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Abstract

This dissertation describes the findings of an experimental research concentrating on
collaboration in a multi-player game. The overall goal is to study the cognitive impacts of the
awareness tools. The focus is in finding an effect on performance as well as on the
representation an individual build of what his partner knows, plans and intends to do (i.e.
mutual modelling) while performing a joint activity. The research methods used are
quantitative. In the ontext of the game, we found that using a awareness tools has a
significant effect by improving task performance. However, the players who were provided
with this tool did not show any improvement of their mutual modelling. Lastly, further
analysis on contrasted groups revealed that there was an effect of the awareness tool on

mutual modelling for players who spent a large amount of time using the tool.
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« Man the food-gatherer reappears incongruously as
information-gatherer. In this role, electronic man is no less

a nomad than his Paleolithic ancestors »

- Marshall McLuhan, 1964

« We ought to make backups of our society before jumping

into the black hole of virtuality »

— Bruce Sterling, interview, 19-9-1995
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Introduction

With the rising use of Information technology (IT), work becomes ubiquitous, and the notion
of distributed virtual teams emerged. To fit the needs of distributed organizations, multi-
user environments allow people to work together from different places at the same
time (Ellis et al., 1991). Those devices must support interactions of users in order to enable
a fluid collaboration between them and to overcome the limits caused by the lack of co-
location (Cramton, 1997). Thus the field of CSCW (Computer Supported Collaborative Work)
designs systems that support collaboration and communication among large groups of
participants. Groupware systems are an example of such devices; Sohlenkamp (1999)
defines it as “any software supporting the cooperation of several users through the computer
medium”. Multi-player games are another example; instead of working, users employ those

programs for enjoyment.

It is worth pointing out that there is an interesting paradigm shift: from a human-computer
interaction perspective to a human-human interaction perspective. Collaboration and
communication over computer networks must take in account social interactions. In this
respect, Erickson and Kellog (2000) call ‘socially translucent systems” those multi-user
environments that support coherent social behaviour. Groupware systems and computer
games can no longer been seen as a support for isolated activities. In addition, concerns
have been raised that we should now reconsider the boundaries of the unit of analysis for
cognition. Hollan et al. (2000) claims that individuals, artefacts and their relations to each
other in an environment form a functional system, that is to say a single cognitive system.
The authors call “distributed cognition” this new area that looks for cognitive processes
involved in such functional systems. Hence, there is a second corollary shift: from a
traditional view of individual’s cognition to a socially distributed cognition perspective.
According to them, cognition is considered as being distributed across the member of the
team and can involve interactions with environmental elements (namely technology). For
instance, Hutchins (1995) analysed the cognitive properties of an airline cockpit. He showed
that, in an aircraft, there is a distributed cognitive system composed by the two pilots, the
instruments, the digital display and the other cockpits artefacts. Hutchins established that

the cockpit artefacts can be seen as an extension of the pilot’s memory.

The challenge of today’s collaborative systems is to overcome the computer limits so as to
make participants and their activities visible to one another. This is called awareness: the
understanding of the teammates’ activities and interactions in the workspace.
Awareness has recently become a new research field particularly for CSCW Computer
Supported Collaborative Work) and CSCL (Computer Supported Collaborative Learning).

Being (and also remaining) aware of others is as important in everyday life as in groupware
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systems. The lack of information about the others in multi—user environment is addressed
by providing users with tools that try to “recreate the information landscape of a real-world
landscape” (Gutwin & Greenberg, 1999): the awareness tools (from now on called AT in this
document). Consequently, the AT are supposed to enable users to offset the lack of social
interactions. They also provide a more efficient team collaboration by showing information
about presence (is anyone in the workspace?), identity (who is that?), location (where is an

individual?), action (what is somebody doing?)...

In the field of Human-Computer Interaction, there have been relatively few occurrences
of research concerning the cognitive evaluation of awareness tools. Few studies
provide data about the use of AT (see Jang, Steinfield & Pfaff, 2002 for example) and the
usability issues of AT (Gutwin, Roseman, and Greenberg, 1996; Gutwin & Greenberg, 1998).
However, there is a lack of research focusing on the cognitive impacts of AT. The objective
of this thesis is to bridge this gap by examining the effects of the Awareness Tools.

It explores the impact of AT on what is called mutual modelling.

Mutual modelling is the representation and the expectations that an individual construct and
maintain of what his/her partner knows, does, believe and intends to do when the pair is
performing a collaborative task. We have investigated whether providing peers with

AT can help building more accurate mutual models and being more effective.

In order to reach that goal, a collaborative video game was employed to conduct
experiments. In this game, the two players are involved in a space mission where they have
to collect asteroids by sending drones into space. To fulfil this objective, they can use
different items and should pay attention to physical settings like gravity, planets, etc. Two
kinds of peers were constituted to test our hypotheses. For the first group, we provided them
with an AT. For the second, we didn't. We used quantitative and qualitative analysis to

gather results from the game and to explore our hypotheses.
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Thesis organization

The first two chapters of this thesis present the theoretical framework of the research. It
deals with Computer Supported Collaborative Work/Learning, Human-Computer Interaction,

psycholinguistics and video games.

Part one defines what we means by collaboration. In particular, it explains the concepts of
psycholinguistics and social psychology (grounding and mutual modelling) and the awareness

framework.

Part two is a review of how collaboration is supported by computer software. It shows how
the issues of grounding and awareness are addressed. This part also contains a quick
summary of the awareness tools currently implemented. We finally present the little existing
studies concerned by the impact of the AT on different processes (usability, strategy use,

etc.).

The next part depicts the statement of our research plan, our hypotheses, the variables, the

measures used and the data collected.

In the fourth chapter comes the description of the material and the method : the procedure,

the game environment used for the experiments (SpaceMiners) and the population used.

The fifth chapter proposes the results of the experiments and describes the findings of

further analysis.

The sixth finally gives an overall conclusion about the main findings as well as critics. We

also point out ideas for further research.
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1

1.1

The process of collaboration

Prior to drawing the implications of Information Technology on collaboration, we present, in
this part our theoretical framework. We define what we mean by collaboration, and relates it
to psycholinguistics concepts like grounding or mutual modelling, and to the concept of

awareness.

Defining collaboration

Dillenbourg (1999) addresses the issue of defining collaboration. According to him, it can be
characterised by focusing on three aspects : the situation, the interactions that occurs and

the cognitive mechanisms implied.

Collaboration is a situation that involves two or more persons carrying out a joint activity.

Dillenbourg identifies three features to characterise a collaborative situation :

- The peers who collaborate have almost the same level considering the action they
can perform, the knowledge and the skills they possess. This means that there
must be, more or less, a degree of symmetry in the interactions performed by
the participants of a collaborative activity.

- The participants share common goals or a common interest which is the reason
of their interaction : performing a task. They also have personal goals (which are
their own private motivation).

- There is a division of labour among the participants. Academics often distinguish
cooperation and collaboration. The author states that “In cooperation, partners
split the work, solve sub-tasks individually and then assemble the partial results

into the final output. In collaboration, partners work together”.

Collaboration also concerns the interactions which take place between the participants.
First, a collaborative activity implies interactivity. That does not mean that what matters is
the amount of interactions. In fact, the extent to which the interactions between group
members influence the participants’ cognitive processes is a more accurate criterion to define
the degree of interactivity. Dillenbourg also claims that carrying out a joint activity together
(i.e. to collaborate) implies synchronous communication (whereas asynchronous
communication is often used for cooperation). As a matter of fact, to work synchronously,
participants need to interact synchronously. It must be stressed that negotiation is also an
important feature during collaboration. Participants discusses, justify, argue and try to

convince their partners.

11
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We should finally bear in mind that collaboration imply the same cognitive mechanisms as
those which operate in individual cognition. Reasoning processes like induction, analogy-

based reasoning or self-explanation are used, as well as cognitive load.

Several academics have also stressed that collaboration can be seen as a problem solving
task. Roschelle and Teasley (1995) state that:

“collaboration is a coordinated, synchronous activity that is the result of a
continued attempt to construct and maintain a shared conception of a

problem”.

They also propose the notion of joint problem space to explain what is going on during

collaboration:

“(...) Social interactions in the context of problem solving activity occur in
relation to a Joint Problem Space (JPS). The JPS is a shared knowledge
structure that supports problem solving activity by integrating (a) goals
(b) descriptions of the aurrent problem state, (c) awareness of available
problem solving actions, and (d) associations that relate goals, features of

the current problem state, and available actions."

Hence, collaboration is a process of solving a problem and maintaining a shared
conception of the situation (the JPS) by integrating information during the task. This
understanding of the task is continually shaped and reshaped during the course of the

interaction.

Consequently, collaborative problem solving cannot only be seen as sharing tasks. As a
matter of fact, collaboration implies interactions between participants, the effort of
maintaining a shared understanding of the situation and taking into account the aims and the
expectations of the group. The psycholinguistics bases of collaboration are discussed in part
1.3.

Building this shared conception can be carried out by:

- The possibility of introducing new information to the shared representation of the
problem.
- The fact that the participants can be aware of the possible divergence of opinion or

representations.

12
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1.2

- The possibility of “repairing” those divergences of representations.

Therefore, a collaborative technology must provide tools for supporting those functionalities.
Unfortunately, computer-mediated collaboration has not kept up with the needs for people to
effectively perform collective tasks. Working or playing together in a virtual environment has
revealed the tremendous lack of human interactions that occur in co-located activities. That
is why distributed teams (of players or workers) create a need for collaboration support. We

will tackle this issue in part 2.

Psycholinguistics framework

Having established and presented what me mean by collaboration, the following part will
focus on our conceptual framework : how does it occur. It will present a summary of
contributions from the areas of Psycholinguistics and Social Psychology that are focused on

communication processes.

1.2.1 Grounding

As we have seen previously, collaboration consist in building a shared understanding of a

situation, and individuals that are solving a task together need to have common grounds.

This common ground can be defined as the amount of information (understanding,
presuppositions, beliefs, knowledge, assumptions...) shared by team-mates involved in a
collaborative task. And to be efficient, the partners “need to update their common ground
moment by moment” (Clark & Brennan, 1991). The process and effort of constructing and
updating the information is named grounding (Clark & Schaeffer, 1989). Actually, a
common ground may exist at the start of any interaction: having a common culture coming
from the membership of a social group, the co-presence of the individuals or the existence of

previous interactions (Baker, Hansen, Joiner & Traum, 1999).

Krauss & Fussel (1990) identify three mechanisms by which the common ground is

established :

- Direct knowledge which is based on shared experiences with individuals.
- Interactional dynamics : discussions, grounding evidences (presented in part

1.2.3), shared information, etc.

13
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- Category membership : people seem to make assumptions about others’
knowledge on the basis of the social categorization they apply to them. One can

assume that a cabdriver knows the route to an hotel.
1.2.2 Grounding in conversation

The simplest example of grounding is when people talk. A participant of a conversation must
ground what he has said to the audience, that is to say trying to establish if the others have
understood his/her utterance (Clark & Brennan, 1991). Moreover, “the contributor and the
partners mutually believe that the partners have understood what the contributor meant to a
criterion sufficient for the current purpose” (Clark & Schaeffer, 1989). This criterion is named

grounding criterion.
According to Clark & Schaeffer (1989), a conversation may be divided into two phases:

- The presentation phase during which the contributor presents an utterance to
his/her partner and waits for a sign of understanding coming from him.

- The acceptance phase during which the partner gives evidence to the speaker
about what he means. The grounding occurs when the speaker has established

that his/her partner has understood him during this acceptance phase.

In a conversation, from the initiation of a contribution to its mutual acceptance, the two
partners provide a collaborative effort. To improve the efficiency of the communication, this
effort must be minimized. Clark & Brennan (1991) sum this up by the rule of the least
collaborative effort: “Don’t expend any more effort than you need to get your addressees
to understand you with as little effort”. That’s why it is sometimes more efficient to provide
an incomplete utterance because the production cost of a complete utterance may be higher

than the cost of repairing it.

Thus grounding is the mechanism by which the participants try to establish that their partner
has understood what they meant to a criterion sufficient for the current purpose. The notion
of grounding is usually employed to study conversations, but it could be extended to the

collaboration process.

1.2.3 Grounding evidences

In order to establish if he is understood, the speaker may look at grounding evidence. There
can be two kinds of signs: positive evidence €igns of understanding) and negative
evidence (signs of misunderstanding, an irrelevant answer for example). If the addressee

shows signs of misunderstanding, the speaker should repair his/her utterance. And if the
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partner does not show negative evidence, it does not mean that he has clearly understood.

Clark & Brennan (1991) identify three forms of positive evidence:

- Acknowledgements or back-channel responses: like “yeah, yes, uh uh”. The
addressee gives a verbal or gestural assessment that he thinks having understood
the utterance. Those paralinguistic cues directly affect interpretation : intonation
or interjections like “um”, “uh” helps the listener.

- When an addressee provide a relevant answer to the speaker.

Continued attention: the speaker monitors the activity of his/her partner. Hence, he could
see if he’'s paying attention or not to what he has just said. One way to get a partner’s
attention is to capture his/her gaze. If the partner did not seem to be mindful, he could

assume that his/her utterance was misunderstood.

1.2.4 Estimating other’s knowledge

The crux issue tackled by social psychologist is how and individual can estimate the
knowledge, the understanding of a situation and the plans of his/her partner on the basis of

the perceived information. This issue is addressed by the attribution theory (Heider, 1958).

Attribution theory is concerned by how people explain things to make sense of the world
they live in. More specifically, it focuses on how people try to determine why other
persons do what they do. This theory deals with the information people use in making
causal inferences, and with what they do with this information to interpret others’ behaviour.
Causal attributions is used in order to predict the future behaviour, to anticipate and to
control social situations. Attribution is an underlying mechanism of collaboration, due
to its importance in social interactions. Indeed, collaboration require that partners take

one another’s perspective into account during the joint activity.

In the original theory (Heider, 1958), the author distinguishes the observers (perceivers who
are trying to explain causes of events.), the actors (people whose behaviour is to be
explained) and the entities (objects or persons with whom actors are interacting).
Observers form and test informal theories of causes of behaviour on the basis of
they perception of the interaction of the actors and the entities. According to Heider
(1958), when an individual offers explanations about why an event happened, he/she can
give one of two types. On the one hand, he/she can make an external attribution, that
assigns causality to an outside agent or force. Heider calls it situational attribution. It
implies that an Actor's behaviour is a response to stimuli. On the other hand, he/she can
make internal attribution, that assigns causality to factors within the person. Heider calls it

dispositional attribution. It implies that behaviour was caused by the Actors purposes,
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beliefs, plans etc. which are affected by (stable) personality characteristics. Heider also

claims that observers seems to prefer dispositional explanations over situational causes.

As a matter of fact, the few studies that exists on the attribution processes mainly focuses
on estimation of other’s knowledge and not on higher level information like plans, intentions

or strategies.

The attribution process occurs in three steps: perception of action made by the actor,
judgment of intention by the observer, and attribution of causes by the observer. People are
good at estimating the knowledge of others in some domains, using relevant information like
gender (Fussel and Krauss, 1992) or social category memberships (Krauss and Fussel, 1991)
for instance. However, the judging intentions made by the observers are often biased.
Nickerson et al. (1987) showed that people use their own knowledge as the basis for a
default model of what other people know. They found that subjects’ estimates of how many
students could answer a particular general knowledge question were biased by whether or
not they themselves could correctly answer the question. Their study revealed two significant

results :

- An individual seem to be more likely to impute information to other people if
he/she has it himself than if he/she does not.
- We often overestimate the commonality of our knowledge : people tend to

overestimate the likelihood that what they know is also known by others.

Fussel and Krauss (1991, 1992) reached the same conclusion. They investigated the
inferences individuals make about what others know. The subjects of their study had to
estimate the proportion of the New York City residents who could identify each NY landmark
from its picture. They found that subjects were good at estimating the stimulus identifiability
but that their estimates were biased in the direction of their own knowledge. It seems that

people reason mostly from their own memory or cognitive processes.

Thus little experimental research has examined the attribution processes, even though there
is a wide variety of terms that refers to this issue : “perspective -taking” (Krauss and Fussel,
1991), “feeling of another’s knowing” (Brennan and Williams, 1995), empathy, inference,

etc.

1.2.5 Transactive Memory

The issue of estimating others’ knowledge within a group is also tackled by the Transactive
Memory Theory proposed by Wegner (1987). This theory examines the process by which
individuals determine who knows what and who knows who knows what. Wegner

claims that transactive memory in a group occurs when each member keeps information on
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who knows what and develops a sense of the group's areas of expertise. This knowledge is
available because of transactions between group members. Thus groups develop transactive
memory systems (TMS hereafter) in order to ensure that important information is recalled.
A TMS includes information about what the participants know and a shared awareness of who

knows what regarding a task.

In this respect, Moreland, Argote and Krishnan (1998) showed that training the members
of groups together, rather than apart, creates stronger transactive memory
systems, which leads in term to better group performance. They trained individuals to
assemble transistor radios from 60 separate parts on their own or in three-person groups.
About a week later, they found that the groups whose members had trained together
recalled more about the assembly procedure and produced better-quality radios than groups
whose members had trained separately. Furthermore, they established that group training
led to greater specialization by each member in distinct assembly tasks, more fluid
coordination of the assembly process, and increased trust among group members in one
another's knowledge about radio assembly. The performance benefits of group training are

due to stronger transactive memory, not to greater group cohesion or better communication.

In another study, Myaskovsky and Moreland (2000) found that groups whose members
were trained apart (without any communication) performed well after receiving
written information about one another’s skills. Their performance was comparable to
that of groups whose members were trained together, and both types of groups performed
significantly better than did groups whose members were simply trained apart. Transactive
memory mediated these effects. Hence, it means that it is possible to build larger TMS by

telling people where knowledge and skills can be found.

Wegner (1987) states that Transactive Memory is developed by work group through four

different processes :

- expertise recognition : the process where each participant discovers the knowledge
and the expertise of his/her partners.

- retrieval coordination : the process through each individual uses his/her perception
of who knows what, to find and contact the relevant person in the organization and
to retrieve the knowledge needed to complete a task. directory updating : the

process by which individuals reevaluate the people they perceive to be experts.

17
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- information allocation : when individuals get new information (a new paper for
instance), he/she passed it to the individual who is perceived to possess the most

expertise in that area.

In organizations, those processes can be applied through two different approaches :
interpersonal approaches (work group contact, news, events and activities) and technological
approaches (e-mail, yellow page, intranets). The former cost little, allow access to a wide
range of information but can be risky and annoying. The latter can be quick, easy to use but
are costly to build and maintain, allow access to a lower range of information and produce

only general answers.

1.2.6 Mutual Modelling

After this review of all the theory about estimating other’s knowledge or attributing
intentions to partners, we can define the concept of mutual modelling (from now on called
MM) as the representation that an individual build of his/her partner(s)

knowledge, goals, strategies, understanding of the situation, beliefs and plans. In
essence, MM results form the attribution processes described in the section 1.2.4.
Furthermore, MM is more than just transactive memory because it does not only focus on
estimating others’ knowledge, but also on more “high level” characteristics such as purposes

or intentions.

Furthermore, MM is a dynamic representation. Indeed, the initial MM is modified during
the achievement of the collaborative activity by all the events found relevant by the partners
: others’ interaction with the environment, the artefacts, team-mates, other’s reaction to an

action undertaken by a partner, etc.

The process of modelling is only carried out up to a certain degree of precision. An
individual knows what his/her partner knows more or less. And, this degree depends on the
task: for instance, landing a plane collaboratively demands a more accurate representation

of the other than chatting about holidays.
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1.3

We have seen previously that the grounding process gathers all the techniques and efforts of

building a shared understanding of a joint activity. This could be achieved by two processes :

- modelling : the diagnosis (what an individual knows about his/her partner, having
a representation and maintaining it). There is two kinds of reasoning in a situation
that involves two persons A and B : A’s reasoning about himself et and A’s
reasoning about B’s reasoning.

- interaction : actions, objects’ manipulations, verbal interactions, dialogues, repair,

preventive repair, etc.

We could also represent the MM as a continuum defined by three steps according to
the level of abstraction of the content : information about the partners’ behaviour,
information about the partners’ knowledge and information about the partner’s
strategy/values. The latter one represent people’s motivation, their intentions, their

objectives and their strategies to accomplish them.

The physiological bases of the capacity to understand and manipulate the mental states of
other people has been explored by Frith & Frith (1999). This ability, which can be seen in a
rudimentary form in great apes, is very well developed in humans. Those authors have found
that this skill depends on a dedicated brain area. They reached this conclusion by
observing people who have impairments of his mentalizing capacity. Functional imaging
studies have revealed the implications of medial prefrontal cortex and posterior superior
temporal sulcus. And one of the most striking features is the fact that this brain area is
devoted to the detection of motion and the representation of actions. Hence, Frith and Frith
conclude that the capacity to understand the other’s people activities has evolved from the

system that was primarily concerned by the representation of actions.

Philosophical considerations

David Hume (1740) seems to be the first to underline the importance of common knowledge
in social interactions. In his Treatise of Human Nature, he argued that a necessary condition
for efficient coordinated activity was that participants all know what behaviour to expect
from one another. Hume also claimed that without the requisite mutual knowledge, the

beneficial social conventions would disappear.

Much later, phenomenologists like Husserl and more particularly his Austrian student Alfred
Schultz (1932) stressed the issue of intersubjectivity. According to Schultz, the starting
point to concerted social action is the observable information available in the situation ; for

instance the actions performed by a partner.
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The understanding of another person depends on the lived experience of the observer and on
the assumptions he can make about what he’s perceiving. Schutz calls intersubjectivity the

outcome of these assumptions. Heritage (1984), defines it as:

“the intersubjective intelligibility of actions ultimately rests on a symmetry
between the production of actions on the one hand and their recognition
on the other... this symmetry of method is both assumed and achieved by

the actors in settings of ordinary social activity” (Heritage, 1984:179)

Achieving a common experience, a collective action or understanding the world
depends on intersubjectivity : it means maintaining a relationship between two people’s
subjective experience (present and past). Hence, collaborating on a joint activity require a
mutual and shared understanding based on the immediate experience of two persons who

have only access to their own thoughts.

Thus we can finally state that the process of achieving Schutz’s concept of intersubjectivity is

a practical attempt to build the common ground.

Besides, several authors have underlined connections between economics and psychology
(see, for example, Rabin, 1997). By exploring human reasoning, and cognitive skills,
psychological findings can be useful to economic research. That is why different disciplines
(mathematics, economics, social science...) are involved in research about the study of

human behaviour.

Game Theory is such an approach. The word “game” is used here as a metaphor. It refers to
the wide range of human interactions in which the result depends on the strategies of the
persons involved. More specifically, Game Theory studies the interaction among players (i.e.
a metaphor for the decision makers) who are rational to reach their objectives and who need
to take into account the decision of the players with whom they interact. It provides a
mathematical description of the situation and can be used to make predictions or
assumptions about players’ behaviour according to the rules of the game. It is used to model

economical phenomena like bargaining, bidding in auctions, determining prices...

The equivalent to the psycholinguistics notion of “common ground” is called “common
knowledge” in Game Theory. The importance of maintaining this common knowledge in
sustaining cooperatives outcomes in strategic situations has also been established (Morris
and Shin, 1997) in this discipline. The extent to which it is possible for individuals to
approximate this common knowledge for a successful collaboration is a crux issue for Game
Theory researchers. They have introduced the concept of p-belief. Morris and Shin defines it

as “Say that something is p-believed if everyone believes it with probability at least p”.
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1.4

The problem of giving different initial knowledge to the participants has also been addressed.
Indeed, Rubinstein (1989) has modelled the difference between situations where players
were not given the same information (common knowledge situation versus almost common

knowledge situation).

A framework of awareness

This part review the theory of awareness developed by Gutwin and Greenberg (1999a). A

brief summary of their work is described below to introduce the concept of awareness.

1.4.1 Introduction

When people work together in a shared environment (virtual or not), they need information
about the action and the intentions of their teammates. Those information are critical to a
successful collaboration, especially in groupware systems (Dourish & Belloti, 1992). This
knowledge of others, result of the interaction of the participants and their environment, is
named “awareness”. Dourish and Belloti (1992) have given one of the best-known definitions
for awareness: “awareness is an understanding of the activities of others, which provides a

context for your own activity”.

More precisely, Gutwin and Greenberg (1999a) state that awareness:

- Is knowledge about a state of the work environment in a limited portion of time
and space.

- Provides knowledge about changes in that environment.

- Is maintained by all the interactions between the team-mates and the
environment.

- Is a part of an activity (completing a task, working on something...). Maintaining

awareness is not the purpose of an activity. Awareness is used to complete a task.

Therefore, awareness is a process that sums up the knowledge extracted from an
environment and updates it thanks to the interaction between the participants and their

environments.

Greenberg, Gutwin, and Cockburn, (1996) make the distinction between four different types

of overlapping awareness (see figure 1):

- Informal awareness, that is knowing who is where, whether people are busy and
what kind of activity they’re engaged in. Greenberg (1996) thinks that this type of

awareness plays a role of “social glue” between people.
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- Social awareness, that is all the general knowledge about the others in a social
or conversational context. It can indicate whether a partner is paying attention or

being interested.
- Group-structural awareness: it is all the information about the composition of

the group: status, roles and responsibilities of the others.

- Workspace awareness: Gutwin & Greenberg (1999a) define it as “the up-to-the-
moment understanding of another person’s interaction with the shared workspace
[..] It is awareness of people and how they interact with the workspace, rather

than awareness of the workspace itself.

In the remainder of this document, we will focus only on workspace awareness. It is also
worth to mention that the shared workspace could be virtual or not. It is a place where
people work together to complete a task. Thus awareness knowledge is made up of all the
elements (perceptual: sound, motion, etc.) that are generated by the interaction of the

participants in this workspace.

Infarmal Group-structural

Social Workspace

Figure 1 : the four types of awareness (from Greenberg et al., 1996)

1.4.2 Which information is shown ?

According to Gutwin and Greenberg (1999a), elements of workspace awareness can be

divided into two parts: those related to the present (cf. Table 1) and those related to the

past (cf. Table 2).
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Category Element Specific questions
Who Presence Is anyone in the workspace?
Identity Who is participating? Who is
that?
Authorship Who is doing that?
What Action What are they doing?
Intention What goal is that action part
of?
Artefact What object are they working
on?
Where Location Where are they working?
Gaze Where are they looking?
View Where can they see?
Reach Where can they reach?

Table 1 : Elements of workspace awareness relating to the present (from Gutwin &
Greenberg, 1999a)

Category Element Specific questions

How Action history How did that action happen?

Artefact history How did this artefact come to
be in this state?

When Event History When did that event happen?
Who Presence history = Who was here, and when?
(past)

Where Location History =~ Where has a person been?
(past)

What Action history What has a person been
(past) doing?

Table 2 : Elements of workspace awareness relating to the past (from Gutwin & Greenberg,
1999a).

All those elements are a starting point from which individuals can infer their partner’s
activities, availability, troubles and so on. From Table 1 and 2, it can be seen that the most
important awareness information are the elements that answer “who, what, where, when,
and how”. In a groupware system, all those information are captured and distributed by

awareness tools. Thus people can keep track of these things.
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1.4.3 How awareness information is gathered ?

In a shared environment, workspace information is gathered thanks to (Gutwin & Greenberg,
1999a):

- Visible activity appears to be an essential flow of information. Auditory sign may also
be useful. It can be bodily actions, gestures, the posture of the other person’s body in
the workspace, the movement of a limb, the sounds in the environment, etc. Those
information are the consequence of a non-intentional communication: the producer of
the gesture do not move intentionally to inform a partner. This kind of communication
is named consequential communication. An example given by Norman (1993)
relates that, in aircraft cockpits, “when the captain reaches across the cockpit over to
the first officers side and lowers the landing-gear lever, the motion is obvious: the first
officer can see it even without paying conscious attention. The motion not only controls
the landing gear, but just as important, it acts as a natural communication between the

two pilots, letting both know the action has been done.” (p. 142).

- The manipulation of the workspace artefacts provides visual or acoustic information.
For instance, the scratch of a pencil indicates that someone in the environment is
writing. This mechanism is named feedthrough. It is different from feedback in the
sense that this kind of information is not only given to the person who is performing
the action, but also to the others who are watching or hearing. Information gathered by
an individual provides cues about a modification of an artefact manipulated by a
teammate. Hence, it is possible to determine what is being done to an artefact by

seeing and hearing changes in the environment.

- The conversation and the intentional communication are also significant. Verbal
communication is the most important medium to collaborate in a group. The authors
distinguish three ways picking up information from conversation: hearing someone’s
conversation, asking a question like “what are you doing?” and by picking up others’
verbal shadowing (commentary people often produce to themselves when they perform
a task). For instance, navigation teams on navy ships talk on an open circuit in order
that everyone can hear each other’s conversations. Therefore, member of the team
listen in on these conversations to learn from more experienced partners or to monitor

the actions of a junior member.
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1.4.4 The use of workspace awareness

Workspace awareness information may be used for a large variety of ways in
collaboration. Gutwin & Greenberg (1999a) describe five types of activity aided by the

information described in table 1 and 2.

First, workspace awareness can be deployed for the management of coupling. Coupling is
the degree to which people are working together. The coupling is tight when people see an
opportunity to collaborate. It is loose when somebody sees that his/her partner is too busy
to interrupt his/her task. By allowing people to know what a team-mate is doing with the
appropriate awareness information, they can recognize when the collaboration is possible,

when they can confront their work to a partner, etc.

Second, simplification of communication is a way to employ awareness information: by
simplifying verbal communication and making it more efficient. For instance, in a referential
communication, if an individual talk to me about an object that | cannot see, an AT can show
what my addressee look could be useful. Consequently, my partner has not to describe or to
cite the object; he has just to refer to what is being shown by the AT. It can be a way to

overcome the grounding problems (see part 2.2.1) due to the medium.

Third, workspace awareness aids to coordinate actions in collaborative activity. By
informing partners about where the team-mates are, what they have already done or what

they intend to do, it allows people to know when they can collaborate.

Four, the expectations of what is going to be done by the partners can be made thanks to
workspace awareness information. Anticipation and predictions are based on
extrapolating forward from present. By seeing that a partner is catching an object, one can

infer that this artefact is going to be used.

Finally, assisting others is a way to use workspace awareness. It can be employed to know
if a partner needs help and how. Knowing what he has done, where he is and what he

intends to do is useful to help him.

Gutwin and Greenberg (1999a) sum up the process by the figure 1. This schema shows how
information gathered as we have explained in part 1.5.3 is employed. One of the most
striking features is that it is a cycle. As a matter of fact, the use of workspace awareness can
be seen as a perception-action cycle. People gather information about their environment,
integrate it and use it to perform actions. Consequently, this leads to more efficient

collaborative interactions.
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2

Computer-supported collaboration

From the preceding sections, we have presented the concept of collaboration in the light of
psycholinguistics and social psychology. We now would like to explain how virtual multi-user
environments support it. Thus we will move into the field of Human-Computer Interaction

(HCI in the remainder of thisdocument).

HCI is the study of how people interact with hardware/software systems and to
what extent designers can develop support for successful and adapted interaction
with users. In this respect, building a common ground between participants, estimating
other partner’'s knowledge and maintaining awareness of dispersed team-mates are crux

issues tackled by this field of research.

We begin by introducing the concept of multi-user environments designed for different
purposes: work, learning and enjoyment, that is to say for CSCW, CSCL and video games.
We also present multi-users computer games and explains their use as experimental devices
to conduct experiments in HCI/psychology. Finally, we addresses the issue of how grounding

and awareness are affected by Information Technology

2.1 Multi-user environments
2.1.1 Introduction

Today, people are on the move. Playing, working and learning is mediated by Information
Technologies. Thus designers need to tackle the problem of dispersed groups. To meet this
need, groupware systems, learning environments and multi-user video games
provide support for collaborative situations that involved dispersed team-mates.
Thanks to those software systems, multiple users located in different places around the
world can interact with each other in real-time. These programs also provide users with a
shared visual workspace. This virtual space is a place where participants can perceive and
manipulate artefacts to perform their tasks. The representation of this virtual space can be
three-dimensional like in first-person shooter games (Half-Life for instance) or just two-
dimensional like in groupware (Teamwave for example). That workspace can support the
joint activity of medium-sized groups, from 2 to 50 people. And it should be pointed out that

participants often shift between individual and shared activities during their work.

Tasks achieved in shared workspaces are mostly generation and execution activities where
partners create artefacts, navigate through a space of objects or manipulate existing
artefacts (Gutwin and Greenberg, 1999a). The collaborative writing of a newspaper article is
a classical example of joint activity undertaken by several geographically-dispersed

participants. In this respect, a groupware system can provide them with tools for editing the
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content, sharing the data and communicating. In this example, users can generate new

artefacts (newspaper article) and work on it.

There is a wide variety of tasks that are carried out in those multi-user
environments : virtual meeting, generating ideas on a whiteboard (brainstorming),
planning a task timeline, collaborative text-writing/authoring, collaborative design (in

architecture for instance), collaborative learning...

Nowadays, playing is also a collaborative activity, as it isshown in the following part.

2.1.2 Video-games are collaborative devices

One of the first video games was Pong. It was in 1972 and it was a two-users game. Thirty
years later, the video-games market has definitely skyrocketed: $8.8 billion dollars in 2000
according to the market analysis company Datamonitor (2000). And multi-user games form
a large proportion of this market. As a matter of fact, the emergence of on-line multi-player
gaming can be attributed to the Internet. Consequently, the tremendous growth of this
sector shows the dawn of social interactivity in electronic games. Datamonitor
evaluates that the on-line game market will be worth $4.9 billion dollars in 2004 (nearly 33%
of the total game market which is estimated at $14.6 billion dollars). Nunamaker (1997)
points out that the huge marketplace for multi-player games is a sign of the importance of

virtual collaboration.

One of the most striking feature is that game designers talks about “massive multi player
games”. Indeed, there are nearly 400,000 players in the persistent virtual world of the role-
playing game Everquest. Such environments are so big that designers claims that those are
not games but medium. Rather than finishing levels or performing missions, the purpose is
definitely to make characters live and develop their social relations in the virtual world. At a
lower scale, action games like Counterstrike allows 20 up to 50 players to compete in

teamplay.

Given the number of players, it is to be noticed that support for synchronous collaboration
appears much more successful in those multiplayer games than in groupware systems.
Several researchers (Ho-Ching et al., 2000) have explored the various techniques to support
co-located collaboration in single-display games. In this respect, split screen in MarioKart
and Al focus in football games allow to play simultaneously. A previous study (Nova, 2002)
has also shown that first person shooter games provide a wide variety of tools to support
remote collaboration. It should also not come as a surprise that video games have explored

this area much earlier. Many electronic games have developed their own solutions to support




The impact of awareness tools on mutual modelling in a collaborative game

team play. The most significant tools are radars, CPU messages, chat, maps, direct

communication with headset, etc.

Having established that technical tools exist to support remote collaboration, it is important
to digress and provide a brief explanation of the concept of interactions in multi-player
games. Nunamaker (1997) describes the interactivity as “the extent to which the user feels
convinced of the mutual effect that he or she and the environment have on one another”.
And according to this claim, the level of interactivity depends on the speed of response, the
range of possible players interactions and the mapping of controls. Video Games like Quake
or Counterstrike attain a high level of interactivity by providing immediate feedback and
pushing input/output devices to their limits. However the interactivity in video games cannot
be reduced to user/computer interactions. Indeed, a game -related research, conducted by
Manninen (2001) has focused on how the players’ teams interact and whether the current
video games enable collaborative interactions. This qualitative study has examined
Counterstrike players. The findings are drawn from players’ interviews and observation.
These first-person shooter games allow teams (of 3 to 10 players) to compete in a military
tactical combat simulation. Game goals are very simple: defusing a bomb, rescuing
hostages, terrorist escape, etc. The study has shown that there was an incredible range of
interactions observed during the game sessions. For instance, avatar appearance seem to
have an importance by providing visual information to other players about the role of the
player: if he is a scout or a terrorist, in which team he is playing, etc. Language-based
communications in Counterstrike consist of voice-chat messages, predefined keys that can
trigger the display of messages, or text-based chat channels. Another kind of interactions
supported is the object-based interactions: it consist of the use of weapons, items,
ammunitions, armour, health items... Moreover, world modifications are supported by
destroying doors or windows. Hence, this study has stressed the existence and the

importance of interactions that can support virtual teamplay.

Furthermore, Manninen (2000) has underlined the strong social aspect in those games.
He has