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Abstract. Theinterdisciplinary research and development area of Computer-
Supported Cooperative Work or CSCW represents a fundamental shift in the
approach to the design of computer systems. With CSCW, the very issue of
how multiple actors coordinate and integrate their individual activities has
become the focal issue for the development of computer systems. In order to
develop computer systems that provide adequate and effective support for
cooperative work in contemporary flexible work organizations, it is crucial
to advance our understanding of cooperative work and its articulation.

The objective of thisreport is to investigate the different roles of modes
of interaction and mechanisms of interaction in the articulation of coopera-
tive work so as to identify the different support requirements of modes and
mechanisms of interaction. In order to do this, a number of empirical field
studiesis collated, discussed, and compared.
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Modes and Mechanisms of Interaction
1. Introduction

In the design of conventional computer-based systems for work settings the core issues
have been to develop effective computational models of pertinent structures and pro-
cesses in the field of work (data flows, conceptual schemes, knowledge representa-
tions) and adequate modes of presenting and accessing these structures and processes
(user interface, functionality). While these systems, more often than not, were used in
cooperative work settings and even, as in the case of systems that are part of the orga-
nizational infrastructure, were used by multiple users (e.g., database systems), the issue
of supporting the articulation of cooperative work by means of such systems has not
been addressed directly and systematically, as an issue in its own right. If the underly-
ing model of the structures and processes in the field of work was ‘valid', it was as-
sumed that the articulation of the distributed activities was managed ‘ somehow’ . It was
certainly not a problem for the designer or the analyst.

In so far as CSCW can be conceived of as an endeavor to understand the nature and
support requirements of cooperative work arrangements with the objective of designing
computer-based technologies for such arrangements (Schmidt and Bannon, 1992),
CSCW can be taken as a complete overturn of this paradigm (Hughes et al., 1991).

The general objective of the present report is to outline a conceptual framework for
the analysis of cooperative work that will assist analysts and designers in severa ways,
eg.

» provide heuristic guidance to analysts so as to assist them in conducting cost-

efficient empirical field studies with aview to identifying system requirements;

* support the comparison and transfer and thus the generalization of findings from
different empirical field studies;

< provide a frame of reference for conceptualizing, comparing, and transferring
user experience with particular CSCW systems;

e assist analysts in conceptualizing empirica findings in terms of requirements,
i.e., in aformat that is compatible with the issues and concerns of software en-
gineering;

« identify distinct classes of support requirements so as to provide arational basis
for developing architectures for CSCW systems.

More specifically, the objective is to investigate the different roles of modes of in-
teraction and mechanisms of interaction in the articulation of cooperative work so asto
identify the different support requirements of modes and mechanisms of interaction. In
order to do this, the report collates, discusses, and compares a number of empirical
field studies which have been reported in the literature or in which the author has been
personally involved.

The bulk of the report is therefore devoted to a number of case studies of coopera-
tive work in different work domains.

1 A similar point was made very early in CSCW by Anatol Holt: “Whatever has to do with
task inter-dependence — coordination — is | eft to the users to manage as best they can, by
means of shared databases, telephone calls, electronic mail, files to which multiple users
have access, or whatever ad hoc means will serve.” (Holt, 1985).
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2. Cooperative work

The term ‘cooperation’ has a wide variety of connotations in everyday usage, ranging
from notions of joining alliances (as in the ‘ cooperative’ movement) and being amica-
ble and atruistic (*You should be more cooperative’) to actualy working together in
producing a product or service irrespective of whether those working together are alies
or friends.

In some areas of socia research, in particular political science, ingtitutional eco-
nomics, and organizational theory, the term ‘cooperation’ has been used broadly to
designate the formation of coalitions between actors with partially divergent interests
and matives. For instance, in his influential investigation of institutional economics,
John Commons uses the term in the strong sense of subjection of the centrifugal forces
of conflicting individual interests to a putative common cause and collective action:

“cobperation [...] arises from the necessity of creating a new harmony of interests — or at
least order, if harmony is impossible — out of the conflict of interests among the hoped-for
coOperators. It is the negotiational psychology of persuasion, coercion, or duress. The great-
est American piece of actual codperation, latterly under ill repute [anno 1934], is the holding
companies which suppress conflicts, if persuasion proves inadequate. A more universal
codperation, suppressing conflict in behalf of order, is proposed by Communism, Fascism, or
Nazism. These have found their own ways of submerging conflicts of interest.” (Commons,
1934, pp. 6 f.)

The conception of ‘cooperation’ as a governance structure for curbing opportunistic
behavior among actors does not provide an adequate approach to CSCW. Of course,
opportunistic behavior is part and parcel of working life, under the auspices of
“common ownership” aswell as on the “open market”. In designing CSCW system this
fact of life must certainly be taken into account (Kling, 1980; Grudin, 1989; Orli-
kowski, 1992). But if this conception is taken to be provide the general conceptual
framework for CSCW, essential aspects of the multi-faceted phenomenon of coopera-
tive work is marginalized or simply lost: the work itself, the complex material interde-
pendencies between actors, the role of artifacts in mediating interactions and the differ-
ent affordances and constraints of different artifacts in that respect, the multifarious
technical and social skills required, the continuous effort of maintaining mutual aware-
ness and making one’'s own activities publicly visible, the mutual help.

In other words, the concept of ‘cooperation’ does not enable us to grasp the rich
multiplicity of interdependency and reciprocity among actors in cooperative work ar-
rangements. It only allows us to conceive of aworld of partially conflicting and mutu-
ally repellent actors whose only interactions take the abstract form of allocations of re-
SOUrces.

On the other hand, however, the term ‘cooperative work’, chosen by Greif and
Cashman to designate the object domain of the new R&D area of CSCW, also happens
to be a term with a long history in the social sciences. It was used as early as the first
half of the 19th century by economists such as Ure (1835) and Wakefield (1849) as the
general and neutral designation of work involving multiple actors and was further de-
veloped by Marx (1867) who defined it as “multiple individuals working together in a
conscious way [planméssig] in the same production process or in different but con-
nected production processes.” In this century, the term has been used extensively with
the same general meaning by various authors, especially in the German tradition of the
sociology of work (Popitz et a., 1957; Bahrdt, 1958; Dahrendorf, 1959; Kern and
Schumann, 1970; Mickler et al., 1976, for example).

This concept of ‘cooperative work’ is, surely, the appropriate starting point for de-
veloping a conceptual framework of cooperative work for CSCW systems design
(Bannon and Schmidt, 1989).
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Modes and Mechanisms of Interaction

At the core of this conception of cooperative work is the notion of interdependence
in work. in the sense that cooper ative work occurs when multiple actors are required to
do the work and therefore are mutually dependent in their work and must coordinate
and integrate their individual activities to get the work done (Schmidt, 1991). We will
discuss the notion of interdependence at length below. First, however, we need to dis-
cuss why we need to distinguish cooperative work from work in general — in view of
the fact that all work is essentially social.

According to Montesquieu, “Man is born in society and there he remains.”2 In the
same vein, Marx (1857) posited that

“Individuals producing in society — hence socially determined individual production — is,
of course, the point of departure. The individual and isolated hunter and fisherman, with
whom Smith and Ricardo begin, belong among the unimaginative conceits of the eighteenth-
century Robinsonades.”

Marx’ critique of the Robinson Crusoe metaphor is rooted in a conception of work
asanintrinsically social phenomenon:

“Production by an isolated individual outside society — a rare exception which may well oc-
cur when acivilized person in whom the social forces are already dynamically present is cast
by accident into the wilderness — is as much of an absurdity as is the development of lan-
guage without individuals living together and talking to each other.” (Marx, 1857)

In work, that is, the social setting is ubiquitous. Work is always immediately social
in that the object and the subject, the end and the means, the motives and the needs, the
implements and the competencies, are socialy mediated. The socia nature of work is
not a static property, however; it develops historically. With the ever deeper and in-
creasingly comprehensive social division of labor, the subject and object of work, etc.
become increasingly social in character. Hunter-gatherers, for instance, work in an en-
vironment that is appropriated socially and yet to a large extent naturaly given,
whereas, in the case of operators in modern chemical plants, every aspect of work is
socially mediated — to the extent that it is conducted in an ‘artificial reality’.

While work is always socially situated and socially organized, the very work pro-
cess is not always cooperative in the sense that it requires and involves multiple actors
who are thus interdependent in their work.

Now, in cooperative work settings, cooperative and individual activities are inextri-
cably interwoven. Cooperative work is always conducted by individuals (albeit inter-
dependently and hence concertedly), and yet, individua activities are aways penetrated
and saturated by cooperative work as by a social ‘ether’ — so that, in any given casg, it
may be impossible to determine whether a given activity is part of a cooperative
activity (Hughes et a., 1991; Heath and Luff, 1992).

So, why make the distinction? Because, if actors are interdependent in their work,
then they objectively need to coordinate and integrated their individual activities to get
the work done.

Work does not always involve multiple people that are mutually dependent in their
work and therefore required to coordinate and integrate their individual activities. We
are social animals, but we are not all of us always and in every respect mutually de-
pendent in our work. Thus, in spite of itsintrinsically socia nature, work is not intrin-

2 Actually, Montesquieu does not quite put it this way: “Je n'ai jamais oui parler du droit
public qu'on n’'ait commencé par rechercher soigneusement quelle est I’ origine des so-
Cciétés, ce qui me parait ridicule. Si les hommes n’en formaient point, S'ils se quittaient et
sefuyaint les uns les autres, il faudrait en demender laraison et chercher pourquoi ils se ti-
ennent séparés. Mails ils naissent tous liés les uns aux autres; uns fils est né aupres de son
pére, et il S'y tient: voila la societé et la cause de la société.” (Montesquieu, 1721, Lettre
xciv, p. 153)— The wording of the quote is Ferguson's apt rendition (Ferguson, 1767, p.
16).
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sically cooperative in the sense that actors are mutually dependent in their work. As
observed by Popitz and associatesin their classic work:

“It is not sufficient to remark that the individual work activities are embedded within alarger
work context. One must be more concrete and with each individual work activity demonstrate
how and to what extent cooperation with other work activities is a requirement. In doing so,

the following issues seem to be important: Is a work activity determined by other work
activities and does it, on its part, determine others? What kind of dependency? How does it
show? Furthermore: Does a certain work activity require assistance or not? Is mutual

assistance possible or even necessary? Or is each worker so preoccupied with his own work

that a mutual support is not possible?’ (Popitz et al., 1957, p. 41)

Consequently, if actors are not mutually dependent in their work and therefore re-
quired to coordinate and integrate their individual activities, they may not need the
support of CSCW systems. In that case, a ‘shared’ information system is merely a
pooled resource in the sense that it is provided under the auspices of the ‘common
ownership’ of afirm. The actors may — or may not — find it in their individual inter-
eststo actually ‘share’ this resource, for instance by providing information to othersvia
the system (Orlikowski, 1992).

That is, as soon as we abandon the specific notion of cooperative work as consti-
tuted by interdependent activities for the notion of the social nature of all work, we are
back with the issues of designing information systemsin general.

Let ustherefore explore the concept of cooperative work alittle further.

2.1. The emergent nature of cooperative work

Generally speaking, cooperative work relations are formed because of the limited ca-
pabilities of single human individuals, that is, because the work could not be accom-
plished otherwise, or at least could not be accomplished as quickly, as efficiently, as
well, etc., if it was to be done on an individual basis:

“If we eliminate from consideration personal satisfaction [...], their codperation has no rea-
son for being except as it can de what the individual cannot do. Codperation justifies itself,
then, as a means of overcoming the limitations restricting what individuals can do.” (Barnard,
1938, p. 23)

More specifically, cooperative work arrangements emerge in response to different
requirements and may thus serve different generic functions (Schmidt, 1990):

Augmentation of capacity: A cooperative work arrangement may simply augment
the mechanical and information processing capacities of human individuals and thus
enable a cooperating ensembl e to accomplish atask that would have been infeasible for
the actors individually. As an ensemble they may, for instance, be able to remove a
stone that one individual could not move one iota. In the words of John Bellers: “As
one man cannot, and 10 men must strain, to lift a tun of weight, yet one hundred men
can do it only by the strength of afinger of each of them.” (Bellers, 1696, p. 21). This
is cooperative work in its most simple form. By cooperating, they simply augment their
capacity: “With simple cooperation it is only the mass of human power that has an ef-
fect. A monster with multiple eyes, multiple arms etc. replaces one with two eyes etc.”
(Marx, 1861-63, p. 233)

Differentiation and combination of specialties: A cooperative work arrangement
may combine multiple technique-based specialties. In augmentative cooperation the al-
location of different tasks to different actors is incidental and temporary; the partici-
pants may change the differential allocation at will. By contrast, technique-based spe-
cialization reguires an “exclusive devotion” to a set of techniques (de Tracy, 1826, p.
79). That is, as opposed to the contingent and reversible differentiation of tasks that
may accompany augmentative cooperation, the technique-based specialization is based
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on an exclusive devotion to a repertoire of techniques. In the words of the eulogist of
technique-based specialization, Adam Smith: “the division of labour, by reducing every
man’s business to some one simple operation, and by making this operation the sole
employment of his life, necessarily increases very much the dexterity of the workman”
(Smith, 1776, p. 7). The different techniques must be combined, however, and the
higher the degree of technique-based specialization, the larger the network of coopera-
tive relations required to combine the specialties (Babbage, 1832, 88 263-268, pp. 211-
216). That is, technique-based specialization requires combinative cooperation. This
combinative cooperation is defined by Marx as “cooperation in the division of labor
that no longer appears as an aggregation or a temporary distribution of the same
functions, but as a decomposition of a totality of functions in its component parts and
unification of these different components’ (Marx, 1861-63, p. 253). Hence, the
combination of multiple technique-based speciaties assumes the character of a me-
chanical totality in which the human actors are assigned the role of a component. In the
words of Ferguson's classic denunciation of this kind of division of labor:
“Manufactures [...] prosper most, where the mind is least consulted, and where the
workshop may, without any great effort of imagination, be considered as an engine, the
parts of which are men.” (Ferguson, 1767, p. 183)

Mutual critical assessment: A cooperative work arrangement may facilitate the ap-
plication of multiple problem-solving strategies and heuristics to a given problem and
may thus ensure relatively balanced and objective decisions in complex environments.
Under conditions of uncertainty decision making will require the exercise of discretion.
In discretionary decision making, however, different individual decision makers will
typically have preferences for different heuristics (approaches, strategies, stop rules,
etc.). Phrased negatively, they will exhibit different characteristic ‘biases’. By involv-
ing different individuals, cooperative work arrangements in complex environments be-
come arenas for different decision making strategies and propensities where different
decision makers subject the reliability and trustworthiness of the contributions of their
colleagues to critical evaluation (Schmidt, 1990). As an ensemble they are thus able to
arrive a more robust and balanced decisions. For example, take the case of an
“experienced and skeptical oncologist,” cited by Strauss and associates:

“1 think you just learn to know who you can trust. Who overreads, who underreads. | have
got X rays al over town, so I've the chance to do it. | know that when Schmidt at Palm
Hospital says, ‘ There's a suspicion of a tumor in this chest,’ it doesn’t mean much because
she, like |, sees tumors everywhere. She looks under her bed at night to make sure there’ s not
some cancer there. When Jones at the same institution reads it and says, ‘ There's a suspicion
of atumor there,” | take it damn seriously because if he thinks it's there, by God it probably
is. And you do this all over town. Who do you have confidence in and who none.” (Strauss et
al., 1985)

The point is, as observed by Cicourel (1990, p. 222), that “the source of a medical
opinion remains a powerful determinant of itsinfluence.” That is, “physicians typically
assess the adequacy of medical information on the basis of the perceived credibility of
the source, whether the source is the patient or another physician.” Thus “advice from
physicians who are perceived as ‘good doctors’ is highly valued, whereas advice from
sources perceived as less credible may be discounted.” This process of mutual critical
evaluation was described by Cyert and March (1963) who aptly dubbed it ‘bias dis-
count.” Even though dubious assessments and erroneous decisions due to characteristic
individual biases are transmitted to other decision makers, this does not necessarily en-
tail a diffusion or accumulation of mistakes, misrepresentations, and misconceptions
within the decision-making ensemble. The cooperating ensemble establishes a negoti-
ated order.

Confrontation and combination of perspectives: A cooperative work arrangement
may finally facilitate the application of multiple perspectives on a given problem so as

Risg-R-666(EN) 9



Schmidt

to match the multifarious nature of the field of work. A perspective, in this context, isa
particular — local and temporary — conceptualization of the field of work, that is, a
conceptual reproduction of a limited set of salient structural and functional properties
of the field of work, such as, for instance, generative mechanisms, causal laws, and
taxonomies, and a concomitant body of representations (models, notations, etc.).

To grasp the diverse and contradictory aspects of the field of work as a whole, the
multifarious nature of the field of work must be matched by a concomitant multiplicity
of perspectives on the part of the cooperating ensemble (Schmidt, 1990). The applica
tion of multiple perspectives will typically require the joint effort of multiple agents,
each attending to one particular perspective and therefore engulfed in a particular and
parochial small world.

The cooperative ensemble must articulate (interrelate and compile) the partial and
parochial perspectives by transforming and translating information from one level of
conceptualization to another and from one object domain to another (Schmidt, 1990).

An interesting issue, raised by Charles Savage in a ‘round table discussion’ on
Computer Integrated Manufacturing (Savage, 1987) illustrates this issue quite well:

“In the traditional manual manufacturing approach, human translation takes place at each
step of the way. As information is passed from one function to the next, it is often changed
and adapted. For example, Manufacturing Engineering takes engineering drawings and red-
pencils them, knowing they can never be produced as drawn. The experience and collective
wisdom of each functional group, usually undocumented, is an invisible yet extremely valu-
able company resource.”

Thisfact isignored by the prevailing approach to CIM, however:

“Part of the problem is that each functional department has its own set of meanings for key
terms. It is not uncommon to find companies with four different parts lists and nine bills of
material. Key terms such as part, project, subassembly, tolerance are understood differently
in different parts of the company.”

The problem is not merely terminological. It is the problem of multiple incommen-
surate perspectives. The issue raised by Savage is rooted in the multiplicity of the do-
main and the contradictory functional requirements. In Savage’ s words: “Most business
challenges require the insights and experience of a multitude of resources which need
to work together in both temporary and permanent teams to get the job done”.

In sum, a cooperative work arrangement arises simply because there is no omni-
scient and omnipotent agent.

Because of the underlying and constitutive interdependence, any cooperative effort
involves a number of secondary activities of coordinating and integrating these cooper-
ative relationships. In other words, the cooperating actors have to articulate (divide,
alocate, coordinate, schedule, mesh, interrelate, etc.) their individual activities
(Strauss, 1985; Gerson and Star, 1986; Strauss, 1988). Tasks have to be allocated to
different members of the cooperative work arrangement: which actor is to do what,
where, when?

By entering into cooperative work relations, the participants must engage in activi-
tiesthat are, in a sense, extraneous to the activities that contribute directly to fashioning
the product or service and meeting requirements. That is, compared with individual
work, cooperative work implies an overhead cost in terms of labor, resources, time, etc.
Thispoint is clearly illustrated by the following observation from the study of air traffic
control by Hughes and associates:

“The limit to the existing [Air Traffic Control] system is the human controller and the ca-
pacity he/she can cope with safely [...]. In other words, it is the workload limit of controllers
which determine the capacity of a sector. An apparent solution to capacity problems is to
subdivide the airspace into a larger number of smaller sectors. However, this problem is ex-
acerbated by the fact that as the number of sectors increases, so too do the coordination and
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handover elements of the workload, so that the potential gain is negated.” (Hughes et al.,
1988, pp. 33f1.).

The obvious justification for incurring this overhead cost and thus the reason for the
emergence of cooperative work formations is, of course, that the actors in question
could not accomplish the given task if they were to do it individually (Schmidt, 1990).

Conceived of in this way, cooperative work arrangements are transient formations,
emerging contingently to handle specific requirements — in response to the require-
ments of the current situation and the technical and human resources at hand — merely
to dissolve again when there is no need for multiple actors and their coordinated effort
to handle situations.

That is, cooperative work arrangements arise from and dissolve into individual
work. More than that, the boundary between individual and cooperative work is dy-
namic in the sense that people enter into cooperative work arrangements and leave
them according to the requirements of the current situation and the technical and hu-
man resources at hand. Cooperative activities are punctuated by individual activities
and vice versa. Over time, people shift between individual and cooperative activities
and, while engaged in cooperative work activities, they may be simultaneously in-
volved in parallel streams of activity conducted individualy.

2.2. The evolutionary character of cooperative work

Since cooperative work arrangements require an overhead cost of coordination and ar-
ticulation work, they should be conceived of as emergent formations.

For example, in astudy of the impact of technology on cooperative work among the
Orokaiva in New Guinea, Newton (Newton, 1985) observes that technological innova-
tions for hunting and fishing such as shotguns, iron, torches, rubber-propelled spears,
and goggles have made individual hunting and fishing more successful compared to
cooperative arrangements. As aresult, large-scale cooperative hunting and fishing ven-
tures are no longer more economical or more efficient and they are therefore vanishing.
Likewise, the traditional cooperative work arrangements in horticulture for purposes
such as land clearing and establishment of gardens have been reduced in scope or
obliterated by the influence of the steel ax. A similar shift from cooperative to individ-
ual work can be observed wherever and whenever new technol ogies augment the capa-
bilities of individual actors to accomplish the task individually: harvesters, bulldozers,
pocket calculators, word processors, etc.

Cooperative work relations emerge in response to the requirements and constraints
of the transformation process and the socia environment on one hand and the limita-
tions of the technical and human resources available on the other. Accordingly, coop-
erative work arrangements adapt dynamically to the requirements of the work domain
and the characteristics and capabilities of the technical and human resources at hand.
Different requirements and constraints and different technical and human resources en-
gender different cooperative work arrangements.

As befits an emergent phenomenon, cooperative work develops historically. For ex-
ample, agricultural work and craft work of pre-industrial society was only sporadically
cooperative. Due to the low level of division of labor at the point of production, the
bulk of human labor was exerted individually or within very loosely coupled arrange-
ments. There were, of course, notable exceptions to this picture such as harvest and
large building projects (e.g., pyramids, irrigation systems, roads, cathedrals), but these
examples should not be mistaken for the overall picture.

Cooperative work as a systematic arrangement of the bulk of work at the point of
production emerges in response to the radical division of labor in manufactories that
inaugurated the Industrial Revolution. In fact, systematic cooperation in production can
be seen as the ‘base line' of the capitalist mode of production. However, cooperative
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work based on the division of labor in manufactories is essentially amputated: the
interdependencies between the specialized operators in their work are mediated and
coordinated by means of a hierarchical systems of social control (foremen, planners
etc.) and by the constraints embodied in the layout and mode of operation of the tech-
nical system (conveyer belt etc.). In Marx’ words:

“To the workers themselves, no combination of activities occurs. Rather, the combinationisa
combination of narrow functions to which every worker or set of workers as a group is subor-
dinated. His function is narrow, abstracted, partial. The totality emerging from this is based
on this utterly partial existence and isolation in the particular function. It is thus a
combination of which he constitutes a part, based on his work not being combined. The
workers are the building blocks of this combination. The combination is not their relationship
and it is not subordinated to them as an association.” (Marx, 1861-63, p 253)

The societal precondition for the prevalence of this ‘fetishistic' form of cooperative
work is that manufacturing and administrative organizations are in control of their en-
vironment to the extent that they can curtail its complex and dynamic character. By
severely limiting the range of products and services offered and by imposing strict
schedules and procedures on their customers and clientele, organizations in branches of
mass production and mass-transactions processing were able to contrive synthetic work
settings where activities, for all practical purposes, could be assumed to be subsumed
under preconceived plans.

In view of the fundamental trends in the political economy of contemporary indus-
trial society, the ‘fetishistic’ form of cooperative work is probably merely a transient
form in the history of work. Comprehensive changes of the societal environment per-
meate the realm of work with a whole new regime of demands and constraints. The
business environment of modern manufacturing, for instance, is becoming rigorously
demanding as enterprises are faced with shorter product life cycles, roaring product di-
versification, minimal inventories and buffer stocks, extremely short lead times,
shrinking batch sizes, concurrent processing of multiple different products and orders,
etc. (cf. Gunn, (1987)). The turbulent character of modern business environments and
the demands of an educated and critical populace, compel industrial enterprises, ad-
ministrative agencies, health and service organizations, etc. to drastically improve their
innovative capability, operational flexibility, and product quality. To meet these de-
mands, work organizations must be able to adapt rapidly and diligently and to coordi-
nate their distributed activities in a comprehensive and integrated way. And this re-
quires horizontal and direct cooperation across functions and professional boundaries
within the organization or within a network of organizations.

In short, the full resources of cooperative work must be unleashed: horizontal co-
ordination, local control, mutual adjustment, critique and debate, self-organization.
Enter CSCW.

In order to support and facilitate the articulation of distributed and dispersed work
activities, modern work organizations need support in the form of advanced informa-
tion systems. This is illustrated by the efforts in the area of Computer Integrated
Manufacturing to integrate formerly separated functions such as design and process
planning, marketing and production planning, etc., and by the efforts in the area of
Office Information Systems to facilitate and enhance the exchange of information
across geographical distance and organizational and professional boundaries. Common
to the efforts in these very different areas are the issues explored by CSCW: How can
computer systems assist cooperating ensembles in devel oping and exercising horizontal
coordination, local control, mutual adjustment, critiqgue and debate, and self-organi-
zation?

12 Risg-R-666(EN)
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2.3. Interdependence in general and interdependencein
work

Whatever the specific requirement (or combination of requirements) engendering the
emergence of a particular cooperative work arrangement, actors engaged in cooperative
work are mutually dependent in their work.

The notion of mutual dependence in work does not refer to the interdependence that
arises from simply having to share the same resource. Actors using the same resource
certainly have to coordinate their activities but to each of them the existence of the
others is a mere nuisance and the less their own work is affected by others the better.
Time-sharing facilities cater for just that by making the presence of other users imper-
ceptible. Being mutually dependent in work means that A relies positively on the qual-
ity and timeliness of B’s work and vice versa. B may be ‘down stream’ in relation to A
but in that case A nonetheless will depend on B for feedback on requirements, possibil-
ities, quality problems, schedules etc. In short, mutual dependence in work should pri-
marily be conceived of as a positive, though by no means necessarily harmonious, in-
terdependence.

This conception of interdependence in work as constitutive of cooperative work is
somewhat related to Thompson's concept of “internal interdependence” (Thompson,
1967, pp. 54-55). There a some significant differences, however, that need to be ex-
plored. In his classic study Thompson makes a distinction between three “types of in-
terdependence”:

Pooled interdependence:

“The Tuscaloosa branch of an organization may not interact at all with the Oshkosh branch,
and neither may have contact with the Kokomo branch. Yet they may be interdependent in
the sense that unless each performs adequately, the total organization is jeopardized; failure
of any one can threaten the whole and thus the other parts. We can describe this situation as
one in which each part renders a discrete contribution to the whole and each is supported by
the whole. We will call this pooled interdependence.” (Thompson, 1967, p. 54)

Sequential interdependence:

“Interdependence may also take a serial form, with the Keokuk plant producing parts which
becomes inputs for the Tucumcari assembly operation. Here both make contributions to and
are sustained by the whole organization, and so there is a pooled aspect to their interdepen-
dence. But, in addition, direct interdependence can be pinpointed between them, and the or-
der of that interdependence can be specified. Keokuk must act properly before Tucumcari
can act; and unless Tucumcari acts, Keokuk cannot solve its output problems. We will refer
to this as sequential interdependence, and note that it is not symmetrical.” (Thompson, 1967,
p. 54)

Reciprocal interdependence:

“A third form of interdependence can be labeled reciprocal, referring to the situation in
which the outputs of each become inputs for the others. This is illustrated bye the airline
which contains both operations and maintenance units. The production of the maintenance
unit is an input for operations, in the form of a serviceable aircraft; and the product (or by-
product) of operations is an input for maintenance, in the form of an aircraft needing mainte-
nance. Under conditions of reciprocal interdependence, each unit involved is penetrated buy
the other. Thereis of course, a pooled aspect to this, and there is also a seria aspect since the
aircraft in question is used by, then by the other, and again by the first. But the distinguishing
aspect is the reciprocity of the interdependence, with each unit posing contingency for the
other.” (Thompson, 1967, pp. 54-55)

Summing up, Thompson observes:

“In the order introduced, the three types of interdependence are increasingly difficult to coor-
dinate because they contain increasing degrees of contingency. With pooled interdependence,
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action in each position can proceed without regard to action in the other positions so long as
the overal organization remains viable. With sequentia interdependence, however, each
position in the set must be readjusted if any one of them acts improperly or fails to meet
expectations. There is always an element of potential contingency with sequential interde-
pendence. With reciprocal interdependence, contingency is not merely potential, for the ac-
tions of each position in the set must be adjusted to the actions of one or more others in the
set.” (Thompson, 1967, p. 55)

In the context of understanding cooperative work, Thompson’s notion of interde-
pendence is problematic. The reason being that the issue pursued by Thompson is that
of ‘the theory of the business firm'’, not that of actual cooperative work arrangements.

Thus, the concept of pooled interdependence refers to the interdependence of units
owned by the same firm, conglomerate, corporation, holding company, municipality,
state, or whatever. The units do not interact in doing their work — they contribute fi-
nancially to ‘the whol€e', the firm etc.. Thus, the fate of any one unit is certainly depen-
dent on the financial performance of the other units and, consequently, the financial
performance of the collection of units as a whole and they are thus quite interdepen-
dent, but only financialy.

The sequential interdependence, on the other hand, is obviously an interdependence
congtituted by the productive activities of the units: The output of A’s activities be-
comes the input for B’s activities. The same applies to pooled interdependence defined
as “the situation in which the outputs of each become inputs for the others’.

The distinction between sequential and reciproca interdependence is not quite
clear, however. In so far as the terms ‘input’ and ‘output’ refer to the flow of materials,
components, products, and services, there is a clear difference between sequential and
reciprocal interdependence. For example, if the outcome of A’s activities provide the
input (material, components etc.) for B’s activities, B obviously depends on A in terms
of quality, quantity, schedules etc. But the interdependence is not strictly one-direc-
tional. A also depends on B, abeit in other ways — not only to “solve its output prob-
lem” but also to provide feedback on quality problems and the like. A and B depend on
each other to do their respective work but they depend on each other in different ways.
In reciprocal interdependence, the outputs of each become inputs for the others. They
arereciprocaly interdependent in the sense that each of the unitsin its work depends of
the performance of the others in terms of quality, quantity, schedules etc. as well as
feedback.

It isworth noting that Thompson’s example of reciprocal interdependence in an air-
lineis quite midleading. While Maintenance certainly provides an output for Operations
in the form of a serviceable aircraft and Operations thus, in itswork, clearly depends on
Maintenance, Operations does not produce “aircraft needing maintenance”. In so far as
the difference between sequential and reciprocal interdependence is defined in terms of
the direction of input-output relations, the interdependence between Maintenance and
Operations of an airline is just another example of sequential interdependence. In
discussing the difference between sequential and reciprocal interdependence, however,
Thompson introduces a new definition of reciprocal interdependence: “the
distinguishing aspect is the reciprocity of the interdependence, with each unit posing
contingency for the other.” And, in fact, he eventually seems to define the different
types of interdependence and interdependence as such by means of the concept of con-
tingency. Whether that is a reasonable way of conceptualizing the interdependence of
the parts of the organization in the context of the theory of the business firm and its
structure is beyond the scope of this report, but it is far too general and inclusive to
conceptualize actual cooperative relations of work. The various units of an organization
(or amarket for that matter) poses contingency for each other in innumerable ways: not
only by means of productive activities whose outcome others take as input for their
productive activities, but also by demanding a product or service, by being owned by
the same firm and thus partaking in the same financial and administrative arrangements

14 Risg-R-666(EN)



Modes and Mechanisms of Interaction

and sharing the same corporate image in public, by being involved in the internal
politics of the firm, by competing with others, and so forth. What we need to study,
however, is the cooperative work relations that emerge between people that mutually
depend on each other’ s productive activitiesin order to do their work.

In order to understand these interdependencies and how they determine cooperative
practices, we need to introduce the concept of the ‘field of work’, that is, the part of the
world that is being transformed or otherwise controlled by the cooperative work ar-
rangement.

2.4. The common field of work

Having entered into a cooperative work arrangement, the actors cooperatively and in-
teractively transform and control a conglomerate of mutually interacting objects and
processes, the field of work. That is, their interdependence in their work is constituted
by the interdependencies between the objects and processes constituting the field of
work. Thus, all cooperative work is based upon interactions mediated through the
changing state of acommon field of work.

The field of work is not a thing — it is a conceptual construct that shall help usin
analyzing and conceptualizing the formation and articulation of cooperative work ar-
rangements:

First, the field of work and the cooperative work arrangement mutually constitute
and delimit each other. The field of work is always the field of work for a particular
cooperative work arrangement and the cooperative work arrangement is itself bounded
and constituted by the interdependence of its activities as determined by the field of
work. Second, the field of work itself is manifold. It comprises, of course, the objects
and processes but also the sensors and effectors as well as the more complex tools and
control mechanisms that has been inserted between the actors and the objects and pro-
cesses. |n addition, the field of work may comprise the repertoire of material resources
and technical artifacts (data bases, inventories and other repositories, buildings, infras-
tructures) by means of which the production process is performed. Third, the produc-
tion process will be carried out in awider work environment with specific constraining
characteristics and operational demands (commercial, economic, environmental, legal
requirements and constraints). Fourth, in the contemporary system of social division of
labor, the actor-object relationship is a recursive phenomenon in the sense that some
actor-object relationships are objects for other work processes (e.g., training, er-
gonomic intervention) and in the sense that some cooperative work arrangements are
objects of work of other cooperative work arrangements (e.g., administration, ethno-
graphic studies, and systems engineering). In the social division of labor, the field of
work for some ensembles may even be collections of data: the archives of administra-
tive agencies, for example, may be the common field of work for the staff of the reg-
istry; the global collection of data on causes of deaths is the common field of work of
doctors, authorities, and other parties maintaining and using the International Clas-
sification of Diseases.3 And fifth, the boundary and character of the field of work
changes dynamically. For example, when a ship meets another ship during its voyage,
the field of work of the crew — basically, the ship and the water — “ suddenly expands
to include another ship” (Perrow, 1984, p. 178). Similarly, crews face fields of work
that are basically different from the one they are faced with on the open ocean

“when ships a city block long go into port with only two feet under their keel, with highly
unpredictable suction effects and a virtual complete loss of maneuverability. [This] increases
the time-dependent nature of the system and reduces the slack available (tighter coupling),
and through increased proximity, brings into play poorly understood processes (the suction

3 See the discussion of the ICD below.
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and bank effects), which rely upon indirect and inferential information sources (thus, more
complex interactions are fostered).” (Perrow, 1984, p. 182).

The concept of afield of work has been analyzed — under different labels — by a
number of researchersin empirical and theoretical work analysis.

First and foremost, Charles Perrow (1984) uses the term ‘system’ rather consis-
tently, in his seminal comparative study of high-risk and high-tech work settings, in
much the same sense as the term ‘field of work’ as defined above. The only significant
difference is that Perrow — whose focus is on the etiology of system accidents, not on
the formation and articulation of cooperative work arrangements — includes aspects of
the work organization in the definition of ‘the system’.

In order to be able to compare (the systemic risk-potentials of) different ‘systems’,
Perrow suggests a two-dimensional framework: On one hand “complex and linear in-
teractions’” and on the other hand “tight and loose coupling”, cf. the tablesin Table 1
and Table 2:

Complex versus Linear Systems

Complex Systems

Linear Systems

Tight spacing of equipment
Proximate production steps

Many common-mode connections of com-
ponents not in production sequence

Limited isolation of failed components

Personnel specialization limits awareness of
interdependencies

Limited substitution of supplies and materi-
als

Unfamiliar or unintended feedback loops

Many control parameters with potential in-
teractions

Indirect or inferential information sources

Limited understanding of some processes
(associated with transformation pro-
cesses)

Equipment spread out
Segregated production steps

Common-mode connections limited to
power supply and environment

Easy isolation of failed components
Less personnel specialization

Extensive substitution of supplies and mate-
rials

Few unfamiliar or unintended feedback
loops

Control parameters few, direct, and segre-
gated

Direct, on-line information sources

Extensive understanding of all processes
(typically fabrication or assembly pro-
Cesses)

Table 1. Aspects of complex versus linear systems (Perrow, 1984, p. 88).

Tight and Loose Coupling

Tight Coupling

Loose Coupling

Delaysin processing not possible

Invariant sequences

Only one method to achieve goal

Little slack possible in supplies, equipment,
personnel

Buffers and redundancies are designed-in,
deliberate

Substitutions of supplies, equipment, per-
sonnel limited and designed-in

Processing delays possible

Order of sequences can be changed
Alternative methods available
Slack in resources possible

Buffers and redundancies fortuitously avail-
able

Substitutions fortuitously available

Table 2. Aspects of tight and loose coupling (Perrow, 1984, p. 96).
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Similarly, in the Cognitive Engineering approach to the design of decision support
systems, Woods (1988) distinguishes different complexity factors for problem solving
with respect to three basic elements (the Agent, the Representation, and the World). In
his analysis the dimensions pertaining to the complexity posed by “the World”, Woods
divides the two dimensions suggested by Perrow into four, namely Dynamism, Many
Highly Interacting Parts, Uncertainty, and Risk. The emphasis on Risk as a separate
dimension again reflects the class of domains Cognitive Engineering research primarily
addresses. For our purposes, Risk can be seen as one among many demands and con-
straints posed by the work environment in general (along with, say, flexibility, resource
economy).4 In the context of cooperative work, the effect of Risk is to make the field
of work tighter coupled (because actions are irreversible under constraints of Risk).
Uncertainty, on the other hand, is of significant importance to the formation and articu-
lation of cooperative work arrangements.

The field of work of a particular cooperative work arrangement can thus be charac-
terized along the following dimensions.

Sructural complexity: The members of a cooperative work arrangement may inter-
act through and in relation to a field of work characterized by different degrees of in-
teractional complexity:

“When a world is made up of alarge number of highly interconnected parts, one failure can
have multiple consequences (produce multiple disturbances); a disturbance could be due to
multiple potential causes and can have multiple potential fixes; there can be multiple relevant
goals which can compete with each other; there can be multiple on-going tasks having differ-
ent time spans. In addition, the parts of the world can be complex objectsin their own right.”
(Woods, 1988, p. 130)

When the field of work encompasses subsystems that are complex objects in their
own right, cooperative work will involve multiple representations and conceptualiza-
tions of the domain. Thus, the decision-making process requires employment of, and
transformations between, different representations and conceptualizations (Mintzberg,
1979, p. 268; Rasmussen, 1988, pp. 176 f.; Star, 1989).

Temporal complexity: The members of a cooperative work arrangement may inter-
act through and in relation to a field of work characterized by more or less dynamic
behavior or by being more or less tightly coupled and hence time-critical.

“When a world is dynamic, problem-solving incidents unfold in time and are event-driven,
that is, events can happen at indeterminate times. This element means that there can be time
pressure, tasks can overlap, sustained performance is required, the nature of the problem to
be solved can change, and monitoring requirements can be continuous or semi-continuous
and change over time.” (Woods, 1988, p. 130)

Apperceptive complexity: The members of a cooperative work arrangement may
face avast variety of problems in apperceiving (perceiving, making sense of, interpret-
ing) the state of affairs in the field of work due to, for example, noise, unreliable sen-
sors, indirect or inferential evidence, or from ambiguous, misleading etc. information.

“When there is high uncertainty, available data can be ambiguous, incomplete, erroneous,
low signal to noise ration, or imprecise with respect to the state of the world; the inferential
value of data can vary with context; future states and events are not completely predictable.
Uncertainty can be due to external occurrences, noise, changes in noise parameters over time,
nonlinearities, time delays or the influence of previous events and inaccurate measurements
can arise through sensor failures, miscalibrations or misentries.” (Woods, 1988, p. 130)

4 The work environment in the wider sense, that is, the demands and constraints that are not
directly posed by the field of work but rather characterize the conditions under which the
demands and constraints directly pertaining to the control of the field of work must be met.
We will simply refer to this ‘second order’ environment, the work environment in the
wider sense, as the work environment.
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In order to be able to conceptualize and specify the support requirements of cooper-
ative work we need to make a fundamental analytical distinction between (a) coopera-
tive work activitiesin relation to the state of the field of work and mediated by changes
to the state of the field of work and (b) activities that arise from the fact that the work
requires and involves multiple agents whose individual activities need to be coordi-
nated, scheduled, meshed, integrated etc. — in short: articulated. This distinction is
fundamental to CSCW. As noted in the introduction, the core issues in the design of
conventional computer-based systems for work settings have been to develop effective
computational models of pertinent structures and processes in the field of work (data
flows, conceptual schemes, knowledge representations) and adequate modes of pre-
senting and accessing these structures and processes (user interface, functionality).

The booking system of an airline, for example, is a computer-based system for the
cooperative task of handling reservations. The database of the booking system embod-
ies a model of the seating arrangements of the different flights. The seating arrange-
ments of the different flights and the database model of it constitutes the field of work
of the booking agents. Thus, the operators of the booking agents cooperate by changing
the state of the field of work, in casu, by blocking (or releasing) seats. The system does
not in any way support articulation work, apart from providing a simple access control
facility. In this case, the field of work can be handled as a system of discrete and ex-
tremely simple (binary) state changes. Apart from the fact that a seat can only be as-
signed to one person at a time, there are no interactions between processes.
Accordingly, even though a booking system does not support articulation work, it is
probably quite sufficient for the job.

Thus, in many cases the articulation of the different activities of different actorsin
relation to the field of work (or in relation to the model of the field of work as incorpo-
rated in the computer-system) is not a problem for the designer. In order to develop
computer-based systems that support the articulation of cooperative work, however,
this issue comes to the fore. The distinction between doing the work and articulating
the work is therefore essential to CSCW.

2.5. The articulation of cooperative work

The concept of articulation work was developed by Strauss, Gerson, Star and others
(Strauss, 1985; Strauss et al., 1985; Gerson and Star, 1986; Strauss, 1988) in order to
handle the fact that cooperating actors, being mutually dependent in their work, have to
articulate (divide, allocate, coordinate, schedule, mesh, interrelate, etc.) their individual
activities: Who is doing what, where, when, how, by means of which, under which
constraints?

In the words of Strauss (1985, p. 8), articulation work is “a kind of supra-type of
work in any division of labor, done by the various actors’:

“Acrticulation work amounts to the following: First, the meshing of the often numerous tasks,
clusters of tasks, and segments of the total arc. Second, the meshing of efforts of various
unit-workers (individuals, departments, etc.). Third, the meshing of actors with their various
types of work and implicated tasks.”

Articulation of cooperative work is thus required with respect to multiple “salient
dimensions’ (Strauss, 1985): who, what, where, when, how, etc.? A tentative inventory
of the salient dimensions of articulation work could look as follows:

(1)  Articulation in terms of actors, that is, the actua or potential participantsin
the cooperative effort whose cooperative activities are being articulated (in different
capacities such as roles, jobs, individuas, collectives): Which partners are potentially
relevant for a particular project in terms of skills, competing commitments etc.? Who
are available when?
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(2)  Articulation interms of responsibilities, that is, in terms of general account-
ability (obligation, commitment).

(2)  Articulation in terms of tasks, that is, in terms of an operational intention
(goals to attain, obligations and commitments to meet): What is the problem? What is
to be done? Who should do it? Should | do it? Which task is (normally, advisably, or
according to statute) to be undertaken in which circumstances, by which actor, based
on what information and which criteria, creating what information? What is the
(normal, advisable, or statutory) relation between tasks (procedure, workflow)?

(3) Articulation in terms of activities, that is, in terms of an unfolding course of
purposive action. What are the others doing, and why? What have they done, what will
they be doing, etc.? Do they cope?®

(4)  Articulation in terms of conceptual structures, that is, in terms of the rela-
tionship between categories used within a specific community as ordering devices:. def-
inition, classification, prototypical, causal, genetic, historical, means/end relations.

(5)  Articulation in terms of common resour ces:

« information resources (documents, letters, applications, notes, files,
memos, reports, drawings): Which actor can access, change, delete, copy
which information resources? To which actor is the object to be dis-
played, in which format? Which actor can see who doing what to which
objects?

* material resources (materials, components, assemblies). Which materi-
als, components, assemblies are available where, when, how, in which
quantity? What are their characteristics?

» technical resources (tools, fixtures, machinery, software applications).
What are their operational characteristics (machining tolerance, suitabil-
ity for different kinds of materials and material dimensions, processing
time and cost)?

e infrastructural resources (rooms, buildings, communication facilities,
transportation facilities). What are their operational characteristics
(capacity, location, compatibility, turnaround time, bandwith)?

Furthermore, articulation work is never done in the abstract, it is always done in re-
lation to and in terms of awider context:

» the state of field of work;
» the demands and constraints as posed by the work environment;
» thewider organizational setting.

And, finally, articulation work is, of course, done with reference to abstract systems
of reference: time and space.

It goes without saying that these dimensions of articulation work are interdepen-
dent. For example, articulation with respect to tasks may refer to actor, various re-
sources, the field of work etc. and the tasks, actors, resources etc. may themselves be
defined, classified, etc.

Compared to such terms as ‘coordination’ or ‘conversation for action’, the concept
of articulation work provides a number of benefits in a CSCW context: First, the con-
cept of articulation work is more flexible than the connotations usually implied by the
term ‘coordination’. Articulation work connotes far more than mere scheduling and al-

5 The terminology used here comes from the Scandinavian tradition: An activity is used to
denote a work process as an unfolding course of action, but only those aspects of a work
process that are relevant to doing the work with the currently available resources, not al
other incidents that may occur in the same course of action but which are of no conse-
quence for getting the work done (like spilling coffee). — The concept of a task, on the
other hand, is used to denote an operational intent, irrespective of how it isimplemented. A
task is expressed in terms of what, an activity in terms of how. A task can be accom-
plished, an activity can cease. (Andersen et al., 1990)
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location of resources. In connotes, for instance, monitoring, handing over, resolving in-
consistencies, reconciling incommensurate assumptions, opinions, and beliefs, and so
forth. Second, articulation work specifically refer to the articulation of distributed in-
terdependent activities required when multiple actors are engaged in cooperative work.
That is, is does not necessarily encompass the coordination of “multiple, interdependent
activities’ performed by only one actor.® Third, articulation work is conceived of with
respect to the specific context, that is, in terms of the state of affairs in the field of
work. And fourth, articulation work is conceived of as on-going articulation of cooper-
ative work in face of unforeseen contingencies.

Thus, for example, the major problem with the ‘ conversation for action’ metaphor
(Winograd and Flores, 1986) is what is leaves out. The ‘speech act’ conception of ar-
ticulation work ignores the articulation of meanings (concepts, categories, assumptions,
beliefs). Moreover, in the ‘conversation for action’ approach articulation work is con-
ceived of as an abstract, domain-independent generic activity — that is, the fact that
work is articulated with reference to and in terms of the state of the field of work is not
accounted for. In other words, the ‘conversation for action’ metaphor provides a
strangely disembodied account of articulation work that it is hard to recognize in real-
world settings, except, perhaps, in management committees and the like.

2.6. The complexity of articulation work

The very fact that multiple actors are involved in doing the work introduces an essen-
tial element of distributed decision making.

The contingencies encountered in any human action may defeat the very best plans
and designs. As pointed out by Suchman (1987, p. 38), “the relation of the intent to ac-
complish some goal to the actual course of situated action is enormously contingent.”
Plans may of course be conceived by actors prior to action but they are not simply exe-
cuted in the actions. Action is infinitely rich compared to the plan and cannot be ex-
hausted by it.

Accordingly, even in the most mundane cooperative work arrangements, each indi-
vidual encounters contingencies that may not have been anticipated by his or her col-
leagues and that, possibly, will remain unknown to them. Each participant in the co-
operative effort is faced with a, to some extent, unique local situation that is, in princi-
ple, partially opague to the others and each participant has to deal with this local situa-
tion individually. For example: misplaced documents, shortage of materials, delays,
faulty parts, erroneous data, variations in component properties, design ambiguities and
inconsistencies, design changes, changes in orders, cancellation of orders, rush orders,
defective tools, software incompatibility and bugs, machinery breakdown, changes in
personnel, illness, etc. That is, due to the fundamentally ‘situated’ nature of human ac-
tion, cooperative work arrangements take on an inexorably distributed character.

Furthermore, the fact that the cooperative arrangement involves — and has emerged
to facilitate — a combination of different specialties, incongruent heuristics, and
incommensurate perspectives introduces a systematic element of distributed decision
making in cooperative work.

And finally, work is an individual phenomenon in so far as labor power happens to
be tied to individuals and cannot be separated from the individuals. That is, a coopera-

6 Malone and Crowston define “coordination” as “the act of managing interdependencies
between activities performed to achieve a goa” and add: “we have become convinced that
the essentia elements of coordination listed above arise whenever multiple, interdependent
activities are performed to achieve goals — even if only one actor performs al of them”
(Malone and Crowston, 1990, p. 361 f.). — A major problem with that approach is that it
does not seem to provide a criterion for determining the level at which coordination is con-
sidered; in principle, all processes of the field of work at all semantic levels are interde-
pendent and have to be coordinated.
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tive work process, is performed by individuals with individual interests and motives.
Because of that, cooperative ensembles are coalitions of partially incongruent and even
conflicting interests rather than perfectly collaborative systems. Thus, in the words of
Ciborra (1985), the use of information for “misrepresentation purposes’ is a daily oc-
currence in organizational settings. The Russian proverb saying that ‘Man was given
the ability of speech so that he could conceal his thoughts' applies perfectly to the use
of information in organizations.

In sum, then, cooperative work is, in principle, distributed in the sense that actors
are semi-autonomous in their work in terms of contingencies, criteria, methods, spe-
cialties, perspectives, heuristics, interests, motives, and so forth.

Now, due to the very interdependence in work that gave rise to the cooperative
work arrangement in the first place, the distributed nature of the arrangement must be
kept in check, managed. As an integral part of cooperative work, articulation work
arises as a set of activities required to manage the distributed nature of cooperative
work.

In order to account for the distributed nature of cooperative work, Gerson and Star
(1986, p. 266) develops the concept of articulation work further by emphasizing its
contingent and dynamic nature;

“Reconciling incommensurate assumptions and procedures in the absence of enforceable
standards is the essence of articulation. Articulation consists of all the tasks involved in as-
sembling, scheduling, monitoring, and coordinating all of the steps necessary to complete a
production task. This means carrying through a course of action despite local contingencies,
unanticipated glitches, incommensurate opinions and beliefs, or inadegquate knowledge of lo-
cal circumstances.

Every real world system is an open system: It is impossible, both in practice and in the-
ory, to anticipate and provide for every contingency which might arise in carrying out a se-
ries of tasks. No formal description of a system (or plan for its work) can thus be complete.
Moreover, there is no way of guaranteeing that some contingency arising in the world will
not be inconsistent with a formal description or plan for the system. [...] Every real world
system thus requires articulation to deal with the unanticipated contingencies that arise.
Articulation resolves these inconsistencies by packaging a compromise that ‘gets the job
done, that is closes the system locally and temporarily so that work can go on.”

Now, although it is crucial for CSCW systems design to maintain that cooperative
work is distributed in principle, this general statement is insufficient for analyzing co-
operative work for CSCW systems design. We need to understand the specific sources
engendering the specific aspects of distributed decision making under specific condi-
tions — only then is it possible to improve the ability of a cooperative ensemble to
manage and curb the distributed nature of its cooperative effort.

For example, when Suchman (1987) posits that “the relation of the intent to accom-
plish some goal to the actual course of situated action is enormously contingent”, this
statement is overly general and exaggerated. Action to accomplish some goal is not al-
ways “enormously contingent”! Of course, any action may be construed as enormously
contingent in Herakleitos' sense that every situation is unique. But the action is not
necessarily “enormously contingent” to the actors themselves. Contingencies may be
more or less complex to deal with, more or less serious in terms of effect, scope etc.,
more or less frequent, and so forth, and different contingencies may affect the outcome
of action and the validity of plans differently.

In fact, the distributed character of cooperative work varies depending on a number
of factors, e.g., the specific structural and temporal complexities of their interdepen-
dence as determined by the field of work (complex interactions, massive concurrency,
intermittent interactions), the distribution of activities in time and space and the con-
comitant constraints on communications, the apperceptive complexity posed by the
field of work and hence the discretionary nature of contributions of participants, the
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number of participants in the cooperative ensemble, the degree and scope of specializa-
tion required by the manifold nature of the field of work and hence the structural com-
plexity of the cooperative work arrangement itself, the apperceptive complexity of as-
sessing the state of affairs within the cooperative ensemble, and so on.

The more distributed the activities of the cooperative work arrangement, the more
complex the articulation of the activities of that arrangement.
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3. Articulation of cooperative work:
Cases

A cooperative work relationship is constituted by the fact that multiple workers are in-
terdependent in their work. In other words, they are working on the same ‘field of
work’, that is, they are transforming and controlling a conglomerate of mutually inter-
acting objects and processes. Thus, all cooperative work involves and, indeed, is based
upon interaction through changing the state of a common field of work. What one
worker — A — isdoing is of import to B and C and they can to some extent infer what
A is doing from the changing state of the field of work.

While articulation of cooperative work viathe field of work is basic to al coopera-
tive work, it is rarely adequate. In fact, articulation of cooperative work involves and,
indeed, requires a vast variety of modes and mechanisms of interaction that are com-
bined and meshed dynamically in accord with the specific requirements of the unfold-
ing work situation and the means of communication available.

In the following sections we will present a set of cases that represent different per-
tinent modes and mechanisms of articulation of cooperative work.

3.1. Manual control: The hot rolling mill

In modern industrial plants, cooperative work interaction is typically mediated by
complex machine systems and sometimes the setting even prevents direct communica
tion between agents. |'s such settings cooperative work can, so to speak, be observed in
its basic form, in the nude: cooperative work solely mediated by the changes to the
common field of work. A case of such settings is therefore the best place to start our
analysis.

The classic study by Popitz and others (1957) on cooperative work in the German
steel industry provides an eloguent example of “structurally mediated cooperation” or
cooperative work mediated by atechnical system, in this case cooperative manual con-
trol of arolling mill that shapes hot steel ingots into strips of different forms and di-
mensions.’

The basic transformation process of rolling metal is to reduce or change the cross-
sectional area of awork piece — typically a hot ingot — by the compressive forces ex-
erted by rotating rolls. The mill in question has a reversible double-roll of six different
calibers (se Figure 1). The work piece — a ‘strip’ or ‘dab’ (Block) — is formed as it
passes through the rolls and is shifted from caliber to caliber. Depending on the alloy of
the particular strip and its temperature, the strip may require multiple passes at each
caliber. The proper reduction per pass depends on the type of material and other fac-
tors. For example, Thomas steel requires fewer passes than the harder Siemens-Martin
steel and hot strips require fewer passes than colder ones. After each pass the distance
between the rollsis adjusted and after some passes the strip is tilted 90°.

7 One should bear in mind that the study was conducted in the early 1950's. Modern rolling
mills are quite different from the one described here. For example, the mill in the Popitz
study is driven by steam! The study is used here, nonetheless, not only because it is a bril-
liant sociological study, but because it is an exceptionally clear and telling case of cooper-
ative work mediated by the field of work.
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Figure 1. Cross section of the rolling mill stand showing the two six-caliber rolls.
When being shaped, the strip is subjected to multiple passes at each caliber whereupon
it is shifted to the next caliber, from left to right. The distance between the rolls is ad-
justed between each pass by the driver. (Popitz et al., 1957).

Therolling mill is operated by four workers: a‘driver’ (Steuermann), a‘tip cart op-
erator’ (Kippwagenfuhrer), an ‘engineer’ (Walzenzugmaschinist), and a ‘foreman’
(Walzenmeister) or his deputy.

Tip cart

i 1 e

/

Aft roller-way

for finished strips f
1 /

N Forward Tilting stage
— — _\_\ roller-way
. . 3 .
Rolling mill stand Working roller-way
1: Driver 2: Tip cart operator 3: Engineer 4. Foreman

Figure 2. Therolling mill seen from above. (Popitz et al., 1957)

The driver and the tip cart operator are stationed on a bridge-like platform in a cabin
from where they can see the process in front of and in the rolls but not the processes in
therolling-way area after the stand.

The driver controls the tilting stage and the forward rolling-way that moves the in-
coming ingot forward towards the rolls. His main task, however, is to control the
rolling-way in front of the stand that makes the strip move to or from the rolls and to
adjust the distance between the rolls for each pass at the same caliber.
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The tip cart operator, on the other hand, tilts the strip between passes at the same
caliber and, when a change of caliber is required, shifts the strip to another caliber. In
addition, the tip cart operator controls the rolling-way in the area after the rolls, and
moves the strip back to the rolls when anew passis required. If the strip is not finished,
he should not let it move too far to the rear; it has to be caught and moved back into the
rolls at the same caliber.

When the strip has to be tilted for another pass at the same caliber, it must be done
while the it is in motion and while the driver adjusts the setting of the rolls. These op-
erations must be carried out quickly in afluently integrated way.

The engineer controls the speed and direction of rotation of therolls. Heis stationed
next to the rolling mill, before the roll stand, but he is also unable to see the area behind
the roll stand. Apart from occasional signs from the foreman, he has to rely on indirect
indicators such as changing light intensity, glow from the hot strips, and vibrations.
Thus, when the strip is moving forward, the engineer cannot see it coming out behind
the rolls but the vibrations of the machine are conveyed by his control levers and he
senses immediately when the friction between strip and rolls has ceased, the machineis
running more smoothly, and the speed of rotation increases. He then stops and reverses
the rotation of the rolls. The tip cart operator lets the strip move to the rolls again and
as soon as it touches the rolls, the engineer starts the rolls again. The tip cart operator
assists in making the rolls grip by letting the rolling-way run backwards (pp. 58 f.).

The foreman supervises the work of the three others. He provides the specifications
for the strips to the driver and the tip cart operator. The foreman’s deputy monitors the
rolling process and, when required, intervenes by giving instructions with a signal
whistle.

As pointed out by Popitz and associates, the field of work in this case — the com-
plex technical system and the transformation processes — is subjected to a “rigorous
temporal order” (p. 60).

First, each operation requires a certain time whose minimum is determined and
cannot be exceeded. Popitz and associates aptly refer to this as the “Eigenzeit”
(intrinsic timing) of the technical system.

Second, for the strip to be rolled requires a certain temperature (for alloy steels,
930°-1260°C). An inadequate temperature will deteriorate the quality of the finished
product and it may have to be discarded. In the worst case, the rolls may break which
amounts to an enormous loss (p. 63). Since the temperature of the strip falls continu-
ously, the whole operation is time critical. Any delay will reduce the temperature be-
cause of which the strip may need additional passes at each caliber which prolongs the
process even further and so forth.

Third, the continuity of the various stages of the rolling process is a prerequisite for
its success. For instance, the rolls will only receive the strip if it is in motion but the
moving strip will only be received if the rolls starts moving in the very moment when
the strip arrives. Thus, in the words of Popitz and his colleagues, “the work activities
are subjected to atemporal order determined by the * Eigenzeit’ of the technical system,
the prescribed succession of operations and the necessity of maintaining the continuity
of the process’ (p. 61).

In fact, the functional decomposition and alocation of work at the rolling mill is
designed to ensure continuity. For example, when the strip has passed the rolls, the tip
cart operator has to catch it with the aft rolling-way and move it back to the rolls. The
engineer then has to reverse the rolls in order to receive the strip. If it rolls out in front
of therolls, the driver has to catch it and move it to the tip cart so that it can be tilted or
shifted to another caliber. “The work activities of one man depends on the activities of
the others: Each does what he has to do so that another can do what he has to do. Con-
sequently, the activities are mutually temporally determined” (p. 61).
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The rigorous determinacy of the processes does not prevent variations and distur-
bances. A typical variation may arise when a particular ingot does not have the required
temperature. The driver can see that from the color of the glowing ingot — it is too
dark red. The driver may reject it and it is then picked up by the crane again and taken
back to the furnace. However, if the driver deems it just hot enough and accepts it, he
has to adjust the distance between the rolls to decrease the reduction per pass and allow
for more passes. The tip cart operator observes the roll adjustment and apperceives
immediately that the driver is planning for additional passes. From that he can infer that
it will require more passes until the strip has to betilted and that it will take longer until
it can be shifted to the next caliber. The engineer also apperceives the situation
immediately and operates the rolls more carefully than usua (pp. 62 f.).

The cooperating workers are — for all practical purposes — unable to coordinate
their individual activities by talking to each other. The noise level prevents them from
talking during work, and some of them cannot even see each other. It thus often hap-
pens that operators do not talk to each other during an eight-hour day. Furthermore, the
operators are so intensely preoccupied with controlling a process that has its own in-
trinsic tempora order, that they do not have the time to talk or to watch the hand
movements of each other (p. 185).

Thus, cooperative work mediated by the changing state of the field of work does not
require participants to socialize beyond the immediate interaction.8 It is, for instance,
completely irrelevant to the tip cart operator whether the engineer is a good comrade or
not. But his capability to drive arolling mill is of utmost importance to him.

An operator only operates the system rationally and effectively if each operation is
carried out with aview to the necessary cooperation with the others (p. 185). That is, he
has to take into account the preceding, concurrent, and immediately ensuing operations.

Each operator is on his own in doing his work — but in such away that his activity
at any time fits closely into and continues the technical transformation process. Thus,
every variation in the work of another of import for this technical process must imme-
diately be countered by him by avariation in his own work. For example, if the driver
notices that a relatively cold strip needs more passes he will adjust the setting of the
rolls differently than normal. That signifies that the tip cart operator has to tip that strip
two or four passes later. Similarly, if the strip bends — that can happen at the two last
calibers — then the tip cart operator, the driver and the engineer have to modify their
operations simultaneously.

The crew nevertheless manages to act in a concerted may without verbal communi-
cation and without watching the operations of each other. Each of them know what the
other is doing by apperceiving the behavior of the mill: the movement of the rolling-
way and the tip cart as well as the setting and direction of rotation of the rolls. In a
normal rolling process this mediation is even reduced to one object: the glowing strip.
Its motions indicates what the others are doing at any time. “The activities of each
worker are thus apperceived on the basis of the behavior of the object that these activi-
tiesassist in moving and transforming” (p. 187). The activities of any of them are being
observed continuously and intensely by the others — by way of the behavior of the strip
and the mill.

In sum, then, the cooperative operation of the hot rolling mill is atelling example of
cooperative work mediated by state changes in the common field of work:
(1) Thefield of work is strictly causally coupled; all sub-processes are subjected
to arigorous temporal order and have to be carried out in a continuous way.

8 It goes without saying that technically mediated cooperative work does not prevent a sup-
plementary socialization. Close personal contacts may occur, for example fostered by
guild traditions (Popitz et al., 1957, p. 185).
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(2)  The operators are engaged in ‘manual process control’ (like a driver of a
car); they are directly in control of processes and thus have to perform con-
trol actions continuously. Because they are in the first order control 1oop,
their distributed activities are subjected to the same rigorous temporal order
as the processes themselves and have to be articulated in the same continu-
ous way.

(3) The operators cannot leave their stations during work. None of them can
oversee the process as a whole from their respective stations. To a large ex-
tent, they have to rely on indirect evidence (vibrations, light intensity, glow).
The operators are thus highly interdependent.

(4)  The cooperating workers are — for al practical purposes — unable to coor-
dinate their individual activities by talking to or watching each other.

(5) The crew nevertheless manages to act in a concerted may without verbal
communication. They succeed in doing so because what they have to coor-
dinate between them is — first and foremost — the exact timing of their in-
dividual operations.

(6) The awareness of the intentions and actions of the other members of the
crew — that is, the dynamic and mutual awareness that is a prerequisite for
the articulation of their cooperative effort — is developed and maintained on
the basis of intense observation of the behavior of the strip, the rolls, the
roller-way, thetip cart etc.

(7)  However, the changing state of the field of work is a perilous channel of ar-
ticulation work because state changes in the field of work are rudimentary as
ameans of communication: The bandwith is quite restricted; the turn-around
time of the interaction is determined by the frequency of state changesin the
field of work, and — most importantly — the message is completely embod-
ied in the state of the field of work. A state change is never undertaken to
send a message. In fact, the behavior of the strip and the mill does not carry
any message. The strip isjust a strip, and whatever is doneto it is done with
the single purpose of transforming it the proper way. The operators simply
take their cues from the state of the field of work and infer the actions and
intentions of their colleagues from that.

3.2. Supervisory process control: The nuclear power plant

In the control of highly complex and automated processes, the cognitive control func-
tions require more sophisticated articulation work than interaction via the field of work
alows.

A recent study by Kashi and Montmollin (1991) explores the impact on cooperative
work practice of the planned radical computerization of control room design for the
French 1500 MW power plants of the N4 PWR series. In order to study the impact of
this putative “technological leap”, it was decided to connect a prototype of the ad-
vanced computer-based control room to a 1300 MW PWR process simulator called
S3C. Operators running the S3C were observed and their performance was compared
with field study findings from conventional control rooms.

In the power plantsin question, two operators manage the control function. In some
control situations (start-up or shut-down of plant units, incidents, etc.), there are pre-
scribed, detailed procedures which organize the allocation of tasks between the two
operators. The procedures are based on a subdivision of the process into a Primary side
(nuclear reactor) and a Secondary side (water and steam). However, in most control
situations, the operators are left free to decide how to allocate tasks between them-
selves. The organization of work — in particular, the allocation of the Primary and
Secondary systems between the operators — is far more flexible.
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Since the plant is a highly integrated technical complex, the activities of the two
operators are complementary and interdependent. In fact, “two operators are really
needed to control the process’ (p. 281). Therefore, in order to carry out their work, they
must act in a highly coordinated fashion, and to do so each them needs access to
reliable information on the state of the plant.

In traditional control rooms in nuclear power plants, information on the state of the
plant is displayed on a panel that is several meterslong; it islocated in aroom in which
the two operators both work. By contrast, in the S3C control room design each operator
has a computer workstation. While these workstations provide access to all relevant
control data, S3C have some disruptive effects on the articulation work required to con-
trol the plant. At the beginning of the session, the operators normally agree on the allo-
cation of the Primary and Secondary systems. However, during their work, they often
have to handle tasks concerning the side of the system initially assigned to the other
operator. In a conventional control room this poses no problem. Each operator is con-
tinuously informed of the part of the process monitored by the other operator from the
position of the other in relation to the instrument panel. From the changing positions of
his colleague in the room, each of them can effortlessly infer what the other is up to.
Furthermore, he only has to take a few steps to get a clearer idea of what is happening
and in doing so he does not need to disturb the activities being carried out (p. 281).

“Interactions between operators (oral exchanges, glances, movements to and fro), on the one
hand, and the information sources available in the control room (alarms, pictures, mimic
panel) are the means the operators working in pairs use to monitor the overall process and/or
the other’ s activity.” (p. 282)

That is, the specific characteristics of the conventional interface to the control sys-
tem of the plant provide cues for operators to develop and maintain the required recip-
rocal awareness without forcing them to resort to verbal communication.®

In S3C, however, the formation of this reciprocal awareness is not supported by the
design of the control room. Thus, in S3C articulation work requires precise verbaliza-
tion and conscious and perhaps disruptive workstation management activities (p. 281).

In sum, then:

(1)  Asin the case of the rolling mill, the field of work of the operators — the
power plant — is dtrictly causally coupled. However, the control of the
transformation of energy is mediated by a complex control system. Thus,
whereas the manual process control of rolling mill imposes a rigorous tem-
poral order on the activities of the operators, the operators of the power plant
are engaged in ‘supervisory process control’ in the sense that they do not
need to exercise control actions continuously (Sheridan and Ferrell, 1974;
Rouse, 1980, p. 57)

(@)  Because they are engaged in supervisory process control and their activities
are not subjected to any rigorous temporal order, they can reallocate tasks
between themselves.

(3 Also because they are engaged in supervisory process control, operators
have no direct evidence of the state of the plant in the sense that they have no
direct perceptual evidence of the energy transformation process. They rely
on representations in the form of sensors and effectors to monitor and
regulate the transformation process. What each of the operators is doing at

9 A similar observation is given by Perrow: “1 am told that one of the advantages of old-style
steam valves, where the steam of the valve will rise when opened, is that a quick glance by
an operator or supervisor over a huge room will show which valves are open, and which
are shut — they just stick up when open. In an employee heads for the wrong valve after
misunderstanding an order, that will be quite visible too. In complex systems, where not
even atip of an iceberg is visible, the communication must be exact, the dia correct, the
switch position obvious, the reading direct and ‘on-line’” (Perrow, 1984, p. 84).
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any given time is therefore essentially invisible to the other. This impedes
the formation of the reciprocal awareness required for articulation work.

(4) Because the design of the conventional control room forces operators to
move around in space in order to monitor and regulate the plant, it also sup-
ports the formation of reciprocal awareness. Again, like the operators of the
hot rolling mill, they do not move to a particular panel in order to indicate to
the other what they intend to do; their movements in the room are motivated
by the requirements of the control function at any given time. However, un-
like the operators of the hot rolling mill, they are able to develop and main-
tain areciprocal awareness by observing each other.

(5)  Because the control of the energy transformation process is mediated by the
automatic control system of the plant, the operators are able to articulate
their activities in a flexible way: In addition to being able to develop and
maintain reciprocal awareness by observing each others movements, they are
able to communicate verbally and visualy. They are thus able to negotiate in
ambiguous situations.

3.3. Supervisory process control: The London
Underground control room

The studies by Heath and L uff of cooperative work in Line Control Rooms on London
Underground (Heath and Luff, 1991; Heath and Luff, 1992) provide detailed insight
into the workings of the formation of reciprocal awareness among the operators of the
line.

The operators in the control room coordinate train traffic and movement of passen-
gers on a particular line, in this case the Bakerloo Line. The control room can house
several staff, but concern here is with two main actors: the Line Controller who coor-
dinates the day-to-day running of the railway and the Divisional Information Assistant
(DIA) who, amongst other things, provides information to passengers and to Station
Managers.

Both operators are able to monitor the state of the Bakerloo line traffic on a real-
time display, a ‘fixed line diagram’, which runs the length of the room. In addition, a
paper timetable specifies train numbers, times, and routes; crew allocations, shifts, and
travel; vehicle storage and maintenance; etc. The Controller can contact train drivers
viaaradio system. The DIA, on the other hand, can monitor platforms via a closed cir-
cuit television (CCTV) and provide information to passengers via a Public Address
system. In addition the DIA can establish contact with Station Managers by touch-
screen phone.

Coordination of train traffic and passenger movement is a domain specific charac-
teristic of rapid urban transport:

“unlike others forms of transport, rapid urban transport systems do not provide a timetable to
the public. Instead, passengers organise their travel arrangements on the assumption that
trains will pass through particular stations every few minutes. When such expectations are
broken, or travellers are unable to change at certain stations, or have to leave a train because
thelineis blocked, then the DIA needs to provide information and advice. The nature of such
announcements varies with the circumstances of, and reasons for their production.” (Heath
and Luff, 1992, p. 74)

Because the two controllers have to coordinate the movements of trains and pas-
sengers speedily and with minimal discomfort to the public, the activities of the
Controller and DIA require extremely close collaboration. Accordingly, the operators
have developed “a subtle and complex body of practices for monitoring each other’s
conduct and coordinating a varied collection of tasks and activities” (Heath and L uff,
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1992, p. 73). One element of this informal, implicit and yet systematic articulation of
responsibilities and tasks is “an emergent and flexible division of labour which allows
the personnel to lend support to the accomplishment of each others' tasks and activities
and thereby manage difficulties and crises’ (pp. 73f.).

As in the case of the operators of the nuclear power plant, the operators of the
Bakerloo Line need to be able to articulate their activities tacitly:

“It is relatively unusual for the Controller or the DIA to tell each other what tasks they are
undertaking or explicitly to provide information concerning: the changes they have made to
the service, the instructions they have provided to other personnel, or the announcements
they have made to passengers. Indeed, given the demands on the Controller(s) and the DIA,
especially when dealing with emergencies or difficulties. it would be impossible to abandon
the tasks in which they were engaged explicitly to provide information to each other as to
what they were doing and why. And yet it is essential that both Controller and DIA remain
sensitive to each other’s conduct, not only to alow them to coordinate specific tasks and ac-
tivities, but also enable them to gather the appropriate information to grasp the details of the
current operation of the service.” (Heath and Luff, 1992, p. 74).

Heath and L uff (p. 75) provides a striking example of tacit development of recipro-
cal awareness:

... Controller callsDriver ...

Controller: Control to the train at Charing Cross South Bound, do you receive?
... Controller switches monitor to the platform ...

Controller: Control to the train at Charing Cross South Bound, do you receive?

Driver: Two Four O Charing Cross South Bound

Controller: Y eah, Two Four O. We've got alittle bit of an interval behind you.

Could you take a couple of minutesin the platform for me please?
Driver: (()) Over

Controller: Thank you very much Two Four O.
DIA: Hello and good afternoon Ladies an Gentlemen. Bakerloo Line
Information...

“The announcement emerges in the light of the DIA overhearing the Controller’s conversa-
tion with the driver and assessing its implications for the expectations and experience of
travellers using the service. He transforms the Controller’s request into a relevant an-
nouncement by determining who the decision will effect and its consequences. In this case,
thisis particularly the passengers at Charing Cross whose train is delayed as a consequence
of a problem emerging on the Southbound service. [...] The DIA does not wait until the
completion of the Controller’s call before preparing to take action. Indeed, in many cases, it
is critical that announcements are delivered to passengers as Controllers are making adjust-
ments to the service. In the case at hand, as the call is initiated, we find the DIA progres-
sively monitoring its production and ng the implications of the Controller’s request for
his own conduct. The technology, and in particular the fixed line diagram, provides resources
through which the DIA can make sense of the Controller’s actions and draw the necessary
inferences. At the onset of the call he scans the fixed line diagram to search for an ex-
planation, or provide an account for, why the Controller is contacting a driver and potentially
intervening in the running of the service. By the Controller’s second attempt to contact the
driver, the DIA is moving into a position at the console where he will be able to reach the
operating panel for the Public Address system and if necessary make an announcement. On
theword ‘coupl€’, at which point he can infer the potential delay that passengers might incur,
he grabs the microphone and headset in preparation for the announcement. In consequence,
even before the Controller's call to the driver is brought to completion, the DIA has set the
Public Address system to speak to the passengers on a particular platform and is ready to
deliver the announcement.” (Heath and Luff, 1992, pp. 75f.)
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In the example given above, the DIA’s very looking for evidence is motivated and
driven by virtue of the Controller’s attempt to call adriver:

“Activities such as telephone conversations with personnel outside the room, tracking a par-
ticular train with the CCTV, or discussions with Line Management concerning the state of
the service, are, at least in part, publicly visible within the local milieux and ordinarily the
bits and pieces available can be used to draw the relevant inferences.” (Heath and Luff, 1992,
p. 79)

Having noticed the Controller’ s attempt to call adriver, the DIA scans the fixed line
diagram in order to provide an account for the upcoming intervention. That is, the DIA
is not only able to overhear the Controller and assume that they have mutual access to
the same information displays, but is also able to discern, through “peripheraly
monitoring the actions of his colleague”, where the Controller might be looking and
what he might have seen. “The various information displays, and their use by particular
individuals, is publicly visible and can be used as a resource in determining courses of
action and for the mutual coordination of conduct.” (p. 76)

For the operators to make sense of what each other is doing, the activities of the
other must be interpreted in relation to the state of the field of work. Thus, the forma-
tion of the reciprocal awareness requires access to (much of) the same evidence regard-
ing the current state of the field of work (the movement of trains, passengers etc.): “The
fixed line diagram and the station monitors, provide an invaluable resource for the DIA
in producing an account for his colleagues' interventions in the running of the service’
(p. 76). In particular, the common availability of various sources of information in the
Line Control Room allows the DIA to assume that the current problems in the
operation of the service noticed by the Controller are similarly available to the himself
if he scansthe various displays.

“The ‘public’ availability of the technology within the Control Room, whether it is a fixed
line diagram, a CCTV screen, a screen-based line diagram or an information display, and the
visibility of its use, provide critical resources in the collaboration between Controller and
DIA. [...] Moreimportantly perhaps, the DIA and Controller can use the common sources of
information as a reliable means of accounting for a broad range of actions and tasks under-
taken by the other. [...] Moreover, their use of the fixed line diagram and the surrounding
monitors of the console is publicly visible, and can be used to determine a particular activity
in which the DIA or Controller is engaged, or, [...] to display a potential problem which is
emerging within the operation of the service. The mutual availability of the various informa-
tion displays, and the visibility of their use, are important resources for making sense of the
actions of a colleague and devel oping a coordinated response to a particular incident or prob-
lem.” (Heath and Luff, 1992, p. 76)

Now, the formation of reciprocal awarenessis not only the product of a— more or
less — passive (visual and auditory) monitoring of what other is doing but involves
complementary pro-active process of conveying cues of one's own activities and con-
cerns. Thus, where activities (such as reading the timetable or entering the details of
incidents on the various logs) are less visible, the details of the activity may not be
available to a co-participant. Making such ‘less visible' activities accessible to col-
leagues may for example involve reading or thinking aloud, humming, and so forth.
The London Underground case provides an excellent example of how one operator ac-
tively directs the attention of another to some particular feature of the state of the field
of work in away that is more direct and effective than merely marking certain objects
but still unobtrusive and inconspicuous:

“On occasions, it may be necessary for the Controller to draw the DIA’s attention to particu-
lar events or activities, even as they emerge within the management of a certain task or prob-
lem. For example, as he is speaking to an operator or signalman, the Controller may laugh or
produce an exclamation and thereby encourage the DIA to monitor the call more carefully.
Or, as heturnsto histimetable or glances at the fixed line diagram, the Controller will swear,
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feign momentary illness or even sing a couple of bars of a song to draw the DIA’s attention
to an emergent problem within the operation of the service. The various objects used by the
Controller and DIA to gain a more explicit orientation from the other(s) towards a particular
event or activity, are carefully designed to encourage a particular form of co-participation
from a colleague, but rarely demand the other’s attention. They allow the individual to con-
tinue with an activity in which they might be engaged, whilst simultaneously inviting them to
carefully monitor a concurrent event.” (Heath and Luff, 1992, p. 81)

Now, in spite of the enormous flexibility, efficiency, and effectiveness of these in-
formal and implicit modes of interaction, the coordination of the myriad activities of
the Bakerloo Line at large is far too complex, far too distributed in space and time, and
involves far too many actors and specialties to be managed by means of these modes of
interaction. These large scale cooperative activities are basically managed by means of
atimetable:

“The Underground service is coordinated through a paper timetable which specifies: the
number, running time and route of trains, crew allocation and shift arrangements, information
concerning staff travel facilities, stock transfers, vehicle storage and maintenance etc. Each
underground line has a particular timetable, though in some cases the timing of trains will be
closely tied to the service on a related line. The timetable is not simply an abstract
description of the operation of the service, but is used by various personnel including the
Controller, DIA, Signalmen, Duty Crew Managers, to coordinate traffic flow and passenger
movement. Both Controller and DIA use the timetable, in conjunction with their understand-
ing of the current operation of the service, to determine the adequacy of the service and if
necessary initiate remedial action. Indeed, a significant part of the responsibility of the
Controller is to serve as a ‘guardian of the timetable’ and even if he is unable to shape the
service according to its specific details, he should, as far as possible, attempt to achieve its
underlying principle: aregular service of trains with relatively brief intervening gaps.” (Heath
and Luff, 1992, pp. 72f1.)

As a ‘mechanism of interaction’, the timetable requires continuous management by
the operators:

“The timetable is not only a resource for identifying difficulties within the operation of the
service but also for their management. For example the Controller will make small adjust-
ments to the running times of various trains to cure gaps which are emerging between a num-
ber of trains during the operation of the service. More severe problems such as absentees,
vehicle breakdowns or the discovery of ‘suspect packages on trains or platforms, which can
lead to severe disruption of the service, are often successfully managed by reforming the ser-
vice. These adjustments are marked in felt pen on the relevant cellophane coated pages of the
timetable both by the Controller and the DIA, and communicated to Operators (Drivers),
Signalmen, Duty Crew Managers and others when necessary.” (Heath and Luff, 1992, p. 73)

“Perhaps the most critical activity within the Line Control Room [...], is rewriting the
timetable; a process known as ‘reforming’ the service. Almost al problems which arise in the
operation of the service necessitate ‘reformations’, where the Controller, actually within the
developing course of an event, reschedules particular trains, their crews, and even their desti-
nation, so as to maintain, for the practical purposes at hand, a relatively even distribution of
traffic along theline.” (Heath and Luff, 1992, p. 79).

However, as opposed to changes in the state of the field of work as represented by
the fixed line diagram or the platform monitors, changes made to the timetable are not
immediately and automatically conveyed to the other operators. Thus the distributed
management of the timetable may give rise to inconsistencies in the cooperative opera-
tion of the line. It is thus “critical that the DIA and others receive information concern-
ing changes to the timetable, otherwise they will not only misunderstand the current
operation of the service, but take the wrong courses of action” (p. 73).

The operators — in casu the Controller — handle this by thinking aloud when hisis
making changes to the timetable:
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“It is essential that both colleagues within the Line Control Room, and personnel outside
such as Duty Crew Managers, drivers and even Station Managers, are aware of these
changes. Otherwise, these staff will not only fail to enact a range of necessary tasks, but will
misunderstand the state of the service and make the wrong decisions. Reforming the service
however, is an extremely complex task, which is often undertaken during emergencies, and it
is not unusual for the Controller to have little time explicitly to keep his relevant colleagues
informed.

One solution to this potential difficulty is to render features of their individual reasoning
and actions ‘publicly’ visible by talking though the reformations whilst they are being ac-
complished. The Controllerstalk ‘out loud’, but thistalk is not specifically directed towards a
colleague within the Control Room. Rather, by continuing to look at, and sketch changes on
the timetable, whilst producing talk which is often addressed to oneself, the Controller
precludes establishing a ‘recipient’ and the interactional consequences it would entail.
Talking through the timetable, whilst rendering ‘private’ activities ‘publicly’ visible, avoids
establishing mutual engagement with colleagues which would undermine the ongoing ac-
complishment of the task in question. Consider the following fragment in which the
Controller finishes one reformation and then begins another.

...Controller reads histimetable ...

Controller: It'sten seventeento () hhhhhhh
4.3
Controller: Right (.) that’ s that one done.
Controller: hhh hhh (.) hhh
Controller: Two O Six () Forty Six
0.7)
Controller: Two Two Five

... the DIA beginsto tap on his chair and the trainee begin a sepa-
rate conversation. As they begin to talk the Controller ceases talk-
ing our loud ...

Whilst looking at the timetable, the Controller announces the completion of one reforma-
tion and begins another. The Controller talks numbers, train numbers, and lists the various
changes that he could make to the 206 to deal with the problems he is facing, namely reform
the train to ~46 or to 225. As the Controller mentions the second possihility, the DIA begins
to tap the side of his chair, and amoment or so later, discusses the current problems and their
possible solutions with a trainee DIA who is sitting by the DIA’s side. As soon as the DIA
begins to tap his chair and display, perhaps, that he is no longer attentive to his colleague’s
actions, the Controller, whilst continuing to sketch possible changes on the timetable, ceases
to talk out loud. Despite therefore, the Controller’ s apparent sole commitment to dealing with
specific changes to the service, he is sensitive to the conduct of his colleague, designing the
activity so that, at least initially, it is available to the DIA and then transforming the way the
task is being accomplished so that it ceasesto be ‘publicly’ accessible.

Whilst ‘self talk’ may primarily be concerned with providing co-present colleagues with
the necessary details of changes made by the Controller to the running order of the service, it
isinteresting to observe that a great deal more information is made available in this way than
simply the actual reformations. [...] [T]he Controller renders visible to his colleagues the
course of reasoning involved in making particular changes. The natural history of a decision,
the Controller’s reasoning through various alternative courses of action, are rendered visible
within the local milieu, and provides colleagues with the resources through which they can
assess the grounds for and consequences of ‘this particular decision’ in the light of possible
aternatives. While the Controller is talking out loud, it is not unusual to find the DIA follow-
ing the course of reasoning by looking at his own timetable, and where necessary sketching
in the various changes which are made. In this way, DIA and Controller, and if present,
trainees and reliefs, assemble the resources for comprehending and managing the service, and
preserve a mutually compatible orientation to the ‘here and now’, and the operation of the
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service on some particular day. The information provided through the various tools and
technologies, including the CCTV monitors, the fixed line diagram, and information displays,
isintelligible and reliable by virtue of this collaborative activity.” (Heath and Luff, 1992, pp.
79-81)

In sum, then:

(1) Thefield of work of the operators in the Bakerloo line control room, i.e., the
trains and the infrastructure of the line on one hand and the passengers on the
other, is not causally coupled in the same strict sense as the hot rolling mill
and the nuclear power plant. Rather, the general function of the line
operators is to establish a very close coupling of the movement of trains and
passengers so as to provide the required quality of service to the passengers.

(2)  The operators have a variety of means of monitoring the state of the field of
work: automatic (the fixed line display), semi-automatic (CCTV) and man-
ual (time tables). Due to their adjacent positioning, they are thus to some ex-
tent able to develop a reciprocal awareness by visually monitoring each oth-
er'sactivities.

(3) Thevariousinformation displays, and their use by particular individuas, are
publicly visible and can therefore be used as a resource in determining
courses of action and for the mutual coordination of conduct. The operators
can use the common sources of information as a reliable means of account-
ing for a broad range of actions and tasks undertaken by the other. The mu-
tual availability of the various information displays, and the visibility of their
use, are important resources for making sense of the actions of a colleague
and developing a coordinated response to a particular incident or problem.

(4)  The operators do not regulate the state of the field of work by means of ef-
fectors or other control mechanisms. Rather, they regulate the state of the
field of work by means of talking with train drivers, station managers, and
passengers via radio and telephone. Accordingly, the two operators can de-
velop and maintain a more rich and accurate reciprocal awareness by over-
hearing to each other’ s conversations over telephone or radio.

(5)  The operators direct the attention of their colleague to certain features or
events in myriad ways. by modulating their conversations with third parties,
by humming or singing, by gazing etc.

(6) Thelarge-scale cooperative operation of the Bakerloo Line asawhole is ba
sically managed by means of atimetable. As a ‘mechanism of interaction’,
the timetable requires continuous management by the operators. This man-
agement of the timetable is itself a cooperative activity whose articulation
may require the application of the whole repertoire of modes of interaction.

3.4. Air traffic control: The flight strips

A comprehensive study on cooperative work in air traffic control conducted over sev-
eral years by researchers at the Department of Sociology at the University of Lancaster
has provided interesting insights into the delicate and multifaceted handling of an arti-
fact — the flight strip — to facilitate fluent and dynamic articulation work (Hughes et
al., 1988; Harper et al., 1989a; Harper et a., 1989b; Harper et a., 1991; Hughes et al.,
1992; Harper and Hughes, 1993; Hughes et al., 1993).

The whole of the airspace of England and Wales is controlled from a center near
London.

In order to handle the complexity of ensuring orderly and safe air traffic, the
airspace is divided into sectors. Thereby, a moderate degree of coupling of the system
has been achieved (Perrow, 1984, pp. 159f1.).
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The capacity of a given sector is determined by the workload limit of controllers.
On the other hand, a further subdivision of the airspace into a larger number of smaller
sectors is not feasible, however, due to the increased overhead of coordination activi-
ties that would entail. Operators controlling different sectors are interdependent in their
work in that the state of one sector will have consequences for the state of an adjoining
sector and vice versa (Harper et a., 19893, p. 5). As the number of sectorsincreases, so
too do the coordination and handover elements of the workload, so that the potential
gain isnegated (Hughes et a., 1988, pp. 33f.).

Two types of sectors are distinguished. The en route sectors are the ‘lanes’ between
major junctions of the airways. Thus, the bulk of traffic is en route to somewhere be-
yond the sector. By contract, Terminal Maneuvering Areas (TMAS) are sectors at the
confluence of major airways and over busy airports.

The majority of aircraft travel through a sector only for an average of 20 minutes at
atime. On busy en route sectors there can be up to 30-40 planes an hour. The speed of
modern jet aircraft means that air traffic controllers have to make decisions quickly to
maintain adequate separations; decisions that, regularly and routinely, have to deal with
various departures from standard profiles, such as failure to achieve expected levels
and pilots mishearing instructions. However, even under ordinary controlling condi-
tions, air traffic control has a discretionary character (Hughes et al., 1988, pp. 19 ff.):

The objective of air traffic control is to direct flights safely and efficiently to their
destinations. Safety is basically attained by keeping aircraft separated from each other,
and the standard distances for this are five miles laterally and 1,000 feet vertically.
Efficiency, on the other hand, is attained by directing aircraft to follow the shortest
available route. Unavoidably, there is an occasional conflict between these two aims
and it is up to the controllers to maintain the first by sometimes compromising the latter
using the procedural framework of the Air Traffic Control system. Hence the discre-
tionary character of ATC work: The “implementation of the rules of control consist in
working within them with respect to a particular configuration of aircraft at any one
time; a configuration that may be, as it were, ‘typical’ but which may also display
‘untypical’ and unpredictable characteristics.” (Hughes et al., 1988, p. 20). The specific
complexity of air traffic control as a work domain, then, is a function of the potential
risk of midair collisions, the time-constraints under which decisions must be taken, and
the number and configuration of aircraft in the air.10

The complexity of controlling a sector is not primarily related to the number of air-
craft in the sector but rather to the specific “configuration” of the sector:

“Although there is alimit to the total number of aircraft a controller can handle at once, it is
the configuration of those aircraft which is the more important feature attended to in control-
ling. Roughly speaking, the more complicated that configuration — with cross-overs, planes
ascending and descending, changing direction, and so on — the more difficult is coordina
tion.” (Hughes et al., 1988, p. 20).

Controlling a sector requires the cooperative effort of several operators. Thus, each
sector is normally, that is when traffic is relatively light, controlled by a team consist-
ing of two air traffic controllers, two assistants, and one sector chief. During busier pe-
riods, sectors may be split according to the intensity and the complexity of the traffic.
On the other hand, when traffic is very light, usually at night, the two sides of a sector
may be controlled by only one controller under the supervision of a chief and with the
help of another controller or ‘wingman’ (Hughes et al., 1988, pp. 104 f.). Air traffic
control thus requires a complex cooperative work arrangement with an elaborate and
dynamically changing system of division of labour. .

10 «pATC processing delays are possible; aircraft are highly maneuverable and in three-di-
mensional space, so an airplane can be told to hold a pattern, to change course, slow down,
speed up, or whatever” (Perrow, 1984, p. 160).
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The control of any one sector is executed at a particular “suite”, i.e., a workstation
equipped with radar screens, telephone and radiotelephone communication facilities,
maps, computer input and printout stations, and racks for flight progress strips. (See
Figure 3).
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Figure 3. Layout of an en-route suite: Pole Hill and Irish Sea sectors. (Hughes et al.,
1992)

The radar system, in addition to representing radar contacts as ‘blips’, displays a
‘data block’ alongside each blip showing the flight number and flight level of the air-
craft (based on data provided by the responder of the aircraft). Furthermore, some
screens display atrail of ‘blips representing the heading of each particular flight. The
radar system is used to provide “an accurate representation of movement in airspace’,
that is, a representation of the current state of the field of work at any moment. “ Cog-
nitively, the screen is a technological representation of a dice of sky and the relevant
events occurring within it. The orderliness of the screen stands proxy for the orderliness
of the sky ” (Hughes et al., 1988, p. 40).

However, the radar screen is uninterpretable without the further information for
each flight embodied in the flight progress “strips’, especially “the goals, intentions
and plans of pilots and controllers and their recent actions’ (Harper et al., 19893, p.
10). The strips are made of card, approximately 200 by 25 mm and divided into fields
(see Figure 4). The information in the fields comes from a database holding the flight
plan filed by the pilot prior to departure, sometimes modified by inputs keyed in by
controllers or assistants. It includes the aircraft’s callsign, itsflight level, its heading, its
planned flight path, the navigation points on its route and its estimated time of arrival,
the departure and destination airports, and the aircraft’s type. Strips are arranged in
racks immediately above the radar screens. The racks are in turn divided into bays
themselves separated by fixed markers representing particular navigation points in the
sector.
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Figure 4. A flight progress strip.11

A strip first comes to the attention of the controller when it is placed on the strip
bay. New strips are initially treated as ‘ pending strips’ and placed above a specid strip
denoting the navigation point marking the boundary of the sector. Once the aircraft in
guestion calls the controller, the relevant ‘pending’ strip is placed beneath the marker
strip. It isnow ‘live’. The collection of pending strips enables a controller to gauge at a
glance what traffic is due in the sector and, consequently, how busy he or sheis likely
to be, either because of the number of strips stacked or the complexities indicated. For
example, “noting among the ‘pending strips' a fast aircraft curving along a route but
not yet entering the sector in which there is already a slower aircraft, and therefore the
possibility of an overtaking problem, is to use the ‘pending’ strips to see ‘the state of
the sector’ now in terms of the likely problems ‘in afew minutestime’.” (Harper et al.,
19893, p. 13). Pending strips are thus part of the controller’s “horizon of attention” in
the sense that it “incorporates the future in relation to the present ‘ state of the sector’”
(Harper et al., 19893, p. 40). The controller will mark the pending strips for any fea
tures deemed appropriate to note, such as aircraft speed, route and airway, destination,
or whatever. The strips may be ordered according to their pending times and strips in-
dicating a procedural conflict may be lifted slightly out of position (‘ cocked out’).

Because of the potential risks involved, the time-critical nature of the control task,
and the exigencies of traffic flow, the overriding concern of air traffic controllersisto
organize their work in such away that they provide themselves with ‘thinking time' so
that when thereisleast ‘thinking time' there will be *least to think about’ (Harper et al.,
19893, p. 11). Thus, pending strips are organized in such a way that they are “made
relevant” to what the controller anticipates will happen and plans to do in what order
and with what priority:

“Ordering the strips is [...] a way of shaping attention in terms of the particularities that
make up the ‘current state of the sector’ including such matters as traffic densities, standard
traffic patterns, and any special problems such as VIP flights that need to be anticipated. This
preliminary ordering of the strips is not determinatively related to real time events ‘in the
sky’ as represented on the radar screen since, at this stage, the aircraft referred to by the strips
are ‘not yet the business of this sector controller’. Thisis very much a preparatory, but vital,
ordering.” (Harper et al., 1989, p. 17).

By contrast, the revision of live strips is seen as organizing what the controller is
immediately about. The revisions on live strips are not noticings of what is likely to be
the case but records of what has been done. When a controller gives an instruction to a
pilot, for example to ascend to flight level 220, he or she marks this on the strip. In this
case, the mark is an upwards arrow and the number 220. When the pilot acknowledges
the instruction, the controller crosses through the old flight level on the strip. When the

1 Graphics made by the author on the basis of a photocopy of a specimen provided by the
Lancaster group.
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new flight level is attained, the controller marks a check beside it. Changes in heading,
estimated time of arrival, route, call sign, etc. are dealt with in similar ways. The in-
formation contained on the strip is thus systematically altered as instructions given and
acknowledged or as up-dates on aircraft now being dealt with. “In this manner not only
isthe ‘state of the sector’ displayed and seeable ‘at a glance’ by those equipped to read
the strips, but a written, and reproducible, record of actions taken is created” (Harper et
al., 1989a, pp. 14 f.). Or in the words of one of the controllers interviewed by Harper
and associates, strips “are like your memory, everything isthere” (p. 49).

As opposed to radar, strips are not an automatically updated representation of the
state of the sector. Nor do strips “determine the sequence of tasks controllers perform”
in the same way as the work of the operators of the hot rolling mill is subjected to a
rigorous temporal order:

“Although the strips are produced according to the order in which designated aircraft will
reach defined markers, the controller has to organize the strips so that they can become an in-
strument that serves, and makes possible, controlling work. Strips are ‘manipulated’, ‘taken
note of’, ‘ignored for the moment’, ‘revised’, and more, continuously throughout the time
that they arein use.” (Harper et a., 19893, p. 16).

Strips are organized and annotated according to a standardized format:

« The categories of information on the strip and its general typographical layout
follow a standard format.

* Thecolor of the strip holder is used to effect a two-fold categorization into east
and west bound traffic.

e The color of the strip paper is used to effect a two-fold categorization into
‘standard’ and ‘crossing’ or military traffic.

e The color of hand notations on the strip is used to effect a two-fold categoriza-

tion distinguishing annotations made by the controller from annotations made by
the sector chief.

< |In general, annotations follow an elaborate set of conventions specified in the
Manual of Air Traffic Services (e.g., upward or downward arrows, check marks,
crosses through numbers).

Because of their “formatted character”, “strips provide a template for noting and
recording what is happening and will happen in the sector.” (Harper et al., 1989a, pp.
15 f.). More than that, also because of their “formatted character”, strips serve as are-
source for articulating the activities of the different members of the sector team. In
maintaining a constantly up-dated representation of the ‘ state of the sector’ in terms of
the standard categories of information on the strip itself and in the standard format and
notation, the controller is not just providing information relevant to his or her own
work but is aso providing what Harper and associates calls “team relevant informa-
tion”:

“The conventionality of the strips, their standard format, the known-in-common notations
used, make the work the strips represent visible, in multi-functionalities, to other members of
the sector team, other controllers, chiefs, assistants, etc.; in fact, to anyone enculturated in the
work of controlling. In making manifest ‘actions so far’ in ways that are ‘ seeable at a glance’
by those equipped and needing to know, the strip plays a key role in the team features of the
social organisation of controlling work.” (Harper et al., 1989a, pp. 15f.)

The strip thus serves as a ‘note pad’ for all the team members, any of whom may
write on it. “The standard format of data, colour coding of holders, role distinctive
markings, the placement of the racks, among other features, means that, again ‘at a
glance', what the strip signifies in terms of controlling tasks is available to other mem-
bers of the team” (Harper et a., 19892, p. 45).

Thus, while being an important means of anticipating and controlling the state of
the field of work as awhole, the strips in their racks simultaneously play a crucial role
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in the articulation of the work of members of the sector team. Controllers do not just at-
tend to their ‘own’ strips but regularly read the strips, both pending and live, that
‘belong’ to their suite colleagues. Rather than being read closely, strips of colleagues
will be read ‘at a glance’ to see if anything is indicated which might be of concern.
This activity is related to ‘buying time' by expanding the horizon of attention for a
moment to obtain wider coverage. This tacit monitoring also enables the controller to
asses how busy the colleague is and whether coordination can be achieved easily.

When necessary, overt coordination can be achieved by pointing to particular strips
where there may be a problem, perhaps two flights due at the same navigation point at
a similar time and at the same height. If the controller cannot attend to the request at
that time, anyone who notices the problem can “cock out” the strips, i.e., move them
noticeably out of alignment in the racks. In a very inconspicuous and non-intrusive
way, this makes it immediately obvious that, when it is time to deal with those flights, a
problem will need to be considered, and to the practiced eye it will be obvious from a
glance at the strips what the problem is (Hughes et al., 1992). “Such noticings do not
need to specify just what specifically the problem might be; simply marking out the
strip as ‘ something to take note of’ is normally sufficient.” (Harper et al., 19893, p. 24).

The facility with which controllers can tacitly monitor each other’s strips and each
other’s work with strips is, of course, “a function of the adjacent positioning” of the
controllers on the suites. “ This means that alterations or reference to strips ‘ on the other
side’ can be done with aminimum of explanation. [...] Drawing the strip slightly out of
position, pointing to it, making a notation, are ‘sufficient’ to draw attention to that
strip, and its aircraft, and any problem it may represent and, as such, are actions
manifesting the interdependence of one controller’s activities with those of others.”
(Harper et al., 19893, p. 24).

In providing means for representing the division of labour on the suite (“the con-
ventional notations used denoting not only actions taken but by whom™), the * formatted
character’ of flight strips provides yet another mechanism for articulating the coopera-
tive effort of controlling a sector of airspace.

“Alterations, whether by controllers or by the chief, are ‘instantly’ recognisable as aterations
by ‘such-and-such’ and, therefore, informative about the kind of problem the ‘noticing’
might represent. So, the distinctiveness of markings on the strips, by caling into play the di-
vision of labour of controlling, also guides the attentiveness that makes the information asin-
formation to be ‘noted and dealt with accordingly’.” (Harper et al., 19893, p. 27)

In sum, then:

(1)  The regulation of the field of work of a particular sector team — i.e., the
regulation of the sector and its changing configuration of aircraft — is done
by means of radiotelephone communications with pilots. As in the case of
the London Underground control room, the different operators at the suite
can thus develop and maintain a reciprocal awareness of each other’s activi-
ties by overhearing each other’ s conversations with actors ‘in the field'.

(2)  Each member of the sector team is able to interpret the activities of the oth-
ers because the state of the field of work as represented by the radar displays
and the ordered collection of annotated flight strips is publicly available to
all members of the team.

(3) Theflight strip is a vehicle for making activities persistently and publicly
accessible by recording pertinent actions in the course of a flight through the
sector. The flight strip supports and mediates the articulation of the work of
the sector team, not only because of its public visibility, but also and most
importantly because of its formatted character.

(4)  Embedding cuesin the objects belonging to or representing certain objectsin
the field of work, e.g. by highlighting certain flight strips (cocking out) is an
non-intrusive and tacit way of directing attention. On the other hand, the
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expressive power of materially embedded cues is limited. In the case of the
flight strips, the ‘categorical distinction’ supported by highlighting strips is
“effectively limited to two categories’, namely relatively routine versus rela
tively problematic (Harper et al., 19893, p. 30).

3.5. Production control in manufacturing: The MRP sys-
tem

In 1990, Bjarne Kaavé conducted a study of cooperative production control in a manu-
facturing company we can call Alpha.12 The company manufactures specialized opti-
cal appliances, and it covers about 50% of the world market for this category of
equipment. The company currently produces about 6,000 units a year in 15 different
models, each in 7 different variants.

The products manufactured by Alpha are fairly large units, between 1 and 2 cubic
meters each; a unit typically weighs about 300 kilograms. Simply put, the product
consists of a cabinet housing a complex rigging of electrical equipment, electronic cir-
cuits, and optical instruments. The metal cabinet is produced in-house, typically by
cutting, bending, and welding sheet metal. Most metal parts go through more than five
processes before entering the assembly process.

The operation of the plant involves alarge number of different kinds of interdepen-
dent activities. The overall organization of the plant reflects this by being decomposed
into a number of functional departments:

Shaping is a plant of it own. There are about 150 workers handling seven different
types of processes.

Paint shop is working as a conveyer, where al parts are led through the paint
cabin. They paint with five different colors, two colors covers about 85% of the
parts, and a change of color takes two hours. Effectiveness depends only of the
numbers of shifts from one color to another.

Sub-assembly employs about 25 workers, each handling a number of different as-
sembly tasks. They work in series less than 50, and set up time for each task is
negligible, but effectiveness rises with longer series.

Assembly is making the units according to the customers orders. In final assembly,
each worker produces a complete unit from all the different parts and sub-as-
semblies. All fitters can handle more than one type of model, and the problem is
not the set-up time, which again is negligible, but the fact that the number of er-
rorsincreasesif thefitters have to change model frequently.

Testing of a unit can be seen as a time delay, and the only management problem
here isto choose the right sequence for testing the units.

Packing and Shipping. The units are shipped from the packing department, and the
hard problem here is which customers orders to fulfill first.

A strategic decision made by Alpha in 1974 resulted in a very rapid change from
production of one single model to production of several models (see Figure 5). The to-
tal number of models and variants are approximately 100. This shift in strategy dramat-
ically changed the conditions of production control from that of a forecast-driven, pro-
duction-for-inventory oriented strategy to an order-driven, ‘just in time’ strategy. Thus,
the reference point in the planning process changed from number of units on stock to
the time necessary to fulfill current customer orders. The company is now committed to
adelivery time of three weeks.

12" Thissection is based on Bjarne Kaavé's findings as reported in his thesis (Kaavé, 1990) as

well asin several joint analysis sessions with the present author.
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Figure 5. In 1974, company Alpha made a strategic decision to shift from production of
one single model to production of several models. (Adopted from Barfoed (1982)).

Kaav€' sinvestigationsin Alpha provided an interesting case of how a conventional
production management system — an MRP |l or Manufacturing Resource Planning
system13 — is appropriated and used cooperatively in controlling a manufacturing op-
eration with characteristics far beyond the valid application domain of the system.

Manufacturing involves multitudes of discrete parts and processes that are interde-
pendent in multitude and enormously complex ways:

e each product consists of a many component parts, in some cases tens or hun-
dreds of thousands of components;

« the production of each part may require a number of different processes in a
specific sequence, and the production of different parts thus require different
routings,

« different processes may require specialized tools and skills, and different parts
thus compete for the same workstations;

e many products are being manufactured simultaneously, and at any given time a
large number of products and their components coexist at different stages of
completion;

e in modern manufacturing with a large number of different models and variants
to be manufactured in small volumes at short notice, different models and vari-
ants are being manufactured simultaneously.

Thus, in the words of Harrington (1984), manufacturing can be conceived as “an
indivisible, monolithic activity, incredibly diverse and complex in its fine detail. The
many parts are inextricably interdependent and interconnected.” Thus, as observed by
Susman and Chase (1986), the various categories of workers — product designers,
process planners, programmers, supervisors, operators, etc. — “will be highly interde-
pendent with one another because of the need to exchange information to keep the fac-
tory operating.” Accordingly, for a manufacturing enterprise to be able to adapt dili-
gently and dynamically to changing conditions, the entire enterprise must react
“simultaneously and cooperatively” (Harrington, 1979). Rapid and concerted adapta-
tion of al the specialized functions of a diversified manufacturing operation, from
Marketing to Shipping, to the vicissitudes of a volatile and complex environment isin-
deed the very essence of advanced manufacturing.

B3 In casu, the COPICS system from IBM (IBM, 1972).
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In conventional manufacturing, i.e., manufacturing of standardized products for
fairly stable markets, the basic coordination mechanism of the diversified manufactur-
ing operation — “the vital control center for the company’s manufacturing planning
and control system” (Gunn, 1981) — is computer-generated a “master production
schedule” based on forecasts and standard lead times for the various parts. The plan-
ning algorithm decomposes the material requirements and computes the schedules for
the production of each part, sub-assembly, and assembly. The production control
problem is thus, in principle, reduced to executing the plan and adhering strictly to
schedules. That is, in so far as the underlying forecasts are accurate, coordination
across functions and departments can be mediated by plans and other organizational
procedures. Direct cooperative interaction across functions only takes place to handle
exceptional contingencies such as shortages or to expedite a high priority order.

At the heart of an MRP |l system is a set of related models of essential aspects of
the manufacturing operation. In order to understand the cooperative appropriation and
management of the MRP |l system, it is essential to understand the nature of underly-
ing models — evenif it isindustrial engineering textbook stuff:

Bills of Materials: A bill of materials is an ordered list of every part that makes up
the finished product (see Table 3). The bill of material thus states that a particular as-
sembly is made up of several parts that, in turn, can be components or sub-assemblies.

Item # Description Quantity
79111 Mounting Kit, Deluxe 1
47342 Mounting Kit, Basic 1
76504 Bracket, cast 1
64333 Bolt, > = 24 1 2

16
30751 5 2
Nut, 1_6 24

22479 Washer, flat, % 2
22842 Washer, lock, % 2
16935 Clamp assembly 1
88327 U bolt 1
30750 Nut, saif-lock, = 24 2

Table 3. Indented bill of material for part #79111. (Gunn, 1981, p. 15)

That is, the bill of materialsis a hierarchical or tree structure dencoting all parts and
their relationships (see Figure 6). Based on the bill of materials it thus becomes a sim-
ple calculation to foresee which parts are required in which quantities in order to pro-
duce a certain number of agiven product.

Mounting Kit,
Deluxe

#79111

ounting Kit,
Basic
#47342
1each

Bracket, cast Bolt Nut ) Washer, flat Washer, lock U bolt Nut, self-lock
#76504 #64333 #30751 #22479 #22842 #88327 #30750
1leach 2 each 2 each 2 each 2 each leach 2 each

Figure 6. Product structure for part #79111 (Gunn, 1981, p. 15) showing the two-level
hierarchy of parent parts (assemblies) and dependent parts (parts and sub-assemblies).
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Routings or Process Sheets: The process sheet specifies and lists, in sequence, each
manufacturing operation a part or sub-assembly must go through to be manufactured
(see Table 4). For each operation the average processing time is listed, based on a
statistical study “performed over some production period, or from standard time study
figures, or just the foremen’s best estimate” (Gunn, 1981, p. 25). However, the produc-
tion cycle time does not indicate the number of labor hours required to produce the
part. The number of labor hours required depends on the number of people required at
each operation. Thus, the process sheets will often specify the average production cycle
time as well as the average labor hours required.

Dept.  Description Operation Production  Labor hours Total labor hours
cycletime required required

100 Machining

Machine center 100 6

Work station 140 4

Machine center 150 2

Subtotal, dept. 100 2 12
200 Assembly

Work station 210 4

Work station 270 2

Subtotal, dept. 200 3 6
300 Crating

Work station 350 2

Subtotal, dept. 300 1 2
Total 6 20 hours

Table 4. A routing or hill of labor for part #1050 (Gunn, 1981, p. 26).

Labor hours and calendar time is not necessarily the same, of course. That is, the
time from a part enters a particular work station and until it arrives at the next work sta-
tionis normally larger than the production cycle time as a direct function of labor hours
required. In traditional manufacturing, a part was normally only processed 5% of time
it spends underway from start to finish, and queue time alone could take 80-90% of the
entire production cycle. In fact, the production cycle for each part involves severa
operational stages: apart from the time required for processing which involves set-up
time and run time (e.g. the various machining or assembly operations), parts spend time
in queues before and after processing and while being moved between work centers
(seeFigure 7).

Total operation cycletime

<3 =
< —+F Processing time
Queue <3 £
before 3—"F>
<}—F Run Queue
S(.Et up time ater [ &
time ——— Move
time
Enter Enter next
work center work center

Figure 7. Elements of total operation cycle time (Gunn, 1981, p. 26).
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The time required to produce different parts varies, of course. Thus, in order to pro-
duce a particular end item at a particular due date, the production of the different de-
pendent parts needs to be initialized at different points in time. By coupling the model
of the structure of parts and assemblies and the models of the routing and process char-
acteristics of each part and assembly, it is then possible to calculate the due date of the
various components or dependent parts based on the due date of the orders of the end
or parent item as well.

Since the operation cycle times for each part are specified in the routing sheet
alongside the labor hours required, the total work time required for a batch of a particu-
lar part can be calculated as the queue time plus setup time plus the lot size multiplied
by the run time per part. Thus, it is also possible to calculate the capacity requirements
at each point in the production of a given end item.

The master production schedule is a time-phased plan identifying the aggregate ca-
pacity requirements at a company level. It is thus “the vital control center for the com-
pany’s manufacturing planning and control system” (Gunn, 1981, p. 66). In conven-
tional manufacturing, where production — to alarge extent — has been planned on the
basis of forecasts of expected sales, the master production schedule is computed on the
basis of the sales forecasts for each product or family of products (plus, of course, ac-
tual sales demands) coupled with the models of product structure and the models of the
routing and process characteristics of each part and assembly. Given a master produc-
tion schedule based on reliable forecasts, the production control function is — for all
practical purposes — reduced to ensuring that the detailed plan is executed properly.

A magjor problem with MRP Il-based production control, however, is that is in-
volves a significant element of guesswork:

“aweakness of MRP is that there is some guesswork involved. Y ou need to guess what cus-
tomer demand will be in order to prepare the schedule, and you need to guess how long it
will take your production department to make the needed parts. The system allows correc-
tions to be made daily (called shop-floor control). Nevertheless, bad guesses results in excess
inventories of some parts’ (Schonberger, 1982, pp. 220 f.).

That is, MRP II-based production control is only feasible under certain conditions.
The most important precondition is that the enterprise manufactures a limited number
of products for a predictable market, that is, under conditions where deviations of sales
from expected demand can be parried by inventories of final products.

These preconditions ceased to exist in Alpha as a consequence of the strategic shift
in 1974. Nevertheless, the MRP I1-based production planning and control system is still
used intensively. Why?

The COPICS system at Alphais used to generate production orders. In addition, it
isused in order to record production orders that have been accomplished and to ensure
that operators are paid when a production order has been carried out.14

The system still generates production orders based on projected demand (a simple
monthly average) but actual customer orders are no longer assumed to match projected
demand. To the contrary, the totality of COPICS-generated production orders are
treated as a hypothetical plan that ensures that appropriate material resources in the
form of parts and sub-assemblies can be made available in order to meet actual demand
as derived from the order book and propagated down the line.

Each decision maker then compares the set of COPICS-generated production orders
with the actual demand. If customer orders fall within what has been planned by
COPICS on the basis of average demand, the operators simply stick to the master
schedule and executes the COPICS-generated production orders.

14 Theblue collar workersat Al phaare paid on the basis of a negotiated piece rate tariff.
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However, if customer orders are beyond the plan, operators override the plan and
‘grab’ a production order and redirect and reschedule it. Thus, when the actual cus-
tomer order situation is not matched by the resource envelope established by COPICS,
the network of local decision makers haveto find out if and how the desired production
can be made. This may result in a change in the sequence in which orders are produced
or in the generation of new production orders and thereby in the creation of a different
resource envelope.

In addition to the absence of reliable forecasts and the large number of product
variants, there are other reasons for overriding the master schedule generated by
COPICS.

First, some parts — the components of the cabinet — are extremely bulky. “They
take up space like hell”. These parts are not produced for buffer stocks. Their produc-
tion is therefore always controlled manually. However, the equipment produced by
Alpha only comes in three sizes, which means that the fluctuations in demand for the
different models sizes are fairly small and cabinet parts can be produced in a flow-like
manner.

Second, if suddenly some parts are missing — a fault may have occurred during
painting — then that production order is ‘carried by hand’ al the way through the fac-
tory, that is, its production is controlled manually.

And third, changing from one color to another in the paint cabin requires that the
paint cabin is thoroughly cleaned. So, when an order for, say, white products have to be
made (only some 10 % of al products are painted white), it is important to make sure
that all parts for that order are ready for being painted at the same time. This creates a
wave throughout the plant: “We are painting white Friday — we need all parts to be
painted white by then.”

Anyway, whatever the reason for overriding the master schedule, the COPICS sys-
tem is invaluable as a support to the operators in this cooperative manual control of
production. As reported by Kaavé:

“When he takes an order that only were to be carried out two weeks later, that resource with-
drawal is recorded in the complex continuously controlled by COPICS. During the night,
COPICS then tries to correct the accident — as it sees it — that suddenly 25 more right legs
have been withdrawn than it had expected. It then computes — based on the MRP model —
how to produce these parts anyway so that the plan is maintained. So, even if the system
ought to break down if you do things like that, you are not severely punished.

The MRP model in COPICS saves the planner every time he does a stunt like that.
Because it tries to correct — it tries to maintain a kind of balance. Every time they steal
something in one end it tries to resurrect balance.

They exploit the fact that the MRP model generates new production orders when you
withdraw parts. If you use some parts, the model enters and plan to produce some new ones.
It does not know that the demand is fluctuating. It assumes that you need the same number
every month.

It pours water into the jar again. The jar isawaysrefilled.” (Kaavé, 1992)

In other words, what enables and motivates the operators at Alpha to use the MRP
Il system in a manufacturing operation that is basically order driven — as opposed to
inventory driven — is the models of pertinent interdependencies of the manufacturing
operation at Alpha: the vast array of Bills of Materials of all assemblies and sub-as-
semblies; the average set-up times and processing times of all manufactured parts and
assemblies; the average lead time of purchased items etc. By incorporating such a set of
related models of essential interdependencies, the MRP I system reduces the immense
complexity of scheduling the production of a vast number of parts in a distributed
setting by trying to maintain the fictitious master schedule based on projected average
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demand. It thus provides an essential service to an order-driven manufacturing
operation.

However, in order for the MRP |l system to be used in the way described above
some important changes have been made to the design:

First, because COPICS-generated production orders are not treated as operational
orders but rather as hypothetical orders, the production orders printed by COPICS are
placed in “the box”, that is, an archive of pending production orders. The archive is
under the jurisdiction of the production planner. When the pending orders are to be ex-
ecuted, they are retrieved and finally placed in “the rack” where they are publicly visi-
ble and accessible. Operators are now allowed and expected to pick them up and pro-
duce the parts.

In other words, the direct coupling between (@) the state of the field of work for the
cooperative production control activities (i.e., the manufacturing operations in its total-
ity) and (b) the representation of the field of work in the MRP 11 system has been sev-
ered. The coupling is now merely hypothetical, pending human intervention (approval,
modification, cancellation). Control of the production process is thus squarely in the
hands of the cooperative ensemble.

Second, the COPICS system has itself been modified accordingly. It now has three
check-boxes providing information about the status of each particular production order:

O Has been printed
O In the rack
O Taken by engineer

The first check-box is marked automatically by COPICS when the production order
is printed, whereas the production planner marks the second box when the order is re-
trieved from the archive box and placed in the rack for execution. The latter box is
marked by the foreman when the order is taken by an engineer.1>

The MRP Il system thus provides a means of perceiving the state of affairsin vari-
ous parts of the plant.

The foreman in Assembly may for instance notice, while walking around, that ‘his
buffer stock of some type of partsislow. He may think, “Next week we'll probably be
out of these fuse sockets for Asia” He will then turn to COPICS to see if the system
has planned an order that can be fulfilled in time for him to get them. He simply looks
up in the system: “Does it look like I'll be getting a problem next week?’ He can see
that quite precisely. He can for instance see whether the sub-parts of that particular part
are being machined or not or whether the production order has been placed on the
board for the engineersto take it.

This way of cooperative production control points out new demands to production
management systems, where the existing planning system must be supplemented with
facilities that support local decision makers in their planning and evaluation tasks. The
role of the planning system is smply changing as local actors are deciding which or-
ders should be put into production, and new systems must enable local actors to gen-
erate orders when the set of expected production orders is not creating the needed re-
source envelope.

15 The engineers are allowed to chose which order to pick. This allows them, to a certain ex-

tent, to avoid changing the set-up at their individual workstations for each order and thus
enable them to make a handsome wage. Their choice of job is to be approved by the
foreman in order to ensure that the engineer does not skip rush orders for the sake of max-
imizing hisincome.
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In sum, then:

(1)  In the company we have caled Alpha, the MRP Il-based production plan-
ning system is used in a control mode based on actual customer order as op-
posed to a mode of control based on reliable forecasts of demand. The MRP
Il system isthus used in a context far beyond its valid application domain.

(2) The MRP Il-based system used nevertheless to (a) to coordinate the mass of
activities that need not be handled manually; (b) to coordinate the execution
of customer orders well within the projected average demand; (c) to compute
and counteract the potentia adverse effects of manualy overriding the
hypothetical master schedule; and (d) to provide al those involved in the
control of production at large with a representation of the state of the field of
work.

(3) The MRP Il-based system is able to provide this support because it incorpo-
rates a set of interrelated models of pertinent interactions and interdependen-
ciesin thefield of work.

(49) The MRP Il-based system as used in Alpha company has been redesigned so
as to support its use as a mechanism of interaction: By introducing a manu-
ally controlled ‘buffer’ archive of printed production orders between
COPICS and the production process and by recording and displaying the
state of each COPICS-generated production order, the coupling between the
state of the field of work for the cooperative production control activities and
the representation of the state of the field of work in the MRP Il system has
been made visible and accessible to those concerned.

3.6. Production control in manufacturing: The kanban
system

The Alpha company studied by Kaavé provides another example of a mechanism of
interaction in cooperative work: The kanban system.

In company Alpha a kanban system is used in certain processes the Shaping de-
partment. As noted above, the shaping department manufactures cabinets from sheet
metal. Altogether seven different processes such as cutting, bending, welding etc. are
involved. The processes of cutting, bending, welding etc., demand distinctly different
machinery and tools, and this means that there are considerable set-up times, from
about 15 minutes to less than hour, and each part are therefore produced in lots whose
size is defined according to the overall flow and the set-up time on the specific ma-
chine. Lot sizes vary from process to process from up to 1,000 in the cutting processes
to less than 50 in the welding and the sub-assembly processes. These processes are de-
coupled by buffer stocks. Most metal parts are going through more than five processes
before the assembly process.

Kanban is a Japanese word meaning ‘card’ or more literally ‘visible record’
(Schonberger, 1982, p. 219) and is now used to denote a production control system
where a set of cards acts as the coordination mechanism, both as carrier of information
about the state of affairs and as a production order conveying an instruction to initiate
certain activities.

The basic idea is that loosely coupled but interdependent production processes can
be coordinated by means of exchanging cards between processes (see Figure 8). A
particular card is attached to a container used for the transportation of alot of parts or
sub-assemblies between work stations. When the operator has processed a given lot of
parts and thus has emptied the container, the accompanying card is sent back to the
operator who produces these parts. Having received the card he has now been issued a
production order.
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Figure 8. The basic ‘syntax’ of akanban system.

The basic set of rules of akanban system are (Schonberger, 1982, p. 224):

1 No part may be made unless there is a kanban authorizing it.

2. Thereis precisely one card for each container.

3. The number of containers per part number in the system is carefully calcu-

lated.
4. Only standard containers may be used.
5. Containers are always filled with the prescribed quantity — no more, no less.

Aoki (1988) conceives of the kanban or just-in-time system as a “semi-horizontal
operationa coordination mechanism” and argues that this mechanism of coordination
is an effective way to adapt a distributed cooperative effort to changing market circum-
stances quickly without accumulating costly buffer inventories when many varieties
comprising a large number of parts are involved. He adds the important observation
that the semi-horizontal mode of coordination “crucially depends on the skills, judg-
ment, and cooperation of [a] versatile and autonomous work force on the shop floor”,
and “a certain degree of blurring of job territoriality between workers on the one hand
and foremen, engineers, programmers, etc., on the other”.

However, in a kanban system, information only propagates ‘ up-stream’ as parts are
used down the line. The speed and pattern of propagation of information is severely re-
stricted and the information ultimately conveyed has been filtered and distorted by the
successive tranglations along the line up-stream. The kanban system does not provide
facilities allowing decision makers to anticipate disturbances and to obtain an overview
of the situation. They are enveloped by an overwhelming and inscrutable automatic
coordination mechanism.

The kanban system is not adequate for coordinating manufacturing operations faced
with severe demands on flexibility of volume. The kanban system can only handle
small deviations in the demand for the end product (Schonberger, 1982, p. 227;
Monden, 1983).

Accordingly, since Alpha is faced with extreme fluctuations in demand, operators
constantly experience that the configuration of the kanban system (the number of con-
tainers per part number and the quantity per container) is inadequate. In stead of aban-
doning the kanban system altogether or at |east temporarily, they are change the config-
uration in various ways, for example by pocketing a card for time, by leaving card on
the fork-lift truck, by ordering new lots before a container has been emptied, by
handing cards over directly, by changing lot sizes, etc.

This is possible because an informal network of clerks, planners, operators, fork-lift
drivers, and foremen in various functions such as purchasing, sales, production, ship-
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ping etc. cooperate directly in controlling the flow of parts. A member of this network
will for example explore the state of affairs ‘up-stream’ so as to be able to anticipate
contingencies and, in case of disturbances that might have repercussions ‘down-
stream,’” issue warnings. That is, the indirect, dumb, and formal kanban mechanism is
subsumed under a very direct, intelligent, and informal cooperative coordination. The
cooperative ensemble has ‘appropriated’ the kanban system in order to increase its
flexibility. They have thus taking over control of the system, and are controlling the
production far more closely and effectively than warranted by the kanban system. This
is possibly because of their deep knowledge about lead times and inventories in the
shaping processes, and the flow of information through the network of what Assembly
needs.

It is important to notice, that the system might not work like this if it had been de-
signed otherwise, for instance with sensors at the bottom of each container in order to
detect and notify automatically when a new production order should be issued. This
would make it impossible for the operators to change the set-up contingently.

In sum, then:

(1)  The kanban system is a mechanism of interaction in the sense that it is a
symbolic artifact that it used to reduce the complexity of articulating a large
number of different cooperative work activities.

(2) Asthe MRP Il-based system discussed in the previous section, the kanban
system only serves as a mechanism of interaction because it incorporates
(implicitly, in the configuration of the system) a model of pertinent features
of the manufacturing operation.

(3) Thus, in spite of the fact that the kanban system often is used in situations
where it is ‘beyond its bounds', it is not discarded but merely modified lo-
cally and temporarily according to the requirements of the situation. When
an operator pockets a kanban, he is changing the configuration of the sys-
tem, not switching the system off. When the card is put back in circulation,
the default configuration isin force again.

(4)  In order to be usable in a setting like Alpha, the kanban system must to be
managed (monitored, adapted, modified) continuously. This is facilitated by
the formation of a network of operators who keep each other informed about
the state of affairs.

(5) The kanban system is tied to the field of work in such a way that state
changes to the kanban system are strongly coupled to state changes in the
field of work. The speed and pattern of propagation of information is
severely restricted by the successive nodes along the line up-stream.

(6) Thedesign of the kanban system as a mechanism of interaction allows oper-
ators to manage the system in so far as the control of the execution of the
mechanism is in the hands of the operators: it is the down-stream operator
who takes the card and sends it up-stream; it is the truck driver who delivers
it; it is the up-stream operator who receives the card and decides to act on it
or to deviate from the procedure in some way. That is, due to the operator’'s
control of the execution of the kanban system and the fact that they exercise
that control, the direct coupling of the system to the field of work has been
severed.

(7)  The information ultimately conveyed by the propagation of card up-stream
has been filtered and distorted by the successive translations along the line.
The kanban system does not provide facilities allowing decision makers to
anticipate disturbances and to obtain an overview of the state of affairs up-
and down-stream. They are enveloped by an overwhelming and inscrutable
automatic coordination mechanism.
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3.7. Portfolio management: Thelist

A portfolio management agency investigated by the author in 1987 (Schmidt, 1987)
provides an example of the use of simple artifacts as vehicles of articulation work and
of the cooperative effort required to manage the artifact.

Investors are faced with an extremely complex and turbulent object domain — the
world market, or rather the complex of interrelated national and international markets
for bonds, shares, options, futures, currencies, commodities, etc. Portfolio management
agencies assist clients in making sound investment decisions, monitoring the state of
their portfolios, and taking corrective actions as need be.

Portfolio management can thus be conceived of as a mediating function between a
number of clients with different individual propensities and concerns on one hand and
on the other hand an extremely complex and turbulent object domain.

Portfolio
Investorj«}———> rencgement <] >

Figure 9.

That is, on one hand portfolio management is faced with the monitoring and navi-
gating the vast space of potential investment objects and their multi-dimensional inter-
dependencies:

« Kinds of markets: shares, bonds, futures, options, currency, etc.

« National economies with different currency rates, interest rates, inflation rates,

political prospects etc.

e Branches of production with different technical developments and market

trends.

« Rédations of ownership and control.

On the other hand, the different characteristics of clients add to the complexity of
portfolio management:

« Clients have specific propensities and apprehensions.

e Clientshave different ‘risk profiles'.

« Clients have different needsfor liquid assets.

In order to handle this complexity, the portfolio management agency studied by the
author has adopted afairly clear division of work and responsibility between ‘analysts
and ‘consultants’ that reflects the polarity of the field of work. The analysts monitor the
development of the markets in order to identify new investment opportunities as well
as to monitor the changing degree of risk exposure of current investments, whereas the
consultants monitor and control the individual portfolios in accordance with the
propensities and concerns of their clients: they will sell and buy in order to keep the
profile of the portfolio in line with that of the client.

Also in order to handle the compelling complexity, the portfolio management
agency in question has developed effective strategies for reducing operational com-
plexity.

As far as the complexity posed by the multiplicity of clients propensities is con-
cerned, the multiplicity is reduced drastically by classifying clients according to a very
simple classification scheme:

« Risk profile, with only three categories: ‘ speculative’, ‘medium’, ‘ conservative'.

¢ Needs for liquid assets, again with only three categories: ‘high’, ‘mediunm’,
‘low’).

»  Specific commandments (e.g., ‘No South African shares’)
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The complexity of controlling that the composition of each portfolio at any time is
in accordance with the client’s profile can thus be reduced to a relatively smple daily
routine:

e The different needs for liquid assets can be attained by establishing and main-
taining a certain mixture of high-volume bonds, low-volume bonds, and shares.

e Therisk profile of the client can be trandlated directly into a corresponding mix-
ture of shares of different risk categories (‘speculative’, ‘medium’,
‘conservative').

« |Inaddition, accordance with the client’s risk profile can be ensured by distribut-
ing the investments of each portfolio over a number of countries and branches.

As far as the immense complexity posed by the markets is concerned, the portfolio
management agency in question has drastically reduced the number of potentia in-
vestment objects to be taken into account on a daily basis by maintaining a ‘positive
list' of approved shares. This list comprises some 200 shares which are deemed
‘interesting’ and * attractive'.

In the daily routine of portfolio management, i.e., in monitoring and regulating the
composition of each portfolio, the consultants only buy shares that have been approved
and added to the list. Because the list — as a written text — is persistently accessible, a
lot of time consuming and disruptive discourse between analysts and consultants is
avoided. Though a very simple artifact, the list substantially reduces the overhead cost
of conveying the recommendations of the analysts to the consultants.

However, taking investment decisions on behaf of a client is a delicate affair. A
certain anxiety prevails. Thisissue is exacerbated when, as is the case in the particular
portfolio management agency in question, clients typically are institutional investors
and other large investors who often possess considerable insight of their own in the
workings and behavior of the markets. The overriding concern of the consultants,
therefore, is to be able to ‘explain’ and ‘justify’ their actions to their clients.
Accordingly, a continuous exchange of views and background information between
analysts and consultants is a prerequisite for the consultants ability to instill confi-
dencein their clients. For instance, the consultants need to be able to explain to clients
how the markets in which they have invested behave. They must be able to tell whether
there are causes for concern. They must be able to inform the client of his position.
And they must be able to discuss alternative options. The situation in the markets is
discussed regularly across the room. That is, a close contact between analysts and con-
sultantsis necessary.

This need for access to background information applies to the list as well. If the
consultants simply had to execute a list handed down from analysts at the headquarters
of the bank,16 they would not be able to instill much confidence in their clients. The
list is therefore managed cooperatively by the analysts and consultants in the sense that
the analysts has to convince the consultants of the rationality of any change to the list
whereas the consultants, reflecting the concerns of their clients, so to speak play stub-
born and recalcitrant. The recommendations of the analysts are only accepted after in-
tensive and thorough discussion. In fact, quite often the cooperative management of the
this simple coordination mechanism will turn into protracted and heated arguments.

In sum, then:

(1) Day-to-day decisions concerning the control of portfolios are made on the
basis of alist of ca. 200 ‘approved’ shares. As an artifact, the list is quite
unassuming. It does not provide any structure to the listed shares. The list
merely records and conveys the fact that the listed shares have been agreed
upon as ‘interesting’ securities.

16 Whichiswhat the headquarters of the bank planned to do at the time.
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(2) The list mediates and coordinates cooperative work between specialists in
the sense that the daily portfolio control work of the consultants can be car-
ried out without ongoing discourse with the analysts.

(3) However, the management of the list itself is a cooperative activity. Since
the consultants need to be able to ‘explain’ their actions to their relatively
sophisticated clients, approval of the composition of the list requires —
sometimes heated — debates between analysts and consultants. In other
words, the cooperative management of the list involves negotiation.

(4)  Continuous exchange of views and background information between ana-
lysts and consultants is a prerequisite for the consultants ability to ingtill
confidencein their clients.

(5) Thatis, given the fact that the clients of the portfolio management agency in
question are relatively sophisticated, the division of labour between analysts
and consultants is feasible if and only if the consultants have access to gen-
eral background information about the state of affairs in the markets and the
rationale for selecting particular securities as investment objects for certain
clients.

(6) The discretionary nature of investment decision making combined with the
general anxiety of managing other people’s fortunes and the exacerbated
stress of serving relatively sophisticated and demanding clients all conspire
to require intensive daily contact and, intermittently, spontaneous debates
and negotiations between analysts and consultants.

3.8. Classification scheme: The ICD

Like the list in the portfolio management agency, the International Classification of
Diseases (ICD) is an example of alist that mediates and coordinates cooperative work
between speciaists (Bowker and Star, 1991). As opposed to the unassuming list of
shares, it is not — as an artifact — simple nor is its cooperative management merely a
matter of deciding whether a certain entity should be included or not. Rather, the ICD
is a classification scheme that has been evolved over very long time, it is being devel-
oped by a large number of people with incongruent objectives and perspectives, and it
serves to coordinate a vast number of widely distributed activitiesin quite different cir-
cumstances.

The ICD isalist of causes of death and diseases. It is about one hundred years old,
and has been revised nearly every ten years since the 19th century. The ICD is typi-
cally distributed as a book to public health offices, hospitals, and bureaus of vital statis-
tics throughout the world. It contains numbers which correspond to causes of death or
illness, and algorithms for arriving at those numbers in complex cases involving more
than one disease or cause.

“One of the values of alist like the ICD is that it can be used in trans-national comparisons.
This is useful epidemiologically, in that it enables one to trace specific environmental and
nutritional factors that might be involved in the occurrence or spread of particular diseases.”
(Bowker and Star, 1991, p. 75)

However, these advantages can only be fully exploited if the various states agree on
the way information is collected and coded. Different states submit their data more or
less promptly; they have different administrative structures with different units of ag-
gregation; and they have different policies concerning death certificates that have made
an appreciable difference to the results of the ICD.

In addition, different categories of users of the ICD (such as doctors, epidemiolo-
gists, and statisticians) have different needs and pose conflicting demands on the de-
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sign of the ICD. And, finally, similar conflicting demands are posed by various indus-
trial actors: insurance companies, industrial firms, and pharmaceutical companies.

The point is, in the words of Bowker and Star, that “the list cannot be homoge-
neous, neutral and appeal to al parties’ (Bowker and Star, 1991, p. 77).

As established by Bowker and Star, the design and use of the ICD has been adapted
to these requirements in many ways, most importantly by means of the following fea-
tures:

Residual categories. These categories can indicate uncertainty at the level of data
collection or interpretation. Forcing a more precise designation could give a false im-
pression of positive data. The major disadvantage is that alazy or rushed doctor will be
tempted to overuse ‘ other’.

Heterogeneous Lists. Throughout the history of the ICD, there has been a great deal
of debate about whether it constituted a nomenclature or a classification. The difference
is that a nomenclature is merely a list which does not give any indication of cause
whereas a classification gives causes. The advantage of a nomenclature is that it can
remain more stable over time whereas classifications are more convenient immediately,
but change frequently. In the words of Bowker and Star, “the solution that has emerged
over time has been rather to find the appropriate level of ambiguity — to keep the list
as heterogeneous as possible for the different actors to find their own concerns
represented.” (Bowker and Star, 1991, p. 77)

Parallel Different Lists. Different user groups have found that the ICD did not serve
their purposes, and so they have modified it. This could for instance happen in a
country with a different range of medical problems. Similarly, some specialists might
be interested in a finer breakdown than that permitted by the ICD. The strategy of the
ICD committee in these cases has been to issue rules for how thelist isto be modified.

Bowker and Star draw four lessons from their study of the ICD that are worth
quoting:

“- first, there is a permanent tension between attempts at universal standardization of lists,

and the local circumstances of those using them;

- second, this tension should not, and cannot, be resolved by imposed standardization, be-

cause the problem recurses,

- third, rather, from the point of view of coordination, ad hoc responses to standardized lists

can be mined for their rich information about the heterogeneous knowledge domain [...];

- fourth, making this sort of list is an example of the creation of the sort of object which must

satisfy members of worlds or organizations with conflicting requirements. In its creation, and

later in its use, the complex list is a kind of knowledge representation particularly useful for
coordinating distributed work, which often contains requirements of this sort. Some, our-

selves among them, would argue necessarily conflicting.” (Bowker and Star, 1991, p. 74)

In sum, then:

(1)  Thecollection, organization, and use of data pertaining to causes of death at
aglobal scaleis a cooperative effort on a vast scale and involving multitude
of interested parties. The whole enterprise hinges on a globally accepted,
standardized classification scheme.

(2)  Theadoption of a standard format does not alleviate the conflicting demands
and needs. The problem recurses. The list is subjected to cooperative man-
agement — by the committee as well as by the data providers and users.

(3) Thedesign and management of the list adapts to the conflicting demands by
carefully finding “the appropriate level of ambiguity”.
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3.9. Administrative procedures

Suchman gives a detailed account of the role of administrative procedures in an ac-
counting office. The accounting office studied by Suchman (Suchman, 1983) is re-
sponsible for the orderly payment of money due to outside organizations supplying
goods and services to the organizational units in its charge. Orderly payment is docu-
mented through the office’s record-keeping, and accuracy is monitored by the auditing
of invoices against records of reguisition and receipt.

According to Suchman, the “smooth flow” of paper on a given purchase the follow-
ing sequence “occurs’ ;17

(1) The facility’s procurement office issues a purchase order (P.O.). Three
copies are distributed: one each to the supplier, the shipping/receiving de-
partment of the facility, and the Accounting Office.

(2)  The Accounting Office copy isfiled in atemporary file.

(3 Astheitems ordered arrive at the receiving department they are marked off
on the receiving department’s copy of the purchase order (the receiver), a
copy of whichisin turn sent to Accounting.

(4  Invoices issued by the vendor arrive in the Accounting Office via the U.S.
mail. On arrival they are matched with the waiting purchase order and re-
ceiver.

(5)  With the purchase order, receiver, and invoice in hand, the audit of price,
guantity, sales tax, account numbers, part numbers, and so forth, can be
done.

(6) On completion of the audit, with no discrepancies encountered, the work
necessary to a generation of payment begins.

(7)  When the payment is issued, the invoice, purchase order, and receiver are
attached behind a copy of the check and filed away in the paid file.

Suchman highlights one specific routine complication. It may be the case that the
items on a given purchase order are received and billed in separate installments over an
extended period of time. Again, if all goes smoothly, the items marked off on the re-
ceiving report from Shipping/Receiving correspond to those on the invoice from the
vendor. The purchase order, receiver, and invoice are matched and audited. The pay-
ment for the items received is recorded by margin notes on the purchase order, which is
then returned to the temporary file to wait for the next shipment and billing. Only after
all bills have been received and paid is the completed purchase order filed permanently
in the paid file.

According to Suchman, the data on this case are constituted principally by alengthy
session of collaborative work between the accounts payable auditing clerk, K, and the
accounting supervisor, R. K’s work on the case begins with the arrival of a past due
invoice in the mail. As a claim of money owed by the facility, the arrival of any
invoice from an outside supplier initiates action. As a claim of payment overdue, a past
dueinvoice is aformalized notice of trouble.

If a past due invoice were taken at face value, payment could simply be issued
without delay. But before making payment the Accounting Office must establish the
legitimacy of the vendor’'s claim. A review of past actions taken on the order, as
recorded in Accounting Office files, is the primary resource for that task. In this case,
however, the record of what happened presents its own troubles.

Up to the point in the work where the following the transcript starts, a search of the
files has produced the following discrepancies:

(1) Theorigina purchase order is missing.

17 The description of the case does not indicate whether this sequence is explicitly stipulated

in awritten text. In most accounting offices, however, this would be the case.
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(2) A completed receiving document is found. There are eight items listed on it,
all of which have been marked as received. But the two invoices found in the
paid file show only items 3 and 8 as paid. There is no invoice or record of
payment for items 1, 2, 4, 5, or 6 and 7, yet the vendor reports that the trans-
action will be completed with payment of the past due invoice for items 6

and 7

(3 Two packing dlips and a receiving document show items 1, 2, 4, and 5 re-
ceived with item 8, but the invoice to which they are all attached shows item
8only.

It appears, then, that there are in fact six items whose payments are due (1, 2, 4, 5,

and 6 and 7.) At the same time, the vendor reports that the past due invoice (for items 6
and 7) isthe final payment, and the receiving department reports all the items received.
At L256-57 of Suchman'’s transcript, on the basis of their work together to this point, K
and R agree that there must be, somewhere, another record of payment for items 1, 2, 4,

and 5.

Sequence 1
L255
L256
L257
L258
L259

There' s another purchase order some-

| mean there' s another payment somewhere?
Y ea, there' s got to be another.

There' s another payment somewhere,

now whereisthat? Is the question.

R and K agree here that there isa missing record of payment onitems 1, 2, 4, and 5;
the location of that record becomes, accordingly, the question to be answered and the

direction for a search.

Sequence 2
L260
L261
L262

L263
L264
L265
L266
L267
L268
L269
L270
L271
L272
L273
L274
L275
L276
L277

L278
L279
L280
L281
L282

L283
L284
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The only thing | can think of isthat it’s:
Where' stheir (paid) folder.

Let me go get the whole folder,

Why don’t you.

and maybe if |: go through the control numbers (inaudible)
((she goes to paid invoice files))

Y ea, that’s what we' re gonna have to do

we haveto look at that whole folder.

((returns with folder)) The only thing | really was goin’ on
was the P.O. number, cause | didn’t have any invoice numbers,
or really) any dates, to go-

to find out when it would have been paid

((looking through folder contents))

What purchase order are we dealing with?

36905.

((pause while R leafs through fol der))

What'sweird is, though, the girl was telling me

this number that comes after this, ((number on the past duein-
voice)).

That tellsyou thisis the third invoice,

for thislike P.O.

[

billed on that P.O.

But if that’s true, thisis one ((invoice for item 3)), that’s two
((invoice for item 8)), and thisis three: ((past due invoice for items 6
and 7))

Then there might not be another hill.

(inaudible) Isthat ((the missing P.O.)) in that problem pile up there
anywhere?
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L285 K: No, | don't recall seeing it, but I’ [l double check on it
L286 ((getting stack from upper shelf)

At L272, the accounting supervisor R begins what proves to be an extensive search
of the record of past payments to the vendor, while the auditing clerk K re-examines
the set of documents aready in hand. At L276-83, informed by her talk with the ven-
dor, K pulls out one detail that seems somehow related to the question of the record’s
completeness. R's completion of K's remark at L281 demonstrates that he is listening,
but at L284 R leaves K's comment without remark and continues with a new question
which temporarily brings K away from the invoices and back to the missing purchase
order.

Their work is proceeding along two more or less independent lines, with R search-
ing the record of past payments while K continues to study the documents already
pulled from the file, when K makes a discovery:

Sequence 3

L333 K: Huuuh.

L334 R Hmm?

L335 K: Look at ((invoice for item 8)) missing page 2.
L336 R: Where do you get that at?

L337 K: Page 2.

L338 R: Page 27 It's atwo page pur- two page, uh invoice?
L339 K: Oh no, oh no. (You're not gonnalike this.)

L340 R: know I’'m not gonnalikeit. | already don't likeiit,
L341 K: Okay,

L342 R: I’m having to look at it, that's making me not like it.

In spite of the split in their attention, which begins with R’'s search of the paid
folder, K and R are each “continually producing comments that, as assessments of what
each isfinding, allow the other to monitor their joint work” (p. 325). In other words, in
exactly the same way as the operators of the Bakerloo Line control room and the air
traffic control operators, they are devel oping and maintaining a reciprocal awareness by
making their individual activities publicly visible and at the same time monitoring each
other’s activities. K and R’s continual monitoring of each other provides for their
respective searches, at any point, to develop into concerted attention to any of a
number of findings.

A little later, K and R turn back to K’s finding of the missing page:

Sequence 4

L414 K: Okay,

L415 R: Now then tell me what you see there.

L416 Now I’ve got that in order ((the paid file)), then we don’t have to
look.

L417 K: Thisis page two ((invoice for item 8)),

L418 R Mmhrn.

L419 K: Okay. We got three of these items ((8)) for $156,

L420 but all of the tax on them does not equal $117,

L421 so the page oneitems: ((items 1, 2, 4, and 5)) go with thisinvoice
((for item 8)).

L422 That’s why ((the vendor)) says this ((invoice for 6 and 7)) isthe last
item.

L423 R: But you don't have page one.

L424 K: No. ((pause)) Page oneisn’t there.

L425 R: Thi-this one ((for item 8)) is already paid?

L426 K: Y ea, thisone' s paid.

L427 R: And that’s the check for it?
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L428 K: Y ea, that- these two: packing slips ((for items 1, 2, 4, 5, and 8))
were attached to the receiver.

L429 So that was- according to them, we' ve paid the full amount ((for
items 1, 2, 4,5, and 8)),

L430 R: We've paid the full amount,

L431 K: but we don’t: ((laugh))

L432 [

L433 R But we don’t know where page oneis.

L434 K: Cuz this, times tax, just don’t: equal up.

L435 R: Mm hm, mm hm.

At L428-9, K shows how the missing invoice page works to explain why there are
two packing dlips with the invoice for item 8, one being for items 1, 2, 4, and 5, and R
agrees at L430. R immediately offers a next action:

Sequence 5

L435 R: Mm hm, mm hm. | want you to call that lady

L436 and tell her you want page one. Of thisinvoice.

L437 K: Now at least we have a number to go on,

L438 [

L439 R: Tell her that you' re gonna do her something ((pay for items 6 and
7)-

L440 we're gonna do her something, we want her to do us something
((provide the missing invoice page for items 1, 2, 4, and 5)).

L441 We need page one for thisinvoice. All right?
And then that-

L442 that explains why all those other things ((1,2,4 and 5)) are not there.

L443 K: Okay.

Suchman’s interpretation of the case is thought-provoking and somewhat con-
tentious:

“Standard procedure is constituted by the generation of orderly records. This does not neces-
sarily mean,” Suchman posits, “that orderly records are the result, or outcome, of some pre-
scribed sequence of steps. Workers in the Accounting Office are concerned that (1) money
due should be paid, and (2) that the record should make available both the warrant for pay-
ment and the orderly process by which it was made. In this case, once the legitimate history
of the past due invoice is established, payment is made by acting as though the record were
complete and then filling in the documentation where necessary. The practice of completing
arecord or pieces of it after the fact of actions taken is central to the work of record-keep-
ing.” (p. 326).

To be sure, the case shows convincingly that orderly records are not necessarily the
result of some prescribed sequence of steps. But the case analyzed by Suchman is a
case of recovery from error in an administrative agency and provides little, if any, in-
sight into how standard procedures, defined as pre-defined written stipulations, are ap-
plied in routine daily work.

It istherefore difficult, if not impossible, to conclude that orderly records are not —
in normal circumstances where records are complete — the result of some prescribed
sequence of steps:

“It is the assembly of orderly records out of the practical contingencies of actual cases that
produces evidence of action in accordance with routine procedure. This is not to say that
workers ‘fake’ the appearance of orderliness in the records. Rather, it is the orderliness that
they construct in the record that constitutes accountability to the office procedures.”
(Suchman, 1983, p. 327)

Suchman’s analysis is demonstrably true as far as the error recovery case is con-
cerned, but there is no empirical basis for the quite general claim: “It is the assembly of
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orderly records out of the practical contingencies of actual cases that produces evidence
of action in accordance with routine procedure.”

Anyway, precisely because it is a case of recovery from error, the case also provides
a graphic impression of the massive heuristic use of standard procedures even in a
seemingly abnormal situation. The two actors solves the abnormal problem because of
their “knowledge of the accounts payable procedure” (p. 322).

In sum, then:

(1) Standard procedures have a heuristic function in the sense that they “are

formulated in the interest of what things should come to, and not necessarily
how they should arrive there.” (p. 326)
“The operational significance of a given procedure or policy is not self-evi-
dent, but is determined by workers with respect to the particulars of the case
in hand. Their determinations are made through inquiries for which both the
socia and material make-up of the office setting serve as central resources.
This view recommends an understanding of office work that attends to the
judgmental practices embedded in the accomplishment of procedural tasks.”
(Suchman, 1983, p. 327).

(2)  Suchman’s case study describes a case of recovery from error in an admin-
istrative agency. As such, the case study does not tell us very much about the
use of prescribed procedures in routine daily work. What the case does give
us, however, is an insight into the crucial role of prescribed procedures even
in handling contingencies. The case shows that prescribed procedures con-
vey important heuristic information for the handling of routine tasks as well
aserrors.
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4. Articulation of cooperative work:
Modes and mechanisms

The discussion of the different cases of cooperative work in the preceding chapter al-
lows usto outline some salient features of cooperative work and its articulation.

In cooperative work, multiple persons cooperate in the sense that they are interde-
pendent in their work or in other words work ‘on’ a common field of work, the part of
the world that is affected (controlled or transformed) by the work of the actors, e.g.:

 the hot rolling mill as controlled manually by a small number of operators,

« the nuclear power plant and its control system as supervised by the operatorsin

the control room;

« theair traffic in a particular sector of airspace and the concomitant monitoring

and communication system at the disposal of the controllers in charge of that

sector;
« the manufacturing plant and its myriad parts and processes, orders and worksta-
tions;

« the collection of portfolios to be protected and nurtured by the consultants and
analystsin aturbulent and complex securities market;

» the global mass of vital statistics to be ordered by a vast and distributed ensem-
ble of doctors and bureaucrats.

The distributed activities of the members of the cooperative ensemble are interde-
pendent in the sense that they — in different ways — contribute to the overall process
of control of the common field of work. The participants interact by controlling (moni-
toring, regulating, changing, transforming) the state of the field of work. Thus, for the
participants to be able to contribute purposefully to the cooperative effort, each of them
need access to information pertaining to the state of the field of work: what is the
situation, what has happened, what is happening, what might happen?

Interacting by changing the state of the field of work is an extremely restricted and
convoluted way of interaction:

(1)  Changing the state of the field of work, for instance by changing it, is not a
symbolic act. Itisareal act. It iswhat it appears to be.

(2) Theallowed changesto the field of work are determined by the nature of the
field of work (e.g., the degree of coupling between objects and processes,
the extent to which changes are reversible).

(3) The content of the interaction (the meaning conveyed from A to B) is re-
stricted by the extent to which the changes of the state of the field of work
are visible to the others and what they may indicate to the others.

(4)  Theturn-around time of the interaction may be determined by the frequency
of state changesin the field of work.

That is, apart from rare cases like the hot rolling mill or abooking system where the
field of work changes predictably and linearly along a few parameters in an un-am-
biguous way, the common field of work in itself does not provide adequate means for
articulating the different contributions of different individuals to the cooperative effort.
The need for other means of articulating distributed activities is especially manifest if
the state the field of work changes dynamically, unpredictably, non-linearly, if events
are ambiguous, if the state of affairs can only be ascertained indirectly, or if distur-
bances due to deficient coordination of activities could have severe consequences (asin
the case of anuclear power plant or air traffic control).
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Thus, while mediation of cooperative work via a common field of work is funda-
mental to all cooperative work, the articulation of cooperative work requires a multi-
tude of modes and mechanisms of interaction.

4.1. Modes of interaction

As observed above, articulation work is a multi-facetted phenomenon in the sense that
work is articulated with respect to multiple dimensions: with respect to the field of
work (objects, processes, sensors, effectors, representations etc.) and with respect to
actors, responsibilities, tasks, activities, conceptual structures, informational and mate-
rial resources.

With respect to each of these dimensions, articulation work involves an open-ended
repertoire of modes and means of interaction that are meshed fluently in innumerous
ways. A few exampleswill illustrate the point:

Maintaining reciprocal awareness: The articulation of the distributed activitiesin a
cooperative setting normally requires the continuous formation among the members of
the cooperating ensemble of a reciprocal awareness of the activities, concerns, and in-
tentions of the other members of the ensemble. Or in the words of Heath and Luff:
“The ability to coordinate activities, and the process of interpretation and perception it
entails, inevitably relies upon a social organisation; abody of skills and practices which
allows different personnel to recognise what each other is doing and thereby produce
appropriate conduct.” (Heath and Luff, 1992, pp. 70f.)

The development and maintenance of reciprocal awareness of the work of the other
members of the ensemble may involve an ongoing process of inconspicuous, unobtru-
sive, and even “surreptitious’ (Heath and Luff, 1992, p. 74) monitoring of the activities
of the others, by seeing and hearing what the others are doing, where they are in the
room; by noticing the level of letters in the in-box or the lack of certain parts in racks
containing the buffer stock and so on.

The formation of reciprocal awareness through monitoring of the activities of the
others is matched by an ‘inverse’ — and often equally inconspicuous and unobtrusive
— effort of rendering activities visible to the others: modulating operations on the field
of work, humming, thinking aloud, leaving traces, recording, logging, reporting, etc.

Directing attention: In articulating their joint effort, each of the members of the co-
operative ensemble may deliberately — but not necessarily consciously — direct the
attention of the other members to certain features of the state of the field of work, a
possible problem, disturbance or danger, etc. by invoking a multitude of modes of in-
teraction:

* by embedding cues, e.g., by marking particular items, for instance by position-

ing them in certain locations and ways, by highlighting them etc.

< by tacitly modulating work activities in uncommon, unusual, or abnormal ways;

e by gingerly humming, drumming, coughing, gazing;

< by overtly pointing, nodding etc. at particular objects;

* by warning explicitly (talking, shouting, annotating, writing).

Assigning tasks: As pointed out by Strauss, a wide variety of social modes of task
allocation can be observed:

“tasks can be imposed; they can be requested; also they can just be assumed without request
or command; but they can also be delegated or proffered, and accepted or rejected. Often
they are negotiated. And of course actors can manipulate openly or covertly to get tasks, or
even have entire kinds of work allocated to themselves.” (Strauss, 1985, p. 6.)

Moreover, tasks can be requested in countless ways: by nodding towards athing, by
highlighting an object of work, for instance by it at a certain spot (in the in-box, on the

60 Risg-R-666(EN)



Modes and Mechanisms of Interaction

desk, pigeon hole), by explicit verbal request (post it note, office memo, executive
command).

Handing over: In the course of a cooperative effort, responsibility for a certain pro-
cessin the field of work may be handed over from one actor to another. Again, this can
be done in different ways: the object itself may be handed over (e.g., the strip being on
between operators of the hot rolling mill, finished parts being passed on to the next sta-
tion in manufacturing), the interface to the control system may be handed over (e.g.,
the wheel on the bridge of a ship), a symbolic representation may be passed on as a
semaphore and so on.

The point to be made by way of these examples, is that the myriad modes of inter-
action involved in articulation work cannot be ordered according to any simple concep-
tual scheme. Instead, a limited number of salient features of modes of interaction can
be highlighted:

(1) Unobtrusive versus obtrusive: Modes of interaction can be more or less
obtrusive: some modes of interaction such as pointing or tapping at an item or talking
or shouting to colleagues are be highly intrusive in that they impose an obligation on
the others to notice and react accordingly (more or less instantly). They therefore dis-
rupt current activities (which may or may not be ). Other modes of interaction can be
quite inconspicuous, such as, for example, embedding cues, humming, gazing, thinking
aloud, leaving traces.

(20 Embedded versus symbolic: Embedding cues by highlighting particular
items belonging to the field of work or representing the field of work, for instance by
positioning them in conspicuous ways, at unusual locations or in abnormal orientations,
by marking them etc., has significant advantagesin that it (1) uses items that are ready-
at-hand, perhaps ubiquitous, and that are constantly monitored due to their status as
belonging to the field of work and (2) therefore is more efficient and less intrusive and
distracting than, for instance, pointing or talking or other modes of interaction that
impose the role of arecipient on somebody.

Embedding cues in abjects, for example by marking a certain feature in the field of
work so as to convey to others that they should pay attention to a particular occurrence
or take a particular action, is not, strictly speaking, a symboalic act. We are here follow-
ing Peirce’ s distinctions:

“1 respect to their relations to their dynamic objects, | divide signs into Icons, Indices, and

Symbols|...]. | define an Icon as asign which is determined by its dynamic object by virtue

of its own internal nature. [...] | define an Index as a sign determined by its dynamic object

by virtue of being in areal relation toiit. [...] | define a Symbol as a sign which is determined

by its dynamic object only in the sense that it will be so interpreted.” (Peirce, 1901)

Thus, an artifact ‘determined’ by the field of work can be conceived of as having
the function of an index: objects belonging to the field of work, means of data acquisi-
tion (e.g., sensors), representations that reflect the state of the field of work automati-
caly (e.g., gauges, radar) or are made to represent the state of the field of work (e.g.,
flight strips).

The primary function of, for example, the flight strips is that of a representation of
the state of the field of work, that is, of the current configuration of airplanes in the
sector. The strip does not have the abstract nature that provides the degrees of freedom
in its manipulation that otherwise makes symbolic representations so powerful. An in-
dividual flight strip should rather be seen as a index of a particular airplane — not in
the sense that moving the strip will make the airplane move, of course — but in the
sense that air traffic control relies predominantly and crucially on the precise mapping
of the state of the airways onto the state of the strips so that any manipulation of the
strip is subordinate to the objective of ensuring this mapping. That is, the repertoire of
allowed operations on the flight strip is strictly limited by this primary function.
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Any modulation of the way in which a strip is manipulated is therefore a sign em-
bedded in the appearance of an artifact standing proxy for the state of the field of work.
That is, the message is cloaked.

Interacting by manipulating some object or system belonging to or in an indexical
relation to the field of work is arestricted way of interacting:

(&  The bandwith of embedded cuesis limited to the degree of freedom offered
by the role of the object in the field of work;

(b)  the turn-around time of embedded cues may be limited by the frequency of
state changes in the field of work;

(c) themessageisgarbled in that it is shrouded in the state of an object belong-
ing to the field of work or representing certain features of the field of work.

On the other hand, the cases of the MRP |l system and the kanban system shows the
crucial importance, in some settings, of severing the (direct or automatic) coupling
between the field of work and artifacts — namely when artifacts are used to stipulate
and mediate the articulation of cooperative work. That is, such artifacts have to have a
symbolic status, as opposed to an indexical.

(3) Ephemeral versus persistent: A wide range of modes of interaction are
ephemeral in the sense that articulation work in these modes only exist in the flux of
unfolding activities. For example,

« monitoring the activities of others, by seeing and hearing what the others are

doing, where they are in the room; by noticing the level of letters in the in-box
or the lack of certain parts in racks containing the buffer stock and so on;

* making one’'s own activities publicly visible by modulating operations on the
field of work, humming, thinking aloud;

 directing attention by modulating work activities in uncommon, unusual, or ab-
normal ways, by humming, drumming, coughing, gazing, pointing, nodding,
talking, shouting.

 allocating tasks by pointing, nodding, talking, shouting.

As soon as the articulation activities have been carried out and a new situation has
arisen, the articulation that was achieved vanishes without trace, as it were — like the
snows of yesteryear.

In important ways, the same applies to modes of interaction that involve embedding
cues. While certainly based on the use of artifacts, embedding cues depend on the fate
of the items conveying the cues in the ever-changing field of work. The embedded cues
may be erased by state changes, or they may not. As vehicles of embedded cues, the
highlighted objects live an uncertain life.

Because of the immediate feedback and the ensuing possibilities of detecting and
recovering from misunderstanding, combined with expressive power provided by the
vast repertoire of modes that can be combined at any time, these modes of articulation
offer immense flexibility in terms of articulating activities in face of the mundane and
dramatic contingencies of cooperative work.18

These modes of interaction are especially crucial in cooperative work settings
where articulation work is time-critical (as in the case of process control or air traffic
control). Articulating cooperative activities in such settings typically requires a perma-
nently open channel of communication with minimal turnaround time, for example by
having the operators in the same room at the same time, so as to convey the multitude
of inconspicuous cues that are required for cooperators to acquire and maintain recip-
rocal and general awareness of the changing state of affairs within the cooperating en-
semble, as well as the field of work at large. Likewise, articulation of distributed ac-

18 “In ora face-to-face setti ngs, abundant non verbal cues and a common physical environ-
ment help establish a referential framework not usually available for written communica-
tion.” (Goody, 1987, p. 268 — quoting Reder).
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tivities that involve discretionary decision making — as in the case of portfolio man-
agement — will typically require, at least intermittently, various negotiation processes.
For this purpose, conventional co-located ‘face-to-face’ interactions provide the re-
quired large bandwith, not only in terms of gigabits per second but also, and more im-
portantly, in terms of arich variety of interactional modes with powerful and flexible
socia connotations.

On the other hand, however, these ephemeral modes of interaction do not provide
strong support for making decisions and commitments concerning the articulation of
cooperative work accessible to the members of the cooperating ensemble, indepen-
dently of the situation, and independently of particular individuals or for supporting the
development and implementation of stipulations for the ways in which in which coop-
erative work isto be conducted and articul ated.

Written records (log books, recordings, minutes, memos etc.) provide persistence to
decisions and commitments made in the course of articulation work: “The written lan-
guage [reaches] back in time” (Goody, 1987, p 280). Written records are, in principle,
accessible to any member of the ensemble, whatever its size and distribution in time
and space. “Written systems can provide a larger number of people with the same in-
formation at one time.” “Written messages are portable, alowing interaction without
spatia constraints.” On the other hand, “Written systems are much less dependent on
physical arrangements’ and “less time-dependent than oral systems.” (Stinchcombe,
1974, pp. 501.).

As illustrated by the case of the list of approved shares in portfolio management,
written artifacts can at any time be mobilized as areferential for clarifying ambiguities
and settling disputes: “while interpretations vary, the word itself remains as it always
was. (Though every reading is different, it is a misleading exaggeration of the literary
critic to say that the text exists only in communication.)” (Goody, 1986, p. 6).
However, and this is also illustrated by the portfolio management case, “written lan-
guage is partly cut off from the context that face-to-face communication gives to
speech, a context that uses multiple channels, not only the purely linguistic one, and
which is therefore more contextuaized, less abstract, less formal, in content as in
form.” (Goody, 1987, p. 287).

Written formulations encourage the decontextualization or generalization of stipula-
tions of orderly cooperative work. In their very nature, written stipulations have been
abstracted from particular situations in order to be addressed to the target audience in
general, rather than delivered face-to-face to a specific group of people at a particular
time and place (Goody, 1986, pp. 12 f.).

(4) Degreeof local control: Intermsof stipulation of articulation work, thereis
aclear ladder from, at the one end of the spectrum, modes of interaction that do not in-
volve any pre-specified stipulations — to modes of interaction that involve the pre-
scription incorporated in and the active mediation of pre-specified artifacts, at the other
end of the spectrum:

(@  Ad hoc articulation (by means of monitoring others, directing attention, em-
bedding cuesin artifacts, and negotiating). This mode of articulation work offers a high
degree of local control and hence very powerful means of recovery from misunder-
standing and error and of handling contingencies. On the other hand, ad hoc articula-
tion is highly inefficient when faced with recurring problems, and it may be difficult to
anticipate the course of the cooperative effort and hold actors accountable.

(b)  Articulation by means of conventions, i.e., the usual and expected way to do
things. Whether the conventions are made explicit or merely observed tacitly, this
mode wholly relies on mutual understanding and the will to adhere to the expectations,
supported by various forms of social sanction. That given, it may still be difficult to
interpret an action, anticipate the course of the cooperative effort and hold actors ac-
countable.
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(c)  Articulation by means of stipulations supported by artifacts in the form of
written statutes, e.g., standard operating procedures or accounting prescriptions. As
opposed to conventions, stipulations supported by artifacts in the form of written
statutes are, in principle, accessible by al at any time. That is, the fact that the stipula-
tions are supported by symbolic artifacts makes everybody accountable in a far higher
degree. The execution of the stipulation, however, relies completely on human recol-
lection and the stipulation is quite open to interpretation (Hart, 1961; Goody, 1986).

(d)  Articulation by means of stipulations supported by passively mediating
symbolic artifacts, e.g., forms, organizationa charts, thesauri, which by imposing a
standardized format restricts the ‘degrees of freedom’ each user is faced with. In these
cases, the execution of the stipulation no longer relies completely on human recollec-
tion and the range of (reasonable) interpretation is relatively narrow compared to, say,
statutes.

Goody’s discussion of lists, tables, matrices and other spatio-graphic devices for
organizing linguistic items abstracted from the context of the sentence (e.g., in thesauri)
isillustrative of this point:

“Wefind, for example, alarge number of lexical lists, of trees, roles, classes of various kinds,
which possess several characteristics that make them differ from the categories that usually
emerge in oral communication. First, they consist of isolated lexemes abstracted from the
flow of speech, and indeed from amost any ‘context of action’ except that of writing itself.
Secondly, they are formalized versions of classificatory systems that are to some degree im-
plicit in language use but go beyond those classificatory systems in important ways. In
particular they take category items out of the sentence structure, and group them by
similarities, sometimes even providing them with unpronounced [...] class indicators. Thus
the categories are given a formal shape, a specific beginning and a definite end, into which
each item has to fit [...]. Moreover the boxes tend to be exclusive. Fruits end here; vegeta-
bles begin there; the tomato has to be placed in one box or table rather than another, setting
aside[...] theflexibility of oral usage which has greater toleration of ambiguity and anomaly,
agreater contextuaization.” (Goody, 1987, p. 275).

(e)  Articulation by means of stipulations supported by actively mediating sym-
balic artifacts, e.g., time tables, indexing systems for repositories, the ICD, kanban-
systems, computer-based scheduling systems (e.g., MRP systems), workflow manage-
ment systems. Of course, using such a symbolic artifact always requires certain social
conventions and skills but in highly complex cooperative work settings these conven-
tions and skills must be supplemented and supported by a mechanism in the form of an
artifact, at least to the extent that it provides a plan for action that can be carried out
without further consultation and a verifiable (interpersonal and situation-independent)
basis for holding actors accountable.

4.2. Mechanisms of interaction

As shown in the preceding discussion of modes of interaction, in much of everyday
working life, the required articulation of individual activities is managed effectively
and efficiently by the rich variety of intuitive interactional modalities of everyday so-
cia life, so effectively and efficiently in fact that the distributed nature of cooperative
work is not apparent, most of the time. People tacitly monitor each other; they make
their activities sufficiently apperceptible for others; they take each others' past, present
and prospective activities into account in planning and conducting their own work; they
gesture, talk, write to each other, and so on. Accordingly, much of the research in
CSCW has focused on providing enhanced means of communication, either in order to
enable actors to cooperate more effectively and efficiently in spite of geographical dis-
tance, or in order to widen the repertoire of communication facilities.
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However, in the complex work environments of modern industrial and administra-
tive organizations, the problems of articulating distributed activities are at a different
order of complexity. The everyday social and communication skills are far from suffi-
cient in articulating the cooperative efforts of hundreds or thousands of actors engaged
in myriads of complexly interdependent activities, perhaps concurrently, intermittently,
or indefinitely.

In such settings, the articulation of the distributed activities of cooperative work re-
quires a certain mode of interaction based on a class of symbolic artifacts that stipulate
and mediate articulation work and thereby reduce the complexity of articulation work.
We call these artifacts ‘ mechanisms of interaction’.

In order to serve this function, such a device must have the following characteris-

tics:

1 Artifact: It must be publicly available in the sense that it does not solely re-
side ‘in the head’ of human actors (such as conventions) and it must be per-
sistent in the sense that it is available independently of any particular situa-
tion. That is, it must exist in the form an artifact.

2. Symboalic: It must be possible to manipulate the mechanism independently
of the state of the field of work. The artifact incorporating the mechanism of
interaction must not be coupled in any strong, tight or irreversible way to the
state of field of work. Appropriate manipulations of the device for articula
tion purposes should be feasible without unwanted side-effects on the field
of work. That is, the artifact must have the character of a symbolic artifact.

3. Standardized format: It must provide affordances to and impose constraints
on work articulation and it must make the state of work articulation at any
given moment publicly perceptible.

A mechanism of interaction can thus be defined as a symbolic artifact that serves to
reduce the complexity and cost of articulating the distributed activities of a cooperative
work arrangement by stipulating and mediating the articulation of the distributed activ-
ities.

As a devise for the articulation of cooperative work, a mechanism of interaction
should be distinguished from other symbolic artifacts regulating human affairs (e.g.,
signs such as “Stop!”, “Dead Slow!”, “Pharmacy”, “Wine & Spirits’, “Underground”,
“Bus Stop”). A traffic light regulating the traffic at an intersection, for example, has
certain facilities in common with a mechanism of interaction in cooperative work: It is
a symbolic artifact that actively stipulates and mediates interaction. However, the
drivers — as drivers — are not engaged in cooperative work; they are, rather, compet-
ing for the same resource (the road) and to each and every one of them the others are a
mere nuisance. Their interaction is transient and superficial and does not entail the rich
multiplicity of purposive reciprocal interactions of cooperative work.

Also, again for the sake of clarification, a mechanism of interaction should be dis-
tinguished from the information objects that are ubiquitous in cooperative work settings
(such as letters, memoranda, drawings and reports, and the aggregation of such
documents in the form of files and libraries) and that help to articulate and mediate dis-
tributed activities. Written documents are certainly symbolic artifacts but in so far as
they serve to convey information and hence merely provide a medium of communica
tion, they are not mechanisms of interaction. However, managing a complex flow of
information objects may require mechanisms of interaction such as standardized for-
mats (e.g., prescribed forms and routing instructions on file covers) and classification
schemes (e.g., library catalogues and thesauri).

These artifacts can be conceived of as mechanisms in the sense that they (1) are ob-
jectified in some way (explicitly stated, artifactual), and (2) are deterministic or at least
give reasonably predictable results when applied properly. And they are mechanisms of
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interaction in the sense that they reduce the complexity of articulating cooperative
work.

As observed above, modes of interaction in articulation work differ with respect to
the degree of local control. With a high degree of local control, the different modes of
interaction do not impose domain-specific affordances and constraints on the conduct
of articulation work. The affordances and constraints of these modes of interaction re-
flect the ones of the different media: bandwith, turn-around time, etc. On the other
hand, when articulation work is stipulated and mediated by artifacts, the structure of the
artifact inexorably embodies domain-specific affordances and constraints. Thus, in
order to be able to support the articulation of distributed activities, a mechanism of in-
teraction must represent certain pertinent aspects of the field of work and the organiza-
tion of the ensemble. Conceptua schemes, for example, are obviously domain specific
in that they represent a model of the conceptual structure of a domain. The same obvi-
oudly applies to organizational structures. Also, the master schedule of a MRP system
for production control in manufacturing embodies an elaborate model of the products,
their components (Bill of Materials), the average production or purchasing time and
cost of each component or subassembly, etc. Likewise, an organizational procedure
refers to typical classes of cases characteristic of the particular domain at hand. It may
codify ‘good practice,” recipes, proven methods, efficient ways of doing things, work
routines. It may aso convey information on the functional requirements to be met by
the process and the product; it may highlight decisional criteria of crucial import; it
may suggest a strategy for dealing with a specific type of problems (e.g., which ques-
tions to address first?); it may indicate pitfalls to avoid; or it may simply provide an
aide memoir (such as a start procedure for a power plant or an airplane). And, finally, it
may express some statutory constraints in which case disregard of the procedure may
evoke severe organizational sanctions. In short, mechanisms of interaction like the ones
mentioned above are enmeshed in the semantics of the particular work domains.

Mechanisms of interaction are local and temporary closures with a limited area of
validity and they are by necessity underspecified. As observed by Gerson and Star,
these mechanisms themsel ves require articul ation work:

“Every real world system[...] requires articulation to deal with the unanticipated contingen-
cies that arise. Articulation resolves these inconsistencies by packaging a compromise that
‘getsthejob done,” that is, that closes the systemlocally and temporarily so that work can go
on.” (Gerson and Star, 1986, p. 266)

Thus, mechanisms of interaction are not executable code but rather heuristic and
vague devices to be interpreted and instantiated, maybe even by means of intelligent
improvisation. Mechanisms of interaction are not automata but “resources’: “plans are
resources for situated action” (Suchman, 1987, p. 52). This observation applies to
mechanisms of interaction in general.

To be made to work, they themselves need to be managed, i.e., constructed, main-
tained, developed, interpreted, applied, adapted, circumvented, modified, executed,
represented, and negotiated. This secondary level of articulation work is, of course, also
performed cooperatively (Schmidt, 1991).

At this point, however, some remarks of caution are required. The thesis that “plans
are resources for situated action” does not, as yet, provide sufficiently explored concep-
tual and empirical foundations for designing mechanisms of interaction for CSCW sys-
tems. As argued above, the thesis is of fundamental importance to CSCW systems de-
sign, but for CSCW design purposes we need to investigate the relationship between
plan and situated action in far more detail and far more precisely. In particular, we need
to understand how pre-specified ‘plans incorporated in designed artifacts (schedules,
procedures, classification schemes, etc.) may support practice.

Plans do not determine the course of action in any absolute or causal sense but dif-
ferent plans in different settings may determine the course of action differently, and in
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some settings plans do determine the course of action in a very ‘strong’ sense (e.g.,
timetables). These are issues that can — and should — be determined empiricaly (as
opposed to philosophically). That is, for sociological research to provide a conceptual
foundation for CSCW systems design a shift in perspective is necessary: What isit that
makes plans, schedules, procedures, classification schemes etc. useful in the first place?
What makes them ‘resources' ? Is it merely the fact that plans are underspecified in
comparison with the rich multiplicity of actual action that makes them “resources’? Is
that really all? Is it indeed “precisaly [...] the fact that they do not represent those
practices and circumstances in all of their concrete detail” that makes plans efficient
and effective? What, then, makes one procedure more useful than another for a certain
purpose in a specific setting? Which specific features in the designs of existing plans,
schedules, procedures, classification schemes etc. make them amenable to their coop-
erative management and which features represents impediments to their cooperative
management? Could a computer implementation of a specific mechanism of interaction
enhance the ability of the given cooperative ensemble to articulate its distributed activ-
itiesin amore flexible, effective, and efficient manner?

These are al researchable questions. That is, far from closing the book, so to speak,
the concept of mechanisms of interaction for CSCW systems design opens up a host of
intriguing and important problems.
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5. Implications for CSCW systems de-
sign

Now, what are the implications for CSCW systems design? CSCW systems have gen-
eraly failed to meet the requirements of usersin actual cooperative work settings, pri-
marily due to constraints imposed by current platform designs. It is becoming increas-
ingly clear that current platforms in important ways are inadequate as platforms for
CSCW systems. They are deficient for CSCW purposes in that they do not adequately
support the seamless interweaving of individua and cooperative activities, a vast
repertoire of aternative modes of interaction; the fluent and dynamic meshing of the
available repertoire of modes of interaction; or the deeply material situatedness of ar-
ticulation work, i.e., the fact that cooperative work is inextricably articulated with ref-
erence to the state of the field of work.

(1) Cooperative and individual activities are inextricably interwoven in daily work
practice.

First, the boundary between individual and cooperative work is dynamic in the
sense that people enter into cooperative work relations and leave them according to the
requirements of the current situation and the technical and human resources at hand.
That is, cooperative work arrangements emerge contingently, to dissolve again into
individual work.

Second, in cooperative work settings, cooperative activities are punctuated by in-
dividual activities and vice versa. People shift between individual and cooperative ac-
tivities and, while engaged in cooperative activities, they may be simultaneously in-
volved in parallel streams of activity conducted individualy.

Third, cooperative work is always conducted by individuals, and conversely, in co-
operative work settings individual activities are always penetrated and saturated by co-
operative work (Hughes et al., 1991; Heath and Luff, 1992).(Heath et a., 1993). An
activity carried out individually may be — or may any time become — part of awider,
loosely coupled cooperative activity.

A CSCW system should thus support the fluent meshing of individual work and
cooperative work. In al its generality, this statement may seem uncontroversial.
Nevertheless, most of the existing CSCW software products do not support this flu-
ency. For example, when composing an email message the user should not be required
to shift to a special editor and leave the word processor normally used for composing
letters, writing reports etc. The same appliesto CSCW facilities supporting cooperative
authoring, conferencing, etc. The commercia groupware product ASPECTS, for exam-
ple, allows multiple users to cooperate on writing a document. However, they are re-
quired to leave their single-user word processor and shift to the word processing facil-
ity of ASPECTS in order to cooperate. The effect of this that the system creates an
impedance between cooperative and individual activities.

Since the means of communication required by the modes and mechanisms of inter-
action are semantically neutral in the sense that they can be applied (with different
scope) in articulation work in all work domains, we will argue that these means of
communication should be conceived of as functions of the platform. That is, CSCW fa
cilities that support cooperative work by supporting various modes of interaction by in-
creasing the bandwith of the communication channel or by reducing the turnaround
time should not be conceived of as applications or be implemented as part and parcel of
applications but as platform functions accessible to the appropriate applications (and, in
the case of, say, desk top video conferences, to actors directly). If they are not
conceived of and implemented as general system functions that can be accessed from
and combined with applications, the delicate and dynamic relationship between coop-
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erative and individual work breaks down. This applies to single-user as well as multi-
user applications.

(2) While it is unlikely that the infinitely rich variety of modes of interaction in the
articulation of cooperative work can be replicated in CSCW systems, the above analy-
sis of modes of interaction indicates that certain facilities are required of CSCW sys-
tems for actors to be able to articulate their distributed activities in relation to computer
systemsin asufficiently fluid way.

First, it seems necessary for actors to be able to control the articulation of their co-
operative activities in terms of parameters such as different kinds and degrees of ob-
trusiveness and different kinds and degrees of persistence.

The control of articulation work in terms of such parameters might be conceived of
in the same way as access control (in shared object servers) and floor control (in shared
view systems). That is, the different policies of obtrusiveness should be user-selectable
(Rodden and Blair, 1991). In addition, since it is unlikely that afinite set of policies can
be identified, the policy ‘control panels’ should be open to respecification and addition
— in much the same way as suggested by Greenberg with respect to turntaking
protocols (Greenberg, 1991).

Second, since embedding cues in artifacts that are part of the field of work — and
hence in items that are ready-at-hand, perhaps ubiquitous, and constantly monitored —
plays a crucid role in the articulation of cooperative activities, actors should, in prin-
ciple, be able to highlight any object in the computer environment in multiple ways,
with different degrees of obtrusiveness and persistence. Again, this implies that actors
should be able to control the way in which an object is highlighted, how the highlight-
ing is propagated within the cooperative ensemble, who has access to changing the
status of the highlighting, and so on. Since facilities that could meet these requirement
will encroach upon what has heretofore been thought of as single-user applications,
such facilities will have radical implications for the design of the operating system of a
CSCW platform.

(3) A vast — presumably open-ended — array of modes of interaction is involved
in the articulation of cooperative work. These different modes are combined and
meshed dynamically, according to the requirements of the specific situation at hand,
and they are meshed fluently and, more often that not, effortlessly. A CSCW system
should support the fluent interweaving and combination of modes of interaction.

In sum, in order to meet these very genera requirements — support the fluent
meshing of individual and cooperative activities as well as the multitude of modes of
interaction — the allocation of function between general platform facilities and specific
applications should be planned and designed carefully.

(4) Since mechanisms of interaction are enmeshed in the semantics of the particular
work domains, a mechanism of interaction should be conceived of as an abstract device
incorporated in a software application (e.g., a CASE tool, an office information system,
a CAD system, a production control system, etc.) so as to support the articulation of the
distributed activities of multiple actors with respect to that application.

The purpose of the concept of mechanisms of interaction is thus to facilitate the
design of domain-specific software applications in such away that they incorporate the
mechanisms of interaction as devices that support the articulation of distributed coop-
erative activities with respect to these applications — without imposing on actors an
undue impedance between articulation work and work.

Now, cooperative work is articulated along multiple dimensions: who, what, where,
when, how, etc.? These dimensions of articulation work are interdependent and these
different aspects of articulation are thus themselves to be meshed in a fluent way. Since
mechanisms of interaction are local and temporary closures, no mechanism of interac-
tion has global validity. Hence, in order not to impose artificial distinctions and thus
disrupt the ongoing articulation work, facilities should be provided that support the
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linking of different mechanisms (Malone et al., 1992). Mechanisms of interaction
should therefore be conceived of as abstract devices that support the fluid interrelation
of articulation work with respect to the multiple applications required to do the work in
aparticular setting. For instance, in the case of mechanical design, project management
tools, CAD tools, process planning systems, classification schemes for common reposi-
tories (of components, work in progress, drawings, patents), and so on.

The dimensions of articulation work — who, what, where, when, how, etc. — are
interdependent and these different aspects of articulation are thus themselves to be
meshed in a fluent way. Hence, in order not to impose artificial distinctions and thus
disrupt the ongoing articulation work, facilities should be provided that support the
linking of different mechanisms (Malone et a., 1992).

(5) It was argued previously that mechanisms of interaction require persistent coop-
erative management in order to be useful as a means of reducing the complexity and
the cost of articulating distributed activities and that this management activity isitself a
cooperative activity. We can thus state the following requirements for a CSCW appli-
cation incorporating a mechanism of interaction (Schmidt, 1991; Schmidt, 1992):

(1) It should be visible to the members of the ensemble in terms of basic con-
cepts pertaining to the articulation of cooperative work

(2) It should make the incorporated mechanism accessible to users and, indeed,
support users in interpreting the mechanism and evaluating its rationale and
implications.

(3 It should support users in applying and adapting the mechanism to the situa-
tion at hand; i.e., it should allow users to tamper with the way it is instanti-
ated in the current situation, execute it or circumvent it, etc.

(4) It should be ‘malleable’ in the sense that it supports actors in modifying the
underlying mechanism and in creating new mechanisms in accordance with
the changing organizational realities and needs.

(5)  Since the management of mechanisms of interaction is itself a cooperative
activity, the system should support the documentation and communication of
decisions to apply, adapt, modify, circumvent, execute, etc. the underlying
mechanism.

(6) Andin al of this the CSCW system as a whole, i.e., the CSCW platform,
should support the process of negotiating the interpretation, application,
adaptation, modification, circumvention, execution etc. of the mechanisms of
interaction incorporated in various applications by providing genera fa-
cilitiesfor enacting and meshing an array of modes and means of interaction.

(7)  Since the system should support cooperative management of the mechanism
of interaction, the system should support multiple users in modifying the
mechanism of interaction while being immersed in the very flow of dis-
tributed activities. This raises a host of problems such as control of propaga
tion of changes and management of (in)consistency.
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sen. Useful initial discussions of the framework were facilitated by the CoTech net-

work, in particular Working Group 4; the formation of this network was supported by
ESPRIT Basic Research.
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