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Abstract. This work presents a new approach in the area of awareness in groupware. We have
made a first step towards supporting both conventional, past-oriented and anticipative, futureoriented awareness by suggesting a conceptual model for defining expectations of actions in a
shared workspace and for an automatic check and notification of fulfillment or non-fulfillment
of these expectations. Our approach is people-centric and is based on a real-life mental state:
the state of anticipating certain events in a workspace. After having studied previous
theoretical and practical research on awareness and having analyzed several current
collaborative systems, we developed a conceptual model of expectations in shared
workspaces. We then implemented our approach as an add-on package to the shared
workspace system BSCW. Having evaluated our system with a group of BSCW users we
analyzed their feed-back and came to the conclusion that all test users declared the concept of
anticipative awareness useful and the implementation on the whole usable. Based on the
comments of the test users we propose several improvements of the implementation.
Keywords: awareness, shared workspaces.
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Introduction

Current asynchronous collaborative tools support change awareness in an electronic
workspace in two ways. Either they store and display a history of events that took place in the past
(awareness of past events) or they allow users to register an interest in an event in the future they
want to be notified about (awareness of future events). The future event can ideally be defined to
encompass any combination of specific artifacts, specific activities and specific members of a
workspace. None of the groupware tools we analyzed, however, allows specifying actions to be
carried out by workspace members until a date in the future and then automatically verifies and
notifies whether they were performed within the deadline or whether they were not performed.
The latter is a frequent requirement in collaborative work as shown by the following typical
situations. One team member writes a document and expects the other team members to read it, to
review it or to suggest improvements. A teacher asks her students to write an essay and wishes to
“remind” late students of the delivery when the deadline approaches. A call for papers is issued
and abstracts have been accepted, but the conference committee needs to know who failed to
deliver the full paper, rather than who actually did deliver.
We propose to fill the obvious gap by complementing awareness of what happened in the past
by awareness of events which will or will not happen in the future — we call this concept
anticipative awareness or short: expectations. Expectations allow users the flexibility of defining in
detail what action by which participants and on which artifact they are interested to observe and
until when.
We decided to implement the concept of anticipative awareness within BSCW [1], a shared
workspace system developed by Fraunhofer FIT and OrbiTeam starting in 1995 and in operation
ever since, which has a large user community of well over a million users world-wide. We chose
BSCW as the base-line system for our implementation for three reasons. Firstly, we wanted to
improve the tool we are using in our daily work. Though BSCW features a broad range of
awareness functions, it can still be difficult to keep track of the state of work in large shared
workspaces with active team members. When deadlines are approaching, it can be quite
cumbersome to find out who did not deliver — actually this has to be done manually. Automated
notifications of these anticipated (non-) events well ahead of time would be most welcome to
many BSCW users. Secondly, the existing awareness features of BSCW made the implementation
of anticipative awareness relatively easy. Thirdly, the large number of “real users who are doing

real work” using BSCW offers excellent opportunities for a thorough evaluation and verification
of our concept.
After reporting on related work (final version, not in this abstract) in the area of awareness,
we give a detailed account of our concept of anticipative awareness and how we implemented this
concept by integrating it into our shared workspace system BSCW. We then describe how we
evaluated our work and “what the users said”. This leads us to a critical analysis of what the users
liked and what should be improved and how. We conclude with an outlook on our future plans.
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Concept

Our concept of expectation awareness enables a user to specify his anticipation of future
activities on a certain artifact or a group of artifacts in a shared workspace. The users will be
informed at a chosen point in time if the expected activities happened or not. Our approach is
based on the observation that after performing an activity on an artifact in a workspace, a user
usually has a mental picture of what activities on this artifact should be performed next by his
collaborators. For example, after uploading a document, the user would probably anticipate that it
will be read or modified; after making a poll, he probably waits for others to vote on it. Usually
this anticipation also has a certain time limit, within which the activity should take place. We call
this mental picture an expectation.
After an expectation is being created, depending on whether its creator decided to notify the
involved members, an icon appears in the workspaces of the involved members. In addition a
periodic alarm mechanism is set to test the expectation fulfillment at certain time intervals. As
long as the expectation is not fulfilled, the periodic fulfillment tests are performed until the
expectation end time. At the end time the last fulfillment test is performed and when the
expectation is not fulfilled, a non-fulfillment message is sent. If the expectation gets fulfilled, the
periodic test mechanism stops and waits for the expectation end time to send the fulfillment
notification.
In practice, we model an expectation as an object with six basic attributes: creator, artifact,
activity, participants, start date, end date. Many additional attributes can be defined to extend the
usability and flexibility of an expectation. For example, a selection of a preferred notification
mechanism or an option to inform the involved collaborators of an expectation is thinkable. The
values of these attributes will be specified by the user when a new expectation is created.
An expectation changes its state after the deadline. The three basic possible states are initial
(before the deadline), fulfilled or non-fulfilled (after the deadline). An expectation itself, as any
other object in the system, has operations to manipulate it. We consider as essential operations
create, edit, delete, check fulfillment and view fulfillment status.
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Related Work

Tam and Greenberg [15] define workspace change awareness as the ability of individuals to
track the asynchronous changes made to a collaborative document or graphical workspace by other
participants over time. In their theoretical framework they list the required information elements
for change awareness. The set of questions that the workspace should answer is the following:
• Where have changes been made? — the location of each change
• Who has made the changes? — the author of each change
• What changes were made? — the content of each change
• How were things changed? — the actions that lead of each change
• When did the changes take place? — the time of each change
• Why were the changes made? — the reason for each change
We based the expectation form and notification message in our application on this list of
required elements.
Bernheim Brush et al. [13] divide existing asynchronous awareness mechanisms in one or
more of the following categories: informational, subscription based and peripheral.

With informational awareness mechanisms, details of the document activity are shown or can
be queried from the workspace. The majority of systems concentrate on this type of awareness.
ReadWear and EditWear technique [9], Version graph in COOP/Orm [11] and ActivityViewer in
Palantir [14] are just some examples of existing practices to provide information on changes in a
workspace itself. BSCW already supports this type of awareness with event icons, event history
and AwarenessMaps [1], [8].
In subscription-based awareness mechanisms, a user can register an interest to receive
notifications on certain events in a workspace. Systems like CVS-watch [2], Coven [5], or
Bugzilla [16] originate in the software engineering community, while the CSCW community
contributed Khronika [10], Elvin [6] and Nessie [13] to implement user-controllable notification
mechanisms.
In peripheral-based awareness mechanisms, often widgets are applied to provide awareness at
a glance outside the workspace, for example like a sidebar in [3] or [4]. Peripheral awareness is
mostly used in synchronous collaboration. But since the widget will also show changes that have
occurred when the user was oﬄine, as soon as the user connects again, it can be valuable also for
asynchronous awareness.
The existing collaborative tools use informational, subscription-based or peripheral awareness
mechanisms to represent events or activities that took place in the past or that take place in the
present. The informational awareness mechanisms show all the events that occur in a workspace.
In frequently used workspaces the number of the events that occur is large and hence it is
overwhelming and even nearly impossible for the user to view all the events. Subscription based
awareness mechanisms filter the events of interest for a user with respect to his awareness profile,
but the number of notifications they generate can be also quite large, overwhelming and annoying.
Therefore several approaches exist to combine events in an overview presentation [12].
Nevertheless, none of the tools we have analyzed allows a specification of events or actions
that should take place in a work-space in the future to automatically verify and notify a user
whether they were performed or not.
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Concept

4.1 Anticipative Awareness
Our concept of expectation awareness enables a user to specify his anticipation of future
activities on a certain artifact or a group of artifacts in a shared workspace. The users will be informed at a chosen point in time if the expected activities happened or not. Our approach is based
on the observation that after performing an activity on an artifact in a workspace, a user usually
has a mental picture of what activities on this artifact should be performed next by his
collaborators. For example, after uploading a document, the user would probably anticipate that it
will be read or modified; after making a poll, he probably waits for others to vote on it. Usually
this anticipation also has a certain time limit, within which the activity should take place. We call
this mental picture an expectation. Figure 1 illustrates the process of an expectation.

Figure 1: Expectation process diagram

After an expectation is being created, depending on whether its creator decided to notify the
involved members, an icon appears in the workspaces of the involved members. In addition a
periodic alarm mechanism is set to test the expectation fulfillment at certain time intervals. As
long as the expectation is not fulfilled, the periodic fulfillment tests are performed until the
expectation end time. At the end time the last fulfillment test is performed and when the
expectation is not fulfilled, a non-fulfillment message is sent. If the expectation gets fulfilled, the
periodic test mechanism stops and waits for the expectation end time to send the fulfillment
notification.
In practice, we model an expectation as an object with six basic attributes: creator, artifact,
activity, participants, start date, end date. Many additional attributes can be defined to extend the
usability and flexibility of an expectation. For example, a selection of a preferred notification
mechanism, or an option to inform the involved collaborators of an expectation is thinkable. The
values of these attributes will be specified by the user when a new expectation is created.
An expectation changes its state after the deadline. The three basic possible states are initial
(before the deadline), fulfilled or non-fulfilled (after the deadline). An expectation itself, as any
other object in the system, has operations to manipulate it. We consider as essential operations
create, edit, delete, check fulfillment and view fulfillment status.

Figure 2: concept map of the expectation concept

In the following we describe the major attributes of an ex-pectation in more detail: artifact,
activity and participants.
4.2 Artifact
The artifact attribute refers to a shared object in a workspace, upon which the chosen activity
should operate. We distinguish between a single artifact and a container of artifacts. A single
artifact is an object that can be uploaded to or created in a workspace, such as a document or a note.
A container of artifacts is a collection of artifacts, such as a folder, a blog or a discussion.
For a set of artifacts, users should be able to decide, whether the expectation is fulfilled when
the expected activity takes place in all artifacts or in at least one of the artifacts. This selection will
often depend on the expected activity itself. It is obvious to expect, for example, that the read
operation will take place in all documents in a folder while the modify operation only on at least
one of them.
An exceptional activity for this matter is the create activity. The create operation can be
expected only in a container, such as a folder. Another consideration of interest is the case of a
hierarchical structure of objects. Then it must be decided, whether the activity should take place
only in the uppermost level or in the whole hierarchy.
4.3 Activity
Activity is an action or operation expected to be executed on the chosen artifact or on a
chosen container of artifacts. The list of possible actions is the operational semantics of a chosen
artifact with respect to the chosen participants. In other words, these are the operations available
on the chosen artefacts for the chosen participants in accordance with the access rights of the latter.
In case of an artefact containing other artefacts (e.g., a folder) there are two ways to define a
possible list of actions: either an action common to all artifacts or an action that is executable only
on one of the artifacts.
4.4 Participants
Participants are other members with whom the creator shares the selected object. Similar to an
object, a single collaborator can be either a single member or a ’complex’ collaborator, such as a
group or a role with a number of members. The list of admissible operations for a certain artifact
depends on the collaborator’s rights to perform operations on this artifact.
For members of a group or a role it should be decided, whether the expectation should be
fulfilled by a role or by a group. Further one must consider if the expected activity should be
performed by all members or by at least one member inside of a role or a group. Again, this
definition might depend also on the activity itself, since it is quite natural to expect, for example,
that the read operation will be performed by all members of a role or a group while the modify
operation by at least one of them.

Finally it should be decided by the user what is the fulfillment condition for the selected set of
collaborators (counting a role or a group as one collaborator), i.e. whether all collaborators must
fulfill or at least one of them. Figure 3 provides a state diagram of an expectation evaluation.

Figure 3: State diagram of an expectation evaluation process

A user can decide whether he wants to make an expectation being visible to the other
participants or not. Making an expectation visible, the user implicitly announces to other members
what kind of activities he expects them to perform in a workspace. This is intended to establish a
better understanding of the expected activities among the members of a project. However, this use
of an expectation makes it very similar to another formal method of project management: task
assignment.
Therefore, we would like to emphasize the differences between the concept of an expectation
and a concept of a task. These are: the intention, the level of necessity, the agreement of the
participant assigned.
Intention: A task is a work unit with a sequence of instructions. The main intention of a task is
specifying the work needed to be done and assigning it to a certain person or number of persons.
The main purpose of an expectation is providing better awareness on anticipated activities in a
workspace. Creating an expectation supports the automatic summarization of events that the user
is looking forward to occur in a workspace until a certain deadline. Currently this information can
be obtained only manually by looking at the history of events.
Level of necessity: Assigning a task is psychologically more demanding than creating an
expectation. The one who assigns a task should have the sufficient authority, while anyone in a
shared project can have expectations from his colleagues. Tasks have to be performed as a duty,
while an expectation is just a lightweight representation for looking forward to a certain action.
Agreement of the assigned participant: The mechanism of a task assignment usually entails
the agreement of the participant whom the task is being assigned to. During an expectation
creation the collaborators not only do not have to agree to the expectation, but in most cases they
do not have to know aboutt an expectation. An expectation is just an expression of what its creator
believes should happen in a workspace and an easy means for being informed whether it happens
or not.
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Implementation into a shared workspace system

This chapter describes our implementation of the anticipative awareness concept. First we
give an overview of the BSCW system – the baseline system for our implementation. Then we
provide a detailed description of the user interaction and user interface of expectations feature.
5.1 Baseline System BSCW
BSCW is a webbased groupware system around the shared workspace metaphor. Shared
workspaces are established by groups of people to organize and coordinate their work. A BSCW
server (a standard web server extended by the BSCW functionality through the Common Gateway
Interface) manages a number of shared workspaces – repositories for shared information,
accessible to the members of a group via any normal web browser using the user name/password
authentication scheme. In general, a BSCW server manages workspaces for different groups, and
users may be members of several workspaces.
A workspace may contain different kinds of information, represented as information objects
arranged in a hierarchical order. The objects may be of various types such as folders, URL links to
Web pages, documents, like graphics, spreadsheets, text documents, discussion forums, opinion
polls, tasks or user specific address books and calendars. The system allows numerous operations
– usually depending on the object type – that can be applied to objects, e.g., objects may be
renamed, deleted and undeleted, for URL objects the URL reference may be modified, documents
may be put under version control, or users may add a comment to a discussion forum. Operations
that have been carried out result in events, which are reported to the users by means of event icons
so that they are aware of each other's activities in a workspace.
From a system developer’s point of view, our main consideration for choosing the BSCW
shared workspace system as a baseline system was its modularity and extendibility – new features
can be added relatively easily to BSCW by using the packages mechanism. The packages
mechanism in BSCW allows switching a certain feature on and oﬀ during runtime.
Consequently, the expectation feature was implemented as a BSCW package consisting of
various class definition modules, utility routines and user interface modules, XHTML templates
and cascading style sheets. The kernel software of BSCW was left unchanged.

Figure 4: Expectation indication in a BSCW workspace

Figure 4 presents the user interface of BSCW. Several object have expectations attached
which is indicated by the colored “E” symbols.
5.2 Examining the state of an expectation
The creator of an expectation can obtain information about the state of her expectation in
several ways: via change of colour in the expectation icon (see Fig. 4), via the expectation state
page, and via email notification at the end of the expectation period

Figure 5: Expectation State Page

Figure 5 demonstrates the state check of an expectation of a rate event. The expectation is on a
folder with three documents and two users: Alice and Bob. Alice and Bob hold the role History
Teacher. The user expects that all users must rate all documents. The state page shows that the
users Alice fulfilled the expectation and the user Bob did not fulfil on two out of three documents.
Alice appears in the column of collaborators that fulfilled for each one of the documents and in the
summary. Bob rated only one of the documents and thus he appears in the column of the
collaborators that fulfilled for this document, but he appears also in the column of collaborators
that did not fulfil for other two documents and in the summary. The fulfilment state of the role
“History Teacher” is not fulfilled because of its non-fulfilling member Bob. The overall
expectation state is is not final, because the end time is not over yet.
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Evaluation

In this section we present the evaluation of the new expectations features in BSCW. The
evaluation consisted of tests carried out by ten representative participants from our target group:
experienced BSCW users who are responsible for the management of large international projects
using BSCW workspaces with many (>30) members. Each test was held by one person at a time
and it took 30-45 minutes.
The evaluation began with a short briefing and a hands-on experiment to get used to the
system functionality and use. Afterwards the test persons were asked to perform several tasks on
their own. The tasks became more and more elaborated and they covered the whole set of
expectations functionality, including the advanced features for creating an expectation on roles and
groups. Each participant created or fulfilled five expectations during the test. Out of these, four

were to be created by the test participant in accordance to a given task-scenario. One expectation
was prepared in advance by the facilitator. It had to be understood and fulfilled by the participant.
After an expectation was created by the test participant, it was fully fulfilled, partly fulfilled,
or not fulfilled at all by the test facilitator. Then the test participant was asked to look at the result
and to describe it to the facilitator. Each expectation had to be created on a different artifact in a
workspace.
The users were asked to provide comments (thinking aloud) or to ask questions while
executing the tasks. These questions and comments, together with usability issues identified during
the user tests were collected into a log book.
After each test we conducted a semi-structured interview including questions about the overall
impression of the system, whether the expectation concept was clear and easy to learn, estimation
of the usefulness of such a feature, possible use cases, and improvements to the user-interface.
Next, we summarize the difficulties encountered during the tests, the suggestions made by the
users and the overall opinion and impressions that the users expressed in the semi-structured
interviews.
Difficulties were mainly identified with the expectation creation form and the navigation to
the expectation actions. No difficulties were encountered in reading the expectation result or in
changing an existing expectation. All the test participants could successfully solve the task.
The struggle with the expectation creation form was due to understanding the meaning of the
advanced participant selection for an expectation. The options to select all members or at least one
member for a role or a group, often required further explanation. The majority of the participants
preferred to select members, one by one, instead of selecting a role or a predefined group.
However, in another task, where a specific group had to be selected for an expectation, all
participants configured the expectation correctly.
Difficulties with the navigation to expectation actions were mainly due to multiple clicks that
were needed to get to the expectation result page. Users expected to see the fulfillment state
directly after clicking on an expectation icon
In addition to these usability issues, a number of suggestions were collected that relate to the
icon design (improvements for color-blind users), the selection of a deadline (a date is sufficient, a
precise time is not needed), and the format of the notification email (more details were required).
All test participants found the expectation concept easy to understand and the expectation
result simple to read. All the test participants considered the expectation feature as a very useful
extension to the awareness features of the shared workspace system. Some users argued that they
would use the feature mostly in large workspaces for awareness, especially to establish
anticipative awareness. The majority said that they prefer expectations over tasks since they are
less demanding than a task assignment.
Based on this positive and encouraging feedback we have improved the expectation
functionality. It is currently being provided at a workspace server for three large European
research projects with more than 200 users. After the announcement of the feature to the user
group a number of expectations have already been created by the users. Until today we have
received very positive feedback about the easiness to monitor the status of an activity and in
particular to supervise outstanding activities
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Lessons learnt and future work

The user tests have shown that the expectation concept is easy to learn, the implementation is
responsive and stable and that the expectation result is easy to read. Nevertheless further
consideration is needed to improve the expectation icon, the expectation creation form and the
navigation to expectation operations. In the following we describe the realized improvements.
The expectation icon now leads directly to the expectation status page instead of the
configuration page. This is due to the observation that users are more frequently monitoring the
expectation status than updating it. Furthermore it is planned to include a tooltip for the
expectation icon that displays further expectation details such as name, event type, creation date,
end date.
The selection of single users, roles and groups as participants of an expectation has been
simplified by moving the role and group selection into an advanced options window, while the

selection of single members remains on the main page of expectation creation. This enables the
creation of standard expectations in one step. The selection of “at least one” or “for all” conditions,
on members inside roles and groups and on members including roles and groups, requires further
consideration. Since it is also a cognitive challenge to understand these specific set operations, the
creation of an easy to use user-interface for this task remains a challenge. To ease the navigation,
additional expectation operations have been added to the context menu of an artifact in a shared
workspace.
Currently the expectation fulfillment evaluation is triggered by a periodic alarm. Thus it may
happen that an expectation has already been fulfilled, although the state has not yet been updated,
due to the triggering interval. To increase the responsiveness of the system, it should be triggered
by each operation that takes place in a workspace. However this requires changes to the kernel of
BSCW which was avoided for the first version of the application.
With respect to the expectation concept, the following extensions are planned. In our concept
an expectation can be set either on a single artifact or on all artifacts in a container. Furthermore it
is desirable to enable the selection of several artifacts (not necessarily from the same container) for
a single expectation. However, we expect that this may cause user-interface challenges. Thus the
usefulness of this extension remains to be evaluated.
Vice versa, our expectation concept is currently limited to the creation of an expectation on an
entire artifact. But, often expectations refer to specific artifacts elements or parts. Developing a
more sophisticated concept of expectations enabling users to describe, how they expect the future
contents being cooperatively developed will be the next step.
Finally, we suggest the evaluation of the usefulness of expectations in other domains such as
software development, architectural design, web content and knowledge management, e-learning
and collaborative problem solving. In this context it will be necessary to extend the presented
concept from a single CSCW application (i.e. shared workspace system) to several applications in
a cooperative working environment including workflows, instant messaging and application
sharing.
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Conclusion

This work presents a new approach in the area of awareness in groupware. We have made a
first step towards supporting both conventional, past-oriented and anticipative, future-oriented
awareness by suggesting a conceptual model for defining expectations of actions in a shared
workspace and for an automatic check and notification of fulfillment or non-fulfillment of these
expectations. Our approach is people-centric and is based on a real-life mental state: the state of
anticipating certain events in a workspace. After having studied previous theoretical and practical
research on awareness and having analyzed several current collaborative systems, we developed a
conceptual model of expectations in shared workspaces. We then implemented our approach as an
add-on package to the shared workspace system BSCW. Having evaluated our system with a
group of BSCW users we analyzed their feed-back and came to the conclusion that all test users
declared the concept of anticipative awareness useful and the implementation on the whole usable.
Based on the comments of the test users we propose several improvements of the implementation.
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