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Abstract

We have developed a conceptual framework and a demonstration
system that contextualize (or situate) learning in the context of
real-world work situations. The conceptual framework is based
on the following requirements: the choice of tasks and goals must
be under the control of the user, not the system. The environment
must be able to situate learning, allow situations to ‘‘talk back,”
support reflection-in-action, identify the instructional information
relevant for tasks at hand, and turn breakdowns from disasters
into opportunities for leaming. Leaming must not disrupt or
interfere with solving a problem, and new information to be
learned must help to accomplish the task at hand.

Our demonstration system JANUS (developed for the domain of
architectural design) is built on an integrated architecture: a
knowledge-based construction component, a hypermedia-based
argumentation component, a set of critics, and a catalog of prece-
dent solutions. Contextualized learning is supported by the critics
that link construction and argumentation, and precedent solutions
from the catalog that situate argumentation. Evaluation of JANUS
and the underlying conceptual framework have shown that this
approach combines some of the best features of open-ended
learning environments and tutoring systems.

Introduction

We have developed a prototype and an architecture for
knowledge-based design environments that contextualize
learning. Our system uses knowledge-based construction
kits and hypermedia to contextualize learning, i.e., to en-
able users to learn within the context of their work on
real-world problems. With such systems, learning does not
take place in a separate phase and in a separate place but is
integrated into the work process. The system lets users
construct solutions to their own problems, advises them
when they are getting into trouble, and provides directly
relevant information. By letting users see for themselves
the usefulness of new knowledge for actual problem situa-
tions, the system improves the motivation to learn.

In this paper, we discuss the necessity and rationale to
support contextualized learning, develop a conceptual
framework for the problem and describe JANUS as a
demonstration system illustrating the approach. From the
specific system we derive a generalized architecture for
such systems. Our evaluations of our effort identified the
limitations of our current work and suggested a number of
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extensions for future research.

The Need to Contextualize Learning
Doing problem solving and design well has always been
difficult, but the explosive growth of technology is greatly
magnifying this difficulty. In technologically oriented
design fields, the knowledge base needed for design is
growing and changing at an alarming rate (Draper, 1984;
Fischer, 1988). Learning everything in advance is impos-
sible because there are too many things to leamn. Humans
cannot keep up with developments in their own fields,
much less in other fields of potential relevance. The large
and growing discrepancy between the amount of poten-
tially relevant knowledge and the amount an individual can
know and remember puts a limit on progress in design.
Overcoming this limit is a central challenge for developers
of support systems.

Designers can no longer depend on learning everything
they need to know before they enter the world of work.
They must be able to learn on demand and learning must
be contextualized. At least two things are required of a
system that allows learning to take place within the context
real problem-solving situations. First of all, instruction
must relate to and serve the actual task situation at hand
where the choice of tasks is primarily under the control of
the problem solver, not the system. Secondly, learning
must not disrupt or otherwise interfere with solving the
problem. The system must avoid the ‘‘production
paradox,” (Carroll, Rosson, 1987) where learning is in-
hibited by lack of time and working is inhibited by lack of
knowledge. The designer must regard the time and effort
invested in learning to be immediately worthwhile for the
task at hand — not merely for some putative long-term
gain.

Contextualizing learning shares goals with the concept
of “‘cognitive apprenticeship’’ of (Collins, Brown, New-
man, 1989). They characterize their approach as follows:
Perhaps as a byproduct of the relegation of learning to schools,
skills and knowledge have become abstracted from their uses in
the world. In apprenticeship learning, on the other hand, target
skills are not only continually in use by skilled practitioners, but
are instrumental to the accomplishment of meaningful tasks.

Contextualizing learning requires more support than
tutoring systems or open learning environments can
provide. The strength of tutoring systems (Anderson,
Reiser, 1985; Psotka, Massey, Mutter, 1988; Polson,
Richardson, 1988; Wenger, 1987) lies in their ability to
teach basic concepts and skills of a problem domain.
However, they cannot be designed to closely match the
concrete problem solving situations of users. Problems



presented by tutoring systems are often well-defined and
prespecified by the system rather than ill-structured and
arising out of real-world contingencies. With tutoring sys-
tems, learners are left to acquire task application
knowledge on the job, after the completion of formal train-
ing. It is left to the leamer to relate such training to real-
world problem situations.

Open learning environments (e.g., LOGO (Papert, 1980))
do not suffer from the problem that presentation of instruc-
tional material is system-controlled without regard to the
learner’s situation, but these systems provide limited sup-
port in helping learners detect mistakes or overcome break-
downs. Misconceptions may accumulate into chains in
which each later misconception is based on a previous one.
Learners get trapped on suboptimal plateaus because they
fail to discover the knowledge needed for better design.

Contextualized learning has the potential to overcome
these shortcomings. Since the learning context is triggered
by the actual working context, applicability of the
knowledge is clear. Elaboration of new knowledge and
inferential recall is facilitated by the familiarity of the
working situation. Learning in work situations fosters ef-
ficient impasse-driven learning (VanLehn, 1988).
Computer-based contextualized learning environments
could tailor instruction to the special learning needs of dif-
ferent users and could monitor users’ success in applying
knowledge.

A Conceptual Framework for Contextualized

Learning
Our understanding of contextualized learning is based on
an analysis of learning as situated and of seeing reflection-
in-action as a crucial process in design.

Situated Learning.  Situating learning requires in-
tegrating learning into situations for which that learning is
useful. Instructional information needs to be related to the
specific tasks which it serves and doing so while those
tasks are being undertaken. General concepts and prin-
ciples have to be mapped onto specific instances.

A growing number of researchers (Lave, 1988; Schoen,
1983; Schoen, 1987; Suchman, 1987; Winograd, Flores,
1986) argue that no amount of knowledge of principles
suffices to account for successful action in real-world
problem situations. An additional skill is needed:
contextual elaboration, i.e., the ability to go beyond
general procedural prescriptions to devise specific courses
of action and to make intelligent exceptions to principles.
Learning is not truly situated unless the learner can per-
form such contextual elaboration.

Reflection-in-Action. Underlying the
reflection-in-action approach (Schoen, 1983) is an
‘‘action-breakdown-repair model’” of the relationship be-
tween action and rational thought. Design is seen as
repeated alternation between situated action and reflection.
The former is governed by a non-reflective thought process
and proceeds until it breaks down. A breakdown occurs
when the designer realizes that non-reflective action has
resulted in unanticipated consequences — either good or

bad. Schoen describes this feedback as ‘‘the situation talk-
ing back.”” Reflection is used to repair the breakdown, and
then (non-reflective) situated action continues. Reflection-
in-action is different from pre-planning and post-mortem
analysis because it takes place within the action present,
i.e., the time period during which the decision to act has
been made but the final decision about how to act has not.
This is the period during which reflection can still make a
difference to what action is taken. Schoen gives extensive
arguments and examples that it is during reflection-in-
action that instructional information can best be presented.

Integrating Construction and Argumentation. The
concepts of situated learning and reflection-in-action need
to be further operationalized and augmented if they are to
provide a basis for a system architecture. We have done
this conceptual elaboration in conjunction with the build-
ing and testing of a prototype which provided an ‘‘object-
to-think-with.”” These efforts led us to interpret action as
construction and reflection as argumentation. Construction
is the process of shaping the solution — e.g., manipulating
the form of a building. Argumentation is the reasoning
about the problem and its solution.

The problem of contextualizing design learning thus be-
comes one of integrating construction and argumentation.
In particular, the system must help designers to do the
following:

e to see where their construction knowledge is inadequate
(to perceive breakdowns, to ‘‘let the situation talk
back’’);

o to find the argumentative knowledge they need for such
situations (ideally, all the knowledge and only the
knowledge needed for the tasks at hand);

e to understand how generalized principles of design re-
late to their particular construction situations;

e to understand how to perform the contextual elaboration
needed to go beyond principles — i.e., to make intel-
ligent exceptions and perform detailed situated construc-
tion.

A Demonstration System: JANUS

JaNus (Fischer, McCall, Morch, 1989) is a integrated
design environment comprising two subsystems:
JANUS-CRACK (see Figure 1), a knowledge-based construc-
tion component and JANUS-VIEWPOINTS (see Figure 2), a
hypermedia argumentation component. The former con-
sists of a domain-oriented construction kit, a set of rule-
based critics that *‘judge’” the object under construction,
and a catalog of completed designs. The domain of JANUS
is architectural design, specifically kitchen design. The
critics (Fischer et al.,, 1990) in JANUS-CRACK evaluate
design decisions and provide feedback when design prin-
ciples are violated.

JANUS supports the construction of an artifact either
““from scratch’® by combining the primitives from the
palette or by modifying an already constructed artifact
from its catalog of previously designed kitchens. The
designer can browse through this catalog until an inter-
esting design is found. This can then be brought into the
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Figure 1: JANUS-CRACK

This screen image shows JANUS-CRACK, the construction component of JANUS. Building blocks (design units) are selected from
the Palette and moved to desired locations inside the Work Area. Designers can reuse and redesign complete floor plans from
the Catalog. The Messages pane displays critic messages automatically after each design change that triggers a critic. Clicking

with the mouse on a message activates JANUS-VIEWPOINTS and displays the argumentation related to that message.

work area and modified to the designer’s liking.

JANUS-VIEWPOINTS (see Figure 2) is an issue-based hy-
permedia system (McCall, 1987) containing answers, ar-
guments and subissues. Its arguments use design
knowledge ranging from building codes describing safety
rules to work flow rules such as the work triangle rule.
The system allows designers to learn about what issues
have to be resolved, about possible answers to these issues,
and why and when these answers are appropriate.

The knowledge-based critiquing mechanism is the main
means for bridging the gap between construction and ar-
gumentation. This means that JANUS-CRACK and
JANUS-VIEWPOINTS are coupled by using JANUS’s critics
to provide the designer with immediate entry into the exact
place in the hypermedia network where the argumentation
relevant to the current construction task lies. This solves
two problems: It greatly enriches the argumentative infor-
mation for construction, it allows hypermedia-based ar-
gumentation to be used during construction and it contex-
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tualizes learning by exposing designers to directly relevant
knowledge.

The catalog contains both positive and negative ‘‘learn-
ing examples’’ (see Figure 1). The positive examples in
the catalog can be used to learn design principles and ex-
plore their argumentative background by bringing them
into the work area and applying the Praise All command to
them. This results in the critics pointing out design prin-
ciples that are not violated. The negative examples violate
design principles embedded in JANUS. After such an ex-
ample is brought into the work area, critics will fire provid-
ing the learner a list of the violated design principles. Both
praise and criticism provide the users with entry points into
the hypermedia system, where the argumentative back-
ground of the principles can be explored by navigation.

The integrated system supports contextualized leaming
by providing argumentative information for construction
effectively, efficiently and without designers’ having to (1)
realize they need information, (2) suspect that needed in-
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Figure 2: JANUS-VIEWPOINTS

This screen image of JANUS-VIEWPOINTS shows an answer to the issue of where to locate the kitchen stove with respect to doors
and graphically indicates the desirable relative positions of the two design units. Below this is a list of arguments for and
against the answer. The example in the upper right comer (activated by the ‘‘Show Example’’ command in the **Commands’’
pane) contextualizes an argumentative principle in the context of a specific design (retrieved by the system from the catalog).

formation is in the system or (3) know how to retrieve it.
The system also contextualizes the general principles con-
tained in the hypermedia system by dynamically showing
examples illustrating these principles in the context of
specific designs.

A System Architecture to Contextualize

Learning
The system building effort around JANUS served as a start-
ing point for a generalized architecture for design environ-
ments in support of contextualized learning. The major
components of such an architecture are (see Figure 3): a
construction kit, argumentative hypermedia, critics, and a
catalog.

Construction Kit. The construction kit provides a
palette of domain abstractions for construction of artifacts.
The domain abstractions preserve the situatedness of work
in the problem domain. Designers can think about
problem situations without the distraction of having to

A
construction kit argumentative

hypermedia

R

Figure 3: A System Architecture Supporting
Contextualized Learning

think about communicating with the computer.

Critics.  Successful design requires that the situation
talks back (Schoen, 1983). However, for designers who do
not have extensive experience in the domain, the situation
is often mute unless the learning environment has a com-
ponent that speaks up and points out issues that the desig-
ner may otherwise not consider. Critics can fulfill this
role. Critics point out suboptimal aspects of the artifact
and retrieve relevant issues in the issue base. Critics thus
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contextualize learning in two ways: by identifying learn-
ing needs through real-time analysis of actual construction
situations and by presenting just the argumentative infor-
mation useful for those needs.

Argumentative Hypermedia. Contextualized learning
can only be effective if the flow of work is not disrupted.
This requires rapid and timely access to relevant infor-
mation in the issue base, a collection of argumentation on
recurring issues in the problem domain. Issue-based hy-
permedia (McCall, 1987) make designers aware of issues,
possible answers, and argumentation, and allows them to
incrementally specify personal design constraints at
various levels.

The PHI (Procedural Hierarchy of Issues) approach to
issue-based hypermedia structures information according
to its relevance to design tasks (issues). It contains prin-
ciples of design together with the argumentative back-
ground necessary for contextual elaboration. The rich con-
nectivity of hypermedia allows immediate access to ex-
planatory, elaborative and other types of information. Hy-
permedia also accommodates individual differences in
prior knowledge and learning styles — crucial contextual
factors. Users with little knowledge can explore the hyper-
media network in depth, while knowledgeable users can
ignore links to known information.

Catalog. The catalog is an evolving collection of ar-
tifacts accumulated by the actual use of the system. It il-
lustrates the space of possible designs in the domain. For
instructional purposes, the catalog can be enriched with
positive and negative learning examples (see Figure 1).
The catalog examples are contextualized that the system
dynamically selects and presents those examples that not
only illustrate the concept but most closely correspond to
the construction situation at hand (see Figure 2). Catalog
examples provide a link back from argumentation to con-
struction by making abstract principles concrete and ready
to be integrated into the artifact under construction.
Catalog examples support case-based reasoning (Ries-
beck, Schank, 1989; Rissland, Skalak, 1989) to comple-
ment the generalized argumentative reasoning in the issue
base. To this end, catalog examples are annotated with
design rationale that allows designers to assess the
relevance of the example to the situation at hand. This
allows them to provide examples for how to make intel-
ligent exceptions to design principles and to do other types
of contextual elaboration — which by definition go beyond
what can be stated in principles. The user can indepen-
dently analyze catalog examples with the critics to dis-
cover design principles in the context of specific construc-
tion situations.

Evaluation, Limitations, and Future Work

Evaluation.  Our evaluation using professional and
amateur designers showed that contextualized learning can
be supported by JANUS. Users extend their knowledge in a
demand-driven way and breakdowns in the systems were
perceived as learning opportunities. Users were able to un-
derstand the purposes and uses of the new knowledge en-
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countered. The different components of the architecture
enabled users to learn new knowledge in multiple contexts:
tied to the contexts of its uses and independent of any
particular context.

Limitations. Our evaluation also showed several
shortcomings of the current system. One is that JANUS
allows views of the artifact only at the individual room
level and not at a higher or lower level of aggregation. A
second is that it does not support functional simulation.
This is a technique frequently used by designers to under-
stand the consequences of design decisions — increasing
the possibilities of letting the situation talk back — by
simulating use of the design. A third is that JANUS does
not allow designers to volunteer their goals, preferences,
and specifications (Fischer, Stevens, 1987) and therefore
fails to realize the full potential of critics and the argumen-
tation component to give advice tailored to the actual
problem situation.

Extended Architecture. In order to overcome these
limitations we are in the process of developing an extended
architecture containing the following components:

e Specification component. Design is a process of trading

off competing goals such as minimizing cost or max-
imizing reliability or extensibility, and the final artifact
depends on which tradeoffs are acceptable. Without
knowing and adapting to such characteristics of the
specific problem situation, the system’s appearance will
remain abstract. A specification component would al-
low the designer to input these characteristics, and the
system can use them to better situate its information
structures by filtering out argumentation, critics, and
catalog examples that are not relevant to the specified
problem situation.
Simulation component. Evaluations of the JANUS system
by expert designers have demonstrated a nced for
simulating usage scenarios with the artifact being
designed. Such functional simulations can take the form
of deterministic mathematical models as well as infor-
mal what-if games. Functional simulation enhances fur-
ther the capability of the construction situation to talk
back to the designer.

e Dynamic Recomputation of Hypermedia Networks. To
situate the issue and argumentation structure, the issuc
base must be active, that is, it must filter out information
that is irrelevant to the current construction situation,
even if that information is relevant for other hypothetical
situations. The situated information structure then is
much more manageable. Concretely, an issue base can
be better situated by suppressing issues that are made
irrelevant by answers to other issues, and, secondly, by
inferring answers from information the designer has
previously specified and from design decisions that have
already been made.

New Application Domains. In order to test the
generality of our architecture, we will test this approach
with other application domains. Our previous work has
concentrated on the domain of kitchen design. A first test
of the generality was conducted by designing and im-



plementing with the same basic architecture a system for
user interface design (Lemke, 1989). We are currently in
the planning stage to apply the approach to more general
architectural design issues (e.g., design of buildings) in
combination with a technical domain (e.g., the design of
high-speed digital communication networks within these
buildings).

Future Issues for Investigation. With these new fea-
tures added to our design environments, we will be able to
investigate issues such as the following: (1) Will there be
substantial differences in performance if the system is used
with and without critics, catalog, and simulation com-
ponent? (2) What are the most important components in
our architecture that enable situated learning? How should
these components be structured? (3) What intervention
strategies should the system use for displaying enough in-
formation at the right time without disrupting the work
process? (4) When are designers willing to suspend the
construction process to access relevant information? (5)
When will designers challenge or extend the knowledge
represented in the system? and (6) When are subjects will-
ing to enhance the knowledge structures (Fischer, Girgen-
sohn, 1990)?

Conclusions

In order for designers to cope with the deluge of
knowledge for design they must integrate learning into
their everyday work. With the described research, we have
created an initial conceptual framework for such contex-
tualized learning. This framework was illustrated with a
prototype system utilizing argumentative hypermedia and
knowledge-based critics. From this a preliminary architec-
ture for integrated knowledge-based design environments
was developed. Evaluation has shown the benefits and
limitations of this approach and, in particular, showed that
additional components are needed to contextualize learning
more fully. In our future research we will develop and test
these new components. Our goal is to develop systems
which become means for lifelong learning. Ultimately,
such environments for contextualized learning might allow
learning to become a more personal, less alienating process
not separate from the rest of our life.
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