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Introduction
The major goal of early knowledge system development
methods was the implementation of expert-like automated
problem-solving systems by means of knowledge
acquisitions, knowledge representation, and problem-
solving methods (e.g. Hayes-Roth et al., 83;
Chandrasekaran, 83; Steels, 90). However, soon complete
automation of the problem solving process proved to be
inappropriate for the development of knowledge systems
(Pollack, 82; Bainbridge, 82; Coombs & Alty, 84). As an
alternative, an approach was formulated which took as its
main objective the optimization of the performance of the
“joint man-machine cognitive system” by supplying users
with cooperative systems (e.g. Woods, 86; Goodson &
Schmidt, 90). This “optimization approach” transcended
the automation-oriented development methods in many
ways (Stolze, 91). Despite this, I think, it is now time to
reevaluate the optimization approach and to question the
development perspective this approach is based on.

Development perspectives strongly influence the way
computer systems are developed because these
perspectives determine which properties of a phenomenon
are considered and which are ignored (Nygaard & Sørgard,
87). When evaluating development perspectives it is not
of much interest whether the perspectives are “correct” but
rather how the use of perspectives affects the work of
system developers. In this paper I will discuss the dangers
of seeing user and system as a joint cognitive system that
needs to be optimized and I will present an alternative
development perspective in which the knowledge system
is seen as a modifier of the environment and users are seen
as situated acting practitioners in domains which require
extensive use of representational tools.

Dangers of the “Joint Man-Machine
Cognitive System” Perspective

The dangers of the joint man-machine cognitive system
(JMMCS) perspective result from the implicit
assumptions deriving from this perspective. Figure 1 lists
the three most problematic implicit assumptions and the
dangers resulting from them. The assumptions and the
resulting dangers are discussed below.

• Knowledge system and user are assumed to be
similar, human-like partners.

‡ Knowledge system is optimized to be human-like,
not necessarily to be useful.

• Knowledge system and user are assumed to be
similar, information processing sub-systems.

‡ Focus on partial automation and control of users’
“deficient information processing” properties.

‡ Design of the joint system is strongly influenced
by existing algorithms.

‡ Learning, handling of new situation and motivation
are not considered and not supported.

• Knowledge system and user are seen as a joint
system which is optimized through task re-
distribution.

‡ Focus on internal properties of the joint system.

‡ Neglect of the collaboration aspects, the task-
artifact-cycle and the dynamics of the environment.

Figure 1: Implicit assumption deriving from the “joint
man-machine cognitive system” perspective and dangers
resulting from them. See text for details.

A number of dangers of the JMMCS perspective derive
from the fact that calling user and knowledge system
“sub-systems” of the JMMCS makes it easy to forget
important differences and thus makes developers believe
that user and knowledge system are (or should be) similar
in nature. As a result, developers might assume that
knowledge systems should optimally act as human-like
partners of the user or that users are a specific kind of
information processing system. Below I will discuss the
dangers involved in both of these assumptions.

The assumption that knowledge systems should
optimally act like human-like partners of the user forms
the basis of a number of knowledge system development
approaches (e.g. Hoschka, 91). However, the goal of
building a human-like support system induces developers
to focus on system properties which are not central for
improving the usability of the knowledge system. For
example, developers might equip their system with a
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natural language interface and not with a direct
manipulation interface —even if direct manipulation
would be more appropriate— since they assume that
natural language interaction is more human-like.

The assumption that users should be interpreted as
information processing sub-systems of the JMMCS
constitutes the basis of development approaches which
rely on cognitive task analysis and task distribution (e.g.
De Greef & Breuker, 89; Goodson & Schmidt, 90; Stolze,
91). However, the information processing view of human
cognition has been challenged as a theory of cognition
(e.g. Lave, 88) and also as the basis for interactive system
development (Winograd & Flores, 86; Suchman, 87;
Bannon & Bødker, 90). According to the information
processing perspective, good performance is characterized
by fast, error-free, and consistent performance. Users are
generally seen as unreliable information processing
components and sub-optimal performance is seen as the
result of missing processing power (i.e. cognitive
overload), erroneous programs (i.e. wrong or missing
knowledge), or of wrong or missing data about the
situation. Optimization of the JMMCS becomes therefore
synonymous with automation of the information
processing tasks the knowledge system can perform
better, the control of users’  unreliable information
processing where possible, and the design of the user-
system interface in terms of data transmission- and error-
rates.

This interpretation of JMMCS optimization is
problematic because the information processing
descriptions of users are by necessity incomplete
generalizations of concrete user performance which are
created by the system developer (Winograd & Flores, 86).
Automating user sub-tasks that seem sub-optimal
according to this description is dangerous because the
automation of these sub-tasks forces users to work the
way system designers have understood their performance.

Let me use an example to illustrate these points
further1. In a diagnostic domain the system developers
might have decided that users perform their diagnostic task
according to a “cover&differentiate” problem-solving
strategy (Eshelman, 89). That is, users first determine the
symptoms of the situation, then they develop a set of
plausible hypotheses, and then, based on this, they
determine the best test to discriminate between
hypotheses; finally the result of the test creates new
evidence and the cycle is started again. Based on their
analysis of user performance the developers decide to
automate the task of hypotheses collection because users
can easily be outperformed by a knowledge system in this
sub-task. The other sub-tasks are still left to the user.

One problem that surfaces in the above example is that
the analysis of users was biased because it was assumed
that the people acted according to known computational
algorithms (i.e. the “cover&differentiate” problem-solving

1 This example is based on concrete experiences I made in
a knowledge system development project (c.f. Stolze, 92)

strategy). Already the classification of the user task as a
“diagnostic task” was a very gross abstraction and limited
the focus of the analysis to those actions that belong to
the task (as for example performing a test) and those
actions that do not (as for example drinking a coffee with
a client). Using this focus users were then analyzed in
terms of known diagnostic problem solving mechanisms
(i.e. algorithms). By comparing the performance of the
algorithms with the users’  performance on these tasks
developers then determined that the computational
mechanism should be used only for the hypotheses
generation part.

The danger here is that the algorithm or the algorithms
the analysis is based on (in the example the
cover&differentiate algorithm) usually do not account for
important human properties like learning, handling of
new situations, communication and motivation. Once the
observed user performance has been described in
information processing terms, it seems that users are
exclusively involved in routine procedures which are based
on existing knowledge. It is true that there are
information processing theories which focus on the
aspects of learning, analog reasoning, communication and
motivation, but the fact is that using them as a basis for
describing user performance usually results in highly
complicated descriptions. Thus, when “Occams Razor” is
used, these descriptions are abandoned in favor of the less
complicated ones that do not account for motivation,
learning and skill transfer. The danger then is that systems
which were developed by using the information
processing perspective will not be motivating to work
with, are too focus on individual work and do not support
users to transcend their existing skills nor to apply them
in new situations. Users might become tightly integrated
“information processing sub-components” of the joint
system, and thus be given no opportunity to escape the
task-structure predetermined by the system developers and
no way to react to new situations which have not been
anticipated when the system was designed.

Finally, another danger of the JMMCS perspective
derives from the fact that it is based on the “system view
of tools” (see Figure 2). That is, the support system is
seen as part of a joint system which has to be optimized
according to external requirements of the environment.
Norman (90) contrasts this view with the “personal view
of tools” which sees the support system as a modifier of
the users’ environment. In this view the main objective is
the adaptation of the environment to needs of the user. A
shopping list, for example, interpreted from the system
perspective, enhances the shopper’s memory capacity and
recall quality. Viewed from the personal perspective, the
shopping list changes the shopper’s environment and the
way the task is performed. Memory capacity and recall
quality of the shopper remain the same but the
environment is changed so that these factors do not matter
any more.
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Figure 2: Two perspectives on tools (adapted from Norman,
90). The “system view” focuses on the way the tool changes
the abilities of the person using it. In this view person and
tool together form a person-tool system with enhanced
abilities. The “personal view” focuses on the way the
person’s environment and his or her possibilities for
perceiving this environment and acting in it are changed.

• Deep knowledge of materials and mastery of the
tools and procedures developed during intensive
apprenticeship and experience.

• Permanent control over materials and tools with the
main attention on the tools’ effects on the material,
not the tools themselves.

• Direct and exclusive control over the space for
materials and tools.

• Skill-based participation in the development of
refined tools, refined techniques and the choice of
new materials.

Figure 3: Characteristics of craftsmen (adapted from Ehn &
Kyng, 84).

 In the context of JMMCS optimization the “system
view” lets designers focus on the question of how the task
—which is originally performed by the user without
system support— can be divided into sub-tasks which can
than be assigned to either the support system or the user.
The problem with this approach is that it implicitly
assumes that “the task” of the JMMCS does not change
when some of the sub-tasks previously performed by the
user get automated. However, in most cases this
assumption is not correct as humans tend to adapt their
tasks and goals according to the “costs” of the involved
actions. Thus when certain activities become easier or
more difficult due to the introduction of the cooperative
system, users tend to redefine their own tasks as well as
the task of the JMMCS in the light of these new
circumstances. The phenomenon that users redefine their
task when a new tool is introduced has been called the
“task-artifact-cycle” (Carroll, 90). The danger is therefore
that the JMMCS leads system designers to focus on the
internal properties of the JMMCS and not to pay
attention to the dynamics of the interaction between the
JMMCS and its environment.

The Workshop Perspective
Looking at knowledge systems from the workshop2

perspective means viewing an individual as being similar
to a craftsman who makes a complete product according to
the rules of craft (Figure 3).

It might be argued that the workshop perspective is not
useful for knowledge systems because users of knowledge

2 Here the word “workshop” is used in its traditional
meaning referring to a small establishment for
manufacturing or handicrafts.

systems are, by definition, involved in knowledge
intensive and intellectual tasks which cannot be compared
to the manual tasks of craftsmen. However, this is only
partially true. Intellectual work, when interpreted as work
involving the manipulation and generation of
representations, has many aspects of a craft. For the
development of knowledge systems it is important to see
that not only “physical” tools are part of users’
workshops, but that actions also get mediated by
“immaterial tools” like task specific techniques and
languages.

In contrast to the JMMCS perspective the workshop
perspective is based on the personal view of tools and an
interpretation of users as situated acting agents. The
situated action perspective presented here (see Figure 4) is
strongly influenced by the works of Csikszentmihalyi
(75), Schön (83), Winograd & Flores (86), Dreyfus &
Dreyfus (86), Suchman (87), Ehn (88) and Bødker (89).
Lately, this line of thought has received increasing
attention under the labels of “situated action”, “situated
cognition” and “socially shared cognition” (Resnick et al.,
91; Norman, 93).

Knowledge System Development based
on the Workshop Perspective

According to the workshop perspective, interactive
knowledge systems should ideally structure users’
working environments in such a way that it becomes
motivating and stress-free for users to apply and transfer
existing skills, to develop their skills as needed, to
collaborate successfully with other users and clients, and
to adapt and exchange their tools, documentation and
techniques according to needs in concrete situations. These
points are elaborated in Figure 5. and are further discussed
below.



Information Processing Perspective Situated Action Perspective
View of User “Information processing agent” Tool-using person acting, adapting and learning in

concrete situations based on his or her experience
as an individual and member of a group.

View of
Reasoning
and
Behavior

Behavior is the visible manifestation of
reasoning processes in which knowledge (i.e.
data) is interpreted according to inference
methods (i.e. programs).

Behavior emerges from a sequence of tool-mediated
actions. Breakdowns lead to reflection-in-action.
Reasoning is acting on mental or external
representations.  Reasoning in the context of
reflection-in-action is always in service of action in
the domain.

User
Qualities

Fast, error-free and structured performance. Generating appropriate solutions in changing
situations.
Adding to the practice of the community through tool
development.

User
Problems

Deficient processing.
Missing Knowledge.
Wrong Knowledge.
Ignored Data.

Skill application.
Skill development.
Collaboration.
Tool adaptation and exchange.
Motivation.
Stress.

Figure 4: Major differences between the information processing perspective and the situated action perspective. See Stolze
(92) for details.

Support of skill application.
Difficulty of activities can be regulated.
Immediate feedback.
Balancing of effort and benefit possible.
Individual styles possible.
Activities are similar.

Support of skill development.
Immediate feedback.
Exploration possible.
Individual styles possible.

Support of collaboration.
Alternative modes of interactions available.
Appropriate “languages” available.
Balancing of effort and benefit possible.

Support of tool adaptation.
Individual, direct tool adaptation possible.
Distribution of changed tools easy.
Integration of distributed tools easy.

Figure 5: Maxims of interactive knowledge system
development according to the workshop perspective.

Support of skill application.���According to the
workshop perspective, knowledge systems should change
the users’ environment in such a way that it becomes
easier for them to apply their skills. However, not all
users possess equal skills and even the level of
competence of individual users will vary from situation to
situation. Users should therefore be able to regulate the
difficulty of the activity according to their current level of
competence. To make this possible it is necessary that
users can choose between alternative actions and that

actions do not involve high costs or high risks for doing
or undoing them. The right balance of demands of the
environment and available skills leads to a motivating
experience which Csikszentmihalyi (75) calls “flow”.
Knowledge systems should make the regulation of
demands possible by offering users alternative
perspectives on the situation and by giving them
additional possibilities for developing and modifying
representations of the problem situation (Stolze, 93a).

For regulating the demands of the environment it is
necessary that users can judge their current performance.
For this they need immediate feedback on the effect of
their actions. Of course, some environments inevitably
show delayed feedback (e.g. loan experts at a bank only
get feedback about the success of their decisions two or
three years later). Knowledge systems, however, should
increase the immediate feedback of the environment as
much as possible. Simulation tools, for example, might
not give “real” feedback, but it is often more useful to get
an immediate, though only approximate feedback than
getting a delayed, but exact feedback.

Knowledge systems should allow users to individually
balance their effort with the benefit they get. A tool
which only supports the production of high quality
objects (despite the fact that this high quality is often not
required) and which forces users to invest too much work
for producing this product is not an appropriate tool
according to the workshop perspective.

Knowledge systems should also structure users’
working environment in such a way that users can keep
up their own style of working, thus being in a position to
make optimal use of their skills. In addition, the users’
environment should be structured in such a way that
activities are similar (i.e. that they are variations of a



theme) and that these similarities can be easily detected.
This way previous experience can be applied
appropriately.

Support of skill development.���Knowledge systems
should change the users’ environment to make it easier for
them to develop their skills. Not only for the appropriate
application of skills discussed above, but also for the
development of skills it is important that users get
immediate feedback on their actions. This allows them to
learn about the effects of actions. If the feedback is
delayed, skill development is much more difficult since it
will often not be obvious which action or actions caused
the feedback.

Skill development can also be supported by making
exploration possible and easy. This implies that the
available actions can be performed and undone easily and
without risk and that users are not faced with narrow time
constraints which leave no room for exploration.
Exploration is supported in environments which direct the
users’ attention to possibly useful but yet unexplored
actions.

Finally, users should be supported in developing and
elaborating their individual style of work. This way they
can develop their skills much faster since they can make
optimal use of existing skills and use them as a basis for
further skill development.

Support of collaboration.���Knowledge systems should
change the users’ environment in such a way that
collaboration becomes easier. For this knowledge systems
should supply users with alternative ways of interaction.
For example, unsupported users can interact only if they
are at the same place at the same time. Tools can support
interaction over distance (e.g. telephone) or over time
(e.g. paper notes). Knowledge systems should support
communities of practitioners in managing their common
pool of knowledge and tools (Stolze, 93b).

Another way of supporting users is to supply them
with appropriate “languages”, that is, with
representational techniques which support the
formalization and the exchange of experiences. An
important point in the support of collaboration is that it
should be possible for individual users to balance their
“investments” in collaborative activities with the benefits
they get from this. Grudin (88), for example, shows that
automatic meeting scheduling systems are not accepted
because users must make the effort to maintain their
electronic calendar, and yet only those who call meetings
benefit from them. Such systems are not accepted because
a disparity exists between those who benefit and those
who do the work.

Support of tool adaptation.���Tools which help users
to reduce the difficulty of carrying out actions in their
domain are often developed by the users themselves based
on local need. These individual tools are often adapted
from other domains users are experienced in. In computer
science we see mathematicians “porting” their
mathematical tools to computer science. Another way
users change their domain is by modifying existing tools

and building additional tools around them. This is what I
call tool adaptation. According to the workshop
perspective, knowledge systems should change the users’
environment in such a way that tool adaptation (also of
the knowledge system itself) becomes easy. Since these
adaptations might also be interesting for other users, the
distribution of these adapted and newly developed tools
should be supported. This way the competence of the
whole community is improved. However, as users will
usually employ different styles of work, they cannot use
these distributed tools immediately, but they have to
integrate them first into their working environment. Also
this process has to be supported.

The “Buttons” environment (MacLean et al., 90) is a
paradigmatic example of a computer system which
supports tool adaptation and tool distribution by users. In
the “Buttons” environment, small programs which do
useful things (as for example distribute e-mail messages
to a given group of people) can be distributed and installed
over e-mail.

Discussion and Conclusion
The workshop perspective makes designers think about
questions of skill application, skill development,
collaboration and tool adaptation. These are exactly the
questions designers will most probably miss when they
are focusing on the optimization of the “joint man-
machine cognitive system”. It might be concluded that the
JMMCS perspective should be abandoned in favor of the
workshop perspective. However, this would be
problematic too. While the workshop perspective is
useful for the design of isolated, highly interactive
systems, it gives developers almost no guidance in
questions concerning the integration of new systems in
existing information processing environments neither
does it help them in deciding how the envisioned system
should be implemented. I therefore advocate a “hybrid”
development approach in which the workshop perspective
is used for determining the user related aspects of the
knowledge system and the JMMCS perspective is used for
studying questions of integration and implementation.
Obviously these questions are highly interrelated and
parallel consideration of all aspects and both perspectives
is necessary.
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