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Abstract

There are advantages of using the concept of context in the area of Computer-Supported Cooperative Work.
However, it was not the case until now. For example, never the term of awareness has been used in this area
with an explicit association to context. We discuss in this paper the interest to make context explicit in three
case studies in the domain of collaborative works. In particular, we propose a framework to understand how
context and awareness are related together and to other concepts used in group works, such as user interface
and storage. The proposed framework is used to consider groupware systems presented in this paper from the
context perspective and to eventually obtain some insight on possible improvements for users.
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1. INTRODUCTION

The terms context and awareness are used together in the area of CSCW, sometimes meaning similar ideas,
often complementing each other, but also as quite different and conflicting concepts (Dourish, 2001). The
concept of context by itself presents multiple definitions. One reason is that this concept is not perceived in the
same way according to the domain (Brézillon, 1999; Dourish, 2001). Indeed a search on the web collects
around one hundred and fifty definitions from about twenty different domains (Bazire et al., 2003). However a
rapid analysis allows to point out that all definitions can be assembled around six questions: Who? What?
When? How? Where? and Why?

Now, context is an active field of research, with is a series of interdisciplinary and international conferences on
modeling and wusing context since 1997 (see also the web site of this community at
http://context.umcs.maine.edu/). This series of conferences aims to deal with different aspects of the concept of
context at the highest level of knowledge and reasoning. However, this approach rarely considers practical
aspects of context in real-world applications such as collaborative work.

In parallel, one observes the emergence of a new community concerned with the design and development of
context-aware systems and applications. In this approach the focus is on physical elements of the context as
user’s location, time, weather, etc. all information that can be drawn from sensors and directly used in
applications. This branch is strongly related to what is called ubiquitous computing, pervasive computing, etc.
However, users are only considered through rough and static models, and the dynamic of the context is limited
to changes in the physical parameters. Moreover, one considers the context of one user, not the context of a
collaborative work with several users.

When one reads articles in the CSCW forum, a number of issues appear related, directly or indirectly, to the
concept of context. Awareness mechanisms and awareness information are the common terms to deal with
context in groupware. The group memory also combines both context and content information, sometimes
without an appropriate relationship between them. We believe that many of misunderstandings are caused by
the lack of explicit recognition and representation of the notion of context and its explicit association with other
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elements of groupware systems. This situation is particularly important for groupware where we must deal with
several contexts at different granularities: The context of the group (why this group is constituted), the
individual contexts of the members (e.g. their technical origins), and the context of the project (e.g. the product
to be built by the team).

We claim that context and awareness should not be seen as separate concepts. Instead, they should be
considered as paired to each other in group work application domains. Contextual knowledge describes a
situation, the way in which to use elements in a group work, including the events that are treated by the group.
Awareness is one of the groupware mechanisms aimed at providing context to group members. Consider a
session in a cooperative editor, for example. The part of the text a team member is working on is contextual
information that is made available to other members connected to the session through a user-interface item
called telepointer. The telepointer is managed by an awareness mechanism that receives the information from
the cursor sensor.

The paper is organized hereafter in the following way. Section 2 proposes a review of the context and
awareness concepts, focusing on their usage for group work. Section 3 presents three case studies showing the
interest of context-awareness in real-world applications. Section 4 ends the paper by a discussion on the lessons
learned and the challenges now open by the explicit consideration of context.

2. CONTEXT-AWARENESS IN GROUP WORK

2.1 The notion of context

In real life, a context is a complex description of shared knowledge about physical, social, historical, or other
circumstances within which an action or an event occurs. In order to understand fully many actions or events, it
is necessary to have access to the relevant context in which actions must be executed and events appear,. For
example, the comprehension of the action “opening a window" depends on what is referred: a real window or a
window on a graphical user interface (Rittenbruch, 2002).

Three observations on context are relevant. First, our working definition of context is “Whatever does not
intervene explicitly in a problem solving but constrains it” (Brézillon, 2003a). However, as the problem solving
progresses, the context also evolves from one step of the problem solving to the following one.

Second, one distinguishes between the part of the context which is relevant for the current focus of attention,
and the part which is not relevant for it (Brézillon and Pomerol, 1999). The latter part is called external
knowledge. The former part is called contextual knowledge because it has strong connections with the current
focus although not directly considered in the focus. According to the focus, a part of the contextual knowledge
is extracted, assembled, and structured in a proceduralized context that is used in the current focus as a "chunk
of knowledge" a la Schank. This proceduralization process obeys to the necessity of having a consistent
explanatory framework for explaining and anticipating the results of a decision or an action.

Third, the granularity of context may vary (Brezillon, 2003b). In the groupware area, we discuss of the group
context, the individual contexts and the project context. Thus, it is possible (1) to identify different types of
context, and (2) to organize them in a two-dimension representation, vertically (i.e., depth first) from the more
general (top) to the more specific (bottom) and horizontally (i.e., width first) as a heterogeneous set of
individual contexts at each level. This aspect will be discussed in the case studies presented hereafter.

2.2 The notion of awareness

The concept of awareness has been widely used in CSCW research and applications. A well-known definition
by Dourish and Bellotti (1992) states that awareness is an understanding of the activities of others, which
provides a context for your own activity. Furthermore, they say that this context is used to ensure that
individual contributions are relevant to the group’s activity as a whole, and to evaluate individual actions with
respect to group goals and progress. Therefore, it is easy to visualize that awareness is a key activity when the
work is cooperatively done by a group of people in a computer-supported environment. Otherwise, there will
not be actual joint work, but an incoherent set of isolated pieces.

Awareness on what co-workers have done or are doing is also very important (Gutwin et al., 1996). In some
cases, the result of individual work needs to be known by the rest of the co-workers. In others, one needs meta-
information or aggregated meta-information only. Consider the example of a distributed asynchronous
discussion on a certain subject being done by a group of people. Every person should read each of the
contributions of the other participants in the discussion. Moreover, it is important to provide the reader easy-to-
grasp information on which contributions are new and which are unread from the last session the person
logged in (meta-information). Furthermore, the person may also appreciate if the system tells him how many
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contributions he has made and how that relates to the number of contributions provided by the other
participants (aggregated meta-information). Note again that we find the privacy/awareness tradeoff, since some
participants may not wish to have their number of contributions be summed up and presented to the rest of the
group. In this case, perhaps a solution would be to provide just statistical aggregated meta-information, such as
the average number of contributions provided by the participants. Collazos et al. (2003) have classified various
types of awareness in the area of CSCW.

2.3 Context awareness

Context awareness is a fundamental concern of interaction. Much of the research in this area focuses on
revealing environmental data that the system can acquire through sensors, including functional qualities of the
space and quantitative interpersonal information such as presence of a person. Usually, context-awareness
focuses on revealing external activities to the user. However, context is not limited to the immediate
environment. Although environmental awareness is essential, it is also necessary to have self-awareness.
Context awareness aims at covering both the user and the environment. Awareness supposes that one is able to
transforms pieces of contextual knowledge into a proceduralized context at the current focus of attention. In
Figure 1, we represent different types of contexts (group context, individual context and project context) at
different granularity.

General
Group context

Individual Individual

context 1 context 2

Project context
\4

Specific
Figure 1: The different levels of contexts

In a group, there are two proceduralization processes along the different levels of contexts (see Figure 1). The
first process concerns the transformation of the contextual knowledge in the group context into as many
different proceduralized contexts as individual contexts. For example, in an European project, there are
contextual elements such as the date of the next deliverable. This piece of contextual knowledge is transformed
in a proceduralized context by each participant, according to their individual context (e.g. the country in which
their work, proximity of holidays in their country, participation in the deliverable, time available until the
deadline, etc.) The second process of proceduralization is between individual contexts and the project context
on which all the participants work, and try to build jointly the product of a consortium. Here the goal is to
assemble contextual knowledge from several sources in different domains into a unique proceduralized context
at the product level (the system, platform, etc. to be built). Note that context at one level is not necessarily a
subset of the context at the upper level. For example, Brézillon et al. (2003a) observe that in a newspaper firm,
each member of the firm has his own, personal and strictly confidential address book. As a part of the
individual context, the address book is not shared with others, and thus cannot be considered as an element of
the group context.

2.4 Context awareness in groupware

We present in Figure 2 the framework that was proposed in (Brézillon et al., 2004). This section comes back
only on our viewpoint on awareness. It essentially presents a knowledge processing procedure. Individually,
people create knowledge, which is communicated to the rest of the group as well as being presented in a user
interface and eventually stored. The generation step consists of a person providing information to the group. Of
course, this information may be contents for the group’s output or related information, such as questions,
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suggestions, or procedural proposals. Some of this information is stored, according to pre-established
conditions, e.g., “all contents information must be stored”.

l indiv. context

Generation > Capture
—» (knowl.construction) (sensors)
/ group context
Storage Awareness
(persistancy) (mechanisms)
h 4 T
Visualization Interpretation
(user interface) —— P (internalization)
| \ indiv. context

Figure 2: Contextual knowledge processing in group work

The awareness step is the way of providing information to other participants. There are several inputs to this
process. The first is information from the generation step. An example would be a contribution just written by a
group member. This information needs to be transformed in some way, perhaps summarized or filtered to make
it available to other people. In fact, it takes into account the processing specifications given by individual users.
Another type of input comes from the capture step; again, this information will probably be processed to avoid
information overload. It also receives information from the storage step. This occurs, for example, when an
agent decides to distribute a summary report on recent work in asynchronous systems. Finally, notice there is
group context received as an input. This is needed as important information to process the rest of the inputs.

3. CONTEXT AWARENESS IN THREE CASE STUDIES

3.1 Introduction

We illustrate our view of context awareness in three applications in the groupware area: SisPro (Borges et al.,
1999a; Naveiro et al., 2002) is a computer environment in project design; SISCO (Borges et al., 1999b) is a
meeting preparation asynchronous system aimed at supporting the group discussion that occurs before an actual
meeting; and CO2DE (Borges et al., 2003), a cooperative editor that supports multiple versions as a way to deal
with conflicting views when building a diagram. These systems do not support context explicitly, although they
use several contextual elements to support group work. The goal of this section is to analyze how context, at its
several levels, is represented and used in these systems.

3.2 The SisPro project

The objective of this system is to ease collaborative activities (including negotiation) and learning processes,
and the development of teamwork competence. Figure 3 presents the general architecture.

For supporting exchanges among participants, the SisPro environment proposes different workspaces that we
assimilate to contexts. A first type of virtual-workspace is attached to each participant (individual context).
These individual contexts allow participants to manage their specificity to ease communication between
participants. A second type of workspace is attached to each project (project context) and is shared by all
participants in the project. This workspace is the medium for the negotiation among the participants. The
project context represents at each moment the project state that results from the consensus among the various
participants. In contextual terms, participants draw from their individual context contextual-knowledge
elements to negotiate with others in order to build a shared proceduralized context in the project context. This
case study points out the movement between the different levels of context presented in Figure 1.
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Each individual context benefits, on the one hand, from external specialist's sources of reference of the team
member and, on the other hand, from the team context. The team project has a more general context than the
individual contexts that explains why the members met in this project (such as an European project) where
partial solutions are negotiated and are new knowledge for the specialist (as a proceduralized context at a
previous step of the design). However, the individual contexts are relatively static with respect to the team
project that possesses the dynamics required for the progress of the design.

SisPro Components

Asynchronous . . -
—» Comunications le— Exw Knovﬂge D'ﬂ'"g facﬂes
(Forum, Mail, MailList) (N I
Users Personal || Personal ||Download : Initial Ccizt::;lljal : : Sketch Img:goannd :
Control Schedule || NoteBook || Space Synchronous | Constraints Library | 1 Editor DXF |
Comunications L
(Chat, VideoConference) T

Project control

Constraint Manager
I - Document Manager
\Virtual Workspace for each R General Report ‘
(PHP, HTML, DHTML, JavaScript) ‘
Cost Estimate

\WWW Server
(Apache)

&
Server
Figure 3: The SisPro architecture with the project context and the individual contexts

3.3 The SISCO Example

SISCO (Borges et al., 1999b) is a meeting preparation support system. The meeting participants are selected on
the basis of their individual contexts. The selection is based on the contextual knowledge that each participant
has about the meeting agenda items, as well as the diversity of individual contexts from which are drawn the
contextual knowledge. The sharing of participants’ contributions among group participants allows to reduce
repetitions and also to increase the quality of the contributions by making explicit other participants’ ideas and
their connection to the current state of the project. This development of a shared context (such as the project
context in Figure 1) promotes the internalization and idea generation processes. At this step, participants must
reach a consensus, and this does not mean to have an identical view on the project, but compatible views: a
shared context does not mean identical individual contexts.

SISCO provides persistency of contributions to the discussion as well as a support to each individual awareness
of the discussion contents. Whenever a member logs in, the system generates a schematic view of the
discussion contents, indicating what is new to her. This is a way to keep the contextual knowledge uniform
among group members even when they are disconnected from the system during long periods. Therefore, the
system provides awareness mechanisms to allow users to update their individual contexts with the group
context represented by the set of all contributions. These awareness mechanisms support the transformation
from contextual knowledge at one level to the proceduralized context at the level below.

The project context covers as much as possible the wide range of options and arguments related to the agenda
items. During the discussion supported by SISCO using an IBIS-like argumentation model, most contributions
are based on participants’ individual context, thus the authorship provides some hints about the associated
context. The system, however, also encourages participants to express views, which might not be of their own,
but which are in pace with the group or the task context. In this way the system manages movement of
information between the individual contexts and the project context.

Another form of supporting task context is through the definition of roles. When playing a role in SISCO, an
individual is given a narrower context with specific awareness mechanisms. For example, the coordinator role
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is provided with a participameter, a widget that informs the level of participation in the discussion (Borges and

Pino, 1999). The participameter provides the coordinator with elements to decide on what to do when, for
example, the level of participation in a certain item is low: remind people, promote discussion with some
controversial statement or even drop the topic. Figure 4 illustrates the user interface of the participameter.

Graphic  Elements

| Pre_Meeting:

Contrib

100% 100%

Detail

dag| Items

Cth. Rds. Rmk.

Iterfaz de Usisco
16 % |34 % | 0%

Cth. Rds. Rmk.

Plataforma de Implementacion de 1
33% |2l] % | 0%

Cth. Rds. Rmk.

Modelo Usisco v Sisco

| <2 | aes. | aor |

Figure 4: The participameter as an awareness widget

3.4 The CO2DE Example

The CO2DE editor allows to merge individual contexts into a single diagram by providing a synchronous
cooperative edition facility and a WYSIWIS interface (see Figure 5), but the editor does not focus on
asynchronous-interaction aspect especially. The diagram works as long as the latest group context that is the
union of individual contexts (the notion of context is not explicitly treated by CO2DE). The resulting diagram
is considered simply such as the result of a group work.

When conflicting views arise on elements of the diagram, most cooperative editors support users to reach a
consensus by means of a communication mechanism, e.g., a chat. The goal of this communication mechanism
is similar to the development of a shared context in order to make compatible all the interpretations of the
participants and to allow the building of a unique proceduralized context. The resulting element is then
expressed in the diagram associated with the corresponding discussion.

CO2DE has a particular approach to deal with conflicts. It allows several versions of the diagram to co-exist,
and organizes them into a tree to associate each version to its origin, its alternative versions resulting from the
conflict and its further decomposition originated from another conflict. In none of these cases, however, the
system represents contextual information, for example, what was the conflict and which assumption a version
was based on. This contextual information is kept within each individual context and is not saved by the
system. If a person wants to understand the rationale behind the creation of a new version, he has to ask its
creator.

During the elaboration of the diagram, several versions may co-exist. It is left to participants to solve the
conflicts and express the resulting consensus in a single version. One may argue that this is similar to solve the
conflicts as they arise. The CO2DE approach has the advantage of allowing users to represent their views in a
more comprehensive format, since a single conflict in many cases involves several elements of the diagram. It
is like discussing two or more options using the complete picture, instead of discussing element by element.
Another advantage is the representation of the work evolution by means of a set of step refined versions.

120



Decision Support in an Uncertain and Complex World: The IFIP TC8/WG8.3 International Conference 2004

Dgf g~ E) Bl SIS |58 58

Mascaras

# | miscara [#h.[st |
0 |Inicial X
1 |example] a 1
2 example2 1] -

—»
2 : Lecturer name MadcLecty

rer

Jdogin

-

wvariation2

2002-10-30 16:52:44 Borges

:Students

Lista de Usuarios
Borges

1

Arquivo Simbolos Sessdo Mascaras Sobre

Dlall Bls=0 B« G -8

Mascaras

# mascars
b 0 nicial
dlogin 2 : Lecturer name Mar:Lectu

1 examplel
et 2 |example2
wariation1

2002-10-30 16:49

Lista de Usuari
Borges

/: Locate Class.Name \B‘: Grade (Students)
Clazslist DB:Course
—»

5 : Match (Class.name)

Fina

Figure 5: CO2DE user interface

4. CONCLUSION

Fields of context and CSCW largely developed independently. One could think this was not a good idea for
groupware designers, who might have taken advantages of research on context. The framework presented in
this paper is a first step to narrow that gap by relating the concepts of context and awareness to other terms
widely used in real-world applications such as CSCW, user interfaces, automatic capture and storage.

The framework presents group work as a knowledge processing job with some machine supporting activities.
This dataflow-type modeling is new, as well as the presentation of context as the knowledge flowing among
processing activities. The framework can be applied to get some insight into some groupware designs. In
particular, by considering context as knowledge to be applied during the group work, one can have a wider
perspective than just focusing on the information provided to users by awareness mechanisms, as illustrated in
the previous chapter. Many other groupware designs would probably be possible to analyze from this viewpoint.

Making context explicit is a way to remember, not only the way in which a solution was developed, but also the
existing alternatives at the time of the solution building, the existing constraints, etc. Thus, by comparing the
context at that time and the current context allows awareness.

A historical context consists of information about projects and tasks already completed. This information is
important for the understanding of errors and successful approaches in previous projects to be used in current
tasks. It can also be used out of the context of a project to provide insight into working practices and team
cooperation. When we make the historical context available, users can access the real reasons on which a
decision was made, for example.

During the progress of the building of the solution, one observes that the project context evolves jointly to the
solution building, and even individual contexts of the participants are modified. Once all participants agree on
a proceduralized context, this later becomes a piece of the solution construction, and each participant retains it
in his individual context as a piece of the shared part of all individual contexts. For example, a specialist on a
certain subject can propose a solution from his competence field. However, another specialist may introduce
constraints which are clear from his own domain but not in the other field. In such a case, the first specialist
will modify his context to take into account the fact that the pair (problem, solution) in her domain must be
modified becoming the triple (problem, context, solution).

In a collaborative work, participants share experience with others. As a consequence, participants see their
individual contexts enriched with contextual knowledge that will be shared with other individuals and found
also in their individual contexts. This will lead later to more efficient interaction among them. For example, if
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a group must meet regularly in the framework of a project, they will spend the first meeting to establish the
frequency of the following meetings, the day of the week, the time, the location, etc. Once all participants have
agreed (eventually after negotiation), all these pieces of contextual information will be shared, structured, and
assembled together in a coherent whole (the proceduralized context), and they will finish the first meeting by
saying only “see you next time” that will be a shared pointer towards a chunk of knowledge containing the
date, the location, etc. of the next meeting.

The discussion of these three case studies in the light of context allows to point out different observations that
could be the challenges of the next years:

e Different types of contexts must be identified at different levels of generality. However, this scale
of generality does not mean that the context at one level is deducible from the individual contexts
at the lower level. Each context needs a specific identification.

e The scale of generality can be used recursively. For example, the group context is also the
individual context of the group interacting with other groups in an enterprise (a new context
above the group context).

e A context contains more general knowledge than lower contexts, and there is a mechanism to
transform contextual knowledge at one context into a proceduralized context at the level below.
The identification of this situation allows to model knowledge and reasoning in a best way.

e A given context is like a system of rules (constraints) for identifying triggering events and for
guiding behaviours in lower contexts. A context-aware system must have means to capture
automatically (as much as possible) data, means to interpret that data to draw information from
them, and learning capability to take advantage of its experience. This is a first step towards
intelligent assistant systems.

e There is a dynamics in the context, and this dynamics corresponds to a movement between
contextual knowledge and the proceduralized context. This dynamics is strongly related to the
focus of interest and evolves with it.

e The proceduralized context built from the contextual knowledge at the upper level is explicitly
used in the current focus of interest. Thus, it is important to consider jointly the focus of interest
and its context of occurrence.

e The proceduralized context is used at a current step of the focus. After, it goes back to the
contextual knowledge as a “chunk of knowledge” a la Schank. During this process memory
organization is improved because knowledge is assembled with its context of use. This means
that a system must tackle such an aspect to account for an evolution of users during their
interaction, especially through computer-mediated means as for groupware.
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