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Abstract: There are two aspects to technical support for collaborative activity; support for
content work and support for coordination. The design of CSCW systems must typically
address both of these, combining them in a collaborative application This approach, how-
ever, suffers from a variety of well-known problems, not least the compatibility between
collaborative and single-user applications, working styles and practices In this paper, we
describe an alternative approach that makes coordination and collaborative functionality
an aspect of the collaborative artifact rather than a coltaborative application. We present
an infrastructure and a series of application examples to iflustrate the idea of document-
centered collaboration, in which coordination and collaboration are separated from and
independent of applications.

Introduction

Most computer applications focus on the mampulation of content They gather
information from the user, record it, control access to it, organize it, act on it, and
present 1t on demand. Content includes user-readable forms of information, such as
is handled by a word processor, presentation package or software development
environment, as well as internal machine-readable forms such as database records,
index structures and object code formats.

Collaborative applications add a second concern to this focus on content a con-
cern with coordination. Schmidt and Bannon (1992) draw on the work of Anselm
Strauss to argue that the central focus in CSCW is “articulation work”— the means



by which people *divide, allocate, coordinate, schedule, mesh, interrelate, etc ”
their concerted activities.

Since CSCW systems must be able to deal with both content and coordination, a
fundamental question for the deve]opment of CSCW technologies is the nature of
the relationship between the two. It has been a troublesome one. Some CSCW
applications have attempted to take on the entire problem single-handedly; this
approach has led to the development of collaborative text editors, drawing tools,
and so on. Other systems have focussed on the coordination aspects and left apph-
cation development alone; this approach has led to the development of
collaboration harnesses and run- trme frameworks for transparent application shar-
ing. Each of these approaches has problems ‘as we will discuss.

In this paper, we present a new approach to the relationship between the content
and coordination facets of collaborative systems. In our approach, we focus on col-
laboration as a feature of the artifact rather than the application In doing so, we free
ourselves from a set of restrictions on the mteroperabrhty of content that come from
an application focus. Our model adopts electromc documents as the primary means
of content exchange Electronic documents can be opened, read, manipulated,
changed, clustered and sorted with a variety - .of familiar tools; but they also, criti-
cally, carry their semantlcs with them, rather than delegating them to an application.

Applications, Content; and Encodings

Applications manage content. They store represent render and manipulate content
in a wide variety of formats ’

Often, this content 1s encoded i m apphcatlon specific ways, so that it can only be
used or interpreted by specrﬁc applications imbued with the ability to understand
the meaning of that particular encoding The content types used by these applica-
tions may not be shareable with other applications, and indeed, they may not even
be readily exposed to other applications at all. For example, a custom database
application, such as an insurance claims processing tool, makes semantics assump-
tions about the validity of the information it will store and use The data stored by
this application will not be understandable by other applications In fact, these other
" applications would likely be iinable to even access the information, stored as 1t is in
a custom database rather than a simple file.

In other words, applications contain encodings and representations of their con-
tent that are tailored to their specific needs, and the ability to interpret and
manipulate these representations is encapsulated within the application itself.
Although this approach is successful most of the time, it presents problem when we
attempt to extend the functionality’ of the apphcatron into new areas



Content and Coordination

On top of their concern with content, collaborative applications must also be con-
cerned with support for the coordination of activities between individuals A vari-
ety of mechanisms have been introduced to support coordination, such as the use
of awareness within a shared workspace (Dourish and Bellotti, 1992) or the use of
explicit representations of conversational action as a basis for managing patterns
of interaction (Winograd and Flores, 1986). Support for coordination has been a
primary research focus with CSCW. However, this has often been to the detriment
of support for content in prototype collaborative tools, often, the latest research
prototype shared text editor may well be shared, but isn't a very good text editor
The problem is how to combine application features—the interpretation and man-
agement of specialised content—with new features for collaboration and coordina-
tion.

There have been two common approaches to the relationship between content
and coordination in shared applications. The first is to combine them in a single,
monolithic application, in which the needs of collaboration can be fully integrated
with the manipulation and presentation of content; the second isto use a collabora-
tion harness to share single-user applications. Although the second approach has
proved useful in specific scenarios, such as remote presentations, most deployed
systems use the first approach.

Take aworkflow application as an example. As discussed above, such an appli-
cation will have an innate understanding both of the content and the process of the
workflow When a user updates one bit of content in the system—say, by digitally
"signing" an expense request—the system notices this change in state and will
move the process along to its next logical state. This change may involve displaying
forms on other users' screens or in their work mboxes, removing documents from
the queues of other participants, and so on. The workflow tool is able to do this
because it is tightly integrated with the content it manages, can detect changes to
that information (because changes come through the application itself), and can
dynamically update the information on users' screens. The downside of this inte-
gration isthat the workflow tool must take on al the responsibilities.

Document-Centered Collaboration

We have been exploring a new approach to the integration of content and coordina-
tion in collaborative systems We call our approach document-centered collabora-
tion In our approach, we move coordination functionality out of the application
and onto the documents themselves.

To achieve this, we exploit a novel document infrastructure which gives to doc-
uments the resources to maintain application integrity As we will explain, in our
infrastructure, all operations on a document, including reading, writing, moving,
and deleting, can be observed by active code associated with the document This



