Video Mediated Communication (VMC): Producing a 
sense of presence between individuals in a shared virtual reality. 

Theme: Factors determining presence 

This publication focuses on video mediated communication. The presentation of the 
paper itself was an experiment in video mediated communication. Two virtual presenters 
in Sweden and one physical presenter in Canada gave the presentation together syn-
chronously. The speaker in Canada used computer mediated communication on the 
Internet to produce continuous presence back to the co-presenters in Sweden. The 
presentation shifted between an ordinary lecture and a mediated and published dialog in a 
shared virtual space.  
 
The experiment confirms the importance of narration and planning for immersive experi-
ences when attempting to produce a sense of social presence.  
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5.8 Overview of research issues 

Figure 12 is a map of ten questions investigated in the included research papers. These 
questions cover the central issues of research concerning the determinants of presence.  
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Figure 12: A map of research questions and results generated from the investigations in the 
included papers. The arrows indicate a progressive shift and convergence of questions. 
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The ten questions in figure 12 may be grouped into 3 main categories of investigation and 
findings: Sensory environment, Content Characteristics and Individual Preconditions (in-
ternal factors) (figure 13).  
 

Questions number 1 2 3 4 5 6 7 8 9 10
Sensory environment – Space and Body X X X  X X     
Content Characteristics – Narration        X X X 
Individual preconditions       X    

Figure 13: Summary of research categories. 
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6. Analysis and discussion 

The findings described in the previous section indicate that we can identify a number of 
factors determining a sense of presence and reality. When producing presence, the ob-
jective should be to use the available factors in a consistent and optimized manner to 
support the chosen communication objectives.  
 
In this section, much attention is paid to the two factors “space” and “body”. An under-
standing of these variables is central for the understanding of how to enhance the sense of 
presence.  

6.1 A context map: Determinants of presence 

A ULM-type context map has been used to model the semantics of presence production 
and to visualize the relationships between the determining factors (figure 14). The model 
is based on theories presented in this thesis and it illustrates the main determinants of 
presence. The modeling process made use of the concept browser Conzilla10, which 
allows for the easy expansion and future development of the model.  
 
The research categories defined in figure 13 have been used as the basis for the con-
struction of the context map (figure 14). The categories have been re-grouped into five 
main concepts: 

• Space. 
• Body. 
• Sensory environment, technical and human. 
• Individual precondition – (Internal factors). 
• Narration cues – (Content characteristics). 

 
This map of determinants is only the top layer of a hierarchy of maps linked together in 
what could be called “a knowledge map of presence”. The intention is to publish these 
maps as an open source on the Internet, in order to give the possibility of linking to other 
resources, knowledge elements, and maps. 
 
The notation of the map reflects three basic kinds of ULM relationships. A triangle 
represents a generalization/specialization relationship (“kind of”), a diamond shape 
represents a whole/part relationship ("part of"), and an unbroken line represents an 
association relationship ("is related to"). Hence, in figure 14, presence factor is "part of" 
presence and a sensory environment is a "kind of" environment. See Naeve (2001b) for 
further explanations. 

                                                           
10 Conzilla is a knowledge management tool for the Internet developed by the KMR group and based on a 

process of modeling contexts by means of the Unified Modeling Language (UML). In this modeling, a 
“dialect” of UML, called ULM, was used (Naeve, 2000, 2004). See also http://www.conzilla.org/ 
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The narration concept consists of the event plane, i.e. what you sense, and the discourse 
plane, i.e. how you sense. The narration aim, i.e. why you choose particular storytelling 
elements, is related to the event plane and the discourse plane. The explicit question of 
why is important in presence production design.  
 

 
Figure 14: Context map: Determinants of presence. 

 
The individual factor is an entrance to the factors related to individual differences such as 
immersive tendencies, imagination, “suspension of disbelief”, emotional state, perceptual 
involvement, auditory involvement, and associative context. Individual factor is related 
to precondition and interaction. Individual interaction is connected to the event plane, 
i.e., what you see, referring to the sense of being together and interacting in a shared 
virtual reality. The environment factor is of a sensory type, related to the various types 
of sensory channels, such as auditory, visual, haptic, taste, smell, and body equilibrium 
systems, whose variables are shown as empty boxes. The number of (human) sensory 
channels refers to sensory channel breadth, and the quality or resolution of the sensory 
channels refers to sensory channel depth. Transparency is the entrance to an important 
factor when producing a mediated immersive experience: the transparency of the 
technology itself when achieving a sense of immersion and mental transportation. 
Interactivity is connected to the three factors of speed, range and mapping of the 
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interaction tools. Last but not least, the body factor and the space factor are sub-classed 
into, physical, extended, and mental. 
 
The main determinants will be explored and exemplified further in the following sections, 
with a focus on space and body. 

6.2 Spaces 

6.2.1 Space – introduction and definitions 

What is space?  
 
For Eugenè Minkowski, a prominent phenomenologist,”the essence of life is not a feeling 
of being, of existence, but a feeling of participation in a flowing onward, necessarily 
expressed in terms of time, and secondarily in terms of space (quoted in Stilgoe, 1994). 
 
Minkowski touches upon the central factors of space and time, connecting these variables 
to the essence of life and participation. Participation can be interpreted as “togetherness” 
or “company of others” and can be associated with the presence of other bodies, referred 
to by Lombard and Ditton (1997) as a determinant of social presence, a sense of together-
ness. Enlund (2004), on the other hand, defines his own research area of media tech-
nology as technology and methods for supporting human communication over distances 
in time and space. Comparing these two statements, the central elements of space and 
time are related to the essence of life and media technology supports human to human, or 
body to body, communication. Three elements can be seen as central to the essence of life 
and communication; time, space and human body, or embodiment of a human. Under-
standing virtual reality seems to involve the understanding of these elements and their 
representations in the human brain.  
 
The phenomenon of presence can be seen as the perceptual illusion of non-mediation. In 
phenomenological terms, presence research is the science of producing full technological 
transparency supporting human communication in time and space. 
 
Naeve (1997) defines space as the collection of all invertible changes, the undoable − 
expanding on ideas of Poincaré (1905). This definition is supported by observations from 
one of the test case studies (paper 5), were people communicating in two installations had 
problems in defining space. In the communicative space, the loop of projectors and 
cameras formed a flow of video extending toward infinity, see figure 15. On the empty 
screen, it was no longer possible to define spatiality since light was carried from camera 
to projector on to a new camera and a new projector and so on. The absence of space 
remained until an object was pulled back and forth in the on-screen space, causing the 
extended object to be seen on the local and remote screens, thereby breaking the illusion 
of non-space. The “invertible changes” of the moving object established a virtual space. 
The same experience was confirmed by introduction of other types of objects, such as 
bodies or a “virtual curtain”. A “virtual curtain” is an object mixed into the video loop, 
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containing various kinds of other objects such as projected real time computer mediated 
communications and multimedia on demand, see figure 15. 
 

 
Figure 15: The flow of light and the definition of space in the Communicative Spaces experiment 
(paper 5). 

 
Space may be seen as a physical environment that is perceived as having borders or 
edges. The term “out in space” has another dimension, a universe without limits. 
 
So, what then is space in the context of virtual reality and the sense of presence? In the 
cinema or in front of a television screen as well as in a Chinese shadow theatre or the 
“Laterna Magica”, space may be associated with a place for immersion into something 
beyond the limits of the physical space and body, a virtual space.  
 
In this thesis, the term space has been connected to three terms describing its different 
characteristics from a user point of view. These three terms are physical, extended, and 
mental space. 
 
The definitions below will be used in a model describing the shifting between spaces and 
bodies: 
 

Physical space. A physical space is a space perceived as real. 
 
Extended space. Extended space is space which may be transported using 
telecommunications technology and displayed or projected in geographically 
separated environments. Extended space may be mediated by camera sensors, fully 
generated by computers, or be combinations of these. 
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Mental space is an internal mental representation of a real or imagined space. It will 
not be discussed in detail here, although it is an exciting dimension of the perception 
of space. From the test case studies there are indications that geography may be 
memorized in the mind of the end user by viewing spaces outside the real-time 
communicative space, for example by showing a video of the physical journey to the 
room where the presence production is taking place. This observation is confirmed 
by film narration theories, e.g. (Arijon, 1995).  

6.2.2 Characteristics and shape of spaces  

To understand the function of space as a determinant of presence it is useful to look at the 
term space from two perspectives. Firstly, from the perspective of content characteristics, 
the functionality of the space, and the narration in it or with it, and secondly, from the 
perspective of sensory environment focusing on shape, size, borders, and edges in 
connection to camera framing, display, or projections. 
 
The case studies in this thesis investigate the space and the bodies sensed by camera 
sensors and the extension of physical or computer generated spaces, sometimes mixing a 
local physical body into another environment. Such spaces are often associated with 
words like interactive, distributed, synchronous, virtual, physical, and communicative – 
all of them referring to some type of activity extended from the original physical one. We 
all have an intuitive understanding of space, but the studies show space as a complex 
construct being very important for understanding the creation of presence and the process 
of planning for presence production. In fact, the most important and challenging research 
work was related to observing the shifts between experienced spaces, the shifting 
between physical, extended and mental spaces. 
 

 
Figure 16: The principles of video mediated shared virtual spaces. 
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Figure 16 illustrates the video mediated transportation of bodies into spaces. The body 
“A” is mediated and presented in the physical space of body “B” and vice versa. We may 
say that the extended body A is in space B and vice versa. When the users experience a 
high level of immersion, they can feel as being present together in a shared virtual space. 
 
This “mental transportation” can be one-way or two-way. An example of one-way 
extended body could be the virtual participation of one person in a meeting of several 
physical participants. The presence production should be based on the objectives of the 
communication, utilizing suitable combinations of the presence factors available. 
 

6.2.3 On-screen and off -screen spaces 

It is useful to build on narration theories from film and television as described in previous 
sections. Six off-screen spaces can be defined from a user point of view (Thompson, 
1978). These are: over, under, camera left, camera right, a hidden space within the frame, 
and the space behind the camera. The space behind the camera will in video mediated 
communication be perceived as the on-screen space at the remote site. Instead of the 
camera point of view as we orientate left and right, the participant can be the reference 
point relating to left and right facing the camera. Naming of spaces and orientation within 
them is illustrated in figure 17. I have chosen to use the terms “he space” and “she 
space”, and “she body” and “he body”. The on-screen camera space may be seen as a 
piece of a larger reality, with edges isolating it, building a new reality within the frame. 
Two on-screen spaces are shown in figure 17.  
 

 
Figure 17: Orientation and naming in video mediated spaces. 

 
The framing concept in movie theory becomes in video mediated communication a distri-
buted space for synchronous communication, interaction, and publishing. But the same 
possibilities for manipulation and use of narrative elements are available in the shared 
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virtual space. The use of manipulation tools was found to be an important determinant of 
presence, supporting the sense of presence and immersion in the medium. Knowledge of 
space and orientation also supports the production of presence. 

6.2.4 An observation from the Cave Experience 

During one of the test case studies, the Cave Experience (paper 1), people were observed 
walking in between the projector and the back projection screen (figure 18). They were 
then immersed in light that could be easily seen because of the use of a cracker spreading 
mist in the room. 

 
Figure 18: The projected space from the Cave Experience. 

 
The people tried to touch the light. At the same time, standing between projector and 
screen, they became shadow parts of the projected content, being observed by the 
audience. This may be seen as a physical body becoming part of a virtual narration of 
projected content. This happened in a physical environment were projection screens with 
different content could be perceived as “windows” into other realities. These observations 
were important for the later investigation of the convergence between physical, extended, 
and mental spaces. 
 

6.2.5 The manipulation of space and producing a sense of technology 
transparency 

Based on the observations and findings from the Cave Experience, the shadow space 
between the projector and the back projected screen was further investigated by installing 
a camera on the projector side, framing the screen and a light source on the audience side, 
and using a video mixer and computer processing between the camera and the projector 
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(paper 3). More than 30 performances were carried out with audiences surrounding the 
light sources and with camera framing on each side. By acting within the projected light 
and by manipulating the projections we investigated the narrative and interactive 
possibilities of the installation. The results were used in paper 5, discussing synchronous 
virtual spaces, where we connected two of the reconstructed performance installations 
described in paper 3 using fiber optic transmission with a delay of only 4 ms.  
 
This new installation provided the possibility of hiding the camera, thereby contributing 
to a sense of technology transparency both in the audience and among the performers. 

6.2.6 Communicative space, transparency, and “transportation”. 

 
Figure 19: Communicative spaces. 

 
In figure 19, the installations called communicative spaces are illustrated. A camera and a 
projector were positioned on each side of the two back projection screen. When a person 
walks in between the camera and the back projection screen, called the camera space, like 
the man to the right in figure 19, the camera sends the picture of the man in front of the 
screen through a narration tool to the projector behind the other back-projection screen. 
He appears on this geographically separated screen and is framed by the camera in front 
of it. This camera sends the picture of the screen back to the first screen and the man can 
see him self projected behind him. If another person walks into the other camera space, 
like the woman to the left in figure 19, they will see themselves together on the projected 
screens. The communicative space flow diagram in figure 15 illustrates the continuous 
flow of video and light between cameras and projectors. The virtual curtain on this flow 
diagram is one of many possibilities to add other elements into the loop such as a 
computer screen or just influence the flow of video in different ways using a mixer. Of 
course the light from the projector could also be influenced by walking in between the 
projector and the screen, in the shadow space.  
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In such an environment many interesting observation took place related to space. As 
described earlier in this chapter, when no one or nothing is in the loop it may be 
perceived by the observer as an absence of virtual space. The room is not seen as 
extended. But at the moment a person or an object appears on the screen, virtually from 
our point of view, our physical space may be observed as extended.  
 
The ability to scale bodies and objects by moving them away from the projection screen 
towards the camera in the camera space or the projector in the shadow space was one of 
many possibilities for manipulation in an extended space not available in the real physical 
space. Observations confirmed a fast learning process, especially among young people 
that rapidly took to using the possibilities for manipulation as an opportunity to create 
new forms of narration. We could observe users showing each other details from a song 
book by enlarging it when singing together in the shared virtual space.  
 
An interesting observation is that participants at different physical locations tend to 
intuitively wave their hands to say goodbye as they switch from extended video mediated 
virtual space to physical space even if the videoconferencing unit is still active and 
supporting continuous presence (papers 4 and 5). This is not a way that one normally 
would conclude a meeting in a shared physical space. Waving goodbye is something you 
typically do when the train carrying your friends leave the station or when a ship leaves 
the quay, i.e., when the physical spaces carrying the communicating bodies separate. In 
some way, the participants in the video mediated communication seem to experience a 
distance and a separation of extended spaces. This interesting phenomenon should be 
investigated further. 

6.3 Body 

6.3.1 Body – introduction and definitions 

What is a body in the context of virtual reality? In physical and virtual reality, a body is 
the representation of a person, a unique individual. The body in itself is a communicating 
object that can utilize its own rich language to express states of human emotion and many 
other matters that cannot easily be expressed by other forms of communication. The 
physical body is an “instrument” that communicates in a wide range of forms, from gaze 
and gestures in the region of the eyes to full motion, e.g., dancing. The body is also 
associated with a number of communicating attributes, such as clothing, colours, hair, 
make-up and other.  
 
The definitions below will be used in the following section in a model describing the 
shifting of attention between spaces and bodies: 
 

Physical body. A physical body is a body perceived as real based on evidence from 
our senses. 
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Extended body. An extended body is a physical body that is mediated, i.e., virtually 
transported using telecommunication technology and displayed or projected in a 
geographically separated environment. It represents the physical body in the same 
manner as an avatar can do. An extended body may be generated by camera sensors 
and other types of sensors. A video mediated extended body is more closely coupled 
to the physical body than a computer generated avatar. It can convey more elements 
of the actual body language and be more responsive to the communication situation. 
Of course, technical limitations, such as transmission speed and output devices 
greatly influence the perception of expressivity. It is also important to keep in mind 
that an extended body can be easily manipulated by digital processing. The 
manipulation can either distort or enhance the communication or experience. 
 
Mental body. A mental body is an internal mental representation of a real or 
imagined body. It will not be discussed in detail here, although it is an exciting 
dimension of the perception of bodies as well as a key element in our conscientious-
ness. We all form mental images of the world as well as our own body as well as of 
those of absent or present persons. Observations from our studies show that, having 
formed mental self-images mainly based on mirror images, users feel a need to 
adjust to picture-in-picture images of themselves in video conferencing situations. 
Image size, scaling, and the lack of an accurate physical frame of reference make it 
difficult to form accurate mental body images using video mediation. “I thought you 
would be much taller” is a common remark when meeting someone physically that 
you have seen previously only as an extended body.  

6.3.2 The representation of and relationships between the physical and 
extended body 

In virtual reality research, the concept of embodiment has been related to various design 
issues (Benford et al., 1995b). The functionality of an extended body in the form of an 
avatar has been seen as something that does not necessarily enhance collaborative work 
(Jää-Aro, 2004). However, the studies in this thesis indicate that body representation and 
the use of body language enhance the sense of presence in mediated communication. In 
the experiments in this thesis, several different representations of extended mediated 
bodies and social body relationships were tried out, from full motion, life size body 
representations to small bandwidth, small size, close-up body representations updated 
only a few frames per second, as well as computer generated avatars in shared virtual 
reality environments. Each one of the experiments and installations was found to have 
different qualities related to the kind of tasks to be performed or to the objectives of the 
communication. It is impossible to distinguish between good and bad embodiment with-
out keeping the objective of the communication in mind. In all the case studies, however, 
the extended body was a central factor in the production of a sense of presence.  
 
The sensory modalities supported by video mediated communication are vision and hear-
ing. The virtual embodiment of the participants in the studies has mostly been achieved 
using a camera sensor device, although in CyberMath, paper 6, the extended body in the 
computer generated virtual reality space was represented by an avatar. 
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Extended bodies may form relationships and perform symbolic actions, such as touching, 
playing, and dancing together in a shared space. The forms of interaction are dependent 
on the expressivity possibilities of the extended bodies in representing body language. 
The use of body language in the case studies provided important cues to what factors can 
enhance the sense of social presence and transportation. These observations are con-
firmed by the studies of Reeves and Nass (1996), where people are shown to treat com-
puters and mediated bodies as real persons. A symbolic kiss between two physically 
separated extended bodies was found to be perceived as having the same significance as a 
real kiss by the participants (papers 4 and 7). In the same manner, a virtual handshake 
was seen to have the same importance and validity as a handshake between two physical 
bodies (paper 5), despite the absence of skin contact and force feedback. This is 
reminiscent of the findings of Schneider (2000) that virtual infidelity and affairs among 
cybersex users are often just as painful, if not more painful, for their partners than 
traditional types of affairs. 
 
Thus, the findings in this thesis seem consistent with the theories of Short et al. (1976) 
and Witmer and Singer (1998).  

6.3.3 Different types of body representation 

The way we perceive the representation of a mediated body, the extended body, was 
found to be an important factor in achieving a sense of social presence. The main findings 
from the studies can be summarised as follows: 
 

 
Figure 20: The extended user see himself in a picture-in-picture, PiP, down to the left. 

 
In figure 20, the picture in picture system (PIP) – the perception of oneself in a square 
frame on a videoconferencing screen – attracted user attention away from eye contact 
with the remote participants and thereby reduced the sense of presence and togetherness. 
Since the remote user does not see the PIP, there is no common shared space, or “we 
space”.  
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Figure 21: Continuous presence in a virtual portal, combining graphics and extended 

workspaces. 

 
In figure 21, video mediated extended bodies with low picture resolution and quality 
(vividness), low frame rate, a transmission delay larger than 100 ms, and small image 
formats (120 x 160) suffered from a reduction in the sense of presence although the 
content characteristics seemed to compensate for the technological deficiencies. The 
video from the extended workspaces in figure 21 had a frame rate of 1-4 frames per 
second and the picture quality was low resolution black and white. The extended spaces 
were all different and placed into square “isolated boxes” by the program (paper 2).  
 

 
Figure 22: A computer generated shared virtual reality environment. 

 
Figure 22 illustrates a computer generated shared virtual reality environment consisting 
of three geographically separated video mediated extended spaces. The three groups of 
participants are the interpreter seen as a video on the wall, the two participants in front of 
her speaking different languages, and “us” on the other side of the table, not to be seen in 
the picture. The computer generated environment increased the sense of presence and 
reality. The picture is from one of the telepresence courses using color-keying 
technology.  
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Figure 23: Two examples of shared task spaces. 

 
Shared tasks and shared task spaces (see figure 23) seemed to increase the sense of 
presence using both small computer screens and full screen video (papers 3, 4, 5, and 6). 
The picture to the left is illustrating a shared game playing environment created using 
colour key technology during a telepresence course given simultaneously in Sweden and 
Norway. To the right, we see an extended singer performing with two physical musicians 
in a communicative space installation.  

 

 
Figure 24: Three bodies together. One of them is embodied as a shadow. 

 
In a situation where full video could not be used, the projection of shadows of bodies 
(figure 24) seemed to add value in achieving a sense of presence in comparison with an 
audio-only communication between the participants (paper 5). A shadow image can be 
transmitted using low bandwidth. 
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Figure 25: Dancers in a learning situation (paper5). 

 
Low transmission delay (latency), less than 4 ms, between the extended bodies in a 
shared virtual space increased the sense of presence to such a level that musicians could 
improvise jazz music together and dancers could perform together (paper 5). Figure 25 
illustrates a video documented learning situation with two dancers, one physical (right) 
and one extended (left). They both dance in a communicative space installation (figure 15 
and 19). In situation 1, they have started to dance. In situation 2, something goes wrong. 
In situation 3, they talk and agree upon how to solve the problem. In situation 4, they 
succeed in doing the parallel dance performance together. 
 
When working on a common task, extended bodies in more than one shared virtual space 
with different characteristics seem to be perceived as complementary, mutually sup-
porting forms of presence (paper 6). 
 
The choice of display technology, image format, and positioning of an extended body in a 
physical environment seem to be important factors related to the remote participant’s 
sense of presence and reality. The projection of an extended body often attracts more 
attention than the physical bodies present in a meeting. 

6.4 Moving in space 

In a mediated communication situation, the attention of the participants and the tasks 
performed will dynamically shift between different perceptions of space and bodies. To 
illustrate these shiftings, figure 26 shows a sequence of interactions and shifts during part 
of an experimental lecture involving physical and extended bodies and spaces.  
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Figure 26: A sequence of interactions in the CyberMath experimental lecture that involved 

physical and extended bodies and spaces (from paper 6). 
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It shows an interaction sequence inside an avatar-based computer generated virtual 
learning environment that has been augmented by a video mediated communication 
system in order to enhance the experience of presence by enabling representation of facial 
expression (paper 6). The figure combines a context map similar to figure 14 with a 
sequential diagram of the UML type. This way of combining static and dynamic 
modeling is a feature of the ULM technique (Naeve 1997, Naeve 1999, Naeve 2001a, 
Naeve 2001b). 
 
The example has been drawn from an interesting observation described in paper 6: 
 

After the planned lecture something interesting happened which we had not prepared for in our 
experiment. The students discovered how to take the heads off their avatars, which produced roaring 
laughter and established a relaxed and informal atmosphere. 
 
The participants then started to mingle and this turned the formal lecture mode into a social interaction 
mode. When the students were relieved of their learning roles, they became much more talkative and 
dared to express themselves verbally in a way that they did not do before. During the formal lecture, 
the students were repeatedly asked if they had any questions, but they did not come up with any 
questions at all. But during the spontaneous conversation, several questions came up, including one 
that was not related to the original lecture, but concerned an installation in another part of the 
exhibition hall. This triggered an improvised lecture on the topic of solar energy.  
 
This event clearly showed the importance of informal social interaction as a means of establishing trust 
and supporting quality of communication in virtual learning environments.” 

 
Figure 27 illustrates the spaces and bodies involved. The spaces were two video mediated 
physical spaces and one shared computer mediated virtual reality space with avatars. The 
virtual reality environment platform used is called DIVE (Carlsson and Hagsand, 1993a, 
1993b) and the mathematics learning application built on top of it is called CyberMath 
(Taxén and Naeve, 2001). 
 

 
Figure 27: The spaces and bodies involved in the CyberMath experiment (Paper 6). 
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The following five steps of action are described in the vertical timeline of figure 26: 
 

1) The teacher asks the participants in group 1 (G1) for their names. 
2) The teacher asks the participants in group 2 (G2) for their names. 
3) The teacher describes and demonstrates a mathematics structure inside 

CyberMath. 
4) The students communicate with each other in their physical space (P), while 

playing with their avatar (A) embodiments. 
5) A student – teacher dialog takes place. 

 
With respect to presence production in this learning environment, there are several 
relevant spaces: the “teacher space”, two “learner spaces” and the “together space” inside 
the distributed shared virtual reality environment. The learners are split into two groups, 
G1 and G2, and the corresponding bodies are divided into extended (E) and physical (P) 
ones. The video mediated spaces are also divided into extended (E) and physical (P) 
spaces. The extended teacher body and the two groups of extended learner (E) bodies 
have been split into two more extensions, the avatar (A) and the video mediated facial 
projection (F) of the physical body. 
 
The facial extended teacher appears in his extended space on a projection screen in front 
of the learners and is seen by the physical teacher, as a picture in picture (PiP) on the 
teacher’s monitor. At the same time, the extended participants in group one appears in 
their extended space, the teacher’s monitor. Soon after, they appear in “together space”, a 
computer generated environment on separate computer screens, and are “seen and heard” 
by the physical teacher on one side and the two physical learner groups on the other side. 
 
The facial extended teacher asks: “What is your name?” At this moment, a process of 
trust building starts. The extended learners in group one reply “Pelle and Stina”. The 
physical teacher does a “camera treatment” in the physical space of the learners. The 
camera is remotely controlled and the framing is adjusted to show group two. Group one 
“disappears” from their extended space and group two appears in their extended space. 
The extended learners in group two reply “Ole and Maria”.  
 
The extended teacher avatar describes and demonstrates mathematical objects in the 
computer generated “together space” and these are (hopefully) understood by the physical 
learners in groups one and two. After the lecture, the physical learner groups one and two 
agree to play with the avatars11. Physical learner group one decapitates the extended 
teacher avatar. “Laughter” occurs. An informal lecture is initiated in the “together space”. 
 
The idea of a time line within a context map must be further developed and analyzed. In 
this context, it was found useful for the recognition and analysis of the complex shifting 
of attention between the different spaces and bodies. 

                                                           
11 In an early beta version of the CyberMath it was possible to grab the heads of the avatars of others and 
twist their bodies. 
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6.5 Other determinants of presence 

6.5.1 Time – length of exposure – “living with it” 

There are observations concerning differences in usage between experienced users of 
videoconferencing units and average users (Holtham and Knudsen, 2001). The average 
use of conference units was contrasted by the innovative educational uses of the 
technology, both in-office and classroom. The conclusion was that a small amount of new 
technology and a large amount of new skills were required to achieve better quality of 
communication. These skills may be related to the understanding of the complex uses of 
different determinants of presence such as the sensory environment but most of all, the 
key may be the time required to discover and understand the relationships between space, 
body and narration referred to in the previous section. The experienced user who has been 
exposed to this form of communication and has internalized the necessary skills uses the 
technology in an intuitive manner. 
 
Another determinant of presence concerns how well the users of the systems know each 
other. Relationships already established, either in physical space and body or through 
extended contact in a virtual environment, may be easily maintained and developed also 
in mediated communication using only “poor” media technology. In contrast, totally new 
relationships and the initial trust building processes seem to require a richer flow of 
perceptual cues and a technology transparency that gives an illusion of non-mediation. 
This has been confirmed by observations in the case studies in this thesis. 
 
There have been no indications of a reduced sense of presence and reality due to too 
much or too long exposure to video mediated communication, as has been reported in 
virtual reality environments (Cartwright, 1994). The only reported negative experiences 
of long time exposure is a feeling of “loneliness” and “mental fatigue after a long time of 
concentration”. 

6.5.2 Sensory environment – technology factors 

Two of the main factors determining the sensory environment in mediated communi-
cation are vividness and interactivity (Steuer, 1992). 
 
Vividness is the representational richness of a mediated environment as defined by its 
formal features, that is, the way in which an environment presents information to the 
senses (Lombard and Ditton, 1997).  
 
The stimulus driven variables (Rafaeli, 1988) in the cases studies have mainly been 
auditory and visual. Standard television technology and computer monitors with cathode 
ray tubes (CRT) were used in the experiments. The RGB projectors were of standard type 
with normal resolution. The reproduction quality of the projectors was changing dramati-
cally during the experimental period because of new technical developments. The pro-
jectors were mostly used for back projection onto a special plastic back projection screen. 
The quality of the cameras also developed during the period. Most of the cameras were of 
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the one-chip type, except the one used in paper 5 which was a professional 3-CCD 
camera. The audio technology was also of standard studio type. The light sources varied 
from home lights to studio lights with an exact color temperature12.  
 
Thus, the achievable vividness was limited by the technology used. Still, technology 
transparency was experienced and observed.  
 
Interactivity has been defined as the extent to which users can participate in modifying 
the form and content of the mediated environment in real time (Lombard, 1997). This 
also includes interactivity between extended bodies in virtual environment. In my 
experiments, the delay of the signal transmission back and forth varied from some 
hundreds of milliseconds down to approximately 4 ms, using fiber optics and no 
intermediate computers. These variations in speed of interactivity between the users in a 
video mediated communication can be seen as both a limitation and a possibility. One 
possibility when having a longer delay, used in the experiments in papers 3 and 5, is to 
use this auditory and visual perception of an “echo” as an element of storytelling and 
expression, e.g., a dancer, dancing in her/his own echo or drum players finding the 
delayed “beat of the Internet”. Still, time-dependent real time activity, e.g., playing music 
together, normally requires a speed of interactivity at the level of a few milliseconds. 
However, the findings from the experiments indicate that there are many possible forms 
of communication modes that can successfully be supported in spite of a low speed of 
interactivity. 
 
The range of interactivity, defined as the number of possibilities for action at any given 
time, varied between the experiments, depending on the characteristics of the content. In 
some experiments, the participants could use a video mixer to select and switch between 
various video sources, e.g., computers, video recorders and cameras, thereby manipu-
lating the extended bodies and spaces. The mixers were also used for chroma-key effects, 
such as removing a color in the image and replacing it with another video source. This 
was used for transporting extended bodies into a shared virtual space, a “together space”. 
Participants could also control camera treatment, both locally and remotely.  
 
Mapping, the ability of the systems to map physical participant actions onto actions 
within the mediated environment and affect change (Steuer, 1992), was found to cor-
respond to real-life experience both when using video communication technology and in 
the distributed computer generated virtual reality.  
 
Steuer (1992) suggests a classification of various media technologies with respect to the 
variables vividness and interactivity. In his work, “teleconference” (a term assigned to 
technology predecessing today’s videoconferencing) is assigned somewhat more than a 
medium level of vividness and an interactivity rating between medium and high – one of 
the non-fictional media that receive the highest ratings on both scales. An extremely 
“hot” medium (designed to maximize vividness) may actually decrease the ability of the 
user to interact in real time, because of limitations in the brain’s cognitive capacity 

                                                           
12 Tungsten halogen light sources of 3200 Kelvin, standard television production light. 
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(McLuhan 1964). The experiments described in this thesis never “overloaded” the brain 
with sensory inputs as the vividness was limited.  

6.5.3 Content characteristics 

The storytelling elements in video mediated communication and presence production can 
be divided into the following categories (Foss, 1992): 

• The elements belonging to the plane of events. 
• The elements belonging to the plane of discourse. 
• The motivation and argumentation of using the elements in connection with 

different communication modes and skills. 
 
On the plane of events, what you see and hear in connection to how you yourself are 
acting in the shared virtual space has many storytelling possibilities, irrespectively of the 
limitations of framing, interactivity and vividness. The elements on the plane of events 
can be subdivided into the following groups: 

• Real sound. 
• Real music. 
• Dialog. 
• Physical appearance. 
• Acting. 
• Costume and make-up. 
• Setting. 
• Props. 
• Time. 
• Weather. 
• Extended body relation and/or physical relation. 
• Movement. 

 
On the plane of discourse, how you see and hear in connection to how you yourself are 
acting and interacting in the shared virtual space, also provides many storytelling pos-
sibilities. The elements on the plane of discourse can be subdivided into the following 
groups: 

• Sound effects. 
• Off-screen music. 
• Commentary. 
• Format. 
• Composition – framing qualities. 
• Focal distance. 
• Size of shot. 
• Camera angle. 
• Camera movement. 
• Colour or monochrome. 
• Artificial light. 
• Compression algorithms. 
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• Special visual effects. 
• Editing and cutting between sources. 
• Titles and texts. 
• Interaction using one or more media. 

 
The motivation and argumentation for using these elements as means of expression can 
be categorized in the following groups: 

• Realistic. 
• Dramatic. 
• Thematic. 
• Lyric. 
• Comic. 
• Externally motivated. 

 
An externally motivated use of storytelling elements means that the elements are used 
“just by accident” and without any coherent planning and design. Storytelling elements 
should be selected and combined in different ways according to the objectives of the 
communication and the characteristics of the medium. The skills of selecting and using 
storytelling elements can be learned. In most of my experiments, new experiences led to 
the use of new sets of storytelling elements and thereby to new forms of narration and 
expression. 
 
An example of the use of storytelling concepts in video mediated communication is the 
following: “A realistically motivated use of real sound on the plane of events could be to 
hear the real voice of the actual extended bodies. Likewise, a realistically motivated use 
of camera angle on the plane of discourse could be to place the camera at the level of the 
eyes of the extended participant.”  

6.5.4 Individual preconditions – internal factors 

The individual preconditions of participants in mediated communication processes are 
factors that cannot be controlled in presence production. Possibly, individuals can be 
categorized demographically with regard to their abilities to adapt to new technology and 
experience technology transparency. 
 
Younger users seem to act more uninhibitedly in public extended spaces than older 
people. In the experiments in paper 5, when seeing their virtual representation, the older 
participants reacted spontaneously by stepping back from the on-screen space. By mov-
ing into the “safer” off-screen space, they felt that they regained control of their body. In 
contrast, the younger people, belonging to the “television generation”, seemed to interact 
with their extended bodies without complications.  
 
There were also indications of increased sensitivity connected to the entrance into the 
spaces used for the experiments (paper 1). The feeling of anticipation tuned the individual 
preconditions. 
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6.6 Perception 

Video images fail to provide all the cues necessary for a truly convincing perceptual 
illusion. Biocca (1992) considers video and film as simulated visual spaces adding 
another level to our sense of presence. Two of the many differences between video imag-
es and physical experiences are the lack of perception of different perspectives and the 
lack of changes in viewpoint when moving our physical head (Gibson, 1979). The pro-
jection screen or display was in a fixed position in all of the experiments in this thesis. 
 
In video mediated communication, each eye sees the same scene without “stereoscopic 
vision”, i.e., binocular parallax. This is why many immersive virtual reality displays are 
head-mounted. Head-mounted devices, on the other hand, cover the face and limit the use 
of interpersonal cues like gaze and gestures that are important for trust building.  
 
In video communication, motion and motion related depth cues, especially passive 
motion parallax cues, give us a sense of the depth of a scene (Gibson, Olum and Rosen-
blatt, 1955). Camera movements cause stationary objects to slide across the screen in a 
manner that is directly proportional their distance to the camera. The perceptual system of 
the “film and television generation” has evolved (naturally and gradually developed) to 
use this type of cues along with motion cues to separate the distances of objects in the 
video scene (Hochberg, 1986).  
 
In my experiments we have observed how participants in video mediated communication 
situations intuitively adjust their interactions to their perception of an implicit third 
dimension in a two-dimensional projection (papers 4 and 5). 
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7. Conclusions 

 
In this thesis, test case studies have been carried out and analyzed in order to investigate 
the factors determining the production of a sense of presence and reality in video 
mediated communication.  
 
The conclusions may be summarized as follows:  

 
• Knowledge about physical and extended spaces and bodies and of the shifting of 

attention between these are important in presence production. 
• Well planned design of physical and virtual spaces enhances the sense of 

presence.  
• Coherent design and production of mediated embodiment can enhance the sense 

of presence. 
• Conscious use of content characteristics, e.g., good storytelling, can enhance the 

sense of presence. 
• Different communication modes need the support of different combinations of 

presence production factors. 
• Even technically poorly mediated communication may support a sense of 

presence and reality if the storytelling is good. 
• The human sensory environment should be supported by a sense of non-

mediation, technological transparency, on the plane of discourse. 
• The results indicate that individual differences influence the sense of presence and 

reality.  
 
The perception of video mediated communication evolves as people become daily users. 
People seem to intuitively begin to interpret new types of mediated cues, adding what is 
missing in comparison to a real time physical communication experience.  
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8. Future perspectives 

Presence research has accelerated during the past few years, supported by EU founded 
research projects. The development of methodology, new models and theories is still in 
its infancy. Presence production in telecommunication should aim at producing trust 
between people in the same manner as face-to-face communication does. In the process 
of building trust, rich media, such as video mediated communication becomes an 
important tool.  
  
“The increasingly social nature of interfaces and the increase in mediated 
communication with non-human entities (avatars, embodied agents), it become 
abundantly clear that we need to develop a deeper understanding, both in theory and in 
practice, of how people interact with each other and virtual others through 
communication media. The experiences of social presence within different contexts and 
through different applications thus become a concept of central importance.” 
- IJsselsteijn W. and Harper B., 2001. 
        
“We’re bringing audiences together globally and erasing space and time barriers”, 
“We had fun trading off ideas. There were moments we really felt like a quartet.”  
- Vo, K., 2004a, 2004b.  
 
This last statements triggered by the 2004 presence research experiment (see figure 28), 
connecting two performance spaces with musicians and audiences between the Learning 
Laboratories at Stanford University and Royal Institute of Technology (KTH). The con-
clusions from this test so far confirm that the physical and extended musicians and 
audiences were experiencing presence and togetherness. 
  

 
Figure 28: Communicative Performance Space (COPS) project 2004. 
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Hopefully, this thesis will contribute to the understanding of mediated presence and its 
production. The future will tell if the next generation of connected people will know how 
to erase space and time barriers and be able to “live and act” in both physical and virtual 
realities. 
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