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Abstract. In this paper we describe the concept of actwity awareness, which gives
workers indications of what 1s happening and what has happened recently in coliaborative
activities. The key feature of activity awareness 1s the use of individual workspaces, as
opposed to shared workspaces We Introduce an activity representation that can be
extracted from workers' individual workspaces By using extracted activity information, it
extends the scope of awareness from tight collaboration within a shared workspace to
more loose collaboration. It enables workers to be aware of the latest informatton created
within other members’ individual environments and of the progress made by loosely
connected groups We introduce three awareness nodes people, projects, and places In
our model, individual activiies interact at these awareness nodes. Our current
implementation adopts a temporally threaded workspace model for representing
individual activities and introduces an awareness presentation schema for representing
the three awareness nodes. The temporally threaded workspace model captures a
worker’s activity as a sequence of changes to the information space of the individual’s
workspace An awareness presentation schema generates web pages to show
awareness information about the monitored activities
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Introduction

The recent revolutionary changes to information nfrastructures have increased
knowledge workers’ opportunities to-work collaboratively with people outside of
therr immediate workgroup. To perform jobs, workers can share and exchange
information with others within the Internet and Intranet. The information accessed
through the network reflects the activities of colleagues in companies, and friends
in research 1nstitutes. ‘Furthermore’,’ changes to the information are available
immediately. However, 1t is not easy for workers to know what is happening and
what has happened recently in related activities from information on the network
Preparation of information to deliver or publish is often so time-consuming that
emails can become infrequent and web pages can become obsolete. A Workflow
system provides status information only 'on predefined tasks.

Shared workspace systems are one- of the most promising approaches for
keeping groups distributed over space to focus on a collaboration (Dourish and
Bellotti, 1992; Tolone et al., 1995; Roseman and Greenberg, 1996). A shared
workspace 1s a virtual place, ('o‘n 'the! network) where workers can perform
collaborative work Changes caused by any events, even including ad-hoc actions,
within a space are immediately visible to other group members. Furthermore,
workspace awareness has made these spaces more usable (Gutwin and Greenberg,
1997). Workspace awareness pro;wdes workers with a perspective on the current
state of the collaborative work. It can help group members by succinctly
presenting the state of a concurrent activity, hinting at upcoming events, and
indicating when to communicate with others.

Employing the metaphor of a physical place or room for shared workspaces
has both advantages and disadvantages. It provides users with an intuitive scope
of communication and information sharing, but it limits the scope of awareness to
explicit  and mtentional collaboration. This hmitation negatively impacts
workspace awareness in two ways.

First, awareness of the latest information of other group members 1s often not
provided Recent progress of technology enables workers to store all of the
information for performing ther job. locally. They work in their individual
environments and use the shared workspace only to exchange completed
documents. Since the latest (and often most important) information remains inside
the individual’s environment, shared workspaces do not provide awareness of the
most recent changes to the information.

Second, shared workspaces do not support awareness of related activities for
dynamic collaboration structures. Whén a worker does her individual work, even
though the task initially may seem simple and isolated, 1t often ends up affecting
several other activities in the orgamization, formally or informally, closely or
loosely For example, suppose a worker wishes to publish experimental data on a

web page. During prepératlon of the page, she might need to collaborate closely
o

il
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with research colleagues to complete the data and with her supervisor to formally
report progress within a shared workspace. When publishing the page, she might
informally coordinate with the owner of a web site publishing similar information.
She might maintain loose contact with sales staff who use her data 1n their sales
proposals. For providing necessary awareness among this sort of concurrent and
dynamic collaboration, the requirement of defining a workspace for information
exchange before starting collaboration becomes unrealistic.

We believe that workspace awareness is essential to support dynamic
collaboration, but that the scope of the awareness should not be as limited as 1n a
shared workspace. To extend the scope of workspace awareness, we have
proposed the concept of activity awareness and developed a prototype system
called Interlocus (Nomura et al., 1998). The distinctive feature of activity
awareness is that it provides awareness of a set of interrelated activities, each of
which 1s executed within an individual workspace.

Activity awareness requires a framework comprised of an idividual activity
representation and a dynamic awareness scope to provide awareness without
employing shared workspaces. It enables the generation of a collective activity
perspective and asynchronous progress notifications as awareness functions to
solve the problems 1dentified above The individual activity representation defines
a computer-manageable ‘object corresponding to an individual activity. In this

*model we use the word activity to mean a human process of a worker to achieve
some specific goal (e.g. writing a specific report) Generally, each worker will
execute more than one activity. Dynamic awareness scope determines the scope
of awareness as a set of individual activities related to a collaborative activity.
This set of activities may change dynamically as the collaboration proceeds. An
individual activity may be included in more than one awareness scope, allowing
an individual activity to affect several collaborative activities. The collective
activity perspective provides awareness of the most recent information in the
individual activities nvolved within the collaborative work. Asynchronous
progress notification provides awareness of changes to loosely connected
activities.

In this paper we introduce awareness nodes, which provide perspectives on
collaborative activities. We have introduced them to address limitations found
through the usage of Interlocus, which 1s the first implementation of activity
awareness. Interlocus adopts the temporally threaded workspace model (Hayashi
et al,, 1998) for supporting awareness based on individual activities and uses
workspace configuration mechanisms to provide awareness. An Interlocus
workspace is an environment in which individual workers can their own activities.
In other words, it provides an individual view of an activity. The workspace
configuration mechanisms add information about related activities into the
individual view In usage, we observed that this approach does not adequately
represent the relationships between activities. To provide viewer-independent
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viewpoints for activity structures, we introduce three awareness nodes: people,
projects, and places. . , ‘

In the following sections, we first review related work about awareness on
shared workspaces. Next, we 1llustrate'experiences with the first implementation
of activity awareness based on workspace configuration. We then introduce the
three nodes of activity awareness. We also describe awareness presentation
schema, which 1s the current implementation of awareness nodes. We then
discuss the characteristics of activity awareness compared with previous work and
show the possibility of the further extension of the activity awareness. Finally, we
mention future work and give conclusmns

. . f
! 1

Related Work L

Since awareness 1s the essential fupgﬁtlo‘r] for collaborating in a workspace, leading
researchers 1n this field have been mvestlgating awareness. Gutwin and
Greenberg coined the term workspace awareness” and pointed out that shared
workspace systems should include [hlS feature (Gutwin and Greenberg, 1997).
Fuchs classifies modes of ‘workspace awareness nto four categories:
synchronous-coupled, asynchronous-coupled, synchronous-uncoupled, and
asynchronous-uncoupled (Fuchs-et al., 1995). The synchronous mode provides
awareness of what 1s happening currently; the asynchronous mode shows what
has happened since the last visit: The coupled mode focuses on the actual scope
of work; the uncoupled mode focuses on ,something important or of interest to the
user. \
The shared workspace approach 1s most effective when a coupled mode of
awareness 1s required. The TeamRooms system (Gutwin et al , 1996) supports the
synchronous-coupled mode of awareness. It provides shared workspaces, n
which users can collaborate wlth certain tools, and supports awareness within the
workspaces by tracking each rﬁer'nber’s telepointer and scrollbar The BSCW
system (Hortstmann and Bentley, 1997), which provides shared workspaces
entirely 1n the WWW, supports the asynchronous-coupled mode of workspace
awareness A BSCW workspace maintains a set of documents and records actions
performed against the documents in the space. BSCW records what has happened
lately 1n each document space, as well as the current status of the space Although
the shared workspaces implemented by these systems provide intuitive
information about others’ actions in the collaboration, the scope of awareness 1s
limited to events that occur within the shared workspace. Therefore users cannot
see the latest information on individual workspaces or the progress of other
shared workspaces. P

The uncoupled mode of awareness 1s an extension for supporting dynamic
information exchanges between workspaces. GroupDesk (Fuchs et al., 1995) is a
shared workspace system that further offers the functionality of event notification
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between workspaces. It distributes local events via structural, operational, and
semantic relations among actors and artifact-objects. A user receives an event 1f 1t
matches an interest context, which 1s used to indicate what events interest the user.
PoliAwaC (Mark et al., 1997) allows users to attach awareness profiles to shared
objects. The awareness profile indicates what types of events should be presented
to the user. Using awareness profiles, each user can obtain a personahzed view
that indicates what changes have been made to the specified objects and 1n which
workspace these changes occurred Although the event distribution approach
adopted 1n these systems 1s an effective way for extending the scope of awareness
to outside workspaces, 1t requires users to predefine structured relationships, to
specify shared objects, or to specify necessary events. These requirements make 1t
difficult to apply the 1dea to individual workspaces, because it 1s difficuit to
predict which documents in others' workspaces will become important.

We think the essence of workspace awareness ts notifying members in a
collaboration of unpredictable events An individual workspace 1s the place where
each user 1s doing the most creative and flexible activities. Our approach delivers
awareness 1nformation between activities, which are executed in individual
workspaces, to extend the scopes of awareness beyond that of shared workspaces.

Activity Awareness with Workspace Configuration

In this section we briefly describes Interiocus, which 1s the first prototype system
to provide activity awareness, and describe our expenences from a trial with the
system. Out of the observations, we identify the limitations of the awareness
mechanisms and derive the requirements for additional awareness functionality.

Design and Implementation of Interlocus

Interlocus adopts the temporally threaded workspace model (Hayashi et al., 1998)
for providing an awareness framework based on individual, activities, and
introduces workspace configuration mechanisms (Nomura et al., 1998) to provide
awareness functions. g

Activity Model

The temporally threaded workspace model provides a way to extract activity from
an individual workspace as a computer-manageable information structure.

In this model we use the word activity to mean a human process of a worker to
achieve some specific goal (e.g. writing a specific report). We do not deal with
activity classes (e.g. wnting reports). Generally, each worker will execute more
than one activity. This model provides a workspace for each activity of each
worker. A workspace has two roles: to function -as an environment for
maintaining the set of information necessary for performing an activity; and to
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Figurc 1 Temporally Threaded Workspaces and Workspace Configuration

record the process of the activity. Since the information in a workspace represents
the present focus of the worker it changes according to the progress of the
associated activity. The temporally threaded workspace model represents an
activity as a chrono]oglcal ‘thread of snapshots of the information 1n a workspace.

Conceptually, a workspace may be a physical desktop or a room, which
maintains necessary paper documents and memos for performing a specific
activity In the " conventional informanon system, a workspace may be
implemented as a computer desktop or a folder, which mamtams necessary
electronic documents and applications.

Interlocus Workspaces |
Interlocus is a server/client s;'stem ‘imp]emented i Java. Interlocus server
maintains activity objects, which 1s based on the temporally threaded workspace
model, and manages documents, which are referenced from workspaces. The
Interlocus client provides a two-dimensional workspace, which 1s a worker’s
environment employing the desktop metaphor. A user organizes the set of
documents and tools used for carrying out an activity (Figure 1),

Based on the temporally threaded workspace model, Interlocus adopts
individual activity representation, which 1s comprised of threads, snaps, and
anchors. A thread is a recorded sequence of changes to information on the user’s
graphical workspace. A thread 1s defined as a set of snaps bound with their
creation times. A snap(shot) repre%ents the state of an activity at a given time.
Snaps are used for both current and recorded workspace states

A snap holds a set of document and tools placed on the graphical workspace. A
snap is defined as a set of anchors bound with positions. An anchor 1s a spatial
element on the graphical workspace that references a document or a tool relevant
to the activity. There are two types of anchors: icons and regions. An icon shows
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Figure 2 Example of Interlocus Workspace (Making Manual)

an image to reference documents or programs. A region shows a wider image that
fills a regton in which icons can be placed. A user can represent the state of an
activity by placing document icons in appropriate regions of the workspace.

An Interlocus workspace 1s an environment on which users can carry out the
associated activity and access past states of the activity. A workspace consists of
the spatial frame and the time line frame (Figure 2). The spatial frame displays
anchors on a two-dimensional desktop metaphor. Usually 1t shows the latest snap
of a workspace to represent the worker’s present state in the associated activity. In
the spatial frame, a user can execute operations on anchors or documents to carry
out an activity. ,

The time line frame presents the snaps comprising the chronological thread. A
thread enables workers to restart at a past stage of the activity, to reuse documents
from past activities, and to see the progress of others’ activities. By selecting one
of the snap symbols, the spatial view displays the state corresponding to the
selected snap. With a selected snap a user can create another thread to restart the
activity from the past state.

Construction of Thread Structure

Based on the temporally threaded workspace model, Interlocus has
mechamsms for structuring threads as workers proceed 1n their activities. Each
worker has more than one workspace, each of which 1s used for a specific activity.
The mechanism that records snaps grows a thread. Snaps are both explicitly and
implicitly recorded. In the trial use, they were recorded when creating a thread,
saving a snap, closing a workspace, deleting an anchor, importing an anchor, and
saving a document version.

In this model, an awareness scope is defined as a set of related threads.
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Interlocus has two types of relationships among threads: document sharing
between snaps in multiple threads and links connected between threads.
Document sharing occurs when one copies or moves anchors from one workspace
to another. Links are defined both implicitly and exphcitly. The implicit
definition mechanism 1s invoked when one executes specific operations. For
example, operations for copying documents or staring new thread with a past
snap 1mplicitly define links. These hinks are used to determine the scope of
awareness. |

Awareness Functions

t
'

To provide awareness functions, collective activity perspective and asynchronous
progress notfication, Interlocus , provides functions based on workspace
configuration mechanisms. The mechanisms generate a virtual snap by applying
set operators to related snaps, which are sets of anchors.

To present a summary of activities related to a collaborative activity, Interlocus
provides collective acnvity view function. This function provides a synthesized
view of the collaborative activity, in place of a shared workspace. Thus,
collaborative activities are not, represented directly by Interlocus, but are
synthesized dynamically from their component individual activities. The scope of
awareness 1s the set of workspace threads connected by hinks to the user’s thread
The synthesis function 1s simply the union of the latest snap of each linked
workspace thread. Since the anchors are' taken directly from others’ individual
workspaces, one always receives the most current information 1n others’ activities
Note that workspace thread binds only one worker as the owner, who can edit the
workspace and thus further thé thread. Therefore one cannot move or delete
anchors collected from others” workspaces.

To notify people of progress in related activities asynchronously, Interlocus
provides the what’s new function. This function shows the changes to the
workspace since the user last visited 1t The scope of awareness of this function 1s
the set of workspaces connected by links to the user’s thread. For each referenced
workspace, this function subtracts the last snap that the user accessed from the
current snap 1n the thread. These anchors are then overlaid into the user’s
workspace. The overlaid anchors are for display only, and are not considered as
part of the snap during other workspace configuration operations. Since a user can
define links to any threads that they can access, she can get awareness on loosely
related activities from her workspace.

i

Requirements through Usagé

To evaluate the temporally threaded workspace and workspace configuration
mechanisms, we performed short-term Interlocus trials 1n daily work situations
Four workers used Interlocus for two months. One uses Interlocus for every
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Figure 3 Example of Interlocus Workspace (Exchanging Action Requests)

activity to which Interlocus can be applied, while the others use Interlocus for
collaborative activities only.

Individual Activity Monitoring

We observed that the temporally threaded workspace model recorded the
worker’s activities as designed. This model was designed to monitor the threads
that have the following characteristics.

» Threads are separately extracted with different set of core documents.

* A thread grows snaps as the associated activity proceeds.

* Threads related to each other to form larger collaborative activities.

Throughout the trial, Interlocus recorded forty-one activities. We observed that
ecach worker executes several activities, each of which is related to a different
document set. Ten activities were short term and very simple activities that had
less than five snaps. Almost all of them were the preparation of one or two
documents, and were completed within a day. Thirteen activities that lasted over a
week (five days) recorded more than ten snaps. Most of these activities included
more than five documents. Except for a few personal notes, almost all of the
recorded activities affected collaborative work (involved exchanging documents
with others). For example, an idea memo created in an activity for preparation of
discussion was used in the discussion meeting and then reused 1n another activity
for writing a technical report.

Use of Collaboration Features

We observed two cases that used the collaboration features of Interlocus. Both
cases were related to the implementation of a prototype system. One is a set of
activities for making a users’ manual and the other 1s a set of activities for
exchanging action requests. For the manual, we observed collaboration that
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assigns each member a specific role. One person supervised the whole process,
and the others prepared the partg,’of" the manual. The supervisor estabhshed a
workspace with a region for each writer of the manual (Figure 2). As the figure
shows, each writer produces the, ‘a)ssigned part and moves it to their regions when
completed. By placing document icons in appropriate regions, the whole process
of making the manual proceeds. The workspace configuration mechanism was
useful to gather portions of the manual from each writer’s workspace. For sharing
action requests, collaboration in equal roles was observed. The test users and
developers reported action requests using a workspace with a region for each
module of the system (Figure 3). The developer for each module collected the
requests and fixed the problems. The,Workspace configuration mechanmism was
useful to obtain new action requests from others’ workspaces.

Requirements from Usage

From this experience, we obtained several requirements for improving the
collaborative features of Interlocus. We describe key requirements below. In
particular, our observations of collective activities have motivated the
development of a model of awareness nodes, as described in upcoming sections

« Interlocus should be integrated with other collaboration tools, specifically
email systems. Interlocus successfully captured activities in which a user
made documents as products.of work. However, 1t could not momtor many
activities related to.-writing emails. It is important to include such simple
personal activities since they often fall into larger collaborative activities.

» Perspectives on collective activities should be provided. We observed that
the workspace configuration miechanism lacks the capability to show the
relationships between activities. A workspace 15 an environment for each
worker to execute an activ‘lty.‘ In’ other words, it provides an individual view
of an activity. The configuration mechanisms work to add information to
the individual view of each worker. To help understand the state of
collaboration, we should present the overall progress of the collaborative
activity at a glance. For example, to understand how the progress of the
group members -affects the SUpErvisor’s workspace, it 1s not enough to see
the recent changes in the workspaces of each member.

* Alternatives to the spatlaf view, are needed. When using the workspace
configuration mechamsmé, the limitation of the spatial representation 1s
clear The amount of information, Iike action requests, rapidly increases and
becomes impractical for display.

* A means to edit others’ workspaces is needed. Since an individual
workspace belongs to a specific worker, we have not allowed other
members to alter the states of an individual’s workspace. However, this
restriction sometimes frustrates "workers. We should relax this restriction or

introduce some editing protocol.
L
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Awareness Nodes for Activity Awareness

The key feature of our concept of activity ‘awareness 1s that it uses individual
workspaces to capture dividual activities and to present awareness information.
The experience described in the previous section shows that an individual
workspace 1s useful for capturing activities, but not adequate for presenting
awareness information. In this section, we introduce three viewpoints to provide
three different categories of awareness: awareness of others, organizational
awareness, and workspace awareness. The existing awareness functions,
collective activity perspective and asynchronous progress notification, may be
used in combination with these viewpoints. Within our definition of activity, a
human process of a worker to achieve a specific goal, the types of awareness
correspond to three types of nodes where a set of activities can interact. people,
projects, and places (Figure 4).

Awareness of others

Awareness of others 1s an indication of what people are doing Each worker
performs several activities, each of which has a different goal, such as writing a
paper on a specific theme or making on a specific business plan. People are the
nodes where activities are created and from which activities grow.

Awareness of activities from the viewpoint of people enables us to understand
what our colleagues are doing. Passive-monitoring mechamsms provide this type
of awareness. Since the activities to be recorded are varied, from personal work to
collaborative work, from routine work to ad-hoc work, from trivial to long-term
assignments, a collaborative tool must be flexible enough to support this variety
of tasks in order to provide awareness of others. Our approach, extracting activity
information from individual workspaces, is suitable for this purpose.

node where activities
are created and from
which actvities grow

activity
human process to
achieve a specific goal

node where activities
meet and where

% 41//7//4
actvities happen

%

&@

node where activities
are integrated

Figure 4 Awareness Nodes
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Organizational Awareness

Organizational awareness is an 1ndicé1tion of what the organization has effected. A
worker 1n an organization often performs an activity that is a part of a higher level
activity. For example, when wr1t1ng a document collaboratively, the results of
activity for preparing each section are used by an upper level activity for making
a whole document. Projects are the nodes where activities are integrated.

The manual composition actiynties in the previous section are examples of this
type of collaboration Each activity involved in the collaboration has specific goal,
such as preparing a section, preparing figures, and composing the manual.
Workers exchange information w1th .each other according to a predefined
structure. For this situation, the awareness mechanism must indicate how each
activity contributes to the collaboratlve activity, according to the project structure.

Awareness of activities from the viewpoint of a project node enables us to
understand what groups or compames are currently producing. The definition of a
project must be useful in a conventional organization and 1n a virtual corporation
or an ad-hoc task force.

’
]
!

Workspace Awareness S

. , )
Workspace awareness 1s indication of ‘'what is happening and has happened
recently 1n a place. A worker may join a network community and collaborate with
members, who do not belong to the same project, do not share common goals, or
perhaps do not even know each other. For example, 1n our daily life we exchange
information about problems with a common information system i this style.
Unlike projects, individual activities’ m this type of collaboration may not be part
of a predefined activity structure. Places are the nodes where activities meet and
where activities happen. S
The action request activities in the previous sectton have the characteristics of
this type of collaboration. Developers and test users share the action request
information through the collective view, A developer for each part gathers
necessary action requests from anonymous users’ workspaces. Since this specific
example was a short-term collaboration involving only a small number of
activities, we were able to organize these activities with a single goal oriented
activity structure. However, we may want to extend this collaboration to form a
larger community and to exchange ideas for future functions. For this purpose, the
awareness must help users to defme shared themes or interests in the activities 1n
a community. :
Awareness of activities from the v1ewp0mt of a place node enables us to
understand past and current events in meeting rooms or workshops. The definition
of place must cover virtual workspaces like electronic chat rooms and message

boards as well as physical meeting spaces.
‘ ‘
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Implementation of Awareness Nodes

In this section, we present the current implementation of awareness nodes. We
adopt the temporally threaded workspace for representing activities. In addition to
the workspace configuration mechanisms presented earlier, we ntroduce
awareness presentation schema, which is a mechanism to generate awareness
pages representing the three awareness nodes.

Extensions to Interlocus

Awareness pages have two roles. First, they show the recent state of each node,
even to non-Interlocus-users. Second, they can provide starting points for
Interlocus users to search for activities related to their own. In the experimental
system for awareness pages, we developed two additional components for
Interlocus: Activity Store and Awareness Page Composer. Interlocus captures
individual activities, which contain the set of information needed to generate the
awareness pages. The Activity Store stores monitored activity objects as XML
documents. By synthesizing the XML documents corresponding to the activities,
the Awareness Page Composer generates HTML awareness pages and stores them
on the WWW server. People can then see these awareness pages with standard
WWW browsers.

To extract the information necessary for generating awareness nodes, we have
extended the onginal activity representation of the temporally threaded
workspace by introducing region structure and anchor comments. Region
structure 1S a way to define logical structure within workspace snaps. In the
original model, a region 1s just a type of anchor. Placing icons on some region
may have certain semantics for people, but not for the Interlocus system. The
region structure enables users to describe the state of documents to Interlocus; this
information can be used by the Awareness Page Composer to extract only
relevant information from activities. The anchor comments field of anchor allows
users to attach information to a document-referencing anchor. By using comments,
the user can indicate the reason for an action or requirements of the document that
he processed.

Awareness Presentation Schema

An awareness presentation schema 1s a procedure for composing awareness pages
corresponding to people, project, and place nodes. We have not yet developed a
common language to describe these different types of schema. We are currently
investigating what information should be presented for each type of awareness

page
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People Awareness Schema !

A people awareness schema summarizes activities performed by a given
individual. To determine the scope of awareness, this schema requires users to
identify the person of interest. The scope of composition 1s then all of the
activities owned by the specified person. Through a people awareness page, one
can access documents created as products of a given person’s current activity. To
prevent exposing private information, to the Intranet or Internet, awareness pages
include only activities that the originator marked as “public”.

Figure 5 shows an example of a people awareness page that presents a
summary of the activities performed by Hayashi. This page contains personal
profile, what’s new, and activity list. Personal profile presents the name and
affiliation of the person. What's new presents recent events, using information
extracted from the activity representation. It shows recently created activities and
recently created, revised, or removed documents (anchors). The document list
indicates the region of the activity in which the document 1s located. The st of
revised documents also presents document version information. Users can access
documents via hyperiinks attached to the document names 1n the hst. The activity
list shows the lists of live and paused activities. The live activity hst contains
activities that have recently recorded new workspace snaps The name of a live
activity 1s shown with the date of the latest snap. Activities move to the paused
activity hist when they remain unchanged for a determined period of time and
disappear from the llsts altogether 1f, they remain unchanged after another period
of time.
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Figurc 6 Project Awarcness Page

Project Awareness Schema

A project awareness schema summarizes activities that are components of a given
project. To determine the scope of activities, this schema requires users to specify
a hinked structure for the project. With this structure a user also specifies which
regions within the workspaces are to be presented in the awareness page.

Figure 6 shows an example of a project awareness page that presents a
summary of activities that are integrated mnto Hayashr’s “ILSG manual”, which 1s
a supervisory activity for preparing a manual consisting of a cover page and five
chapters. This page contains project profile and recent progress Project profile
presents hierarchical structure whose root 1s the “ILSG manual” activity. It has
subordinate activities: Datkoku’s “chap2” and Ishibe’s “chap4”. Following the
activity name are the names of the regions placed in each workspace. A region
name shown 1n itahic fonts indicates that the project awareness schema monitors
the region. Note that a user may define a structure of arbitrary depth. Recent
progress presents recent events that have occurred in the monttored regions of
each workspace. For example, the document “chap2.doc”, which 1s revision | of
chapter 2, appears 1n the “Finish” region in Daikoku’s “chap2” workspace on Oct
16 Hayashi puts “chap2 doc” nto the “Daikoku” region once, but the next week
he adds a comment (“describe network access”) to the anchor and removes 1t
from the region. Daikoku revises the document and puts revision 2 of “chap2”
into the “Finish” region with the comment “network description.revised”. In this
way, this page summarizes the collective activities of two roles, supervisor and
writer, and triggers actions for each role.



v anass Page - Harzcape

ex Rl 0 Rerrs oy MR TR L M
Place Arareness Page

ILSG Action Resquests
czatts | docomenatuss |

rre-"dby onoreness page rnﬂwllr o Oct X0 llil

Pr il

[workspace

fregan N

Reauests [server chent wsc isoare

Iactons {nx.a Accent L Develop '
[document Gate  |remon O |Jcomments

Requests fdefaalticontst 110714 [[yzmh TLSQ AR JCI hem) frotce
[ document 10714 [lyamadalLS0 A Joerver) | (ASAP
I'—‘—""—_ 16714 im;h-u_sa ARG XChent)

[ancher ranutal [10713_ Tamada ILSG AR KServar)  [idea
Femeiltt {10713 lyamada L.SG ARe KClanD)

10713 Thayashi ILSG ARs ¥Server) [FATAL

10715 [[naymhi 1LS0 AR KSorver) [
l—_—'_lwhz [haymhi (LS AR oksc) T
ftenome mtoareia 10712 {lhayash ILSG ARy Ksorver) , I[FATAL
oy oty fiebs 10712 (haymhi LSO ARaFServer [

[Actons [Fename actraty it [10715™ TdakokuIL DevelopKAccept)  |GANNOT FIX
[ace documentart (10714 [[dwkoku IL DevalophFixod)
[ootndeetd (10714 [[dakoku L DeveloplFmnd
frenams confrm it 1671 {[dzkoku I DeveloplAccend , ,

“; N (10714 [lahibe W DeveiapkFired | _|[thanks i
I oenta (10714 [lwhibe iL DevelopKAccepth [next version
Iimeart his.tat 10773 [[uboku iL OevelooKAccent!  |[next version

[anchor eyt 10778 [|Gabohu IL DeverookFixed .
rovg actte fle G [16/10[{datonu IL DevelopRAzcent) —ufpent version
[iceoiliat 110713 [lshibe & DevelopKAccepty i

IS

ol Reoon T brorkspace :
fFatay Thazoma 56 ARST
fiRejecV {Tdakobu IL Develop] (< hube IL Dw-loo]

| eGSR ¥ T R S ST NI TR sty S Y s rkiiriain) T, 0

Figure 7 Place Awareness Page '
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Place Awareness Schema ‘

L

A place awareness schema summanzes activities that interact at a place. To
determine the scope of activities, the:user specifies a set of region conditions.
This schema then locates all activities whose workspace includes the regions
indicated. This mechanism can be used to dynamically form structures among
activities and allow users to refine region structures for more effective
information exchange within a community.

Figure 7 shows an example of a place awareness page that presents a summary
of activities that are related to action requests for a system. This page contains
place profile, document list, and other regions. Place profile lists the set of region
conditions used to select regtons for inclusion on the page. In this page, there are
two of region conditions: “Requests” and “Actions”. “Requests” specifies the
regions “Server”, “Chent”, and “Misc” n the “ILSG ARs” activity. “Actions”
specifies the regions “Fixed” or “Accept” in the “IL Develop” activity The
document list enumerates all docume'ntﬂ placed 1n the 1dentified regions. In the
example, the page lists documents collected from the regions in “Request” and
“Actions” Each document list item glves the name of the document, when 1t was
placed in the region, the name of the anchor’s workspace, and any attached
comments. Other regiom shows the' other regions included in the workspaces 1n
this place. This hst can provide candldate regions for refining the scope of the
place. ‘ '
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DISCUSSION

Awareness Category based on Activity Model

In this paper we presented categories of activity awareness based on our activity
model. Awareness 1s one of the most important concepts when designing CSCW
systems. So far, several leading researches have proposed categones of awareness.
Fuchs classified awareness into four categories: synchronous-coupled,
asynchronous-coupled, synchronous-uncoupled, and asynchronous-uncoupled
(Fuchs et al., 1995). Gutwin and Greenberg introduced workspace awareness, and
identified the following types of awareness information. presence, location,
activity level, actions, mtentions, changes, objects, extents, abilities, influence,
and expectations (Gutwin and Greenberg, 1997). Rodden proposed a
classification of awareness based on the dynamic pattern of the interrelationship
between each user's presence position (Rodden, 1996), and defined a protocol for
user awareness via WWW clients to promote cooperative information sharing
(Palfreyman and Rodden, 1996).

The distinctive feature of our model 1s that 1t bases awareness on activities, not
people We have defined awareness 1n terms of information flow among activities.
In this sense, the awareness node “people” is unique to our work Awareness
nodes for projects and places correspond roughly to the coupled and uncoupled
awareness characterizations introduced by Fuchs.

We have defined an activity as a structured collection of information (1.e.
anchors and regions). However, BSCW (Bentley et al., 1997) takes another
approach to providing activity awareness. This system provides information about
other activities by listing events that have occurred on shared objects 1n shared
workspaces. PoliAwaC (Mark et al., 1997) also handles awareness through events
on shared objects. In general, the event approach 1s advantageous when one can
predetermine the core objects used n collaboration. In contrast, our approach
works well when workers cannot predefine the structure of the collaboration.
Thus, these two approaches are complimentary.

Loose Constraint for Workspace Use

In our model, we have carefully avoided imposing rigid restriction.on workers’
ways of using workspaces since each individual workspace belongs to the user.
However, for making awareness pages to present relevant information, succinctly,
users have to adopt a common set of regions. While the description of the projects
and places are given outside the activities, workers define regions 1n a workspace
to surt the activity. Therefore, 1t would be difficult to coordinate region names
among related activities when the range of collaboration becomes large. However,
we are optimistic that the natural structure of activities will influence their
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Figure 8 Awareness Node Nelwork

' |

description by users. Furthermore, we hope that users will change the way they
i

structure ther workspacé§ as they observe how the structure is used in awareness
pages. S

So far we have not introduced a pfedefmed structure to control information
flow among activities. Our modcl only uses relationships that can be defined by
creating simple structural links, sharing documents among activities, and sharing
region structures among actlviglé‘s. For enhancing project awareness nodes, it
would be useful to ntroduce some predefined structure for distributing
information, such as the semantic net édopted in GroupDesk (Fuchs et al, 1995)
or workflow features. i

Activity Oriented Perspectlves and Analysis

An activity 1s an mnvisible human process What we have proposed 1n our work 1s
a way to extract human activity as a computer-manageable information structure
without forcing workers to explicitly’ describe their activity states or to follow a
predefined procedure. The discussion* of activity awareness in this paper would be
a starting point for mvestigafing a larger theory of collaboration based on
individual activities. Starting with our’individual activity representation, we can
derive a model of collaboration as a form of information exchange among
activities. Such formahzauon could analyze the collaborations within an
organization.

Furthermore, we can extend the model to consider the combination of the
awareness nodes of people, projects, and places. Combinations of these nodes
could produce higher level units, providing a complete understanding of an
activity within the organization. Since’ our three awareness nodes are theoretical
extremes derived analytically from the characteristics of activities, we would
expect to find various mixed forms in practice. Further, they form an
orgamzation-wide network str,ucturé“that 1s connected with shared activities
(Figure 8). Representation of such a structure would provide perspectives on how
organizations are really operatmg and ,help in decision making. As (Haeckel and
Nolan, 1993) stated, “When mformatlon from previously unrelated source 1s
structured in a meaningful way, human beings become capable of thinking
thoughts that were prevnously unthmkable
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FUTURE WORK

To make activity awareness a realistic solution for supporting various forms of
collaboration, we have to further investigate mechanisms for monitoring and
presenting individual activities.

Although the temporally threaded workspace model does not lmit the kind of
information managed, the current Interlocus implementation monitors only the
small range of activities that use conventional document files. To monitor a wider
range of activities, we should integrate our system with other collaboration tools,
such as email or workflow systems. We may further extend the system to handle
multi-media documents to record the state of physical workspaces.

For providing users with sufficient awareness about activities, we must
improve the current implementation in several ways. We have to introduce
graphical representationé that succinctly show how collaboration proceeds. We
will also investigate a common language to determine scope, to extract
information, and to present the awareness information.

. Conclusion

As network technology accelerates innovation in social and corporate information
infrastructures, the ability to collaborate with others via a shared information
space becomes wvital for knowledge workers. Activities, which are the source of
change for information spaces, can provide a useful viewpoint for exchanging and
sharing information with distant colleagues. In this paper we describe the concept
of activity awareness, which gives workers indications of what is happening and
what has happened recently in related activities. The key feature of activity
awareness 1s that it 1s based upon individual, rather than shared, activities. To help
collaborative work, activity awareness provides perspectives on people, projects,
and places, which are nodes where activities can interact. Our current
implementation adopts a temporally threaded workspace model for representing
individual activities and 1ntroduces awareness presentation schema, which
generate web pages to present the three different awareness nodes. We require
further investigation on how the activities should be presented in the people,
project, and place pages.
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