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Abstract. This article presents a conceptual framework for the identification
and classification of contextual elements included in groupware applications.
Contextual elements store information that helps group members to characterize
and to understand the interaction and its associate information.  The conceptual
framework can be used not only to guide the development of new groupware
applications but also to analyze existing groupware. We illustrate the use of the
framework in the analysis of three groupware tools.

1 Introduction

The groupware support to cooperative groups aims at generating better results than
when team members work together without computational support. Fast communica-
tion channels for distributed teams and computerized memory are only two examples
of where technology may enhance the group’s interaction. However, technology also
gives rise to problems, which are hard to overcome, making existing complex tasks
even harder to accomplish.

One of the most important aspects in supporting cooperation is the context upon
which interaction occurs among group members. Perhaps because in face to face
interactions this aspect is almost taken for granted, many groupware tools have almost
completely neglected the presentation of contextual information. Another reason may
be due to the complexity of dealing with many kinds of context. Whichever is the
case, however, the absence of support to contextual elements may reduce the value of
the groupware and in some cases jeopardize its benefits.

Contextual elements can be about group members, the group itself, the scheduled
and the completed tasks, the interaction that led to the concluded task and about the
environment where the interaction took place. This information helps group members
to know each other and be aware of their goals and the issues that influence them.
With this information at hand, the group should be able to increase their level of
awareness and cooperation.

This paper addresses the identification and the representation of contextual ele-
ments aimed at increasing the level of cooperation among group members. By explic-
itly defining contextual elements, we believe we can help groupware designers in
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including these elements in their systems. Another possibility is to include them as
components in groupware toolkits, as proposed by David and Borges [8].

The need for the framework is justified because groupware designers do not usu-
ally provide contextual information. When analyzing some groupware systems we can
notice that contextual information is neither explicitly dealt with nor, when present,
well thought of. By analyzing the groupware system by using the framework we can
show what may be missing in order to create a more complete tool.

We believe this framework proposal is a first step towards the building of a library
of contextual elements, which can be used by groupware designers in building their
applications.

To present our framework we first present a review of the main concepts behind
context and groupware. Next we describe the proposed framework that consists of
five types of context related to the group’s interactions. We then apply the framework
to identify the contextual elements present in three sample groupware applications.
Finally, we conclude the paper with a discussion of the utility of the framework and
the next steps of our work.

2 Context and Groupware

The issue of context has been an important area of research in recent years, although,
there is no consensus as yet about what context really means, what its implications are
and how it can be generalized [15]. Several domains have already elaborated their
own working definition of context. In a human-machine interaction, a context is a set
of information that could be used to define and interpret a situation in which interact
agents [4]. In the context-aware applications community, the context consists of a set
of information for characterizing the situation, which interact humans, applications
and the immediate environment [9]. In artificial intelligence, the context does not
intervene directly in problem solving but constrains it [5].

When we use the term context we should always refer it to something. There is no
definition of context out of a context [4]. We can reference the context of a disserta-
tion, a computer science course, a football game, etc. In this article, for example, the
context of our work is groupware systems and applications.

Brézillon and Pomerol [6] proposed a classification for differentiating the contex-
tual elements related to task performing. The set of contextual elements that are rele-
vant to the task realization is called contextual knowledge. The knowledge that is
shared by all people involved but is not used to perform a task is called external
knowledge. During the execution of a task, a portion of the contextual knowledge is
actually employed. This portion is called proceduralized context (Figure 1).

In the area of CSCW Araújo, Dias and Borges proposed a conceptual framework
for the understanding of group support in collaborative projects [1]. Gutwin, Stark
and Greenberg developed a framework for the categorization of awareness in coop-
erative learning [13]. Groupware usability in shared workspaces was the theme of a
conceptual framework developed by Gutwin and Greenberg [12].

Other relevant work in the CSCW area is The Denver Model for Groupware De-
sign, a nested collection of models describing the generic elements of any groupware-
application. The first model consists of three sub models describing three aspects of
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Fig.1. Three types of context

constructing and reviewing groupware applications: requirements, design and tech-
nology. According to the design’s sub model, groupware applications can be charac-
terized as five categories related to: people, artifacts, tasks and activities, interactive
situations and social protocols (Figure 2) [18].

Fig. 2. The Denver Model for Groupware Design

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 fully understand many actions or events, it is necessary to have access to
relevant contextual information [2]. A common drawback of many groupware tools is
the lack of support to contextual information, making the cooperation hard to achieve.

When people work cooperatively as a team, the knowledge about the contextual
elements related to the interactions is very relevant to achieving a high level of coop-
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eration. The context of the group is not simply the union of all individual contexts. It
consists of information about the group, such as its composition, social protocols,
goals, strategies, etc. Another important aspect is the proceduralization of the context
by the group. Again, this proceduralization should occur in addition to the individual
process [2].

3 A Conceptual Framework

According to Greenberg  [11], a context is a dynamic construction that can be viewed
in five dimensions: (1) time, (2) usage episodes, (3) social interactions, (4) internal
goals, and (5) local influences. Although the contextual elements in some situations
are very stable, understandable and predictable, there are some situations when this
does not occur.  Situations with apparently the same context can differ from each
other.

Several aspects of these situations can explain this case. Among them, we can se-
lect the previous experience of the group, the task’s characteristics, and the social and
the technical facets of the interactions. This diversity and unpredictability of the as-
pects are factors that have a negative influence on the identification and the represen-
tation of the contextual elements related to group interactions.

In order to reduce this impact, we propose the use of a conceptual framework
aimed to identify and classify the contextual elements most common in groupware
tools. Conceptual frames will represent this framework. The goal of the framework is
to supply guidelines for research and development in the area of groupware and con-
text [19].

Several proposals have been presented to classify context in particular domains. In
the area of Intelligent Tutoring Systems (ITS), a framework for the classification of
context has been divided into three groups: Interactional context, Environmental con-
text and Objectival contexts [15]. In context-aware applications, the contextual infor-
mation has been classified in four categories: identity, location, status (or activity) and
time [9].

The conceptual framework proposed in this work considers the relevant elements
for the analysis of the use of context in groupware applications. The contextual in-
formation is clustered in five main categories: (1) information about people and
groups, (2) information about scheduled tasks, (3) information about the relationship
between people and tasks, (4) information about the environment where the interac-
tion takes place and (5) information about tasks and activities already concluded. The
clusters were derived from the Denver Model [18], and in each cluster we try to iden-
tify the most relevant aspects of the interaction that influence the performing of group
tasks.

In groupware synchronous environments, group members need to work simultane-
ously, but in asynchronous environments, there might be a time lag between the inter-
actions. The needs of each type of environment are different, especially in relation to
contextual information and the awareness required in each situation [16]. This justi-
fies why in our framework we analyze each situation differently.

The framework proposed is a generic classification of contextual elements. It nei-
ther covers the particularities of a specific domain nor applies to a particular type of
groupware.  This generic framework can be seen as a starting point to a more specific
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classification of contextual elements in particular domains, where new contextual
elements may be considered relevant.

In the next sub-sections we will describe seven types of contextual information
grouped into the five categories. According to McCarthy [14], the size of the contex-
tual dimension is infinite. Therefore, we will consider only the contextual elements,
which we believe are the most relevant to task oriented groups; the contextual knowl-
edge and the proceduralized context [3].

3.1 Information about Individuals

This is information about the individuals and the groups they belong to. The knowl-
edge about the group’s composition and its characteristics is important for the under-
standing of the potential ways the project or task will be developed. The knowledge
about the characteristics of individuals and the group as a whole encourages the inter-
action and the cooperation [16].

The type of interaction - synchronous or asynchronous, does not influence this as-
pect of the context.  In other words, the knowledge about individuals and groups is
required independent of the timing aspect of the interaction. We divided this category
into 2 types of context.

• Individual Context: Information about the individual who is a member of a
group. It includes information about his/her abilities, interests, location, previous
experience personal data and working hours, among others

• Group Context: Information about the characteristics of the team. The data is
similar to the aforementioned, but related to the group. They include the composi-
tion of the team, its abilities and previous experience as a group, the organiza-
tional structure, e.g. the group’s coordination, location, and working hours.

3.2 Information about Scheduled Tasks

This type of information tries to characterize the tasks to be performed by the group.
The interaction may be synchronous or asynchronous, but it does not influence the
contextual elements. In other words, independent of how the interaction occurs, the
group members need to be acquainted with task characteristics. Task context is the
name given to this context.

• Task Context: It stores the information about a task. Its goal is to identify tasks
through its relevant characteristics. Among these characteristics, we can select the
task name, its description and goals, the deadline, the predicted effort, the technol-
ogy and other requirements and pre-conditions.

3.3 Relationship between People and Tasks

This type of information aims to represent the relationship between the members of
the group and the scheduled tasks. Its goal is to relate the action of each group mem-
ber and the interaction they are involved in, with the tasks and their corresponding
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activities, which are being developed. In the scope of this work, the interaction devel-
oped among group members begins with an execution plan and terminates when the
task concludes, passing through a sequence of actions required for carrying out the
plan. In some situations the interaction may be interrupted before the task is con-
cluded. The reason for this premature termination is also part of the context and is
relevant to the understanding of what justified the interruption.

For this group of information we also identified two types of contexts:

• Interaction Context: It consists of information that represents the actions, which
took place during the task completing. It depends on the type of interaction. Ac-
cording to Pinheiro et al [16], when the interaction is synchronous, it is very im-
portant to be aware of the details of the activity at the time it occurs, while in
asynchronous interactions it is more important to provide an overview of the ac-
tivities instead of details, at least at the first level of awareness.
In the case of synchronous groupware, the interaction context includes detailed in-
formation about on-going tasks. This includes step-by-step details of activities
performed towards the conclusion of the task.

• Planning Context: It consists of information about the project execution plan.
This information can be generated at two different points. In the case of ad-hoc
tasks, they appear as a result of the interaction, which decided about it. For the
scheduled tasks, they are generated at the time of the plan, i.e., when the tasks are
defined and the roles associated with them. They include rules, goals, deadline
strategies, coordination activities, etc.

3.4 Information about the Environment

This type of information represents the aspects of the environment where the interac-
tion takes place. It covers both the organizational issues and the technological envi-
ronment. In other words, all information outside the project but within the organiza-
tion that can affect the way the tasks are performed.

• Environment Context: It consists of information that characterizes the environ-
ment where the interaction takes place and that influences the task completion.
The environment gives some additional indications to group members about how
the interaction will occur. For example, the quality control patterns are part of this
context. Strategy rules, policies, financial restrictions and institutional deadlines
are other examples of this context.

3.5 Information about Concluded Tasks

This information tries to characterize the interactions that have already occurred. Its
goal is to provide background information about the experiences learned either from
the same group or similar tasks performed by other groups. It should include all con-
textual information about previous projects, which can be useful to future projects.
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Table 1. Conceptual framework for the analysis of context in groupware applications

Information
type

Associated
Contexts

Goals Examples of contextual elements

Individual
(Synchronous
& Asynchro-

nous)

To identify the partici-
pants through the repre-
sentation of their personal
data and profiles.

• Name
• Qualifications
• Interests
• Academics

Education

• Previous experience
• Location
• Working hours
• Web page

Group
Members

Group (Syn-
chronous &

Asynchronous)

To identify the group
through the representation
of its characteristics

• Name
• Members
• Roles
• Abilities

• Previous experience
• Organizational Structure
• Location
• Working hours

Scheduled
Tasks

Task (Synchro-
nous & Asyn-

chronous)

To identify the tasks
through the representation
of its characteristics.

• Name
• Description
• Goals
• Deadlines

• Estimated effort
• Activities
• Restrictions
• Workflow

Interaction
(Synchronous)

To represent in detail the
activities performed
during the task complet-
ing.

• Group in-charge
• Messages

exchanged
• Presence

Awareness

• Gesture awareness
• Concluded Activities

• Author
• Goal
• Report

Interaction
(Asynchronous)

To represent an overview
of the activities performed
during the task complet-
ing.

• Group in-charge
• Artifacts gener-

ated
• Versions

• Activities completed
• Author
• Goal
• Report
• Timestamp

Relationship
between

people and
tasks

Planning
(Synchronous
& Asynchro-

nous)

To represent the Execu-
tion Plan of the task to be
performed

• Roles in the
interaction

• Rules
• Aim

• Responsibilities
• Strategies
• Coordination Procedures
• Working Plan

Setting

Environment
(Synchronous
& Asynchro-

nous)

To represent the environ-
ment where the interac-
tion occurs; i.e., charac-
teristics that influence
task execution.

• Quality patterns
• Rules
• Policies
• Institutional

deadlines

• Organizational structure
• Financial constraints
• Standard procedures
• Standard strategies

Completed
Tasks

Historical
(Synchronous
& Asynchro-

nous)

To provide understanding
about tasks completed in
the past and their associ-
ated contexts.

• Task Name
• Activities

• Author
• Goal
• Justification
• Date

• Versions of the artifacts
• Contextual elements used

to carry out the task
• Working Plan
• Task Goals

At the end of a project all contextual information generated and used should be se-
lected, clustered and stored for future retrieval. The type of interaction - synchronous
or asynchronous - in this case part of the information is stored, but it does not influ-
ence the context itself.  We called this set of information ´historical context´.

• Historical Context: It consists of information about projects and tasks already
concluded. This information is important for the understanding of errors and suc-
cessful 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.
The tool should not only store the information concerned with the current project
but also provide support for the selected retrieval of past projects. The appropriate
selection and the granularity of the information are key factors for the use of this
context. Granularities, which are too coarse or too fine, may not provide the nec-
essary aid for group members.
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3.6 A Summary of the Framework

After identifying the seven types of contexts we can group them in a framework table
shown in Table 1. In this table we present a summary of each context and provide
some examples of information that can influence the interactions in the group.

4 Applying the Framework

In order to provide the first test for the framework, we analyzed three groupware tools
in relation to their treatment to contextual elements. The three tools selected were the
BSCW – Basic Support for Cooperative Work [7], the FLE3 – Future Learning Envi-
ronment [10], and the Quickplace 3 [17]. The result is reproduced in two tables. Table
2 lists the contextual elements identified in each tool. Table 3 describes how each tool
would fit into the seven contexts of the framework. At the end of the section we dis-
cuss the application of the framework.

BSCW. The BSCW Shared Workspace System is a groupware application, developed
at the GMD - German National Research Center for Information Technology. The
BSCW runs on the Web and supports both synchronous and asynchronous interac-
tions among group members.

The system’s central metaphor is the shared workspace. The workspace contains
several types of objects, such as documents, pictures, discussion lists, tables, spread-
sheets, and so forth. Group members asynchronously access the shared workspace to
carry out their tasks. The support to synchronous interaction is provided by two
mechanisms: a meeting support tool and a Java applet, called JMonitor.

FLE3. The FLE3 is a collaborative learning environment based on the Internet. It
consists of three learning aid tools:

1. The WebTop can be used by learners and instructors to store and share several
types of documents related to the object of study. The documents can be organized
into folders associated to each course. The two other tools share these folders.

2. The Knowledge Building is a discussion forum where most of the group’s knowl-
edge is actually built. The messages exchanged during a discussion can be classi-
fied according to an attribute named “knowledge type”, which identifies the type of
knowledge assumed by its author for each message presented.

3. Jamming is a shared workspace for the cooperative building of multimedia artifacts
(photos, audio, video, etc). The Jamming allows the preservation of an object’s
data by storing the versions generated during its lifetime.

Quickplace 3. The QuickPlace 3 is a groupware system based on the Web. The cen-
tral metaphor is the shared workspace, similar to the BSCW. The workspace can store
any type of document, such as spreadsheets, discussions, workflows, and so on. The
Quickplace 3 allows the publication and the sharing of any type of information rele-
vant to the collaborative project. Besides this basic functionality, the system supports
group discussions, agenda, chats, event notification and the evolution of the docu-
ments stored in the workspace.
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Table 2. Contextual elements identifyed in each tool

Contexts
Examples of contextual

elements
B F Q Examples of contextual

elements
B F Q

Name Ok Ok Ok Organization X Ok X
Abilities X X X Location X X X
Interests X Ok X Working hours X X X
Academic background X X X Personal data Ok Ok Ok

Individual
(Synchronous
& Asynchro-

nous)
Experience X Ok X Personal Web Page Ok Ok X
Name Ok X Ok Experience X X X
Components Ok X Ok Organizational structure X X X
Roles Ok X X Location X X X
Abilities X X X Working hours X X X

Group
(Synchronous
& Asynchro-

nous)
Interests X X X
Name Ok X Ok Estimated effort X X X
Description Ok X Ok Actions to be per-

formed
X X X

Goal X X X Restrictions X X X
Deadline X X X Technology X X X

Task
(Synchronous
& Asynchro-

nous)
Requirements X X X
Assigned group Ok X Ok Actions to be per-

formed
Ok X Ok

Presence Notion Ok X Ok Author of each action Ok X Ok
Messages exchanged Ok X Ok Goal of each action X X X

Interaction
(Synchro-
nous)

Gestures X X X Justification for the
action

X X X

Assigned group Ok Ok Ok Justification for the
action

X X X

Actions performed Ok Ok Ok Artifact version Ok Ok Ok
Author of each action Ok Ok Ok Working period Ok Ok Ok

Interaction
(Asynchro-
nous)

Goal of each action X X X
Roles in the task Ok X X Strategies X X X
Plan rules X X X Coordination Proce-

dures
X X X

Goals X X X Implementation plan Ok X Ok

Planning
(Synchronous
& Asynchro-

nous)
Responsibilities X X X
Quality patterns X X X Institutional deadlines X X X
Rules X X X Organizational struc-

tures
X X X

Procedures X X X Policies X X X

Environment
(Synchronous
& Asynchro-

nous)
Strategies X X X Financial restrictions X X X
Task name Ok Ok Ok Author of each action Ok Ok Ok
Task description Ok Ok Ok Goal of each action X X X
Task Goals X X X Justification for the

action
X X X

Implementation plan Ok X Ok Working period Ok Ok Ok

Historical
(Synchronous
& Asynchro-

nous) Tasks performed Ok Ok Ok Information about other
contexts used in the
task

Ok Ok Ok

4.1 Using the Framework to Analyze the Tools

Table 2 presents the evaluation of the contextual elements identified in each of these
three tools using the framework. In Table 2 the B refers to BSBW, the F refers to
FLE3 and the Q refers to Quickplace. The Ok means the groupware tool supplies this
contextual information, while the X means the absence of context.
Figure 3 shows the way the BSCW deals with the team contextual information. Figure
4 reproduces the context interaction support in FLE3. The task context provided by
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Fig. 3. Team context in BSCW

Fig. 4. Interaction Support in FLE3
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Fig. 5. Task context in Quickplace 3

Fig. 6. Planning context in Quickplace 3

Quickplace is reproduced in Figure 5. Figure 6 illustrates the planning of activities
also in Quickplace 3.

Based on the contextual elements identified in the tools we can then use the
framework to provide a simple comparison of how the three tools deal with contextual
information. This comparison is provided in Table 3.

4.2 Discussion

We can conclude at this point that the framework achieved its main objective, i.e., to
be a first step towards the understanding of how contextual information is represented
in groupware tools. We noticed a close relationship between the framework classifi-
cation and the treatment given to contextual information by groupware tools.

In the application of the framework we identified some contextual elements in
which specificity did not fit into our classification. An interesting example is the
“type of knowledge” information in FLE3, a contextual element relevant to coopera-
tive learning domains. In these cases, it is important to check if it corresponds to a
more generic class in the framework, which was the interaction context.
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Table 3.  Conditions to deal with contextual information

Contexts BSCW FLE3 Quickplace

Individual
(Sync & Async)

Very comprehensive about
the identification, but it does
not characterize him/her.

Very comprehensive. It pro-
vides information about his/her
experience and its role.

Little information about the
individual. It is not possible to
characterize him/her.

Group
(Sync & Async)

It adopts the team’s concept,
but it does not describe the
group’s characteristics.

There is no group concept
implemented.

It adopts the team’s concept,
but it does not describe the
group’s characteristics.

Task
(Sync & Async)

It defines task explicitly. It
allows the definition of
tasks, but it does not provide
additional details.

It does not define task explic-
itly. The task definition is done
without system support.

It defines task explicitly. It
allows the definition of tasks,
but it does not provide
additional details.

Interaction
(Synchronous)

It supports only message
exchange. It associates
messages with their authors.
It provides the notion of
presence. It does not support
the definition of goals and
their justifications.

It does not support synchronous
interaction.

It supports only message
exchange. It associates
messages to its authors. It
provides the notion of pres-
ence. It does not support the
definition of goals and their
justifications.

Interaction
(Asynchronous)

It identifies the tasks in
operation listing their
authors and dates. It does
not support the definition of
goals and justifications.

It identifies the tasks in opera-
tion listing their authors and
dates. It does not support the
definition of goals and justifi-
cations.

It identifies the tasks in
operation listing their authors
and dates. It does not support
the definition of goals and
justifications.

Planning
(Sync & Async)

It is represented through a
calendaring function that
stores part of the execution
plan and the role of each
member in the plan.

There is no support to planning
context.

It is represented through a
calendaring function that
stores part of the execution
plan.

Environment
(Sync & Async)

The application does not
support the representation of
information about the
environment supported by
the application.

The application does not
support the representation of
information about the environ-
ment supported by the applica-
tion.

The application does not
support the representation of
information about the envi-
ronment supported by the
application.

History
(Sync & Async)

All relevant information
about past tasks are stored
and a simple retrieval
mechanism is provided.

All relevant information about
past tasks are stored and a
simple retrieval mechanism is
provided.

All relevant information about
past tasks are stored and a
simple retrieval mechanism is
provided.

On the other hand, some contextual elements may not be relevant to certain appli-
cation domains. Its absence in the groupware tool does not represent a negative as-
pect. For example, the organizational structure may not be relevant to CSCL applica-
tions. Therefore, when applying the framework we should take into consideration the
aim of each application.

An important aspect observed in our study is that not all contextual elements can
be embedded in a groupware system. However, this fact doesn’t mean that they are
not implemented into the work practices of the team. The group, in some cases, can
implement these elements by other means.

The analysis of the groupware tools using the framework showed they have similar
characteristics in relation to contextual information. Other conclusions worth men-
tioning are:

1. All three groupware partially cover the individual, group, task and interaction
contexts;

2. The environmental context is not addressed by any of these tools, indicating that
this type of context is not calling the attention of groupware designers;
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3. The contextual elements available in all three tools identify the cooperative actions,
but they are not able to answer why certain action was carried out. In other words,
there is no concern for the justification of actions;

4. In the three tools there is no separation between the historical and the other con-
texts. All contexts are stored, but there is not a clear division between contexts,
which are current and those, which have become historical.

5 Conclusions

This article presented a framework for the classification of the various types of con-
text, which comprises the interaction among group members supported by a group-
ware tool. The framework classified the context, which embodies the interactions in a
groupware application into five main categories: (1) information about the group and
its members – individual and team contexts; (2) information about the scheduled tasks
– task context; (3) information about the relationship between group members and
tasks – interaction context and planning context; (4) information about completed
tasks – historical context; and (5) information about the environment where the tasks
are performed – environment context.

For each type of context, we described its definition and some examples of infor-
mation that is normally associated with this context. We also listed some applications,
which already represent this context in some way. Then, we applied the framework in
the identification of contextual elements present in the three groupware tools.

The use of the framework for analyzing current groupware applications confirmed
what we expected; that few contextual elements are supported by these tools. Al-
though, some sort of support is always provided, they are seldom treated as an im-
portant aspect of the groupware tool. We firmly believe there is a clear need for ex-
plicit support of context in groupware tools.

The framework is considered as the first step towards offering assistance to group-
ware designers wanting to include contextual elements in their tools. The framework
needs to be further evaluated by applying two approaches. Firstly, we need to test its
comprehensiveness, that is, to check if the framework covers all contextual elements
relevant to groupware applications. Secondly, we would like to verify the correlation
between each contextual element and the change in the level of cooperation among
group members who make use of the tool.
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