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Abstract

A conceptual framework for computer supported cooperative work is
presented. A distinction is made between the context of the work, the
use situation (which is a part of the context), and the computer system.
The context of the work refers to the totality of the work: the kind of
work, its organisation, etc. Cooperative work is seen as an aspect of the
context of the work. The use situation is more delimited; it is the work
situation(s) where the computer system actually is used.

The use relation is defined to be the relation between the context of the
work, including the use situation, and the computer system. Computer
supported cooperative work is defined as a quality of this relation. This
quality is obtained when the computer system is used in such a way that
the cooperative aspects of the work are supported. This definition denies
that computer supported cooperative work should be seen as a property
of the context of the work or of the computer system alone.

The use relation can be of many kinds. Three use relations: medium,
shared material, and tool are of special interest to computer supported
cooperative work.

Two applications of the framework are pointed at. One is its use
in analysis when computer support for cooperative work is to be devel-
oped. The other is its application as a relevance criterion for research in
computer supported cooperative work.



1 Introduction

The field of computer supported cooperative work is a new research field.
At least two important sources of inspiration can be identified. One is
the growing awareness of the misfit between classical information systems
and the way work actually is performed 8, 27, 42, 46]. Another is the
development of new kinds of multi-user computer systems, for example
at Xerox PARC [41]. The framework presented here does not, however,
try to give an account of the history of computer supported cooperative
work.

There is no general agreement about the nature of cooperative work
nor of computer supported cooperative work. Neither has there been
much discussion about these issues. To the author this has resulted in
uneasy feelings about this research field. Is there really a common topic
or is the field just the latest fashion? The purpose with this paper is to
create and contribute to discussions about these issues.

In the framework presented in this paper a distinction is made between
the context of the work, the use situation, and the computer system. This
distinction is made in order to make it possible to express that computer
supported cooperative work is not only an issue of modern multi-user
computer systems. One may, for example, talk about computer supported
cooperative work although the use situation itself is entirely individual.

Inspired by the use of the computer as a tool [7, 10, 44] a more general
term, the use relation, is defined. Tool is seen as one kind of use relation.
Two other use relations of importance to computer supported cooperative
work are medium and shared material. The main parts of the framework
are illustrated in figure 1.

The paper proceeds as follows: In section 2 the use relation is dis-
cussed in more detail. Some examples of use relations with relevance to
computer supported cooperative work are presented. In sections 3-5 the
three main categories: the computer system, the use situation, and the
context of the work, are discussed. Finally, in section 6, some possible
applications of the framework are pointed at.

This paper is a part of the authors lic. scient. (Ph. D.) thesis. The
other parts of the thesis are [34, 35, 36, 37, 38].
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Figure 1: The use relation

2 The use relation

In this paper the use relation is defined as the relation between the con-
text of the work and the use situation on one hand and the computer
system on the other. This definition of the use relation is inspired by the
tool perspective developed in the UTOPIA project [7, 10, 44]. In this
perspective a computer system is not a tool in itself, its “toolness” lies
in the way it is applied.

The use relation is an abstract concept. This is because it is used
to denote a wide variety of phenomena. These range from the situation
where a computer system is used as a perfect tool in total harmony with
the working process to situations where the computer system is a major
obstacle to getting the work done or where the system is used as a means
for social control [22].

As already stated there is no generally accepted definition of cooper-
ative work. One definition, proposed by this author, is [34]:

e People work together due to the nature of the task,

o they share goals and do not compete,

e the work is done in an informal, normally flat organisation,
e the work is relatively autonomous.

This defines cooperative work to be an ideal, or prototypical, kind of
work. Cooperative work is one aspect of the context of the work. Other
conflicting aspects may be present concurrently. The cooperative work
may, for example, take place in a horizontally organised work unit which
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is embedded in a hierarchical organisation. Cooperative work can be
compared with group or clan organisation as described in the transaction
cost theory [30, 38]. Using this definition of cooperative work, computer
supported cooperative work can be defined as a quality of the use relation,
namely that the computer system is used in a way which supports the
cooperative aspects of the work. A specific reason for defining computer
supported cooperative work as a quality of the use relation and not as a
technical characteristic of a computer system is the observation that the
impact of a computer system may vary from organisation to organisation
6, 29]. Thus a system which supports cooperative work in one context
does not have to do so in another.

In the following three use relations of special interest to cooperative
work will be discussed. These are medium, shared material, and tool.

Medium

Much research in computer supported cooperative work has focused on
the use of the computer as a medium; examples are Winograd [45], Dun-
ham et al. [9], and Goodman and Abel [15]. Madsen discusses the use
of metaphors in design [23, 24]. Electronic mail is based on the use of
ordinary mail as a metaphor. There are other computer based media
that are based on the application of other metaphors. Examples of such

metaphors are the telephone, blackboards, bulletin boards, and confer-
ences.

There has been much empirical research on the use of electronic me-
dia [11, 12, 13, 39]. Quantitative research on the use of electronic mail
does not necessarily address cooperative work, at least not as defined in
this paper. By volume electronic mail is often dominated by distribu-
tion list messages, i.e. messages sent to symbolically named groups where
the sender and receiver do not necessarily know each other. In one case
Sproull and Kiesler have found that 86% of the messages read where group
messages, most of these where sent to distribution lists [39]. The COM
system provides computer conferences and electronic mail [31]. Palme
reports that 92% of the messages read in COM where conference entries,
the rest were letters [32]. In an analysis of the contents of electronic mail
Eklundh concludes that the language used is different from other kinds
of written communication [11]. Also when looking at who is communi-
cating with whom, electronic mail exhibits special patterns. Eveland and
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Bikson have documented a high volume of messages between people who
are physically and organisationally close [12], i.e. between people who
normally would not bother to write to each other, Personally the author
uses electronic mail also to communicate with people he otherwise sees
several times a day. This indicates that electronic mail cannot be seen as
a replacement for ordinary mail. Electronic mail can be compared with a
series of conventional media like ordinary mail, internal mail, answering
machines, and tube mail.

The medium use relation is not restricted to the use of systems which
explicitly support communication. The entry of data into a database
can be interpreted as a communicative action [3]. Hellman argues that
a reconstruction of a classical database system, where this implicit com-
munication is made explicit and visible to the users, may solve some of
the problems related to the use of information systems [17].

Shared material

Shared material is another kind of use relation which is central to com-
puter supported cooperative work [36]. Material is the “thing” people
work on, manipulate, move, etc. Many cues to the way work is performed
can be attributed to the material. The development of typography, where
the material has changed from metal types to photographic paper and
further on to a computerised material is an example of this [7]. In coop-
erative work shared materials are important. One example is the way two
persons carry a large piece of furniture. This example is perhaps hard to
use directly in the design of an information system, but it may serve as
a design metaphor.

When material is computerised many of its properties are lost or
changed. A simple example is the coordination that comes automati-
cally with the use of a manual file. A manual record can only be in one
place at a time. This ensures that two persons who try to work on the
same record will “automatically” be made aware of the collision. They
will have to figure out how to proceed with the work.j They may decide
that they can proceed independently, they may reschedule some activi-
ties to work on the record one at a time, or they may start working on
the record together because their tasks are related. Thus the manual
file provides the necessary cues to trigger cooperation when needed. The
file does not, however, impose any specific way of doing the cooperation.
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This coordination “for free” is often lost in a database system where the
emphasis has been put on giving the users independent access to the same
data. Database systems often provide the illusion that each user has the
whole database at his or her disposal. Current database technology solves
many of the technical problems which arise when data are shared, but
they fail to address the importance of coordination through shared mate-
rial. Work on databases for computer aided design, for example Katz et
al. [21], has, however, addressed many issues of relevance to computerised
shared material. One of these issues is “long transactions”, corresponding
to what will happen when a database is to reflect the absence or presence
of documents.

New design metaphors are needed for the construction of shared ma.-
terial. Some possible metaphors are shared working surfaces, spatial oc-
cupation of a house, a material mediating actions, a distinction between
original and copies, or surfaces where people can leave messages Or anno-
tations.

In Colab at Xerox PARC several systems which can be described as
shared material have been developed [41]. One of the metaphors used in
Colab is WYSIWIS (What You See Is What I See), a metaphor based
on a shared workspace. Experience has shown that it is difficult to use
“pure” WYSIWIS. Some relaxations are proposed by Stefik et al. in [40].
Another example of computerised shared material is a shared calendar

[16].

Tool

The use of the term tool in this paper has its origin in the way the term
has been used in the UTOPIA project [7]. A computer system is not a
tool in itself, but a system can in some cases be used as a tool, “A good
tool is something which helps the skilled users focus their awareness on
the materials and products of the work process, leaving only subsidiary
awareness on the tool” [7, p. 262].

Tools are normally perceived as individual. “When viewing the use of
computers from a tool perspective, one focuses on the individual use” Lls
p. 261]. Tools are, in spite of this, of clear interest to computer supported
cooperative work. This for at least four reasons: (1) The term use relation
as defined in this paper is inspired by the discussion of the computer as
a tool. Many parallels can be drawn from the discussion of the computer
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as a tool to a discussion of other use relations, for example from the
statement that the computer is not a tool in itself to similar statements
about other use relations. (2) Tools are used to manipulate material, also
shared material. In general there is a close relationship between tools and
the materials they are used to manipulate [7, p. 262]. Any attempt to
support shared material will have to face the issue of developing suitable
tools to manipulate the material. (3) There are examples of shared tools.
The two-handled saw is a classical example of a shared tool. The flight
control system in an aeroplane is an example of a computerised shared
tool. A flight control system can be a tool in the sense that the pilots
direct their primary awareness towards the aeroplane. The system is a
shared tool in the sense that it needs to be built into the system that
there are two pilots controlling the aircraft. (4) Although a tool is purely
individual its use may still support cooperative work. One example of
this is the construction of prototypes. The construction of a prototype
is often made exclusively by the system developers using professional
tools, but the prototype is used together with the users in a cooperative
development process [2].

3 The computer system

In this section some characteristics of the computer system that are of rel-
evance to computer supported cooperative work will be discussed. These
characteristics are the use model, the data sharing technique, and the
accessibility of the system. Some additional characteristics can be found
in table 1 at the end of the paper. Space does not allow all these charac-
teristics to be discussed.

The term use model is adapted from Kammersgaard [20].! A use
model is a user oriented conceptual model linking user interface and func-
tionality together and relating them to the area of application [20, p. 3].
A use model is, in other words, a model of the system presented to the
user. In relation to cooperative work it is relevant to distinguish be-
tween single-user use models and multi-user use models. Many database
systems have a single-user use model although the system handles the
complexities incurred by many simultaneous users. As pointed out in the

!Kammersgaard uses the term user model. Bgdker et al. [7] use the term use model. Kam-
mersgaard’s paper is a critique of the concept of user’s model as presented by Newman and
Sproull [25]. Kammersgaard distinguishes between the user model and the user’s mental model.
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Knowledge and Work project at the University of Turku this leads to
weak coordination and communication [17, 27, 29]. The organisational
context of the work is hidden from the user. The distinction between
single-user and multi-user use models does not have to coincide with a
distinction between systems that can be used concurrently by several
users or not. It was observed above that a multi-user system can have
a single-user use model. Conversely: a system running on a single user
personal computer may very well have a multi-user use model. Such a
system could be used in the same way as a serially accessed manual file.

Some implementations of multi-user use models require high commu-
nication speeds, for example a user interface based on the WYSIWIS
principle, where the users can follow each other’s actions. Today such
interfaces are only feasible in local area networks.

The ability to share data is central in computer supported cooperative
work [16]. Several data sharing techniques are available. Some alterna-
tives are manual distribution of floppy discs or magnetic tapes, explicit
transmission from one user to another, and shared access to the same file.

Manual distribution and explicit transmission imply limits to how
shared data can be used. These techniques do, however, make the act of
sharing explicit. In this way shared use of data is kept visible to the users.
Nurminen argues that in a purely “humanistic perspective” each worker
should have his or her own system unit at disposal. “These units are
interconnected, but there are no shared storing or processing functions”
[28, p. 167].

Shared access to files can be implemented in different ways. The ulti-
mate solution is centralised storing and processing of shared data. This is
the typical solution in practical database systems. A slightly more loose
sharing is implemented in the Network File System (NFS) provided by
SUN [26]. NFS allows actual sharing of the same files in a network of
workstations. This is achieved without severe losses in speed, but unique
access to a file is no longer provided. The same file can be written from
two different workstations at the same time. This is a consequence of
the NFS protocol, where the file server does not maintain any informa-
tion about the use of a file. This implies that facilities allowing shared
manipulation of data must be explicitly constructed, typically using the
remote procedure call protocol [26]. An alternative is turn-taking, ei-
ther by agreement or by using a facility such as the Source Code Control
System [33]. The Source Code Control System has been reimplemented
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under NFS, using remote procedure calls to guarantee correct function-
ality. NFS does, however, work in the expected way as long as shared
reading of the same file is sufficient.

In Colab shared data is, in some sense, simulated. The same data
are replicated on the discs of the different workstations. An optimistic
reservation strategy is used. This means that concurrent modification of
the same data will not always be prevented, but it will be detected within
seconds [41]. This strategy increases speed since the data are already in
the workstation. It may also reduce network traffic since in some cases
only control information about who is using the data and not the data,
itself needs to be transmitted.

Sometimes there is a clear match between a data sharing technique
and a specific metaphor for shared material. This is the case with explicit
transmission and a material which can be in only one place at a time.
Work is needed, however, to develop metaphors and data sharing tech-
niques which match and which utilise the capacity of current hardware.

The accessibility of the system is a factor which may strongly influence
the use of the system. This author did not bother to learn how to use
electronic mail before he got his own terminal. It would have helped, of
course, if the mail system had been easier to learn; see Jgrgensens critique
of the user interface in UNIX mail [19]. It is obvious, however, that rapid
dialogues, with many exchanges during a day, can only be realised when
users are permanently logged on to the system on their own terminal
or workstation. This is the kind of use of electronic mail which is most
interesting to computer supported cooperative work since it may support
tight cooperation and since it is only feasible with the use of computer
technology.

Some other systems, for example meeting support systems, are de-
signed to run on special equipment in special meeting rooms. Examples
are Cognoter [14, 41] and the MIS Planning and Decision Laboratory [4].
Such systems will have to be easy to learn because the time the users are
going to spend using them is limited.

The technical characteristics discussed here are very general and in no
way sufficient. It has been pointed out by Bannon that apparently small
changes to a system can significantly change its utility [5]. Examples of
such changes in a mail system are notification of receipt and delivery of
messages. It would be desirable to know more about these effects. Such
knowledge cannot be entirely empirical, since it is an endless endeavour to
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do empirical research on the effects of all possible changes to, for example,
electronic mail systems.

The discussion in this section is quite technical at some points, al-
though many technical characteristics worthy of discussion have been
left out, see table 1. Technical detail is, however, relevant in this dis-
cussion since many interesting applications of computer supported coop-

erative work require quite specific and sometimes complicated technical
solutions.

4 The use situation

The use situation is the well defined part of the context of the work where
the system actually is being used. Nurminen et al. also point at the im-
portance of the use situation [29]. In the context of computer supported
cooperative work it is important to distinguish between the use situation
and other aspects of the context of the work. One reason for this is that
we may have individual use which still supports cooperative work, or
we may for that matter have collective use which disrupts cooperation.
The latter would be the case if the computer system were used as a kind
of assembly line. A second reason for this distinction is that some im-
portant characteristics of the way a system is used cannot meaningfully
be attached to the context of the work. Ome such characteristic is the
distinction between synchronous and asynchronous use. A third reason
is that there may be several different use situations in the same work.
Finally there are some characteristics, like physical distance between the
users, that may be different during use than otherwise. Some character-
istics of the use situation will be discussed more in detail below. These
are physical distance, synchronous versus asynchronous use, and open or
closed sets of users. Some additional characteristics can be found in table
i

The importance of physical distance in the use situation has been
pointed out by the people behind Colab [14]. Users of Colab are in the
same room, hence they have other means of communication like voice
and gestures at their disposal. There ought to be a tremendous differ-
ence between a system supporting a face-to-face meeting and a system
that tries to create a meeting-like situation between people in different

locations since the latter must provide facilities for all sorts of interac-
tion needed whereas the former provides some facilities useful to a group
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which has many other means of interaction. The following quote from
Eleanor Wynn illustrates this point [46, p. 13]:

“... the face-to-face situation is one in which the interactants
relate to each other as individuals whom they incorporate into
their experience in a total social way, not just in terms of the
immediate utilitarian task or “topic” at hand. An emergent
property of such a phenomenon is that material which is as-
sociated with the task but not directly necessary for the very
performance at hand is brought to play. In other words, the
interaction becomes an occasion for many interpersonal and
cognitive possibilities, not just one.”

Bannon claims that one of the most common distinctions between
communication facilities is between synchronous and asynchronous facil-
ities [5]. Here this distinction is applied to the use situation since some
systems may be used in both ways. The synchronous facility of sending
messages to somebody else’s screen may also support asynchronous com-
munication: the receiver may be absent when the message is received,
and does not react until he or she comes back. Electronic mail is an
asynchronous facility, but if the arrival of mail is appropriately signaled,
electronic mail can be used in an almost synchronous way. Bannon points
out, however, that computer support for pure synchronous communica-
tion is not too interesting since this can be much better supported by the
use of telephones.

The distinction between asynchronous and synchronous use situations
may also be applied to sharing of material. Asynchronous use of shared
material is fairly easy to support, this corresponds to turn taking or
explicit passing of data between users. Synchronous use of the same data,
while maintaining a multi-user use model, is much harder to provide. See
the discussion of data sharing in Colab in section 3.

The last distinction discussed is between open and closed sets of users.
Closed sets of users can be found in ordinary electronic mail and in closed
computer conferences. Open sets of users are typical in network news
and in open conferences. The COM system allows open as well as closed
conferences [31]. Mailing lists or mail groups are often used as closed
groups, but as the groups get large, refer to each other, etc., the mail
groups effectively become open. An open set of users implies that care
should be taken with respect to wording of messages: (quotation from
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letter on use of the USENET)

Never Forget that the Person on the Other Side is
Human

Because your interaction with the network is through a com-
puter it is easy to forget that there are people “out there”.
Situations arise where emotions erupt into a verbal free-for-all
that can lead to hurt feelings.

Please remember that people all over the world are reading
your words. Do not attack people if you cannot persuade them
with your presentation of the facts. Screaming, cursing, and
abusing others only serves to make people think less of you
and less willing to help you when you need it.

The distinction between open and closed sets of users also applies to
the use of shared material. In a closed group it may be feasible to allow
sharing of data without using complicated privilege mechanisms.

5 The context of the work

The context of the work refers (in a sociological sense [18]) to the totality
of the work. The characteristics of the context of the work discussed in
this section is a very small selection of the aspects of the context of the
work one might pay attention to. Care should be taken not to reduce
the issue of understanding a totality to an issue of selecting the right
characteristics to pay attention to. This does not imply, however, that it
is wrong to identify some important characteristics. A set of important
characteristics may serve as a starting point in an attempt to achieve
understanding of a totality. Furthermore, in this paper the identification
of some characteristics serves the purpose of presenting the idea of the
context of the work to the reader. The characteristics discussed will be
the nature of the work, the physical distance between the workers, the
size of the group, and the kind of work in question. Again some additional
characteristics can be found in table 1.

As stated earlier in this paper cooperative work is a characteristic of
the context of the work, not of the use situation. The nature of the work
can be ambiguous. There may be cooperative aspects of the work, but
these may be in conflict with the surrounding organisation. A system
development project may, for example, be characterised by cooperative
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work between the system developers themselves and perhaps also between
the system developers and the users. The project may be a part of a larger
organisation where more formal organisation dominate. It is also so that
few relations are purely cooperative. There may be occasional conflicts in
a group which otherwise is characterised by cooperative work. The idea of
seeing cooperative work as an aspect of the work is in clear parallel to the
characterisation of organisations as groups, bureaucracies and markets in
the transaction cost theory [30, 38]. One definition of cooperative work
was given in section 2 of this paper.

Close physical distance is important in group work. This has been
pointed at by Wynn [46] and Suchman and Wynn [42]. Wynn focuses on
the “ongoing interactions that are continually in the background in the
office”. These help to “maintain an interpretive framework that makes
sense of utterances and situations” [46, p. 11]. Wynn argues that this
kind of communication cannot easily be performed in other situations
than face-to-face communication. In the context of computer supported
cooperative work this implies that we ought to consider support for com-
munication as a supplement to the existing means of communication, and
not as a means to achieve cooperation between people who are not phys-
ically close.

The needs and possibilities for computer support depend on the size
of the group. Certain data sharing techniques will become impractical
when the group becomes too large. Ciborra argues that an information
system compatible with the idiosyncrasies of a group may make group or-
ganisation (as different from bureaucratic organisation) feasible in larger
groups than before.

Finally the work in questionis central when computer support is to be
developed [10]. The effects of specific facilities in the computer support
may depend on the work being performed. One example is the introduc-
tion of tailorability [43], i.e. the ability to modify and extend an existing
system by programming. In system development tailorability may ease
the use of prototypes. This may make the use of prototypes feasible in
the support of analysis and design [1], with the implication that program-
ming skills are necessary in these system development activities. We may
as a result observe a reduced relevance of the traditional division of work
between analysts and programmers [37]. Such a shift may be in favour of
the cooperative aspects of system development. In other kinds of work
tailorability may lead to a deteriorated situation for those who are not
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interested in or apt to programming. Those workers may have to rely
on other people, perhaps their supervisors, to do the necessary tailoring.
This may reduce their autonomy and increase the control by the super-
visors, all in all not a development in favour of cooperative work. This is
another demonstration of the observation that the effects of introducing
new technology are not deterministic [6, 29].

6 Applications of the framework

In this section two possible applications of the framework will be dis-
cussed. The first is to use the framework to support analysis when com-
puter support for cooperative work is to be developed. The second ap-
plication is to use the framework as a relevance criterion for research in
computer supported cooperative work.

In system development the analysis function is directed towards the
user organisation, the technical possibilities, and the available design pro-
posals. The aim of analysis is to achieve an understanding of these issues.
Analysis and design are mutually dependent and should therefore be per-
formed concurrently. Prototypes can be useful in system development,
for example in supporting the interplay between analysis and design [1].
This does not imply that other approaches to analysis are obsolete or su-
perfluous. The aim in computer supported cooperative work is to develop
computer systems that support specific aspects of the user organisation.
This requires an understanding of the user organisation and of the tech-
nical possibilities. The framework presented in this paper can be an aid
in an analysis activity where the aim is to achieve such an understanding.
This paper has only treated some of the relevant characteristics of the
context of the work, the use situation, and the computer system. In table
1 an extended list of characteristics is provided.

It has been argued in this paper that computer supported cooperative
work should be defined as a quality of the use relation. Research in
computer supported cooperative work ought to reflect this. Technically
oriented research in this field ought to be motivated by the applicability
of the technical innovations in cooperative work. Empirically oriented
research ought to focus on aspects of cooperative work that are or might
be affected by the use of computers. Together this might pave the way
for an improved interchange of ideas and results between technically and
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The computer system:

use model

data sharing technique

accessibility of the system

are all users equal to the system or not?
accounting, charging, and logging
communication speed

delay times

reliability

The use situation:

physical distance

synchronous or asynchronous use
open or closed set of users
number of users

time span and frequency of use

The context of the work:

nature of the work (cooperative work or not)
physical distance

size of group

kind of work performed

cultural and social closeness between users
homogeneousity of users in the organisation
surrounding organisation

what profession(s)

time span of typical work tasks

Table 1: List of characteristics
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empirically oriented research.
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