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Abstract. The taxonomy is aconceptua framework for analysis of cognitive activities as they actually
unfold in a complex work situation. It has emerged through years of studiesin process plants, electronic
maintenance workshops, libraries, hospitals, and manufacturing companies. The present approach to a
taxonomy is shaped by intention to create atool that can serve the design of advanced information sys-
tems by making it possible to match system properties to the users' actual, cognitive activities, re-
sources, and preferences and to predict the kind of changes to be expected in the behavior of individuas
and organizations in response to new information systems.

The taxonomy is, however, also intended to serve needs of research in general in complex work envi-
ronments. In particular, it isintended to be avehicle for generalization of results of field studiesin vari-
ous domains so as to make it possible to transfer results anong domains.

Accordingly, the taxonomy is shaped as a multi-facet description system along the dimensions of 1)
The work domain representation; 2) Activity analysisin domain terms; 3) Activity analysisin decision
making terms; 4) Information processing strategies; 5) Actual work organization, the dynamic division
and distribution of activities and their coordination; 6) Social organization and management styles and, fi-
nally, 7) Cognitive control of activities, the mental resources and preferences of the actors.

The report gives a description of the concepts used for analysis along these dimensions and, in addi-
tion, presents some examples for its application for comparison of field analysis and laboratory experi-
ments.

The paper isaworking paper and will be revised and up-dated from the experience gained from further
field studies and system design projects.
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Preface

The present taxonomy for cognitive work analysisis aworking paper to be discussed and
revised as results from further field studies are becoming available. It is mainly intended
to serve the following purposes:

1. A contribution to integration and development of cross disciplinary research theo-
ries and methodol ogies for cognitive work analysis in modern, complex work domains.
The taxonomy may serve as a common framework, which provides a common language
for design of information systems among designers, researchers and groups within cog-
nitive psychology, engineering, sociology, information science, software science etc.

2. A methodology for design and specification of the functionality of integrated, com-
plex, multimediainformation systems, which enables designers to predict the kind of be-
havior of individuals and organizations to be expected in response to changes in work
conditions, such as those caused by introduction of new information systems.

3. A methodological tool for planning field studies and data collection in various, ac-
tual work domains. It also serves as a means for a consistent analysis of collected empiri-
cal data and for representation of the results gained from empirical work studies.

4. A framework for comparison of the features of different work places with respect to
behavior shaping features, which can support the generalization of results from particular
work studies and enable the designer to be able to transfer results from analysisin one
work domain in order to use them to plan and evaluate information systems for other do-
mains. At present results of most field studies are presented in the language of the domain
in which case the results are only useful for a particular branch of work. Such a cross-
disciplinary framework can further serve to transfer research results between controlled
laboratory experiments and complex field studies.

5. A method for evaluation of information systems and the behaviour of individual
users and organizations for whom the systems are designed, and for explanatory analysis
when discrepancies are observed between design intentions and actual use of the system.

For design of advanced information systems, the key issue is not the design of the in-
dividual user-computer interfaces from a cognitive ergonomics point of view but, in
stead, the design of a computer based mediator between a number of cooperating actors
and their joint work content, it is a cognitive systems engineering issue.

A modern information system is a network of work multi-media stations, designed to
present an agent with an information environment which enables the user, within the con-
straints posed by the work requirements to create actively awork practise that suitsthein-
dividual users cognitive resources and subjective preferences. In modern, flexible work
conditions, work does not depend on specialized staff members having stable work rou-
tines, but on personnel with broad rang of abilities and ability to adapt rapidly to changing
work requirements and tools.

In this situation, system design cannot be based on analysis of existing work proce-
dures, but on the creation of an information environment presenting a resource envelope
within which the users can improvise and adapt to changing requirements. For such ade-
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sign, it is necessary to make available the information necessary in a knowledge base
which is structured to match the deep structure of the work domain; to select information
necessary for the resource envelope in a particular user’ s situation, to make it accessible
according to the questions a user will ask when following the preferred strategy; and to
present the information in complex integrated, formats which match the perceptive
adopted during work in the particular domain, i.e., reflecting in a meaningful way the
deep structure of the work domain.

At present, such adesign is only possible after alengthy and costly cognitive work
anaysisin the particular domain. For effective design of future systems, it is mandatory
to develop a multi-facetted framework for description of the deep structure of work do-
mains, the work requirements in particular situations, the effective strategies to cope with
such situations, the competence and cognitive resources of individuals depending on their
education and level of expertise, and the subjective preferences of individuals of different
aspiration in work. It is our experience from our own work that such a framework effec-
tively support the transfer of results from work analysis, and design and evaluation of in-
formation systemsin one domain to analysis and design other, even quite different, do-
mains.

In the future when information systems ar no longer separate, local installations, but
wide networks of users, special data sources, and general data bases and multi media
services. It isour firm belief, that awider acceptance of such akind of conceptual frame-
work is necessary for establishing a consistent basis for design of information systems
that are effective at the same time as they are accepted by the users. With time, such a
framework can support the development of sets of prototypical domain characteristics,
work situations, display patterns and metaphors, and user profiles that will facilitate a
uniform evolution of complex systems.
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| ntroduction

Information technology is presently changing human work conditionsin several respects.
The level of mechanization and automation is steadily increasing, computers are used for
planning and control of integrated manufacturing systems, computer based interfaces are
inserted in between humans and their work, and advanced communication networks serve
to integrate the operation of large-scale distributed systems. In this situation, the er-
gonomic issue is not primarily the human-computer interaction in a separate tool or
‘application,” but the joint influence of technology on work conditions, work organiza-
tion, and management structures. A new approach to analysis of work is needed together
with anew frame of reference for strategical planning and design of socio-technical sys-
tems based on advanced technol ogy.

Traditionally, work environments have been planned for efficient production through
rather long periods. Products are more or less standardized and change rather slowly,
planning criteria are efficiency, economy, and reliability. In this situation, human activity
depends on know-how and skills evolving through long stable periods. Quite naturally,
therefore, analysis and description of work have been made in terms of ‘task analysis
serving to decompose the flow of activity into a sequence of modular elements, ‘acts’,
expressed in terms of the work domain.

In modern work settings advanced information technology is the origin of many fun-
damental changes. For example, computer integration of manufacturing systems offers a
high degree of flexibility for responding quickly and effectively to specific customer re-
quirements. Therefore, stability and repetitive tasks will be replaced by dynamic envi-
ronments and concern with flexibility and rapid adaptation to new requirements. Tasks
will be discretionary and involve problem solving and decision making and should be
analyzed not only in terms of observable actions in the work environment, but also in
terms of cognitive processes.

In most work environments, alarge variety of opportunities and action alternatives
are found for all functions of work. In stable work environments, however, only few
alternatives are normally considered. Many alternatives for action are neglected due to
habits and practice of the individual actor or to company practices and traditions. This fact
makes it difficult for organizations to explore adequately the opportunities for restructur-
ing of business when advanced information technology is introduced. New technol ogy
means new ways of doing things. It isdifficult to identify the potential for restructuring in
response to changes in technology when aternative solutions available in the existing
work setting are forgotten during normal operation and criteria of choice are implicit in
tradition and practices. There is a severe danger that the blindness from tradition and
practice will prevent proper exploitation of the potential of improvement actually present.

Alternative ways to approach work requirements which can be important candidates
when major changes are made, can not be identified by observation of the actual work
activity. In order to identify the existing options for change and to adopt new meansin
the system, an analysisis required of basic company goals and constraints, of the
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potential relationships among goals, functions, and processes, of the criteria available
for alocation of rolesto individual agents, and of the coordination needed, i.e., the work
organization and management structure. In stable, well established systems, the central
task is the application and control of certain meansfor certain tasks, i.e., the usual means-
ends relationships are well established and stable. In a flexible, dynamic environment,
however, the first and most important requirement in a task is the selection among the
available possibilities and aternatives for action, and to determine the most suited one for
the goal or function considered, under the conditions given in the particular situation.
This means that, the most important description is the possible means-ends relations
between elements of the work domain. The consequence of this situation with respect to
methods and frameworks brought into action for analysis and description of modern
work conditionsis the need for atight cross-disciplinary cooperation and fertilization and,
in turn, a need for a shift towards compatible paradigms in the involved provinces of
human sciences. Fortunately, this necessary shift in paradigms is promoted by a
concurrent shift in emphasisin several disciplines from behavioristic toward a cognitive
point of view, and by the increasing interest in descriptive models of decision making
based on field studies in stead of normative models based on theoretical operations
research.

The Need for aNew Taxonomic Framework

During a period of paradigm shift, however, new concepts, models, and terminology
evolve concurrent in several groups. Thisis presently the case for approaches to the anal-
ysis of cooperative work for information system design. We face the need for an im-
proved agreement about concepts, labels, and delimitation of classes of objects of study.
For experimentsin alaboratory, psychologists are very careful to describe the experimen-
tal conditions, and informing the subjects about the goals to pursue. Flaws in such pre-
cautions which prevent independent duplication of experiments will make the effort an
unscientific enterprise. In real-life field studies, careful instruction of subjects will make
the whole study useless; the goal formulation and subjective value structure are key issues
of an analysis. Results of field studies, consequently, often are only specified by the
name of the system studied, such as ‘ power plant control room’, ‘steel rolling mill’, and
the subjects are identified in terms of their profession such as ‘process operators.’

Unless, however, the characteristics of the *process’ environment and of the process
‘operators’ can be explicitly formulated, the danger exist that the results will be judged
narrative journalism rather than scientific investigation. The terms ‘process operators

implicitly set firm boundaries around the phenomena of interest. It implies that the work
environment is bounded by the process system and that the behaviour of the actors sup-
ports the design intentions behind the system. If this, except for occasional errors and
mistakes, was not the case, they would simply not be ‘ process operators.” However, if
the characteristics behind these labels cannot be explicitly formulated, results will only be
useful in the system supplying the data, i.e., for applications like training and work in-
struction. Generalization for prediction in a different work context, e.g., another system
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or in response to introduction of new tools, will not be possible. The data are only valid
for an implicitly defined situational context, and consequently, they cannot be accepted as
results of scientific inquiry.

The basic problem of the classical task taxonomy seems to be the idea of a simple one-
to-one relationship between ‘task’ and ‘behaviour;’ the task being the ‘cause’ and the
‘behaviour’ the effect. Secondly, the implicit assumption that a taxonomy should serve an
exclusive classification of aset of complex itemsfor later identification of items. In
fact, what we are looking for in our efforts to create a conceptual framework for
description of tasks, activities, work domains, etc., is amodel framework, a framework
for description which can serve to compare results from analysis made in different
contexts and domains, which can serve to predict what kind of phenomena are to be
expected in one work situation, given results from studiesin other environments. Under
influence of the present acceptance of mental processes and cognitive phenomena, the
basic assumption underlying analysis and description will be one of complex interaction
between characteristics of the work requirements, tasks as generated by actors, activities
of actorsto comply with tasks as perceived, the environment as result of activities, the
cognitive processes applied, the criteria governing the individual actor’s preferences and
the social factors determining the allocation of rolesto the individual.

In conclusion: No one exclusive, hierarchical and ‘ objective’ classification scheme will
serve to unravel this complexity. What we need is akind of teleological taxonomy (i.e. a
pragmatic, goal directed taxonomy useful for the analyst), derived from our need for a
framework which can serve prediction of changes in behaviour in response to introduc-
tion of new information systems. What we can hope to develop is atheoretical framework
for description, which can also be useful for prediction; aframework which necessarily
will have the nature of a multi-dimensional, multi-facetted network of interrelated con-
cepts.
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A Law Seeking, Teleological Approach

When devel oping a taxonomy, also within work psychology, reference is often made to
biological classification and taxonomies. It is, however, very important to consider the
application one has in mind when defining ataxonomy - which basically is very different
for biology and cognitive work studies, except for the common emphasis on the need for
atheory and general laws as abasis for the taxonomy. Thisis discussed below.

Taxonomy in Biology

In short, ataxonomy in biology is the theoretical structure which enables analysts to de-
fine exclusive classes, to classify, i.e., to allocate specimens to such classes and give
them an unambiguous name and to identify, i.e., to place a specimen in one and only one
class and give it aname. Webster gives this definition:” Taxonomy, n. [ Gr.taxis, order
and nomos, a law] 1. The science of classification; the laws and principles covering
classification of objects. 2. Classification, especially of animals and plants into
phyla, species, etc.” Webster's second definition clearly shows that in biology,
taxonomy is generally defined with reference to the need for exclusive classification of
organisms. Taxonomy “is the theoretical study of classification, including its basis,
principles, and rules.” The use of laws as a basis of classification clearly gives a selective
focus on the properties which are useful for definition of classes. This approach has been
used by Linnaeus as well as by Darwin. Linnaeus based his scheme on the conception
that all living species are descendants of those two individuals created by God. Since the
species created by God do not mix, they can be identified from analysis of the sexual
apparatus. This concept led to the Linnaean taxonomy which is the oldest systematic
concept. The theory of evolution rapidly was implemented in another ‘law based’
framework for classification, the Darwinian or generic taxonomy. Taxonomists of this
school hold that a classificatory group can only be established on the basis of common
evolutionary descent or on the basis of homologous characters. In both cases, the
taxonomy is based on atheory, and therefore, is very selectively focused. Their validity,
however, depend on acceptance of the theory. There are, however, within biology other
more pragmatic taxonomies. Linnaeus suggested together with hisformal system, another
taxonomy for specification of the usefulness of botanical species in cooking. Such
taxonomies have been called teleological taxonomies referring to usefulness and goals,
usually with respect to man as a user of the items which are classified. In a purely
teleological taxonomy, there is no need to seek laws which ensure the establishment of
exclusive, hierarchical and objective classes.

Task Taxonomies in Psychology

Development of task taxonomies has been atopic of interest for along time. One of the
basic difficultiesin this effort has probably been the trend to follow the lead of biologists
at the same time as a drive to be objective and ‘scientific’ has been predominant.
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Theologus (1969) claims that a theoretical classification should be developed describing
tasks in terms of inherent attributes and characteristics of the task which “are the only
classificatory vehicles which possess a high content of information concerning the tasks
astasks.” -- “Psychology has as yet to develop a theoretical classification of tasks,
although Hackman (1968) has suggested atask quatask approach to classification.” This
theoretical approach to classifying tasks qua tasks without being influenced by ‘ exoteric’
variables related to behaviour can be one of the reasons for the problems with task tax-
onomies.

A Nomothetic Analysis

It follows from this discussion, that the epistemological approach taken to the devel op-
ment of a conceptual structure, a‘taxonomy,’ for field studies of human performance de-
pends very much on the fundamental interest of the investigator and of the purpose of the
study. This problem is particularly important to consider in a cross-disciplinary exercise
involving both humanistic and technical professions asit is the case for any analysis of
cooperative work in a modern setting. Engineering professions have a declination to-
wards formulation of general laws and predictive models whereas humanistic and social
sciences are more often interested in description and interpretation of particular cases and
phenomena. Thisis, however, not only a question of atechnical or a humanistic orienta-
tion of research. The question has been widely discussed within professions such as so-
ciology and history. The German philosopher Windelband around the turn of the century
introduced the digtinction between an ideographic and a nomothetic approach to
historical analysis: The ideographic analysisis close to Habermas' hermeneutic method
which is not focused on identification of general laws but on analysis and interpretation of
the individual historical events and scenarios. In contrast, the nomothetic view is most
clearly illustrated by the law seeking physical sciences. In effect, the distinction
ideographic - nomothetic has been taken to be synonymous to the social - natural science
distinction. Thisis, however, not the case. It is, however, important to realize that lawful
behaviour is not synonymous with causal necessity, regularity of behaviour can be
brought about by human selection and choice from shared intentions and values. In this
case, prediction can be based on assumption about values and related intentions together
with capability. Toynbeeis very explicit on this point, see the discussion in Rasmussen
(1985).

Taxonomy for Work Analysis

The challenge in development of a proper taxonomy in the present context is the need to
combine the rigor normally found in engineering analysis with the ability to account for
subjective values and preferences and individua differences among people. On one hand,
in the context of analysis of cognitive, cooperative work for system design, the purpose
of field studies of human behaviour isto uncover regularities and laws which can serve
prediction of responses to various information technological innovations and, therefore,
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ataxonomy must support a nomothetic approach. A useful description for this purpose
should represent the functions and processes which must be accepted as el ements of work
by people in the system. If they do not do so, they are simply not agents of the system.

People may act in the system, but if they do not comply with the means and ends found in
the system as designed, they will not be considered ‘ operators’ but foreigners, i.e., in-
truders, saboteurs, or terrorists. In Eddington’s terms, this selection of focus of investi-
gation simply defines the features of the net used to catch relevant evidence. On the other
hand, the framework must be able to take into consideration that no two agents are equal,
that subjective value structures and conceptions of the task requirements lead to different
ways of coping with the requirements. What to do may be given by the work context, but
how to do it very often is a matter of personal choice. The problem at hand is, thus, to
formulate a conceptual principle (atheory and law in the same sense as the Darwinian
and Linne taxonomic principles) from which a consistent descriptive framework, a
taxonomy, can be developed that will make it possible to predict the choices which will

be made by the agent in a particular situation.

For our purpose, we need a nomothetic, teleological taxonomy for field studies
based on a theory of systems and their agents as being evolutionary, self-organizing
and goal directed. The establishment of classes in the taxonomy need to be based on
laws of work performance (as discussed on p. 10-11). Our fundamental assumption is
that a human agent within his environment has a large number of action alternatives,
i.e., to formulate the task, to define the activities, and to control the movements. In order
to be able to select a particular sequence of action, a number of explicit or implicit choices
and decisions have to be made.

Such ataxonomy is teleological in several senses. On the one hand there is the the
purpose of the theorist, who lays down the taxonomy, and of the analysts, designers and
other clients, who are the intended users of the taxonomy. For both parties the purpose of
the framework is to assess the impact of IT designsin work environments. On the other
hand, there are the purposes which can be ascribed to the organizations and agentsin the
work domains under study. The present taxonomy reflects both purposes: Those of the
theorists/analysts and those of the agents. Since the taxonomy is determined pragmatically
by its usefulness for the analysts, formal rules of exclusiveness, hierarchies etc. have to
be substituted by a multi-facetted, multidimensional network.
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Objects of the Taxonomy

A closer look is necessary at the requirements for a taxonomy for analysis of cognitive
work and design of information systems. It is clear from the discussion in the previous
sections, that the taxonomy we need should be based on atheoretical framework describ-
ing the interaction between a work environment and the behaviour of the involved
agents. One guestion remains, however: What are the objects of the classfication?
Traditionally, the object of classification in work psychology has been tasks, and a
taxonomy has been directed to a definition of tasks as such (cf. the previous discussion
on p. 7). This approach is useful, when considering stable work environments with
related professions for which awork practise has evolved with stable work procedures or
when considering the normative task sequence which is required for control of well
structured technical systems such as technical weapon systems (and complex high risk
systems such as power plants and chemical process systems) for which much of the
psychological task taxonomy work has been made. For many modern flexible systems,
such as manufacturing systems in a highly turbulent and competitive environment, stable
work procedures are much lesstypical.

Boundary Conditions

"Role" of System in its environment;
Purposes, valuesand constraints;

Object of analysis, " System"

Inventory of Objectsand
Background of the Work Space,

i.e., the part of the physical ReAg%ﬁ:E;%
environment relevant for analysis Criteria

Criteria
Vaues

Figure 1. The figure defines the object of analysis of fields studies of work. A part of the environment,
i.e., an organization or a company, is chosen for analysis of the activities involved in work performance.
This part, the system, is defined by the physical part of the world involved, the functional coupling to its
environment, and the agents of whom the activity is to be modelled.

Most of the time, tasks are discretionary, require consideration of goals and con-
straints and exploration of the boundaries of acceptable performance. In this case, the
objects of classification no longer belong to the “task,” but relates to features of the work
environment and to the interpretation by the actors and the abilities and preferences of the
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actors, all of which in interaction create the task ad hoc. The objects of classification,
therefore, are the different work domains for which information systems are used, and
theindividual agents who are found in the work domains and who will be the users of
the systems (see figure 1). To create a systematic, rigorous taxonomy which makes it
possible to relate these two classes of objects is no simple matter, and several different
dimensions have to be considered. Furthermore, in order to be well focused and to give a
rapid convergence of the number of facets to consider during analysis, a well defined
point of view should be defined.
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Basic Points of View of the Framework

The theoretical basis of the taxonomy can be summarized in three fundamenta principles:

1. Evolutionary Systems

The basic point of view taken is to consider work and work organization in a dynamic
environment to be a self-organizing and adaptive system or organism. The system is
adaptive in the sense that it will change properties to maintain match with needs when its
interna conditions and/or the environment change. Adaptation isakind of goal following
behaviour. Performance is changed to keep some measure related to performance criteria
of the system at an optimum. But adaptation is not controlled entirely by a governing
function or agent within or without the system. Control of adaptation is distributed
across al individuals, teams and organizations. In other words, a distributed, self-
organizing feature will shape the functional structure of the system, the role allocation to
people, and the performance of the individuals. To be useful for analysis of work and for
prediction of responses to changes of work conditions, the taxonomy must reflect the
mechanisms underlying the evolution of work practice. Adaptation is evolutionary, it is
not planned by anybody by rationa analysis. The properties, i.e. the structure and
performance of the system, emerges from the “survival of the fittest “ of the structures
and performance. This happensto alarge degree as aresult of trial and error experiments,
planned and unplanned, conscious and unconscious.

This point of view has anumber of immediate implications:

2. Goal Directed Systems

The systems we study are goal directed, they have to serve purposes in an
environment in order to survive. The socio-technical system exists because the system
and the environment shares certain goals, which, by recursion, is the case both for the
entire system and for any sub-set in terms of teams and individuals. Systems for which
information technology is particularly influentiad exist in dynamic, turbulent
environments, their goals change, requirements and opportunities in the environment
change, and the means and tools to pursue goals and adapt to changes vary. In this
situation, ataxonomy must reflect this exploration and adaptation by the agents to the
work environment.

3. Action Alternatives

Evolution and Constraints. Great diversity of behavioural patternsisfound among the
members of an organization. No two individuals are occupied by the same activity, no
two patterns of movements are equal. The variety of options with respect to ‘what to do
when and how’ isimmense. In order to predict why a particular individual is present in
the organization at all, and why a particular piece of behaviour is chosen instead of one of
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all the other possible patterns, we have to understand how all the action alternatives in a
particular situation is eliminated such that one unique sequence of behaviour can manifest
itself. Aslong as more action aternatives remain, behaviour is indeterminate until a
choice is made.

To identify the kind of behaviour to expect among all the possible options for action,
we have to identify the constraints which shape behaviour by guiding the choices taken
by theindividual. A problem in identifying behaviour shaping constraintsisthat they will
not all be active at the time of the behaviour they control. Behaviour has a prehistory.
Patterns of behaviour evolve, they are shaped by prior decisions and choices. When a
piece of behaviour is planned by situation and goal analysis and consideration of aterna-
tive options for action, the behaviour shaping constraints are being compiled into cue-ac-
tion patterns and will not be active in later situations, when the particular pattern of be-
haviour isre-used. It is, however, necessary to identify these ‘hidden’ constraints in
order to predict and understand behaviour, even if hey are no more needed for control of
behaviour. Thisidentification can be difficult, because often they are no more known by
the actors and therefore have to be inferred from the work requirements, the resource
profile of the actor, and their subjective performance criteria. Seefigure 2.

Boundary of Individual
Resource Profile

Boundary of Acceptable
State of Affairs

Space of Possibilities; Choice
Among Action Alternatives
According to Subjective
Preferences

Boundary of Available
Means of Work

Figure 2. Human behavior is governed by constraints which must be respected by the actors for the work
performance to be successful. Identification of such constraints will specify the ‘space’ in which the hu-
man can navigate freely. Violation of the constraints will be considered human error or task violation in
the usual sense. One boundary is given by the control requirements posed by the system. Another con-
straining boundary is given by the human resource profile, which depends on individual characteristics
such as competence, mental capacity, physical strength, etc. Finally, navigation within the envelope
specified by these boundaries will depend on subjective criteria for choice, such as aim to save time, to
spare memory load, to have fun, to explore new land, etc.
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Myths - Doing and Understanding

In this way, knowledge about goals, constraints, and internal functional properties of the
work environment is only necessary for initial planning of an activity, for exploration of
the boundaries of acceptable performance in new territory, not for control of behaviour
during repeated encounters of the same situation.

In stable work environments, know-how and established work practice are normally
learned by novices from the older staff members, and optimized empirically in atrial-and-
error mode. In this situation, the basic understanding of goal structures and internal func-
tionality will tend to deteriorate. Some kind of such declarative knowledge, however, is
still useful for rationalization and explanation of the need for activities. Therefore, and a
kind of ‘operator logic’ or myths about goals and reasons can evolve and replace the
knowledge actually underlying system rationale. Such an informal, mythical knowledge-
base will not be reliable when disturbances or changes require analytical, knowledge-
based planning. Therefore, to base decision support systems on such ‘ operator logic’ will
be a mistake. Furthermore, mythical operator logic will not be areliable source of infor-
mation about the work domain, such a representation must be based on analysis of the
actual functionality of the domain. For this, aformulation of the intentions and reasons
behind work domain structure is necessary and inferences from field studies are neces-
sary. For decision support, ways to bring this knowledge-base of the work domain to the
agents' disposal should be found, if they are supposed to improvise during disturbances
and changing work conditions.

Task Situation
in Domain Terms

Means-Ends

Structure of "Task™ in
Work Domain Decision Terms

Possible
Strategies

"System"

Agent
Resources

Criteria
Values

Relevant Part of Environment

Inventory of Objects and
Background

Boundary Conditions
“Role" of System Removing Actions Alternatives:
Constraints Narrowing relevant field in
different domains requires

change of language

Figure 3 illustrates the problem faced when developing a taxonomy for predictive models of behaviour in
acomplex work context. Several layers of representation in different languages are necessary in order to be
able to relate cognitive and emotional characteristics of a particular agent to the characteristics of awork
environment.
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Two Starting Points of Analysis

A taxonomy intended to support work analysis aiming at strategical planning of advanced
information systems and the involved prediction of the influence of such systems on
work performance and organization, clearly have to take off from two different starting
points:
1) arepresentation of asocio-technical system and its interaction with the surround-
ing dynamic society,
2)  the subjective human interpretation of the state of affairsin the world and of the
action aternatives of the agent.

Therefore, the taxonomy must accommodate several shifts of language of representa-
tion to interrelate concepts from a number of professions. See figure 3.

Different Dimensions of the Taxonomy

Theaim is, as mentioned, to find a conceptual framework for strategic planning of inte-
grated information systems including advanced human-machine interfaces in high-tech
systems. The framework is, therefore, intended to be pragmatic and rigorous. Even if
rigor to the degree that a computational verification at present isonly possible in principle,
it istaken to be the target guiding the overall strategy of research. At the same time, the
model and taxonomy must reflect the subjective interpretation of the work environment by
the agentsinvolved. To comply with this requirement, the representation of the work do-
main is based on interdisciplinary and ethnological studies of the actual work environ-
ment, not on normative formulations of work requirements. In this way, the approach is
intended to combine several sciences spanning from engineering to the basic human
sciences. Concepts from these sciences are needed to formulate several levels of analysis
bridging from the technical description of work domains to the subjective values of
agents, asillustratesin figure 4 and described in more detail in figure 5 & 6.

From the discussion in the preceding sections, it is concluded that a framework for our
purpose must include the features of work environment and agents which determine the
evolution of work practice, whether thisis guided by the designers' methods during sys-
tem conception and formal instruction of the staff and/or the actual performance is guided
by empirical trial and error through time. Only if the basic constraints shaping this evolu-
tion is represented, a taxonomy and model will be able to support prediction of responses
to changes in work conditions.

Figure 5illustrates two concurrent analysis of work and work performance. One
serves the identification of the activities which an agent is faced with, another servesto
identify the role and characteristics of the individual agent - as described below in more
detail. In addition, the mutual relationships between these two dimensions of analysis
should be kept in mind, hence the need for concurrency.
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Boundary Conditions;
"Role" of System in Environment;

Constraints on System Behaviour

A

Transformations

Agent

Resources,
Between - > Crltgna,
Functionin Traggtfv(\)/r mations Values
Environmental . een _
Terms Work Requirement in Domain Terms

And _.and
Agent capabilities and Preferences
Formin in Cognitive Terms
Material
Terms
" System”

i.e., Relevant Part of the Environment;
Inventory of Objects and Background

Figure 4. The structure of the taxonomy. The taxonomy clearly take off from two different points of
view: arepresentation of a sub-set of the material physical world and its interaction with a dynamic envi-
ronment, and the subjective human interpretation of the state of affairsin the world and the options for ac-
tion. Therefore, the taxonomy must accommodate several shifts of language of representation to interre-
late concepts from a number of professions.

Dimension 1. Identification of Activities

Thisis concerned with the ‘work requirement,” which will be compared to the agent’ sre-
sources and preferences in order to determine the individual choice of performance. It is
important to stress that this analysis will not be a normative prescription, but should be
based on an ethnologic analysis of actual performance. It includesimplicitly, by the se-
lection and formulation of task and strategies, the subjective formulation by agents of
their actual goal, the way they view their task, and their possible ‘ cognitive styles.” This
is done by including the repertoire of ‘possible’ formulations of tasks and strategies
which, judged from the field studies, are relevant, i.e., can be used by an agent depen-
dent on the subjective interpretations. This analysis is based on interdisciplinary studies
such as aclassical operations research, certain ethnographic studies etc..

Dimension 2. |dentification of the Agent

The other line of analysisis aimed at a description of the role, the resource profile, and
the subjective preferences of the individual agent and of the cooperative structure. This
analysis involves the description of the evolution of the actua (informal) cooperative
structures and work organizations. The organization here will be considered an open,
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self-organizing organism, in accordance with the management and organization theories
represented by Thompson, Weick, and the Berkeley group.

Dimension 3. The Interaction

The interaction between the two lines of analysis is complex and iterative. Task
allocation interacts with the description of the structure of the work domain and the
nature of the task situation. The description of the mental strategies which can be used
must be compatible with the description of the individual’s resources and preferences.
Finally, when a match between possible strategies and preferences has identified the
chosen strategy, it hasto be ‘folded back’ onto the higher levels of analysis and the work
domain in order to determine the actual behavioral sequence.

- - - - .-, . T@(
|dentification of Activities Sstion

Means-Ends "

Structure of -lc-:;g? Itive

System
Mental Strategies
which can be used

Boundary Conditions I y

Representation on and interpretation through Interface

v v v v

Combining Analysesinto Description of Behavioural Sequencein Domain

*

Individual Agent
Resources and
Preferences

Staff Categories, Y
Professions,
Education

Role Allocation
in Domaine

Role Allocation
in Cognitive Task

5

| dentification of Agents

Management
Style & Culture

Figure 5. An overview of the taxonomic framework. The behavioural trajectory unfolds from the interac-
tion of the task requirements, as identified by the upper analytical sequence, and the individual agentsrole
and resource profile, as identified by the lower sequence. The role of the interface transformation is
sketched to indicate that behaviour can be effectively controlled be the choice of interface representation.
The content of interface communicationis given by the task and the agent resources, The form of the pre-
sentation, however, can be chosen independently to match that performance criterion which activates a
strategy consider most effective by the designer.
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The Analyst’ s Strategy for Description

To find auseful framework, it will be necessary to adopt an economic strategy of de-
scription, i.e., to select an approach which leads to a rapid convergence in the
elimination of the action alternatives left (to and by) the agent for choice. A conceptual
structure is needed like the top-down partition strategy used in the game of ‘twenty
guestions.” Thefirst level of the ‘twenty questions’ leading to the descriptive strategy,
therefore, will be to prepare the stage of human action by explicitly defining the goals and
constraints posed by the environment which in general must be respected to be accepted
as an agent within the study, together with the means for action which are available to an
agent. In the present problem, this implies a description progressing top-down from the
general aspects of the part of the world to consider, i.e., the boundary of the systemin
guestion, to the particular aspects related to the preferences of the individua agent.

L evels of Description between o o
Function in Environmental Terms Activity Definition

and Configuration in Materid Terms Levels and transformation in Description of Work requirements

from Domain Terms to Cognitive Terms

- >
Boundary Conditions; Delimitation Delimitation Delimitation
"Role" of System, ) )
Constraints Transformation Transformation
A 4> 4—>
Situation Definition Cognitive " Task" :Ddentiljlic?\}liont OIf
e Definition ossible Mental
_ Abstract flescription Models and
in general yalueterms Strategies
for priority|judgements
"Task" in | dentification of I?ﬁ\errgi r;tatiqn
intion i Domain Terms; Cognitive Task in of the strategies
D%ﬁﬁéﬂ $T3 grf]sg onerd Decision Making which can be used
typical of the domain Delimit the Means-Ends Terms in terms comparable
Network of Interest with agent's resource
S . at Particular Pointin Time; profile and preferences
Description in tefms of the physical
processes of the equipment )
and tools ifjvolved Match to predict
actual choice
v B: Identification of
A: Role Allocation Agent Resource
Profile
| dentification of the i.e.,, Competence
Cognitive Task of and Subjective
the Individual Agents, Preferences &
Concern
Delimitation
- >

Identification of Agent Role, Capabilities and Preferences
Agent Definition

Figure 6. The figure gives an overview of the entire system of transformations and delimitations neces-
sary to be able to relate the definition of the work space to the cognitive resources and subjective prefer-
ences of an individual agent.

The constraints, i.e., the boundaries around acceptable and preferred action sequences
depend on the ends and means inventory of the work domain in question, on the require-
ments in a particular situation, on the physical and mental resources of the actors in-
volved, and on their subjective goals and criteria. It is shown in figure 6, how the frame-
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work should be able to support a step-wise narrowing down of the action possibilities
considered by an agent (i.e., of the alternative possible ways to meet work requirements,
of the options among which a choice must be made). In addition, shifts in language of
description will be necessary according to the basic source of the constraints, going from
the context of the work domain, the situation calling for human intervention, the structure
of the related control domain, onto human cognitive and emotional factors.

Choice of Terminology

In the previous sections, ataxonomy is described which has been developed from field
studiesin several different work domains. It represents a conceptual framework which
has emerged gradually and organically from the needs which have been met for analysis
and description of cooperative work. The framework includes a multi-facetted description
based on atheory and laws for categorization within each of the dimensions or facets of
description. This, in fact, implies that the relevant set of categories and the related termi-
nology should be established for each dimension or facet.

Classes and Terms, Derived or Imported?

To be useful, across disciplinary framework must serve to bridge, as far as possible, the
terminology established within the professions involved. The most productive solution
will be to import, whenever possible, the classes and terminology from the “school” clos-
est to the present context, i.e., which is compatible with the self-organizing, adaptive
systems view.

Figure 7 illustrates how different more or less established professional domains arein-
volved within which it is important to explore and, as far as possible, to apply the estab-
lished concepts and terminology.

In some cases this can be difficult due to the present paradigm shifts. Thisisthe case
in e.g., decision theory (models of ‘naturalistic decision making'’ is presently attacking
the normative analytical school) and cognitive science (where different schools based on
psychology and computer science compete).
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B. THE CLASSIFICATION
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| ntroduction

In the following sections, a taxonomy is described which has been developed from field
studiesin several different work domains. It represents a conceptual framework which
has emerged gradually and organically from the needs which have been met for analysis
and description of cooperative work. The taxonomy as presented in the previous section
iskind of arationalization after the fact and an attempt to formulate why the framework
has been found to meet the requirements during the field work. The framework includes a
multi-facet description with ataxonomy for categorization within each of the dimensions
or facets of description. This, in fact, implies that the relevant set of categories and the
related terminology should be established for each dimension or facet. In the following
sections areview is given of thisframework. It is offered as an example for discussion
and further development. The review includes the following elements:

» Definition, delimitation, and decomposition of awork system

» Classes and terminology for description of awork system

* Methods for analysis of awork system

» Application of description/analysisin design of information systems

» Discussion of literature on the description of work systems

The classification, i.e., the level of decomposition of the description and the elements
to include will vary according the purpose of the analysis and can, in principle, only be
defined iteratively during the analysis. It is, however, not possible to enter a complete and
detailed work analysis from scratch in every case, and some heuristically defined aspects
to include are important to guide the analyses. The importance of the present taxonomy,
therefore, isto supply aframework for recording and communication of relationships,
classes, and terminology which have been found useful.

We have, within the MOHAWC project, to discuss the terms we are using and to agree
on some of the basic distinctions. It may not be possible, in general, to agree on atermi-
nology at present, but at |east we need a mapping between some of the key distinctions.
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Figure 8 An overview of the taxonomic framework. The numbers indicate the different dimensions of
analysis discussed in table 9 and the the following sections
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Table 9. Seven Points of View in Work Analysis

Work Domain, Task Space (Situation Independent Representation).

M eans-ends/whole-part map of landscape of work.

Defines the inventory of potential means-ends relations.

Focuses attention on implicit values, goals, and constraints.
Activity Analysisin Domain Terms (Categorical, not procedural).
I dentifies prototypical work situations and tasks in domain terms.

Decision Analysisin Information Terms
I dentifies cognitive decision functions in information processing terms.

Information Processing Strategies (Navigation in Work Space).

Identifies possible, effective strategies which can be used for decision functions
together with the related resource requirements.

Allocation of Decision Roles (Work Organization).

Defines agent roles in terms of work domain and cognitive task allocation.
Identifies the content of communication necessary for coordination.

M anagement Structure (Social Organization).

| dentifies the form of coordinating communication. Defines management struc-
ture with reference to social values and conventions for social interaction.

Mental Resources, Competency, and Preferences of the Individual

Actor. (Novices/Experts).

Relates mental models with levels of expertise and agent resources. |dentifies
performance criteria; which strategy will be used?
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Definition of System

The first delimitation of a description will be to define the system of interest within the
total environment. Identification of the system in the general environment requires two
levels of description, one to identify the constituents of the system, another one to iden-
tify the coupling to the environment. The objective of work analysisis to improve a situa-
tion in some way, by designing and implementing information systems, by redesigning
the work organization, by recommending aretraining program, etc.

In other words, the overriding perspective is reformist or therapeutical: the work ana-
lyst investigates so as to change the given system of work for the better. Thus, the analy-
sis cannot take the current behavior of the system of work for granted. To the contrary,
the analyst hasto ‘takeit apart’, that is, the analyst must uncover the hidden rational e of
the current practice as well as the accidental choices of the past, the procedures turned
rituals, the formalized mistakes: What is necessary so as to meet current and future re-
guirements of the work environment? What could be done differently, and better? What
should be discarded as mere relics? In a sense, then, work analysis can be likened with
‘reverse engineering’ in the sense that the analyst approaches the given system as aresult
of adesign process, then takes it apart so asto put it together again, perhaps differently.
The analyst investigates the system to learn what is does and how and to decide what
could be done differently. In asimilar sense, work analysis can be compared to psycho-
analysisin that it seeksto uncover the ‘unconscious’ mechanisms of the system of work
SO as to enable the system of work to overcome fixed patterns of behavior. Thus, in a
discussion of the methodology of organizational studies, Selznick (1957) argues that
rather than following the lead of experimental psychologists who study routine psycho-
logical processes, the analyst should imitate the clinical psychologist who examine the
dynamic adaptation of the organism over time. Thus, instead of focusing on the day-to-
day decisions made in organizations, Selznick recommends the analyst to concentrate on
those critical decisions that, once made, result in a change in the structure itself. That is,
the fundamental approach of work analysisisto question the rationality of current pat-
terns of behavior. The crucial question is not how, but why.

Delimitation of the System of Work

Work analysisis aways confronted with a particular object, a particular entity in the
realm of work at large. Thusthe first delimitation required in an analysis will be to define
the particular object of interest and thereby define the boundary between the focus system
and its environment. Thisinitial system definition has two dimensions. First, the focus
system itself, the system of work, is a socio-technical system, i.e. an ensemble of coop-
erating agents performing a purposive transformation by means of a complex of technical
resources (tools, machinery, equipment, installations, etc.). Second, the analysis should
define the work environment, that is, identify the part of the world that is being serviced
by the the system of work, and define the set of requirements posed by the work envi-
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ronment to the system of work. At thisinitial stage an informal definition in the following
format may suffice:

Agent: Who isdoing it? E.g., a particular company, a division of a corporation, a net-
work of companies, a department of a company, a network of agentsin a company,
agovernment agency, an ingtitute.

Work domain: What is being done? E.g., medical care, car manufacturing,
engineering design, power production, public administration, investment
counselling, mathematical research.

Objectives and Constraints. E.g., demands on product quality, product life cycle,
lead time, process security.

Technical resources: By means of what is it being done?
Customer: Who is being serviced? E.g., a market, a company, aclientele.

The initial delimitation of the system of work should express, succinctly and in gen-
eral, domain-specific terms, the determining characteristics of the focus system, itsinven-
tories and boundaries, and its interaction with its environment. These two aspects are dis-
cussed in more detail below.

System Inventory and Boundaries

Thisis an overview of the part of the material world which isincluded in the system of
interest. i.e., an inventory of the material objects and their topography included in the
system, alist identifying the individual people acting in the system, the work premises,
tools, equipment, etc. For a power plant this includes specification of process system by
type and name, configuration, location; buildings by configuration and location, draw-
ings, architecture; work shops with equipment; record of the individual members of steff,
names, personal data, profession, etc. For a hospital, the record includes buildings, lay-
outs, architecture, special facilities as patient rooms, operation theaters, laboratories, €tc.;
identification of all staff members, profession, names, personal data; same for actual pa-
tients present. In short, thisis the physical arenain which actors navigate, find things and
people. It supplies the map of the location of people and things. It represents the physical
world you can inspect visually by avisit to the site.

Interaction of System with the Environment

Additional delimitation is supplied by arepresentation of the coupling to the environments
in terms of the goals to pursue and the constraints which are posed by the environment
and which should be respected within the aim of the analysis. Thisidentification of the
purposes and constraints of the system identifies the values and intentions driving activi-
ties of the system.

In case of ahospital, examples to be mentioned are purposes such as curing patients,
doing research to improve treatment, teaching of students and new candidates, creating an
acceptable environment for patients, supplying board and lodging, responding to public
opinion on treatment priorities, offering good working environments for employees, etc.,
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and to do this as economical as possible within the funding supplied by society and spon-
sors. In addition, anumber of constraints are posed by the environment such as legal and
regulatory rules: worker protection regulations, financial rules, union agreements, etc. In
case of apower plant, the purpose of courseisto supply power to meet the costumers
immediate requirements, but at a competitive price with acceptable return on investment.
This latter requirement can lead to side goals asto develop district heating, to build green-
houses, or to breed salmon from the energy losses involved in the thermodynamical cy-
cle. In addition, safety regulations and legidation regarding pollution must be met.
Finally, the goals and constraints related to the general staff care are considered as it was
the case for hospitals.
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1. Work Domain Description: Its Means-
Ends Configuration

Thefirst facet of the model framework is concerned with a representation of the work
domain. Work is taken to be “general activity in a defined setting, called the work do-
main, having the explicit or implicit intention of meeting some established needs or pur-
poses.” A representation of the work domain must identify the entire network of means-
ends relations relevant for the system considered, i.e., the world of ‘possibilities,’, the
requisite variety which is necessary to cope with al the requirements and situations the
system might face. The representation defines the landscape through which the agents or
actors of the system will navigate during their work. The work domain representation
should be amap, identifying all the items of work, defining the necessary background in-
formation and, thereby, give structure to the ‘resident knowledge-base’ for the entire
system. From this knowledge-base, the necessary working knowledge can then be se-
lected and activated in working memory for coping with a particular situation.

The Map of the Domain

For the control of any work activity, it is necessary to select the item of work and to
plan the appropriate actions, i.e., to select among available resources, those relevant for
the actual goal, and to control the use of the item chosen. Whether thisinvolves adecision
task or is mere routine, depends on the particular situation and agent. If however, there
should be any decision task, there will have to be alternatives for choice of action, and the
representation of the work domain should display the available resources for various
functions and goals in a situation independent way.

Manipulation of the work space basically implies selection of available means for the
actual ends, considering the goals and constraints of the task. A representation of the
work space in terms of a map within which to navigate can in one dimension be defined
by means-ends relations. Another important dimension reflects the span of attention of a
decision maker in terms of part-whole relations, i.e., how much of the work space that
isactually considered. A change in representation along both dimensionsistypically used
to cope with the complexity of any unfamiliar work situation (Rasmussen, 1986).

Information from different levelsin the means-ends dimension is important in discre-
tionary decision making tasks. The lowest level of abstraction represents the physical
form of the system, its material configuration. The next higher level represents the physi-
cal processes or functions of the various components and systemsin alanguage related to
their specific electrical, chemical, or mechanical properties. At the next higher level, the
functional properties are represented in more general concepts without reference to the
physical process or equipment by which the functions are implemented, and so forth, up
through the hierarchy. At the lower levels, elements in the process description match the
component configuration of the physical implementation. When moving from one level of
abstraction to the next higher level, the change in system properties represented is not
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merely removal of details of information on the physical or materia properties. More fun-
damentally, information is added on higher-level principles governing the co function of
the various functions or elements at the lower level. In man-made systems, these higher-
level principles are naturally derived from the purpose of the system, i.e.,, from the rea-
sons for the configurations at the level considered.

A change of level of abstraction involves a shift in concepts and structure for represen-
tation as well as a change in the information suitable to characterize the state of the func-
tion or operation at the various levels of abstraction (see figure 10). It isimportant to real-
ize that the different levels are representing information about the same physical world but
the information chosen for representation is selected and transformed so asto facilitate the
identification of the decision and coordination task at that level between the physical state
of affairs and the ultimate human purposes and constraints which is most suited to the
actual situation. Therefore, the levels are not given by laws of nature, but depend on hu-
man conventions for system representation (Rasmussen, 1979, 1986).

In other words, models at low levels of abstraction are related to a specific physical
world which can serve several purposes. Models at higher levels of abstraction are
closely related to a specific purpose which can be met by several physical arrangements.
Therefore shifts in the level of abstraction can be used to change the direction of paths,
suitable for transfer of knowledge from previous cases and problems, e.g., by analogical
reasoning (Rasmussen, 1985, 1986).

For effective support of decision processes, therefore, the substance matter of awork
domain should be represented at several levels of abstraction, representing goals and re-
guirements, general functions, physical processes and activities, as well as material re-
sources. Decisions by human agents are only required because of the many-to-many
mapping between these levels. In any work domain the are many degrees of freedom in
the means-ends network which have to be eliminated by human choice, guided by func-
tional (product) criteria as well as subjective (process) criteria. Any work function (what
should be used) can be seen both as agoal (why it isrelevant) for afunction at alower
level, and as ameans for afunction at ahigher level (how thisisrealized). This, in turn,
leads to the requirement that in order to be able to make a proper choice, information con-
cerning the work domain should by accessible in a knowledge base from severa different
points of view, i.e., by different formulations of the search questions.

The means-ends representation primarily serve to structure the entire, complex many-
to-many mapping between purposes and constraints imposed on a system and the material
resources available in the system (including people, see the example drawn for a hospital
system in figure 13 and for manufacturing in figure 14). It represents the entire repertoire
of elements, i.e., functions, processes, people and equipment, from which the relevant
subset has to be drawn for a particular situation. In other words, it maps the field in
which a decision maker or worker has to navigate in order to comply with work require-
ments. In essence, this means that means-ends exploration of options involves finding the
means for the function required at the same time as the implications for other functions
(possible side effects) are considered.
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MEANS-ENDS RELATIONS PROPERTIES REPRESENTED
Purpose-Based Properties
Purpo A and Values, and Reasons for Proper
Constraints Posed by .
- Functions are Propagatng
Environment
Top-Down

Priority Measures;
Flow of Mass, Energy,
Information, People,
and Monetary Vaue

General Work Activities
and Functions

Specific Work Processes
and Physical Processes

Equipment
_ Physics-Based Properties
Appearance, Location, and Causes of Mal-Function
and Configuration of are Propagating Bottom-Up
Material Objects v

Figure 10. Any system can be described at several levels of abstraction. When moving from one level to
the next higher level, the change in system properties represented is not merely removal of details of in-
formation on the physical or material properties. More fundamentally, information is added on higher-
level principles governing the co-function of the various elements at the lower level. In man-made sys-
tems these higher-level principles are naturally derived from the purpose of the system, i.e., from the rea-
sons for the configurations at the level considered.

Definition of the Means-Ends Levels

The subsequent reasoning about the element in the work domain depends on an analysis
of suitable representations of the constraints which actually determine the possible rela-
tionships among observations of state-variables related to the items of the domains. It is,
in fact, the different categories of constraint representation that defines the different levels
of abstraction in the means-ends hierarchy, see figure 11.

Theleve of physical form represents the physical location and appearance of the ma-
terial world. In work, thislevel of representation is necessary to identify objects from ap-
pearance, shape, color, size, and to find them in the material landscape. In any form of
work interface, thislevel is necessary to find one' s way, and to direct attention to objects
which are potential sources of information, or which are objects to act upon. The template
for search in the material world, however, will typically not be defined at this level, un-
less one islooking for a particular, individual object. In general, the template is defined
from the higher functional level, e.g., looking for a cup, one is normally looking for
something useful for drinking, not an object of a particular shape or color; unless looking
for the jug, bought in Mannheim.

At the physical process level, the representation is focused on the physical process
whichisin action in particular material components. A particular material configuration
defines the boundary conditions for the interplay of laws of nature in away, that result in
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abehavior which can serve higher level functions. A centrifugal pump is configured in a
way that the spinning of the impeller together with the inertia of afluid and the centrifugal
forcesresult in aflow of afluid. To accomplish this, bearings are necessary with a mate-
rial configuration such that the surface tension and viscosity of oil prevent that metal sur-
faces get into contact when revolving. Alternative options are available: in piston pumps,
the material configuration of the pump is chosen so asto let movement of one part within
the cavity of another result in displacement of an incompressible fluid. For control of the
particular component, it is necessary to consider its nature at thislevel. Control require-
ments of pumps based on different principles will be different, but their role in the total
system function depends only on input-out-put characteristics, i.e., on a black box repre-
sentation.

MEANS-ENDS PROPERTIES OF THE SYSTEM SELECTED
RELATIONS FOR REPRESENTATION
Goals and Purposes, Customer and market relations; competitors; production volume
Constraints. requirements; legal requirements for financial relations and environ-
mental protection; work safety legislation; workers' union agree-
ments,

Priority Measures; Flow | Topology of Flow of Products, Energy, and Various forms of
and Accumulation of Material,

Mass, Energy, (Losses, Contaminants, Raw Material, etc.); Sources and Sinks of
Information, People, Funds; Flow through the System of Monetary Vaues; Man Power
and Money. Turnover.
General Functions Marketing, Personnel Administration, Design, Production Planning,
and Activities. Production, Maintenance;

Casting, Cooling, Heating, Purification, Material Conversion, etc.
Physical Processes Work Activities and Processes; Physical, Technical Characteristics
in Work and and Processes of Equipment, Machinery, Tools, and Components;
Equipment. Capabilities and Limitations; Control Characteristics;
Appearance, L ocation, Material Characteristics, Shape, Size, Weight, Appearance, Location;
and Configuration of Anatomy and Configuration of Equipment and Installations; Building
Material Objects. Layout; drawings; Access Roads and Site Topography.

Figure 11. Several different representation languages are necessary to connect the identification of the
physical system to the environmental requirements in terms of the processes of work activities and
equipment serving the various functions which are needed to meet the goals. The figure, in away, repre-
sents the control structure of the work domain.

Thisisrepresented at the level of generalized function. At this level of representing
the function of a pump in a system, itsinternal properties do not count, and pumps of
different physical principles will all be member of the set ‘pumps’ in which distinctions
are related to capacity, acceptable pressure head, power consumption, etc., because their
rolein the systemisto circulate fluid. The point here is that different particular objects,
possibly based on different physical processes can serve the same function, thereis a
many-to-one mapping, giving degrees of freedom and thus a basis for choice; in design
among different possible solutions, in control among different physical objects of
intervention.

The necessity for this generalization comes from the need to coordinate the functional
implicationsin a system independent of the underlying physicsin order to save mental ef-
fort and to be able to replace the physical component underlying a function: if you have
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no more cooling pumps available, circulation may be established by afire-hydrant, and
this option should be offered by the representation of the work domain accessible to an
actor. Given different options, other criteria than immediate function at a higher level are
necessary for choice. This depends on different influence of the choice on other higher
level features. Different choice of pumps will influences the availability of pumps for
other functions, different pumps may have different maintenance characteristics, or dif-
ferent power consumption, or different influence on work climate, such as noise. In ef-
fect, this means a one-to-many mapping upwards through the levels. Ultimately, the im-
plication is that the means-ends map reflect a complex many-to-many mapping of mutual
interactions.

At the abstract function level, representations are found which are useful to co-
ordinate across functions. This task requires representations in terms of concepts which
are independent of the particular domain as well asits environment. In order to be so, it
has to be based on very basic principles, such as conservation of mass and energy (by
laws of nature) or of monetary values and number of people (by human conventions. you
do not kill people or burn money), or on information-theoretic measures such as truth,
information content, etc. Incorporated in such measures can be grades expressed in terms
of probabilities, risk, etc., the basic point being that the measures of flow of such
magnitudes in the system will enable the measurement of match in the mappings of
system specific functions onto environment specific requirements.

The highest level of goals, purposes and constraints represents the ‘ functional mean-
ing’ of the entire system in terms referring to properties and functions of the environment.
Here market relations, competitors, and value structures referring to the goal's of the sys-
tem, its departments and groups as well as the individual staff members are found. In ad-
dition, constraints posed by laws and regulations concerning financial aspects, employee
work conditions, union relations, environmental protection, etc. at the general level are
included.

Analyss

Such an overview of the work space, therefore, should be developed from information
collected by general, unstructured interviews of actors at all levels of an organization. The
interviewed person should be involved in description of his general activities, “what is
done” e.g., through a day, in characteristic situations, etc. In addition, the levels of the
domain should be explored by means of questions, “why” certain activities are relevant,
and “how” they can be done, i.e., alternative means should be identified if available.
Before such interviews take place, the analyst should prepare a rough sketch from his
general knowledge, from news paper discussion about the special branch of business
which will serve to focus discussions of present goals and constraints, from technical
books to have a vocabulary of the instrumental part of the space. The description will be
supplemented by information collected during al the detailed stages of the work analysis.
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MEANS-ENDS
RELATIONS

PROPERTIES REPRESENTED

Purposes and
Constraints

Properties necessary and sufficient to establish relations between the
performance of the system and the reasons for its design, i.e., the
purposes and constraints of its coupling to the environment.
Categories are in terms referring to properties of environment.

Abstract Functions

Properties necessary and sufficient to establish priorities according to
the intention behind design and operation: Topology of flow and
accumulation of mass, energy, information, people, monetary value.
Categories in abstract terms, referring neither to system nor environment.

General Functions

Properties necessary and sufficient to identify the ‘functions’ which are
to be coordinated irrespective of their underlying physical processes.
Categories according to recurrent, familiar input-output relationships.

Physical Processes
and Activities

Properties necessary and sufficient for use of equipment: To adjust
operation to match specifications or limits; to predict response to control
actions; to maintain and repair equipment.

Categories according to underlying physical processes and equipment.

Physical Form
and Configuration

Properties necessary and sufficient for classification, identification and
recognition of particular material objects and their configuration; for
navigation in the system.

Categoriesin terms of objects, their appearance and location.

Figure 12. The characteristics of the classes within the means-ends hierarchy.

PATIENT HOSPITAL
SOCIAL RELAT. BIOLOGICAL CURE CARE ADMINISTRAT
Working Relations | Effectsof lliness | Cure Patient, Patient Well being, | Lawsand Regula-
GOALSAND and Conditions; and Treatment on | Research, Meet Physical and tions; Society, As-
CONSTRAINTS | Family Relations; | Persons Ability Public Opinion Psychic Care, meet | sociations and
Goals and Con- to Meet Subjec- within Economic, Public Opinion Unions; Workers
straints of Plans tive Goalsand Legal and Ethical within Economic Protection Rules.
and Committments; | Criteria Congtraints and Legal Limits
PRIORITY Personal Economy, | Probability of Categories of Flow of Patients [ Distributionof
MEASURES, Probability of Un- | Cure, Priority Diseases: Cost of according to ca- funds on Activities;
FLOWOE employment, Cure, | Measures, Speed | Treatments, Patient | tegory; Treatment, Flow of material
VALUES AND etc. ;,ersus Side-Ef- ggfen ng, Research ang |f oac: on staff ?iwd perso;er:)itto
ects, etc. evance and facilities Seases, -
MATERIAL ! ments,
GENERAL Nature of Work and | General Stateof | Cure, Examinations, | Board and Lodging, | Personnel and
FUNCTIONS Employment, Hedlth; Category | Diagnostics, Surge- | Feeding and Hy- Material Admin-
AND Family Relations, | of Deseaseand ry, Medication, etc. |giene; Social Care, | istration, Account-
ACTIVITIES Living Conditions; | possible Treat- Research, Clinincal, |Physical Support, | ing, Salesand
ments; Experiments, Transportation, etc. | Purchase;
PHYSICAL Physical Work Act- | Specific Organic | Specific research Specific Processes | Processesin the
ACTIVITIES ivities, Spare Time | Disordersand their | ad treatment pro-  |in Monitoring, Administrative
IN WORK, and Sports Activi- | possible treat- cedures; Petient Treating, Moving, | Functions. Office
PHYSICAL ties HomeWork | ments, Previous Monitoring; Func- | Cleaning and Feed- | and Planning Pro-
PROCESSES OF Traﬁsportation, etc. iIIne&l and cures; | tioning of toolsand | ing Patients; and cedures,
EQUIPMENT Equipment in Psychic Care.

Patient Identifica | Physical Stateof | Material Resources, |Fecilities and Equip-| Inventory of Em-
fgé'iﬁ'fg,\,'\' EE‘ tion, Age, Ad- Patent Weight, | Patients, Personnel, | ment in patient plqﬁ%’ Patients,
CONFIGURA- dress, Position, Height, Precvious | Equipment; | Quarters, kitchens, | Bui tw;tt_;s Equip-
TION OF MATE- Education, Identifi- | Treatment, etc. Inventory of Medi- etc. Inventory of ment, etc.

RIAL OBJECTS cation of Close cine, Tools, etc. Linnen, Food, etc.

Family, etc.

Figure 13. The figure shows a schematic overview of the work space of a hospital environment. For
planning of the treatment of a patient, several different individuals and professions are involved. The per-
son’s medical practitioner has to consider the case in the patient’s social and biological context; At the
hospital, medical aswell as social and practical ‘hotel’ functions must be considered and, at the same
time, the regquirements stemming from research needs and from the necessity of fitting the treatment into
the financial and political context has to be considered. In total, taking care of a patient involves the con-
sideration of severa different ‘ object worlds'.
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System Properties to be Represented

Finance Polic anufacturing, Bonds and I nvestnfmtial Company Policies
GOALSAND Market PolicyCostom-Design; High-T@&ihlich Imagd nnovative, Advanced-Tech.
CONSTRAINTS | Consumer -PopulatioAge, Education; L ocation Setplier-populatioRolicy, Re-iability,

Research Statufax and BusinedsawsRegulationsf Branch Associations.

UnionAgreement§Vorkers ProtectioRegulations.
PRIORITY Flow of Fundsom Sour ces: Sales, Bonds, Interestpebtnks: Purchasing, Sal-
MEASURES, aries, Investment, L odsésw of MateriflomSour ces: SuppligrsDepartments
FLOW OF toProductgo Sinks: Markets, Costumers, and Wrdshe. of Equipment & To&spplier,
VALUES AND Purchasing, Installation, Maintenance, Modification, L oss and Rejection.
MATERIAL Flow of ManpoweEducation, Company Training, Department, Function, Promo-

tion, Retirement, L ay-off.

Research and Manufacturing Purchasing& Salges Personnel Administration
GENERAL Development Prepare for Accounting; Hiring, Laying-o
FUNCTIONS Follow State Production; Evaluate Suppliers; Salaries, Evalua
AND of the Art; Plan; Program Predict Consumption; Planning Work Sh4d
ACTIVITIES Concieve new Machines; Train Market Evaluation; and Shits;

Products, Test Staff; Control Production Sched-

Ideas; and Monitor; ules; Prizing;

Test and Pack;

PHYSICAL Analyze Com- Processes of Accounting and Interviews; Re
ACTIVITIES peting Prod- Equipment and Planning Tools; Negotiations; g
IN WORK, ucts, Litera- Tools; Planning Spread-sheets & on Performancsd
PHYSICAL ture, Patents. Processes and Budgetary Tools; penses; Compar
PROCESSES OF Experiments; Methods; Market& Sales Re- Promote;
EQUIPMENT Prototyping; views; Statistics
APPEARANCE Library Items; Location and Spec'sSuppliers and Cus-  Personnel .Idgntification gnd
LOCATION & ' Drawings; of Machinery, tomers, Identifi- catio@haracteristics, Salary Lists;
CONFIGURA- Equipment;  Buildings, Location; Product andAddresses, Family Informa- tig
TION OF MATE- Spec's and Components, etc. Raw Material Spec's Transportation Informa- tion;
RIAL OBJECTS Location and Inventories Vacancy Lists;

Figure 14. Shows an example of awork domain from a manufacturing company

Classes and Terminology of Work Domain

Two aspects of the taxonomy within the work domain representation should be explicitly
considered. One includes the classes and terms used for description of the structure and
the relationships of the domain. Another includes the elements used to characterize the
domain within the different levels of representation.
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1.1 Work Domain Description: Its
Structural Relationships

Coupling to the Environment

In the previous section, the coupling to the environment was discussed in term of system
goals, purposes, and environmental constraints at thislevel. It is, however, clear that
coupling to the environment is found at any of the levels of the means-ends hierarchy in
varying degrees. Basically, the ‘ system’ is defined as a subset of the world, and the cut
will intersect all levels. The means-ends representation, therefore, can be useful for fur-
ther identification of the constraints presented by the coupling to the environment.

a. Functional Coupling

The level of abstraction on which tight coupling to the environment is found, depend very
much on the nature of the enterprise:

In some cases, tight coupling isfound at the level of physical form: a company may
supply physical items and components which must match quantitative physical configura-
tion specifications: spare parts for cars, equipment for military systems, etc. Other com-
panies are supplying equipment for specified processes such as typewriters, word pro-
cessors, or they are offering services in terms of specific physical processes, such as,
e.g., electric power supply, surgery, dental care.

In this case the process, not the material configuration by which it isimplemented, is
specified. In some systems, such as offices, manual production workshops, etc., physi-
cal processes need not be synchronized. Coupling is necessary only in terms of their
longer term effectsi.e., coupling is only required in terms of general functions; depend-
ing on decoupling by storage facilities, queues, piles, etc. in the boundary to the envi-
ronment

In other cases, the coupling to the environment is specified at the more abstract func-
tion level related to the flow of monetary values, information, and people, such as bank-
ing and tax revenue systems, educational systems, public transportation, etc. In some
cases, the coupling of a system is even only specified at the highest level of values and
goals without any request for the lower level implementations. Examples could be enter-
tainment business, religious services, artistic professionals, etc.

Thelevel at which tight coupling to the environment is found has strong influence on
the level and degree of detail of the knowledge which is required about the activities and
state of affairsin the environment which is required for control of activities within the
system itself.
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b. Formal Coupling: Constrains Implemented in Rules, Laws,
Agreements

Propagation of goals and constraints top-down through the levels of the means-ends hier-
archy isnot acausal, nor ateleological effect, but rather more like an evolutionary selec-
tion. High level goals such as acquire a high salary for union members and, at the same
time making sure the working life qualities are satisfactory in aworking situation requires
reformulation and operationalizing down through the levels. Simple deductive transfor-
mation between levelsis, however, not generally possible due to the large increase in va
riety going downwards. Instead, empirical trial and error and selection of positive rules of
the trade are made. Thisimplies, in stable environments, that the influence of high levels
goals and constraints are replaced by operational, formal constraints in the form of stored
rules of action at the lower levels. Thisin turn means, that high level goals and con-
straints are inactive during familiar circumstances and replaced by standard practice rules.
This however, does not imply that the higher level goals and constraints are not shaping
behaviour; only that this shaping is evolutionary through selection, i.e., “survival of the
fittest rules’, just like “survival value” is shaping biological behaviour without affecting
the particular observed behaviour directly.

Features of Coupling to the Environment

Some examples will serve to further illustrate features of the coupling to consider:

Nature of coupling, i.e. the kind of product or service to be provided: The service
given the environment can depend on supply of products (manufacturing), on ser-
vices (telephone companies, schools, hospitals).

Character of coupling, i.e., the way by means of which the requirements of the envi-
ronment is conveyed to the organization. For instance, requirements may be con-
veyed explicitly, e.g., by governmental statutes, contractual stipulations, etc., or by
the negative and positive reactions of the market.

Locus of control of environmental coupling. Another dimension to consider is the
following: Who is in control of the coupling? Who paces the system, the
environment in terms of competitors, authorities, customers? What kind of time
horizon isinvolved? Is control negotiable or one-sided? Is the coupling controlled
from inside the system or from the environment?

Stability or variability of functional requirements, i.e., the extent to which the
conditions under which the system of work must function change and the system
have be able to adapt to such changes (Thompson, 1967; Scott, 1987), e.g.,
changes in the function of the organization (nature, characteristics, quality of its
products, services etc.) that occur unexpectedly, for which no patterns could have
been discerned in advance (Mintzberg, 1979). Are the features of the environment
defining the goals of the system fairly stable (power plant), or are they dynamically
changing (manufacture of personal computers and ladies’ fashion)? The stability
and predictability of the processes and states of affairsis an important feature of a
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work domain and its coupling to the environment. In manufacturing, for example,
the duration of product life cycle of the specific market is a measure of the stability
of functional requirements, e.g., custom tailoring vs. commodity markets.

Unified or diversified functional requirements, i.e., the extent to which the environ-
mental requirements are similar to one another, e.g., the size of the product mix
(number of models and variants offered by the company), the complexity of prod-
uct quality specification etc. (Mintzberg, 1979; Scott, 1987; Aoki, 1988)

Interdependency of requirements, e.g., competing requirements. (Scott, 1987).

Specificity or ambiguity of requirements. Can the main goal be explicitly stated in
terms of functions (power plant, telephone company) or is it only qualitatively
identified in terms of values (hospital, theater, university, etc.).

Hostility vs. munificence of environment, i.e., the degree to which the system of
work is vulnerable to its environment (e.g., by the intensity of the competition, by
the precariousness of its funding), and the degree to which errors by an
organization may result in its demise (e.g., the security demands posed on chemical
and nuclear power production, or on policy making agencies) (Scott, 1987). Does
the system face a competitive environment (manufacturing companies, service
enterprises); doesit, in practice, have amonopoly (public health service, hospitals);
or is it based on legd monopoly (Danish power companies and telephone
networks).

Intrinsic Work Domain Characteristics

In order to be able to compare results from field studies in different domains and to trans-
fer results to studies in new domains, it is necessary to establish a multi-facet system for
description which is independent of the particular elements of adomain (cf. Hammond's
arguments for the necessity of modelling the ‘formal structure of atask’ as a basisfor
analyzing behaviour, Hammond, 1977?). Furthermore, for such a descriptive framework,
it isimportant to common to or compatible with a similar framework for micro-worlds
serving experimental studies. The dimensions considered in the following are proposed
for further development within the MOHAWC project and some of the dimensions pro-
posed by Brehmer (1990) have been taken into consideration. The dimensions to include
and the categories of the dimensions should evolve dynamically though the coming stud-
ies and efforts to generalize. The list below should only be taken to be a starting point and
abasisfor discussions of the structure of the taxonomy.

Complexity

Complexity of awork domain is an often discussed and rather elusive concept. The term
covers typically both very subjective features which are depending on the level of ab-
straction and the degree of aggregation within the mental representation hold by an agent
(Rasmussen, 1986, pp. 117-120), and features of objective complexity as discussed by
Pedersen (1990). In the present context, a more pragmatic conception of complexity may

50 Risg-M-2871



Taxonomy for Cognitive Work Analysis

be useful to capture broader perspective. Featuresto consider for description of the com-
plexity of a particular work domain or micro-world would be features such as

1. Thesize of ‘problem space’, i.e., the number of different, potentially relevant
factors to take into account (Simon, 1969). For example, in contemporary
medicine, the number of identified illnesses - and hence, the number of potential
diagnoses, amount to approximately 500.000. In portfolio management, deci-
sion makers face the immense volume of investment object on the world mar-
kets.

2. The variety of functional elements within the system, i.e., whether a large
number of similar items (booksin alibrary) or alarge number of different items
(equipment of a hospital).

3. Number of goals and objectives of asystem;

4.  Compatibility of goals and constraints, i.e., whether constraints are tight
around goals and require careful navigation or not or whether goals are
contradictory and invite conflict or not;

5. Number of functional elements of a system which are coupled and require
simultaneous attention;

6.  Number of connections among elements;

7.  Uniformity or heterogeneity of the work space, i.e., does decision making in-
volve the integration of knowledge from different object domains, integration of
different conceptuaizations or perspectives (Mintzberg, 1979; Rasmussen,
1987; Schmidt, 1988).

Integration

Another dimension of the description of awork domain which has caught considerable
attention, in particular within modern manufacturing, is the degree of integration of asys-
tem, ‘ computer-integrated manufacturing’ has been a controversial topic for several years,
cf. the introduction, pp. 15 f. System integration is a much discussed feature of advanced
manufacturing systems which is, however, not in general very well defined. Typical fea
tures of ‘integrated systems' are rapid responses, continuous product flow rather than
batch processes, and effort to avoid stocks and piles between processes, i.e., effort to
keep the inventory ‘in process’ low. Basically, integration meansincrease of theintrinsic
coupling, which can be measured by the number of links, the strength of the coupling,
and the time response required. A measure of system integration in terms of the require-
ment for internal coupling isimportant because it greatly influences the request for inter-
agent coordination and the resulting (informal) social organization. The following list of
features of integration has been identified from several meetings considering problems
within ‘integrated manufacturing’ and can serve as a starting point for further work:

1. Functional Structure. This feature represents the functional structure of the ‘inte-
gration,” i.e., of that part of a system which is considered to be functionally connected.
Some basic categories can be suggested, such as functionality involving 1) interaction
among separate objects, more or less stable (e.g., manufacturing of pieces of
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equipment, navigation in traffic), 2) control of a continuous, linearly constrained flow
(of energy in apower plant, of products in continuous production). Within this category,
different flow structures can be found, such asi) ariver-structure (manufacturing and
assembling products depending on many component sources); ii) an inverse river
structure (several product repertoire from forced input (Oil refinery,Steel refinery) and,
iii) parallel flow (patients in hospitals). Finally, work domains are found which have a
continuous, distributed flow in several dimensions, such as control of the temporal,
spatial propertiesin forest fire fighting, control of epidemics, weather forecasting, etc.

It isimportant to realize, that the same system can be represented within severa of the
categories depending on the level of abstraction applied for representation, e.g., whether
amanufacturing system is characterized by passing objects or by flow of products depend
upon the interpretation chosen.

2. Nature of connections is another important characteristic. Interaction within the
structures listed can depend on 1) material transport; 2) a physical process; or 3) on prop-
agation of information which, in turn can depend on communication of i) goals and con-
straints; ii) procedures and instructions for action; and, finally, iii) by supplying advice.

3. Tightness of connection can vary widely within the structures defined above and
categories such as the following can be suggested: 1) Hard coupling, direct functional
connection (e.g., asisfound in achemical process plant or afootball match); 2) Moderate
coupling, i.e., the individual elements are decoupling by means of queues, piles, etc.
(Batch production, office work), and, 3) Loose coupling, considerable decoupling by
long term storing.

4. The level of tight coupling. The level of abstraction in the means-ends hierarchy
where tight coupling is required is a characteristic feature of awork domain. In some
cases, atight coupling isrequired only at the 1) material configuration level, asit isthe
case in mechanical, structural designs such as bridges, towers, etc. Coupling can be
found in terms of i) anatomical connection or of ii) topographic proximity. 2) In many
cases, however, tight coupling is required at the physical process level. Good examples
are process plants such as power plantsin which the interaction among the physical pro-
cesses in oil burners, boilers, stem generators, turbines and electrical generators must be
tightly coupled in avery short time horizon. Energy flow must be maintained through all
the different processes involved. A lack of coordination will result in accumulation of en-
ergy resulting in high temperatures or pressures leading to accidents. (In practice, the co-
ordination requirement will be so tight and fast that only automatic control can meet the
requirements properly). Other examples can be work spaces on an assembly line or a
“just-in-time” production system, a transport system with tight time schedules, etc.
Coupling of physical processes can take place by i) Physical interaction or by ii) exchange
of information. 3) In other cases, coupling isonly required at the more general function
level, asit isthe case in a traditional manufacturing system. In this case physical pro-
cesses need not be coordinated, only the input and output quantities of the various func-
tions needs to match over a somewhat longer time horizon, determined only by the size of
the stock keeping accepted for decoupling of the functions involved. Thisisthe normal
pattern for workshops and offices, shops, etc. Also at this level, coupling of generd
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functions can depend on i) transportation of products and material or by ii) exchange of
information

5. Predictability of coupling. The predictability of the intrinsic coupling is an
important feature for work planning. 1) systems with stable coupling (breakdown and
disturbances are infrequent, average performance counts); 2) Systems which are by and
large stable, but unpredictable disturbances are critica (e.g., high hazard process
systems); 3) Systems of intrinsically stochastic nature (patient treatment in hospitals).

6. Temporal requirements of the functional integration which can be 1) fast in the
high tempo operation of air craft take down on a carrier, 2) moderate operations in an
office, 3) slow processes of growing vegetables or 4) the very slow changes in an
economic environment or a lega system. These aspects are very important for the
opportunity for actors to develop temporal intuition and categories probably be related to
this basic human ability. (The preferred dynamic range for human actors is somewhere
between the dynamics of a sports game and of a super tanker?)

Source of Regularity of Behaviour of aWork Domain

Within the system itself, human activity can be called for at any level of the means-end
hierarchy and can be controlled either by know-how and rules of the trade or by analysis
and planning depending on the situation. In al cases will the opportunity to plan depend
on knowledge of the sources regularity of behaviour of the resources at disposal. One
important feature of the elements at any level of the means-end hierarchy will be whether
regularity depends on 1) stable laws of nature (technical equipment, physical objects,
etc.); on 2) human intentions (social systems, systems designed for certain purposes and
having complex and autonomous features (e.g., computer programs, expert systems), or
they are controlled by formal, context free rules (games and puzzles, cryptograms, €etc.).

In many man-made systems, the source of regularity of behaviour isthe laws of na-
ture. Systems are designed so as to define some material boundary conditions within
which the laws of nature are constrained to performed the goal oriented functions. For
such systems, prediction of their behaviour in response to control actions can be inferred
bottom-up from their functional structure.

Not all systems, however, can be considered this way. Systems with a high degree of
autonomous internal functioning, with self-organizing and highly adaptive features, may
change their internal functional organization frequently in order to meet the requirements
of the environment and to suit their internal goals or performance criteria. Even though
such systems are basically causal and controlled by laws of nature, their complexity
makes it impractical, if not impossible, to explain or predict their performance by func-
tional analysis during real-life decision making. The alternative is to consider such sys-
tems as intentional systems, controlled in their response to external influence within
their range of capability by their “intention” to act derived from the individua value
structure and internal goals. Decision making in control of intentional systemsis based on
knowledge about the val ue structures of the system, the actual input from the system’s
environment, and itsinternal limiting properties; i.e., it is based on reasoning top-down
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in the abstraction hierarchy with little or no consideration of the internal causal structures
or functions. This is probably the reason why top-level executive decision makers,
according to Mintzberg' s study (1973), do not behave according to analytical decision
models, but prefer live action and social contacts to the analysis of abstract information
and current data—even gossip and hearsay— instead of statistics and status reports.
M eeting people and considering hearsay are probably the best sources of information on
current trends in value structures.

The distinction between physical causal systems and intentional self-organizing sys-
tems must also be considered if results from research in human performance in games
(for instance from artificial intelligence research) are considered for use in models of hu-
man interaction with physical systems. In two-person games like chess, a person faces a
system that is not controlled by basic invariant laws but by the intentions and value
structures of the opponent. The game itself only represents a means of communication,
and the rules of the game serve only to constrain the decisions of the playersto awell-de-
fined set in each situation. Decisions depend upon prediction of the opponent’s value
structures and performance criteria and the strategy he adopts for the game. The differ-
ence between games like chess and other social-system contexts for management decision
making is largely a question of formal consistency and invariance of the rule set. In
games, the set of rules at the problem level is small and closed, and only the strategies for
generation of proper action sequences are flexible and depend on top-down inferences re-
garding the opponent’ s intentions. In management decision making, there isroom for the
invention of new rules of the game within the constraints of legal rules and “fair play.”

Formal systems for decision making are problems that are only defined at one single
level of abstraction, such as geometrical theorem proving and construction, cryptographic
problems, puzzles, and purely logic problems; see for instance Newell and Simon
(1972). The problem is stated here as an initial state and atarget state, and the task isto
identify a sequence of allowed formal transformations which will close the gap. The cate-
gory of formal systems also includes severa of the “context-free”’ tasks, which are used
for problem-solving and man-machine interface experiments. It should, however, be real-
ized that problem solving behaviour may be very different in one-level formal systems
and in a problem context of an abstraction hierarchy.

Anillustrative example of the role of the abstraction hierarchy can be found when
comparing a decision task that has to be performed in aone-level formal description with
the performance when the context is also available. The difference may partly be due to
the use of shiftsin the level of abstraction to find paths for transfer of solutions and
strategies by analogy, but also due to the support of memory and search for rulesin terms
of structures at other levels of abstraction. A good empirical piece of evidence isthe ex-
periment made by Wason and Johnson-Laird (1972). This experiment was based on a set
of cards which were hypothesized to represent the concept: if one side shows avowel,
then the back side displays an odd number. A subject was given a sample of four cards
and asked which should be turned over in order to test the hypothesis. The experiment
was repeated with the same concept disguised in abill-signing context: if the amount of a
bill exceeds $50, the supervisor must sign the back side. The ratio of correct solutionsin
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this kind of experiment istypically 13 percent to 70 percent. In the first experiment the
problem-solving is based on formal logical arguments at only one level of abstraction; on
syllogistic logic, which requires manipulation of abstract symbols; and on storage of in-
termediate results in short term memory. In the second experiment the context defines an
intentional system, in which the effects of the different decisions can be inferred very
easily at the higher levels. The reasons for proper states can be inferred “top-down.” The
problem is solved by top-down model modification; that is, by transferring to a model of
“reasonable states of affairs.” Such experiments points to the importance of this dimen-
sion of the taxonomy.

MEANS-ENDS
RELATIONS

INTRINSIC COUPLING WITHIN BASIC
WORK DOMAIN

COUPLING TO
ENVIRONMENT

Goals and Purposes,
Constraints.

Coupling only on the level of goals and values without
considering coordination within the system itself is
found in some systems. Examples can be political cam-
paigns, religious movements, etc.

I ntentions; Mutual
Acceptance of Goals,
Values, and Requests

Priority Measures;

Flow and Accum-
ulation of Mass,
Energy, Information,
People, and Money.

Loose coupling depending only on abstract value mea-
sures such as economy without consideration of the under-
lying functionality or content is adequate for systems
such as commercial outlet chains, industrial corporations,
etc.

Exchange of Mass,
Energy, Values,
Manpower, etc.

General Functions and
Activities.

In some systems, such as offices, manual production
workshops, etc., physical processes need not be syn-
chronized. Coupling is necessary only in terms of their
longer term effectsi.e., coupling is only required in terms
of general functions; depending on decoupling by storage
facilities, queues, piles, etc.

Coordination of
Functions

Physical Processesin
Work and Equipment.

Integrated technical systems, such asindustrial process
plants need tight coordination at the physical process
level: Physical variables must be closely controlled and
coordinated for proper system function. Temporal syn-
chronization is essential.

Coupling of Physical
Processes

Appearance, Location,
and Configuration of
Material Objects.

Coupling at thislevel is essential for structural support
systems, such as bridges, scaffolding, buildings, etc.

Anatomy and
Topography of Physical
Connections

Figure 15. The co-ordination of functions required by a control function for concerted system function de-
pend very much upon the intrinsic coupling within the work domain. The lowest level at which co-ordi-
nation of the entire system is required depends upon the nature of the activities in the system.

Transparency

An important characteristic of awork domain is the transparency, i.e., the degree to
which the functionality is observable by the actor. In some cases the functionality is 1) di-
rectly visible asit isthe case in anatural environment of object manipulation or in ma-
chinery based on mechanical processes. In other cases, functionality is 2) invisible and
only accessible when mediated by an interface. Several categories of transparency can be
formulated, such asi) Symbolic interfaces; ii) direct perception interfaces based on eco-
logical invariants and iii) metaphor-based interfaces.
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Discussion

The tightness of coupling at the various levelsin the boundary to the environment is fre-
guently reflected in the intrinsic coupling within the system. The significance of the kind
of coupling within a system and through its boundary was aso considered by Thompson
(1967). In order to understand the actions of complex organizations, Thompson applied a
rather crude distinction: 1. ‘Long-linked technology’ covers sequentially dependent acts,
e.g., assembly line technology for standard products, based on repetitive processes. This
isthe domain of scientific management. 2. ‘Mediating technology’ serving a population
of clients; insurance companies, bank, etc., requiring operating in standardized ways,
i.e., bureaucratic techniques of categorization and impersona application of rules. 3.
‘Intensive Technology’ in which a variety of techniques are brought into action on some
specific object, hospital, construction industry, military combat teams, etc.

A stratified description of an enterprise in order to determine the influence of itsinter-
nal structure upon the organizational behaviour has been proposed by Parsons (1960)
who suggests that organizations exhibit three distinct levels of responsibility and control:
technical, managerial, and institutional. This distinction is very similar to the stratification
in terms of means-ends relations proposed here. Every formal organization has sub-or-
ganizations whose ‘problems’ are focused around effective performance of the technical
functions - teachers conduct classes, the bureau processes income tax, and handle recalci-
trants, workshops process material and supervise operation. The managerial level ser-
vicesthe technical sub-organizations. It mediates between them and their customers,
pupils, etc., and procures the resources and supplies. The managerial level controls. i.e.,
administers the technical level. Finally, the institutional level is the source of the meaning
of the entire enterprise, it supplies the higher-level support to make the organization’s
goals possible. Parson’ s reasoning leads to the expectation that different technical func-
tions- or technologies-cause significant differences among organizations and, conse-
guently, Thompson (1967) stresses the need to include the control of the physical work
domain in the organizational model: “The technical parts of the system provide a major
orientation for the socia structure. There are both instrumental and economic reasons but
the instrumental question is prior to that of efficiency.”

For the representation of goals, purposes and constraints representing the coupling to
the environment, a number of categoriesto look for and attributes to list can be found in
the existing literature: The approach to organizational and management models repre-
sented by Thompson (1967) is compatible with the framework discussed in the previous
sections. His basic point of view isthat of an adaptive evolution of an organization ‘under
the assumption of rationality.” In order to characterize the adaptive behaviour of an orga-
nization, Thompson finds the most important characteristics of the coupling to the envi-
ronment to be the degree of homogeneity and stability of the environment. During
adaptation homogeneity influence organization structure in the following way:

“Under norms of rationality,

- organisations facing heterogeneous task environments seek to identify homogeneous segments
and to establish structural units to deal with each.
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- boundary-spanning components facing homogeneous segments are further sub-divided to match
surveillance capacity with environmental action.”
Discussing the influence of environmental stability on the adaptation of an organization
and its agents in terms of work strategies, Thompson make distinctions which are very
similar to the distinctions presented in the subsequent section on cognitive control:

“- The organisation component facing a stable task environment will rely on rulesto achieve its
adaptation to that environment.

- When the range of variation presented by the task environment segment is known, the organi-
sation component will treat this as a constraint and adapt by standardising sets of rules. (This
isan empirical categorisation routine typically used by bureaucratic organisations: bureaucratic
procedures are based on categorising events and selecting appropriate responses).

- When the range of task-environment variationsis large or unpredictable, the responsible organ-
isation component must achieve the necessary adaptation by monitoring that environment and
planning responses, and this calls for localised units.”

This reference to Thompson'’ s discussion illustrates the need to develop the classes
and terminology based on an iterative consideration of the various dimensions of the taxo-
nomic framework.
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1.2 Work Domain Description:
Representation Of Its Elements

Definition of classes and terms within the work domain will be imported from the pro-
fessions relevant to the actual work domain, i.e., engineering, management and organiza-
tion, administration, policy and social science, etc. Classes and terms from several differ-
ent professions will frequently be necessary to cover the various levels of the means-ends
landscape of work. The layered structure itself of the work domain description should be
related to similar conceptualizations which have been found in management and organiza-
tional theories (e.g., by Parson, Thompson).

Level of Godls, Vaues, and Constraints

The concepts and terminology at this level representing the interaction between the system
under study and the general society israther general, only the focus and selection of terms
characterize a specific anaysis.

Level of Abstract Functions and Priorities

In order to compare the effect of the various functions involved in system operation on
the various goals and constraints, it is necessary to adopt some value measures that can
be applied independent of the particular functional implementations. The abstract value
measures generally can be assumed to follow conservation laws. Valuesin asystemis
depending on monetary values, material and mass, energy, people and neither of these
values ar supposed to disappear uncontrolled, either by virtue of the first law of
thermodynamics are in consequence of social conventions and laws. Conservation laws,
consequently, will be guarantied either by nature (thermodynamics) or by legidation.
Efficiency measures, reliability, probability, and information theoretic measures are quite
naturally connected to the description of distribution, flow accumulation and conservation
of values at thislevel.

Since thislevel takes care of measures which can be applied across a wide variety of
general functions, the categories of ataxonomy aso will be rather independent of the par-
ticular kind of system. Maybe even more so than the level of purpose and constraints
which isrelated to that dice of the environment which is relevant for the particular activity
of the system considered.

Level of General Function

At the level of general function one can expect to find function categories which are com-
mon to most systems, such as e.g., personal administration, marketing, etc., while others
are peculiar to a particular kind of enterprises, such as e.g., design, production planning,
maintenance which are found in all manufacturing systems.
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Physical Processes

The categories useful to describe the activities at the level of physical process level will be
closely related to the basic work activities and tools applied in the system,. The selection
will be characteristic of particular work place and the adopted work practice, but the set
will be a subset of the terminology applied by the professions involved.

Discussion: Systematic Professional Terminology

A useful, illustrative example is a systematic taxonomy which has been proposed by
Alting (1978). He suggests a morphological process model to support integrated planning
of design and manufacturing, which is a multi-level model with basic features similar to
the means-end hierarchy considered in the present approach.

At the most generd level corresponding closely to the level of abstract function in the
present framework, Alting characterizes manufacturing processes in terms of the three as-
sociated flows:

a  materid flow,

b)  energy flow, and

¢) information flow.

a) Material flow can bedivided into three main types:

* through flow, corresponding to mass-conserving processes, in which the
mass of the initial work material is equal to the mass of the final component,
and the materia is manipulated in order to change the shape;

* diverging flow, corresponding to mass-reducing processes, in which the
shape is obtained by removing material from theinitial material that circum-
scribe the final shape.

* converging flow, corresponding to assembly or joining processes in which
the shape is obtained by joining pre-shaped parts, without removing material.

This discussion is related to the flow of material, other flows will be involved

depending on whether the processes are carriers of energy or information.

b)  The energy flows associated with the process can be characterized in terms of
energy supply, energy transmission to the work material, and removal or loss of
energy.

c) Information flow includes what might be termed shape or property information.
Shape information can be transmitted by:

* contours in the interaction between work materia and tool (die), or by
*  patterns of movements of atool.
This meansthat, at thislevel, “ageometry-changing process is characterized by a ma-
terial flow on which, by means of an energy flow, the shape-changing information corre-
sponding to the information flow isimpressed” (Alting, p.133).
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At the next lower level, similar to the level of general functions, the primary basic
processes are represented, for instance, in the three groups mentioned:

* forging, rolling, powder compaction, casting;

*turning, drilling, milling, cutting;

* welding, brazing.

Next, the level of physical function contains the processes applied for implementation.
Casting, for instance, can be implemented by sand casting, die casting, centrifugal cast-
ing, dip casting, etc., categories which clearly refer to the underlying physical process.

At the level of physical form, the physical appearance and the material characteristics
of the equipment will be represented. Also at thislevel, a systematic terminology is found
in al professions, at least in the form of manufacturers’ or products’ names for standard
models.

Alting concludes his description:

“all manufacturing processes can be described by a morphological model made up of amaterial flow,
an information flow, and an energy flow.-- In practice it can be used in the generation of alternative
production methods for a given component and it can be used in process devel opment. Both the design
and manufacturing engineer have, in this approach, a new and powerful tool. If one considers the rapid
increase in the application of computers in design and in manufacturing, the new systematic approach
fulfils the long existing need for a coherent and systematic ‘ theory of manufacturing’.”

He adds, that the principles are valid for all types of manufacturing methods, including
processes in mechanical, civil, electrical, and chemical engineering.

In the present discussion of ataxonomy for analysis of work performance, it isimpor-
tant to consider that such different classes of manufacturing technology can have signifi-
cant influence on the constraints shaping work performance, and adoption of a proper
professional terminology from the actual domain can be important for communication
with professional people from the domain and among research teams. It will be different
to get advice from domain experts unless a consistent standard terminology which can be
found in standard text books is used.
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1.3 Work Domain Description:
|dentification of Agents

The work domain representation iswell suited to give an overview of the involved classes
of agents with reference to the functions which are normally alocated to them. Typically,
this general allocation will follow the particular agents professions, but this has to be ver-
ified in the particular cases. The overview will be useful for planning the subsequent,
more detailed analysis. The following two figures 16 and 17 show the typical difference
as it can be found between a hospital and a production company. In a hospital, asit is
also the casefor e.g., universities, the professional staff covers functions from the lowest
to the highest levels, whereas in a production company, the organizational structureis
traditionaly hierarchical.

The figures also illustrates how such representations can indicate topics for more de-
tailed analysis. In a production company acting in a dynamic and competitive environ-
ment, it is essential for policy making and strategical planning of product development,
that high level management can judge the role of company product in the functional cus-
tomer context and the implications for the internal production environment, see figure 17.
Thisisdifficult to do effectively for top level management in the hierarchical organization
if, asistypicaly the case, they are recruited from business or law schools. In hospitals,
the substance matter experts take part in the strategical planning and is familiar with the
“customer” context.

PATIENT HOSPITAL
SOCIAL RELAT. I BIOLOGICAL CURE CARE ADMINISTRATI
Working Relations | Effectsof Iliness | Cure Patient, Patient Well being, | Lawsand Regula-
GOALSAND and Conditions: menton | Research, Physical and tions; Society, As-
CONSTRAINTS | Family Relations; jlity | Public Opj PsyghiaCare, meet J—<(gnsand
Goalsand Con- ' within E jon orkers
straints of Plans Legal any i Rules.
and Committm Constr
PRIORITY Personal Econ Caeg e
Probability of Di Genera ities;
MEASURES, Treet
FLOW OF employment, Manag
VALUESAND etc. gjfw Head Nurses
MATERIAL
GENERAL E‘;‘nglrs%m ) curel Medicd
FUNCTIONS Femily Rel Medical ryag Doctors
AND L & onj Practitioner . unt-
ACTIVITIES 9 R
Expe]
PHYSICAL Physical Wo Speci nthe
ACTIVITIES ivities, Spar andtr rative
IN WORK, and Sports Al cedurt Nurses ns. Office
PHYSICAL ties; Home- Mor)i ning Pro-
PROCESSES OF | Transportatio tionin es;
EQUIPMENT Equip
APPEARANCE. Patient | dentifi Mat ITvmtowpof Em-
3 : - Pati . ployees, Patients,
LOCATION & tion, Age, Ad ol Assistent Nurses Buildings Equip.
CONFIGURA- dress, Position, ous qui
Education, |dentifi C. Inve ment, etc.
TIONOFMATE- [ Zuos i cine, /
RIAL OBJECTS ’
Family, etc.

Figure 16 The allocation of functions within a hospital displays some very characteristic features. The
medical doctors are covering the entire abstraction span of the means-ends hierarchy. They areinvolved in
the actual physical treatment of patients. At the same time, they will be involved in the interaction at the
goal and purpose level, being involved in research, teaching, strategical planning and debate about priori-
tiesand valuesin medical care.
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System Propertiesto be Represented

Finance Policj anufacturing, Bonds and Investnfmtial Company Policies
GOALSAND Market PolicyCostom-Design; HioheTahakaliahlmandnnoyvative, Advanced-Tech.
CONSTRAINTS | Consumer -Popul gtiesr— Saligy, Re-iability,

S E hairman of the Board L Y

UnionAgr, President

Value Analysis, Goal Setting, Policy Making

PRIORITY
MEASURES,
FLOW OF
VALUES AND
MATERIAL
GENERAL Development ng, Laying-o|
FUNCTIONS Follow State Salaries, Evalual
AND of the Art; anning Work Sh
ACTIVITIES Concieve new!
PHYSICAL
ACTIVITIES
IN WORK,
PHYSICAL
PROCESSES OF
EQUIPMENT Prototyping;
APPEARANCE Library Items; Location and Spec'sSuppliers and Cus- ~ Personnel Identification and
LOCATION & Drawings; of Machinery, tomers, ldentifi- catiofharacteristics, Salary Lists;
CONFIGURA- Equipment; Buildings, Location; Product and Addresses, Family Informa- ti
TION OF MATE- Spec's and Components, etc. Raw Material Spec's Transportation Informa- tion;
RIAL OBJECTS L ocation and Inventories Vacancy Lists;

Figure 17 Example from Production Company
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Figure 18. In many work situations, several different work domains must be considered and the task will
be to establish the conditions under which the effect of decisions are acceptable in the various domains.
The figure shows the trajectory in the work domain of a design task: the design of a cable joint for optic
fiber telephone cables. In this case, the object of design belongs to different ‘ object worlds:” itisajoint
in atelephone cable, it is part of an assembly task under rough sea conditions, and, finaly, it is an object
to be manufactured by the equipment of the cable manufacturer. The figure is only meant to beillustra-
tive. For details, see Rasmussen, 1988.
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Analysis Of Work Domain Activity

The work domain description discussed in the previous section is a stationary representa-
tion of the options for the choice of means for certain ends, an inventory of options for
the agents to choose from in particular situations. It will, in general, be very complex
simply because the particular means-ends relationship necessary to cope with any situa-
tion should be included in this representation. In order to be able to study features of the
work domain shaping the behaviour of the human agentsinvolved, it is necessary to fo-
cus on defined parts of the human activities. The criteriafor this decomposition depends
very much of the actual case. However, whatever the decomposition chosen, it will serve
to select or ‘instantiate’ a subset of the elements and relations of the general work domain
description, i.e., it will focus on a part of the general description which will then have to
be explored in more detall.

Decomposition of Domain Activity

The interaction of people with the work environment and mutually in cooperative work is
amore or lessintegrated and dynamic pattern. In order to analyze behavior it is necessary
to decompose this pattern into meaningful elements which are manageable for separate
analysis. Traditionally, thisis done in terms of tasks which are then analyzed by task
analysis generating a description in terms of a sequence of actions or activities. In thein-
troduction it was discussed why thisis no longer an adequate approach when response to
task requirements is discretionary, involves flexible cognitive processes, and depends on
subjective preferences.

In this situation, activities must be decomposed and analyzed in terms of a set of
problems to solve, or a set of task situations to cope with, depending on the properties of
the actual work domain. In hospitals, for instance, it appears to be a convenient decom-
position to analyze in terms of “prototypical decision situations,” because many decision
and planning tasks are depending on scheduled meetings and, therefore are well defined
intime. In other cases, activities cannot be clearly delimited in time, and activity elements
are more adequately defined in terms of a problem to solve, i.e., an activity element char-
acterized by its content independent of its being spread out in time as, e.g., in manufac-
turing, the problem of “monitoring the resources for complying with a particular order.”
The outcome of this analysis should be the identification of “prototypical” activity ele-
ments which, in varying combinations, can serve to characterize the activity of the agents
of the system. As mentioned, in the hospital case, this can be done in terms of prototypi-
cal task situations, see figure 19. In manufacturing, however, such clear decomposition
with respect to timeis not possible, and a decomposition will instead be with reference to
the function performed through time (note, that in both cases, the label of the elements are
related to the function performed, but the basic decomposition criterion is different.

Once decomposed, the activities must be ‘articulated’ in the sense that the numerous
tasks, clusters of tasks, and segments of the trajectory of tasks are to be linked together
and the efforts of individuals and ensembles are to be meshed, etc. (Strauss, 1985). In
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the words of Gerson and Star (1986), articulation consists of all the tasks needed “to co-
ordinate a particular task, including scheduling subtasks, recovering from errors, and
assembling resources.” The term ‘articulation’, as suggested by Strauss, Gerson, and
Star, has different connotations than ‘ coordination’ in that focuses on the joining of dif-
ferent activities in terms of content whereas ‘ coordination’ emphasizes allocation and
scheduling of adequate resources. The different forms of articulating domain activities
need further investigation and is a precondition for the role configuration and division of
work discussed in the section on Work Organization (section 5).

Time Planning for Board & Lodging,
Operation Theater Resource Planning

Planning of
Hospitalization

Preparation

Diagnosis Diagnosis

O Examination in 4‘>©

Practitioner's Examination, Pre-operation

Examination OL&E} e;tclems Hospitalization Examination

Operation

Figure 19. Example from a hospital. In order to determine the cognitive tasks to perform, particular activ-
ity elements must be defined and characterized by means of an activity analysis. It appears that no such
thing as a ‘typical work situation’ or a‘normal work procedure’ exists in many modern work domains.
The analysis should be based on analysis of actual performance in particular situations, and rather than a
description in terms of a sequence of actions, the analysis should identify a set of situations or problems
which can serve to define the relevant categories of work functions and, subsequently, the related
decision tasks together with the required knowledge-base. In the hospital context, the definition of
prototypical activity elements are typically based on a decomposition with respect to time, in terms of
prototypical task situations.

Delimitation of Domain Activity

For each of the activity elements defined in thisway, it will be necessary to characterize
the activity in terms referring to the content of the work domain because thisisthe
language used by the agents, and will be necessary for analysis of the work and role
allocation discussed in a subsequent section.The delimitation in this level of description
defines the space of actualities, i.e., it highlights the relational structure within the means-
ends map which isrelevant for the situation at hand. In this way, the options relevant for
action are drastically decreased in time and with respect to relevant goals and constraints
aswell as by highlighting the sub-set of the means-ends space of immediate interest. In
this way, the space of functions and processes potentially of interest for control are
defined, i.e., the goals and constraints which are shaping behavior and the means which
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should be considered, irrespective whether the control isto be performed by one or more
human agents or by computer control.
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Figure 20 This figure illustrates the decomposition into prototypical activity elements for further analysis
in a manufacturing system. In this case, decomposition with respect to timeis less pronounced, and is
typically done with reference to work function, related to identified organizational units or teams,

(individuals).

Analyss

Such prototypical situations are identified from a detailed description of a number of ac-

tual task sequences, e.g., the specific situations found in the passing of particular patients
through a hospital, or of a project through a manufacturing company. The descriptions of

the specific work scenarios are collected by interviews concerned with very specific work
situations. Thisis necessary to capture the actual important details and work heuristics
and, at the same time, very effectively serveto facilitate the interview in calling for spe-
cific episodical and anecdotical evidence from the interviewee. Based on a set of represen-
tative case stories, the prototypical decision situations are then identified by analysis
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across the work scenarios to identify situations which are smilar with respect to a number
of characteristics such as the number and competence of people involved, the parts of the
work domain within actua attention, the familiarity of the task situation, etc.

Application

It isimportant to realize that ‘atypical task sequence’ will not normally exist in amodern,
advanced work setting. In consequence, generalization cannot be made in terms of work
procedures found by a classical task analysis. Generalization should be made at the level
of prototypical decision situations which can be used, in different combinations, to de-
scribe the elements to be considered in the design of an appropriate information system
for aparticular work situation. In addition, the analysis will identify the individual agents
involved in the prototypical decision situations, their roles and professional competence
which, in turn, serves to identify their individual information need with respect to the
work space representation in information systems.

Classes and Terminology of Activity

In conclusion: In the activity analysis, two descriptions based on different terminology
are applied in order to obtain acloser delimitation of the behavioural options which are to
be considered by the agent of a socio-technical system:

First, the relevant set of options are bounded by an identification in time of the task
situation and within the domain of the relevant means-ends relations. In this analysis,
the task is described in terms of operations on the work domain elements. Consequently,
asit was the case for description of the work domain, the terminology will be widely ac-
cepted or tied to a particular domain, depending on the level of the work domain repre-
sentation which is the object-domain of the activity.

Second, for compatibility with mental strategy descriptions and analysis, the descrip-
tion of the activity must be transformed into a representation in terms of information or
decision processes connecting “ states of knowledge.”

These two aspects of work analysisis described in the following sections
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2. Activity Analysisin Domain Terms

Since the classes and terms of the work domain representation are imported from the rele-
vant domain related professions, this will also be the case for the sub-set relevant for a
particular situation. However, also classes and terms related to the state of affairs and the
activities of staff in the situations considered will be necessary. In general, these concepts
will be imported from the vocabulary which have evolved from the profession actually
involved in the work and will form a special work language which is particular for the
profession and the organization (team). Only some very general classes of situations can
be suggested as follows: The task can have its origin in an unstable work domain in
which control actions are necessary to maintain a stable condition, or actions are needed
to adjust system state in response to changes. Such need for adjustment can be due to
changes in the environmental coupling propagating downward through the system or ef-
fects of physical changes such as faults or introduction of new tools, propagating up-
wards through the means-ends map.

Generic Classes of Activitiesto be expressed in Domain Specific Terms:
- Explore Optionsin Domain

- Maintain State of Affairsin Response to internal Disturbances

- Respond to External Changes of Requirements

- Maintain State of Affairsin Response to external Request

- Change State of Affairsin Response to Change of Situations and Goals.

The description of activities in terms of decision processes which is discussed in the
following section, it isimportant to realize, that complex activities normally are punctu-
ated by more or less standardized “ states of knowledge” serving as key notes used for
communication with cooperators or labels for memorizing situations. Such labels are
listed in the table below:

Classes of “states of knowledge” to be expressed in Domain Specific Terms:
- observed data;

- actual state of affairsin the domain;

- goal to pursue;

- target state to seek;

- task to perform:

- procedure to use;

- action to perform;

So far, task requirements are only expressed in work domain terms such as
‘operation’ of a patient in a hospital, an attack mission by a fighter pilot, production
planning, etc. In order to be able to determine the information requirements of atask and
to relate task requirement to cognitive resources of the agent, it is necessary also to
analyze activity in terms of decision making functions.

September 1990 67






Taxonomy for Cognitive Work Analysis

3. Activity Analysisin Decision Making
Terms

In order to further decrease the field of relevant optionsin behaviour likely to be chosen
by an agent, it is necessary to shift the language of description from terms of the work
domain to terms comparable with the individual decision maker’ s resources and prefer-
ences. This means, that the activity elements defined above must be described in informa-
tion processing terms to create an interface between the overt activity and the possible
mental strategies and processes that will serve the work domain requirements. The delimi-
tation of the degrees of freedom will be expressed by specification of the decision tasks
in information processing functions terms which are necessary to interrelate the various
states of knowledge expressed with reference to the state of affairs of the work domain.
Categories of the taxonomy in this facet of description are decision functions such asin-
formation retrieval, situation analysis and diagnosis, resource evaluation and selection,
prognosis and prediction, goal evaluation, priority judgement, planning, execution and
monitoring.

The explicit definition of the constraints defining these decision functions does not
imply actual application of the corresponding rational decision making strategies. The de-
cision functions only define the boundary within which the behaviour of the individual
agents, including computers, can be found. The individual decision functionsimpliedin a
decision task will not, in general, be clearly separated; their mutual relationships will de-
pend on the work domain and the task situation, asillustrated in figure 21. This compli-
cates the analysis, but will not change the need for a clear taxonomy. Formulation of a
generic set of decision tasks will facilitate the design and evaluation of decision support
systems significantly because a proper field study in many cases can be replaced by a
structures interview of the target agents. The choice of decision support strategy will be
determined by the type of decision task, not the particular details of the task.

Analyss

The representation is built on data collected during the analysis of the decision situations
in domain terms, supplemented with verbal protocols, observations and structured inter-
views. Asit wasthe case for analysisin domain terms, strategies and subjective criteria
for choice can only be identified in particular processes, not for general situations. On the
other hand, generalization cannot be done in terms of atypical decision task process, only
in terms of the requirements of prototypical decision tasks represented in terms of the rel-
evant set of useful strategies.

September 1990 69



Rasmussen, Pejtersen, and Schmidt

Seek
Information

Evaluate Options,
Chose Relevant Goal

OPTIONS
Predict Consequences
in Terms of Goals and
Constraints < N
Information
<)
TARGET
A \
Sook I dentification Definition Sook
4—D of System State of Task Information

Seek
FOCUS TASK

o ¥ &
Observation, Heuristics, Planning of

Scanning for Cues Short-Cuts Procedure
7 A

/N

PROCE
Monitoring DURE

£ Y &

Activation Look Around, Execution

of Attention Seek Information of Acts

Figure 21. The figure illustrates the sequence of basic information processes in a decision task together
with a number of heuristic short-cut paths. | serves to identify a number of basically different decision
functions such as situation analysis, value judgement, goal evaluation, and planning, which are used to
connect different “ states of knowledge” with respect to the activity in the work domain. Such “states of
knowledge” are used as standard key notes for exchange of information between basically different decision
and information processes and for communication between cooperating agents.

Application

Thislevel of analysis will describe the prototypical decision situations in terms of the de-
cision processes as defined in the decision ladder, the possible mental strategiesfor the
relevant decision task elements, their information requirements, and the subjective pro-
cess criteriawhich the individual agent can use for the actual choice. In addition, the de-
cision ladder is useful to illustrate the allocation of roles to the individual cooperating
agents to specify further the information need for the individual agent.

Information System. The information gained in this analysis will identify the concep-
tual relations and the retrieval attributes which should be attached to the individual knowl-
edge items of the knowledge base of an information system together with the effective re-
trieval strategies of auser.
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Classes and Terminology

Generic classes of Decision Subtasks to be expressed in domain specific Terms:
- Data Collection, Observation
- Identification and situation analysis, diagnosis;
- Evaluation and priority judgement;
- Decision and choice;

- Planning
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Figure 22 illustrates an analysis in the decision task dimension in terms of information processing. The
figure serves to identify the difference between the diagnostic task in arepair situation and for control
planning. In the first case, the diagnostic and the planning task are well separated, because the task always
will be to replace the failed component or part and, therefore, the diagnostic task invariably will beto lo-
cate in physical space the failed part. In the second case, systems control during failed conditions has
conflicting goals such as to maintain system production, protect equipment from damage, or to avoid
injury to people or contamination of environment. In this case, thereisacircular relationship between the
diagnosis of the situation, the goal to pursue and the alternative means for action. In other words, the
diagnostic task and action planning cannot be separated.
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Discussion

An alternative classification scheme which is compatible with the present framework has
been proposed by Rouse et al. (1984).

EXECUTION AND MONITORING

1. IMPLEMENTATION OF PLAN

2. OBSERVATION OF CONSEQUENCES

3. EVALUATION OF DEVIATIONS FROM EXPECTATIONS

4. SELECTION BETWEEN ACCEPTANCE AND REJECTION
SITUATION ASSESSMENT: INFORMATION SEEKING

5. GENERATION/IDENTIFICATION OF ALTERNATIVE INFORMATION SOURCES

6. EVALUATION OF ALTERNATIVE INFORMATION SOURCES

7. SELECTION AMONG ALTERNATIVE INFORMATION SOURCES
SITUATION ASSESSMENT: EXPLANATION

8. GENERATION OF ALTERNATIVE EXPLANATIONS

9. EVALUATION OF ALTERNATIVE EXPLANATIONS

10. SELECTION AMONG ALTERNATIVE EXPLANATIONS
PLANNING AND COMMITMENT

11. GENERATION OF ALTERNATIVE COURSES OF ACTION

12. EVALUATION OF ALTERNATIVE COURSES OF ACTION

13. SELECTION AMONG ALTERNATIVE COURSES OF ACTION

Table 23. Decision function categories suggested by Rouse (1984) for design of decision support systems.
Note, that the classes are closely related to those of the decision ladder in figure 21. The major difference
being a decomposition into elementary processes which, in the present framework, would be done during
the definition of the mental strategies, because some of the elementary processes are only needed in case
of new situations.
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4. Information Processing Strategies

Any one of the prototypical decision functions can be implemented by means of several
different information processing strategies, which pose different requirements with re-
spect to mental models, information, and processing capacity. Shiftsin strategy, there-
fore, can be avery efficient way to circumvent resource limitations in an actual task.

Description

An analysis of the cognitive activity is therefore necessary to identify those information
processing strategies which are effective for different phases of the decision sequencein
order to identify the required data, mental models, and processing capacities. It is gener-
ally found that a given cognitive task can be solved by several different strategies, varying
widely in their requirements as to the kind of mental model and the type or amount of ob-
servations required. (See, for instance, for concept formation: Bruner et al., 1956; for
trouble shooting: Rasmussen et al., 1974; and for bibliographic search: Pejtersen, 1979).
An analysis of the task is therefore important in order to identify the different strategies
which may serve the different phases of the decision sequence, and to select those which
are considered effective and reliable.

Animportant part of the analysisis the identification of the general resource require-
ments of the strategies in terms of the required input information, background knowledge
(mental model), and processing capacity, etc., and the consequences of errors.

Examples of Mental Strategies

Diagnostic Strategies in Trouble-shooting

Different diagnostic strategies applicable for trouble shooting in technical systems have
been identified from analysis of verbal protocols (Rasmussen and Jensen, 1974). In gen-
eral, the diagnostic task is a search to identify a change from normal operation in terms
that can refer the repairman to the location of the fault. Such a diagnostic search can be
performed in two basically different ways. A set of observations representing the abnor-
mal state of the system - a set of symptoms - can be used as a search template to find a
matching set in alibrary of symptoms related to different abnormal system conditions.
Thiskind of search will be called symptomatic search. On the other hand, the search can
be performed in the system with reference to atemplate representing normal function. The
change will then be found as a mismatch and identified by its location in the system.
Conseguently, this kind of search strategy can be called topographic search. The topo-
graphic search is performed as a good/bad mapping of the system. Symptomatic search is
a search through alibrary of abnormal data sets, “ symptoms,” to find the set that matches
the actual observed pattern of system behavior. The symptomatic search can be a paralld,
data-driven pattern recognition, or a sequential decision table search. Furthermore,
reference patterns can be generated on-line by modification of a functional model in
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correspondence with a hypothetical disturbance, and the strategy can then be cdled
search by hypothesis and test. The important issue here is that different possible
strategies for the same task may have very different resource requirements, for instancein
terms of data, knowledge of basic system functions, processing and memory capacity.
Shifts in strategy, therefore, will be very effective for obtaining a suitable re-
source/demand match, and the complexity and variance of the trajectories through the
work space observed in actual task performance generally will be caused by attempts to
match the immediate task requirements to the available knowledge and processing
capacity by frequent shiftsin strategy.

Strategies for Information Retrieval in Libraries

The same feature has been found from analysis of actual user-librarian conversationsin
public libraries. In the task to identify books that will match a user’ s needs, several dif-
ferent strategies were identified which show the same great difference in their resource
requirements (Pejtersen, 1979). A bibliographical searchidentifies the proper documents
by author and title. Thisinformation will, however, frequently not be known in advance.
In this case, analytical search can be used to explore systematically the dimensions of
the user’ s needs and to compare them with the relevant aspects of the available books.
However, the user’ s needs may not be explicitly formulated and then search by analogy
may be a useful strategy. In this case, alibrarian, for instance, can explore the users
needs by asking for information about the users’ previous reading, to be able to find
‘something similar.” Prototypes thus identified are analyzed to identify search terms for
new books. Frequently, it turns out that librarians frequently have developed empirical
strategies representing effective shortcuts, being based on a prototypical classification of
users and books by the librarian. Titles to suggest are selected from correlation experi-
enced between user categories and typical reading habits. Users are classified according
to a number of informal features such as visual appearance, verbal style, dress, age, etc.,
in addition to their expressed wishes, and books are classed in simple genre classes.
Finally, auser of alibrary may have aneed which is so ambiguous that specification of a
search template is evaded and, instead, the content of a shelf or adatabase is scanned in a
browsing strategy in order to experience a match with the intuitively present need.

It will be seen that the strategies available to users in both work domains are very dif-
ferent with respect to the kind and amount of observations and knowledge they require as
well as to the necessary mental processing capacity. Consequently, shifts in strategy
during work will be avery effective way to compensate for lack of resources. For system
design thisis avery important point since user acceptance very likely will be related to the
freedom to choose strategy according to subjective process criteria (rather than to objec-
tive goals or product criteria) without loosing support by the system.
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Application

The results will be the basis for matching these requirements with the resource character-
istics of the designer, the computer, and the ultimate user for the planning of their rolesin
the interactive decision task.

Information system. In addition, guides can be obtained for selection of suitable sup-
port of the mental models required in terms of information content of suitable display
formats and the relevant levels of dataintegration. It is a design objective to match the in-
formation content of displays to the mental model which will be effective for the task and
to choose the form of the displaysin away which will guide users’ subjective preferences
in that direction. As mentioned, the various strategies will have very specific needs with
respect to type of useful data, useful mental models, etc. In ‘intelligent’ decision support
systems it should be possible to let a computer analyze the user queriesin order to iden-
tify the strategy a user istrying to apply and then to supply the required support in dis-
plays and messages of the proper form.

The requirement that the interface design must guide users to form effective mental
models and adopt proper strategies presupposes that it is possible to characterize different
strategies with respect to features that are related to users’ subjective criteriafor choosing
agiven strategy as the basisfor their performance. The criteriafor this choice will fre-
guently depend on properties of the information process itself, rather than itsresult. This
requires an analysis in the borderline between operations research and psychology, and
represents an area where a combination of laboratory experiments and generalizations
from various redl life analysis can be very fruitful. Some results are available, indicating
important process criteria, such as cognitive strain, load on short-term memory, cost of
observation, time available, data and resource limitations in general, cost of mistakes, etc.
(Bruner et al., 1956; Rasmussen et al., 1974). More research in this area is needed. Inter-
face design and computer support of decision making will only be successful if based on
a proper knowledge of the performance criteria and subjective preferences the user will
apply for the choice of strategy in the actual situation.

Classes and Terminology of Mental Strategies

The different strategies can be implemented by several different sets of elementary infor-
mation processes, which in different combinations can be used to form the different
strategies:

Elementary Information Processes

* Association

* Induction

* Deduction

» Hypothetico-Deduction
* Search

» Comparison and Choice
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e Evauation

In conclusion, it is necessary to characterize the decision tasks in terms of menta
strategies which can be applied in actual work. It isimportant to be able to characterize
the dtrategies observed in terms which make it possible to compare the individual
strategies with the cognitive resources, i.e., competence and processing capacity, as well
as with the subjective preferences of individual agents.

The description of strategies should be in terms of

* therelevant set of elementary information processes applied

* thetype of mental model necessary for applying the information processes
* the actud interpretation of the observations applied during the strategy

*value features which can be related to the subjective preferences of a subjectin a
particular situation, such as.

» Resource requirement: Time, information or physical / mental capability
» Specific to certain task situation or widely applicable

* Senditivity to disturbances

* gtc.

As an example set, consider the strategies identified in trouble shooting and library
search and shown in table 23.

Generic Strategies

Proposal: Can we formulate higher generic classes of strategies such as.
analytical, model-based strategies
empirical categorization-based strategies
empirical recognition driven strategies

or: will such classes correlate with the cognitive control levels?
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Information M ental model Interpretation
Processes
Trouble shooting

Recognition Compare Pattern template Signs
Judge

Decision table search Search Library of symptom pat-| Signs
Compare terns

Topographic search. Search Structure map Signs
Match Normal reference pat-
Judge terns

Search by hypothesis Induction, Deduction | Declarative, structural Symbols

and test. Compare, model,
Judge causal relationships

Library search

Bibliographical search Search Topography of tools Symbols and Signs
Compare

Analytical search Induction, Structural, semantic Symbols
Deduction network of users’ uni-
Compare, verse
Judge

Search by analogy Search Library of symptom Signs
Match patterns
Judge

Empirical strategies Categorize Library of symptom Signs
Match patterns

Browsing strategy Search Tacit template Signs
Match

Table 23: Strategies in process control and libraries.
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Organizational Analysis

Closed and Open System Perspectives

In accordance with the conception of the system of work as an adaptive system, organi-
zational analysis of work will basically apply an open systems perspective.

An open systems perspective is by now the prevalent paradigm in organizational the-
ory where it has has been explored and devel oped since the paradigmatic shift was inau-
gurated by the work of Woodward (1965), Thompson (1967) and othersin the 1960's.

The paradigmatic shift to an open systems perspective has been incited by the concur-
rent emergence of dynamic business markets and the accompanying efforts of enterprises
and offices to develop organizational capabilitiesto handle the taxing demands of dynamic
environments. Of course, organizations always have been open systemsin the sense that
they exchange energy, materials, information etc. with their environments. But in the
analysis of conventional mass-production enterprisesin placid and predictable environ-
ments a cautious and guarded abstraction from the *open’ nature of the system is legiti-
mate and provides valuable insight, in so far as the inevitable manifestations of the
‘openness’ of the system (e.g., disturbances) can be interpreted as local and temporary
deviations from plan.

During stable periods which permit long term planning and supply of standardized
goods to a genera market, a system, i.e., a company or an organization, can be
‘decoupled’ from the variability of the environment by stores and inventories which serve
as buffers. In this situation, there is a significant difference in the time scale of the dy-
namics within the system (internal disturbances require fast responses) and in the cou-
pling to the environment which istypical of having long time constants (planning periods
from one to several years). For more detailed discussion of the properties of the work
domain viewed as a dynamical functional structure, see the discussion of the work do-
main dimension of the taxonomy, p. ??.

The emerging, highly dynamic business environments, however, makes an complete
inversion of perspective mandatory. Instead of conceiving the system of work as a closed
and stable system, subject to local and temporary disturbances, a system of work should
be conceived of as an open system that reduces complexity and uncertainty by “local and
temporary closures’ (Gerson and Star, 1986).

In analysis of systems of work exposed to the complexity and pace of change of mod-
ern markets, the closed system perspective should be subordinate to the open systems
perspective. That is, stable and formalized organizational structures and processes are less
characteristic than flexible and rapidly changing patterns.

The typical work domain will be rather loosely coupled, that is, only in special cases
(such as for example assembly line work) will the requirements of the work domain be
able to pace the agents directly in a coordinated way. In most cases, communication
among agents is necessary for coordination. In the present context, organization does not
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refer to stable groups of people as seen in organizational charts, but to the relationa
structure necessary to coordinate the work activities of several individuals. In contrast to
theformal organization which reflects the allocation of economic and legal responsibility
to groups and individuals, the actual organization of work and social relations reflects
very dynamic relationships.

Work Organization and Social Organization Perspectives

In the present context, it isimportant to develop aframework for the discussion of the or-
ganizational and management aspects which, on one hand, is compatible with the cogni-
tive, information processing point of view and, consequently, can be used to support in-
formation system design and, on the other hand, maps well onto the frameworks avail-
able from social and organizational sciences. The following discussion isintended for this
purpose.

The discussion by Ashby (1962) of the nature of organization and self-organization is
very relevant in this context. According to Ashby, the core of the concept of organization
isthat of ‘conditionality.’

“As soon as the relation between two entities A and B becomes conditional on C’s value or state then
a necessary component of “organization” is present. Thus the theory of organization is partly co-ex-
tensive with the theory of functions of more than one variable.” (Ashby’s emphasis).

He goeson:

“The converse of ‘conditional on’ is‘not conditional on’, so the converse of ‘organization’ must there-
fore be, as the mathematical theory shows as clearly, the concept of ‘reducibility’. (It isalso called

separability).”

This definition of organization is very compatible with the definition underlying the
use of communication analysis used below for the identification of the actual work orga-
nization.

Ashby continues:

“The treatment of ‘conditionality’ [...] makes us realize that the essential ideaisthat thereisfirst a
product space - that of possibilities - within which some subset of points indicates the actualities.
Thisway of looking at ‘ conditionality’ makes us redlize that it is related to that of ‘communication’;
and it is, of course, quite plausible that we should define parts as being ‘organized when
‘communication’ (in some general sense) occurs between them. [...] Thus the presence of
‘organization’ between variables is equivalent to the existence of a constraint in the product-space of
possibilities. | stress this point because while, in the past, biologists have tended to think of the or-
ganization as something extra, something added to the elementary variables, the modern theory, based
on the logic of communication, regards organization as arestriction, a constraint.”

Another point, raised by Ashby, isthat of ‘good’ and ‘bad’ organization. His conclu-
sion, which supports the definition of the dynamic work organization in the previous sec-
tion, isthe following:

“there is no such thing as a good organization in any absolute sense Always it isrelative; and an or-
ganization that is good in one context or under one criterion may be bad under another.”

In conclusion, if the organization is alowed to adapt to the requirements of a changing
environment, avery flexible and variate work organization will evolve.
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Figure 24 illustrates four agents or decision makers each allocated particular, but overlapping ‘activity
windows' giving access to a part of the overall work domain. The concerted action within this, normally
rather loosely coupled, work domain requires inter-agent coordination and communication. The structure
of the communication net and content of the communication and, therefore, the actual work organization,
is determined by the control requirements of the work domain. The social organization, in contrast, is de-
termined by the conventions chosen for the form of the communication, which depends on the
‘management school’ or ‘culture.’” This, in turn determines whether the decision making at the level of
social control involves another agent E or one particular agent of the group ABCD in a hierarchical orga-
nization, or them all, in a democratic coordination process.

Analytical Perspectives

As asocial system, the system of work isan extremely complex organizational phe-
nomenon involving multitude forms of socia interaction. To cope with this complexity, it
is useful to distinguish (1) the system of work as a functional system from (2) the social
system of work as an arenafor human actors. This distinction defines two basic perspec-
tives on the social system of work: a‘work organization’ perspective and a ‘socia orga-
nization’ perspective.

Following this point of view, we will have to consider organizational aspects at two
different levels of analysis: The work organization, will be determined by the control re-
guirements of the work domain and by the role configuration architecture chosen by or
imposed on a group of cooperators. The necessary coordination of the cooperating indi-
viduals following from this architecture will specify the content of communication. On
the other hand, the architecture of the social organization will depend very much on the
form of the communication, i.e., on the conventions and constraints chosen for this
communication, see figure 24.
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In other words, a particular division of activities and, consequently, work organization
will evolve for each situation guided by the competence of the actors and the * technology’
of the work domain and will be determining for the content of inter-agent communication.
The social interaction among the agents, on the other hand depends on the form of the
communication which in turn depend on the ‘ management style’ or coordination strategy
adopted. The work organization is determined by the work domain and the role configu-
ration, while the social organization is evolving from the general human values guiding
the coordination effort.
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5. Work Organization

The work organization perspective conceives of the system of work as a functional sys-
tem of cooperative relations. The focus of the work organization perspective is the
system of work as an instrument facilitating the interaction of the functional requirements
of the environment with the technical and cognitive resources, i.e., the system of work is
acomplex network of means-ends relations. The basic many-to-many relationship in this
network and its loose coupling is the basic source of the need for human intervention in
order to remove ambiguity and to control the functional state. In this way, the perspective
Is congruent with the ‘rational systems’ perspective as defined by Scott: “From the stand-
point of the rational system perspective, the behavior of organizationsis viewed as ac-
tions performed by purposeful and coordinated agents.” (Scott, 1987).

The work organization perspective conceives of the system of work as arational sys-
tem in the sense that it, by and large, is functional to the environment by producing a
product, providing a service, or whatever, under the specific conditions and constraints
characterizing the environment. As an open, rational system the work organization is con-
celved of as permeated by its environment.

Forms of Cooperative Work

The configuration and allocation of decision roles can be specified in absolute terms
(depending on topographic location, on access to information, on regulations such as
union agreements) and in terms of criteria governing dynamic allocation by the agents
themselves (such as preference for particular social patterns, mutual concern about equal
work load, etc.).The classes and terms to apply within this dimension should be compat-
ible with the ‘ cognitive sociology’ point of view presently emerging in order to facilitate
the use of their methods of analysis. On the other hand, as mentioned, it isimportant to
have atheoretical framework which relates to the cognitive engineering perspective of
systems design.

In the discussion of forms of cooperative work we can, from this point of view, dis-
tinguish different perspectives.

1) Oneisthe partitioning of the sum of total set of activitiesin the system into activities
which can be allocated to or chosen by an individual actor. This partitioning can be de-
scribed from different points of view. Oneis, what is partitioned, i.e., what kind of
representation is used for partitioning. This choice will result in different role
configurations.

2) Furthermore, the choice of boundaries between the activities which are adopted by
or alocated to different individuals can be guided by several different criteria, leadingto a
discussion of the different task allocation criteria.

In this discussion, we have only considered activities in the context of the work re-
quirements, from afunctional point of view. Another perspective as perceived by the in-
dividual person is necessary to analyze other factors, such as, e.g., work load
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3) This perspective leads to a consideration of combination of activities, i.e., the
way different elementary activities are linked for the individual actor. In the previous
sections of the taxonomy, we have considered activities in terms of functional elements
without reference to who is taken care of the function. When we turn to the role of
individuals and groups, however, we have to aggregate the individua functiona
elements, i.e., the work activities, into tasks which represents the overlapping and
interleaved activities which an actor will copewithin a particular situation, irrespective
of whether they are directly and functionally connected.

4) Finally, we have to consider the aggregated activities of an individual across time,
to evaluate the combination of competences a particular person should bring to work. The
tasks and activities which are adopted by an individual will go together into a job design
which aso will be subject to certain constraints to consider for the task allocation, in par-
ticular with reference to the competence of the actor and the general ‘ quality of working
life.

In the following sections, we will have a closer look at these aspects of cooperative
work.

1. Role Configuration Architecture

Thefirst level is defined by the question: What is distributed in a cooperative work set-
ting. Basically, cooperative work relations are established because of the limited capabili-
ties of single human individuals, that is, because there are certain limits to their physical
resources, to their professional competence, and to their commitment. From a functional,
work requirements point of view, role configuration can be based on the simple fact that
people have limited capacity, that they cannot be at more than one place at a time, that
their professional competence cover only certain functions, that they are specidly
equipped for certain work processes, etc. This leads to the following first attempt to for-
mulate the basis for the role configuration to expect in adynamic work organization. It is
important to remember, that several configuration architectures will compete and the gov-
erning one will change with time and work conditions. The following list is only meant to
beillustrative:

The allocation of rolesto individual members of awork team can be made in different
ways, resulting in different architectures of the work organization:

Individual Work

Anindividual agent can be assigned to cope with the entire problem space in considera-
tion for a particular work scenario, irrespective of the decision functions and information
processes the work implies. Thisis often the case for experimental work which, for this
reason, will have avery specia character.
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Cooperative Work

Normally, however, the effort of multiple people is a prerequisite to accomplishing the
objective of the activity.

Collective Work

In some cases, agroup of people acts together, pooling their resources and knowledgein
akind of collective activity. This mode of cooperative work can be called augmentative
cooperation, i.e., multiple agents are allocated to the same task or type of task so asto
resolve limitations in anthropometric, physiological, or information processing capacity in
cases where either requirements are too great and combined effort is necessary (activity in
separate places, lifting heavy load), or atask cannot be decomposed to sequential ele-
ments, therefore simultaneous, parallel activity is necessary of a group of agents with
similar tasks (performing musical concert). Another example can be the group problem
solving during disturbances in a control room of a process plant when no structured co-
operation isfound, and the ‘ collective mind’ of the staff seek to find a creative solution.

Thisform of cooperation simply augments the mechanical and information processing
capacities of human individuals and thus enable a cooperating ensemble of workersto ac-
complish atask that would have been infeasible for the workersindividually.

Augmentative cooperation will typically require real-time communication. Thisis not
the case under all circumstances, however. In the typical case of augmentative coopera-
tion, cooperation resolves demand resource conflicts at the physical process level and the
required communication is determined by the intrinsic coupling at thislevel. The required
synchronized actions by the human agents can be implemented in different ways.

» physical coupling through work content (movement of assembly line),

* orders (vertical communication) from coordinator (musical conductor),

» mutual (horizontal) communication among actors (work song) for timing.

On the other hand, certain batch processes may not need synchronization, at the pro-
cess level, only the output should be available to certain times and in volumes. In that
case, coordinating coupling is only necessary at the general function level (production of
documentsin atyping office, production of components for assembly shop). In that case,
coordination will normally be accomplished by orders or schedules from coordinator, or
by mutual communication for load sharing. This discussion points back to the intrinsic
coupling within the work domain discussed in section 1.1.

Augmentative cooperation is being eroded when technology is introduced in the sense
that the need for cooperation to compensate for resource limitations can be removed by
‘augmentation’ of the capabilities of the individual.

In an organization of actors cooperating in this way, role configuration can be de-
scribed in different kinds of representation:

Strictly speaking, augmentative cooperation can involve ‘collective’ activitiesif work
domain and processes are in common for a group, or domain based allocation if agents
are working on different topicsin parallel. Note, that in this case it will frequently also be
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with different tools and competence, i.e., cooperation is augmentative as well asintegra-
tive, the distinctions are not orthogonal.

Distributed Cooperative Work

In general, however, cooperative work is done in a distributed manner, i.e., involving
relatively autonomous decision makers.

In general, cooperative work serves what can be called integrative cooperation. This
distinction focuses on the availability of physical tools and mental techniques. The devel-
opment of effective tools and techniques (mechanization and training) leadsto increasing
differentiation and specialization of therole of theindividual agent, which in turn leads to
an increasing need for cooperation in terms of integration (combination, coordination,
scheduling etc.) of the the activities of multiple specialized workers devoted to the
operation of different specialized tools, techniques, or routines. The differentiation of
work requires the concerted cooperation of multiple workers representing the different
specialities. The resources of the individual become more effective, but narrow because
of the inclination to require effective use of specialized tools (expensive machinery and
skilled experts) until automation makes it possible to remove routine functions from hu-
man work.

Another version of distributed cooperative work is the balance oriented architecture,
i.e., agents are allocated in surplus to atask so asto counterbalance biases. Thisform of
cooperative work facilitates the application of multiple problem solving strategies and
heuristics to a given problem so as to serve the function of baancing the individua
biases (‘ bias discount’, in the words of Cyert and March (1963)). By critically ng
the discretionary reasoning of fellow workers and counterbalance perceived biases,
cooperating individuals may, as an ensemble, arrive at relatively balanced and objective
decisionsin complex environments.

Domain oriented architecture

In this case, the individual actor takes care of different parts of the functional work do-
main, the activity of theindividual agent isrelated to different object domains in the work
space or specific perspectives. Thisform of cooperative work facilitates the application of
multiple per spectives on a given problem so as to match the multifarious nature of the
work environment. See figure 25 & 26 for an example.
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Figure 26. The figure illustrates another mode of
cooperative work. The two agents involved are co-
operating in the same general function, each allo-
cated adifferent work process based on different
equipment. In the operation of figure 25, the spa-
tial and temporal coordination was largely taken
care of by the common physical environment and
coordination was focused on higher semantic
levels. In the present task, coordination is very
much focused on the temporal spatial characteris-
tics of adomain which is not directly visible to
both operators. The conclusion is that the need for
communication, as presented by the work space,
depend very much upon the particular work situa-
tion.
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Figure 25. The figure illustrates one mode of co-
operative work. Two agents are serving different
parts, surgery and anesthetics, of the overall func-
tion of operating a patient. In the situation
shown, the role allocation depends on the re-
guirement for simultaneous, parallel activity and
for different professional background and skills.
They work on the same object, the patient, and
some of the necessary information exchange will
be through the visible state of affairs around and
including the patient. However, additional com-
munication will be necessary for coordination, de-
fined entirely by the work requirements and the
cooperator’ s intentions. Implicitly, the activities
will be governed by a complex network of prior-
ity measures, goals and subjective motives of
work. These measures will, however, only be
‘activated’ and considered explicitly in planning
situations or when specia difficulties are met.
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The work space is often a complex of multiple, ontologically distinct object domains.
Thismultiplicity of distinct object domains must be matched by a multiplicity of perspec-
tives on the part of the cooperating makers so as to enable the apprehension of the diverse
and contradictory aspects of the work space as awhole. The crux of this form of coop-
erative work, then, isto interrelate and compile the partial perspectives. A very typical ex-
ampleisthe one faced in any design task, seefigure 27.
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Figure 27. In many work situations, several different work domains must be considered and the task will
be to establish the conditions under which the effect of decisions are acceptable in the various domains.
The figure shows the trajectory in the work domain of a design task: the design of acable joint for optic
fiber telephone cables. In this case, the object of design belongs to different ‘ object worlds:’ itisajoint
in atelephone cable, it is part of an assembly task under rough sea conditions, and, finaly, it is an object
to be manufactured by the equipment of the cable manufacturer. The figure is only meant to be illustra-
tive. For details, see Rasmussen, 1988.

Communication between agents allocated different domains will depend very much on
the opportunity an agents has to be familiar with the domain of the cooperators. Whether
the domains are part of the normal environment in, e.g., the same company, or they are
belonging to different contexts which are only occasionally in contact, e.g., belonging to
aproduct designer and contiguous client. The characteristics of a perspective, however,
should not be phrased in terms of rules but, more basically, in terms of means and ends
and their potential relations.

In real world settings, the different cooperative architectures are combined in specific
configurations determined by the specific nature and requirements of the work environ-
ment. Thisform of cooperative work can be further specialized in two different architec-
tures:

Process oriented architecture

Here, agents are allocated only a particular selection of information processes for which
they have specialized tools and techniques.
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Function oriented architecture.

For this architecture, selected functions are allocated to agents, such as analysis and diag-
nosis, goal setting, planning, and execution, for which they are specialized or for which
they have access to the information needed.

2. Criteria For Divison Of Work

Within the above architectures, a distribution of activities can be chosen by or allocated to
different members of the cooperating ensemble with reference to different criteriac which
worker isto do what, where, when, level of quality? How should tasks be combined into
job designs?

In general, severa decision makers will have to cooperate in the control of the system
represented by the problem space, and decision making at alevel above the primary deci-
sion makers can be necessary for coordination of decision making in order to assign de-
cision functions and workload depending on the changing conditions and requirements of
the system (see figure 24). This meta-level is necessary except in stable systems in which
control decisions can be entirely and deterministically data driven and allocated to fixed
roles (in which case they hardly can be characterized as decision makers but instead are
merely ‘automatic’ controllers). In this case they have no degrees of freedom, and cou-
pling among them is entirely dependent upon fixed rules and the communication through
the work content or primary system function. Normally, however, the control require-
ments have to be decomposed into sets of tasks which can be handled by cooperating in-
dividual agents. Or, in other words, the large number of elementary control tasks are ag-
gregated into task repertoires suited for allocation to the individual agents.

Different principles of allocation will result in different coordination structures. Since
control requirements are defined with reference to particular work scenarios and situa-
tions, this architecture will change dynamically through time. Within the architecture sev-
eral, sometimes conflicting, criteriawill be determining the decomposition suitable to de-
fine therole of individual agents.

In stable systems with along prehistory, the formal role configuration normally is
very closely related to the adopted, frequently hierarchical, organizational structure and
the corresponding social status. Very often, this formal structure also poses very strict
constraints on the actual work allocation, in particular when strict boundaries between
professions are established through union agreements. Such established work allocation
criteria can be very counter-productive in a period with rapidly changing technology and,
consequently, changing control requirements from the work domain. (See the discussion
in the introduction).

For a discussion of the requirements, when changes in system environment and in
technological basis has to be considered, some more functional criteriaare relevant:
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Functional De-coupling

This criterion will serve to minimize the necessary exchange of information among
agents. The basic principle will be to identify aggregates which can be separated and con-
trolled as a unit with a minimum of interaction and communication across their bound-
aries. Within control engineering, specia tools are available for decomposition for system
decomposition, generally based on matrix manipulation of a connectivity matrix (state-
space representation, see for instance Himmelblau, 1973). This technique can be used
also to define teams of tightly coupled agents to be organized in groups which are mutu-
ally more loosely coupled, seefigure 24.

L oad-sharing

Frequently, the partitioning of the control structure in several levels aong the means-ends
dimension of the work domain will be determined from controller capacity considera
tions. Control at the physical process level require real-time, synchronous information
processing, which requires large data processing and communication capacity but, fre-
guently rather simple processing and decision rules. At higher levels, decision problems
become more complex and response times will be slower.

Agent Competency

The competence required for different decision tasks is often determining for division of
work. In this case, the allocation does not follow the levels of the means-ends hierarchy.
This however, can be the case if different acquired skills and decision strategies are the
basis for task allocation as for instance in an office management organization, for which
the tools and strategies at the various levels are very different.

Allocation for Problem Solving

The information needed to plan and control an activity depend very much on the task allo-
cation, and the difficulty of a decision task depends on the width of the information win-
dow. If the window istoo narrow and limited to one level of the means-ends hierarchy,
improvisation and problem solving will be difficult. The effectiveness and ease with
which practical reasoning can serve problem solving depend very much on the opportu-
nity to draw on analogies, to judge whether solutions are reasonable, and to interpret
ambiguous messages from other actors from a perception of their motives, opportunities
which, in turn, depend entirely on the access to information from several levels of the
means-ends hierarchy (see Rasmussen, 1985). This alone is an argument against the ef-
fectiveness of hierarchical task allocation in a system which hasto survive in a changing
environment and to adapt to rapid internal technologica change (Drucker, 1988).

Several criteriafor task alocation are possible and in any organization the actual, in-
formal task allocation will reflect the immediate strive to match requirements with re-
sources. Shifts in task alocation can be expected to play the same role in de-
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mand/resource matching of a group as the shiftsin cognitive strategies do for the individ-
ual. This, inturn, implies that the architecture of actual distribution of tasks will be very
dynamic.

3. Aggregation of Activitiesinto Tasks and Jobs

Aggregation into Tasks

In the previous discussion, the activities have been considered from the functional work
requirements points of view, i.e., activities have been considered together in their work
relationship. It is, however, also important to structure the description as seen from the
individual. A particular individual will, at any point in time, attend different activities
which are not functionally related in a time sharing mode. This set of activities, which
may only haphazardly be related in time and place, will together shape the actual task,
determine the work load, and influence the actual division of labor. In consequence, the
division of work will, in addition to the criteria discussed above, depend on factors out-
side the functional structure of an activity, which should be explicitly considered in any
work analysis. Figure 28 gives an example of the potential complexity of the task reper-
toire seen from the point of view of the individual person.

Aggregation into Jobs

Another aspect which has not been given much weight in the present discussion is the ag-
gregation of activities across time for a particular individua in order to determine the total
job content for a proper design of jobs structures and training and education schemes.
Thisis, asimportant as may be, considered to be outside the aim of the present approach
towards design of information systems.
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Figure 28 illustrates the activities of a medical doctor during the day (Adopted from Hovde, 1990). It
shows the complexity of the activity repertoire seen from the point of view of the individual actor. This
point of view isimportant for e.g., evaluation of work load
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Discussion

Organization Theory Point of View

Role configuration principles and task allocation criteria similar to those discussed in the
previous paragraphs have been proposed from socia science by Thompson. (1967). His
presentation of principles and heuristics representing the mechanisms behind the self-or-
ganizing evolution of awork organization appears to be a useful source of rules and cri-
teriafor the development of a simulation model which will not only be able to simulate
organizational behaviour in terms of production-rule based scenario models, but to gen-
erate new scenarios by adaptive search to meet higher level performance criteria, derived
from Thompson's principles.

A couple of examples will illustrate the close relationship between Thompson’s formu-

lations and control considerations:
System interdependence is discussed in terms of ;

- Pooled interdependence: Each part is not dependent on othersin any direct way, but they sup-
port the same whole and are dependent on the same whole.

- Sequential interdependence: output of one part is the input of another.
- Reciprocal interdependence: mutual coupling, e.g., operations and maintenance of an airline.

All organizations have pooled interdependence, more complicated have sequential as
well, and the most complex have also reciprocal. Different types of interdependence re-

quire different devices for coordination:

- Standardisation: Involves the establishment of routines or rules which constrain the action of
each unit or position into paths consistent with those taken by others in the interdependent re-
lationship. (Corresponds to control de-coupling). Typical for pooled interdependence.

- Co-ordination by plan. Involves the establishment of schedules governing the actions of the in-
terdependent units. Better suited for dynamic environment that is standardisation. Typical for
sequential interdependence.

- Co-ordination by mutual adjustment. Involves the transmission of new information during the
course of action. The more variable and unpredictable the situation, the greater the reliance on
mutual adjustment. Typical for reciprocal interdependence.

Which, in turn lead to the following organizational arrangements:

Organisations employing

- standardisation rely on liaison groups to link groups with a rule-making agency (p. 61); (Staff
positions).

- sequential interdependence not contained by departmentalisation rely on committees,

- reciprocal interdependence not contained by departmentalisation rely on task forces and project
groupings.

Work Psychology Point of View

Allocation of task elements to different categories of employees and to individualsisa
central theme of work psychology. Task allocation is discussed from two points of view:
1) the alocation of tasksto individuals, and 2) the coordination of the performance of the
individual agents. In analysis of cooperative work, the requirement of collective effort is
normally ascribed limited means available for task performance or the presence of organi-
zational constraints. Viewed from the work space structure thisimplies either resource re-
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guirements given from the work domain or organizational requirements which can have
different origin, such as competency of persons belonging to different professions or
adoption of different coordination policies.

1) Features Concerning Task Distribution. The alocation characteristics of
cooperative work are discussed by Herbst (1974): either each agent has a specific task or
each task can be performed by all agents. It is clear that in the latter case, the flexibility is
greater, but so isthe load on the manager.

Task characteristics related to the allocation to individuals, as discussed by Herbst
(1974) are:

1. Tasksarecarried out together or separately, adistinction that relates to the ques-

tion whether people are working in the same location or not ;

2. Tasksareidentical or different, which isrelated to the question whether coop-

eration is necessary for pooling resources and/or competency.

3.  Tasksare dependent, interdependent, or independent. This question is related to

the required coupling and coordination of the activity of the individuals. Finaly,

4.  Goals can be shared, independent, or unreciprocated. This distinction is related

to the question whether there exist a coupling between activities at a higher level
in the means-ends network. In general, the concept of goal is not very well de-
fined, it can be formulated at severa levelsin the means-ends hierarchy.

2) Collective Activity and Models of Activity.. Leontiev (refined by Brushlinskii
(1987) and Radzikhovskii (1987)) posits a distinction between activity, action, and opera-
tion. Activity is defined by the motive, action is a process submitted to a conscious goal,
operations are the means for action, during learning action is transformed into operation,
integrating into wider actions. These distinctions lead Leplat to the following categoriesin
the descriptions of collective work: 1. in ‘collective activity’, motives are shared, in 2.
‘co-activity’, individuals work together (e.g., in same place, e.g., production manger and
security guard), but are guided by different motives, in 3. ‘ collective action,” the individ-
uals have same general goal (pilot and co-pilot) and, finally, in 4. ‘co-action’, individuals
have different goals (pilot and ground controller) but are sub-ordinate the same general
goal. These distinctions are related to task allocation with reference to the coordination re-
guirements in the means-ends network, which could serve to a more consistent definition
of the allocation principlesthan is possible when referring to ‘motives’, ‘goals and
‘general goals.’

In Leplat’ sdiscussion (Leplat, 1988) it is explicitly mentioned that allocation is evolu-
tionary: In co-action coordination is concerned with sub-goals which may become auto-
matic, therefore, collective action will grow at the expense of co-activity. In other words,
collective action increase in dimension, co-action in number.

The distinctions adopted from the point of view of work psychology are important for
evaluation of the work situation seen from the point of view of working and social quali-
ties of the allocation on awork situation. From the point of view of predictive power and
for system design, however, they are less effective, and a clear separation of distinctions
related to work requirements, to agent resources and competency, and to work coordina-
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tion is necessary. A mapping between the concepts useful for work psychology and sys-
tem design respectively is possible and should be devel oped.

September 1990 95






Taxonomy for Cognitive Work Analysis

6. Social Organization and Management

Whereas the work organization perspective conceives the system of work as a purposive
instrument performing a function to its environment, the social organization perspective
conceives of the system of work as a system of socia interaction between multiple indi-
viduals with diverging interests and motives. The focus of the social organization per-
spective isthe system of work as a coalition of individuals with partially discordant inter-
ests and motives. The social organization perspective corresponds essentially to the
‘natural system’ perspective on organizations as defined by Scott (1987). In recent years,
this perspective has been explored and elaborated in alarge number of organizational
studies and approaches.

As it has been discussed above, the work organization, is determined by the control
requirements of the work domain and by the role configuration architecture chosen by or
imposed on agroup of cooperators. The necessary coordination of the cooperating indi-
viduals following from this architecture will specify the content of communication. On
the other hand, the architecture of the social organization in the sense discussed above
will determine the form of the communication, i.e., on the conventions and constraints
chosen for this communication. Consequently, different structures of the social
organization are possible for coordination of activities, more or |ess independent of the
task and role configuration principle adopted and the characteristics of the work domain:

Autocratic Coordination

One decision maker is responsible for the coordination of the activities of all other agents.
This mode of meta control of coordination is, of course, mostly applicable when one per-
son is controlling the mode of coordination in asmaller, private company. One manager
acts as aroving coordinator making sure that priorities are right in the working network.

Hierarchical Coordination

Very often, coordination is distributed in an organization which is stratified such that one
level of decision makers evaluates and plans the activities at the next lower level. This
hierarchical structure hasits roots in the American, military command, control and coor-
dination paradigm. It is based on the fact that in alarge organization, the information traf-
fic and the time requirements to the pace of response can be arranged in several distinct
levels. Thisisthe case for a system of very specialized actors, such asthoseinvolved in a
military mission. Very large information volumes have to be communicated at the lover
levels with very short time horizons while data traffic decrease and time horizon becomes
wider as one moves to the more strategical levels. Different coordination, or management
styles, are possible within this structure depending on whether the communication
downward through the system is based on communication of goals (the military model)
or on communication of procedures (the bureaucratic model).
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In modern organizations, the hierarchical structure is normally maintained for formal
functions such as allocating legal responsibility and economic competence, whereas more
flexible (and often informal) management structures are accepted for the more dynamic
work coordination. Thisis the case even in military organizations in which the formal
rank structure is abandoned when high-tempo coordination of activities across levels and
unitsisrequired (see for instance Rochlin et al., 1987).

Heterarchic Coordination

In the general, dynamic work situation the formal hierarchical structure disappears, even
in military organizations. The work of Rochlin et a. (1987) shows a pronounced ability
of the organization on an aircraft carrier to shift between aformal rank organization, a
flexible, self-organizing * high-tempo’ work coordination across ranks and organizational
units, and a flexible emergency organization depending on the immediate requirements of
the actual situation. Similar organizational forms are necessary in modern commercial en-
terprises adopting aflexible customer driven policy in adynamic and competitive market,
see the discussion in the introduction.

For the coordination of activities in such a flexible organization, severa meta
strategies can be adopted to shape the coordinating activities:

Negotiating Coordination

Theindividual decision makers negotiate with their immediate cooperators and the neces-
sary communication is locally planned.This mode is typically found when coordination
planning has to be arranged ad-hoc on occasion, i.e., when high-tempo performanceis
required in very flexible and dynamic situations for which particular patterns of
‘contracts’ are evolving (Winograd and Flores, 1986).

A similar mode of coordination has been called debative cooperation. In complex de-
cision tasks one individual decision maker will not have the necessary conceptual back-
ground, nor the required information on the state of affairs. In addition, conflicting goals
and criteriamust be resolved. The cooperation, therefore, involves debate and negotiation
among agents with different heuristics and perspectives.

Anarchistic planning

Each agent plans his own activity without interaction with other decision makers on the
meta level. Communication is entirely through the work content.

Democratic planning

Coordination involves interaction and negotiation among representatives of all decision
makers of the organization (worker participation committees). This mode is frequently
found in companies when there is a reasonable time horizon for planning and special
meetings and frames for the planning can be arranged.
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It will be evident that these different architectures will imply, or evolve from, different
forms of communication among agents, i.e., whether information is passed as neutral in-
formation, advice, instructions, or orders. The effective way of influencing the social or-
ganization independent of the work organization will be through constraints and conven-
tions for communication.

Discussion

Systems Point of View

The social interaction among the agents depends on the form of the communication ex-
changed for coordination, which in turn depend on the coordination strategy adopted. The
work organization is determined by the work domain and the role configuration, while the
social organization is evolving from the coordinating control requirements and the strat-
egy adopted for this purpose.

Independent on the task and role configuration principle adopted and the characteristics
of the work domain, different structures of the social organization are possible for coor-
dination of activities. It will be evident that these different architectures will imply, or
evolve from, different form of the communication among agents, i.e., whether informa-
tion is passed as neutral information, advice, instructions, or orders. The effective way of
influencing the social organization independent of the work organization will be through
constraints and conventions for communication.

In control theory, distinction is frequently made between several different strategies
for coordination of hierarchical systems. In complex, large scale technica systems,
functions are normally decomposed in order to identify a hierarchy of units which can be
functionally ‘decoupled’ in order to structure the information traffic in an optimal way
(See e.g., Mesarovich, 1970, Schoeffler, 1969). Coordination of the functional units can
then be obtained through 1.) manipulation of goals of lower levels or parameters of these
goals; 2.) through manipulation of constraints of lower levels, i.e., restriction of the
domain of their control actions; 3.) through manipulation of interaction variables between
units from estimation or prediction and, finaly, 4.) through manipulations of the
information available to the units at lower levels, etc.

The formal models and theories developed for design of hierarchical control of com-
plex technical systems can be useful for testing consistency and structure of cognitive
models of social systems.

Work Psychology Point of View

All collective activities require coordination of the individual activities depending on char-
acteristics of tasks and groups. Different mechanisms and means can be used for this co-
ordination (see Leplat, 1988):
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1. Coordination of Goals. Coherence in representation of goalsis needed, but even
then, different criteria can be adopted (speed—accuracy, production, security, comfort)
for performance eva uation.

2. Common Referential. In collective activity, the functional representation, shared by
the individual s constitutes the common referential. Description of common referential is
often linked to acquisition of knowledge. Common language, Falzon's operative lan-
guage. Common referential isimportant in agroup with no a particular coordinator.

3. Situations of Guidance, so called by Savoyant (1981) when one individual takes
decision in collective work. Necessary when:

» Information centralized, executor cannot identify relevant properties of object or
» Hierarchical organization of labor imposes control.
» Guidance can be given in terms of: goals, sub goals, and procedures.

These distinctions appear to be based on a classical task analysis and procedures ori-
ented approach, a more basic analysis including consideration of the intrinsic coupling
and control requirements of the work domain should be tried.

4. role of work load in coordination. The individual regulated work not only consider-
ing effectiveness but also efficiency, i.e., achieve the goal with the least possible cost.
(This distinction between effectiveness and efficiency is a specia case of the distinction
between product and process criteria. Process criteria will not necessarily be related to
cost, but also to joy, creativity, excitement, etc.).

5. Function of communication in Coordination.

* Quantitative Analysis of Communication. Recording of number of remarks depend-
ing on task demands, etc.

* Functional and Social Communication. Second type plays arolein social regula-
tion, increases with familiarity of group with task.
 Classifying Functional Communication.

Savoyant and Leplat distinguishes between planning, execution, and control (i.e.,
monitoring). Communication needs:

» genera orientation prior to performance,

* limited orientation during action,

 control information during execution,

 control communication ensuring that certain conditions are achieved.

6. Automatization of Coordination. Automatization implies the decrease of the need for
communication. To help the reduction of communication, several means are available.

» tempora references based on regularitiesin the task (i.e., internal, dynamic model),
» external references, environmenta signals (signsin my terminology,
 categorization of situations, used to simplify messages (i.e., rule-based action fo-
cus).
Information characteristics depend on the degree of uncertainty (Stoelwinder and
Charns, 1981), and requirements for information exchange can be reduced, in case of
low uncertainty by:
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» standardization of work processes, rules, procedures, schedules,
» standardization of sKkills,

 standardization of output, results are specified,

In case of high uncertainty by:

* supervision, one coordinates

» mutua adjustment, agents exchange information,

» group meetings, work groups.

Management Theory Point of View

In his synthesis of modern organizational theory, Mintzberg (1979) identifies a number of
coordinating principles that “seem to explain the fundamental ways in which organiza-
tions coordinate their work”:

» mutual adjustment, i.e., coordination of work by the simple process of informal
communication;

 direct supervision, i.e., coordination of work by having one individua take re-
sponsibility for the work of others;

» standardization, i.e., coordination of work by anticipation. In the words of March
and Simon (1958), the coordination of work elementsis incorporated in advance in
the program or plan for the work when it is established, “and the need for continu-
ing communication is correspondingly reduced.”

Again, Mintzberg identifies three different ways to achieve standardization in organi-

zations:

e standardization of work processes;

» standardization of work outputs;

» standardization of worker skills.

These coordinating mechanisms constitute the basis, Mintzberg argues, of a set of

‘structural configurations' of organizations, see figure 29.

Prime Coordinating Principle Sructural Configuration Type of Decentralization

Direct supervision Simple Structure Vertical and horizontal central-
ization

Standardization of work pro- Machine Bureaucracy Vertical centralization and lim-

cesses ited horizontal decentralization

Standardization of skills Professional Bureaucracy Vertical and horizontal decen-
tralization

Standardization of outputs Divisionalized Form Limited vertical decentrdiza
tion

Mutual Adjustment Adhocracy Selective decentralization

Figure 29. The relationships between different coordinating mechanisms, different structural configura-
tions, and different types of decentralization, according to Mintzberg (1979).
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Coordination in the Smple Structure is effected largely by direct supervision.
Specifically, power over all important decisions tends to be centralized in the hands of the
chief executive officer. While most organizations pass through the Simple Structure in
their formative years, this type of organizational configuration is primarily found in or-
ganizations with non-sophisticated technical systems operating in simple and dynamic
environments.

In the Machine Bureaucracy, on the other hand, coordination is affected largely by
standardization of work processes. Accordingly, this type of configuration is character-
ized by formalization of behavior, vertical and horizontal job specialization, vertical cen-
tralization and limited horizontal decentralization. The Machine Bureaucracy is primarily
found in environments that are simple and stable.

The Professional Bureaucracy is relies for coordination on the standardization of
skills and its associated design parameters, training and indoctrination. This type is
characterized by horizontal job specidization and and high degree of vertica and
horizontal decentralization. In control of his or her own work, the professional works
relatively independently of his or her colleagues. Thistypeis primarily found in complex
and stable environments with non-sophisticated technical systems.

The Divisionalized Form relies on the third form of standardization, standardization
of outputs and the concomitant design parameter, the performance control system. Like
the Professional Bureaucracy, the Divisonalized Form is not so much an integrated
organization as a set of quasi-autonomous entities coupled together by a centrd
administrative structure. And in the case of the Divisionalized Form each entity hasits
own structure. Primarily found in organizations faced with diversified markets
(particularly products or services), the Divisionalized Form is characterized by limited
vertical decentralization.

Finally, in the Adhocracy, the prime coordinating mechanism is mutual adjustment.
The Adhocracy is characterized by a high degree of horizontal job specialization, little
formalization of behavior, and sdlective decentrdization. Effective in fusing experts
drawn from different disciplines into smoothly functioning ad hoc project teams, the
Adhocracy is highly fit for the * sophisticated innovation’ required by organizations in
complex and dynamic environments.

4. Vaues and Functional Reguirements, Role
Configuration and Management Styles

In the previous paragraphs a very clear and ssmplistic distinction has been drawn between
the work organization and the social organization and their roles in the work co-
ordination. Distinction has been made between the criteria that control the partitioning of
activities, the allocation of rolesto individuals and the resulting, necessary content of
communication for coordination and the criteriathat govern the coordination management
implemented in the form of communication.

Thisis clearly asimplistic distinction, since many factors will cut across this distinc-
tion and make the picture much more complicated. This, however, does not affect the
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general structure of the taxonomic representation aimed at in the present report. It will,
however, be important to relate the discussion to the more established distinctions in the
sociological and management science approaches. This is the topic of the following re-
view:

Labor power is an attribute of human individuals and, hence, cannot be separated from
theindividual. An individual joining a cooperative ensemble is motivated by individual
interests (to earn awage, make a career etc.) and brings along a complex of aspirations
and expectations. A cooperative work process, then, is performed by individuals with
individual interests and motives. Because of that, organizations must be regarded as
coalitions of diverging and even conflicting interests rather than perfectly collaborative
systems. An organization is not an entity acting as if guided by asingle will. It isnot a
perfectly collaborative system. Rather, an organization is a mixture of collaboration and
conflict.

This point was brought home by the so-called Carnegie School in organizational the-
ory (Simon, 1945; March and Simon, 1958; Cyert and March, 1963; Thompson, 1967).
An organization is not characterized by unity of interests; it is not monolithic. On the con-
trary, itisa“coalition” of individuals motivated by individual interests and aspirations
and pursuing individual goals (Cyert and March, 1963). In the words of Pfeffer and
Salancik (1978), “The organization is a coalition of groups and interests, each attempting
to obtain something from the collectivity by interacting with others, and each with its own
preferences and objectives.” This perspective has been investigated from arich variety of
approaches e.g., the ‘negotiated order’ approach developed by Strauss and associates
(Strauss et al., 1963), the ‘garbage can’ model of March and Olsen (1979), and the
‘conflict’ approach of Collins (1975).

This perspective has been developed further by the ‘ transaction cost’ approach devel-
oped by Williamson (1975, 1981), Ouchi (1980), Ciborra (1985), and others conceives
organi zations as contractual arrangements between opportunistic partners. In the words of
Ciborra (1985):

“Organizations are seen as networks of contractual arrangements to govern exchange transactions
among members having only partially overlapping goals. Conflict of interestsis explicitly admitted
as afactor affecting information and exchange costs.”

Thus, according to Ciborra, this approach allows us to grasp “the daily use of infor-
mation for misrepresentation purposes in partialy conflictual organizational settings.”
According to Ciborra, most information generated and processed in organizationsis sub-
ject to misrepresentation because it has been generated, gathered and communicated in a
context of goal incongruence and discord of interests and motives.

In accordance with the prevalence of goal incongruence in organizations and the par-
tially conflictual nature of organizations, allocation of tasksisjust as controversial. As
pointed out by Strauss (1985), awide 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 com-
mand; 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.”
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Workers may agree or disagree with the allocation. But they may also conceal their
disagreement. They may reject it but not reveal their rgjection, or they may reject it and act
on that basis but conceal their rejection. They may also agree or disagree to the criteria of
the tasks for which they are made accountable, and they may again disagree overtly or
covertly.

The interactions of interests, motives, expectations etc. produce a number of organiza-
tional forms that are superimposed on the social relations of the work organization, for
example:

» The customary privileges and prejudices of task allocation: Does the specific aloca
tion of tasks and the concomitant pattern of interaction reflect specific professional
or individual privileges? One type of task may be felt, by an elevated category of
workers, to be an insult while another category of workers may defend the same
task astheir prerogative.

* Ingtitutional formsof manifestation and regulation of conflicts of interest, etc.:
Labor organizations like trade unions and work place organizations like, for in-
stance, shop steward committees may exert massive impact on the alocation of
tasks to various categories of workers. A class of tasks like, say, CNC program-
ming, may be monopolized by the members of one labor organization, thereby gen-
erating a specific pattern of social interaction in the labor process. That is, the com-
petitive and collaborative relations of the various labor organizations may affect the
structure of socia interactions.

» The system of incentives (promotion, reward and remuneration): To which extent
and how are individual agents encouraged to behave in accordance with the de-
mands of the work environment. The system of remuneration may complement and
enhance the performance measurement system, or it may conversely counteract it
(for instance by not assigning the cost of deficient products to the agenciesin power
to take corrective measures).

» Theformsof social control in the work place: For example, to what extent is hori-
zontal information flow among the collaborators regulated, inhibited, or impeded by
preordained hierarchical lines of communication, that is, to what extent is the coop-
erative process mediated by a superimposed structure?

» Theforms of allocation of power and authority: For instance, is a person furnished
with authority by his peersin recognition of his contribution to the accomplishment
of the objectives of the collective, or is authority furnished by investiture by some
extrinsic power?

It should be noted that formal organization, strictly speaking, is a perspective that ap-
plies to the work organization as well as the social organization. If the term ‘formal’ is
taken to mean determined by explicit rules, the distinction formal-informal is orthogonal
to the distinction social-functional. Normally, however, the term ‘formal organization’
denotes formalization of relations of the social organization. The objective of formaliza-
tion of collaborative relations (such as allocation of resources, task allocation, proce-
dures, etc.) is to ensure accountability. In this perspective, formalization is a mechanism
for social control of cooperative work relations. If need be, who isto blame?
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In this sense, formal organization is a superimposed structure safeguarding the inter-
ests of the proprietary and regulatory bodies. Accordingly, formal organization reflects
the relations of property and codifies the cooperative relationsin a legaly valid form
(e.g., by contract, statute, authorization), thus serving the function of allocation of re-
sources, responsibilities and, when appropriate, disciplinary measures. In some very
special cases where the work environment is characterized by a high degree of stability
and tasks are highly routinized, the real organization may appear as being congruent with
the formal organization. In most domains, however, the actual pattern of cooperation
changes dynamically, according to the requirements of the situation. In these cases the
formal organization is only faintly congruent with the real organization.
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7. Leve of Cognitive Control

At avery early stage we have devel oped a taxonomic structure covering the mental repre-
sentations, the interpretation of information, and the cognitive control structure as de-
pending on the level of expertise of an agent in a particular situation in terms of the skill-,
rule-, knowledge-framework. This framework is compatible with the main-line of con-
ceptualization within cognitive science and psychology (declarative vs. procedura knowl-
edge, frames and semantic nets, etc.), which the MOHAWC concepts should also be in
order to communicate the results of field studies to the cognitive science community.

Description

This domain of description defines the characteristics of the actual agents, their level of

expertise, their education and competence, and the dimensions of the possible subjective
preferences and performance criteria which they may bring to work. The aim is an identi-
fication of the cognitive control structure an agent can apply to the task, depending on
background and expertise. The resources available to an agent depend very much on the
cognitive control structure in action and an analysisin this domain can serve as abasis for
allocation of decision rolesto individual agents. Humans have different modes of control

of their goal oriented interaction with the environment. Sensory-motor routines take care
of the direct control of integrated patterns of movements during familiar circumstances.

Interaction at the sensory-motor skill level is based on real-time, multi-variable, and
synchronous co-ordination of physical movements with a dynamic environment.
Quantitative, time-space signals are continuously controlling movements, and patterns are
interpreted as signs serving to adjust the world model and maintain synchronism with the
environment. The dynamic control of the patterns depends on high capacity signal pro-
cessing in a feed-forward mode governed by the internal world model. During run-off of
such routines, the conscious attention is free to cope with other matters on atime sharing
basis. At the rule-based level, the conscious attention may run ahead of the skilled per-
formance, preparing rules for coming requirements. It may be necessary to memorize
rules, to rehearse their application, and to update more generic rules with the details of the
present environment. Stored rules will frequently be formulated at a general level and,
therefore, will need to be re-formulated and supplemented with details from the present
physical context. In other cases, rules are not ready in explicit formulation, and previ-
ously successful coping with asimilar situation will have to be memorized to establish
transfer. In general, control at the rule based level require conscious preparation of the
sequence ahead of the timing of the skilled run-off, if not, a break in the smooth perfor-
mance will take place. The conscious mind only very infrequently is operating in syn-
chronism with the interaction with environment. The attention will wander ahead to iden-
tify the need for rules, and backwards, to recollect the rules of past encounters. If noneis
available, switch over to deduction of rules by means of ‘a mental model’ is required
which, in general will require even more foresight if a break in performance is not to oc-
cur. In this case, thought experiments and causal reasoning at the knowledge-based level
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will be necessary. One important festure of this complex interaction is the incessant
change of the control and its alocation to the different levels which take place as high skill
evolves. Control moves from level to level and the complexity of behavioural patterns,
rules and models within levels will grow with training. For a more detailed discussion see
Rasmussen, 1986.

KNOLEDGE-BASED Planning in Terms OFF-LINE EVALUATION
DOMAIN of Functional Reason- AND PLANNING
ing by Means of Sym-
bolic Model:
"As Can Be'".
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Deviation from Current State of the Internal World Model. TIME OPERATION

Figure 30 illustrates the complex interaction between the different levels of cognitive control. Tasks are
frequently analyzed in terms of sequences of separate acts. In general, however, control of several acts
takes place concurrently. At the level of skilled sensorimotor control, activity is like a continuous, dy-
namic interaction with the environment. Attention, on the other hand, is scanning across time and activi-
tiesin order to analyze past performance, monitor current activity, and plan for foreseen future require-
ments. In thisway, the internal, dynamic world model is being prepared for oncoming demands and the re-
lated cues and rules are rehearsed and modified to match predicted requirements, and symbolic reasoning is
used to understand responses from the environment and to prepare rules for foreseen but unfamiliar situa-
tions. Attention may not always be focused on current activities, and different levels may simultaneously
be involved in the control of different tasks, related to different time slots, in atime sharing or in a paral-
lel processing mode.

During learning and adaptation to a work environment, it is not the behavioural pat-
terns of the higher levels that are becoming automated skills. Automated time-space be-
havioural patterns are developing while they are controlled and supervised by the higher
level activities - which will eventually deteriorate - and their basis as knowledge and rules
may deteriorate.

Modern technological systems have several characteristics which influence the natural
allocation of control of action to the different cognitive levels. In natural environments,
the interaction will typically be controlled at the two lower levels. Work will be related to
manipulation of objectsin amore or less familiar setting. If exceptional situations occur,
the effect of decisionswill typically be reversible and interaction can be like an explorative
navigation through new territory. The interaction with modern technical systems have
features which are very different. Frequently, such as for instance it is the case for pro-
cess plants, the process to be controlled will be invisible and control will be indirect in the
sense that there is no simple mapping between features of the system surface which are
the objects of skilled sensory-motor manipulation and the actual control object, the chemi-
cal or thermodynamical process. In addition, effects of inappropriate acts may beirre-
versible and lead to very great losses. Consequently, there is typically not the harmonious
relation between manual skill and higher level activities which are found in more tradi-
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tional work settings, and the need for control of actions from the knowledge or model
based level becomes very pronounced in particular for control of the unusual conditions
which istypical for automated systems.

Application

Planning of action at the knowledge based level in its pure and systematic formis charac-
teristic of work like research and engineering design. Such activity is based on search and
inference in a problem space of conceptual, frequently causal or means-end relations rep-
resenting the functional properties of the work domain. These activities are typicaly sup-
ported by formal calculation or simulation tools. In modern complex systems, operators
have to cope with disturbances and faults by reconfiguration of the components of the
system, frequently why it is still operating, in order to protect plant and/or production. If
the particular situation has not been foreseen by the designer and the operating staff prop-
erly instructed, the task is, in fact, a supplement or continuation of a design task which
could not be completed by the designer himself. Consequently, it will require the same
kind of knowledge based behaviour as the design itself and unfortunately under much
more difficult circumstances.

The basic problem in this situation is that, for modern, reliable systems, situations
caling for actua knowledge-based reasoning will be infrequent and, therefore, the
knowledge required to cope with them will degenerate during the adaptation to the work
requirements, as it was discussed above. Another argument against the requirement that
plant operators should be able to reason at abstract functional levels has been that this way
of reasoning is unnatural for operators who normally think in terms of physical compo-
nents and their behaviour. During major disturbances, operators are supposed to take
over control. However, the task will not be to take over the usual automatic control. The
plant will typically require the operating staff re-designing plant configuration and operat-
ing procedures to meet the abnormal condition. For this task they have to understand the
basic process. A keeping-the-man-in-the-loop philosophy will not solve the problem of
the rare events, since normal operation will not support the required knowledge. For large
scale, high risk installations, therefore, other solutions are necessary. It will be required
to supply at the surface of the system an adequate representation of the internal process of
the system, to arrange an education of operators reflecting the new requirements, and to
change the organization of work in order to give them tasks between disturbances that
will maintain their basic knowledge and supply the proper intuition at the conceptual
level.

It follows that analysis of the cognitive level of control and the respective different
structures of mental models required, depending on the nature and frequency of a deci-
sion task, isvery important for design of interfaces which will support the novice without
frustrating the expert.
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Classes and Terminology of Cognitive Resources and
Competence

a. Type of Knowledge in Mental Representations

A taxonomy of mental representations can be proposed. It is proposed to restrict the term
mental model to the representation of the ‘relational structure’ of the environment, to fol-
low Craik’ s definition. This means, the mental model is a representation of the fundamen-
tal constraints determining the possible behaviour of the environment, i.e., it is useful to
anticipate its response to acts or events when instantiated by state information. The study
of errors have made it clear that a taxonomy of representations should not only consider
the higher level cognitive functions related to inference and reasoning, the role of the
body in the control of sensori-motor performance is an integrated part of the system. In
the following section, the representations related to actual working performance according
to the skill-,rule-,and knowledge distinction are discussed in more detail.

Declarative Knowledge: Representations at the Knowledge-based L evel

In the present context, the representations at the knowledge-based level constitutes the
proper ‘mental models' being representations of the relational structure of the causal envi-
ronment and work content. Two kinds of relationships, i.e., part-whole and means-end
relations appear to be particularly important for the specification of the content and direc-
tion of problem solving processes and will be considered in some detail. These two di-
mensions constitute the problem space.

A number of conceptua relations, in addition to part-whole and means-end relations
are useful for operation on a problem representation in the knowledge-based domain.
When means for action has been chosen from perceived means-end relationsin a particu-
lar work context, causal relations are used to judge the effect of actions. Value aspects
are important for choice and for assignment of priority in decision situations when the
constraints given by goal specifications and functional requirements leave freedom for
optimizing consideration, as for instance related to cost, reliability, effort required,
emotional aspects, etc. Choice among possible strategiesin awork situation will depend
on performance criteria, i.e., value aspect assigned to the work process, as well asits
product. Generic relations define a concept as a member of a set or category in a
classical Aristotelian classification, and can be used to label part of the environment and
assign it to a category for which functional properties are readily available. The generic
relations are, in particular, useful for drawing formal logical inference (syllogistic
reasoning).

Procedural Knowledge and Scripts: Representations at the Rule-based Level.

At the rule-based level, system properties are only implicitly represented in the empirical
mapping of cue-patterns representing states of the environment and actions or activities
relevant in the specific context supplied by the underlying dynamic world model.

September 1990 109



Rasmussen, Pejtersen, and Schmidt

According to the definition adopted here, this representation does not qualify as a mental
model since it does not support anticipation of responses to acts or events not previously
met, and it will not support explanation or understanding except in the form of reference
to prior experience. In order to prepare for rule-based control of activities, however, con-
ceptual relations may be important. Descriptive relations are useful in assigning attributes
to categories and, therefore, to label scenarios and contexts for identification of itemsto
retrieve from memory. In this aspect, the terminology is connected to the terminology
applied for description of the activity in domain terms.

Frames and Episodic Representations. Representations at the Skill-based
Level.

Performance at the skill-based level depends on a dynamic world model which has a per-
ceptual basis, like Johnson-Laird’s mental model. The model is activated by patterns of
sensory data acting as signs, and synchronized by spatio-temporal signals. This concep-
tion issimilar to Minsky’s (1975) “frames’. The main - and fundamental - differenceis
that Minsky’s frames depend on a sequential scene analysis; they are structured as net-
works of nodes and relations, and they are basically static. The “dynamic world model”
in the present context is very similar to the mechanisms needed for the “atunement of the
whol e retino-neuro-muscular system to invariant information” (Gibson, 1966, p. 262),
which leads to the situation where “the centres of the nervous system, including the brain,
resonate to information”. This selective resonance relies on the existence of some kind of
dynamic model of the environment.

b. Extent of Knowledge

To be added

c. Basic Cognitive Process Elements of Mental Strategies

Association

Induction

Deduction
Hypothetico-Deduction
Search

Comparison and Choice
Evauation

d. Ability to Use Knowledge

To be added
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e. Paformance Criteria

What are the subjective criteria used to resolve a choice among possible strategies:
Cognitive strain,
Cost of observations
Fear of failure,
Joy of learning,
Elegance in inference process

f. Meta-Cognitive Knowledge

To be added

Semantic I nterpretations

Distinction between signals, signs, and symbols. The reference to the mental model cate-
gories, and the tactical rule sets.
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Action Trgectory: Folding Preferred
Strategy onto Context

The aim of the taxonomy isto be able to compare behavior shaping characteristics of dif-
ferent work domains and, in particular, to be able to predict behavior in response to
changes such as introduction new information systems from analysisin an existing work
place. It will not be possible to predict the particular trgjectory of work of an individual.
Based on a description following the taxonomy, however, it will be possible to define the
boundaries given by the work requirements, the resources for work, and the individual’s
physical and mental resources within which the individual will generate the particular tra-
jectories depending on the situation and person depending performance criteria and pref-
erences (cf. Bateson; the category can be known, the particular escapes prediction). In
this sense, the taxonomy implies atheory of adaptive behaviour. In response to changes
of work conditions, adaptation is active and behaviour of the actors cannot be described
in terms of work procedures or decision scenarios which will only be records of observed
cases, not predictive models of performance.

Activity under varying conditions will depend on continuous adaptation and improvi-
sation, on the ability to re-configure patterns of behaviour, to modify effective routines,
to combine elementary routines into new patterns and to generate new work procedures
on demand. Therefore, only analysis and representation following the taxonomy, i.e.,
based on an explicit representation of the behaviour shaping constraints as posed by the
goals and constraints which define acceptable work performance and of the constraints as
posed by the goals and constraints which define acceptable work performance and of
constraints as posed by the tools and means available for work, can be used for prediction
of the of the category of behaviour to expect in response to changes. These constraints
will define the boundaries of the space in which the actors can navigate freely according
the their individual resources and subjective performance criteria and still meet the work
requirements. In this way, the taxonomy serves to delimit the field within which beha-
viour will unfold. Hypothesis about the likely performance of an agent can be stated un-
der proper assumption about the resources and subjective preferences of the individual
actor. Prediction of the actual trgjectory of performance islessimportant for design of in-
formation support systems. Instead, of importance is an evaluation of the capability of the
agent to perform under assumption of certain individual resources and subjective prefer-
ences, i.e., whether an agent can meet requirements and will accept the conditions.
Basically, thisis afeed-back design approach: Y ou specify the criteria functions and se-
cure the capability, then acceptable performance will emerge given the actors are con-
cerned. The capability includes competence in using the means available and ability to
explore the options present. In order to predict a likely work scenario, a hypothesisis
formed about the actor’ s selection among the strategies which can be used in the work
situation and task considered. This strategy, which is an abstract representation of atype
of behaviour should then be folded back onto the work domain. This means that the ab-
stract construct in cognitive termsis instantiated by dressing it up with the details of the
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material work content and situational features. The prediction will be prototypical in the
sense that it will miss al the details of the situation which are not to be known, such as
disturbances and distractions from the general social interaction and the frequent shiftsin
strategy in response to resource demand conflict and to situation depending shifts and
subjective preferences. This however, does not affect the reliability of the prediction for
design of information systems nor prediction of the effect of introduction of new infor-
mation systems on work performance. It does, however, influence the possibility of
evaluation the results of attempts to predict performance. Being prototypical, prediction
involves categories of behaviour, while actual performance trgjectories (as well as simu-
lation of predicted scenarios) represents particular instances and comparison isno simple
matter (see Rasmussen, Brehmer, and Leplat, 1990). A typical feature of prototypical
classification isthe difficulty in definition of members, the most effective way is generally
to point to atypical example. In the same way, the best way to evaluate predicted work
scenarios may be to show it to a group of “substance matter experts’ (i.e., workersin the
field) an ask whether they find the scenario to be “reasonable’ and natural.
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A Facetted Classification System

In the preface of this report one of the stated purposes of the MOHAWC taxonomy is to be
amethodological tool for planning field studies and collecting data in work domains. In
order to support the use of the taxonomy for this activity, a classification schemeis pro-
posed, which provides a brief review of the facets and classes which can serve to point
the attention of the analyst in afield study to features of the work environment, the task,
and the characteristics of actors which are potential behavior-shaping constraints and,
therefore should be examined in detail and which should be carefully considered for in-
formation system design. At the present state of the art, the classification scheme is not
intended to be a simple categorisation scheme for work environments, tasks or actors.
For this purpose we need to define ‘ prototypical members’ of the various classes and
higher level prototypical relationships among categories, which will effectively facilitate
the proper specification of advanced information systems from more pointed and | ess ex-
haustive field analyses than are necessary at the present stage.

The still increasing need for classification of complex subject mattersin information
retrieval led to aneed for leaving the traditional classification theory and practice based on
the logical principles of Aristotle and inherited primarily from the theoretica attribute
classification in biology. The disadvantages of these systemsis primarily their lack of at-
tention to the special point of views of the users’ and their need for unconventional com-
binations of several subjects for a coherent and adequate description of a concept, inde-
pendent of formal classification rules. Especially the need for very specialized schemesin
limited knowledge domains with intensive research results has motivated the extensive
studies and implementation in information science of facetted classification schemes.
Ranganathan was the first to propose an aternative to the rigid classification principles of
logical hierarchiesasisfound in the numerical, decimal classification systems. He devel-
oped aflexible, facetted or analytic-synthetic classification method, in which facets are
not locked by arigid enumeration in a hierarchical scheme, but can be combined quite
freely, i.e. any relationship between concepts can be expressed. Originally Ranganathan
argued that all knowledge, any subject matter, could be exhaustively described by 5 fun-
damental categories. Personality, Material, Energy, Space and Time. If possible, such
kind of fundamental categories in a knowledge domain can form the conceptual frame-
work needed to explore and develop relevant division criteriafor the different facets of a
scheme. In the MOHAWC taxonomy in part A so far two fundamental categories have
been proposed:

1. Thesociotechnical work system and its interaction with the environment.

2. Theagent of the work system and his’her interpretation of the state of the system

and the action alternatives.

The seven different facets (figure 8) within which classes have been established have
been derived from these two fundamental categories.

The pragmatic emphasis on the use of a schemein aparticular user group implies that
the techniques and rules for the implementation of afacetted scheme has to be determined
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with respect to the domain in question, the purpose of the scheme and the preferences of
its users. Another objective of the facetted classification is to provide a birds eye view of
all the relationships of subjects. The one sided emphasis of hierarchical relationsin an
enumerative classification is set aside to the advantage of new, possible combinations.
New inter-relatedness can be shown, for instance by the order of the facets, which usu-
ally reflect the order in which the concepts of a given subject domain isrelated and should
be combined and represented.

Theflexibility of afacetted classification is also due to the use of cross classifications
within facets which thereby allow the repetition of common facets and classes within all
the relevant facets. Furthermore, it is possible to combine obligatory related concepts by
means of differential facets. In such cases one or more classes in one facet is always
followed by classes from another facet, afeature which can be particularly useful in cross
disciplinary studies.
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Psychological Task Classification

The terminology in this draft paper isused in exactly the same sense as defined by
Fleischmann, namely :

The term taxonomy means the theoretica study and formulation of the basis,
principles and procedures of a systematic classification. Classification is the
implementation of the theoretical basisin the process of ordering and establishment of
classes and identification of entities belonging to classes. The fina product of such efforts
isthen called the classification system.

According to Fleischmann many devel opers of schemes within task psychology fol-
low - some even first and foremost - the demands of logical, objective and exclusive
classes, but some are either indifferent to such rigid principles or they have great troubles
with the accomplishment of a match between the rigid categories of atraditional classifi-
cation and the description of their problem and the entities of their research. Fleischmann
claimsthat the internal validity of a scheme depends on its consistency with such well
known classification rules. However, as mentioned in a previous chapter of this paper,
the complexity of amodern work system with information technology cannot be suffi-
ciently analyzed in terms of a one dimensional, hierarchical model. The shortcomings of
common, standard classification methods for the analysis of complex domains of knowl-
edge as originally recognized by Ranganathan seems to have caused the same problems
for some work psychologists. Previous attempts to go beyond the task descriptions and
include dimensions somewhat similar to the MOHAWC classification have been made by
Miller, who included information processing strategies, and by Moors, who included sit-
uational/organizational context.

So far, there seems to be two main differences between the taxonomies of human per-
formance reviewed by Fleischman, and the present MOHAWC taxonomy:

1. The conceptual, theoretical basis of the classification system refers to a complex
work system - not primarily agent, training and task - which for the purpose of meaning-
ful description is divided into seven dimensions/facets, each with its own, particular ter-
minology.

2. Classes are not mutually exclusive and they are not exclusively related to one fixed
location within one dimension: Some are common to a number of different dimen-
sions/facets and thus occur repeatedly in several places. Some classes can occur as a di-
vision of another class, within the same dimension or within another dimension. The
classification system represents related, overlapping and tightly coupled points of view.

Naturally, in such a scheme the definition of relationships of facets and classes will
become a crucial issue.
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MoHAwc Classification System

In part A and B in the former paragraphs a common MOHAWC framework for work anal-
ysis and system design is discussed. In the following, the taxonomy isillustrated by a
classification system, i.e. abrief review of the dimensions with their associated classes,
asthey are introduced in part B.The classification system reflects the former experiences
of the authors with investigations and methods for field studies in different work do-
mains. Thusit is neither intended to be atool for an exhaustive description of any work
domain nor to posses the specificity needed for any kind of analysis. Itsinhomogeneity
with respect to number and variety of classes and subclasses within the different dimen-
sions reflects the focus of our professional experience and the limits of our insight in the
terminology of other, relevant scientific fields. Therefore extension of the discussion of
the MOHAWC concept (and, if desirable, a subsequent further elaboration of the scheme)
will be necessary to achieve a uniform, adequate coverage of classes relevant for field
studies.

Our object for description, i.e. awork system and its agents, is divided by seven divi-
sion criteria, which are defined by genus and differentium with the object of the taxono-
my, into facets or dimensions. Within each dimension the classes are then organized hier-
archically. Rows of classes within a hierarchy are then ordered alphabetically (thiswill be
donein relation to the list of terminology mentioned later on). The order of each dimen-
sion reflects the order in which concepts should be combined to form a meaningful syn-
thesis of the analysis of awork system. The basic principle of order of the dimensions
follows alogical way of representing the behaviour shaping constraints of a complex
work context.

Apat from the main and genera purposes of the taxonomy (described in D,
Application Examples), which is, in summary, to improve prediction of new relation-
ships, generate hypothesis, facilitate comparisons and interpretations/ integrations / gen-
eralization of results of field studies and laboratory experiments, the current tentative
classification system serves the following purposes:

1.  Itisareductive representation which summarizes the discussion in part B about
the units to be included and how to arrive at/derive classes and select terminol-
ogy within each dimension.

2. Itisaforerunner of thelist of terminology with definition of terms, which the
MOHAWC group has decided to develop in order to facilitate communication
among researchers and in order to illustrate how results can be reported.

3. Itistheforerunner of astructure which can be embedded in a database tool
which can be designed to support collection and storage of data gathered in a
work domain. Such atool can - if the data are formatted properly - provide a di-
rect mapping between the later information retrieval need of the investigators and
designers of information systems and the analysis and description of a work
system with its different configurations.

120 Risg-M-2871



Taxonomy for Cognitive Work Analysis

The analytical techniques used to establish the MOHAWC classification system are in-
fluenced by the the facetted classification approach, in particular the freedom it provides
to determine procedures and principles for design of classes and facets solely in relation
to the efficiency of the system for a particular application. The classes established are a
combination of inferred classes and classes based on observations and empirical studies
of the following work systems: Process control, hospitals, production systems, libraries
and banks.

Thus the evaluation of this tentative draft should be based on the sense it makes to the
MOHAWC partners and their perception of a potential match between dimensions/classes
and work systems with which the partners are familiar.
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Dimension 1. Means-Ends Structure of System

A: Elements of work domain
1. Elementsin terms of the objectives of the system
1. Goals and values
1. Objectives, ‘image’
2. Productsto offer
1. Use of products
2. Characteristics of products
3. Volumes of products
3. Servicesto offer
1. Use of services
2. Characteristics of services
3. Volumes of services
2. Constraints
1. Legidation
2. Financia relations
3. Safety and ecological impact
4. Workers' protection
5. Union agreement
3. Relations
1. Stability
2. Complexity
3. Specificity
4. Interdependency
5. Variability
6. Competition
7. Locus of control
2. Elementsin terms of Abstract functions
1. Priority measures
2. Material, mass
1. Energy
2. Information
3. Manpower, people
4. Monetary values
3. Priority metric
1. Amount
2. Flow
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3. Accumulation
4. Probability
3. Genera functions for which standard processes or established practiceis pre
sent
1. Staff functions
1. Administration
2. Accounting
3. Marketing
4. Product design
5. Production planning
6. Maintenance
7. Production
2. Technical functions
1. Object shaping
2. Object assembling
3. Energy conversion
4. Materia conversion
5. Process Control
4. Elements of Physical activities/processes with standardized equipment.
1. Biological, physiological processes
1. Functions, Ends served
2. Characterigtics,
3. Criteriafor choice
4. Resources available
2. Physical activitiesin work processes
1. Functions, Ends served
2. Characterigtics,
3. Criteriafor choice
4. Material resources available
3. Technical processes within tools and equipment
1. Functions, Ends served
2. Characterigtics,
1. Mechanical
2. Electrical
3. Chemical
3. Criteriafor choice
4. Material resources available
5. Material object inventory
1. Premises, Buildings
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1. Functions, Use served
2. Characteristics:

1. Kind, name
2. Location

3. Age

4. Shape

5. Size

6. Weight

7. Color

8. Materid

3. Criteriafor choice

2. Equipment
1. Functions, Use served
2. Characterigtics:

1. Kind,

2. Location
3. Age

4. Shape
5. Size

6. Weight
7. Color

8. Materid

3. Criteriafor choice

1. Functions served
2. Characteristics:

1. Profession,
2. Education,
3. Expertise,
4. Age

5. Address

3. Criteriafor Employment,

B. Structure of work domain

1. Complexity
1. The size of the problem space
2. Variety of functional elements
3. Number of goals and objectives
4. Compatibility of goals and objectives
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5. Number of functional elements
6. Number of connections among elements
7. Uniformity or heterogeneity of work space
2. Integration
1. Functiona Structure
1. Interaction among discrete objects
2. Linear Flow
1. River-structure
2. Inverseriver structure
3. Pardlel flow
3. Continuous, distributed time-space flow
2. Nature of connection
1. materia transport
2. physical process
3. information, communication of
1. goal
2. procedure
3. advice
3. Tightness of connection
1. Hard coupling, immediate, functional connection;
2. Moderate coupling, Decoupling through queues, piles, etc.
3. Loose coupling, considerable decoupling through stores.
4. Level of tight coupling:
1. Coupling of materia configuration, through
1. Anatomical connection
2. Topographic proximity
2. Coupling of physical processes, through
1. Physicdl interaction
2. Exchange of information
3. Coupling of general functions through
1. Transportation of products and material,
2. Exchange of information
5. Predictability of coupling
1. Stable and predictable
2. Generally stable with disturbances
3. Stochastic
6. Tempora requirements
1. Fast
2. Moderate
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3. Slow
4. Very slow
3. Source of Regularity
1. Causal: laws of nature
2. Intentional: Motives and objectives of other actors
3. Formal: stablerules
4. Transparency of functionality
1. Immediate visible, direct manipulation
2. Mediated by interface

Dimension 2: Activity Within System

A. Delimitation of activity elements. Definition of the scope of analysis.

1. Delimitation intime

2. Delimitation by activities covered in Domain

3. Delimitation by characteristics of agentsincluded
1. Profession
2. Competence
3. Familiarity with task
4. Work heuristics

B. Elements of prototypical work activity

1. Type of Activity (In domain independent terms)

2. Relational means-ends structure involved in activity

3. State of affairsin domain

4. Content of prototypical staff activity (generic classes of activities)
1. Explore options in domain
2. Maintain state of affairsin responseto internal disturbances
3. Change state of affairsin response to change of situation and goal
4. Respond to external changes of requirements

Dimension 3: Decision Making

A. Activity in terms of prototypical decision making functions
1. Analysis of Situation
1. Observation of Information
2. Diagnosis of situation
3. ldentification of system state
2. Evaluation of Goals
1. Prediction of Consequencesin terms of goals and constraints
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2. |dentification of Options

3. Identification of Resources

4. Priority Judgement

5. Selection of Relevant Goals
3. Planning

1. Definition of task

2. Planning of task procedure
4. Execution

1. Execution of procedure

2. Monitoring

Dimension 4. Prototypical Decision Strategies

A. Mental Strategies
1. Analytical, model-based strategies
1. Diagnosis
1. Hypothesis and test
2. Topographic search
2. Information retrieval
1. Analytical search
2. Bibliographical search
2. Empirical categorization-based strategies
1. Diagnosis
1. Decision table look-up
2. Information retrieval
1. Search by analogy
3. Empirical recognition driven strategies
1. Diagnosis.
1. Recognition
2 Information retrieval
1. Empirical search
2. Browsing
B. Elementary cognitive processes of strategies
1. Association
2. Induction
3. Deduction
4. Hypothetico-Deduction
5. Search
6. Comparison and Choice
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7. Evaluate
C. Mental model necessary for applying strategies
1. Declarative, structural model
1. Semantic network of users universe
2. Causal relationships
3. Structure map
4. Topography of tools
2. Library of symptom patterns
1. Normal reference patterns
2. Tacit template
D. Semantic Interpretation of observationsin strategies
1. Symbols
2. Signs
E. Criteria for choice of strategies
1. Resource requirements
1. Time
2. Information
3. Menta capability
4. Physical capability
5. Short term memory
6. Long term memory
7. Knowledge
8. Experience
2. Task specific/Widely applicable
3. Sengitivity to disturbances

Dimension 5: Work Organization

A. Role Configuration Architecture (What is shared)
1. Individual work
2. Cooperative work
1. Collective work, load-sharing coordinated by:

1. Physical coupling through work (e.g., assembly line)
2. Communication from coordinator (e.g., conductor)

3. Mutual communication (e.g., work song)
2. Distributed cooperative work

1. Domain oriented architecture

2. Process oriented architecture

3. Function oriented architecture
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B. Criteria for Division of Work (How it is shared)
1. Formal role configuration
2. Functional de-coupling
3. Load-sharing
4. Agent competency
5. Allocation for problem-solving
C. Aggregation of Activities
1. Aggregation into task (For one person at particular time)
2. Aggregation into job (For one person across time)

Dimension 6: Management Structure

A. Autocratic coordination

B. Hierarchical coordination

C. Heterarchic coordination
1. Negotiating Coordination
2. Anarchistic planning
3. Democratic planning

Dimension 7: Cognitive Resources, Competence, and
Preferences of Agents

A. Type of knowledge in mental representations
1. Declarative Knowledge/the knowledge-based level
1. Aspects of mental models of functional content elementsin the domain
1. Part-whole relations
2. Means-end relations
3. Causal relations
4. Vaue aspects
5. Generic relations
6. Myths and After rationalizations
2. Procedural Knowledge/the rule-based level.
1. Compiled declarative knowledge,
2. Instructed declarative knowledge, Normative procedures,
1. Situation based instruction
2. Symptom based instruction
3. Empirical procedural knowledge, heuristic
1. Cue-Action correlations
2. Know-how; production rules
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3. Episodic scenarios
3. Frames and Episodic Representations/ the skill-based level.
1. Dynamic world model. Dynamic “frames”’.
2. Scripts and Episodes
3. Patterns of movements
B. Extent of knowledge
1. Extent and scope of declarative domain knowledge
2. Size of repertoire of procedural rules
3. Size and smoothness of behavioural, movement patterns
C. Ability to use knowledge.
Categories to be formed
E. Subjective performance criteria for choice among possible strategies
1. Cognitive strain
2. Fear of failure
3. Joy of learning
4. Information economy
5. Elegance of inference process
F. Meta-cognitive knowledge about own situation, abilities and prefer-
ences
Categories to be formed.
G. Semantic interpretations
1. Reading symbols
2. Looking for signs
3. Seeing signals
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Field Analysis of Work Performance

The framework is clearly developed for analysis of cooperative, cognitive work and it
has been derived from efforts to understand and represent human performance in complex
work context. The development, however, is ultimately aimed at design of advanced in-
formation systems. It has previously been argued (Rasmussen, 1988) that even if norma-
tive models of the design process can be useful for teaching, they are not suited for de-
sign of support systems. Design is a creative process which cannot be controlled by for-
mal procedures. New ideas and concepts emerging during design have an intuitive basis,
and conscious thought largely is used for evaluation and rationalization of the emerging
design. For this evaluative analysis, the present framework is well suited serving sys-
tematically and explicitly to bring to the mind of a designer the various relationships influ-
encing the match between work requirements and agent resources. Analytical evaluation
of a conceptual design has many advantages to an empirical evaluation of complex sys-
tems (See e.g., Rouse, 1984). Apart from the obvious advantage, not to have to built
complex prototypes for experimental work, analytical evaluation avoids the trap of find-
ing what you are looking for. For empirical evaluation of complex systems there is no
clear-cut stop-rule for termination of the manipulation of experimental conditions, if and
when the immediate results turn out in conflict with the designer’'s expectations
(Rasmussen, et al., in press), i.e., if the evaluation results are counter intuitive, itisa
natural reaction to seek explanations in deficiencies of acomplex experimental set-up.
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Transfer of Research Findings to System
Design.

Another application of the taxonomy can be the interpretation of research findings from
psychological |aboratory experiments and their transfer to a design application. An ulti-
mate design objective will be to create a proper match between the cognitive task require-
ments in terms of useful mental strategies and the competence, cognitive resources and
subjective preferences of the individual agent, within the envelope of acceptable activities
as defined by work requirements and socia constraints. If we, however, accept the point
of view that performance of the individual agentsis shaped in an evolutionary way by the
creativity of the agent within the constraints of the work environment, it is necessary to
demonstrate for the transfer of observations from laboratory experiments, that the con-
straints found in the work context and those embedded in the research context will lead to
equal cognitive performance of the individual agent (See figure 1). When we want to ana-
lyze or predict selected cognitive phenomena, e.g., the mental strategies and models ap-
plied by a subject in an actual work situation or to test hypothesis from field studies by
findings from selective experimental work in the laboratory, it implies that the transfor-
mation from the general requirements within in the source domain through task and situa-
tion dependent constraints to the representation of the phenomena under study should be
explicitly known and should match the similar transformation from requirements within
the research domain onto the representation. In consequence, if the behavior shaping
constraints and the subjective criteria are not equal in the two cases, the research domain
must be distorted compared to the actual work domain in order to compensate for
this difference, i.e., the ‘ cover story’ chosen for the experiment should be different from
the actual task situation.

This concurrent analysis of the elimination of degrees of freedom in the actual work
context and in the experimental setting is particularly important, considering the very dif-
ferent designs which are applied for different kinds of psychological experiments.
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Figure 31 illustrates the assumption behind experimental and simulation work in the laboratory. We want
to analyze or predict selected cognitive phenomena, e.g., the mental strategies and models applied by a
subject in an actual work situation or to test hypothesis from field studies by findings from selective ex-
perimental work in the laboratory. In consequence, this implies the replacement of the work domain, the
task situation and the actual decision task by equivalentsin an artificial situation. In order to find results
of relevance to the actual source domain, the transformation from performance in the source domain
through task and situation influence to the representation of the phenomena under study should be explic-
itly known and should match the similar transformation from performance in the research domain onto the
representation. In consequence, if the behavior shaping constraints and the subjective criteria are not equal
in the two cases, the research domain must be distorted compared to the actual work domain in order to
compensate for this difference, i.e., the ‘cover story’ chosen for the experiment should be different from
the actual task situation.

Social Orga
nization
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Design of Psychological Laboratory
Experiments

In laboratory experiments, asit isthe case in actual work, serve as controllers of the state
of affairsin awork environment. Consequently, the taxonomy should be well suited to
characterize the structure and content of the experimental task and the functions and
mechanisms brought to work by the subject. Psychological experiments have different
purposes, and the experimental domain chosen will reflect these differences. The follow-
ing sections present a preliminary discussion of the use of the taxonomy to characterize
different types of psychological |aboratory experiments.

| dentification of Characteristics of Psychological
Mechanisms

MEANS-ENDS REPRESENTATION OF HUMAN
RELATIONS DOMAIN PROPERTIES FUNCTIONS
OE(s;J?EéLTlsv&Es Value Systems
CONSTRAINTS IRRELEVANT FOR andStructures
SUBJECT, NOT INCLUDED
PRIORITY MEASURES EMBEDDED IN EXPERIMENT :
MONETARY VALUES| N EXPERIMENTAL Symbolic
INSTRUCTION Information
PERSONNEL, Processing
MATERIAL
PROCESS SPECIFICATION, General
GENERAL FUNCTIONY PERFORMANCE CRITERION Psychological
AND ACTIVITIES sycholog
* l Functions
PHYSICAL ACTIVITIE{ PROCESSES OF Neur o-Psycho- &
AND PROCESSES OFf EXPERIMENTAL - > Physiological
EQUIPMENT SET-UP M echanisms
EXPERIMENTAL
APPEARANCE, INTERACTION _
LOCATION & CON- énaton:_lcal
FIGURATION OF roperties
MATERIAL OBJECTS

Figure 32. The context of experiments to measure characteristics of separate psychological mechanisms.
The figureillustrates the means-ends levels of the experimental set-up including the actual functioning of
the equipment with the overlay of the experimental ‘cover story.’ In a similar way, the mechanisms
brought to work by the subject is arranged in a means-ends hierarchy. The hatched areas indicate those
parts of the mechanisms which are within the experimental scenario, the rest are implicit constraints. The
interpretation by the subject of the higher levels of the work domain (and the mechanisms of the set-up)
is, e.g., blocked by the instruction, the experiment has no ‘meaning’ to the subject.

Examples are experiments to selectively measure speed, accuracy and signal-to-noise
ratio in motor control; capacity of working memory span; etc. Experiments for this pur-
pose are based on carefully selected and well controlled experimental tasks which selec-
tively stress the application of particular psychological mechanisms. For such purposes,
experimental tasks are normally artificial and have special research related labels such as,
e.g., tracking task, dual choice task, etc. The instruction of the task procedureis very
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explicit, i.e., the particular process to be applied in the experiment is clearly instructed to-
gether with a process-related criterion, e.g., related to speed or accuracy. In effect, con-
sideration of all higher level functions, goals, and priorities is excluded by the instruction,
only the lowest levels of the means-ends hierarchy are relevant for the subject, see figure
32.

Influence of Task Parameters on Performance

Examples are studies of e.g., task complexity, interface representation, feedback infor-
mation delays, etc. on task performance. Such experiments are normally made in more
complex task environments that the experiments just mentioned in order to have the nec-
essary variability. Therefore, laboratory tasks are frequently designed to mimic actua
work situation in process control, forest fire fighting, hospital diagnosis, etc.

MEANS-ENDS REPRESENTATION OF HUMAN
RELATIONS DOMAIN PROPERTIES FUNCTIONS
oé;JOE?:LT?V&Es, Value Systems
CONSTRAINTS IRRELEVANT FOR INSTRUCTION | andStructures
SUBJECT, EMBEDDED oy\é;I)EAFEMA?VD
PRIORITY MEASUREY IN EXPERIMENTAL PERFORMANCE | Symbolic
MONETARY VALUES, INSTRUCTION ;
CRITERION Information
PERSONNEL, Processing
MATERIAL

General

q EXPERIMENTAL .
GENERAL FUNCTIONY FUNCTIONAL TASK PER- Psychological

AND ACTIVITIES | 'COVER-STORY  !NTERACTION copMANCE

< > Functions
PHYSICAL ACTIVITIES Neuro-Psycho- &
AND PROCESSES OF PROCESSES OF PSYCHO- Physiological
EQUIPMENT SIMULATION LOGICAL M echanisms
DEVICE MECHANISMS
APPEARANCE, IRRELEVANT NOT IN FOCUS| , ical
LOCATION & CON- TO SUBJECT OF STUDY Pnatorrg!ca
FIGURATION OF roperties

MATERIAL OBJECTS

Figure 33. In other types of experiments, not only performance limits of mechanisms are explored, but
dependence of the task performance and quality on task parameters. Results are typically expressed in task
terms depending on task parameters, irrespective of mental strategy or psychological mechanism applied.

In such experiments, the goal and the function of the subject (rather than the work pro-
cedure) is explicitly formulated and the subjects correspondingly instructed, see figure
33. Theresults are typically generalized in terms of the relationship between controlled
task parameters and performance in terms of quality, efficiency or reliability. One typical
problem is, that the experimental setting activates other psychological mechanisms than
the actual task of the cover-story. A frequently cited example is the question whether
study of diagnostic performance by the social judgement paradigm i laboratory setting
actualy isrelevant for expert performancein thefield (see table 1 and Rasmussen, 1990).
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Table 1. Medical Diagnosis

Dimension of Analysis

Sour ce Context:

Hospital

Research Context:
Psychological Laboratory of
the Social Judgement
Paradigm

Work Domain

Goals: Help to other person,

Constraints: Cost of errorscan
be high and will display bad
judgement to colleagues.

Priority Measure: Efficiency,
safety

Function: Diagnosisisinte-
grated part of acomplex set of pa-
tient treatments, research related
functions and social care functions.

Process: Implementation of this
function involves a large number
of cognitive processes together
with physical activitiesinvolving
manipulation of the patient, tools,
equipment, other people, etc.

Physical environment: A
physical patient in acomplex hos-
pital environment

Goals: To satisfy experimenter,
to fit well into the social situation.
Constraints: Cost of errors
low.

Priority Measure: Todo
well.

Function: Responseto ques-
tions or questionnairesin order to
satisfy the interviewer or experi-
ment manager

Process: memory recall, and in-
tuitive judgment only supported by
paper and pencil.

Physical environment: A
laboratory or office environment
without immediate relationship to
the task mimicked by experiment

Task Situation

Diagnosis embedded in turbulent
environment involving several
other people. Diagnostic task is
heavily dependent on the question
to answer i.e., on the stage of the
treatment plan.

Relaxed response to isolated ques-
tions of experimenter

Decision Task

Data collection, situation analysis,
priority judgement, and planning
of treatment are intimately interre-
lated as part of continued interac-
tion with the patients

| solated multiple attribute judge-
ment task;

Mental Strategies

A large repertoire of mental strate-
giesis availableto the agent, in-
cluding context based recognition,

The repertoire of relevant strategies
is constrained by the situation;
Useful are, in particular, strategies
such as decision table look-up and
recall of textbook material;

Agent Definition

Agent isidentified as one of a set

of cooperating agents sharing task
and responsibility according to dy-
namically changing criterig;

Agent isisolated from the social
context of the mimicked task;

Role Allocation

Depend dynamically on the con-
text;

Static, well defined;

Social Organization

Task force depending on collective

memory

Two person game

140

Risg-M-2871




Taxonomy for Cognitive Work Analysis

Agent Competency and Performance is depending on situa- | Only part of the agent’s profes-
Performance Criteria tion related intuition, i.e., on tacit | sional competency relevant. Recall
knowledge; it depends very much | of text-book decision-table kind of
on recognition skillsand prior ex- | knowledge vital;

perience.

| dentification of Strategies, Heuristics, and Mental Models

The ambiguity of the experiments concerning the rel ationships between performance and
task characteristics can only be resolved when analysisis focused on the mental strategies
brought to action by agents for particular mental tasks such as situation assessment, diag-
nosis, or planning. For such experiments, simulated tasks are frequently used in the labo-
ratory, mimicking in a controlled way atask known from normal work context (electronic
trouble shooting studied by means of computer generated networks of interrelated nodes,
medical diagnosis cases presented in paper-and-pencil representation, etc.).

In such experiments, the instruction is frequently phrased with reference to an actual
task and professional subjects are used for the experiments. Results are, unfortunately,
often generalized in terms of performance in actual work. It is, however, possible to gen-
eralize and to identify strategies with reference to basic cognitive processes and resource
requirements, if a consistent taxonomy is used to interpret and compare the source and the
research domains, as discussed in figure 31.

MEANS-ENDS REPRESENTATION OF HUMAN
RELATIONS DOMAIN PROPERTIES FUNCTIONS
GOALS & OBJECTIVES INSTRUCTION/| Value Systems
CONSTRAINTS IN TERMS andStructures
IRRELEVANT FOR OF GOAL AND
SUBJECT, EMBEDDEDJ] PERFORMANCE
PRIORITY MEASUREY IN EXPERIMENTAL i
MONETARY VALUES|  INSTRUCTION CRITERION [ Symbalic
PERSONNEL, Processing
MATERIAL
STRATEGIES
GENERAL FUNCTIONY FUNCTIONAL <EXPERIMENTAT (F%s;grqg:ogical
AND ACTIVITIES '"COVER-STORY INTERACTION Functions
PSYCHO-
PHYSICAL ACTIVITIE LOGICAL Neuro-Psycho- &
AND PROCESSES OF PROCESSES OF RESOURCES Physiological
EQUIPMENT SIMULATION M echanisms
DEVICE
APPEARANCE, IRRELEVANT .
LOCATION & CON- TO SUBJECT Anatomical
FIGURATION OF Properties

MATERIAL OBJECTS

Figure 34. The experimental setting is similar to that of figure 3, but analysisis focused on identification
of mental strategiesin terms of basic cognitive processes.
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Analysis of Problem Solving Behaviour in Complex
Experimental Domains,

Such experiments are aimed at a study of the performance of subjectsin exploration of a
problem domain, their formulation of the problem they face, the goal they adopt, and the
solution they generate. In this case, the instruction of the subjects cannot make explicit the
goal of the experimental task, neither the experimental task procedure since the study of
the formulation by the subject is the central experimental objective. Consequently, thein-
struction is frequently very open and given by a description of a‘cover story,’ i.e., ade-
scription of an actua work situation which has been the source of the simulated relational,
functional network, see figure 35. Results are often formulated with reference to perfor-
mance in the ssimulated domain, even some groups (e.g., Doerner’s simulation studies of
complex decision making) aim at an identification of mental strategies with reference to
cognitive processes.

MEANS-ENDS REPRESENTATION OF HUMAN
RELATIONS SOURCE DOMAIN FUNCTIONS
GOALS &
omsernves | SoME |STUATION | con coruy. | ValusSystems
CONSTRAINTS ' LATION, VALUE
AND STORY ’
_ JUDGEMENT
CON EMOTIONS
PRIORITY MEASUREY STRAINTY oNLY SUB. Symbolic
MONETARY VALUES] WILL BE SET WILL Information
PERSONNEL, INFERRED BE IN- Processing
MATERIAL FROM CLUDED
EXPER- STRATEGIES
IMENTAL - > General
GENERAL FUNCTIONY SET-UP EXPERIMENTAL Psychological
AND ACTIVITIES INTERACTION Functions
PSYCHO-
PHYSICAL ACTIVITIE LOGICAL Neuro-Psycho- &
AND PROCESSES OF PROCESSES OF RESOURCES | Physiological
EQUIPMENT SIMULATION M echanisms
DEVICE
APPEARANCE, IRRELEVANT .
LOCATION & CON- TO SUBJECT Anatomical
FIGURATION OF roperties
MATERIAL OBJECTS

Figure 35. lllustrates the domain representation and relevance in experiments with decision making in
complex work scenarios.

When computers are used to simulate complex scenarios from real-life work context,
naive subjects (e.g., psychology department students) or professional agents from the
particular work domain are asked to cope with tasks in this environment. In thiscaseitis
very difficult to control reliably the actual goals and performance criteria adopted by the
subjects. It is, of course, the intention to keep the higher functional properties of the task,
the working goals and subject priorities as undisturbed as possible but it should be real-
ized that the physical process and anatomy of the real work domain are replaced by the
processes and anatomy of the computer installation, see figure 5. Typically, a subject will
be well aware of thisfact, in particular when “in trouble’. It is often found, that a subject
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will explain unexpected simulator performance by program inadequacies or bugs. In an
actual work environment, there is a very subtle, many-to-many relationship between the
goals, the functional level and the possible implementations at the physical process level
and it will be very difficult for a subject to judge what is and what is not included in the
simulation. The subject will, therefore, have to infer a number of goals, constraints, and
functions from more or less intuitive assumptions about the task as conceived by the de-
signer of the experiment.

In thissituation, it isimportant to be able to analyze and describe explicitly the actual
source domain of the research hypothesis as well as the research domain selected under
the assumption that human agentsin any work domain are basically goal directed, adap-
tive organisms having several mental strategies at their disposal in each situation and
choosing the actual strategy from context and situation dependent performance criteria. If
we accept this basic assumption, we can only draw conclusions from selective experi-
ments and simulations, if we explicitly can describe the similarities and differences be-
tween the actual behavior shaping constraints of the actual work conditions and of the ex-
perimental conditions.
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Simulation of Cognitive Processes

Simulation of human performance can be implemented on several levels of abstraction,
see figure 36. In the present era of cognitive science, information processing modelsin
terms of production rule systems are prominent. In such models, psychological mecha-
nisms are implicitly represented in terms of capacity limits for performing the information
processes involved. If however, the adaptive and learning abilities are in focus of investi-
gation, simulation models which explicitly represent ‘ psychological primitives' are be-
coming interesting approaches (Reason’s models based on similarity matching and fre-
guency gambling). Furthermore, when interest is focused on performance for which tacit
knowledge, context and intuition are important features, explicit representation of the
parallel processing, distributed features of the neural network becomes important. This
has been attempted in the neural-network, connectionist approach, and in the use of opti-
mal control theory applied for differential equation representation of pilot performancein
dynamic vehicle control.

Vaue Systems and
Structures * Goal seeking
] ] Mental Models and
Symbolic Information Strategies; SRK Control
Processing 1
Procedures A
v Psych. Func's. 2
Psychological I
Functions Categorization, ue-Action
Inference Correlation
S PDP- Similarity l
Physiol ogl cal Models Matching
Mechanisms
(3
. Network
Anatomical l
Properties Topography
Levelsof Analysis Model Implementation

Figure 36. Simulation of human performance can be developed at several levels of psychological and cog-
nitive processes. Information processing models (1) are focused on information processing strategies ex-
pressed in terms of basic cognitive information processes and mental models, i.e., production rules for
operation on mental representations. Psychological mechanisms are basically considered to be able to
formulate processing limitations. Other models are focusing on elementary psychological mechanisms
(2), such as Reason’ s psychological primitives, similarity matching and frequency gambling. Task proce-
dures are formed by empirical cue-action correlatives, i.e., the model can generate production rules.
Recently, models have been fashionable mimicking the processes of the distributed, parallel processing of
the neural anatomy (3).
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Appendix:

An Example: Activities of Fighter Pilots

In order to demonstrate that a cognitive task analysis often quite naturally will be struc-
tured around the concepts discussed in the previous sections, the results of Amalberti’s
(1990) analysis of the activities of fighter pilots are reproduced below. The comparison
show great similarity between the French and the Risg approaches to cognitive activity
analysisin an actual case, even if some differences have been found in general, concep-
tual discussions.

1. Work Domain, Task Space

MEANS-ENDS Means-Ends Structure
___RELATIONS ) _ _ ) )
Goals and Purposes, Career, Reputation, Personal Safety, Care for
Constraints. craft, Impact on enemy, etc.
Priority Measures; Flow and | Probability of attack, timing of trajectory, flow
Accumulation of Mass, and inventory of fuel, of ammunition, etc.

Energy, Information,
People, and Money.

General Functions Planning mission;
and Activities. Executing mission:
Flying: navigation, vehicle control, system and
automation management;
Fighting: attack, evade threat from enemy and

own forces
Physical Processes Use of instruments, manipulate controls,
in Work and wWeapons, program computer
Equipment.
Appearance, Location, See description of topography of work domain
and Configuration of and inventory of relevant objectsin figure 2 of
Material Objects. this appendix

Figure A-1. List of the items mentioned in Amalberti’ s verbal description of the fighter pilot task during
mission is here arranged in the abstraction hierarchy.
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2. Delimitation of Work Situation

DESCENT TARGET

‘ VERY LOW LEVEL

HIGH SPEED

" WITHOUT
- viSIB\LIT

NAV.

4
N
-
¥

Vi

HOSTILE AREA (PREDICTED)

PLANNED NAVIGATION

Figure A-2. Decision situation of the pilotsin Amalberti’ s study. The decision task is embedded in ave-
hicle control task which is represented in the figure within the physical topography of the work domain.
In vehicle control, the task requirements are intimately related to properties of the work domain topogra-
phy, i.e., the skilled movement control isintegrated with the higher level decision making. Thisis not
the case in many other types of task in which interface manipulation and cognitive tasks are separated.
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Activity Described in Domain Terms

DIAGNOSIS POSSIBLE INCIDENTS

MASTER

SITUATIONAL PROBLEM
WARNING BELL

DETECTION BY
ENEMY RADAR

T ON TARGET
TARGET NO EARLY/LATE
IN VIEW

CONTINUE AND

DELAY THE ANSWER TO CONTINUE
THE FOLLOWING LEG

ENGINE FIRE

- mm m— we m— wn — — — m—

START
START MANUAL EJECTION OUT OF CONTEXT
DEFENSIVE PROCEDURE
PROCEDURE

OF POOR
NAVIGATION
APPLY BLIND FIRING

FOR
WEAPON
DELIVERY

PROCEDURE

ASSOCIATED PROCEDURES

Figure A-3. A particular task situation of Amalberti’s pilots described in terms of the work domain.
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3. Analysisof Decision Task in Information Terms

elaboration of new procedure
productive reasoning

diagnosis \

reproductive
reasoning selection of a procedure

action

data gathering
bypasss (reflex responses)

Figure A-4. This representation by Amalberti of the pilots’ decision task, i.e., situation analysis and
planning, is formulated in the same information processing dimension as the ‘ decision ladder’ shown fig-
ure 21 of the taxonomy, and includes similar short-cuts of the elements of analytical decision making by
an expert. One central conclusion of Amalberti’s analysis has been that in fast process control the diag-
nostic task cannot be separated from the control task. This has also been the conclusion from chemical
process control studies and medical diagnosis, as it is demonstrated in figure 22. Thisis a quality of the
diagnosisin a control or therapeutic task in general, not just rapid control tasks such as piloting fighters.
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4. Information Processing Strategies

CHANGE IN SITUATION : SYMPTOM

EXPECTED UNEXPECTED

/

ENGAGE IMMEDIATE
REFLEX RESPONSE FLIGHT SAEETY
DOES NOT ENGAGE
IMMEDIATE SAFETY
REFLEX RESPONSE
STABILIZE SHORT TERM EVOLUTION
RESPONSE POSTPONED
SET UP OF AMENTALMODEL o™
OF THE CURRENT SITUATION

(SITUATIONAL DIAGNOSIS)

MEDIUM AND LONG TERM STRATEGIES

Figure A-5 illustrates Amalberti’ s analysis of different mental strategies which can be used by pilots, de-
pending on the familiarity of the situation. Compare with the strategies discussed in section 4 of the tax-
onomy. Implicit in the figure is a distinction between different cognitive levels of control similar to the
distinction in section 7 of the taxonomy.
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Abstract

The taxonomy is a conceptual framework for analysis of cognitive activities as they actually
unfold in acomplex work situation. It has emerged through years of studiesin process plants,
el ectronic maintenance workshops, libraries, hospitals, and manufacturing companies. The
present approach to ataxonomy is shaped by intention to create atool that can serve the de-
sign of advanced information systems by making it possible to match system propertiesto the
users actual, cognitive activities, resources, and preferences and to predict the kind of
changes to be expected in the behavior of individuals and organizations in response to new in-
formation systems.

The taxonomy is, however, also intended to serve needs of research in general in complex
work environments. In particular, it isintended to be a vehicle for generalization of results of
field studies in various domains so as to make it possible to transfer results among domains.

Accordingly, the taxonomy is shaped as a multi-facet description system along the dimen-
sions of 1) The work domain representation; 2) Activity analysisin domain terms; 3) Activity
analysis in decision making terms; 4) Information processing strategies; 5) Actual work or-
gani zation, the dynamic division and distribution of activities and their coordination; 6) Social
organi zation and management styles and, finally, 7) Cognitive control of activities, the mental
resources and preferences of the actors.

The report gives a description of the concepts used for analysis along these dimensions
and, in addition, presents some examples for its application for comparison of field analysis
and laboratory experiments.

The paper is aworking paper and will be revised and up-dated from the experience gained
from further field studies and system design projects.
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