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Sammendrag (Danish summary)

Temaet for denne afhandling, edb-stgttet samarbejde, er et forsknings-
omréde, der er vokset frem i de seneste to til tre 4r. Samarbejde er
naturligvis ikke noget nyt. Det nye er, at man nu leegger veegt p3,
hvorledes samarbejde kan bevares og understgttes ved brug af edb.

Det er et efterhanden anerkendt faktum, at anvendelsen af edb har en
steerk pavirkning pé brugernes arbejde og pa arbejdsorganisationen. An-
vendelsen af edb breder sig, edb bliver taget som en selvfglge. Samtidig
bliver anvendelsen mere og mere integreret i arbejdet og i organisation-
erne. Det er derfor ngdvendigt at anskue edb-system og organisation som
et samlet hele og ikke som to uafhangige stgrrelser. Forskningsomridet
“edb-stgttet samarbejde” kan opfattes som et forsgg pa, indenfor et af-
greenset omrade, at forholde sig konstruktivt til denne erkendelse.

Der er ingen generel enighed om betydningen af begreberne samar-
bejde og edb-stgttet samarbejde indenfor dette nye forskningsomride. I
denne afhandling bliver der gjort et forsgg pd at give disse begreber en
mere praecis og snavrere betydning. Samarbejde opfattes som karakteri-
seret ved, at flere personer arbejder sammen p4 grund af opgavens natur,
at de har feelles mal, at arbejdet udfgres i en uformel, flad organisation,
og at arbejdet udfpres relativt autonomt.! Samarbejde opfattes som et
af flere aspekter af en organisation. Samarbejdsaspektet opfattes som
forskelligt fra hierarkisk ledet arbejde. I afhandlingen fokuseres der ps
relationen mellem edb-systemet og det arbejde, hvor edb-systemet bliver
brugt. Denne relation kaldes anvendelses-relationen. Edb-stgttet samar-
bejde forstas som en egenskab ved denne relation, nemlig den egenskab, at
edb-systemet bliver brugt pd en méde, der understgtter samarbejdsaspek-
terne i brugernes arbejde. Denne definition af edb-stgttet samarbejde har
blandt andet til hensigt at udtrykke, at dette forskningsomréde hverken
kan gives en rent teknisk eller en rent organisatorisk definition. Det er
for eksempel muligt at forestille sig, at fuldsteendig individuel brug af et
edb-system kan understgtte samarbejde.

Der lzegges veaegt pa tre anvendelses-relationer af vaesentlig betydning
for edb-stgttet samarbejde. Disse relationer svarer til situationer, hvor
et edb-system bruges som et medium, som et fzlles materiale, og som et
vaerktd).

'Denne definition afviger fra den geengse betydning af ordet “samarbejde”. Alternative for-
muleringer er gruppearbejde eller kooperativt arbejde.
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Anvendelsen af edb som et medium er velkendt. Elektronisk post,
konferencesystemer m.v. er efterhdnden ved at vezere udbredte edb-anven-
delser. Sddanne medier understgtter samarbejde ved at ggre horisontal
kommunikation nemmere og for den sags skyld billigere. Et af formalene
med et hierarki er at hdndtere kommunikationskompleksiteten i en orga-
nisation. Nemmere og billigere horisontal kommunikation svaekker dette
argument for hierarki.

Anvendelsen af edb som et feelles materiale er en idé, der udvikles i
denne afhandling. Udgangspunktet er den trivielle observation, at meget
arbejde koordineres ved hjzlp af egenskaber ved de genstande, der arbe-
jdes med. Et eksempel er den koordinering, der sker mellem to personer
der bzerer et tungt mgbel. Et andet, og maske mere nezerliggende ek-
sempel, er den koordinering, der finder sted ved brugen af et manuelt
arkiv. Handlinger synkroniseres, fordi dokumenterne kun kan veere et
sted ad gangen. En sagsbehandler, der konstanterer, at et dokument er
1 brug, vil nogle gange vaere tvunget til at finde den, der arbejder med
dokumentet med tanke pa at koordinere arbejdsindsatsen. N&r doku-
menter og andre materialer leegges over pa edb, mister de ofte nogle
egenskaber, der er vasentlige for den made hvorpa arbejdet bliver udfsrt.
Der foreslds i athandlingen, at der konstrueres edb-baserede materialer,
som har nogle egenskaber, der kan understgtte og formidle koordiner-
ing mellem brugerne. Dette kan blandt andet opnds ved at bruge nogle
konventionelle materialer som design metaforer.

Det er nemt at f& den forestilling, at nar edb bruges som et vaerktgj
er det et individuelt feenomen, som ikke har nogen betydning for edb-
stgttet samarbejde. Der er flere grunde til, at det ikke forholder sig
sddan. For det fgrste bruges edb-baserede veerktgjer ved manipulation
af de fzelles materialer og til at fa adgang til de edb-baserede medier.
Vearktgjer og materialer star i et uadskilleligt forhold til hinanden. Ved
udvikling af feelles materialer er det ngdvendigt ogsd at legge veegt pa
udviklingen af de veerktgjer, der skal bruges. For det andet findes der
eksempler pa kollektive veerktgjer, for eksempel en to-personers sav. For
det tredie er det muligt at individuel brug af et edb-system er af veesentlig
betydning for et samarbejde. Et centralt eksempel er udviklingen af nye
edb-systemer i samarbejde mellem brugere og systemudviklere. System-
udviklere kan bruge individuelle vaerktgjer til at konstruere prototyper,
der bruges i en fzlles udviklingsproces.

Afhandlingen bestar af en sammenfattende artikel og fem selvsteen-
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dige artikler eller delafhandlinger. En af disse artikler, “Object oriented
programming and computerised shared material”, diskuterer mere detal-
jeret betydningen af feelles materiale, og hvorledes fzlles materiale kan
realiseres. Der argumenteres for hensigtmaessigheden af objekt-orienteret
programmering, idet der i denne form for programmering leegges veegt pa
at modellere faenomenerne i edb-systemets genstandsomrdde. Der argu-
menteres dog for, at de fleste objekt-orienterede sprog er utilstraekkelige,
idet de ikke understgtter persistente objekter eller objekter, der kan deles
mellem flere brugere.

I en anden artikel, “Transaction supporting systems and organisa-
tional change”, argumenteres der for, at den sékaldte “transaction cost
teori” er velegnet til at karakterisere samarbejde. I denne teori laves
der en distinktion mellem tre hovedformer for organisation: marked, bu-
reaukrati eller hierarki, og gruppe eller klan. En typisk organisation
vil ofte bestd af en blanding af disse organisationsformer. Der havdes
i artiklen, at alle tre former for organisation kan understgttes med edb.
Der szettes et lighedstegn mellem edb-stgttet samarbejde og edb-stgtte til
gruppe eller klan organisering. Der vil ofte vzere et konfliktfyldt forhold
mellem de forskellige organisationsformer, for eksempel mellem et hier-
arki, der vil bevare kontrol, og grupper, der gnsker at styrke deres au-
tonome arbejde. Edb-teknologi, der er egnet til at undestgtte samarbejde,
kan derfor fgre til, at ledelsen i en organisation udsaettes for et dilemma:
den nye teknologi er effektivitetsfremmende, men den kan ikke udnyttes i
en hierarkisk organisation. Valget stir med andre ord mellem effektivitet
og kontrol. Set med et demokratisk syn pa brugen af teknologi er dette
en glaedelig udvikling.

En tredie delafhandling er en rapport om programmeringsomgivelser
og systemudviklingsomgivelser, i rapporten omtalt med det felles begreb
udviklingsomgivelser. I rapporten argumenteres der for, at resultater fra
edb-stgttet samarbejde bgr indgd i overvejelserne, nar der laves udvik-
lingsomgivelser. Det viser sig igvrigt, at relativt tekniske egenskaber ved
en udviklingsomgivelse kan have betyding for samarbejdet. Et eksempel
er den nedbrydning af skellet mellem programmgrer og planleeggere, der
kan komme som et resultat af forbedret understgttelse af eksperimentel
systemudvikling.

Edb-stgttet samarbejde ngdvendigggr en teoretisk forstaelse af den
virkning, brugen af forskellige edb-systemer har pa brugernes arbejde.
Siden organisationer er forskellige, er det ngdvendigt at basere udviklin-



vi

gen af edb-systemer, der skal understgtte samarbejde, pa grundige analy-
ser af den pagaldende organisation. Det er desvzerre ikke sddan, at god
analyse garanterer et godt design. Design kraever eksperimenter, til og
med leg, for at stimulere skabelsen af nye ideer. Det er derfor vaesentligt
at spgrge om, hvorledes vi kan eksperimentere med edb-stgttet samarbej-
de. Hvorledes kan vi ud fra et kortvarigt eksperiment vurdere effekten
pé samarbejdet mellem brugerne? Vi kan f& en vis hjelp fra udviklings-
omgivelser, der understgtter trinvis udvikling, men vi kan ikke afskaffe
modsaetningen mellem de analystiske og eksperimenterende tilgangsvink-
ler til systemudvikling.

Denne athandling er indleveret ved Datalogisk Afdeling, Aarhus Uni-
versitet, med tanke pa erhvervelse af den naturvidenskabelige licentiat-
grad.
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Preface

This thesis is about computer supported cooperative work. It is the result
of a three year long Ph. D. study. Besides this overview paper, the thesis
consists of five other papers. This preface should be read as a preface to
the whole thesis.

After I finished my master’s degree in May 1985 I spent the rest
of 1985 working in the MARS project [22]. The MARS project was
a research project on system development, doing empirical research on
system development work. The MARS project had been running since
1983, and I had also participated in the project as a student. The work
in the project was done in four Danish companies, in groups consisting
of practitioners from the companies and researchers from the university.
The empirical work, which was documented in numerous reports, was
completed in the summer 1985. The second half of 1985 the seven-person
project group spent writing a textbook on system development entitled
“Professionel Systemudvikling” (Professional Systems Development) [1].

In the beginning of 1986 I went to Link6ping University, Sweden, to
work on “system development of expert systems”. The idea was that
more could be learned about system development when focussing on the
development of specific kinds of applications. It was of special interest
to me to investigate how our understanding of system development was
dependent on specific technical conditions. It turned out to be very hard
to find any expert system in real use, and it was equally hard to find
projects aimed at the development of such a system. The time spent in
Linkoping was not wasted. I got acquainted with different programming
environments. I also made an observation which has been of great im-
portance to me in the work on computer supported cooperative work:
when working with new kinds of computer systems it is necessary to be
convinced about the relevance of this work. To a researcher in artificial
intelligence it is relevant to work with expert systems since this is one of
the most promising applications of artificial intelligence techniques. To
a researcher in system development, however, it is necessary to have a
vision about work situations where the system can be used. The classical
vision of an expert system as a machine replacing an expert has effectively
been eliminated by the works of Winograd and Flores [45] and Dreyfus
and Dreyfus [12]. I was not able to find research in expert systems which
was committed to develop more realistic visions of where the technology
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could be used. Instead I observed a persistent stream of new projects
developing prototypes of systems for which it was hard to see any future
use. I therefore wrote a paper on the evaluation of prototypes of expert
systems [35].

I moved back to Arhus in the autumn 1986. I was ripe for going into
a new field which was based on visions of new uses of computers. At this
point in time I was given the opportunity to attend the first conference
on computer supported cooperative work in Austin, Texas, see [9]. This
turned out to be very decisive for the topic of my thesis. At the confer-
ence many interesting systems, and some empirical investigations, were
presented. There was, however, a clear lack of a shared understanding
of the field. This could, for example, be seen in the great variety of sys-
tems presented. It was not always clear how the systems would support
cooperative work.

Having found the topic of my thesis I started to work with the topic in
various ways. I felt that there was a need to state more clearly what we
mean by cooperative work and computer supported cooperative work. To
get a clearer understanding I arranged a study group on computer sup-
ported cooperative work at the Computer Science Department, Aarhus
University. In the study group we read papers from the first conference
on computer supported cooperative work and also some literature on or-
ganisation theory. The first paper in the thesis, “A cooperative work
perspective on use and development of computer artifacts”, was written
based on the discussions in this study group.

As mentioned above I have earlier participated in the MARS project.
During my work with this thesis I have participated in two other projects
at Aarhus University. The first is the research programme on computer
support on cooperative design and communication [3]. The second is
the Mjglner project [11], a Nordic project working on the development
of an integrated, interactive, and incremental programming environment
for object oriented programming. Since I focus on computer support for
system development the development of a programming environment is
interesting in itself. In addition to this the Mjglner project has served as
a real case of cooperative work.

Based on our work in the Mjglner project Elmer Sandvad and I ar-
ranged a study group on programming environments and system devel-
opment environments. The study group served as inspiration for another
part of this thesis, the report “Programming environments and system
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development environments”.

In his thesis Kim Halskov Madsen identifies three disciplines within
the Arhus-Oslo systems school [29]:

e technology assessment, with the DUE project as prototypical ex-
ample [27],

e system development, with the MARS project as prototypical exam-
ple [1, 22],

e design, with the UTOPIA project as prototypical example [5, 44].

This thesis falls within the system development discipline. There is an
important difference, however, between these research projects and the
work in this thesis. Most of the research in the Arhus-Oslo systems school
has been very empirically oriented whereas this thesis is not. The reason
for this choice is explained in section 2 of this paper.

This work has been financially supported by the Computer Science
Department, Aarhus University, by the Department of Computer and In-
formation Science, Link6ping University, by the Danish Natural Science
Research Council, and by mag. scient., observator Julie Marie Vinter
Hansens Rejselegat. I am very grateful to Aarhus University for pro-
viding a Norwegian with a scholarship for Ph. D. studies. True Nordic
cooperation!

Many people have helped me with constructive comments on vari-
ous parts of this thesis. I wish to use this opportunity to thank Liam
Bannon, Claudio Ciborra, Joan Greenbaum, Kaj Grgnbak, Riitta Hell-
man, Jgrgen Lindskov Knudsen, Morten Kyng, Ole Lehrman Madsen,
Markku Nurminen, Peder Christian Ngrgaard, Claus H. Pedersen, Lars
Bak Petersen, and Elmer Sandvad. Lars Mathiassen and Sture Hagglund
have been my advisers in the beginning of my Ph. D. studies. Mogens
Nielsen joined Morten Kyng and Ole Lehrmann Madsen in my “licentiate
committee” at Aarhus University.

This thesis has been submitted to the Computer Science Department,
Aarhus University, in order to fulfill the requirements of the lic. scient.

(Ph. D.) degree.

P&l Sgrgaard

Arhus, May, 1988



1 Introduction

Computer supported cooperative work is a new research field which has
emerged during the last couple of years. Cooperative work is nothing new.
What is new is that much more attention now is paid to how cooperative
work can be supported by the use of computers. This shift of attention is
based on several factors. One factor is the increasing awareness that the
use of computers has a strong impact on human work and organisation,
and that there is a misfit between classical information systems and the
way work actually is performed. A second factor is the development of
new kinds of multi-user computer systems, systems which directly aim at
supporting work in small groups. A third factor might be that cooperative
work is very much in line with new management strategies [18]. There
is, however, no general agreement about the nature of cooperative work
nor of computer supported cooperative work. In this thesis an attempt
is made to give these concepts a more precise meaning.

In this thesis computer supported cooperative work is seen as a re-
search field which tries to deal constructively with the impact of the use
of computers. The starting point here is a vision of a new way of using
computers, namely the use of computers in a way which supports human
cooperation.

This thesis deals with computer supported cooperative work from the
viewpoint of system development. Classical system development methods
and practices have a too narrow perspective on work and organisation.
This often leads to the ignorance of cooperative work. This thesis is far
from proposing a new and better method which takes cooperative work
into consideration. It is naive to believe that the solution to problems in
system development is new and better methods [1]. In addition the results
presented here are not yet ready to be turned into clear cut practical
advice for system developers.

There is also a second kind of focus on system development in this
thesis: computer support for system development is seen as a case of
computer supported cooperative work. This case has been chosen for
two reasons. Firstly there is much cooperative work in system devel-
opment. System development is often performed in projects, a kind of
organisation which is close to the definition of cooperative work used in
this thesis. Secondly work in computer supported cooperative work needs
to be rooted in an understanding of the work which is going to be sup-



ported. My educational background and my experiences from the MARS
project [1, 22] has made system development an obvious case.

The thesis has been written as six separate papers or reports, where
this paper is the overview paper. The main purpose with this paper is
to provide the necessary glue needed to bind the other parts together as
one coherent product. The other products are:

A: A cooperative work perspective on use and development of com-
puter artifacts [34].

B: A framework for computer supported cooperative work [36].
C: Transaction supporting systems and organisational change [42].

D: Object oriented programming and computerised shared material

[39].

E: Programming environments and system development environments

[40].

This paper proceeds as follows: Section 2 provides a short description of
the research process behind this thesis. In section 3 the papers of the
thesis are summarised and discussed. In section 4 my work on design
and development of systems aiming at the support of cooperative work

will be discussed. Finally this paper, and the whole thesis, is concluded
in section 5.

2 On research method

This section describes the research process which has led to this thesis.
As in much research the topic was not clear at the outset. As mentioned
earlier the topic came in terms of a conference. There was a fit, however,
between this topic and my background in system development, with the
critique of classical uses of computers, and with my personal frustration
over the lacking usefulness of expert systems which I originally had set
out to study [35].

The topic of computer supported cooperative work can be phrased as
a vision of a new way of using computers, use of computers which in a
better way support the cooperative aspects of human work. How does
one set out to study such a topic? There are numerous possibilities like
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case studies of the impact of the use of computers on cooperative work,
implementation and evaluation of experimental systems, and theoretical
investigations of the nature of and possibilities for computer supported
cooperative work. This thesis is the result of a mainly theoretical work
on computer supported cooperative work. This approach was chosen for
several reasons. (1) The concept of cooperative work was too vague to
serve as a basis for empirical or experimental work unless an effort was
made to clarify the concept. (2) The time and resources needed to make
an empirical study were beyond the scope of this, largely individual, Ph.
D. study. (3) Implementation and evaluation of experimental systems
would also go beyond the scope of this Ph. D. study. It is my hope that
the results of the theoretical work will be useful in the design of empirical
and experimental research on computer supported cooperative work.

One theoretical approach taken in this thesis has been to use organ-
isation theory, especially the transaction cost theory, to characterise co-
operative work and to discuss the relationship between cooperative work
and the surrounding organisation. This work is reflected in papers A and
C. During the work with the thesis a framework for computer supported
cooperative work has emerged. This framework is described in paper B.

A second theoretical approach has been to discuss how computers can
support cooperative work. This has led to the formulation of the idea
of computerised shared material as a supplement to the well established
area of computer supported communication. The idea of shared material
is presented in papers A and B, and in paper D the concept is treated in
more detail.

A third theoretical approach is the combination of topics from the
MARS project [1] and the Mjglner project [11] with my own work on
computer supported cooperative work. This work has resulted in a report
on programming environments and system development environments,
report E.

The theoretical approach has not been the only approach pursued in
this research process. There has been some work on experimental design
and implementation of systems relevant for cooperative work, see sec-
tion 4. A major part of my background is the empirical research in the
MARS project. During the work with this thesis I have participated in
the Mjglner project. I have not made organised empirical observations
of cooperative work in the Mjglner project, but the project has served as
a source of inspiration as a “live” example of cooperative work. It has
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never been the plan that my participation in the Mjglner project should
be used to produce empirical reports on computer supported cooperative
work. The project has, however, had a clear influence on the develop-
ment of my understanding of cooperative work. One finding has been
the demonstration of the enormous variety of communication situations
in a project. This has served to emphasise that electronic mail never can
become the central mode of communication in cooperative work. Elec-
tronic mail may, however, be a very useful supplement to numerous other
kinds of communication. A second finding is that real work is a mixture
of various kinds of work. We will never find “pure” cooperative work,
but cooperative work can be present at various degrees. This stresses the
multi-faceted nature of most organisations. A third observation is that
people may very well use computers to support their cooperative work
although no explicit attempt has been made to provide computer support
for the cooperative work.

In a discussion of research on system development Munk-Madsen
claims that increased relevance of the results will be at the expense of the
correctness and vice versa [31]. He further argues that correctness can
be increased by research practices where the choice of topic is well de-
limited, where the investigations are highly structured, where laboratory
experiments are used, and where the research process itself is carefully
documented. When I started the work with this thesis the state of re-
search in computer supported cooperative work was not at a level which
made it feasible to go for structured research. The discussion of the
research method can therefore be rephrased by saying that this thesis
emphasises the relevance of the results at the possible expense of their
correctness. This choice has to some extent been made by the author,
but it has also been a consequence of the nature of the research topic.

This thesis is of a multi-disciplinary nature. This is a consequence of
the nature of the problems addressed in the thesis. The results reached
may contribute to the formulation of new research issues, some of which
may be within classical computer science, other issues may be entirely
within the social sciences. It is therefore unfortunate that informatics or
computer science traditionally has been regarded as a mathematical sub-
discipline. It is in the way the computer is or can be used that research
in informatics needs to be rooted. Sometimes this connection will be very
close, sometimes it may be rather distant, but it should always be there!

The discussion of the multi-disciplinary nature of this thesis is an
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expression of an ongoing paradigm shift [26] in informatics. Historically
the computer has been seen as a machine which performs computations,
the new paradigm sees the computer as a part of human work and its
organisation. Christiane Floyd describes this paradigm shift in more
detail [17]. She calls the new paradigm the process-oriented perspective
and the old paradigm the product-oriented perspective. She argues that
the process-oriented perspective does not exclude the product-oriented
perspective, instead, she claims, the product-oriented perspective is a part
of the process-oriented perspective. This thesis falls within the process-
oriented perspective.

3 Description of the papers

In this section I will summarise and discuss the results from the papers
and reports constituting this thesis.

A cooperative work perspective on use and develop-
ment of computer artifacts (A)

This paper, which was written almost a year before the other papers,
is an overview of and introduction to the field of computer supported
cooperative work. The paper uses organisation theory as the primary
source of inspiration in a discussion of the nature of cooperative work.
Cooperative work is described as a specific, prototypical, kind of work.
A number of characteristics of cooperative work are stated:

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

e they share goals and do not compete,

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

Here the word organisation refers to how the work is organised in the work
unit where the work takes place. It does not refer to the nature of the
surrounding organisation. A cooperative work unit may be embedded in
a strictly bureaucratic or hierarchical, and non-cooperative, organisation.
Cooperative work is therefore one aspect of an organisation. This is not
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stated to make the definition less stringent, but in order to take account
of the multi-faceted nature of most organisations.

Two ways of coordinating human work are identified in this paper:
by explicit communication and through the material manipulated in the
work. This leads to the introduction of the concept of computerised
shared material.? The concept is based on the fundamental observation
that when work is computerised it is often so that the tools and the ma-
terials are replaced. Since much work-coordination is mediated through
the shared material we should try to give computerised shared material
properties that can support this coordination. In one sense shared ma-
terial is a design metaphor, which can be used as proposed by Madsen
[28, 29]. In another sense it is a concrete property of the computer system
to be built. People share data, and this has to be reflected in the way file
systems and networks are constructed.

In the field of computer supported cooperative work there is no general
agreement about what kind of work one wants to support. The narrow
definition provided in paper A is an attempt to create debate and to
establish a clearer starting point for discussions on computer supported
cooperative work. Traditionally computers have been used to support
bureaucratic organisations. The definition of cooperative work stresses
that computer supported cooperative work is different from the classical
applications of computers. The definition can also be used to point at the
insufficiencies of these classical applications. A narrow definition allows
us to make more specific assumptions about the environment where the
computer systems are to be used. This may lead to the identification of
new possibilities.

There is another reason to provide a stringent definition of cooper-
ative work. In order to be able to find and state results beyond very
general statements about the impact of the use of computers on human
work and organisation, we need to be more precise about what we are
talking about. There are essentially two ways of narrowing down the
scope of computer supported cooperative work. One way is to give a
definition of cooperative work and then look at how this kind of work
can be supported by the use of computers. This is the approach taken
here. The second approach is to restrict the attention to a specific class
of computer systems, i.e. to give the research field a technical definition.

2The concept was coined in a discussion with Morten Kyng about the UTOPIA project (5, 44]
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If we fail to follow one of these approaches we have just created a new
name for research on use and development of computer systems. The
choice of an organisational rather than a technical restriction of the topic
of computer supported cooperative work is motivated by the numerous
observations of technically well working systems which fail to fit into the
organisational context. Put in other words: a fancy multi-user system is
not interesting in itself.

The distinction between coordination by explicit communication and
through shared materials is important in the development of computer
support for cooperative work. The technical properties of computerised
shared material and of computer-based media will often be very different.
It needs to be mentioned, however, that on an analytical level this dis-
tinction is not always clear. In a linguistic perspective [2] use of shared
materials can be interpreted as communicative actions.

A framework for computer supported cooperative
work (B)

This paper is an attempt to provide an overall framework for computer
supported cooperative work. 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, its organisation, the kind of work, etc. Cooperative work is a char-
acteristic of the context of the work. The use situation is more delimited,
it is the situation(s) where the computer system is actually used.

The use relation is defined to be the relation between the context of
the work, including the use situation, and the computer system. Com-
puter supported cooperative work is defined as a quality of this relation:
The 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.
Computer supported cooperative work is, in other words, not only a
question of modern multi-user systems, it is all kinds of use of computers
which support the cooperative aspect of the work. The distinction be-
tween the context of the work and the use situation makes it possible to
express this. We may even talk about computer supported cooperative
work in cases where the use situation is individual.



Three use relations of relevance to computer supported cooperative
work are identified. These are the medium, the shared material, and the
tool use relations. I will give examples of these use relations below.

Electronic mail systems may be used as a medium supporting cooper-
ative work. Electronic mail is essentially based on controlled copying of
files, sometimes across networks, from one user to another. It is normally
used asynchronously by the different users, although some facilities, for
example notification about new mail, may allow almost synchronous use.
Electronic mail can be used in many kinds of work. Its applicability in
cooperative work has several reasons. It supports horizontal communica-
tion. It supports a style of communication which has the informal char-
acter of spoken language [14] while at the same time being asynchronous.
It is much faster than conventional mail and internal mail. Wynn stresses
the importance of the ongoing conversation in office work [46]. The prop-
erties of electronic mail make it a good supplement to the the other kinds
of communication being used in this ongoing conversation.

A database with datasharing can sometimes be used as a shared mate-
rial. Take an office where customer records are kept in a database. This
database is normally used concurrently and asynchronously by the group
of clerks dealing with the customers. Sometimes two clerks try to access
the same record. The system ought to make this situation visible, just as
it would have been if the records were kept in a manual file. The colli-
sion should be detected and it should be left to the clerks to decide how
future work should be coordinated. To make collision detection visible
in this way may be feasible, provided the number of users is low. The
definition of cooperative work in this thesis implies that there are limits
to the number of persons forming a cooperative group.

A drawing program, used as a tool, can also be used to support co-
operative work. We can think of a group working on an illustration,
for example a drawing of a house. Omne participant knows the drawing
program well enough to use it as a tool. This supports the cooperative
drawing process by making it easier to produce alternatives and to make
corrections. In this way a group can improve its cooperation with the
help of a tool used by one person in the group. A development process
where users and system developers cooperate could in a similar way be
supported by a prototype generator [6]. In paper A computer supported
cooperative work was restricted to communication systems and systems
providing shared material. The inclusion of tool as a use relation with
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relevance to cooperative work reflects a development in my own under-
standing of computer supported cooperative work. This development has
moved away from a technical understanding towards a view where any
use of computers which in some sense supports the cooperative aspects
of work is seen as computer supported cooperative work.

Paper B also contains lists of characteristics of the context of the
work, of the use situation, and of the computer system with relevance to
computer supported cooperative work.

It is a central, although perhaps simple, statement that computer
supported cooperative work is a quality of the use relation. As more ex-
perience is obtained from attempts to support various cooperative char-

acteristics of work, I believe it will be possible to be more concrete about
the qualities of the use relation.

Transaction supporting systems and organisational
change (C)

In this paper the transaction cost theory, with its concept of group or
clan, is used to characterise cooperative work. With this characterisation
“cscw”-applications can be seen as a special class of transaction support-
ing systems, namely as those systems which support transactions in a
group.

This paper has two purposes. One is to investigate the applicability of
the transaction cost theory to the field of computer supported cooperative
work. The other purpose is to demonstrate that computer supported
cooperative work is a field which should be taken into consideration when
we discuss the impact of the use of computers on organisations.

In the literature it is discussed how the use of computers, i.e. transac-
tion supporting systems, will impact the relative benefits of the different
types of organisation. Many, for example Malone et al. [30], claim that we
will observe a shift towards relatively more market, and less bureaucratic,
organisation. In paper C the characterisation of “cscw”-applications as
a special kind of transaction supporting systems is used as a starting
point to enter this debate. This class of applications can only be fully ex-
ploited by a group, i.e. in cooperative work, and they will therefore tend
to make complex organisation, with a high degree of mutual trust, more
favourable. Other transaction supporting systems will, of course, tend to
favour market organisation. Therefore any prediction about the impact of
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information technology on the relative benefits of different organisations
is dependent on the class of computer systems taken into consideration.
The conclusion is therefore that such predictions cannot be made.

The transaction cost theory is useful by its description of the group
or clan as a kind of organisation with little or no opportunistic behaviour
and with a high ability to handle uncertainty [32]. It is also useful in
providing a framework for analysing the impact of computers on organi-
sations. The framework is a kind of organisational Darwinism: The kind
of organisation best suited to the task will “win”. If used in a prescrip-
tive way the theory may lead to an overly economistic perspective. In
paper C, however, the transaction cost theory is used in a descriptive
way. Care should always be taken when a useful descriptive theory is
used in a prescriptive way.

Group organisation will typically coexist with other kinds of organ-
isation. This relationship may be harmonious, but there may also be
conflicts between management, which wants to retain control in a hierar-
chical organisation, and the groups which want to be autonomous. In this
perspective computer supported cooperative work is a subversive tech-
nology undermining management’s control of the organisation. Since the
technology also may result in important improvements of productivity,
for example by reducing communication costs [33], this may represent
a contradiction for classical, hierarchical management: keep control or
improve productivity? This illustrates that a stricter definition of coop-
erative work and the application of the transaction cost theory make the
assertions about computer supported cooperative work stronger, more in-
teresting, and also more controversial. This may cure some of the unease
about the field expressed by Howard [20] and Bannon et al. [4].

Object oriented programming and computerised
shared material (D)

This paper elaborates on the concept of shared material. Some arguments
specific to cooperative work and also some general arguments in favour of
focussing on shared material are presented. It is claimed that one should
model material, not work procedures, when systems are built.

The main purpose of this paper is to demonstrate the power of the
shared material concept. A second purpose is to argue for the useful-
ness of object oriented programming beyond issues like reuse of code.
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Stretching the argument as far as possible we can claim that ob ject ori-
ented programming may be an important contribution in making better
computer systems. The paper also contributes to a demonstration of the
relationship between the different activities and lines of interest that have
been pursued in the work with this thesis.

It is a fundamental idea in object oriented programming to model
the phenomena in the part of the world addressed by the system. These
modelling techniques can be used to implement shared material on com-
puters. The result is a raw system providing the material and the essential
primitive operations on this material. This system can be seen as a spe-
cialised programming environment which can be tailored to the needs of
individual users or be modified for future needs.

The implementation of such systems requires support for persistent
objects, objects which live across individual program executions. These
objects, which implement the shared material, will also be shared between
several users and program executions.

In some languages, for example Beta [24] and Simula [10], objects
can be active processes, not only passive instances of abstract datatypes.
When such objects are persistent the object base will turn into a perma-
nently executing parallel system. Any change to this system will rely on
techniques for incremental change of executing programs. In general this
approach calls for a much closer integration of programming languages
and databases than what we have today.

In paper D shared material is used both as a design metaphor and
as a very concrete property of the actual computer systems. We must
be aware that there is a difference between the shared material we talk
about metaphorically and the shared material in the system. The latter is
produced by a description (a program), and can never reflect the totality
of the shared material we talked about metaphorically. This means that
the use of a shared material metaphor does not solve all problems. An
example given in the paper shows that the technology, in this case the
graphical capabilities of the output media, results in a change in the se-
lection of which properties of the phenomenon should be modelled. Thus,
what we get out of using the shared material metaphor, will depend on
the kind of technology we have in mind and on our own technological fan-
tasy. This observation can, of course, be seen as a corollary of the general
statement that good system development requires profound knowledge of
the application area and of computer technology.
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Programming environments and system development
environments (E)

This report presents five dimensions for the characterisation of develop-
ment environments:

1. the system development functions supported,

2. the nature of the work (e.g., cooperative work) the environment is
suited to support,

3. the suitability of the environment for prototyping,
4. the application area of the systems produced by the environment,
5. the technical characteristics of the environment.

These five dimensions are used to identify a number of schools or re-
search traditions within the field. It is interesting to note that research
on programming environments often has an implicit focus on individual
work, whereas the software engineering environment school has a strong
focus on large, formally organised projects. It is claimed that computer
supported cooperative work is an important, and overlooked, issue in the
field of computer support for system development. Another result is that
new results from research in programming environments, especially inte-
gration, tailorability and incrementality, may lead to changes in the role
of programming in system development.

One of the aims with report E is to shed some light on the field of envi-
ronments for system development by drawing on theory from the MARS
project [1, 22], and by applying theory from the field of computer sup-
ported cooperative work. There is, however, some feedback the other way
too. System development is a good case for cooperative work, and some
of the results obtained when looking at computer support for system de-
velopment may be of general interest to computer supported cooperative
work. The changed role of programming in system development, or at
least the prediction thereof, is such a result. The computer support may
lead to a different way of performing the “same” work, and it will call
for a different mix of competence. In this case programming competence
will be important in the performance of almost all work functions. Even
communication can be supported by programming, for example through
the use of a tailorable mail system.
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In the case of system development this is not a negative trend. It will
contribute to the abolishment of some of the boundaries between analysts
and programmers, hence it will make the work less specialised and less
suited for hierarchical control by, for example, division into phases. This
change of roles need not have the same “positive” effects in all kinds
of work. The idea of conceiving a computer system as a (specialised)
programming environment was mentioned in the discussion of paper D.
This will clearly have impact on qualification requirements and on the
ability of different users to remain in control of their own work. In an
office where only a few, typically local management, have programming
capabilities, such a system could severely strengthen the power of local
management over the office workers. One conclusion to draw is that many
results in computer supported cooperative work may be very specific to
the professions and kinds of organisation where they originate. It also
means that there are limits to what can be said about computer supported
cooperative work on a theoretical level without stating in which concrete
context the results apply.

4 Concrete designs

During my work with this thesis I have also spent some efforts on design-
ing and developing systems aiming at the support of cooperative work,
mainly as parts of the Mjglner environment. Unfortunately it has been
necessary to give low priority to these efforts in order to get time to
complete this thesis.

The main design proposal is Heimdal, a Mjglner mail handler.> The
ideas in the design of Heimdal are described in a report written in 1986
[37]. The design of Heimdal takes its starting point in seeing system
development as cooperative work. A mail system should therefore be
an integrated part of an environment supporting system development.
Ciborra and Lanzara have also, in a short case description, described the
importance of electronic mail in system development [7].

Heimdal has two features which, I believe, are unique. Although most

3Heimdal is one of the Norse gods. He can see just as well at night as during daytime. He
can hear grass grow, and he can also hear the wool growing on the back of the sheep. He is
in possession of Gjallarhorn, a giant lur (a bronze wind instrument from the Viking age), and
when he blows in Gjallarhorn it can be heard all over the world. In my opinion this god must
be described as extremely communicative.
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e-mail “letters” only address one topic [14], this is not always the case.
The tendency to stick to one topic is perhaps caused by the simplicity
of the filing capabilities of most mail handlers. Heimdal encourages the
archiving of the same letter in several folders, of course without actually
saving several copies. The foreseen use is that users will archive letters by
the person(s) they are to or from and by the various topics they address.

In my own use of e-mail I have observed that I use electronic mail
as one of several media, and that one single conversation can take place
using a multitude of media. One of the purposes of a mail handler is
to keep track of and document ongoing and completed conversations.
This is the main purpose of Flores and Winograd’s coordinator [8, 45).
A mail handler ought to be able to support these multi-media conver-
sations. Heimdal will therefore support document types such as “note
about letter” and “note about phone call” which the users can insert at
appropriate points in the folders.

These two features are relatively simple to implement, and since they
only affect the mail handler, they can be introduced independently of the
underlying mail system and also independently of other users.

Two of the major components of the Mjglner environment are the
program database [19] and the program fragment library [23, 25]. I was
for a short period involved in the design of these components. Devel-
opment environments need to support cooperative work. This does also
apply to these components. Programmers share programs. One main
purpose of a program base is to allow sharing of programs in a way which
fits with the style of work. The program database should therefore sup-
port strict configuration control while at the same time allowing small
groups to work on the same code. Katz et al. make a distinction between
archived, semi-public, and private versions of programs [21]. The focus
on material also gives some ideas about how the integration of different
facilities, often called “tools”, can be implemented in Mjglner. Integra-
tion of facilities should not take place by facility-facility communication
or by specialised controllers, but rather by equipping the the object of
the work, the material, in this case the programs or the representation
thereof, with suitable mechanisms for the coordination of actions per-
formed by various facilities. In a small working note it is described how
this could be implemented in BETA [41]. The work with the program
base has demonstrated that the shared material metaphor is a useful
metaphor in the design of an environment for system development.
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During the autumn of 1987 I also implemented a small internal in-
formation system for the research programme on cooperative design and
communication [38]. The system was made as an experiment with the use
of remote procedure calls, a useful technique when shared data is to be im-
plemented in a network of workstations. The system has, however, hardly
been used. This experience has served to stress that it is not enough to
make a system which provides a technical solution to some problem. In
this case there clearly was a mismatch between a not so strongly felt need
to get such an information system and the effort needed to learn to use
the proposed system. When this observation is made in a research group
explicitly interested in computer supported cooperative work it empha-
sises that it will not be easy to get “real” users to work with prototypes
of systems supporting cooperative work.

5 Concluding remarks

This final section will point at some general conclusions and some open
questions. Special attention will be given to conclusions with relevance
to system development. Some areas for further study will also be pointed
at.

Computer supported cooperative work is, as a research field, a spe-
cial instance of the interrelationship between work, its organisation, and
technology. The fundamental goal is that the computer system should,
in some sense, support the work, rather than automating and controlling
the work. A general theory about how a computer system can support
work would perhaps be useful, but the differences between professions,
organisations, power relations, etc., make it hard to describe how work
can be supported on a general level. Therefore we need to be more spe-
cific about what assumptions we make about the organisation and the
work. This has been attempted in this thesis. In doing so a narrow selec-
tion of the kind of work to be supported has been made. The focus is on
an aspect of organisations which traditionally has not been supported by
computers, and where the technology now makes support possible. The
cooperative aspect is only one of several aspects of organisations. We will
therefore see conflicts about the use of the “cscw”-technology. Manage-
ment will fear to loose control, users will want to retain or strengthen
their autonomy. If this thesis can contribute to the development of a
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technology which makes this conflict more visible, and which makes the
position of traditional management more difficult by providing efficient
technology which cannot be combined with strict hierarchical control, I
have reached one of my goals.

There is a need for empirical and technical research which is more
specific to computer supported cooperative work. Empirical research on
electronic mail can be used as an example. Much of the research in the
field, for example by Feldman [16], Eveland and Bikson [15], and Sproull
and Kiesler [43], has a very broad scope. In these investigations messages
sent to large mail-groups dominate numerically. Feldman’s primary con-
cern is in fact messages between strangers. It is therefore hard to find
central results pertaining to computer supported cooperative work in
these investigations. What is needed is empirical research where use of
electronic mail in a clearly cooperative work context is analysed. Such
an investigation should address the pattern of cooperation, language use,
etc., and must therefore be based on access to the contents of the elec-
tronic mail as well as any other communication from the same workplace.
It is clearly hard to be allowed to make such investigations in a company.
To make the problem worse, it would be desirable to do this kind of
empirical research in several companies, for comparison purposes and in
order to assess differences in the impact of different mail systems.

In a similar way the technically oriented research needs to be more
focused. All sorts of technical facilities are now being wrapped up as
relevant for cooperative work. It would be better to identify those areas
where progress in computer supported cooperative work is dependent on
new technical solutions. In this thesis the idea of shared material has been
emphasised. The current technology is unsuited for the development of
shared material. This is primarily because the expression mechanisms
needed to construct shared material, especially those of object oriented
programming and of some languages for parallel programming, are not
yet suited to describe persistent or shared data. The development of
an object oriented language which facilitates shared persistent objects
is a critical issue. Much focus is now directed to the issue of persistent
objects.* It is also in this area that I plan to do my future research.

One of the goals of my research has been to apply the general theory
about system development to a more specific field. This is what was at-

“See, for example, the programme for the European Conference of Object Oriented Program-
ming in Oslo, August 1988.
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tempted with “system development of expert systems”. The research in
computer supported cooperative work can also be given this interpreta-
tion. Some conclusions of general interest to system development can be
drawn on the basis of this work.

The critique of traditional system development methods can be ex-
tended by taking computer supported cooperative work into considera-
tion. Most methods imply a focus on formal organisation and on tradi-
tional data processing. System development performed according to such
methods will therefore hardly result in the invention or introduction of
systems which may support cooperative work.

System development methods is one thing, system development prac-
tice is another. The goal should therefore not be to write a “cscw-
cookbook”. There is, however, a challenge in transferring the ideas
about computer supported cooperative work from the laboratories into
the repertoire of the system developers and into actual use.

In the MARS project we observed a need for an improved interplay
between the different system development functions, and we stated the
need for this interplay in a number of normative theses [1]. New develop-
ment environments may support this interplay by making programming
a natural part of most system development functions, hence making the
traditional division of work between analysts and programmers less rele-
vant.

The development of computer support for cooperative work calls for
a theoretical understanding of the impact of various computer systems
on cooperative work. Since the characteristics of the organisations in
question are important, each development process needs to be based on
a careful analysis of the user organisation. We do know, however, that
careful analysis does not guarantee good design. Analysis and design
need to interact. Design is creative and requires experimentation, even
playing [13], in order to stimulate the generation of new ideas. We should
ask ourselves, however, about how we can experiment with computer sup-
ported cooperative work. How can we evaluate the impact on cooperative
work from short time experiments? A partial solution is to improve the
possibilities for evolutionary system development, but we cannot escape
the contradiction between the analytical and experimental approaches to
system development.
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