
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
   

Computer-Supported Cooperative Work and 
Embodied Social Interaction 

 
 
 

(HS-IKI-MD-04-005) 
 
 

Cindy Nilsson  
(a00cinni@student.his.se) 

 
School of Humanities and Informatics 

University of Skövde, Box 408 
S-54128 Skövde, SWEDEN 

 
Supervisors: Tom Ziemke, Tarja Susi  



 

 
Submitted to the University of Skövde as a dissertation towards the degree M.Sc. by 

examination and dissertation at the School of Humanities and Informatics. 
 

September 2004 
 

I hereby certify that all material, which is not my own work in  
this dissertation, has been identified and that no work is included for which a  

degree has already been conferred on me. 
 

 
 
 

____________________ 
Cindy Nilsson 



 

Abstract 
 

Research in Computer-Supported Cooperative Work (CSCW) has identified a gap – the, so 

called, social-technical gap – between the wide range of human social interactions that CSCW 

ideally should support and what current technology actually does support. At the same time 

recent work in cognitive science and CSCW has begun to elucidate the multifarious roles that 

the body plays in cognitive processes as well as many forms of social interaction, e.g. 

gestures, pointing, eye-contact and bodily mimicry. The aim of this dissertation has been to 

analyse to what degree different aspects of embodied social interaction are supported by 

different types of synchronous, remote location CSCW technology, and to develop 

recommendations for future development concerning aspects of embodiment. For this 

purpose, a number of crucial aspects of embodied social interaction have been identified and 

about twenty CSCW systems – both research prototypes and commercial systems – have been 

analysed with respects to how well they support these different aspects. The analysis shows 

that most CSCW systems only support a very limited range of aspects of embodied social 

interaction. 

 

Key-words: computer-supported cooperative work, video conferences, electronic meeting 

rooms, virtual collaborative environments, embodied social interaction. 
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1. Introduction   
 
In this introductory a brief overview of the area of Computer-Supported Cooperative 
Work (CSCW) will be given. Since the aim of the thesis concerns aspects of 
embodiment in CSCW technology development, a short introduction to research on 
embodied cognition and social embodiment will also be provided. Furthermore, the 
problem area will be defined, the aims of this dissertation and the objectives will be 
explained and, finally, an outline will be presented.  
 
Researchers in the social sciences as well as computer and information science have 
worked together for many years, trying to produce information systems that support 
human organisation and needs. The challenge of understanding how human and 
technical aspects come together in computer systems is now an extensive area, but 
nevertheless still in its beginning as an academic area of research (Bowker, Turner, 
Leigh Star & Gasser, 1997), and so is CSCW. 
 
CSCW is today a large field of both research and practical use. CSCW is concerned 
with “software that is designed to run over a network and support activities of a 
group or an organisation” (Olson & Olson, 2003, p. 584). This includes support for 
all kinds of group sizes from two people up to large organisations. CSCW research is 
concerned with ways of designing systems which can consist of people and computer 
systems that intensely affect the way of working (Greif, 1988). Groupware1 also 
provides more flexibility for work conducted over different geographical and 
temporal settings, which has also led to the emergence of new forms of organisation 
(Olson & Olson, 2003). Groupware is not only technology, but also collaborative 
technology, effecting how people communicate with each other, the way people work 
and eventually the structure of the organisation. Groupware could moreover be 
considered as people, according to Coleman (1995), but also a tool that people use.  
 
Nowadays companies can have business headquarters in one country, research and 
development in different ones, manufacturing in yet others and customers over the 
whole world. An essential factor in globalisation is to have better and cheaper 
communicational possibilities (Bursky, 2002). The development of CSCW 
technology can offer great opportunities for companies and organisations. When a 
group of people congregate to cooperate their potentialities are increased compared to 
individual work, since groups enables specialisation with greater value. 
Communication technology as, for example, e-mail, computer conferencing systems 
and electronic bulletin boards can also help to coordinate people with different 
knowledge and skills (Malone & Rockhart, 1994). CSCW can support people who 
have connections in some way or work together, not only to work at remote locations 
in the same country but also to expand internationally. Consider, for instance, the 
opportunities that e-mail has offered. It is quick, cheap and efficient to send an e-mail 

                                                   
1 The terms groupware and CSCW sometime have different, but similar denotations in the literature and 
hence will here be used more or less interchangeably. 
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anywhere in the world. E-mail does not only offer the opportunity of sending 
messages, making announcements, having discussions but also to attach large 
documents, drawings, pictures, film clips etc. It is also possible to use chat systems to 
have real-time, usually text-based discussions with persons located principally 
anywhere in the whole world. The only equipment that is really required is a 
computer, a network connection and some type of software or webpage that allow the 
discussions to take place. 
 
Groupware like, for instance, video conferences, virtual collaborative environments, 
shared applications, meeting rooms and electronic whiteboards are other types of 
systems that can be used to collaborate from different physical locations but in real-
time. This type of technology can also be termed as synchronous, remote location 
CSCW systems. These systems can, furthermore, provide great advantages since they 
imply that neither of the participants has to move or travel to meet and conduct 
collaborative work. It is then possible to, for example, have discussions, hold 
meetings, perform or listen to presentations, carry out brainstorming sessions, 
manipulate shared objects and text, share documents, exchange large amounts of data 
and much more even if collaborators are located in completely different places. This 
type of communication technology is, according to Bursky (2002), also used by 
doctors to, for example, view or even participate in operations performed at remote 
locations or to perform remote diagnosis.  
 
There might be many advantages with CSCW, but there is also still a wide variety of 
problems (Olson & Olson, 2003). Emelo and Francis (2002), for example, claimed 
that computers represent a great dilemma. They have the advantage that they can 
connect us to information and people around the world, but at the same time they also 
inhibit human social interaction and isolate us from each other. CSCW systems are, 
furthermore far away from complete. For example, the replication of the dexterity 
potentialities of human hands, the sensory technology, response time and 
communication speed are still not sufficient and need to be improved (Bursky, 2002).  
 
There are also important challenges and open research issues concerning how to 
design groupware and what effect they have on single users, groups and organisations 
(Olson & Olson, 2003). According to Caroll (2003), CSCW technology will be 
broadly available in a soon future, and when it becomes further deployed in society, 
more cognitive issues will need to be focused on. If CSCW technology becomes a 
part of society and something that people are dependent on it is even more important 
to be aware of how to design the systems to support people in the most prominent 
ways. Robertson (2002) argued that to support real workplace activity 
phenomenological approaches must be used to understand the cooperative work and 
the design of technology to support it. According to Robertson (2002), it is the 
experience of the users that is important to understand in order to make technology 
usable.  
 
To enable people to cooperate through different physical spaces the corporeality of 
human cognition also is important (Robertson, 2000). It has, furthermore, been stated 
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that there is a gap, the so called social-technical gap between social requirements of 
CSCW and its technical mechanisms. Exploring and understanding this gap is 
considered to be a central challenge for CSCW (Ackerman, 2000). It might, for 
instance, also be problematic in CSCW systems to see and interpret gestures, get a 
natural flow in conversations, get a mutual understanding of shared objects and use 
our body as we normally do during face-to-face interaction with other people. Bursky 
(2002) claimed that even if there are many advantages with communication 
technologies they leave people with a feeling of being disconnected or not really 
present. He believes this is due to the lack of aspects associated with meetings, of 
physical contact and the capability to read body language, whether interpreted right or 
wrong. Emelo and Francis (2002) also stressed that remote computer-mediated 
communication can cause confusion and anxiety for collaborators, since the cues of 
how they normally would communicate are missing. Those cues are the human 
communication through tone of voice and body language. 
 
When two people or a group of people are interacting information is not only 
mediated through what is being said, but also through what is not being said; the 
subtext. The subtext can consolidate, enrich and strengthen what is being said, but 
also contradict and break it. The subtext is a combination of different factors in every 
type of interaction. It is, for example, the participants’ body language, postures, hand 
movements and eye contact. It can also be how the space between the people is used, 
the ability to instigate the body contact at the right moment, how we use our voice 
and how it is interpreted (Fast, 1991).  
 
When people are not in the same physical space, they can not hear each other speak, 
see each other, manipulate or observe the same objects, or perceive the place where 
others are or what they are doing. According to Robertson (1997), that is a fact of 
human embodiment. Our own body is perceivable both to ourselves but also by 
others. Being in a shared physical space enables a lived body both to see and be seen, 
touch and be touched, produce sounds and be heard, and finally both to move and 
reorient its perspective. It is also possible to intersect over these different sensory 
modes by, for instance, hearing or seeing both itself and others moving, touching and 
being touched. Robertson (1997) stressed that interaction between people can not 
occur when they are physically separated since there are no perceptual assets 
explicitly available and possible to share between them. A potential way to allow the 
interaction to take place even when people are at physically separated places is by 
technology. Technology can be used to support and mediate the interaction by 
offering a common basis for creating a mutual meaning. CSCW technology can 
mediate information between arbitrary places, but it is far from apparent, what 
information that is needed (Robertson, 1997).  
 
Individual participants performing cooperative activities are always acting in their 
respective local physical space, which is also a fact of human embodiment. 
Technology can support or make some actions possible and others it will not enable. 
The actions will, however, take place in the individual’s local physical environment. 
The individual actions must be accessible to other participants’ perception for whom 
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the action can be relevant, in order to contribute to activities of the group. The actions 
must also be represented and mediated by the virtual environment (Robertson, 2002). 
The mutual perception of collaborating participants’ embodied actions are something 
that must be supported, mediated and enabled by CSCW technology (Robertson, 
2000). Robertson (2002) also claimed that it is the cultural skills that allow 
collaboration to take place in virtual worlds. The cultural skills are in turn always 
embodied perceptual skills and by perception our bodies can submerge themselves in 
the lived world, independently of what the world is made of.  
 
Cassell, Bickmore, Vilhjálmsson and Yan (2001) claimed that our bodies provide the 
use of particular communication protocols in face-to-face communication which 
offers a more abundant and robust channel of communication than any other existing 
medium does. Gestures, gaze, intonation and body posture, are important for many 
communicational functions to work appropriately. Conversation initiation and 
termination, turn-taking, interruption handling, feedback and error correction are 
examples of conversation functions that facilitate the interchange of multiple levels of 
information in real-time. Small variations in these effects can extensively change the 
interpretation of what is being said. Embodiment offers a wide variety of behaviours 
that together with verbal language accomplishes a communicative function (Cassell et 
al., 2001). 
   
Researchers have different opinions about the importance of the body in cognition. 
Some researchers and disciplines consider the human body as very essential for 
several purposes and some do not think it is important to consider the significance of 
it at all. This thesis will mostly be focused on theories that do consider the body to be 
essential in, for example, thinking, learning, experiencing, reasoning, for activities, 
both individual for cognitive processes and social interactions.  
 
Within theories of embodied cognition the body is considered to be central. It is, for 
example, stated that the body’s interaction with the world is essential to cognitive 
processes (Wilson, 2002; Clark, 1997). Barsalou et al. (2003) also pointed out that 
during the years many discoveries in social cognition have concerned embodiment. It 
has turned out that the body is involved in social interactions and in many ways 
essential in social information processing. It is not only the verbal communication 
that is of importance, but also postures, arm movements and facial expressions as 
well as non-communicative bodily states that occur during social interaction.  
 
Theories of embodied cognition and social embodiment are highly relevant to CSCW, 
since many of the problems and challenges within synchronous, remote location 
CSCW systems seem to be caused by the limited ability of using and perceiving states 
of the body that humans normally do during social interaction. Despite the 
importance of, for example, body language and gestures in social interaction that is 
something largely neglected in research on and development of CSCW technology. 
Even if there is a certain awareness of the importance of bodily aspects within the 
area of CSCW, there are no unified and explicitly expressed theories concerning what 
aspects of embodiment are actually essential for collaboration through groupware. 
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CSCW and social embodiment do not seem to have been discussed together to any 
further extent before. This gives an indication about the importance of explaining 
some of the problems within CSCW with help from facts about social embodiment. 
Consequently it should be important to take those considerations into account when 
designing and conducting research about CSCW.  
 
The first aim with this thesis is to analyse to what degree different aspects of 
embodied social interaction are supported by different types of synchronous, remote 
location CSCW technology. The reason for focusing on synchronous remote location 
applications is that they are the type of CSCW systems that are most affected by 
bodily aspects. They are more affected by aspects of embodiment since they are 
intended to be used in real-time and be an alternative to face-to-face collaboration and 
interaction. The second aim will be to develop recommendations for future CSCW 
technology development concerning aspects of embodiment. These recommendations 
will be developed with consideration to the aspects of embodiment that, based on the 
analysis, turn out to be important, and of what systems that provide support to what 
aspects of embodiment and characteristics that provide the support.   
 
This should be relevant since more research about cognition is needed within CSCW. 
It should also be essential since many of the problems seem to be connected with the 
restricted ability to use gestures and perceive facial expressions for instance. Theories 
of social embodiment can presumably explain why bodily states are important to 
human cognition and thereby why it should be important to take into consideration 
within real-time CSCW.  
 
To attain the aim a literature study will be used to approach the problem. The 
literature that will be at the centre of attention is about CSCW, embodied cognition 
and social embodiment. What types of aspects of embodied social interaction that are 
important to be able to collaborate through real-time CSCW will then be analysed. 
Furthermore the functionality of some contemporary CSCW systems with respect to 
social embodiment will be analysed. The next step will be to examine what types of 
tasks within CSCW that gives support to what kind of social embodiment. Then what 
is missing between the two areas i.e. what types of social embodiment that is not 
supported by current CSCW technology, will also be identified. In the following 
background the concept of CSCW will be explained and then a brief history of how 
the area came up will be presented. The most common types of CSCW systems, what 
characterise them and what problems as well as benefits they imply will then be 
described. There will also be a section where embodied cognition, embodied actions, 
social embodiment and gestures are briefly introduced. The reason for only being able 
to introduce these subjects in broad outlines is that they are so complex and 
convoluted that it would require at least a book for each of them to do them justice. In 
Chapter 3 some representative CSCW applications intended to be used in real-time at 
remote locations are presented. Different examples of video conference systems, 
meeting rooms, collaborative virtual environments and social presence systems are 
the types of systems brought up in the chapter. In Chapter 4 aspects of embodiment 
significant for CSCW systems for real-time remote collaboration will be identified.  
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The systems brought up in Chapter 3 will also be analysed with respect to these 
aspects of embodiment. Finally there will be a summary, where the most important 
results are reviewed and some conclusive statements made in the chapter. In the last 
chapter the results, and the importance of aspects of embodied social interaction 
within CSCW development are discussed and some suggestions made for future 
research in the area.    
 



 

7 

 2. Background 
 
In the following chapter CSCW, in particular its history and different types of CSCW 
systems are described. Then some general problems with CSCW will be presented, 
including the central issue of awareness and the social-technical gap. Finally the 
framework of embodied cognition, embodied actions, social embodiment and 
gestures will be elucidated.  

2.1 Computer-Supported Cooperative Work 
 
This section will provide an overview of the history of CSCW, how the research area 
developed and what different disciplines have contributed to it. Subsequently 
different definitions will be presented to give a more complete picture of what CSCW 
is, both as a research area and what the practical use of it involves. Different types of 
CSCW systems will be presented after that, and finally some central research issues 
and general problems.  
 

2.1.1 History and definition of CSCW  

 
CSCW emerged from research and development activity of group work supported by 
computers. Research of this kind was carried out (and still is) in many different 
scientific areas such as sociology, anthropology, psychology, computer science, 
human factors, management science and organisation design (Wilson, 1994). 
According to Grief (1988), the area has a history going back to the late 1940s, when 
the communication technologies emerged and got concerned with problem solving 
and decision making.  
 
Wilson (1994) however argued that it all started in the late 1960s, but increased in the 
1980s when personal computers became more common. In 1984 there was a 
workshop for the area of joint interest in how people work together and how 
technology could support them. In this workshop the term CSCW was invented, to 
have a common name for their interest (Grudin, 1994). The different words alone in 
the name CSCW did not have particular denotations but it was a short way of talking 
of “a set of concerns about supporting multiple individuals working together with 
computer systems” (Wilson, 1994, p. 2). The first international CSCW conference 
was then held in 1986 and was considered very successful. Since then there have been 
many succeeding conferences. 
 
Grudin (1991) held that CSCW is differently approached by different people. Some 
have a focus on large organisational systems and user organisations, while others 
focus on single-user applications. The reason for different approaches can be a 
consequence of the different areas of research that contribute to CSCW. Grudin 
(1991) mentioned the difference between technologists and behavioural as well as 
social scientists. Those who usually develop small systems might have overcome the 
technical problems but have not yet faced the social and organisational problems that 
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are essential for successful groupware. On the other hand, people that develop large 
systems might have solved the technological issues but not the non-technical factors 
that also have an impact on the usability of systems.  
 
The purpose of CSCW is to support both face-to-face and geographically separated 
cooperation, but also to support both real-time and asynchronous cooperation 
(Wilson, 1994). In other words, the activities can take place when the participants are 
at the same or different place at the same or different time. The geographical factor 
and the time factor can be combined in different combinations (se, figure 1). The 
figure also contains some examples of various types of CSCW. The examples could 
also be placed in different fields in the matrix, and sometimes in more than one, 
depending on how they are used in the collaboration. The issue of how to categorise 
CSCW systems will be discussed further when the different types of CSCW are 
described. The matrix is labelled and drawn differently by different authors. The 
horizontal axis can be referred to as time axis and is often divided into asynchronous 
(different time) and synchronous (same time), while the vertical axis as the location 
axis is typically divided into local (same place) and remote (different place).  
 

 
 
 
 
Wilson (1991 in Blackler, 1994) also asserted that the aim of CSCW can be to 
support both face-to-face groups and groups that do not work on the same place at the 
same time. The concept of CSCW can include, for example, message systems, 
computer conference systems, procedure processing systems, calendar systems, 
shared filing systems, co-authoring systems, screen sharing systems, group decision 
support systems and advanced meeting and team development tools. This can involve 
multimedia systems with voice, video, databases, electronic mail, videoconferencing, 
group interfaces etc. (Wilson, 1991 in Blackler, 1994).  
 
Greif (1988), on the other hand, argued that simple e-mail can not be considered as 
CSCW. Electronic mail is designed for person-to-person messaging that might be sent 

 

Same Time Different Time 

Same Place 

Different Place  Video conferences, 
virtual collaborative 
environments, video 
wall & chat. 

Meeting rooms, 
electronic whiteboards, 
shared editors & PCs etc 

E-mail & 
bulletin boards 

E-mail & 
bulletin boards 

Figure 1:  Matrix of Geographic factor and Time factor  
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to a group of people by mailing lists and thereby supports some group situations. She 
claimed that it is not really adapted to support the work of a group and therefore 
should not count as CSCW. Computer conferencing systems, on the other hand, can 
be more related to CSCW since a shared database of messages is used. But since the 
goal is not really to support a group in their work when building something together, 
it can not fully be accounted to the category.  Common software and group software 
often have a strong connection. But in domain-specific CSCW systems information 
about group processes, speech acts, roles, working relationships, collaboration, 
coordination and people related aspects are included in the software (Greif, 1988).  
 
There are many different ways of categorising and defining CSCW and so far there is 
no unified way. According to Wilson (1994), CSCW could be regarded as four 
human categories and four main technology categories. The first human category is 
individual aspects, which concerns the way humans communicate and accomplish 
their work. This is important, according to Wilson, (1994) since the particular way in 
which a person performs an action or a task affects the contribution the person makes 
to cooperation. It is also essential since the human factors are relevant to the user 
interface design. The second category is organisational aspects, which concerns the 
way groups are structured and managed. Examples of organisational aspects which 
are of importance within CSCW are the way organisational information is presented 
to the user, how the organisation is structured and how changes are managed. The 
group work design aspect is another human category which includes analysis of the 
collaborative work and design approaches to CSCW. It is also important in this 
category to involve the user in the analysis and design process. The last human 
category is the group dynamic aspects, which concerns understanding of how users 
cooperate, group performance and the behaviour of people in the group (Wilson, 
1994).  
 
The four technology categories identified by Wilson (1994) are communication 
systems, shared work space facilities, shared information facilities and group activity 
support facilities. Communication systems include tools like telephone, e-mail and 
desktop videoconferencing, but do not offer structure or further support of 
communication or for the task. An example of shared work space facilities is an 
electronic whiteboard that can provide copies of what is written. The category implies 
an area which can be viewed by two or more participants that can also use the area as 
workspace. The shared information facilities allow two or more users to access, 
arrange, store and manipulate common information. An example of this category 
might be a database or hypertext. The task of the last category, the shared activity 
support facilities is to enable support to specific work tasks as, for example, software 
development or brainstorming. The different categories are not mutually exclusive, 
but can be combinations of several parts of categories (Wilson, 1994). 
 
Dix, Finlay, Aboud and Beale (2004) presented a somewhat different way of 
classifying groupware. They call one category computer-mediated communication 
that is supporting direct communication between people. Another type is referred to 
as meeting decision support systems that capture a common understanding. The third 
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category is shared applications and artefacts, which is to support the users’ 
interaction with shared artefacts of work. This categorisation also indicates that a 
system can include more than one of these functions and that there is a relationship 
between them.   
 
Personal computers made many collaborative applications possible in the 1980s but 
nowadays there are even more computerised options available. Laptops, personal 
digital assistants, wearables and multifunctional cell phones for instance, offer new 
opportunities for individuals to cooperate in their work (Olson & Olson, 2003).  
 
There are many different types of groupware systems that can be considered as 
CSCW, with their respective benefits and problems. Different researchers, designers 
and developers have somewhat separated opinions considering what types of 
groupware systems that could be considered as CSCW. The next section will be 
devoted to giving an overview of the types of systems described as the most common 
CSCW systems in the literature. 

2.2 Different types of CSCW systems 
 
Since there are so many different types of CSCW systems only the most common 
ones will be described here briefly. To begin with a short introduction to e-mail and 
chat will be given. The types of systems in focus in this overview are video 
conferences, meeting rooms and virtual collaborative meetings, and will therefore be 
described more detailed. The reason for this focus is also that these types of real-time 
or synchronous CSCW systems are the ones that are likely to be affected by the social 
embodiment effects since social embodiment also occurs in real-time. Groupware not 
used in real-time is presumably not affected by social embodiment, since it is not 
possible for the users to see any parts of each others bodies.  
 

2.2.1 E-mail and chat 

 
One of the most common examples which is also considered to be the most successful 
groupware is e-mail. In terms of the place/time matrix e-mail can be asynchronous 
and remote as well as asynchronous and local, since an e-mail is usually sent from 
one person and not received until at least a few minutes later by another person at the 
same place or at remote place. Research has indicated that the use of e-mail effects 
how people communicate and behave in organisations. It also changes the social 
structure of who talks to whom, influences decisions and the tone of what is said and 
how it is interpreted. The fact that the senders of a message do not have to meet face-
to-face with the receiver can result in that shy people, for example, find it easier to 
express themselves. It can also result in that the tone in the message is interpreted as 
negative or harsh since the receiver can not see the facial expressions of the sender. 
There is furthermore a risk that e-mail is used for other purposes than the intended 
work to be supported, or that there is an overflow of information (Olson & Olson, 
2003).  
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Another way of communicating between remote areas is chat. In chat systems short 
comments and questions can easily be sent between two or more participants. If the 
chat system is really good, it can be compared to a common conversation. One might 
expect that it would be hard to follow the conversation if there are many participants 
involved, but people generally do not have this problem. Something that makes it 
easier is that people add conversational cues like names of persons or topics (Olson & 
Olson, 2003). Chat systems can be used in real-time, but traditional systems in this 
category are usually only text-based and do not involve any bodily interaction unless 
there is a video connection. Systems that include any kind of video connection will 
instead be discussed in the following section. 
 

2.2.2 Video conferences  

  
One of the most difficult work situations to support is meetings performed in real-
time at distant locations. One of the most common ways to do this is by video 
conferencing (Olson & Olson, 2003). The term video conferencing has been used to 
describe a variety of different facilities. It is used most frequently though to refer to 
rooms provided with cameras and communication equipment. A group of people can 
get together in a room of that type and carry out meetings with groups on the other 
side of the world if required. There can also be people at more than two different 
locations conversing with each other or conducting meetings (Daly-Jones, Monk and 
Watts, 1998). According to Paul and Beyer (2002) video conferences and application 
sharing (which will be discussed further in the next subsection) are usual ways for to 
cooperation from remote places. They also stated that studies have provided evidence 
that video conferences and application sharing have improved efficiency in teams by 
for instance reducing travelling, providing quicker and more efficient error detection, 
providing information when and where it is needed, making understanding of 
problems easier, and finding solutions to problems. 
 
There is much new and advanced technology to support video and audio 
communication over internet protocols. It is still time consuming and confusing 
though to set up a connection between meetings that include more than two divisions. 
It is important that the audio quality is good to give clues about who is talking and 
whose turn it is next. If the sound is delayed it is difficult to obtain a natural flow of 
conversation. Another important quality is that the members of the meeting have the 
ability to share objects, essential to the conversation.  Examples of these kinds of 
conversationally important objects are the agenda, to-do list, drafts of proposals etc. 
There is usually an object camera in video conferencing tools that allows the 
participants to show papers or PowerPoint slides to the rest of the group. There is also 
technology available to handle digital objects that permit the users to share the screen 
or operation of the actual application (Olson & Olson, 2003).   
 
It has been shown that even if the quality of the work conducted by video conferences 
was good, the participants felt less satisfied with the process of the meeting and its 
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outcome (Olson & Olson, 2003). Jouppi (2002) stressed that current video 
conferencing tools do not replace business travel to any further extent since such 
technologies are not immersive. There can be aspects of physical business travel that 
can contribute to making the experience of remote locations immersive. Some of 
those aspects are; wide visual field, high resolution visual field, making eye contact, 
users’ experience each other in natural size2, colours need to be perceived 
accurately, high-dynamic range audio, directional sound, the ability to move around 
at the remote location and to manipulate remote objects. Users of traditional video 
conferencing usually only have access to a single camera position, which can not 
provide the same view as normal human vision does and prevents eye-contact. The 
sound on video conferences furthermore does not provide any directional cues and the 
dynamic range is limited. Experiments have, according to Jouppi (2002), also 
indicated that presenting users in normal size enhances the immersion for other users, 
interacting with them. The mobility at a remote location is essential, since it makes 
casual meetings possible. The casual meetings have turned out to be crucial for 
effective collaboration communication and innovation. Common working places are 
often planned to support these kinds of casual meetings, by providing areas for open 
seating and informal meetings (Jouppi, 2002).  
 
Dix et al. (2004) claimed that the small auditory delay that usually occurs in video 
conferences interferes with the conversation and the poor visual quality makes it 
difficult to interpret facial expressions and gestures, which in turn inferiors the 
meeting process of video conferences. It is also difficult to make eye contact with 
participants of video conferences, since the camera is usually too far away (Olson & 
Olson, 2003). Even if the camera is placed just above the monitor the participants will 
perceive each other as looking downwards (Dix et al., 2004). Vertegaal, Weevers, 
Sohn and Cheung (2003) stated that earlier research suggested that making eye 
contact with each other during a video conference is very essential for turn taking in 
speech, i.e. to know who the next speaker in a group discussion is. The majority of 
video conference systems does not support eye-contact appropriately and similar to 
real face-to-face eye-contact. Since a single camera usually is placed on top of a 
screen it causes a visual parallax (Vertegaal et al., 2003).  
 
A way to overcome this problem when there are more than two participants involved 
and represented on the screen is to use multiple cameras for each participant. That 
solution does not provide any assurance for accurate eye-contact though and using 
multiple cameras for each participant also requires a huge amount of video 
connections (Vertegaal et al., 2003). For an accurate one-to-one conversation it is 
possible to apply a technique called video tunnel, which is done by using a half-
silvered mirror. The camera can then view the participants as if they were in the 
middle of the screen (Dix et al., 2004).  
 
It has also been concluded, according to Daly-Jones et al. (1998), that video 
conferences do not offer all the same advantages as face-to-face meetings do. Low-

                                                   
2 Natural size means that people or objects subtend the same horizontal and vertical angles when they are 
seen from a remote place as if  they where physically present in the same position (Jouppi, 2002) 
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quality video can obstruct communication to the extent that it is better to use just 
high-quality sound. Video conferences may also hinder people from getting to know 
each other, estimate each others’ competency, etc., which is very essential in “real” 
cooperation. Another problem with video conferences pointed out by Dix et al. (2004) 
is the small field of view of a television camera, and the size and quality of the 
resulting image. It is also problematic to decide whether to view the whole body, the 
torso and the face or just the face. Daly-Jones et al. (1998) claimed that other studies 
have shown that it may be better to view both head and shoulders instead of just the 
face, since it might improve the communication.  
 
When there are more than two participants in the conference it is even more 
problematic since the image may become too small to see the body gestures of the 
speaker. Gestures are one of the most difficult things to catch in a video conference, 
since it might be hard to interpret the colleagues’ gestures for the speaker. For 
example, it might not be easy to see if someone nods in agreement or is falling asleep 
(Dix et al., 2004). The usual way of holding a video conference with people at more 
than two different locations is to divide each video monitor in, for example, four 
quadrants, where three of the images are of people at remote locations and the fourth 
an image of oneself. This makes it arduous to discover when the other participants 
shift their visual attention to you or someone else. When more participants are 
involved it might also complicate the understanding of turn taking in the conversation 
and monitoring of understanding and attention (Daly-Jones et al., 1998).  
 
Daly-Jones et al. (1998) stressed the importance of auditory and visual information 
when it is mediated by communication technology. When people interact in some 
way the first thing that needs to be done is to identify someone to talk to and to 
establish contact with that person. Initiation of this contact may be done either by 
auditory behaviour such as greetings, knocking and requests or by using visual 
resources such as eye gaze, bodily orientation or gestures. To be able to communicate 
both the sender and the receiver of a message or of information must use either these 
visual or auditory resources. Other studies have, according to Daly-Jones et al. 
(1998), pointed out the particular importance of visual cues in this stage of 
communication. When there are more that two participants the visual information 
becomes even more essential. Visual and auditory information also provides support 
for coordinating turns at talk. That information can, for instance be, gaze, gestures, 
bodily orientation, auditory cues of patterns in speech, structural regularities and 
pauses, restarts, and hesitations in conversation (Daly-Jones et al., 1998).  
 
Understanding and attention are other important issues for communication. A speaker 
usually seeks for evidence that the conversation partner understands and pays 
attention to what is spoken. One way of confirming that is by eye gaze, since 
knowing what someone is looking at is a vital indication for what they are attending 
to (Daly-Jones et al., 1998). Facial expressions, gestures and body postures are also 
relevant cues for being able to monitor the level of attention, attitude and response of 
conversation partners (Argyle, 1969 in Daly-Jones et al., 1998).  
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The auditory information in form of appropriate answers and utterances from the 
people listening is also important to the speaker for being able to monitor 
understanding and attention. Furthermore head shakes, nods and vocal utterances as 
“yes I see” or “Uh-hm” are also essential cues for understanding and attention (Daly-
Jones et al., 1998). Daly-Jones et al. (1998) also pointed out that another way of 
communicating is by referring to shared artefacts. Pointing at a to-do list on a 
whiteboard, referring to a shared document are examples of where the artefacts 
become an essential part of the conversation. Hutchins and Klausen (1991 in Daly-
Jones et al., 1998) advocated that artefacts used in cooperative tasks permit people to 
externalise their thought processes which allow them to share their thoughts with 
others. The deictic role also has an essential role both visually and auditory for being 
able to share artefacts. The visual information has to do with shared visual artefacts, 
physical pointing, gaze awareness and the auditory with deictic terms like “that”, 
“this”, “he”, “she” (Daly-Jones et al., 1998). Olson and Olson (2003) claimed that 
there are many details to find out about what really matters to video conferences to 
make them more spontaneous and flowing.   
 
Something that is missed by video conferences and remote collaboration in general, 
are the spontaneous meetings that occur, e.g., in the coffee room or in the hall, i.e. the 
social presence is “missed” at distance (Dix et al., 2004). Jouppi (2002) stated that 
discussions in the hallways and during excursions, for instance, often are an essential 
success factor of conferences and offsites. This factor is connected with the ability to 
move around at remote places which was mentioned earlier as preventing immersion. 
According to Dix, et al. (2004) there has been several attempts to create this social 
presence at a distance. One example of an attempt is the video window or video wall, 
which is like a large television screen set up at a remote place. It is supposed to work 
like a window that allows people at different places to talk to each other, and see what 
is done at the other place. The problem with this technique is that people move 
around a lot more than they would in a common video conference which makes the 
problems of camera position even harder. It is also possible for one colleague to move 
out of the picture and still be able to see someone at the remote place which becomes 
a lack of reciprocity. The video wall also implies problems with the sound, even if it 
is possible to use speakers that filter out unwanted noise. The problem is that there 
will be an extended lack of privacy since it is not of use to just move closer and lower 
the voice (Dix et al., 2004). Other types of groupware are meeting rooms and shared 
applications which will be discussed in next section. 

 

2.2.3 Meeting rooms and shared applications 

 
Meeting rooms can be rooms designed to assist groups of between four and thirty 
participants. The rooms are usually equipped with a large screen at one end of the 
room that can be considered as an electronic whiteboard. The participants have their 
own terminals which are placed so that all participants can see the big screen. The 
terminals may be immersed into the tabletop to decrease their visual effect. The most 
common situation is that all participants have the same image viewed on their own 
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screen as the one viewed on the big screen. The case when all participants can see the 
same thing is termed WYSIWIS (´what you see is what I see´) in CSCW literature. 
Meeting rooms can support many forms of work as, for instance, private use of the 
terminals and subgroups working through teleconferencing or by e-mail (Dix et al., 
2004). Rodriguez and Favela (2001) claimed that even though meeting rooms can be 
differently designed, there are some basic compositions that must be met. They must, 
for example, contain one computer, connected to a network, controlled by a common 
server for each participant. Printers, audio-visual support like, for instance, electronic 
boards, video cameras and video projector are also required in an electronic meeting 
room. 
 
According to Rodriguez and Favela (2001), there are some common types of 
electronic meeting systems. Five of them are; local decision meeting room, local 
classroom, distributed classroom, technical review room and remote presentation 
room. In a local decision meeting room participants get together at the same place and 
at the same time to discuss specific topics. A local classroom proffers interaction in a 
classroom by using technologies, which improve the general quality and 
communication for the students. Distributed classrooms function as an electronic 
classroom that offers virtual groups present in other buildings or campuses to 
participate. The technical review room is constructed to support evaluation of 
software engineering projects. The participants can be located both at the same place 
and at remote places. They can then use the electronic room system to discuss and 
exchange ideas about their common work. The last type of electronic meeting room, 
described by Rodriguez and Favela (2001), is the remote presentation room used to 
conduct presentations for a remotely located audience. This type of room does not 
offer the participants to interact since it is only a one way communication.  
 
The function electronic whiteboards has been developed to imitate people’s 
choreography when using a real whiteboard. Electronic whiteboards have been used 
both for meetings at different locations and meetings at the same place (Olson & 
Olson, 2003). Groups often use whiteboards in meetings to offer a shared visual 
surface, where working materials can be presented and the mutual context 
maintained. There are, for instance, so called, pen-based systems that enable the users 
to scrawl and gesture on wall-size display (Moran, van Melle & Chiu, 1998). The 
electronic whiteboard is similar to a real whiteboard on which all participants can 
write. There are some other benefits with the electronic form though, according to 
Dix et al. (2004). It is, for example, easy for participants to move their computer files 
to the whiteboard, move the items around and also get a printout of the version. This 
is beneficial since much work today is prepared online and since it offers more 
functionality compared to a common whiteboard (Dix et al., 2004). It is also possible 
to make the meetings more effective by using an electronic whiteboard. Features, 
facilitated that can make the meetings more effective are, for instance, the possibility 
to get a representation of previous work, categorise objects due to the manipulation 
abilities, spatially arrange items and annotations into regions, colouring selected items 
and mix handwritten annotations with other textual material (Moran et al., 1998).  
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Something that can be problematic with electronic whiteboards is that participants 
might write at the same time which will be confusing both to the system and to the 
participants. This problem can be reduced by a lock which is activated when someone 
starts to draw and prevents the others from drawing at the same time. Another 
problem is that the participants might not be able to see each other. Deictic references 
like “here”, “there” and “that” might be really hard to interpret for the participants in 
that case. However, it possible to support the deictic references by using a group 
pointer which, looks like an icon visible on all screens. The pointer will nevertheless, 
still lead to the same problem as with turn taking in writing. These problems appear 
both when the participants are at the same place and when they are at remote places 
(Dix et al., 2004).  
 
In the case of remote places additional problems be will faced. For instance an audio 
link and probably a video wall as well will be needed. The computer networks may 
then cause delays of sound and image as in the case of video conferences, but also 
with the delay of what is written at the moment. To make the electronic whiteboard 
more realistic there have been attempts to enable the participants to write by hand 
directly on large screens, by using a camera and arrangements of mirrors. It is then 
possible to see both your own writing and other participants’ writing. One potential 
problem with this solution is that other participants writing will appear less distinct 
because of the dissolution of the TV image. There may also be problems with 
parallax since ones own writing is on the outer surface of the screen and the projected 
image on the inside.  Another possibility offered is that you can see shadowy images 
of the other users hand and bodies. This works quite well if there is only two users, 
but can be problematic with several users’ that may appear as ghosts walking on to 
each other (Dix et al., 2004). The problem with interpreting facial expressions will 
probably still remain, since the images are not very clear.  
 
According to Dix et al. (2004), it is not only applications especially developed for 
collaboration that are in focus in CSCW. It can also, for example, include shared 
PCs, where two or more computers function as one. The keystrokes and mouse 
movements are monitored and sent to all computers in the working group and treated 
by the application as coming from one keyboard and one mouse. This is almost the 
same principle as the in the meeting room, but it does not require any special 
application and the whiteboard is not included. A lock can be used in this case as well 
to prevent the users from writing on the same screen area at the same time.  
 
Another possibility is to use the function of shared editors that are text based or 
include graphics. In that way the users can see both their own screen and other 
collaborators’ screens side by side. The problems are the same as mentioned with the 
applications above, i.e. that difficulties arise when participants writes at the same time 
or scrolls at the same time. It is also problematic when users refer to text for instance 
since it might not be the same as the other user is viewing at the moment, or that the 
text is being changed by another user at the same time. A shared cursor or a group 
pointer might be used to direct the user’s attention the same way. But it does not 
solve the problem completely anyway since participants will point with their fingers 
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and use indexical terms when they are at separate places. These types of collaboration 
tools may also be used both at the same working place at the same time, and together 
with video or telephone connections at remote places but same time (Dix et al., 2004).  
 
Other ways of sharing applications are by shared electronic diaries or group 
calendars. If each person in an organisation uses the same electronic calendar to fill in 
their activities it enables the system to search for free slots when a meeting is to be 
arranged. A problem with this type of system is that it is hard to keep them up to date 
since people might forget to update them and also choose not to declare private 
activities (Dix et al., 2004). Another problem, stated by Olson and Olson (2003) is 
that the individual puts effort into recording his/her activities while someone else 
benefits from it. This problem was also declared by Grudin (1988) and will be further 
described later. Since these types of systems are not affected by social embodiment 
they will not be discussed any further in this dissertation.   
 
Systems that are indirectly affected by social embodiment are virtual collaborative 
environments, which will be described in the following section. They are only 
indirectly effected by embodiment since these types of systems usually do not 
visualise any parts of the users’ actual body, but only a kind of representation of it. 
 

2.2.4 Virtual Collaborative Environments 

 
Virtual Collaborative Environments3 (VCE) emerged from research on both virtual 
reality and CSCW. The existing single-user virtual reality technology was extended to 
support several participants. Multiplayer games and simulators like Doom and Quake 
where participants often are physically dispersed and communicate over a computer 
network also contributed to the emergence of collaborative virtual environments 
(Benford, Greenhalgh, Rodden, Pycock, 2001). 
 
A virtual collaborative environment could, according to Dix et al. (2004), be seen as 
an attempt to imitate as much as possible of the real world, which permits the 
participants to use their past knowledge about social skills and the real world. Virtual 
reality is nowadays being used to allow people to meet in the virtual world or space 
(Dix et al., 2004). Benford et al. (2001) claimed that virtual collaborative 
environments characterise technology that may support some aspects of social 
interaction within CSCW. The social interaction is not yet fully supported by 
technologies such as audio conferences, video conferences and shared desktop 
applications (Benford et al., 2001). Ibister, Nakanishi, Ishida and Nass (2000) 
asserted that it is getting more and more common that people meet for the first time 
through a computer interface. The possibility is a remarkable advantage but also a big 
challenge, since virtual meeting places usually not offer much socially important 
context for exploring common grounds with other participants. It is usually difficult 

                                                   
3 Virtual Collaborative Environments are sometimes also referred to as Collaborative Virtual Environments 
but since there does not seem to be any differences in their denotations they will be interchangeably used 
henceforth.  
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for participants to presuppose information about, for example, each others cultural 
backgrounds, group characters and other aspects of social characteristics 
 
The role of the physical space has turned out to be essential for social interaction, 
supporting peripheral awareness and sharing artefacts. Virtual collaborative 
environments can also enable support for crowded online situations when up to a 
hundred people dynamically can form subgroups and connect socially. Examples of 
this can be virtual trading floors, shopping malls and crush halls. Another possibility 
offered by VCE is that participants can discuss and manipulate 3D models and 
visualisations. The participants can also take on their own viewpoint and indicate to 
others where they look (Benford et al., 2001).  
 
The space where people interact is an analogue of physical reality, with dimensions, 
directions and rooms. The participants can be embodied as avatars, or simplified 
digital geometric figures that can move around in a three-dimensional space, where it 
is possible to have an idea of what others are doing and where they are (Olson & 
Olson, 2003). Most common is that other participants are represented as simple cube-
based figures in the virtual world. When the user moves around, the cube figure 
moves in the same way in the virtual world. Therefore participants can move towards 
each other and have close discussions and focus on common computer based artefacts 
(Dix et al., 2004).  
 
The participants can bring the computer-based artefacts to the virtual world. Many of 
the artefacts are not 3D objects, but simple text or diagrams. Since text is hard to read 
from a different angle, it is possible to take advantage of the virtual world and present 
it face on to all users. If someone then wants to point and refer to parts of the text, the 
difficulty of sharing objects in a realistic way may occur. Should it look like a virtual 
finger apart from the co-worker’s hand, or how is it possible to represent this in a 
realistic way?  
 
A problem with the virtual reality is that the participants falsely believe that the 
virtual world is exactly like the real world (Dix et al., 2004). Olson and Olson (2003) 
claimed that it is also hard to get a reciprocal awareness or orientation in such worlds. 
Cassell et al. (2001) asserted that the human body provide a much more rich and 
strong communication in face-to-face meetings than any other existing medium does. 
Gaze, gestures, body postures and intonation, for instance, have a very important 
impact on conversation. Many of the existing “embodied” interface agents do not 
provide more than just two or three facial expressions and some pointing gestures. 
These types of agents have turned out not to provide any improvement to text or 
speech-only interfaces (Cassell et al., 2001). There have been attempts to create 
collaborative virtual environments combined with real ones, but not very successful 
ones (Olson & Olson, 2003). Dix et al. (2004) claimed that virtual collaborative 
environments are still mainly research systems, and not yet widely used for 
collaboration.  
 



 

19 

There appears to be both benefits and problems with the types of CSCW systems 
described. Beside the problems with the different types of CSCW, there are also 
general problems that concern most types. 

2.3 General problems with CSCW 
 
In the following section first some general problems with CSCW development and 
use will be presented.  In the first subsection the concept of awareness and what 
problems the lack of it can cause is described. Subsection 2.3.2 will address what the 
social technical gap means and why it is a problem in technological and particularly 
in CSCW development.  
 
Grudin (1988, 1994) asserted that there are several problem areas within CSCW. 
These problems were also pointed out by Olson and Olson (2003). The first problem 
is that there is a discrepancy between the person who does the work and the one who 
gets the benefit. Groupware used in organisations often require work from people 
who do not share the direct benefit. An automatic meeting scheduler for example, 
would maybe be an immediate benefit for the person who initiates the meeting, but 
would require additional work for other members of the group. The other members 
have to keep using the electronic calendar even if they normally would not (Grudin, 
1988, 1994).  
 
A second problem is that the decision-maker’s intuition can fail. Decision makers 
who develop applications usually rely on intuition, which is mostly experienced from 
single-user application development. The design process can fail since they have a 
deprived intuition for multi-user applications. A typical CSCW application will be 
used by different users with different background and working tasks. When the 
decision-maker’s appreciation of the dynamics of such situation is missing, the 
intuition will fail. A third problem is that it is difficult to evaluate groupware. Design 
and evaluation is never easy, but it becomes even more difficult and time consuming 
for CSCW applications than for a single-user application. An individual user is 
unlikely to be affected by the background, personalities and working tasks of other 
group members while using an application. However, these factors are very likely to 
have an impact on applications that are intended to support a whole group of users. 
To test a single user on perceptual, cognitive and motor variables, which have been 
the focus for single-user applications is reasonably easy. But to bring in a whole 
group of people at the same time and evaluate factors essential to group performance 
might be very difficult or even impossible (Grudin, 1988, 1994).  
 
Grudin (1994) called a fourth problem the critical mass and prisoner’s dilemma. 
Groupware is only useful if many group members use it.  Attaining a critical mass of 
users is necessary for a communication system. Different members may choose to 
use, for example, different word processors, and then it fails because the critical mass, 
have not chosen the same application (Grudin, 1994). It might also fail because 
individuals never benefit from using it (Olson & Olson, 2003). The fifth problem is 
entitled by Olson and Olson (2003) as disruption of social processes. This means that 
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groupware may not be accepted if it obstructs the complex social dynamics that are 
common to groups. Social, motivational, political and economic factors are often 
central to group activity. Peoples’ activities in groups are often unconsciously 
directed by social conventions and knowledge about personalities of other group 
members. That knowledge is not accessible to computers and may therefore cause 
disturbances of the process of gaining that knowledge. Exception handling is the sixth 
area that Grudin (1994) pointed out as problematic. Error handling, exception 
handling and improvisation are typical for human activity. Software usually support 
processes in a general way and for that reason it might not provide sufficient 
opportunities for exception handling.  
 
The seventh problem is that designing for infrequently used features is a prerequisite 
for a successful CSCW application. Applications that are supposed to support group 
activity are often not used very frequently. Hence it is good if it is integrated with 
features that sustain individual activity. It is also of importance that the infrequently 
used groupware properties do not obstruct frequently used properties, but still is 
accessible and known to users. Grudin (1994) pointed out the last problem as the 
difficulty of managing acceptance. Groupware must be implemented very vigilantly 
in the workplace, leaving little to chance. It also requires more introduction than 
developers usually are confronted with.  To summarise, there is a wide variety of 
problems within the area of CSCW. There are also still important challenges and 
research issues unanswered about how to design groupware, what effect they have on 
single users, groups and organizations (Olson & Olson, 2003). 
 
Something that must be taken into account when designing successful groupware is 
the importance of collaborators’ awareness of each other. The lack of awareness 
might cause further problems as will be seen in the next section.  
 

2.3.1 Awareness  

 
The term awareness has been used within areas such as computer science, cognitive 
science, work psychology, ergonomics, human factors engineering and 
bioengineering. It is usually described as the cognitive consciousness that people 
have, as well as should have, how it can be supported by groupware, and also their 
work processes in the collaboration. There are many different definitions of the 
concept of awareness but most of them somehow involve consciousness and 
communication (Paul & Beyer, 2002). Paul and Beyer (2002) referred to awareness as 
“the quality that is provided by a technical system to a social system” (p. 244).  
 
To be aware of what co-workers are doing and where they are is something that is 
usually so natural in a workplace that people do not even think about it. Schmidt 
(1998) asserted that mutual awareness is the awareness of collaborators activities. 
From a CSCW perspective awareness is produced on; how information significant to 
mutual awareness is provided and obtained by people in the cooperation and how the 
characteristics of the work setting restrain and afford the provision and achievement 
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of information relevant to mutual awareness (Schmidt, 1998). Awareness has also 
started to gain a great deal of interest in CSCW and groupware research (Gutwin & 
Greenberg, 2002).  
 
According to Olsson and Olsson (2003) awareness is an important concept in 
organisations, since it is of interest what co-workers are doing, where they are and if 
they are busy. It is also of interest what is happening to shared objects and in case of 
any changes why and how are they made (Dix et al., 2004). This kind of awareness 
has turned out to be very difficult to achieve in real-time distributed systems. 
Groupware systems are also often experienced as unproductive and awkward in 
relation to usual face-to-face work. Awareness has been proven to have essential 
effects on the natural flow of collaboration. By maintaining awareness much of the 
discomfort can be reduced and the usability improved in remote collaboration 
(Gutwin & Greenberg, 2002). Robertson (2002), however, claimed that awareness 
can never be produced by technology or be present in a virtual workspace. Awareness 
is both a prerequisite for successful use of groupware and one of the most important 
things for introducing CSCW and associated technology (Paul & Beyer, 2002). 
Robertson (2002) stressed the importance of awareness, because if collaborators are 
aware of what others have done, or are doing, that means that those using the 
technology can structure their interaction and cooperative processes.  
 
Gutwin and Greenberg (2002) created a framework for what is called workspace 
awareness. Workspace awareness can be defined as “the up-to-the-moment 
understanding of another person’s interaction with a shared workspace” (Gutwin & 
Greenberg, 2002, p 412). It is also knowledge of what colleagues are doing, where 
they are and what they will do next which is important information for many 
activities of collaboration.  It can be important for talking about the work, trying to 
assist each other, coordinating action and expecting other’s actions.   
 
The framework for workspace awareness concerns three issues: what kind of 
information people keep track of in shared workspaces, how people gather workspace 
awareness information and how people use workspace awareness information in 
collaboration. The first issue of the framework is dealing with questions like, “who, 
what, where, when and how”. People are aware of the answers to those questions in 
collaborative work and they should therefore be paid attention by designers. The issue 
can also be divided into past and present elements of a workspace. The present 
elements concern the knowledge that there are other people in the workspace and who 
they are, and the connection between an action and the person performing it. It is also 
about an understanding of what other people are doing; knowledge of artefacts a 
person is working on, where a person is working, what they can see and where they 
are looking. The past elements have to do not only with the ones in the present 
awareness, but also with things that has already occurred and the history and the 
timing of the event (Gutwin & Greenberg, 2002). 
 
 The second issue of the framework is dealing with how people find information or 
answers to the questions in the first part of the framework. The first way to do this is 
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by watching other person’s bodies in the workspace to gain awareness. The 
information is perceived from bodily actions, positions, posture and movement of 
heads, arms, eyes and hands. Segal (1994, in Gutwin & Greenberg, 2002) calls the 
mechanism to hear and see other people’s activities in a workspace consequential 
communication. That kind of communication is not intentional, however, to the same 
degree that explicit gestures are, since the person who sends the information does not 
deliberately perform actions to be received by another person and the receiver just 
captures what is obtainable (Gutwin & Greenberg, 2002).  
 
The second way to gather workspace awareness information is by artefacts which 
contain a great deal of visual information like spatial relationship to other objects, 
they can enclose visual symbols like words, numbers and pictures. It is often possible 
to determine what is being done with an artefact both by hearing sounds particular for 
that artefact and by seeing it. To hear scissors snip through paper or the scratch of 
writing with a pencil on a paper might be examples of auditory information of an 
artefact (Gutwin & Greenberg, 2002). That mechanism is called feedthrough, 
according to Dix et al. (1993 in Gutwin & Greenberg, 2002), which means that 
artefacts give off information when they are manipulated. The information can give 
feedback both to the users and others who are watching. Dix et al. (2004) also stated 
that people act upon artefacts and communicate with each other about them. People 
furthermore observe their own actions on the artefacts and are aware of other people’s 
actions. That form of awareness could be seen as a type of communication through 
the artefact (Dix et al., 2004).  
 
The third source of information to be gathered in a workspace is, according to Gutwin 
and Greenberg (2002), conversation and gestures. The function of conversation and 
gestures is intentional communication. People can pick up verbal information either 
by direct discussion with another person, by hearing others’ conversation or by 
listening to commentaries that is spoken together with actions performed. An example 
of the latter is “I’ll move this over here”. Gestures and visual actions can also be used 
to conduct intentional communication. This kind of communication is often used 
together with verbal speech. An example of that is indicating a distance with two 
fingers or by nodding or shaking the head.  
 
The third issue of the framework, how is information workspace awareness used in 
collaboration, is about different types of collaborative activities that designers should 
take into account when analysing work situations. It has, for example, turned out that 
when people cooperate they divide their attention backwards and forwards between 
individual work and cooperative work. To be aware of the co-workers is essential for 
being able to shift between one’s own work and the shared work. It is also important 
since workspace awareness allows collaborators to use the workspace and the 
artefacts in it to simplify their verbal communication and improve interaction.  The 
nonverbal communication can simplify discussions by reducing the length and the 
complexity of utterances. The deictic references are an important part of the 
nonverbal communication since much communication is based on it. For instance, the 
deictic references “here”, “there” or “this” are often used when collaborating with 
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people to get a common understanding of artefacts. Gestures are also a type of 
nonverbal action that can simplify communication by, for instance, using them to 
demonstrate how artefacts work (Gutwin & Greenberg, 2002).  
 
Actions in a workspace can sometimes replace verbal communication entirely. When 
the actions are visual, they can provide feedback for whether a person understands or 
not. If the actions are not visible it might not be possible to interpret what is 
happening. To be able to interpret the actions of someone in a remote workspace, for 
instance, it is also necessary to know what the workspace in question looks like. If the 
actions are visible it saves a lot of difficult communication. Hence it is also important 
that the actions are coordinated, i.e. that they occur in correct order, time and that the 
limitations of the tasks are bridged over. Other activities that are common in 
collaborations are anticipation and assistance. People in cooperation usually become 
very good at anticipating patterns in events. They can for instance prepare for the next 
activity, avoid conflicts or provide material before it is needed, which is why it is 
essential to awareness. Assisting others with their local working tasks is also an 
essential aspect of collaboration. Awareness is important to assistance since it helps 
collaborators to decide what assistance is needed and appropriate. An example is a 
participant making indications that help is wanted, while another participant leaves its 
task for a while to assist its partner in something. To be able to help someone out it is 
necessary to be aware of what that person is doing, what the persons goals are, what 
stage he/she is in at her/his working process, and the state of his/hers work area 
(Gutwin & Greenberg, 2002).   
 
Paul and Beyer (2002) emphasised that there are different special forms of awareness. 
These forms can be described as organisational, functional and personal awareness. 
Organisational awareness refers to the information that is exchanged between 
organisations and the organisations involved. This kind of awareness information is 
important when organisations such as departments, authorities and companies aim to 
cooperate with other organisations. Functional awareness deals with the fact that 
different functioning units in a company are aware of other functioning units in the 
company. For instance that people in the invoice department are aware of the people 
in the booking department and also the other way around. The last type described by 
Paul and Beyer (2002) was the personal awareness. That kind of awareness concerns 
personal activities and their effects in relation to other people both in the other 
cooperating organisations and to other functioning units. Personal awareness is the 
foundation for functional awareness and functional awareness by sum is the basis for 
organisational awareness. These kinds of awareness can be attained to some degree 
without the use of certain communication technology, but it can be achieved faster 
and more directly with communication technology used correctly (Paul & Beyer, 
2002).   
 
Ackerman (2002) claimed that researchers have stated that when designing CSCW 
systems we must, for instance, also consider the uncertainty of awareness as well as 
privacy and that social procedures are fare more flexible than technical mechanisms. 
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Even though many of these social aspects are known the systems can still not support 
the social world completely.  
 

2.3.2 Social-technical gap 

 
Although CSCW systems have become more complex and have improved during the 
years, they still do not completely support, for instance, the sharing of information, 
roles and other social policies. CSCW systems are also still not even fairly as flexible, 
nuanced and contextualised as the social world is. Even though research has 
contributed to improving CSCW systems and made them adapt better to the social 
world there is still a gap between the technical and the social aspects. Ackerman 
(2000) argued that the primary problem of CSCW is that there is a disparity between 
what the social world requires and what is technically possible to accomplish. This 
has been referred to as the social-technical gap (Ackerman, 2000).  
 
Ackerman (2000) defines the concept as: “the great divide between what we know we 
must support socially and what we can support technically” (p.180). The fact that the 
social-technical gap still exists and is broad, has been confirmed by researchers from 
many different areas. One very fundamental challenge in the area of CSCW is to 
understand, explore and improve this gap. It is not only essential in this area but also 
in the whole area of human-computer interaction (HCI).  
 
There are arguments against the importance of bridging the gap such as that it will be 
solved by new technology techniques and that we will soon adapt to the gap in some 
way. Ackerman (2000), however, argued that it is not likely since researchers from 
many different areas have tried to overcome the gap for many years with little 
success.  It is also a central issue in HCI that humans should not be forced to adapt 
themselves to the technology. The first step to bridging the gap should instead be to 
clarify the problems that the signification of the concept constitutes within the area of 
CSCW. If the understanding of how people actually work and live in groups, 
organisations and communities is ignored, then the systems developed will be 
unusable and inadequately mechanising which will distort collaboration and other 
social activities (Ackerman, 2000). 
 
A framework where social activities or actions, among other things, have been 
discussed is research on embodied cognition. Since the aim with this project is to 
analyse to what degree aspects of social embodiment are supported by different types 
of current synchronous, remote location CSCW systems the next chapter will be 
devoted to embodied cognition with main focus on social embodied interaction. 
 

2.4 Embodied cognition  
 
This chapter provides an overview of what embodied cognition is and why it is 
important to CSCW. There will first be a brief review of the history of embodied 
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cognition, how it emerged and what other theories that have contributed to the area to 
give the reader a deeper understanding of it. It should be mentioned that embodied 
cognition so far is no unified theory or complete framework. There are many different 
definitions and explanations of what embodied cognition really means, and so far 
there is even no unified way of defining it. Therefore, a review of different definitions 
and explanations of what embodied cognition is and why it is important will be 
presented. Six views of embodied cognition that can be seen as definition of the 
complex area of research will, for instance, be explained. A taxonomy that defines 
categories of embodied actions at a level where they are most useful to designers of 
CSCW technology is then described to clarify the importance of embodiment within 
CSCW. Finally there will be a discussion about the importance of gestures and 
gestural communication in social interaction. The three last subsections are 
considered especially significant since they concern embodied aspects that are 
relevant in social interaction and since there are problems within CSCW associated 
with that. 
 

2.4.1 History of the framework of embodied cognition  

 
Roth and Lawless (2002) claimed that human knowledge and learning is fundamental 
to pursuits in several different disciplines like, for instance, psychology, 
neurobiology, sociology and cognitive science. There is a different focus on 
dimensions among researchers within these disciplines. Some do not mention it and 
some disregard in general the role of the body in cognition. There are also researchers 
who embrace that bodily experience is very essential to the human knowledge, 
thinking and making sense of the world (Roth & Lawless, 2002).  
 
There has been a re-thinking concerning the nature of cognition, for over fifty years 
in philosophy and for about fifteen years in Artificial Intelligence. The nature of 
cognition used to be considered as formal operation on abstract symbols (Anderson, 
2003). The physical symbols systems were also considered independent of the 
“machine” that implemented them. A distinction was made between body and mind 
and the mind was modelled independently of both the body and the particular 
computing device (Roth & Lawless, 2002). The fact that the biological mind mainly 
is an organ for controlling the biological body was ignored (Clark, 1997). The 
physical symbol systems were claimed to model intelligence even though they could 
be designed to work on many different computers that did not have many similarities 
with biological beings. This resulted in expert system, decision-support systems and 
computer tutors that could model intelligent knowing and learning in controlled 
situations like chess games. However, they were not very good at controlling small 
variations like those that take place in every day practice. The computers could only 
deal with facts while human beings create themselves and the world of facts by living 
in the world (Dreyfus, 1992).  
 
There is a new approach in cognition, according to Anderson (2003), which 
emphasizes attention on the fact that most real-world thinking occur in very specific 
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and often complex environments. Thinking is also devoted to very practical purposes 
and utilizes the opportunity of interaction with and manipulation of external 
properties (Anderson, 2003). Anderson (2003) stated that this is the foundation of the 
fact that cognition is an exceedingly embodied or situated activity.  
 
In the later half of the 1980’s two related frameworks for thinking about knowing 
appeared. One of the frameworks came to be acknowledged as situated cognition. 
Situated cognition emerged out of anthropological studies of everyday activities 
(Roth & Lawless, 2002). Situated cognition separates knowledge from symbolic 
representations of knowledge. Within situated cognition it is claimed that human 
knowledge is not composed of pattern descriptions that are encoded in the brain. 
Situated cognition does instead concern what people envisage and how this is 
connected to their physical and social coordination of activities and actions. People’s 
knowledge, categorising and coordinating behavior can not be viewed as things 
accessible independently of the interaction with the environment (Clancey, 1996). 
The second framework emerged mainly from philosophical concerns, but also to 
some extent from research in natural science. This framework was called embodied 
cognition and stressed, to a further extent than situated cognition, that knowing arise 
from physical interaction of the organism and its world (Roth & Lawless, 2002; 
Lakoff & Johnson, 1999). There seems to be different opinions among researchers 
from different areas of interest whether the framework of embodied cognition and 
situated cognition are actually two separate frameworks, or if situated cognition is a 
part of the former. This thesis, however is not aiming to explain the differences or 
similarities between the frameworks since it is out of the scope of the subject. The 
next subsection might make the distinction a bit more obvious though since it 
concerns definitions of embodied cognition.  
 

2.4.2 Definition and importance of embodied cognition 

 
Anderson (2003) claimed that there is little explicit discussion and no common 
explanation so far of what embodiment means in the area of embodied cognition. 
Chrisley and Ziemke (2002) held that cognitive science and artificial intelligence 
have influenced the emergence of an embodied approach to cognition and mind. A 
wide variety can be found of different definitions of and approaches to embodied 
cognition that involves different statements. Most of the approaches to embodied 
cognition usually more or less involve some common statements though. According 
to Chrisley and Ziemke (2002) there are three features embodied cognition generally 
contains. The first feature is the acceptance of the role the body and the sensorimotor 
processes play in cognition. The second is the understanding of cognition in the 
context of its biological function, which is to support the activities of the body. And 
finally the last feature is that cognition is a real-time, situated activity usually not 
separable from and linked with perception and action (Chrisley & Ziemke, 2002). 
Wilson (2002) claimed that there is a progress in cognitive science moving towards 
the fact that the body is central to shaping the mind, but that the body needs a mind to 
function. Researchers agree to a greater extent that the mind must be understood in 
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the context of its connections with the body that interacts with the world (Wilson, 
2002).  
 
Anderson (2003) claimed that we can imagine goals as being some place ahead of us 
and that our thinking about purposes is grounded in our thinking about space. We 
have concepts about space that are strongly linked with our bodily orientation and 
physical movements in the world (Anderson, 2003). The mind is inherently embodied 
since its progressions are neurally instantiated and since the perceptual and motor 
systems constitute a function to concept definition (Lakoff & Johnson, 1999). Roth 
and Lawless (2002) stressed that cognitive structure is a function of our physical 
experience in a comprehensively practical world. They also claim that sensorimotor 
activation contributes to meaning and that sensorimotor experience is an antecedent 
of more abstract form of representations like words and gestures. 
 
Johnson (1999) claimed that human experience and making sense of the experience is 
dependent on what kind of body we have and how we interact with the different 
environments we live in. Our bodies make it possible to understand and act within 
this world with more or less success. The world is also inhabited through our 
embodied interactions and we can only experience what our embodiment permits us 
to experience. Furthermore, our embodiment, which is our bodily orientations, 
manipulations and movements as we operate in the environment, is the ground for our 
conceptualization and reasoning. It is only possible for humans to conceptualise by 
using conceptual systems established in our bodily experience, and reason by means 
of our embodied imaginative rationality. Johnson (1999) held that in order to 
understand what the bodily basis of conceptualization and reasoning is, the following 
three levels of embodiment must be considered: 
 
• Neurophysiological 
• Cognitive Unconscious 
• Phenomenological 
 
Embodiment on the neourophysiological level concerns that our experience, 
conceptualization and thought are realised neurally, i.e. they are embodied in neural 
assemblies and their interactions. The neural assemblies have emerged to what they 
are from our interaction with the environment, and must therefore be considered in 
relation to the entire bodily organism, its actions and the actual situation. Constraints 
on meaning originate both from our perceptual, cognitive and, motor mechanisms 
(bodies), and from the environment in which our experience and activities occur. The 
cognitive unconscious level concerns that our concepts, syntactic mechanisms and 
other cognitive structures function automatically. Obviously, it is also possible to 
consciously consider structures of thought and language, even if the conceptual 
system mostly operates for us unconsciously. Our bodily experience and activity like, 
for instance, spatial and temporal orientations, the pattern of bodily movements and 
how we manipulate objects makes the role of the body essential since these cognitive 
mechanisms and structures are the ground for it. The phenomenological level deals 
with sensed quality of experience. It concerns awareness of how our experience feels 
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to us and how the world is exposed to us. An essential task is to improve the generally 
immersed presence of the body in what we experience, feel and think, since without 
our embodiment we would have no meaningful thought or symbolic expression at all. 
So far there is no complete and obvious explanation of the relations among accounts 
at each of these levels and no sufficient explanation of how they are related (Johnson, 
1999).  
 
In the literature of embodied cognition six claims are presented together as if they 
represent a single point of view. These six claims can be used to describe what 
embodied cognition is and why it is important (Wilson, 2002). The six claims are: 
 
• Cognition is situated  

• Cognition is time pressured 

• We off-load cognitive work onto the environment 

• The environment is a part of the cognitive system 

• Cognition is for action 

• Off-line cognition is body based 

 
Wilson (2002) stated that the first claim is that cognition is a situated activity. 
Cognition is situated activity since it occurs in the context of a real-world 
environment, and perception and action is an inherent part of it. A plain explanation 
of situated cognition is that it takes place in the context of task-relevant inputs and 
outputs. This means that while a cognitive process is being carried out, perceptual 
information continues to come in that affect processing, and motor activity is 
executed that affects the environment in task-relevant ways. For example, driving, 
holding a conversation, and moving around a room while imagining where the 
furniture should go. Situated cognition involves interaction with the things that the 
cognitive activity is about. But human cognition can also take place separately from 
immediate interaction with the environment. We can, for example, plan for the future 
and think about the past (Wilson, 2002). 
 
Cognition is, according to Clancey (1997), situated since thought and action is 
adapted to the environment. It is situated in the sense that what we perceive, how we 
envisage our activities and what we physically carry out develop together. Situated 
cognition could shortly be explained as: “…the study of how human knowledge 
develops as means of coordination activity within the activity itself” (Clancey, 1997, 
p 4).  
 
The second statement is, according to Wilson (2002), that cognition is time pressured. 
To understand cognition we must be acquainted with how it works under the 
pressures of real-time interaction with the environment. Humans might have to deal 
with loads of different things at the same time. Then there is no time to build up 
complete mental models of the environment, from which to derive a plan of action. 
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That is, situated cognition must deal with time pressure. It is argued that being a 
situated cognizer requires the use of cheap and efficient tricks for generating the 
appropriate action for the situation in a rush. Some even debate over if situated 
cognizers use internal representations at all. Confronted with novel cognitive or 
perceptuomotor problems, humans predictably fall apart under time pressure. So it is 
not clear that the human cognitive system has evolved an effective engineering 
solution from the real-time constraints (Wilson, 2002).   
 

The third claim is that we off-load cognitive work onto the environment. Human 
cognition is limited in, for example, attention and working memory. We can therefore 
take advantage of the environment to relieve our cognitive workload, by letting it 
hold or manipulate information for us. Sometimes we are forced to function on line, 
as Wilson (2002) calls it. In those situations there are different ways of handling it. 
One way is to fall apart; another is to rely on preloaded representations attained 
through prior learning. But when the stimuli and the tasks are new it is possible to use 
the environment to decrease the cognitive workload. This can be done by leaving 
information in the world to be used when it is needed, rather than fully encoding it. 
The long term memory can also be off-loaded on the environment. An example of 
that is storing in computer files, calendars and so on. But this is not the same as off-
loading to avoid encoding or holding active in short memory which is in focus here 
(Wilson, 2002).  

 

Wilson (2002) claimed that some experiments have suggested that Tetris players for 
instance use actual rotation to solve the problem easier than mentally computing a 
solution and executing it. Off-loading can also be used to, for example: counting on 
one’s fingers, drawing Venn diagrams and doing math with pencil and paper. By 
doing concrete physical manipulation, instead of computing a solution in our head, 
we save cognitive work. These activities are not situated in a sense, since they are 
about something not directly existing in the environment. This form of off-loading 
can be unconscious and informal, like gesturing while speaking.  

 
The fourth claim is that the environment is a part of the cognitive system. This means 
that the mind and the world are so closely connected that there is no use to study or 
analyse the mind alone. Some researches have taken the insight that the body and the 
environment assist cognitive activity to a further extent. They claim that cognition is 
not only an activity of the mind, but is also distributed over the interaction of the 
situation, the mind, the body and the environment.  It is also claimed that the situation 
and the situated cognizer must be studied as a solitary unified system (Wilson, 2002).  
 
The fifth claim is that cognition is for action. The task of the mind is to direct action 
and cognitive devices. Perception and memory are examples of cognitive mechanisms 
that contribute to suitable behaviour in different situations (Wilson, 2002). Robertson 
(2002) reviews a theory of Merleu-Ponty claiming that perception is an active, 
embodied process, which belongs to both mind and body. This process is created 
from meaning, which is attained by perception (Robertson, 2002). According to 
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Wilson (2002) some types of visual input can prime motor activity. The remarkable 
thing is that visual input can activate motor representations without being involved in 
a task. It has been shown in experiments with monkeys that seeing a tool for instance 
activate the motor response even if the tool is not used (Wilson, 2002). Rizzolatti and 
Arbib (1998) suggest that this, so called, mirror system for gestures also might exist 
in humans. This implies that same neurons can be activated when you watch someone 
do something as when you do it yourself. 
 
All information encoding does not work this way though, according to Wilson (2002). 
There are visual proceedings that do not afford physical interaction and those who 
depend on the holistic picture instead of contributing to perceptumotor interaction. An 
example of the former is watching a sunset which is always done from a distance, and 
an example of the latter is recognising human faces or other individuals as a dog or 
houses.  
 
The last claim is that off-line cognition is body based. Wilson (2002) described this 
claim as implying that a device of sensory processing and motor control is the ground 
for activity of the mind. This means that the activity developed for interaction with 
the environment even when cognition is separated from the environment. 
Sensorimotor simulations of exterior situations are also involved in cognition, which 
could be seen as a form of decoupling. Wilson (2002) explains this like “Mental 
structures that originally evolved for perception or action appear to be co-opted and 
run off-line, decoupled from the physical inputs and outputs that were their original 
purpose, to assist in thinking and knowing” (p. 633).   
 
Actions are obviously an essential part of both embodied cognition and collaborative 
work. According to Robertson (1997) people rely on meaningful, publicly available 
actions when they interact with their environment and other people. This could be 
seen as embodied actions which will be discussed in the next section.  
 

2.4.3 Embodied actions  

 

Embodied actions are, according to Robertson (1997), “the actions of an active and 
perceiving embodied subject” (Robertson, 1997, p 209). Embodied actions can be 
considered as classes of cognitive practices. Varela, Thompson and Rosch, (1993) 
stressed that embodied actions means that human cognition is due to the experience 
of having a body with specific sensorimotor capabilities. The sensorimotor 
capabilities are, furthermore, in turn always embedded within a biological, 
psychological and cultural context. By the term action it is meant that sensory and 
motor processes, perception and action, have developed together and are also 
indivisible in lived cognition (Varela et al. 1993). Perception and action are 
inseparable, according to Robertson (1997), because perception, as an active process, 
is attained by motor actions and meaningful actions are attained by perception. 
Robertson (2000) summarises embodied actions by stating that embodied actions are 
always both perceptual actions and motor actions at the same time. Furthermore, 
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when the actions are performed by an individual, both the individual and others 
perceive them at the same time. Finally, the interaction between all participants, 
including the actor, is dependent on the public availability of embodied actions. 

 

Robertson (1997, 2000) developed a taxonomy that defines categories of embodied 
actions at a level where they are most useful to designers of CSCW technology, see 
figure 2. The categories were developed from viewing videotapes of group design 
work and the embodied actions of the participants was identified and grouped in an 
iterative process. The taxonomy was defined to include the reversibility of perception. 
In the CSCW literature the term reversibility has been used to indicate the principle of 
“if you can see me, I can see you” (Robertson, 2002). The concept of reversibility 
was also used by Merleau-Ponty, according to Robertson (1997), to name the body’s 
presence to itself as both perceiving and perceived. The reversibility is reflexive both 
to a single body (I can perceive at least some of my own body at the same time that 
my body perceives) and between bodies in a shared space (I can perceive others’ 
embodied actions and they can perceive mine). This is essential to work that is 
conducted in shared workspaces, both in physical and virtual, and work that does not 
need to be done in a shared space (Robertson, 2000).  

 
Reversibility is, according to Robertson (2002), also an important concept for 
technology with the purpose to support remote collaboration since it is a fact of 
embodiment in physical space. It is a fact of embodiment in physical space since the 
material properties of the human body is embedded in the physical world. The 
physical space is constructed of the same stuff as people are, but people and virtual 
spaces, for instance, are not. This leads to that reversibility can not be fulfilled in 
virtual spaces which rely on their transformation and representation by the 
intervening technology.  Robertson (2002) believed that this might cause problems 

Embodied actions 

Group activity 
Individual body 
(in relation to) 

Physical 
objects Other 

bodies 

Workspace 

Figure 2: The structure of the taxonomy (Redrawn from Robertson 2000, p 131) 
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for CSCW designers. The big challenge is to make alternative relationships possible 
without the common stuff between people, actions and artifacts in virtual spaces. 
Resources that enable people to project themselves and their activities into a virtual 
world are available to them and they can also use them. But in a virtual world these 
resources needs to be explicitly designed and constructed so that they can be made 
available within the particular structures and organising principles of the technology. 
The resources must also be made obtainable to the lived perceptions, existing 
understandings and current activities of the people who operate in the actual spaces.  

 

The first part of the taxonomy (in figure 2) is group activities constituted by 
individual embodied actions that define activities in a shared physical space. These 
activities are dependent on the predictable public availability of the individual actions 
of the designers and for the perception of all the group members, including the actor. 
Since the shared workspace is not really a shared physical space in remote 
collaboration the sharing of a workspace is only made feasible by computer systems 
and communication technology. To support the activities in the separate workspaces 
it is necessary that the technology proffer perceptual resources. A shared workspace 
like this does not automatically support the reversibility of perception. However, it 
mediates how the participants embodied actions are perceived by the actor and by 
others. 

 
Conversing is a major and important part of the category of group activities. 
Conversing includes maintaining a single conversation involving the whole group, 
and also maintaining more than one conversation involving different parts of a group 
within the same space. To look at the same thing at the same time is another activity 
included in group activity. This activity can make the conversation stronger by 
making it possible to include aspects of what a person is looking at in a conversation. 
According to Robertson (2000) this activity was considered as the most important 
requirement of CSCW for company members working at remote locations. It can be, 
for example, looking at a whiteboard, a prototype under development, comparing 
pictures in a book with those on a computer screen or looking at something else in the 
shared workspace.  
 
A third part of the category of group activity is organising shared communication 
resources. These activities can be, for instance, changing what the group is looking at, 
cleaning the whiteboard or installing software so that the whole group can view it. 
Other activities included in the category are creating shared representations. 
Examples of these activities are drawing in the air, drawing on a paper or a 
whiteboard with a drawing tool or writing on a paper or a whiteboard with a writing 
tool. The shared physical use of an object is also a part of group activity in the 
taxonomy. The activity means that more than one person can be in physical contact 
with the same object at the same time. An example of that is one person working on a 
drawing while someone else is highlighting parts of it or is also drawing. Focusing 
group attention is a sixth type of group activity action. This activity can be, for 
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instance the group focusing on a speaker, a shared object, a representation or a 
specific group activity (Robertson, 2000).  
 
Breaking themselves into smaller groups and reforming is also activities that might 
take place in groups. It denotes that smaller groups of people and objects in the 
workspace are formed so that different groups can work on different aspects of a 
project or on another project. People can still be peripherally aware of activities of 
and participate in other groups. Seizing the moment is another activity included in the 
category. An example of these activities is asking a question about something else to 
do with work. Doing something else is the last type of embodied actions, defined by 
Robertson (2000), that may take place during group activity. It refers to activities that 
are performed in the same physical space but is not group activity. It can be, for 
example, doing other work, e.g. meeting deadlines on other products, disinterest in 
group activity or unwillingness to participate in discussions without fiddling with 
something else (Robertson, 2000).   
 
Individual embodied actions are divided into individual actions performed in relation 
to objects, other bodies and the workspace. The “in relation to” is used in an 
ethnomethodological sense which defines that all actions have to be interpreted 
within the context in which they occur. The actions defined in relation to objects and 
other bodies also have an implicit “in relation to” the physical space in which they 
occur. Embodied actions in relation to physical objects, deals with embodied actions 
of designers in relation to objects during the design process. Physical objects, like for 
instance, books, pieces of paper and computer disks are important resources. 
Designers can move these physical objects from place to place and utilise their 
mobility and their unchangeable state. It is, for instance, possible to move objects, 
both objects brought into the space and those that comes with the space, in and out of 
shared spaces. In the physical object category the action of producing private physical 
representations is also included. Collaborators may or may not be able to see the 
representation while it is being produced. An example is drawing or writing on paper. 
The drawing might be available after it is finished via other actions, depending on if 
this action becomes a part of group activity, which in turn depends on its context 
(Robertson, 2000).  
 
Highlighting some features of an object is also an aspect of actions with physical 
objects. Highlighting in this case denotes that the embodied actions are used to 
modify the object, by enclosing some part of it. The actions can, for instance, be 
drawing a line around some parts of an object or covering some parts with hand 
gestures, an arm or a paper. Highlighting changes both one’s own perception of an 
object as well as others’ perception of ot. Another action with physical objects is 
personal use of physical objects. Examples of these actions are looking at a picture, 
reading, working on a computer, touching some part of an object or holding an object 
for some reason. These actions may also lead to shared use of objects or a source of 
information shared in the group (Robertson, 2000). 
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Embodied actions in relation to other bodies are those that are central to creation of 
shared meaning in that they enable conversation. Embodied actions that are taken into 
consideration in relation to other bodies are emitting and monitoring signs, and 
pretending to be another body. Emitting and monitoring signs are actions that make it 
possible for the individual to monitor others’ reactions to occurring events. It is also 
the actions that the individuals make to indicate their own reactions. These actions are 
made incessantly and are important for the mutual perception that enables the group 
activity of conversing. Examples of these actions are visual cues that indicate 
involvement, like for instance, attention and attitude including body postures, facial 
expressions, direction of gaze, changes in the actions, and also nodding, rolling eyes 
and gestures. There are furthermore oral and aural indicators of involvement like, for 
instance, attention and attitude including speech, mutterings, asides, back channel 
responses and other sounds. Pretending to be another body is an action where a 
person acts out the behaviour of someone else or the behaviour of an object. As 
someone pretends to be another person, their common embodied actions are changed. 
When their actions are changed they shape the perceptions of others in shared spaces, 
so that people are able to interpret the action as enactment and take part in it 
(Robertson, 2000).  
 
Embodied actions in relation to the workspace is the last category in Robertson 
(2000) taxonomy. A workspace consists of both permanent physical features, like for 
instance, doors and furniture, and also of changing positions of objects within it. 
These features are included in the former categories. This category deals with the 
physical medium, through which actions can be performed and perceived. Robertson 
(2000) calls the medium air. The features of air make it possible to perform the 
embodied actions of moving and looking through. People move around in a 
workspace to, for instance, move an object in or out of immediate reach, get a better 
view or to change their bodily alignment to something.  
 
Pointing at something, at someone or in a direction is an action that is also included in 
this category. It can be utterances like, for instance, “have a look over there” or “they 
live over there” while pointing in a direction. The understanding of what is being 
pointed at is not only due to the act of pointing, but also that other people are capable 
of perceiving what is being pointed at. Shifting the direction of gaze is also included 
in the category of relation to the workspace. A person is usually gazing at something 
and others have to be able to perceive what it is, or that the person is just gazing into 
space, which is a sign of action in itself. When people are having a conversation they 
usually shift their gaze to the person who is speaking at the moment to be able to 
follow the conversation. They also sometimes shift their gaze to look at objects and 
other bodies, as well as to look at nothing special. The last action that Robertson 
(2000) brought up in the category in question is that persons for some reasons 
temporarily move out of the workspace. The absence is perceivable by others and the 
person can not participate in the group activity while being absent, like they can when 
only moving around in the workspace.   
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It is not only cognition concerned with, for example, action, perception, experience 
etc. that is embodied, but there have also been reports of social embodiment. Barsalou 
et al. (2003) claimed that many discoveries during the years have implicated 
embodiment in social cognition. Next section will be devoted to giving an overview 
of social embodiment effects summarised by Barsalou et al. (2003). 
 

2.4.4 Social embodiment 

 
Many findings during the years have indicated embodiment in social cognition.   
Embodiment in this context is defined, by Barsalou et al. (2003), as that “states of the 
body, such as postures, arm movements, and facial expressions, arise during social 
interaction and play a central role in social information processing” (p. 3). Social 
psychologists have described four types of embodiment effects, which have been 
treated as moderately disparate until now. Barsalou et al. (2003) pointed out that no 
single theory has integrated them or explained them in a unified way before.  
 
The four types of social embodiment effects that have been described in social 
psychology are: 
 

• Perceived social stimuli produce bodily states in the self 
• Perceived bodily states in others elicit embodied mimicry in the self 
• Bodily states in oneself triggers affective states 
• The compatibility of bodily and cognitive states alters performance 

effectiveness 
 
All the experiments reviewed in this subsection are retrieved from Barsalou et al. 
(2003). In the first embodiment effect, perceived social stimuli produces bodily states 
in the self, people perceive a social stimulus, or obtain words that explain social 
stimulus. Social stimuli also elicit cognitive responses like, for instance, trait 
inferences, causal attributions and stereotypes. The focus here will, however, be on 
the bodily states. An example of this first effect was, reported by Weisfeld and 
Beresford (1982) according to Barsalou et al. (2003), and could be categorised as a 
bodily response. They studied high school students, receiving their grades for an 
exam. It turned out that students took on a more upright posture after receiving good 
grades, and a less upright posture after receiving bad grades. A question, considered 
by Barsalou et al. (2003), was if the social event of receiving the grade triggered the 
bodily reactions directly, or if a mediating mechanism exists. It could, for instance, 
also happen that receiving a good grade triggers an emotional state, which then in 
turn produces a bodily state. Another example of the first effect was reported in an 
experiment, by Bargh, Chen and Burrows (1996), according to Barsalou et al. (2003). 
Subjects were asked to form sentences from a short word list, and the critical 
condition group were primed with words considered stereotype, for example, elderly 
persons (e.g., “grey” and “bingo”). The subjects in the control group received all 
neutral words. It turned out that words related with the elderly stereotype produced a 
bodily response in the subjects. The embodied effect appeared when the experiment 
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was over and the critical subjects took longer time to walk from the lab to the elevator 
than control subjects did. The knowledge of elderly stereotypes, indicates that older 
persons are likely to move slowly, which activated and affected the subjects’ 
movements (Barsalou et al., 2003).  
 
Perceived stimuli might also cause facial responses. Seeing a pleasant scene and 
reading about a fictional character based on significant others the person likes might, 
for instance, produce positive facial expressions on people’s faces. Seeing an 
unpleasant scene, or reading about a character based on someone a person dislikes 
might, furthermore, produce negative facial expressions in a persons face. These 
effects are likely to occur rather automatically and unconsciously. That can be based 
on the fact that subjects in the reported experiments usually did not know that the 
fictional characters, for example, were based on their significant others, or that they 
produced facial responses at all (e.g. Andersen, Reznik & Manzella, 1996; Cacioppo, 
Petty, Losch & Kim, 1986; Vanman, Paul, Ito & Miller, 1997 in Barsalou et al., 
2003). Stimuli might furthermore produce communicative responses in persons. An 
example of that is, Bargh et al. (1996) who reported, that subjects primed with words 
related to rudeness (e.g. “furiously”) were more likely to interrupt conversation after 
the experiment. The other way around, i.e. persons primed with words related to 
politeness (e.g. “patiently”) were less likely to interrupt conversation after the 
experiment. It is not only social stimuli that might produce embodied responses, but it 
can also be caused by non-social stimuli like, for instance, a hammer. According to 
Barsalou et al. (2003), Rizzolatti, Fadiga, Fogassi and Gallese (2002), for instance, 
demonstrate that when subjects saw manipulable objects, a grasping circuit in the 
brain become active, even though the subjects were asked to lie still and perform a 
visual categorisation. A motor circuit became active and prepared the subject for 
actual use of the hammer, for instance.  
 
The second embodiment effect, perceived bodily states in others elicit embodied 
mimicry in the self, means that embodied states perceived in social stimuli are 
mimicked. An emotional expression on a persons face can, for example, produce the 
same expression on a perceivers face. That could be, seeing someone smile might 
make yourself smile. Some researchers believe that these effects come up from brain 
circuits dedicated for mimicry. As mentioned earlier the mirror neurons is an example 
of this motor mimicry in response to perceived actions (see for instance, Rizzolatti et 
al., 2002 in Barsalou et al., 2003). Barsalou et al., (2003) claimed that the mirror 
neuron circuits could have two essential functions in intelligent organisms. One 
function is that they offer a fast learning mechanism, which enables the organism to 
imitate and thereby learn new actions (Meltzhoff, 2002, in Barsalou et al, 2003). 
Another function is that they elicit social imitation, bring empathy, cooperation and 
similar emotional states into conspecifics minds (e.g., Dijksterhuis & Bargh, 2001; 
Hatfield, Cacioppo & Pason, 1992; Neuman & Strack, 2000 in Barsalou et al., 2003).  
 
People’s bodily actions and facial expressions often become entrained when they 
interact. Chartrand and Bargh (1999) demonstrated an example of bodily imitation 
when the experimenter rubbed her nose or shook her foot when interacting with 
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subjects, according to Barsalou et al. (2003). The subjects tended to imitate the 
experimenter since they were more likely to perform the same action, out of the two 
mentioned, as the experimenter. An example of facial mimicry was reported, by 
Bavelas, Black, Lemery and Mullet (1986), when an associate pretended to have an 
injury and winced. When subjects saw the wincing associate, they often wince in 
response. When they saw the associates face more clearly the size of the subjects 
winced also increased. Embodied mimicry during communication has also been 
reported. People having a conversation do, for instance, tend to imitate each other on 
latency to speak, speech rate, utterance duration, manual gestures, and so on (e.g., 
Capella & Planalp, 1981; Matarazzo & Wiens, 1972; Bavelas, Black, Chovil, Lemery 
& Mullet, 1988). Mimicry can help communication partners to achieve synchrony 
during conversation, which in turn helps to establish understanding, empathy and 
cooperation (e.g., Bernier, 1988; Neuman & Strack, 2000; Semin, 2000 in Barsalou et 
al., 2003). 
 
The third embodied effect, bodily states in oneself triggers affective states, includes 
both bodily and facial elicitation. Bodily elicitation in this context means that 
particular postures in the human body affect our emotional states. An example of that 
was demonstrated by Duclos, Laird, Schneider, Sexter, Stern and Van Lighten (1989 
in Barsalou et al., 2003). They performed an experiment, where the subjects were led 
to believe that the experiment was about whether performing multiple tasks 
simultaneously produced unilateral or bilateral brain activity, as measured by bogus 
electrodes. One of the tasks was to take on different body postures associated with 
fear, anger and sadness. The subjects were not aware of the feelings associated with 
the particular postures. The experiment resulted in that subjects rated their fear, 
sadness, anger as higher when they adopted the posture associated with the emotional 
state. The effect can be triggered by head movements. Wells and Petty (1980) 
exemplified this effect by letting subject hear messages while nodding or shaking the 
head. The subjects were led to believe that the study addressed the ability of 
headphones to stay on the head while bopping to music. It turned out that subjects 
nodding while hearing a message tended to be more positive towards the message 
than subject who had shaken their heads. Adopting facial expressions might also 
produce affective responses. An example of that was described in Ducolos et al. 
(1989). As in the previously described experiment subjects were led to believe that 
the study concerned if performing multiple tasks simultaneously produced bilateral or 
unilateral activity, where one of the tasks was to take on different bodily states. The 
subjects were also indirectly persuaded to adopt facial expressions related with fear, 
anger, disgust or sadness. It turned out that the emotions were experienced more 
powerfully while holding the respective facial expression.  
 
Strack, Martin and Stepper (1988) provided another demonstration of the facial 
elicitation. Subjects were asked to either hold a pen in their teeth or with the tip of 
their lips, pointing out from the mouth. What the subjects did not know was that, 
holding a pen with the lips tends to activate the frowning musculature in the face, 
while holding it in their teeth triggered musculature associated with smiling. They 
were also led to think that the study concerned methods for teaching paraplegics and 
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were asked to draw lines, underline items in a search task and so forth. The subjects 
also got to watch cartoons and were asked to rate how funny they were. It turned out 
that the subjects holding the pen with their teeth thought the cartoons were funnier 
than the ones holding the pen with their lips (Barsalou et al., 2003).  
 
The fourth effect, the compatibility of bodily and cognitive states alters performance 
effectiveness. Barsalou et al. (2003) stressed that there is a complex relationship 
between the embodiment effects and cognitive processing. To begin with motor 
performance is highest when compatible with cognitive processing. An example of 
that was, according to Barsalou et al. (2003), the results from Wells and Petty (1980) 
described earlier, where subjects listened to agreeable or disagreeable messages. It 
also turned out that subjects tended to move their head faster when the movement was 
compatible with the message, than if it was incompatible. The subjects, nodding their 
heads, nodded faster when listening to message they agreed with than for one they did 
not agree with. Barsalou et al. (2003) interprets the result as when the agreeableness 
of the message was consistent with the actual head movement, subjects were able to 
perform the action faster than when the message was inconsistent. Memory 
performance also has a relationship with embodiment in this fourth effect. An 
example of that was a study where subjects read anger-provoking passages and 
humorous passages. The subjects were lead astray to believe the study was about 
something else. The subjects smiling or frowning musculature was activated while 
they were asked to recall earlier material.  Results indicated that facial expression 
modulated recall, since humorous passages were easier recalled while smiling than 
frowning, and anger-provoking passages more easily while frowning than smiling. 
However, the effect only occurred when the subjects’ facial expression influenced 
their mood. It turned out that performance was optimal when embodiment, mood and 
memory were compatible (Laird, Wagener, Halal & Szegda, 1982 in Barsalou et al., 
2003).  
 
Connections between embodiment and cognition also play an essential role to facial 
categorisation performance. An example where this effect was demonstrated was a 
study where subjects were asked to categorise emotional expressions of a person on a 
picture. When the subjects were to decide whether the persons face was e.g. happy, 
angry or sad, their own faces were videotaped. The study demonstrated that the 
subjects were likely to imitate the facial expressions they were evaluating even 
though they were not asked to do so. The subjects also tended to increase their 
accuracy in evaluating the faces as their mimicry increased. To conclude, consistency 
between embodiment and visual categorisation optimised performance (Walbott, 
1991 in Barsalou et al., 2003). Reasoning performance is another type of effect 
included in the fourth category of social embodiment. Riskind (1984 in Barsalou et 
al., 2003) stated an example of that in a study where subjects were asked to perform a 
reasoning test that was either easy or difficult, and then guess how well they would do 
on a comparable test later. The one’s who obtained the easy tests predicted that they 
would succeed on the future test, while the subjects who performed the difficult test 
expected to fail.  
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Secondary task performance is a fourth possible explanation of compatibility effects. 
Studies have, according to Barsalou et al. (2003), indicated that compatibility highly 
reduces the amount of processing resources required to handle embodied and 
cognitive tasks simultaneously. A study that addressed this hypothesis was Förster 
and Stepper (2000), who asked subjects to stand upright (positive posture) or kneel 
(negative posture) while learning positive and negative words. Simultaneously with 
the word learning the subjects were asked to place pegs in holes as a secondary task. 
It turned out that less processing resources were required when the posture and the 
word values were compatible than when they were not, which in turn modulated 
secondary task performance. The last type of relationship between embodiment 
effects and cognitive processing is termed related non-social effects, by Barsalou et 
al. (2003). The non-social effect is brought up since some embodiment-cognition 
compatibility effects have been discovered for non-social stimuli. This type can be 
exemplified by an experiment were subjects performed an arm movement while an 
object was visually presented. The results indicated that when the arm movement was 
compatible with the object, the subjects categorised the object more rapidly than 
when they carried out an incompatible action (Finnaly, Simmons & Barsalou, 2002 in 
Barsalou et al., 2003). Gestures, which will be discussed in the next section, are 
another essential part of social embodiment, according to Barsalou et al. (2003). 
 

2.4.5 Gestures 

 
Gestures could be seen as a form of non-verbal behaviour that appear in most cultures 
and are accompanied by speech (Cassell, 2000). Gesturing seems to be not only for 
visualization and communication, but also to serve a cognitive function for the 
speaker. It can, furthermore, make the thought process that the speaker is trying to 
communicate easier (Wilson, 2002). According to Roth (2002), studies have shown 
that gestures are central to communication, to support the emergence of language. 
Talk and gestures usually appear together, but gestures can also help to communicate 
ideas much earlier than verbal language can. Theories of language presume that the 
phonological, lexical and syntactic structures of language have their origin in the 
structures of motor control, particularly the control of bodily activity. Sensori-motor 
brain circuits evolved together such that the perception of movements involves the 
same circuits as those that are responsible for enacting these movements (Roth, 
2002).  

There is also evidence that gestures have a fundamental role when humans are about 
to learn new topics. Gestures can then converse the accurate understanding before 
speech does. Gestures and speech arise from a common semantic representation. The 
reason that the representation is more easily expressed in gestural than verbal form is 
that speech requires re-coding while gestures do not (Roth, 2002).  
 
There are many different types of gestures and the computer science community has 
until recently only focused on integrating one kind of gestures into human-computer 
interface systems. One type of consciously and intentionally performed gestures (also 
presented in section 2.4) are emblematic gestures, which are used in deficiency of 
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speech and emotional displays. These gestures can be differently interpreted and 
appear to varying degrees in separate cultures. Examples of these gestures are putting 
the thumbs up or holding up the palm to indicate stop. Another type of conscious 
gesture can be called propositional gestures. (These gestures are basically the same as 
Gutwing and Greenberg (2002) discussed which was presented in section 2.4). An 
example of these gestures can be using the hands to measure the size of a figurative 
space and saying “it was this big”. It can also be, for instance, pointing at an object 
and saying “move that over there”, while pointing in another direction. These gestures 
are not spontaneously performed and their relation to speech is not like an interaction 
between different communication channels, but more similar to an interaction 
between grammatical constituents. The propositional gestures usually take place 
when the physical environment is the topic of the conversation (Cassell, 2000).  
 
Spontaneous gestures are another form of gestures which, according to Cassell 
(2000), can be divided in to the following four types: iconic, metaphoric, deictic and 
beat. The spontaneous gestures are performed unconsciously and unintentionally, and 
constitute the majority of gestures. These types of gestures are usually not 
consciously available either to the person who performs them or to the person 
interpreting or watching them being performed. Iconic gestures are gestures that 
represent a description of action or event features. An example of this gesture can be 
pretending to hold a camera by holding the hands up to the eyes while playing the 
part of the viewer. Metaphoric gestures are also representing something, but not a 
physical form. Instead the gesture is formed like a common metaphor by, for 
example, rolling with the hands to indicate an ongoing process.  
 
The deictic gestures can be used to spatialise or locate where in the physical space the 
speaker is situated. For instance, referring to the computer by pointing at it while 
saying “it is broken” is a deictic gesture. The last type of gesture, beats are 
movements, like small beatings that are not modified in relation to what is being said. 
These gestures have a pragmatic function and take place with comments on the 
speakers own linguistic contribution, speech repairs and reported speech. A gesture 
that exemplifies this type can be, for instance, several small beats to acknowledge the 
essentiality of what is going to be said next. All the gestures communicate 
information in a certain way that is not expressed by speech. This gives the 
impression that higher cognitive activities are required for speech, according to 
Cassell (2000).   
 
Gestures can also make it easier for people to express things that are difficult to put 
into words. Gestures are an important communication mechanism, not only in face-
to-face settings but also when collaborative work takes place in distributed shared 
workspaces. However, it is often difficult to interpret and see gestures in groupware 
since their motions are disrupted by network jitter (Gutwin & Penner, 2002). It is also 
more difficult to combine gestures and speech in remote collaboration since they do 
not share the same physical environment and since there is a need to make reference 
to external objects (Ou et al., 2003). In groupware systems gestures are 
communicated through the motion of a visible embodiment. Embodiment in this 
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context implies a visible representation that stands for a person in the workspace. It 
could be, for instance, a simple pointer, a video image or an avatar. In existing 
systems the embodiments are often restricted by the abilities of standard input devices 
(Gutwin & Penner, 2002).  
 
Studies have, according to Ou et al. (2003), showed that people use multiple 
modalities when they collaborate on physical tasks in face-to-face environments. 
Speech and actions in these kinds of tasks have a complicated relationship to the 
position and dynamics of objects, other people, and activities in the environment. 
When people, for example, speak about the objects and describe the actions to be 
performed they use gestures. Gestural communication is usually not explicitly 
supported by current CSCW technologies and little is known about gestural 
communication in remote collaboration. Studies have, however, indicated that 
participants collaborating from different locations find communication problematic 
since they can not gesture and point at objects in the workspace. The inability to use 
gestures as a part of communication have negative effects on performance since it 
takes longer to perform physical tasks than it does when a collaborating group is co-
located. To support remote communication on physical tasks it is necessary to enable 
the participants to use both speech and gestures as they normally would during face-
to-face interaction (Ou et al., 2003).  
 
Ou et al. (2003) claimed that physical tasks in collaborations constitute an essential 
role in many domains, such as education, industry and medicine. An asurgical expert 
can, for instance, assist a medical procedure from a remote location, or an expert 
might guide a worker in a project at another location. Expertise is often required to 
collaboratively carry out physical tasks and since the expertise usually is distributed 
there is an increasing need for technological support for the remote accomplishment. 
Even if there is a need for this kind of technology most systems for remote 
collaboration have been constructed to support activities that can be accomplished 
without reference to the external spatial environment. These systems therefore have 
incomplete functions under circumstances where physical objects play a very 
essential role. 
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3. CSCW systems for real-time remote collaboration   
 
There is a huge variety of different CSCW applications available. Many of the 
systems are so far just prototypes or research objects and not available on the actual 
market for consumers. In this chapter some of the most common systems will be 
described, that are brought up by many authors but also some not yet so common 
systems, most of them still under development. It is difficult to categorise into what 
type of CSCW system the applications belong, since many of them have 
characteristics from different types of CSCW systems.  

3.1 Video conferences and meeting rooms  
 
In this section different types of video conference systems, meeting rooms and 
electronic whiteboard systems will be presented. The reason for presenting these 
types of systems in the same section is that many systems contain features from 
different types of CSCW and can not be completely categorised as one or the other 
type. What they do have in common however, is that they all can be used in real-time, 
on remote locations and the participants are not embodied as avatars, but more 
commonly viewed, for example, on video images or as shadow images.  
 

3.1.1 DOVE 

 
DOVE (Drawing Over Video Environment) is a system that has been developed to 
support remote interaction by gestural communication over video streams using video 
cameras, tablet PCs and desktop PCs. DOVE is also supposed to enable users to share 
a workspace through video connections and endow them with support for pointing 
and representational gesture which is done by superimposing pen-based gestures on 
video streams. The system is designed to sustain recognition of predefined gestures, 
free hand drawing, and a combination of both. The workspace is visually shared 
through video cameras and outfitted with tablet PCs (Ou, Fusell, Chen, Setlock 
&Yang, 2003).  
 
The system is supposed to support two or more participants in multimodal 
communication during instructional collaborative physical tasks with real objects in a 
3D world. When these types of task are performed, there is usually one person, who 
provides instructions to another person, who will perform the task. The performer of 
the task can directly manipulate task objects and tools while communicating with the 
instructor. The instructor can make freehand drawings and pen-based gestures on a 
touch sensitive screen of a computing device, overlaid on the video stream. This 
could be compared to a real face-to-face meeting when using a pencil and paper. All 
collaborators can also observe what is being done on their own monitors (Ou et al., 
2003).  
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The pen-based gestures and freehand drawings consist of sequences of points. A 
sequence starts when the pen touches the screen and ends when the pen is lifted. The 
instructor can draw sequences of points that will be added to a link list of current 
gestures and sent to the task performers’ computers simultaneously. The instructor 
can also choose among freehand drawing, gesture recognition or drawing 
normalisation. Freehand drawing implies that what is drawn will be shown exactly as 
it is on the screen. In case of the gesture recognition, a set of predefined gestures will 
be recognised and a certain command executed. Finally, the drawing normalisation 
mode denotes that the present sequence of points instantly will be sent to a gesture 
recognition module after the pen is lifted from the screen. The recognition module is 
constructed so that it recognises a shape that the user is trying to draw (e.g. arrow or 
an ellipse) and returns some parameters to estimate the recognised shape. The 
interface, however, uses the parameters to create and present the normalised shapes 
(Ou et al., 2003).  
 
DOVE also enables the user to, for instance, erase already drawn gestures, specify an 
automatic erase time interval and undo or redo commands. According to Ou et al. 
(2003) tests have indicated that performance was significantly faster with the DOVE 
system than with a networked IP camera alone, which suggests that that remote 
collaborators performing physical tasks benefit from using a tool that allows them to 
draw gestures. 
 

3.1.2 NetMeeting 

 
NetMeeting is supposed to be a complete internet conferencing solution for all 
Windows users with multi-point data conferencing, text chat, whiteboard, file 
transfer, and point-to-point audio and video (Netmeeting). There are separate 
windows for all the different tasks, which implies that there are quite many windows 
to handle when using different features (Poor, 2000). The video and audio 
conferencing tool allows a user to connect with another person to share ideas, 
information and windows program while using video and audio. It is also possible to 
change the size of the video window, instantly view items that are displayed in front 
of the lens and make trade-offs between faster video performance and better image 
quality (Netmeeting). According to Angus and Smith (1999) the NetMeeting is free, 
but it does not have as good quality as commercial conferencing systems. If the users 
are ready to give up video might it be possible to replace NetMeeting with traditional 
videoconferencing. In case of giving up the video, the users will not have the ability 
to see gestures and facial expressions. NetMeeting improves the discussions that take 
place over the speakerphone though, particularly if the users are prepared to use the 
telephone as the voice channel since the microphones are not working well. 
According to Angus and Smith (1999), the visual screen-sharing and file-exchange 
possibilities in NetMeeting are exceptional anyway.   
 
According to Fromme and Pralle (2003) NetMeeting is a popular whiteboard tool. It 
is possible to review, create, update graphic information and manipulate contents by 
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clicking, dragging, and dropping information on the whiteboard with the mouse. The 
tool also enables users to cut, copy and paste information from Windows-based 
applications into the whiteboard, and also to use different-coloured pointers to make a 
distinction between participant comments.  Furthermore the users can save the work 
that has been done on the whiteboard, load saved whiteboard pages, prepare 
information before a meeting, then drag and drop it into the whiteboard during the 
meeting (Netmeeting).  
 

3.1.3 Cu-SeeMe 

 
Cu-SeeMe is a video conferencing web-based tool that works over the internet and 
allows participants at remote places to see and communicate with each other. The 
difficulty of using the system is that both sound and images are delayed. The fact that 
the image is delayed is not that problematic since it is not too difficult to speak to 
someone without seeing the other person. The problem with delays of sound is a bit 
more difficult though, since it is important for the communication. A way to 
overcome that problem is to use text-based communication in combination with 
seeing the image (Dix et al., 2004).  
 
The program offers users to specify bandwidth of their connection and choose video 
image size and quality. The video windows, the monitoring of your own camera’s 
output, a window with a participant list and a text chat area all exist in the same 
conference room window. There are also other functions that have separate windows 
such as whiteboard, application sharing and file transfer. The application is quite 
similar to NetMeeting. There are some differences between the two applications 
though. For instance, Cu-SeeMe allows multiple participants to have meetings with 
pictures and sound for all, while NetMeeting only supports two participants for video 
and sound. NetMeeting produces smoother video with better quality than Cu-SeeMe, 
so in case of only two participants NetMeeting might be preferred (Poor, 2000).    
 

3.1.4 TELEP 

 
TELEP (Telepresence) is a system that is supposed to offer speakers and local 
audiences to become more aware of remote viewers. It is also intended to provide the 
remote viewers with a means to interact with speakers and each other. The interaction 
is, furthermore, intended to be possible in a lightweight manner and not require much 
of neither viewers nor speakers. Jancke, Grudin and Gupta (2000) claimed that 
TELEP was a functioning system, or two parallel component systems to be specific, 
used for seminars at the time.  
 
The first component of the system is a lecture-room display. In the lecture-room 
interface a high-quality image is projected onto a large screen beside the speaker. 
That image is visible to all participants present in the room and shows a 
representation of the remote audience. The remote participants have the possibility to 
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be viewed from a desktop camera as a live video feed, as a static image, a generic 
head and shoulders profile, or passive as their logon alias at the bottom of the page. 
The user’s name is also displayed above the representation of the user. A changed 
border around a user’s representation indicates that a question is being written at the 
moment, and a number on the right of it, shows the position in the question queue. An 
animated keyboard can also be viewed underneath a user’s representation, which 
indicates that the user is typing. When a question is sent it appears in a large box, 
until it is closed. A participant can also raise his or her hand which is represented by a 
small hand besides his or her image. The hand designates that the participant wants to 
say something verbally to the whole audience (Jancke et al., 2000).  
 
The second component of the system is used for multicast presentations and passive 
viewing. It broadcasts the speaker’s audio, video and slides. It should also be noticed 
that the audio and video are delayed for about 10-15 seconds, before the remote 
viewers receive it. The interface of the remote user’s desktops consists of two frames: 
one for a video of the speaker and one for the slides that are presented by the speaker. 
In the frame for the slides it is also possible for the speaker to view other things if it is 
required. There is also a third frame in the viewer interface that shows a list of all 
participants, their pictures and names. This works in a similar way as the lecture room 
interface, but the user representations are viewed on top of each other with a scroll 
bar on the side. The user can, for example, ask a question, get in the question queue, 
raise their hand, logoff, make configurations, and chat. The chat function is 
constructed so that a user can click on another participant’s image for opening a 
private chat window. In the remote viewer interface it is also possible to use hand 
rising as a voting session, when the speaker asks for it (Jancke et al., 2000).    
 

3.1.5 GAZE 

 
GAZE-2 is a new group video conferencing system that utilises eye-controlled 
camera direction. This is to prevent the problems with lack of appropriate eye contact 
described earlier. Vertegaal et al. (2003) claimed that GAZE-2 is a hybrid between 
using a single camera and multiple cameras that automatically selects the camera with 
least parallax and transmits that image to other users. The image is then automatically 
rotated towards the user that the person is looking at in a 3D virtual environment. The 
system is constructed of cameras placed behind a half-silvered mirror inside a dark 
box. The mirror is mounted in an angle so that it reflects the user’s eyes on a LCD 
screen mounted under it. There is also an eye tracker placed below the cameras that 
measures where on the screen the user gazes. That information is used to change the 
location of the cursor on the LCD screen. An automated camera then chooses the 
camera nearest to where the person looks and transmits that image to the other 
participants (Vertegaal et al., 2003).  
 
When a user looks at another participant, their video tunnel is switched to a new 
camera, and a video image is revealed from a different angle. The system only 
demands high-resolution video images from the users that are currently being looked 
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at by other users, which increases the network efficiency (se Figure 3). A similar 
technique is used for the sound in GAZE-2. When two users are looking at each other 
and are having a conversation, the sound of the other participants’ voices becomes 
lower. As soon as a user looks at another user, in a different conversation, the sound 
is faded back to its original state (Vertegaal et al., 2003).   
 

 
 

 
 
 
3.1.6 HyperMirror-II 
 
Morikawa and Maesako (1998) presented HyperMirror-II which is a system that 
allows participants, both local and remote, to experience that they are sharing the 
same virtual space. Participants can communicate in the system, with more than just 
two sites, via a video wall. Images in the system are mirror reflections projecting 
users on a single screen, as if they where in the same room despite their actual 
location. The participants at the remote location are viewed in a regular image but the 
persons see themselves as a reflection. Psychological subjective evaluations showed 
that most people were comfortable with seeing their own reflections. The reflection 
might make it awkward although when, for instance, letters, maps or other objects are 
to be displayed, since they are viewed reversed in the system for the user at the local 
site. However, the user has the possibility to see a normal image by looking at the 
actual object itself instead of looking at it on the display. In the system also things on 
the wall, even the ones that are out of reach, appear as if they where within reach of 
the participants and people tend to act as if they where in the same room. Users did, 
for instance, grasp the image of other participants and tapped on the shoulder of an 
image to indicate a start of conversation (Morikawa & Maesako, 1998).  
 
The participants are viewed side by side on the screen but look straight at each other, 
that is, the users see themselves and the remote participants on the screen as if they 
were standing next to each other (shoulder to shoulder). HyperMirror does not 
provide exact face-to-face eye contact, but it is possible to turn towards each other 
and moves synchronously with the remote participants, which, according to 
Morikawa and Maesako (1998), provides a relaxed communication. Preliminary 
experiments indicated that it was necessary to display an area of the body, enough to 
view fingers, although traditional conference systems only display the face. The 
display size was considered to be best in life-size, even though a smaller display did 
not turn out to have a negative effect on the system usage. It also turned out that the 

Figure 3: Gaze-2 session with four participants looking at the 
person, whose image has a higher resolution (With permission from 
Roel Vertegaal). 
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display size, vertical position and colours are more important than precision of 
absolute display size. Morikawa and Maesako (1998) also claimed that the system is 
effective in communication since it is easy to understand, has symmetry and promotes 
WYSIWIS (mentioned in section 2.3.2) (Morikawa & Maesako, 1998). 
 

3.1.7 LiveBoard and Tivoli 

 
According to Moran et al. (1998), LiveBoard is an electronic whiteboard for 
document conferencing, with a large, shared, pen-based electronic (rear-projected) 
display. Tivoli is a software application that simulates whiteboard functionality on the 
LiveBoard for instance. The goal with the software is to computationally support 
small groups of people collaborating synchronously. The tasks that can be supported 
are, for example, assessing, discussing, organizing, negotiating about materials, 
creating new materials, etc. Tivoli enables users to exploit the board as a whiteboard 
that they can scrawl on with electronic pens, edit with pen-based gesturing and 
wiping techniques and also use multiple pages of. The users can also freely 
manipulate the material on the board by moving anything anywhere. Material can 
furthermore be marked as, for instance, temporarily structured, e.g., by handwritten 
text. Since the board is electronic, simultaneous whiteboard activity can be shared 
dynamically with connected Tivolis. The architecture of Tivoli consists of workbases 
that are supposed to store material elaborated during cooperation permanently. Users 
can also interact with different client applications on their desktop workstations, 
consequently offering asynchronous coordination of individual work through the 
workbase. The LiveBoard and Tivoli are part of a vision of ubiquitous computing in 
which computation "disappears into the woodwork" and thus integrates into normal 
work activities and practices (Moran et al., 1998).  
 

3.1.8 Large Interactive Display Surface 

 
 Large Interactive Display Surface (LIDS) was a project at the University of Waikato 
(New Zeeland), and one purpose with the application was to provide distributed 
meeting support by retaining as much as possible of the interaction style used with 
real whiteboards. The prototype application is constructed to support two 
collaborating sites. To start with, large display surfaces are used to connect the shared 
workspaces by participants at collaborating sites. The large screen enables a group of 
participants to sit and watch, and a small group to stand around the screen and 
actively participate. In each room at the collaborating sites a web camera is placed so 
that the whole display screen is captured in its field of view. A single desktop 
computer, connected to a digitiser, the web camera and a projector by video cable is 
also used at each site (Apperley, McLeod, Masoodian, Paine, Phillips, Rogers, & 
Thomson, 2003)  
 
The image of the user, writing on the board, is converted to a shadow shape and 
transmitted to the other site. It is then possible for a user to see if, for example, a user 
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at the remote site points at an object on the board. Since the image is transmitted only 
in the form of a shadow is the broadcast delay not much more than one tenth of a 
second, which is enough to be watched comfortably by the users. The style of the 
shadow is not completely grey, but has some differentiations in the scales of grey. 
The different shades enable the remote viewers to sometimes get an impression of the 
other participant’s facial appearance. The shadow looks as if it appears from behind a 
window, but it is in fact a mirror image. Because of this the writing is, for instance, 
displayed correctly, but viewed as if it were written reversed. The shadow is at the 
back of the screen and consequently covered by text and images (Apperley et al., 
2003).  
 
The system facilitates functionality as, for instance, editing text during presentation, 
write by hand, use a pen with similar functionality to a mouse make annotations on 
existing shared documents and add new pages. It is also possible to directly 
manipulate objects on the display with the pen, display prepared information, record 
sessions for later playback and transmit the content to remote sites. These functions 
are furthermore available to both sites. The software does moreover provide an audio 
connection between the two sites, which is the main communication channel. It has 
turned out that the system is useful for teaching, demonstration, software evaluation 
and testing (Apperley et al., 2003). 
 

3.1.9 VideoWhiteboard 

 
According to Tang and Minneman (1991) VideoWhiteboard is a tool that provides a 
large area of shared drawing space between remote sites. In each of the remote sites 
participating in the collaboration is a wall-mounted rear projection screen, a video 
camera, a video projector and audio equipment setup. Users can draw on the surface 
of the screen with standard dry erase whiteboard markers, while a video camera on 
the opposite side of the screen catches the image. The image is then sent to a video 
projector at the remote site, where it is projected on a screen. A shadow of the 
drawing user is also transmitted, along with the image, and projected at the remote 
site screen. The participants are hence able to perceive both the shadows of the 
remote collaborators and a composite image of real and “video” marks. The shadows 
also enable the remote participants to distinguish the gestures and actions of the 
collaborators (Tang & Minneman, 1991).  
 
Users of the VideoWhiteboard are able to talk to their collaborators, write, draw and 
gesture in a similar way that they would if they were working together at a shared 
whiteboard, present at the same physical location, according to Tang and Minneman 
(1991). The VideoWhiteboard also enables several users to draw on the screen at the 
same time and because of the remote sites their bodies do not get in each others way 
like they would if they were physically working around the same whiteboard. Users 
also have a mutual physical orientation to the display surface, that is, right and left are 
the same to participants independent of location. The camera is on the other side of 
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the screen, which captures an image that is reversed. The image is corrected, 
however, by operating the video projector in front of the projection mode.  
 
Tang and Minneman (1991) also stated that users got an impression of the remote 
collaborators being on the other side of the screen instead of spatially separated. The 
participants did furthermore quickly realize the function of sharing the view of the 
marks on the screen with remote collaborators. Some problems with the 
VideoWhiteboard were that it does not afford eye contact and the shadows are not as 
rich in information as a full colour video image. It might also be problematic to 
decide which shadow that corresponds to which participant and to decipher gestures, 
for example, pointing to a specific location or a head nod. If the user steps away from 
the whiteboard do the shadow becomes even vaguer and gestures more difficult to 
interpret.  The text that is being written on the whiteboard might also be too small for 
collaborators to perceive and finally it is only possible to erase marks made on the 
local screen (Tang & Minneman, 1991). 

 

3.1.10 Mixed presence groupware and MPGSketch 

 
Mixed Presence Groupware (MPG) are systems developed to support both co-located 
and distributed participants working over a shared visual workspace in real-time. 
Tang, Boyle and Greenberg (2004) presented MPGSketch: a prototype of a mixed 
presence drawing system. The system consists of a simple real-time shared drawing 
application that makes it possible for remote participants to sketch over an empty 
surface, over an image from a file or a video snapshot or from a screen-grab of a 
person’s desktop. All the participants have their own pointing device for input, which 
they can use for manipulation of the shared space simultaneously. The input device 
can be, for instance, a finger on a touch-sensitive table, a pen on a vertical whiteboard 
or a mouse near the front of the display. Each display views the shared workspace of 
the drawing being developed. The location and movements of the users pointing 
devices are viewed on the workspace by multiple cursors, labelled with the owners 
name. In the first version of MPGSketch the cursor was the only visual representation 
of the distant person’s presence and activity.  Each and every one of the participants 
can draw at the same time, their drawing actions can occur simultaneously and every 
drawing action arises immediately on all displays. Several users can work on the 
same display and that display is also connected to remote displays where other users 
can work (Tang et al., 2004).  
 
A problem with this particular MPG system (and others as well) is that there is a 
disparity between the embodiments of the remote participants (cursors), and the real-
world embodiments of local people (human bodies). In other words, the user’s 
perception of the others presence is different depending on whether a collaborator is 
located at the same place or at a remote place. Tang et al. (2004) calls this 
discrepancy presence disparity. An example, which can clarify the disparity, is the 
difference between people’s real arms compared to the cursor which represents the 
arm in MPGSketch. The cursor does not neither provide very much information, nor 



 

50 

accuracy. The use of the cursor may cause problems, for instance, that it can not 
guarantee where the user is looking, their presence, how the participants are seated in 
relation to the real display, it reduces the gestural ability, it can not provide bodily 
proximity and finally, the cursor movements might be to quick for users to 
apprehend. Tang et al. (2004) stated that the presence disparity also might lead to 
conversational disparity, i.e., that people only talk to collaborators located at the same 
place.   
 
Since the displays can be set up both horizontally and upright it might also be 
difficult to attain a common understanding of physical orientation. It might also be 
complicated for participants to sense other users presence. The primary method, 
suggested by Tang et al. (2004), for solving the problems mentioned above is digital 
arm shadows. The arm shadow is a transparent shadow of an arm from the “shoulder” 
point attached to one side of the display to the “hand” point attached to the cursor. 
The presence of the participants was also improved by adding a live video portrait of 
each participant’s face. The arm shadow that is only present when the person is 
physically present and active in the system, is also attached to the image of the face 
(Tang et al., 2004). 

 3.2 Collaborative Virtual Environments 
 
In the following section different types of collaborative virtual environment systems 
are presented. The systems are mostly used in real-time and the participants are 
usually represented as avatars in some kind of virtual world. Some of the systems are, 
however a mix of a virtual world and the real world where the users, for example, are 
viewed on video images in a 3D virtual world. 
 

3.2.1 MUDs 

 
There are virtual places called Multi-User Domains (MUDs), which can be visited on 
the web, that share some characteristics with a virtual collaborative environment (Dix 
et al., 2004). MUDs are usually used in social activity and for educational purposes. 
But Churchill and Bly (1999) reported that MUDs also are successful for 
communication between workgroups to establish new contacts and maintaining 
existing ones. It can also support coordination of activities and effect use of other 
communication technology and on working groups (Churchill & Bly, 1999).  
 
There are text-based MUDs which are virtual rooms that consist of textual 
descriptions that include information about the objects and other users that are 
attendant in the room. Another alternative is visual MUDs where the participants are 
pictorially represented as avatars. There are also extended versions of MUD 
architecture with audio and video conferencing features and shared electronic 
whiteboards (Churchill & Bly, 1999). When a user enters a MUD, he or she is 
allowed to specify an icon or image which works as an embodiment or avatar. Both 
their own and other avatars then become visible in a 2D world that offers them to, for 
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instance, bump in to each other, share common interests and usually have text-based 
or audio discussions (Dix et al., 2004).  

 

3.2.2 DIVE 

 
The Distributed Interactive Virtual Environment (DIVE) is an internet-based multi-
user virtual reality system that has been continuously developed since the first version 
appeared in 1991. DIVE enables users to navigate in a 3D space as well as see, meet 
interact and collaborate with other users and applications in the environment (se 
Figure 4). The participants are called actors and can be embodied by an icon of a 
body or an avatar that is supposed to make recognition and awareness of current 
actions possible. The actor’s embodiment can be used as a template to graphically 
model the actor's input devices in the 3D space. The actors are either human users or 
an automated application process. The visualiser is the name of an application which 
enables the actor to perceive the environment by providing a prospect from the 
position of the user’s eye. The application is supposed to work similarly to a real eye 
in the sense that changing the position of the eye will also change the prospect. The 
visualiser can be used on devices as, for example, head mounted displays, wands, 
datagloves, etc. Furthermore, it interprets the user's input devices and maps the 
physical actions taken by the user to logical actions in the DIVE system. These 
actions can, for instance, be navigation in 3D space, clicking on objects and grabbing 
objects (http://www.sics.se/dive/).  
 
 

 
 
Figure 4: Conferencing in DIVE (http://www.sics.se/dive/). (With permission from Emmanuel Frécon).  
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The actors can communicate by a combination of real-time network audio, video, text 
chat, simple graphical gestures and meeting support tools like electronic whiteboards. 
It is possible to use the system from a standard PC, with a head mounted display or 
with a projected display (Benford et al., 2001).  

 

3.2.4 Nottingham Internet Foyer 

An example of an attempt to mix the real world and the virtual world is Nottingham 
Internet foyer, which consists of a large video screen that looks like a virtual space. 
The Internet Foyer involves the use of CVE technology to create a navigable and 
populated 3-D visualisation of an organisation's WWW home pages. People can go 
into a particular Internet Foyer from anywhere over the internet. When they have 
entered the foyer it is possible to navigate in the 3-D visualization and select pages of 
significance. They can also notice other user’s presence and communicate with them 
through live audio links. The users are furthermore made aware of the presence of 
other users who happen to be visiting these particular WWW pages at the time.  

The visualization in Internet Foyer, is then projected onto the wall of a physical foyer 
in the real world while a real-time video image from the physical foyer is texture 
mapped back into the visualisation. It is this function that makes communication 
between visitors of the virtual and physical foyers possible. The physical foyer and 
the virtual foyer are therefore linked by a virtual video wall (Dix et al., 2004; Brown, 
1996). 

3.2.5 MASSIVE 

 
MASSIVE has been developed in three versions at the University of Nottingham, and 
itis a distributed multi-user virtual reality system. The latest version called 
MASSIVE-3, was developed in 1999 and has contributed to the evolution of a 
selection of other applications. It has also been used to support experimental trials of 
teleconferencing over a wide area of networks. The work of MASSIVE has also led 
to the idea of inhabiting television in the area of CVE (Benford et al., 2001). 
 
Bowers, Pycock and O’Brian (1996) analysed a meeting with several participants 
held within MASSIVE. The users were embodied as simple 3D box-polygons, called 
blockies with one square eye on one vertical surface, and the users name overhanging 
the top surface. The embodied creatures only had minimal support for gesturing, like 
flapping with their ears in different ways. It turned out that the turn taking was often 
problematic. There were long silences as the participants seemed to wait for someone 
to speak. The authors suggested that this problem was due to managing self-selection 
with minimal embodiments which have restricted gestural abilities.  
 
Bowers et al. (1996) also analysed how the participant’s movements were coordinated 
with simultaneous talk. First of all, the participants moved the embodiments around to 
distinguish those they wanted to talk to. These activities of their embodiments were 
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not necessary for the participants to be able to speak to each other. It is an indication 
though that people who interact with each other, attempt to become engaged face-to-
face when having a conversation. One conclusion was that people use as much of 
their social interaction and coordination of body movements that the virtual 
environment can afford. It was also stated that the social interaction should be well 
considered in the design of the virtual world. The objects introduced in the virtual 
world should be decided on and designed from consideration of the social interaction. 
They also conclude that one should remember that the real human body has many 
more possibilities that the blockies have. For instance we can move our hands, arms, 
the head, and the torso in a wide variety of different orientations with respect to each 
other (Bowers et al., 1996). 
 

3.2.6 TOWER 

 
According to Dix et al. (2004), there have been attempts to create awareness where 
co-workers at remote places are represented as avatars in virtual workspace 
landscapes. One example of an application in this category is TOWER (Theatre of 
Work Enabling Relationship). TOWER is supposed to enable collaborators to become 
aware of each other and activities that are relevant for their working tasks through 
symbolic presentations in a Theatre of Work. The purpose is also to ascertain and 
sustain social relationships that strengthen teamwork (Prinz, 2002; Schäfner, Bokan, 
Pankoke-Babatz, Prinz, Schieck, Oldroyed, Sutton, 2003).  It is possible to see where 
the co-workers are in the workspace, activities carried out and structure of files and 
folders (Dix, et al., 2004). TOWER provides awareness of collaborative activities of 
team members and their shared working context. The aim of TOWER is to intensify 
teamwork on remote places with group awareness and also to facilitate spontaneous 
communication abilities (Prinz, 2002).  
 
DocuDrama is a project that has been developed as a part of TOWER. Team 
members in the prototype of DocuDrama are represented as avatars, which can 
perform symbolic actions, imitated from human vocabulary of body language. 
Schäfner et al. (2003) claimed that these gestures are intuitively comprehensible and 
can mediate primary information quickly and successfully, while expressing a feeling 
of emotion and familiarity. The symbolic actions can be, for instance, an avatar 
reading a newspaper which symbolises that the person embodied as the avatar is 
opening and reading documents at the moment. Users can personalise their avatars by 
choosing hairstyle, clothes and one out of two options for the symbolic actions. The 
team members are represented in a simulated 3D space as 2D icons. That disposition 
of the environment makes it possible to see all the avatars and their contextual 
activities at a glance. The environment also views the symbolic acting and visual 
clues to display different participant’s activities in different projects.  
 
The interface has two parts, one configuration tool for project selection and a review 
interface. The review part gives the user options to refine a time period and to look at 
visual and textual summaries of events in that period. The summaries can be viewed 
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as fully animated replays where the events happen in the right order and annotate 
where people have been most active and where there has been little or no activity. It 
also enables users to view which other participants, as a group or as an individual that 
has conducted what kind of activities and in what projects. Conversation between 
people in DocuDrama is focusing on occurring documents, and is done by using 
spatial bodily positions and non-verbal communication sequences. When people are 
communicating about the same document they are located on top of the document. If 
there are two users the avatars in the system are oriented towards each other in a line 
and placed in a circle if there are more than two users (Schäfner et al., 2003).   
 

3.2.7 FreeWalk and Social Interface agent  

 
There have also been attempts to develop so called social interface agents, or helper 
agents, to support human communication abilities. Ibister et al. (2000), for instance, 
have designed an animated dog that is used as a helper agent during virtual meetings 
in a 3D space called FreeWalk. The agent’s task is to discover contextual cues in 
conversation and provide help for that purpose, something like a host at a party. The 
dog can orient its face towards the users to indicate that a question can be asked, it 
can react to positive or negative response, indicate a follow-up question and make 
topic suggestions. When the discussion is flowing the dog disappears and shows up 
again when silence is detected.  
 
The participants are presented as three-dimensional pyramids with a video image of 
their face attached to one side of the pyramid.  In the right corner of the screen it is 
possible to get an overhead view of all avatars participating. The user also sees a 
small video window of themselves on the screen that indicates whether their camera 
needs to be adjusted or not. The user’s voices are broadcasted to other participants 
around them and the volume of the voice is proportional to the distance between 
them. It is also possible for the participants to relocate themselves in the space and 
rotate the orientation of their face by using the mouse or the arrow keys. Ibister et al. 
(2000) reported that a cross-cultural evaluation of the prototype indicated that using 
the helper agent had a positive effect on users experience, conversations, perception, 
one’s own qualities, the partners, and the partner’s cultural group. Only two users 
participated in the evaluation of the help agent though, so the authors do not know 
how it will work for several participants.  
 

 3.3 Social presence systems  
 
In this section two systems are described that are attempts to retain the social 
presence that is usually lost when people intend to collaborate from remote locations, 
which was discussed in subsection 2.2.2. The reason for describing these two systems 
in a separate section is that they can not altogether be counted as systems in any of 
the other categories. They are, however, considered interesting and essential for the 
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subject of the thesis, since they retain many bodily aspects and are therefore described 
in the following two subsections.  
 

3.3.1 Personal Roving Presence 

 
One example of an attempt to recreate the social presence is the Personal Roving 
Presence (PRoP). The PRoP is a simple mobile tele-robot that is supposed to create 
the sensation of tele-embodiment in a remote real space. The robot is internet-
controlled and provided with video and audio links to the remote space. It also 
enables people to interact by a visible mobile entity and to perform a wide variety of 
human activities. Examples of such human activities are wandering around, 
conversing with other people, hanging out, examining objects, reading, making 
simple gestures, and pointing. The term Tele-embodiment was invented from 
telepresence with a personified perceptible body (Paulos & Canny, 2001).  
 
The PRoP robot consists of a vertical pole on wheels with a colour video camera, 
microphone, speakers, colour LCD screen, some custom electronics and many drive 
and servomotors mounted on it. The robot also has an arm or hand pointer and a PC 
that is connected to a wireless networking. The user can drive the PRoP with a 
joystick and move around and, for instance, exchange visual cues such as facial 
expressions with other humans at remote places. The drivers of the robot can also, for 
example, have a two-way audio conversation, move themselves with respect to a 
group or an individual, face someone, zoom in to discover small details and point on 
an object or at a direction. Some problems with the robot are that the audio and video 
network is delayed which might cause incoherent communication, and also that it 
might be hard to judge distances on the remote place for the driver (Paulos & Canny, 
2001). 
 

3.3.2 Mutual-Immersive Mobile Telepresence  

 
The goal of the Mutual-Immersive Mobile Telepresence is to provide some benefits 
of physical presence (mentioned in section 2.2.2) without having to travel. The 
system consists of a teleoperated robot located at a remote location. The robot (se 
figure 3) consists of a base with electric wheelchair motors, motor controllers, 
actuator controllers and wheels. The wheels are placed so that the robot can turn in 
place to make it more natural to turn like humans do. There is also a mezzanine that 
contains four ATX standard (a chassis- and mother card standard) PS systems. Each 
system drives a LCD panel on one side of the robots head. Two of the PC systems 
also control the two arms (or manipulators) and the third PC system acts as a router 
and connects to a wireless local-area network (WLAN). The two arms are mounted 
on top of the front of the mezzanine and may be used for simple task such as pushing 
buttons. The arms are very lightweight and compliant, so that they do not risk 
harming people or objects. The fourth PC system drives a service display on the back 
of the head and controls the wheelchair electronics and sonar. There is also a collision 
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avoidance and navigation assistance function in the robot, so that it will not drive into 
walls and objects at the remote location (Jouppi, 2002).  
 
The head of the robot has tree levels; LCD panels, video capture and audio capture. 
There are four LCD panels on the head in straight angles towards each other that 
display a video of the user’s head. The panels can be viewed over a range of 
approximately 180 degrees both vertically and horizontally. The robot’s head is 
designed so that it gives a realistic projection of the user’s head from different angels, 
which can be seen in figure 5 and 6. When users gesture with their hands, the head 
tracking software automatically expands to cover the hands as well. There are 
cameras and microphones fixed to the robots head that moves when the user moves 
the robots head. To achieve the same effect for both the user and the remote people, it 
is constructed so that when the head is moved the visual and auditory views are 
moved as well. The robot also has two speakers mounted under the LCD panels and a 
subwoofer inside its body. The robot, controlled by the user has the possibility to 
move around in the remote location similarly to a wheelchair (Jouppi, 2002).  
 
 

                                                                                     

                                                                                          
 
 
 
 
The user station was the first system user interface at the user site, but the second was 
called the immersion room (shown in figure 7). In the immersion room two projectors 

Figure 5: The teleoperated robot. (With permission from Norm Jouppi). 

Figure 6: The teleoperated robot interacting with 
collaborators. (With permission from Norm Jouppi). 



 

57 

with very wide lenses in a rear projection configuration are used. The two screens are 
bent around the user and fill about 120 degrees of the user’s field of view. There is 
also one camera in front of the user and one on each side to project both the face and 
the sides of the user’s head.  
 

                        

 
 
 
 
The audio quality of the system enables the user to have private conversations by 
making it possible to whisper back and forth with remote participants. To manoeuvre 
the system the user can utilize an infrared wireless keyboard, a joystick for audio 
control, Immersion Corporation force-feedback joystick, SenasAble Technologies 
Phantom Desktop, and a LCD panel that displays the status of the system (Jouppi, 
2002). Jouppi (2002) reported that over a dozen people had used the system and over 
a hundred had seen it in action. The first reaction when they saw the robot was 
surprise and they also made jokes about it. After a while, though, they interacted with 
the remote person through the robot basically as if the person was in fact physically 
present.  
 

 
 

 
 
 
 

 
 
 
 
 
 

Figure 7: The immersion room in use. (With permission 
from Norm Jouppi). 
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4. Analysis and Results  
 
Some existing different CSCW systems with different features and functionality have 
now been described. Some of the designers might have considered aspects of 
embodiment, such as, gestures in the systems development, and some of them have 
not. An interesting point is that embodiment is more acknowledged when it comes to 
virtual collaborative environments, which was also stated by Robertson (1997). It still 
seems though as if the social and interactional role of the actual body is overlooked in 
many collaborative systems. During the recent years the role of the body has attracted 
more attention both in cognitive science and within CSCW. Even if there is an 
awareness of the body in the more theoretical papers about CSCW it still has not 
received much attention in actual system development.  
 
Section 4.1 will concern what aspects of social embodiment that is essential for 
CSCW systems. Some common aspects regarding embodiment will be summarised 
with respect to social embodiment effects, embodied actions, gestures and awareness. 
The reason for summarising aspects from these issues is that they all contain theories 
of the role of the body in social interaction and are both theoretically and 
experimentally well-founded. With respect to these aspects the different CSCW 
systems for remote collaboration, described in chapter 3 will be analysed in section 
4.2. That will be done in order to see to what degree aspects of embodied social 
interaction are supported by different types of synchronous, remote location CSCW 
technology and to develop with some recommendations or guidelines for future 
CSCW technology development. There will also be a discussion about the importance 
of social embodiment in collaborative work performed with remote synchronous 
CSCW systems. In the last section of the chapter the results are summarised and some 
conclusions are drawn. 
 

4.1 Relevant aspects of embodiment in CSCW systems 
 
To begin with the four social embodiment effects reported by Barsalou et al. (2003) 
(cf. subsection 2.4.4), are important for making it possible to interact socially and 
collaborate through a CSCW systems, for reasons that will be discussed in this 
section. The bodily aspects required for the effects to occur will also be defined. Then 
the aspects important for collaborative work in CSCW systems, concerning embodied 
actions will be declared. There will also be a discussion of what bodily aspects of 
gestures and awareness are important for remote real-time CSCW systems. Finally all 
aspects will be summarised in a list which will work as reference points in the 
analysis in the next section.  
 
For the first social embodiment effect, perceived social stimuli produces bodily states 
in the self, to be possible to occur it should be important that the social (and also non-
social) stimuli can be perceived patently. This first effect, in a way only affects 
CSCW system usage indirectly since it concerns one’s own body and does not 
directly put any requirements on the features of the system concerning the 
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collaborative work. If a system is to support that effect completely anyway, it ought 
to enable the users to see facial expressions, body postures, non-social stimuli and to 
hear the other participants clearly. That is since the effect can occur with bodily, 
facial and with communicative responses as well as with related non-social effects.  
 
The second effect, perceived bodily states in others elicit embodied mimicry in the 
self, can occur as bodily, facial and communicative mimicry, according to Barsalou et 
al. (2003). So, to be able to mimic each other in some way in CSCW system it is 
required that they can users each others bodies, faces and hear each other speak. This 
effect could be important for CSCW users to, for example, learn new actions, to 
support empathy and cooperation and also to achieve synchrony during conversation 
(as discussed earlier in subsection 2.4.4). Since this effect really has a direct effect on 
collaborative work it is of great important in this analysis.  
 
The remaining two effects, as the first effect, should only affect CSCW users 
indirectly mediated by the second effect since they mostly concern one’s own body 
and individual performance. The third effect does not really put any demands on the 
features of the system to occur, since it concerns own bodily states that can take place 
independently of how the system is functioning. The fourth effect does not put any 
particular direct requirements on systems to occur either. However, if the participants 
are able to see the remote collaborators faces, for instance, it should be easier for 
them to evaluate and imitate their facial expressions, and thereby optimise 
performance. All the effects seem to be more or less connected with and have an 
impact on each other. For example, if a social stimulus is interpreted wrongly that 
could cause a bodily effect that is not compatible with the cognitive states, which 
according to the fourth effect, could have an influence on effectiveness. It could also 
affect other participants bodily states in accordance with the second effect and 
affective states in the own body according to the third effect. Misinterpreting stimuli 
with bodily, facial, communicative or non-social response in CSCW systems might 
therefore have crucial consequences.  
 
Consider, for instance, interpreting someone’s body posture or facial expression as 
being angry. The effect might extend itself to both your own body and other 
participants’ bodies which might cause affective states, with the result that people 
really get angry, that the atmosphere becomes hostile and that performance is 
deteriorated. An example of the effects’ influence on each other could be if someone 
receives good credits for work performance from a remote collaborator mediated by a 
CSCW system. That would probably produce bodily and affective states in the self, 
which might lead to mimicry in other participants bodies or faces, which in turn 
might alter performance effectiveness and help people to cooperate and bring 
empathy in them. To misunderstand people’s bodily states or facial expressions could 
therefore have negative consequences when the reaction actually was positive or the 
other way around.    
 
Misunderstandings can probably also occur in common face-to-face settings, but they 
are perhaps more likely to occur when the participants can not see each others bodies 
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and faces clearly. Someone’s body posture, bodily movements or facial expression 
might also, for example, give clues about if someone agrees with what you are saying 
or not. That kind of information can be of importance to be able to collaborate in a 
good way.  If the body language is not interpreted in the right way it might also be 
difficult to understand what a person is talking about, what intentions they have and 
what they mean. Humans can, according to Bowers et al. (1996), move their arms, 
hands, the head and the torso in many different positions with respect to each other. If 
these different positions in combination are interpreted as contradicting it is possible 
that communication becomes more difficult and misunderstandings occur.  
 
When it comes to embodied actions, as defined in Robertson’s taxonomy (cf. 
subsection 2.4.3), obviously different levels are more or less supported by different 
systems, depending on their features. The first part of the taxonomy was group 
activities which concerned conversing, looking at the same things, organising shared 
communication resources, creating shared representations, shared physical use of 
objects, focusing group attention, breaking into smaller groups and reforming, 
seizing the moment and to do something else. It has already turned out that most 
systems have an audio connection which should promote the conversation in group 
activities. To know that you are looking at same things at the same time, would 
require that the surroundings can be viewed and probably also that eye-contact is 
supported to some degree. Delays of sound and image would most likely cause big 
problems since it could be the case that when a participant finally discovers what 
someone else is looking at it is already too late.  
 
To be able to organise shared communication resources and create shared 
representations it is also necessary to see some parts of the surroundings, which is not 
possible in most video conferencing systems connecting more than two sites. In 
meeting rooms including, for example, an electronic whiteboard or shared 
applications that is achievable however, since it is possible to perform activities or 
create shared representations on the whiteboard or the screen that all participants can 
see. It is also possible to share physical objects to some degree, since the users, for 
instance, can work on the same drawing at the same time. Focusing group attention is 
something that can be done in different ways more or less in all types of systems. It 
could be difficult, though if the participants can not see each other or shared objects, 
for example, since the activity usually is initiated by someone’s actions (Robertson, 
2000). The initiation would then have to be completely conversational. It would be 
difficult for users of, for instance, video conference systems and meeting rooms to 
break into smaller groups and still be aware of other groups’ activities, since that 
would require for the systems to have large images viewing big parts of the 
environment. To seize the moment and do something else would of course be possible 
in all systems (including virtual collaborative environments) since it does not 
necessarily require any particular features of the systems.  
 
The individual actions performed in relation to physical objects also require that parts 
of the surrounding environment can be viewed or that objects can be brought into the 
shared space and be perceived.  In video conference systems only viewing the face of 
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the participants, for example, this action is obviously not supported. In all the systems 
where the physical use of an object is supported, therefore also embodied actions in 
relation to physical objects should be supported. According to Robertson (2000) 
personal use of physical objects is also a part of this type of action. Personal use of 
objects does not require any features of a system and will therefore not be discussed 
any further.  
 
Embodied actions in relation to other bodies is, according to Robertson (2000), 
indications of involvement as, for example, attention and attitude including body 
postures, facial expressions, direction of gaze, changes in the actions, nodding, rolling 
eyes, gestures and aural indicators. These actions involve much of the same 
characteristics as social embodiment effects and gestures and could bee seen as a 
combination of them. Many of these aspects can be supported only by seeing the face 
of other participants. All of them can of course only be supported if the whole or at 
least the upper part of the other participant’s body can be perceived, their speech 
heard and enough of the surroundings visible to see changes in actions. What have 
not been discussed are requirements for enabling hand movements and gestures to be 
perceived. That is obviously depending on what kind of gestures that are going to be 
perceived. Most gestures or hand movements require that the hands are viewed in the 
system however. Some of the consciously performed gestures could possibly be 
performed by the face, but it would of course require some extra effort of the speaker. 
The unconsciously performed gestures would most likely not be possible to perform 
by the side of the face, since that requires awareness of the gestures.   
 
The last category in Robertson’s taxonomy is embodied actions in relation to the 
workspace. The actions included in this category have been considered in the other 
categories and they mostly concern own bodily actions. Since it is a question of 
individual embodied actions it does not essentially put any demands on the features of 
the mediating system, except for if other participants are to perceive the individual 
actions. If other participants should be able to see that, for instance, someone is 
moving around, pointing at something, shifting direction of gaze or moving out of the 
workspace some of the requirements mentioned before are necessary. What would be 
required for users to see what someone else is pointing at, or the so called deictic 
references, is that their hands can be viewed and preferably parts of the surroundings 
or at least see objects included in the conversation. The surroundings and objects 
included in the conversation might not have to be viewed if the user knows what the 
remote working place or the object in question looks like. In that case it would also 
require that the speaker is aware of the remote users’ knowledge of surroundings and 
objects.  
 
When it concerns awareness in different CSCW systems that will be analysed with 
respect to Gutwins and Greenbergs’ framework, described in section 2.4. The reason 
for including awareness in the analysis of embodiment is that many aspects of 
awareness concerns embodiment and should thereby contribute to giving a more 
complete picture of the degrees of support in CSCW systems. Some of these aspects 
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are already included some of the other theories of embodiment and will not be 
entirely analysed repeatedly.  
 
The first issue of Gutwin and Greenbergs’ framework concerned what kind of 
information people keep track of in shared workspaces. The present elements of a 
workspace concerned knowledge of collaborators’ presence, identity, the actions they 
are performing, who is performing the action, what they are working on, where they 
are working and what they can see on their working place. The past elements deal 
with both present events and things that have already happened. If people are to be 
aware of other collaborators on remote locations all the time, a permanent connection 
is required. A permanent connection might be essential for many working tasks, but 
most of the time it is not possible to know what everybody is doing all the time even 
in a physically shared work place.  
 
None of the CSCW systems discussed in this thesis seem to be intended to be 
connected to a remote location all the time. Systems that would support these 
elements are, for instance, a video wall which was discussed in Section 2.2.2. Among 
the systems discussed in this thesis it is probably Nottingham Internet Foyer and 
TOWER, or more specifically DocuDrama, which comes closest to recreating the 
awareness of this kind. Since it was possible to see both present and past actions in 
DocuDrama that would be a good candidate in this category. But the question is if the 
symbolic actions and imitation of human vocabulary would give enough information 
for collaborators to still be aware of each others actions etc. That would not leave 
much space to different working tasks since only a set of predefined actions probably 
would be possible to perform. A complete awareness of these activities would most 
likely leave little time to actually perform any work individually. Since very few of 
the systems brought up in this thesis are intended to be a permanent connection 
between remotely collaborating sites, that aspect is not brought up in the summarised 
aspects of embodied social interaction in the end of this section. Meetings on a 
regular basis would nevertheless be a way to update or maintain this awareness 
without staying connected all the time. For these meetings to support this issue of 
awareness it would be required that is possible to see the collaborators, their actions, 
artefacts they are working with and also parts of the surrounding, which have already 
been discussed. 
 
The second issue in the framework, in Gutwin and Greenberg (2002), concerned how 
people gather workspace awareness information by dealing with questions in the first 
issue of the framework. The different ways to gather the information were watching 
other people’s bodies, perceiving visual and auditory information of artefacts and 
finally conversation and gestures. To be able to see people’s bodily actions, positions, 
postures and movement of hands, arms, eyes and the head through a CSCW system, 
some features are required that have already been considered. Information about 
artefacts, conversation, and gestures has also already been discussed to some extent. 
What would additionally be required to be able to gather workspace awareness by 
artefacts is a high quality audio connection that can sense the sounds of the artefact.  
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The third issue, how information workspace is used in collaboration, concerns being 
able to shift attention between one’s own work and shared work, to simplify 
communication, to coordinate actions, to anticipate collaborators behaviour and to 
assist them. For enabling this kind of awareness it is required that the collaborators’ 
actions can be perceived which could include their bodies, hands, artefacts and also 
parts of the surrounding, which has already been acknowledged in other parts of this 
analysis. It would probably also require that the users can perceive other participants’ 
bodies in relation to the surrounding and artefacts, since that would give clues about 
the other participants’ actions.  
 
Since many of the analysed issues concern the same bodily aspects a list of all aspects 
of embodied social interaction essential for CSCW systems has been put together. 
The aspects of embodied social interaction that do not concern social interaction, the 
types of systems discussed in this thesis or aspects that do not set any particular 
requirements on the systems will not be included in the list. The following 
summarised aspects can be considered important for social interaction with respect to 
embodiment within CSCW systems: 
 
• See facial expressions 
• Hear collaborators speak 
• Possibility to see body postures 
• Support of eye-contact 
• See gestures 
• See deictic references  
• Awareness of where other participants are looking 
• See surroundings at remote location 
• See physical objects or artefacts at the remote location 
• Share physical objects 
• Perceive other participants’ bodies in relation to surroundings and artefacts 
• Hear sounds of artefacts 
 
The aspects in the list are not ranked in any particular order, but are listed as they 
appear in the text. The reason for not ranking them is that it is not possible to know at 
this stage what aspects are most important.  
 
An aspect that also is important, but does not necessarily put any demands on the 
features of a system is the awareness of being perceived. The reason that it does not 
put any requirements on the system is that if the other aspects are supported it does 
probably become palpable sooner or later because of the conversational (verbal as 
well as non-verbal) feedback that people give to each other in social interactions. It 
would, however, be preferable if the system also gives that kind of feedback. Most of 
the aspects in the list above concern perceiving the remote participants’ gestures, 
body postures, deictic references etc. It should, nonetheless, also be essential for the 
users at all physical locations to know that they can not only see the remote 
participants but that the remote participants also can see them in the same way in a 
sort of shared workspace. To get an understanding of the whole workspace situation 
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together with all the aspects and also to highlight the connection between some of 
them see figure 8.   

The individual is in the middle and is a part of the aspects of embodied social 
interaction, the group in the shared social context and the context of awareness. The 
circle of awareness includes not only all the aspects of embodied social interaction, 
but also represents the mutual awareness. The concept of mutual awareness implies 
that the participants both can perceive other participants and are aware of that they are 
being perceived, which is also illustrated by the two-way directed arrows. The outer 
circle represents the whole group of participants collaborating in a certain shared 
social practice or context. It should be noticed, however, that even if it is possible to, 
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for example, see facial expressions in a CSCW system it is not certain that the eye-
contact is supported. So, even if the aspects have a relationship it is not obvious that 
one aspect is supported just because another aspect in the same category is supported.  
 
Since these bodily aspects are a summary of social embodiment effects, embodied 
actions, gestures and awareness, they will be used in the next section as reference 
points in the analysis.  
 

4.2 Support of embodiment in CSCW systems 
 
In the following section the different CSCW systems for real-time remote 
collaboration, described in chapter 3, will be analysed with respect to the summarised 
aspects of embodied social interaction. That will be done to see what features of a 
CSCW system that are actually required to support the aspects and to come up with 
the recommendations. The social embodiment effects, summarised by Barsalou et al., 
(2003), are very important in social interaction and do not seem to have been 
discussed in the context of CSCW technology development in previous literature. 
Since the effects, and especially the second effect, are so essential and consist of 
some different responses and may occur in different ways, the support of the whole 
effect will also be discussed to some extent in this section. To distinguish these 
effects from the list of aspects of embodied social interaction henceforth, they will be 
referred to as social embodiment effects (cf. subsection 2.4.4). Since all the types of 
CSCW systems described have so many different characteristics and functionalities, 
they will be analysed in different subsections. The first subsection will concern the 
systems described in section 3.1, the second systems in section 3.2 and finally the last 
subsection the systems in section 3.3.  
 

4.2.1 Support of embodiment in video conference and meeting rooms   

 
Video conference systems such as NetMeeting, Cu-SeeMe4, GAZE and TELEP (cf. 
subsection 3.1.2-3.1.5) should be able to support, the first two aspects facial 
expressions and audio-based communication to some degree, provided that the audio 
and video quality is good enough. If the quality is high, it is likely that facial 
responses and facial mimicry as well as communicative responses and communicative 
mimicry may occur. Since the bodily response in the first effect may occur when 
people are being primed with words, for instance, it is also possible for this response 
to occur in a way. If it is possible for the participants to see non-social stimuli or 
artefacts on the remote place it is also possible that the non-social effects can occur. 
Barsalou et al. (2003) claimed that the related non-social effect also can happen if 

                                                   
4 Both NetMeeting and Cu-SeeMe can function as meeting rooms as well. But since there are separate 
windows that can not be viewed all at the same time, only the video conferencing tool will be analysed in 
this thesis. It can be noted that the aspects to see deictic references and to share physical objects would be 
supported as well if the complete tool was considered. 
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information about non-social stimuli is perceived auditorily, so it can take place in 
some way nevertheless.   
 
Since the participants can not see each others’ bodies in the systems, which only 
views the face, it is not likely that they can mimic each others postures or bodily 
movements, which excludes the third aspect and a part of the second social 
embodiment effect. This fact also excludes the support of the aspect; of seeing other 
participants’ bodies in relation to surroundings and artefacts, since neither of these 
characteristics are viewed in the systems. The fourth social embodiment effect should 
also be supported to some degree, at least when it concerns facial categorisation 
performance, in all systems where it is possible to see the other participants’ faces. 
Barsalou et al. (2003) stated that people tend to increase their accuracy in evaluating 
faces when mimicry increased. Since the subjects can see each others’ faces it is 
possible that they have greater possibilities to mimic other participant’s facial 
expression and are thereby more likely not to misinterpret their intentions. GAZE is 
probably supporting communication in a somewhat better way than the other systems, 
mentioned so far in the section, since it enables the users to have eye-contact, which 
seems to be an essential part of communication and also one of the aspects of 
embodied social interaction in the reference points analysed. 
 
The video conference systems NetMeeting, Cu-SeeMe, TELEP and GAZE, 
mentioned above, which only view the participants’ faces are not likely to support the 
gestural communication. On the other hand, it is still possible for the speaker (in cases 
where text-based communication is not used, since their hands would be occupied) to 
gesture even if the other collaborators can not see it. Since gestures also have an 
essential function for the speaker to make the thought process easier, and also to 
communicate it in a more unproblematic way, audio communication would be 
preferred over text-based communication. DOVE is an example of a system where 
the gestural communication has been considered. The gestures performed are, 
however, pen-based and not performed by the hands as normally done. The gestures 
that the system recognises are, for instance, stars, quadrangles, crosses, arrows and 
round arrows. These types of “gestures” might help collaborators to indicate 
directions, shapes and so on. But it does not seem likely that they actually can replace 
hand-based gestures. First of all, this system presupposes that the users are aware of 
the gestures performed. According to Cassell (2000), however, most gestures are not 
performed consciously, except for the emblematic and propositional gestures. So the 
system is not likely to support the unconsciously performed gestures, but maybe, in a 
sense it supports the consciously performed ones. For gestures to appear naturally 
accompanied by speech would of course require that the user knows the system very 
well and is able to map the hand-based gestures into the pen-based ones. It would also 
be necessary that the users have a common understanding for the mapping. 
 
For the participants to be able to interpret another participant pointing at something, 
i.e., deictic references, it is required that their hands can be viewed. If the users not 
already know what the surroundings or artefacts look like in beforehand, it is also 
required that, for example, some parts of the surrounding or the artefacts can be seen 
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for the references to make any sense. The deictic references can, furthermore be 
important conversational cues in many systems. In DOVE, NetMeeting, CU-SeeMe, 
TELEP, LIDS, Tivoli, MPGSkecth and VideoWhiteboard (cf. subsection 3.1.1-
3.1.10), for example, it is probably not possible at all to know without any deictic 
references and conversational cues what participants are looking at. It would require 
that an essential part of the room on the remote site was possible to perceive, which it 
also is in some systems. Since the images would become too small in case of several 
connecting sites there are usually only two sites that are collaborating in these kinds 
of systems. Together with conversation it should be possible to attract the attention to 
certain aspects or artefacts however. That would require a good audio connection and 
some extra effort to acknowledge what aspects to look at compared with face-to-face 
settings.  
 
In GAZE, on the other hand, it should be easier to distinguish where a person is 
looking, since it at least supports eye-contact. But then again it is not possible to see 
any parts of the surrounding environment. In VideoWhiteboard and LIDS the shadow 
image might indeed give some clues about where the person is looking on the actual 
whiteboard, but it is probably far from precisely apparent. Hyper-Mirror, however, 
should actually support this fact in a quite good way since it promotes eye-contact at 
least to some extent, makes it possible to see some parts of the surroundings and to 
bring in artefacts that can be perceived by the participants. In TELEP and NetMeeting 
it was also possible for the speaker to view objects, which means that it at least is 
possible for the listeners to see physical objects on the remote site.  
 
In HyperMirror the participants can see both essential parts of each others’ bodies 
(enough to distinguish postures), facial expressions, physical objects and hear each 
other speak. As a result, both the first and the second social embodiment effect should 
be supported in a quite good way. The system also enables the users to see gestures 
and deictic references, which makes almost all aspects of embodied social interaction 
considered in this analysis possible to take place. HyperMirror also seems to be the 
system that supports the aspect where it is possible to see participants’ bodies in 
relation to the surroundings and artefacts to the highest degree. That is because it is 
possible to see the surroundings to some extent, see artefacts and other participants’ 
bodies, which ought to enable actions to be perceived. Something that improves the 
support of the aspect is that the users’ also are viewed in life-size, which should 
simplify the ability to perceive the relation between the artefacts and the bodies. What 
probably can not be supported is the sharing of physical objects, since it requires that 
the users can work on, for instance, the same drawing. It is not clear if HyperMirror 
or any of the other systems discussed in this thesis can support the sound of artefacts 
since the literature does not tell if the audio connections are that good. 
 
When it comes to meeting rooms and electronic whiteboards, the first social 
embodiment effect is supported in some way, since all the responses can occur when 
hearing information about social stimuli or non-social stimuli. The users can usually 
hear each other speak since most meeting room systems have an audio connection, 
which promotes the communicative responses. Non-social stimuli or artefacts can 
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also be brought into the meeting rooms or displayed on the electronic whiteboards. 
The second effect is, however, only slightly supported for most of these types of 
systems since the participants usually can not see each others’ faces or bodies. The 
mimicry still can take place with communicative clues though.  
 
There are some exceptions, however, where the effect might be supported to a higher 
degree. In LIDS and VideoWhiteboard, for example, the shadow of the participants 
might give a few more clues about embodiment. That might support the bodily 
mimicry to some extent, even if not so obviously as when participants share the same 
physical space. The shadow image could also support the aspect concerning 
participants’ bodies in relation to surroundings and artefacts to some extent.  Given 
that it is possible to at least get an idea of where a remote participant is in relation to 
an artefact could the aspect at least be slightly supported. In case of MPGSketch also 
a video image of the users has been added to the prototype, which makes it possible 
to se facial expressions. It is probably quite difficult if there are many users though, 
since the image becomes too small. But basically, facial mimicry could also occur in 
that system, which also allows the fourth effect to take place to some extent.  
 
In the meeting room or electronic whiteboard systems, described in Section 3.1, 
gestural communication is probably supported in a somewhat enhanced way in some 
systems compared to other systems. The systems using shadows to view the remote 
participant, for example, can surely support some forms of gestures both locally and 
remotely. Since the systems using a shadow image view the participants’ hands to 
some extent, it is possible to see the remote participant’s deictic references. It is also 
possible to share and see physical objects and therefore it should also be possible to, 
at least, interpret the deictic references in a correct way.  
 
It should be noticed that the artefacts and the surroundings in an electronic 
whiteboard system have a somewhat different denotation compared to a real video 
connection. Artefacts do not have to concern physical objects, but can be a piece of 
text, a picture, a pointer etc. The surroundings in this type of system can be both the 
surroundings on the whiteboard, since it is the place where the collaborative work is 
performed, but also the outer surroundings on the different working places. Actual 
physical artefacts or the outer surroundings, not concerning what is on the whiteboard 
can never be viewed in this type of system, unless there is a complementing video 
connection viewing these things. The electronic whiteboard is in one way the only 
available shared workspace when users are collaborating from different locations, 
mediated by a system of this type. If the conversation or the working task for some 
reason starts to concern something not available on the whiteboard this support is 
instantaneously lost. Therefore, in some way these aspects are never fully supported 
in a meeting room only consisting of an electronic whiteboard or a shared application, 
for instance.  
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4.2.2 Support of embodiment in virtual collaborative environments 

 
In virtual collaborative environments usually only a few predefined postures, facial 
expressions or gestures are available for the users, according to Cassell et al. (2001). 
As Bowers et al. (1996) stated, avatars or blockies do not have the same bodily 
possibilities as the human body has. As mentioned before, we can move our bodies, 
hands and faces in a wide variety of different orientations and combinations of bodily 
actions, which are hard to imitate in avatars. The users can usually communicate with 
each other by audio or text and bring objects into the virtual world that could cause 
non-social related effects. In case of audio based communication the first social 
embodiment effect could probably be completely supported for the same reason as the 
video conferences and the meeting room systems. That is since all the responses can 
occur by auditory information about social stimuli. So even if VCEs do not directly 
support this effect it is supported in some way. In cases where the communication is 
text-based the effects are obviously not likely to occur.  
 
It is probably not possible for the users of VCE systems to distinguish a person’s 
body posture when it is represented by an avatar, since the avatar has not got the same 
bodily capacity with small variations as humans do. There is a chance, nevertheless 
that some clues can be given about a persons actual body posture mediated by the 
avatar in the virtual world.  It does not seem plausible, however, that the embodied 
clues that are given by an avatar could cause bodily mimicry in other participants to 
the same degree that it does when participants share the same physical space. That 
could have the consequence that users of a VCE system are not to as empathetic and 
synchronised in their conversation as they normally would be during collaboration. It 
can also effect their ways of learning new things and make it more difficult to 
cooperate. If the communication is audio-based the mimicry clearly can occur with 
communicative responses nonetheless, as previously asserted.  
 
Some of the systems are also a mix of a virtual world and the real world like, for 
instance, video based MUDs, the Nottingham Internet Foyer (NIF), and FreeWalk (cf. 
3.2.1, 3.2.4, and 3.2.7). Those systems can support facial responses as well as the 
second embodied aspect in a better way since they provide a video image of the users 
faces. In many VCE systems it is also possible to bring in objects which make non-
social related effects possible to occur. Again it is also possible for the fourth effect to 
occur and affect the facial categorisations performance where it is possible to see the 
other participant’s facial expressions. 
 
In virtual collaborative environments it is also perhaps difficult to know if the 
collaborators are looking at the same thing at the same time. Together with some 
deictic gestures and conversation it should be possible to acknowledge it anyway.  
But it is not naturally available since the users usually can not see where another 
participant is looking. To be able to actually know what someone is looking at in a 
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virtual world would require a lot of precision and eye-contact, which probably is not 
available in existing technology.  
 
In many VCE systems, as for instance, DocuDrama (cf. subsection 3.2.6), DIVE and 
in MASSIVE (cf. subsection 3.2.5) only a few predefined or simple gestures are 
supported to some extent, which most likely gives little communicational cues, 
compared to real gestures. In virtual collaborative environments, as already claimed, 
it is most likely very difficult to imitate all the different combinations and varieties of 
postures, gestures etc., that the human body can employ. Since most gestures also are 
performed unconsciously, would probably the only way of supporting gestural 
communication be to map the actual gestures that the users perform to the same ones 
in the system. The deictic references can almost certainly be supported in many VCE 
systems, at least in the ones where, for instance, common artefacts or electronic 
whiteboards are used. Since the users also see the same surrounding it should be 
easier to know what someone is pointing at.  
 
To see and share physical objects would be achievable in virtual collaborative 
environments that, for instance, have an electronic whiteboard or where it is possible 
to bring multimedia contents, 3D simulations or document tools. In DIVE (cf. 
subsection 3.2.2), for example, it is also possible for the user to interact with both 
other users and applications, which also should promote the relation to physical 
objects.  The surroundings and the artefacts are certainly the same for all participants 
in a virtual world, which most likely makes it possible to perceive other participant’s 
actions. In other words, VCE systems also should support the aspect of perceiving the 
collaborators’ bodies in relation to the surroundings and artefacts provided that the 
quality of the image is good enough. As asserted before it is not possible to know if 
the quality of the sound is high enough to distinguish the sounds of artefacts in the 
virtual environment and the aspects can not be analysed with certainty.  
 

4.2.3 Support of embodiment in social presence systems 

 
The systems PRoP and Mutually-Immersive Mobile Telepresence (MIMT) (cf. 3.3.1-
3.3.2) are systems aiming at maintaining the social presence in remote collaboration. 
Both systems should provide quite good support for embodiment in one direction. 
That is the case since the user controlling the robot, can se the remote participant 
whole bodies quite clearly, while the remote participants only see the face of the 
person controlling the robot. In the latter direction only the facial and the 
communicative responses are supported. The person controlling the PRoP robot does 
not seem to have as good view of the remote participants bodies as the person 
controlling the MIMT robot has. 
 
Both systems should support facial expressions and audio-based communication to 
some degree (again provided that the audio and video quality is good enough). If that 
quality is high enough it is likely that facial responses and facial mimicry as well as 
communicative responses and communicative mimicry may occur in both directions. 
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Since all the responses in the first effect may take place based on auditory 
information it is possible for the first effect to be supported by both systems. Since 
the participant controlling the robot can see the remote participant’s bodies it is also 
likely that they can mimic their postures or bodily movements. So, the second effect 
can occur completely in one direction, but only with facial and communicative 
mimicry in the other direction. The systems might provide support for embodiment to 
some degree in one direction, but to a higher degree in the other direction. The fourth 
effect should also be supported to some degree, at least when it concerns facial 
categorisation performance since the participants can see each others faces in both 
directions.   
 
In the social presence system MIMT, it might be possible to see what the person 
controlling the robot is looking at in rough outlines, but probably not with exact 
precision. In PRoP on the other hand it is most likely more difficult to see where the 
person controlling the robot is looking since the image of the person is quite small 
and it appears as if the person is looking upwards.  It could also be possible and 
probably easier for the person controlling the robot to see what the remote 
participants are looking at in both these systems, since the user has a quite clear 
overview of the remote participants. A person controlling the MIMT seems to have a 
better overview on the remote site than a user of the PRoP. 
 
The MIMT also promotes gestures in both directions, since the user controlling the 
robot can see the upper part of the remote participant’s bodies, and the head tracking 
software automatically expands when the user performs gestures. The deictic 
references are probably only fully supported in one direction since the head tracking 
software only views the head (and sometimes arms), but no parts of the surrounding 
on the site where the users control the robot. In the other direction the references 
should be supported though, since the user in the immersion room can overview the 
participants and the surrounding on the remote site quite clearly.  
 
Furthermore, it is possible for the person controlling the robot to see both objects and 
the other participant’s actions on the remote site, “walk” around, participate in group 
activities, see physical objects on the remote site and also to share the objects to some 
extent since the robot arms enable simple tasks to be performed. The aspect of 
perceiving other participant’s bodies in relation to the surroundings and to artefacts is 
certainly supported to some degree in both directions in PRoP as well as in the MIMT 
system. At least in the MIMT system it is therefore practicable for the user 
controlling the robot to see the remote participants’ actions since the surroundings, 
the bodies and artefacts can be perceived. The remote participant’s cannot see the 
surroundings on the controlling users site but the can see the robot in relation to their 
own surroundings and artefacts at their own location, which currently ought to be the 
common workspace. Thereby the aspect discussed at the moment can be considered 
as supported to some extent. Jouppi (2002) reported that the audio quality in the 
MIMT also allows the user to whisper back and forth with participants on the remote 
site, which also should make it possible to hear sounds of artefacts.  
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4.3 Summary 
 
The systems described in chapter 3 have now been analysed with respect to the 
aspects of embodied social interaction summarised from theories about social 
embodiment effects, embodied actions, gestures and awareness. The aspects of 
embodied social interaction that was considered most important and should be taken 
into account when designing real-time remote CSCW systems was: to see facial 
expressions, hear the collaborators speak, the possibility to see body postures, the 
support of eye-contact, to see gestures and deictic references, to be aware of where 
other participants are looking, to see the surroundings at the remote location, to see 
physical objects or artefacts at the remote location, ability to share physical objects, 
to see other participants bodies in relation to surroundings and artefacts and, finally, 
to hear the sounds of artefacts. 
 
To get an overview of what systems essentially support what aspects of embodied 
social interaction the results are summarised in a table (see Appendix 1). Since many 
of the systems still just are research prototypes it is sometimes difficult to know if an 
aspect is actually supported or not in the system. Some of the literature reviewing the 
systems is, furthermore, not detailed enough to decide whether an aspect is supported. 
So, some fields might be left blank even if the system actually does support the aspect 
in question. Most of the literature does, for example not tell if the quality of the sound 
is good enough to distinguish the sound of artefacts. Hence, although the table is not 
necessarily complete, it still gives an indication about of which aspects that are 
usually supported in the different systems.  
 
It turned out that even if CSCW system developers perhaps do not consider aspects of 
embodied social interaction at all, the systems are nevertheless supporting some 
aspects anyway. That can be the case since so many embodied effects obviously can 
occur with communicative response and since conversation was also considered 
important both for gestures, awareness and embodied actions. The communicative 
possibilities were also important for people being able to imitate each others’ latency 
to speak, speech rate etc., which, for example, could make it easier for them to 
collaborate (Barsalou et al., 2003). So the audio connection and its quality does not 
only give clues about who is talking and whose turn it is next, but also about 
embodiment and should therefore be considered as being of great importance. Most 
people are also very used to telephones and have learned to communicate like that, 
which is advantageous since the audio-based communication does not require so 
much learning.  
 
All systems seem to require some more effort of the users than normal face-to-face 
settings do. Since the participants in a CSCW system have to communicate in a more 
clear way it is also possible that more training is required before the users learn how 
to utilize the systems and that it would be beneficial in the long run. What should be 
important in the context of the audio quality is that even if there is a delay it should be 
better if both the sound and the image are delayed to the same extent since that would 
make the movements consistent with the things being said. Hearing someone say one 
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thing while seeing actions connected with, for example, other hand or body 
movements ought to be even more confusing and more easily lead to 
misinterpretations, than if the movements come together with the speech.  
 
It has also turned out that gestural communication is not supported in most systems. 
That might also be one of the reasons for participants feeling less satisfied with the 
meeting process, since gestures seem to have such an important role both for speaker 
and viewers. Deictic references also seem to be an important aspect since they can 
explain a lot about what is being looked at, what someone is talking about, what 
intentions they have and thus also help to focus the group attention. Since deictic 
references seem to require that either the surrounding or artefacts (or both) can be 
perceived for the references to make sense, not many systems supported this aspect to 
any higher degree either. That is if the participants are not already sufficiently aware 
of how artefacts and the surroundings look at the remote site. The surrounding and 
artefacts in the surrounding have turned out to be very important aspects for 
embodied actions and should be considered in CSCW development. Many of the 
systems did not support that aspect since they only view the participants’ faces. The 
systems only viewing the users’ faces can probably be used for plain discussion 
meetings. But when designing or conducting physical tasks, for example, it is 
necessary to view the shared space and artefacts in it.  
 
Systems that support many aspects of embodied social interaction were HyperMirror, 
MIMT, but also the electronic whiteboard systems using shadow images. The shadow 
image of the users in LIDS and VideoWhiteboard seems to improve the social 
interaction, compared to traditional electronic whiteboards since it supported more of 
the aspects of embodied social interaction. MIMT did also turn out to support many 
aspects of embodied social interaction, but mostly for the user controlling the robot. 
The head tracking software that expanded to view the users’ gestures and the 
possibilities to move around was some of the factors that made the system stand out 
from the others. Even if the systems supported many aspects of embodied social 
interaction, it should be taken into account that they only provide one person to 
collaborate with many on the remote location. That is also the reason for only 
illustrating the system to support most aspects to some degree in the table (see 
appendix 1). It actually supports many aspects in a good way in one direction that is 
for the user controlling the robot. The equipment for this system is probably also 
quite expensive.  
 
The fact that HyperMirror supported so many aspects of embodied social interaction 
gives an indication about the importance of viewing the upper part of the body for 
supporting embodiment. Questions of priorities have to be asked if the technology 
does not allow the body to be viewed. That could be questions as, for example, it is 
better to view the upper part of the body if that means that the quality of the image 
becomes poorer, or it is better to have small pictures than a long delay of image and 
sound? Different systems might also be required when there are multiple participants 
compared to when only two sites are connected. HyperMirror and FreeWalk are, 
furthermore, the only systems that directly support the mutual awareness that was 
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illustrated in figure 8. The reason that they support this directly is that the users can 
see themselves and therefore do not have to receive any feedback from other users to 
know that they can be perceived. In other systems is it necessary to get this feedback 
in some way to be sure that you can actually be perceived by other participants. 
 
It can also be concluded that it is difficult to know which aspects of embodied social 
interaction VCE systems actually support, since it might be difficult to perform tests 
in the virtual world. It is also difficult to know how the simple gestures and facial 
expressions actually affect the social interaction. In VCE systems the most commonly 
used gestures should be a priority to support, which of course would be difficult since 
most gestures are performed unconsciously. If an avatar is considered as a sort of 
artificial embodiment of the human body, the biggest difficulties probably concern 
the arrangement of different combinations of gaze, body posture, and gestures. The 
gestures performed by and supporting the speaker are perhaps not a problem since 
they still can be performed. It has also turned out that many of the VCE systems 
allow to see the surroundings and the artefacts at the remote location, which is not 
really a remote location in a VCE. These aspects come naturally since the users 
actually are in the same virtual space or surroundings.  
 
It is possible that some developers of CSCW systems have left out the bodily aspects 
on purpose, since the tasks the system is intended for do not necessarily require them. 
Video conferencing systems, for example, might be used only to have plain 
conversations or discussions. In case where there are many participants on a video 
conferences it might still be difficult to, for example, know who is talking and whose 
turn it is next without support of the aspects of embodied social interaction. The lack 
of support for aspects of embodied social interaction can also lead to 
misunderstandings and misinterpretations as well as loss of empathy and ability to 
cooperate since the face, the body, the hands and the voice in different states of 
combination provide a lot of evidence about our intentions, actions and emotions, 
which are important in social interaction. 
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5. Discussion  
 
In this chapter the relevance of the thesis and aspects of embodied social interaction 
will be discussed to start with. The contribution of the results and the 
recommendations are also issues that will be brought up. Finally some suggestions 
about future research in the area of embodiment within CSCW will be described. 
 
One of the aims with the thesis was to analyse to what degree different aspects of 
social embodied interaction are supported by different types synchronous, remote 
location CSCW technology. An analysis of what aspects of embodiment that are 
essential in real-time remote CSCW systems have now been carried out. These 
aspects have also been used as reference points in the analysis of existing CSCW 
systems. That turned out in a summary of what aspects that are usually not supported 
in the respective types of systems and some recommendations on how to support 
them.  
 
The results of this thesis indicates that the field of view in, for instance, video 
conference systems often is to small since they usually not view the surroundings, 
which seems to be an important aspect of social interaction. It has also turned out that 
it would be preferable to view at least the upper torso for facilitating the 
communication between participants. These were questions that, according to Dix et 
al. (2004), where of relevance and the results in this thesis seems to be consistent with 
some theories that Daly-Jones et al. (1998) asserted (cf. 2.2.2).  
 
To only view the participants’ faces in, for example, a video conference system does 
not give so many clues about aspects of embodiment. The only aspect that is then 
supported is that it is possible to see facial expressions and possibly eye-contact. The 
facial expressions seem to have a great influence on our interaction with other people 
nevertheless. It does not appear likely that facial expressions will ever be completely 
successfully expressed in avatars or in virtual collaborative creatures. The facial 
expressions might be too complex compositions, and also depend on the individual 
and the culture. The facial expressions in combinations with body postures and 
gestures are even more difficult to recreate in a virtual world. Eye-contact was also an 
aspect that was not supported in many systems. Fast (1991) claimed that having eye-
contact can signal charm and interest in what someone is saying. Not to have eye-
contact, on the other hand, can be an indication of chilliness and deprecation. So the 
aspect might be important not only for embodied purposes, but also for users to feel 
comfortable with each other.   
 
One of the biggest problems with CSCW systems seems to be delays of sound and 
image as well as their synchronisation. It can also be concluded from the indications 
of the results that this factor causes big problems since the sound is also an important 
aspect for embodiment. The delays can have effects such as the participants asking 
questions that have already been answered, make statements or come up with 
suggestions too late. Daly-Jones et al. (1998) also stated that it sometimes can be 
better to just use high quality sound since low quality image may obstruct the 
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communication instead of improving it (cf. subsection 2.2.2), which is also consistent 
with the results of this analysis. As Paulos and Canny (2001) also asserted one of the 
biggest problems with the PRoP system was that when the person controlling the 
robot wanted to talk to someone they saw at a distance it was already too late when 
the robot got there, since the person had walked away. The problems with delays of 
sound and image will most likely be solved in the future since technology is 
continually developed, improved, and advanced. 
 
Even if some systems turned out to be better from an embodied point of view, there 
are no guarantees that the system actually is functionally better than others. There can 
of course be other problems with, for example, HyperMirror such as that the 
participants have a feeling of unreality since they can see their remote co-workers on 
the screen but not when they look beside themselves. Another question is what 
happens on the screen when the participants’ walk in to each other, which is also an 
essential question for the systems using shadow images.  
 
A central question that could be considered after reading the thesis is why embodied 
cognition and particularly social embodiment are essential to CSCW technology 
development.  It has been stated that the body is central to shaping the mind and that 
our experience is dependent on what kind of body we have and how we interact with 
different environments. It was also claimed that we can only experience what our 
body permits us to experience and that our embodiment is the ground for our 
conceptualisation and reasoning (Johnson, 1999, cf. subsection 2.4.2).  
 
Biocca (1997) claimed that our knowledge about the world is embodied, that it is a 
construction of patterns of energy perceived by the body. Communication and 
telecommunication comes about on the body, which could be seen as a surface on 
which all energy fields also impinge. The body is not only a communication device, 
according to Biocca (1997, p 4) but also a “social semiotic vehicle for representing 
mental states to others”. Mental states refer to, for instance, emotions, observations, 
and plans. When a user is embodied as an avatar, for example, the mental model of 
the user’s body might be influenced by the mapping of the physical body to the 
geometry and topology of the virtual body. It can also be the case that the virtual 
body does not have the same social role that the user’s actual body has. The avatars’ 
social role means that it is socially or environmentally dependent (Biocca, 1997).  
 
Bioccas statements could also be closely related to the claim that cognition is a 
situated activity. It appears as if cognition is dependent not only on the body but also 
on the situation, the environment and the action among other things (cf. subsection 
2.4.2). When users interact through a CSCW system all these aspects are different 
from what they are used to in common face-to-face interaction. If all these factors are 
dissimilar from the real world it is possible that we might feel disoriented and 
uncertain about how to behave and interact with other people. These feelings might 
cause misinterpretations of other people’s actions and intentions, for instance, which 
might aggravate the interaction. If these aspects are important for interaction in the 
real world should they also be important when interaction occurs mediated by a 
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CSCW system. The results indicated that the surrounding environment, artefacts and 
participants bodies in relation to the surroundings to be able to perceive actions were 
also important aspects of embodied social interaction, which is furthermore consistent 
with the claims that cognition is dependent on the situation, environment and the 
actions. 
 
It is not always possible to interact with the environment in real-time or to act from 
own experience of physical manipulation and interaction with the environment when 
using groupware. Even though the activities conducted with CSCW applications often 
comprise cognitive activities like problem solving, decision making and so on, it is 
not always possible to act from prior experience. It is difficult, if not sometimes 
impossible in, for example, virtual collaborative environments or on video 
conferences to use our body as we usually do in our social interaction with other 
human beings.  
 
It could be the case that one of the reasons for partial failures of CSCW is that we are 
not yet able to take advantage of our prior knowledge. Since the social interaction and 
the working process is not proceeded in the same way as we are used to, we might not 
be able to take benefit of the prior knowledge in the way we normally do. Since the 
use of gestures for instance seems to be a step in the process to learn about new topics 
it may obstruct the common way to attain knowledge and therefore slow the process 
down. This could also be a reason for the participant’s reports about dissatisfaction 
with the meeting processes. It is possible that video conferences for instance would be 
more successful if more research was done that allow us to use our sensorimotor 
abilities the way we usually do when we communicate.  
 
Johnson (1999), for example, asserted that it is only possible to take advantage of 
conceptual systems established in our bodily experience and reason by means of our 
embodied imaginative rationality (cf. subsection 2.4.2). It is possible that we can not 
learn to use CSCW successfully since the process can not be “internalised” in the way 
things usually are, according to some theories of embodied cognition. It is sometimes 
considered that we first have to manipulate things in the real world, or experience the 
interaction with our sensorimotor capabilities, to be able to internalise them, that is to 
think about the things and use them on a higher level to gain knowledge. If we are 
never allowed to fully experience something with our bodies it is possible that we can 
not fully learn it. When a user is embodied in an avatar, for example, it would only be 
possible to experience what the body of the avatar allows us to experience and if that 
is limited compared to real-world interaction, our experience will also be limited. As 
Biocca (1997) also stated, it is not sure that the user’s body has the same social role as 
the virtual body has. A cowboy avatar, for instance, would not at all have the same 
social role in a historic Wild West environment as it would in a New York bar 
environment (Biocca, 1997). Likewise, an executive manager would perhaps not have 
the same social role in a virtual world as he/she has in the real world. If the avatars 
social role is not the same as the users it is also possible that erroneous mental states 
are represented to other users, which might lead to misapprehensions of emotions and 
plans, for instance.  
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Another essential question is if it is possible to support social embodiment completely 
in any system, how important is it in that case, is it necessary and is it even desirable 
at all? It is probably not possible to ever achieve the same embodied situation as 
when people actually share the same physical space as when it is mediated by 
technology. Face-to-face interaction is more nuanced and an important aspect that 
never will be attainable is the actual body contact. As Cassell et al. (2001) also 
claimed our bodies provide a more rigorous channel of communication than any 
existing medium does. The feeling of a tap on the shoulder or a hand shake, for 
instance, can probably never be mediated through a CSCW system. Fast (1991) 
claimed that a slight touch might indicate a feeling of concern, respect, 
considerateness and helpfulness. These feelings might be hard to re-create without 
actual body contact.  
 
As asserted before the second effect, perceived bodily states in others elicits 
embodied mimicry in the self, seems to give very important cues for collaborative 
work. Since facial, bodily and communicative mimicry can provide empathy, among 
other things, it should be important to at least maintain some of these bodily aspects, 
also in a CSCW system. The other social embodiment effects also seem important 
indirectly, but they do not affect the immediate collaborative work or put any 
particular demands on the system anyway. They mostly concern the own body and 
how we are influenced by social and non-social stimuli, how we are affected by our 
own bodily states and how performance effectiveness is affect. Even if some effects 
do not have an impact on the actual collaborative work they should be essential to be 
aware of since they concern they way we behave and could thereby also affect how 
collaborators behave if they can see each others’ bodies and faces, or hear each other 
speak. That way it is obviously possible for both negative and positive effects to be 
passed on to other participants. That also gives an indication that it might not always 
be desirable to be able to perceive the body language or aspect of embodiment.  
 
In some cases it might actually not be desirable to see the body when you are 
cooperating with someone. If people are shy or insecure that will probably be 
reflected in their facial expression and in their body language. Then perhaps it can be 
easier for some people to express themselves when they can not see each other. E-
mail and telephones are excellent examples of technology that work well without 
providing support to aspects of embodiment to any higher degree. People have 
become acquainted with this type of technology and have learned to use it for many 
different purposes. It can sometimes be advantageous that you can talk to someone 
that can not see you, since it is possible to ignore “social conventions” as, for 
example, what to ware, how to sit, etc. E-mail does additionally imply the advantage 
that it gives you time to think through what to say and how to express yourself. It is 
also possible to enrich the e-mail with a, so called, smiley to refer to a mental state 
when expressing something. Communication mediated by telephones might 
obviously give off more cues about embodiment since the voice mediates 
communicative responses by intonation and pitch of voice, for instance. This type of 
technology should, however, not be underestimated because it will most certainly 
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work as complementing mediums for many years to come. It is nevertheless not 
possible to perform collaborative physical tasks in real-time from remote locations 
with this kind of technology.  
 
Video conference systems, meeting rooms and virtual collaborative environments, 
apparently offer that possibility to some extent. It should therefore be essential to 
develop some kind of standardisation when it concerns design of these types of 
systems. Aspects of embodiment ought to be a vital issue to consider in a potential 
standardisation. It is far from the only issue that needs to be considered of course, but 
since the body plays such an important role it can not be disregarded. It is necessary 
to be aware of what aspect that are important and what constrains they can convey 
and therefore this thesis should be one step in that direction. Obviously there are also 
differences in designing, for example, a video conference system, an electronic 
whiteboard systems or a virtual collaborative environment. The fact that humans 
communicate not only through words, but also by facial expressions, body postures, 
gestures, intonation in speech, eye-contact, direction of gaze, with help from the 
surroundings as well as from artefacts and so on, can not nonetheless, be excluded or 
ignored in any of these types of systems. If the systems become more standardised it 
is possible that users become accustomed of how to utilise the systems and can learn 
to adjust their body language to the situation in a CSCW system. A standardisation 
would also simplify the matters of learning and potential training for users.  
 
Since our bodies also have an essential function when we learn about new topics it 
should be particularly important for users who are not used to collaborating through 
CSCW systems. The body also plays a role in what we experience, what we feel and 
think as well as how we orient ourselves spatially and temporally (cf. section 2.4.2). 
The body appears to be important both to ourselves and in social interaction with 
another individual or a group of people. The body also seems to be an essential 
communication device both for ourselves and for people perceiving us when it 
concerns actions.  One of the reasons for the dissatisfaction with the meetings and its 
outcome (cf. 2.2.2) could be that users of CSCW systems are not able to interpret all 
communicational cues since they can not see each others bodies. Small aspects that 
together constitute a large part of the communication is probably lost, which makes it 
difficult to interpret each others intentions, emotions and actions, for instance.   
  
The aspects that were summarised with respect to social embodiment effects, 
embodied actions, awareness and gestures could perhaps have been more. The 
summarised aspects, which were used as points of analysis, were considered to be the 
most important ones, nonetheless. The aspects that are not included in the final list are 
left out since they either are considered to be a part of some of the other aspects, 
because they only concern the own body or since they do not put any particular 
requirements on a CSCW system.  The aspect of perceiving participant’s bodies in 
relation to surroundings and artefacts, for example, could of course also be considered 
as a combination of other aspects. The reason for including it as a separate aspect is 
that there are systems that, for instance, can view one of the things at the time but not 
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all of them. These things together are important since they give an indication about 
what actions the participant’s are performing.  
 
The aspects of embodied social interaction are of course not the only problems with 
CSCW systems as was also shown in Grudin’s assertion of general problems. But 
since the body is so important in social information processing it should at least be 
considered when designing CSCW technology. There might have to be technological 
questions of priorities asked when it concerns the support of aspects of embodied 
social interaction. That is because viewing the upper body of the participants, for 
example, which is most advantageous for the embodied aspect to be supported, might 
depreciate the quality of the image. It might furthermore make the equipment become 
too expensive or take up to much space on the working place since the screen 
probably has to be quite large to view many of the participants’ bodies. There are of 
course still many research issues unanswered about to design groupware, what effect 
it have on the cooperative work, on single users,  on groups and so on.    

5.2 Future research and thesis contribution 
 
In the following section some suggestions for further research issues within the area 
of CSCW and social embodiment will be made. There are obviously much left to 
figure out in this area since not so much research seem to have been done so far. The 
suggestions made here are some of the questions that have been raised during the 
work of this thesis. There will finally also be a discussion about the contribution of 
the thesis. 
 
As Robertson (2002) stated, more phenomenological approaches are required to 
understand cooperative work, users’ experience and to make the technology usable. 
What should be essential is to conduct real workplace studies about how aspects of 
embodied social interaction actually are perceived, interpreted and how the body is 
used when collaborating through a CSCW system. Do people, for instance, find 
alternative ways to express themselves when they can not see each others bodies, 
facial expressions or gestures? There should be a way to overcome bodily 
communication, improve the social interaction or learn without bodily experience 
with lack of bodily aspects. Possibly there are some answers to find in studying how 
physically disabled people learn to communicate and learn without being able to 
gesture and so on. Some people can obviously communicate without body language 
with no problems and, as Anderson (2003) claimed, physically disabled people are 
able to learn anyway. Perhaps there are also some answers to find in how people 
communicate and collaborate mediated by telephones.  
 
It was not considered possible to rank the aspects of embodied social interaction in 
this thesis, since it is not obvious what aspects that are most important. It would 
therefore be interesting to apply the aspects of embodied social interaction summaries 
in this thesis to a CSCW development project to examine how important they are and 
if some aspects are more important than others. Hearing the sounds of artefacts, for 
instance, does not seem to be such an essential aspect as ability to perceive facial 
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expressions, gestures and body postures or see surroundings and artefacts. It could 
also be questioned how far can we go and make questions of priorities when it comes 
to technological functions compared to support embodiment? Is it, for example, better 
to only see the face of other participants if a bigger image results in longer times of 
delay? 
 
This thesis has mostly concerned how embodied cognition and social embodiment 
can contribute to the area of CSCW technology development. Social embodiment is 
so ubiquitous to us in our daily life that we usually do not even think about it. CSCW 
actually addresses some important problems by the fact that it is not possible to use 
our bodies and our body language as we usually do during social interaction. It would 
consequently be essential to study if the problems with CSCW that have been 
highlighted in the thesis can be further elucidated with theories embodied social 
interaction. 
 
Cassell et al. (2001) claimed that small variations in our body language extensively 
can change the interpretation of what is being said. An interesting research issue 
would therefore be how important the small variations and different combinations in 
body postures, facial expressions, gaze, intonation and gestures etc. are. Are, for 
example, the simple bodily cues that an avatar gives off enough to cause mimicry in 
other people?  In other words can body postures or facial expressions cause mimicry 
in other people interacting in the same virtual world? A related question is also if the 
simple gestures and facial expressions help to support the aspects of embodied social 
interaction or can they be more confusing? If they are simple or symbolic it is 
probably a risk that the same gestures will have to be used for many different 
purposes since humans usually carry out a lot of different types of gestures when they 
speak. That could perhaps cause confusion and misapprehensions for the participants 
perceiving the gestures. As asserted before, Johnson (1999) claimed, that humans 
only can experience what our bodies allow us to experience. An exciting question is 
then how that fact is influenced when we are embodied in something else, something 
separated from our own body, like we become in an avatar, for example.  
 
Another concern that would be an interesting research issue is also how users are 
affected when seeing their own body, as they do in the system HyperMirror, when 
interacting with other people. Can it, for example, produce new bodily states in the 
self, do we mimic our own embodiment and how is performance effectiveness 
influenced?  

 
The contribution of this thesis is considered to be that theories of embodied cognition 
and social embodiment have been applied to the area of CSCW, which does not seem 
to have been done to any further extent before. It is also that the aspects of embodied 
social interaction considered in CSCW literature are usually not specific for real-time 
remote CSCW technology, but more general, concerning all types of CSCW or more 
precise, concerning a specific system. The recommendations are developed to directly 
concern these specific types of systems. There does not seem to be a list in the 
previous literature of specific aspects of embodied social interaction that are actually 
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important for synchronous remote location CSCW. So, the list in it self also could be 
considered as a contribution, since it highlights essential aspects. The fact that quite 
many different types of CSCW systems have been described and analysed could 
facilitate further research in the area. Even if it is apparent that bodily communication 
is essential for social interaction as well as in CSCW systems, all problems are far 
away from solved.  The thesis could be seen as one step in the direction of attempting 
to bridge and understand the social-technical gap since issues of social embodiment is 
applied to CSCW technology. 
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Appendix 1 
Degree of support for aspects of embodied social interaction in different systems. 
 
Aspects  Degree of 
support 
1. See facial expressions Supported =  
2. Hear collaborators speak  To some degree =  
3. Possibility to see body postures Not at all =  
4. Support of eye-contact 
5. See gestures 
6. See deictic references  
7. Awareness of where other participants are looking 
8. See surroundings at remote location 
9. See physical objects or artefacts at the remote location 
10. Share physical objects 
11. Perceive other participants’ bodies in relation to surroundings and artefacts 
12. Hear sounds of artefacts 
 
 

         Aspect          
System

DOVE
NetMeeting
Cu-SeeMe
TELEP
GAZE
HyperMirror
LiveBoard
LIDS
VideoWhiteboard

MPGSketch

MUDs
DIVE
NIF
MASSIVE
TOWER
FreeWalk
PRoP
MIMT

1 2 3 4 5 6 7 8 9 10 11 12
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