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Abstract it has been demonstrated that the use of metacognitive

Metacognition addresses the issues of knowledge about cogni-SkiIIS such as seli-questioning improve learning perfor-
tion and regulating cognition. &Vague that the regulation ~ Mmance (Schewel & ‘addell, 1986; Blank & Covington,

process should be improved with growing experience. There- 1965).
fore mental models are needed which facilitate the re-use of In Artificial Intelligence systems, experience related to a
previous regulation processese Will satisfy this requirement  given domain and the ability to be reminded of previous
by describing a case-based approach to Introspection Planningg, o ience have been modelled by the paradigm of Case-
which utilises previous experience obtained during reasoning . . . .
at the meta-level and at the object level. The introspection Baséd Reasoning, where previous experience is usually
plans used in this approach support various metacognitive represented as cases (see Kolodner 1993 for an overview).
tasks which are identified by the generation of self-questions. Important components of the case-based reasoning
As an example of introspection planning, the metacognitive approach are the retrieval of a previous case which con-
behaviour of our system, IULIAN, is described. tains a previous problem and its solution, and the adapta-
tion of this case to obtain a solution for the current
Introduction problem. If this approach is applied to plans rather than to
problem/solution pairs, we refer to it as case-based plan-
Experimental results from both psychologists and instrucning (Hammond, 1989).
tional scientists suggest that human cognitive performance Often case-based reasoning systems use memories
can be improved by the use of metacognitive skills such dadexed in terms of prediction failures which occurred
self-monitoring, prediction, and self-questioningadW &  during the reasoning process. When the system generates a
Jones, 1982; \dhg, 1985). The termetacognition has been wrong prediction, the case on which the prediction was
used in diferent ways (Gavelek & Raphael, 1985). Howeverbased is annotated with a characterisation of the failure sit-
there is an increasing tendency to follow Flavell (1976), whaiation. The annotation is used as an index during future
related metacognition toetamemory (Brown, 1987, Cam- case retrieval. As a result, the prediction failure can be
pione, 1987). Metamemory has been defined by Flavell argvoided in the future. This view of memory is referred to
Wellman (1977) as an agemtknowledge about his/her asfailure driven memory (Schank, 1982).
memory Flavell (1976) viewed metacognition as referring to  Recent research in case-based reasoning has addressed
the “active monitoring and consequent regulation” of thethe issue of guiding the reasoning process by introspec-
agents own cognitive processes. As a result, we can regangbn. Wthin this general area, research has mainly focused
the term metacognition as describing two distinct but relatedn the representation of knowledge about cognition.
issues: the issue of knowledge about cognition and the issueFor example, Ram & Cox (1994) exploited the concept
of regulating cognition. The first term includes awareness aff failure driven memoryWhen a failure occurs, the sys-
the agent resources with respect to the demands of theem generates a knowledge goal which drives the explana-
agents thinking; for example, the availability of analogoustion process. This process utilises meta-explanation-
knowledge during an analogical mapping task. The seconghtterns which are causal introspective explanation struc-
issue involves self-regulating mechanisms such as planningres explaining how and why an agent reasons.
and monitoring (Brown, 1975; Brown, 1987; Flavell &W Cox and Freed (1994) presented examples of ways in
man, 1977; Meacham, 1972; Patterson et al., 1980). Suethich self-knowledge can be used during the learning pro-
meta-cognitive skills should be improved with growingcess. Such knowledge supports the selection of diagnosis
experience. Reasoners should be able to re-use such expe#id repair strategies from among alternatives; it enables a
ence when they maintain mental models about meta-cogrdystem to distinguish between failure hypothesis candi-
tion. dates; and it supports the use of such knowledge across
An important instance of metacognition is metacomprehendomain borders.
sion which addresses those issues of metacognition related toModels of device behaviour were used in the ROBBIE
reading (Flavell, 1976; Baker & Brown, 1984). In metacom-system to refine indexes and to repair reasoning failures
prehension, but also in other areas such as problem solvin@ox & Leake, 1994; Fox & Leake, 1995). The system



monitors its own reasoning process and compares it with thation; the hypothesis is then tested experimentally
“ideal” performance of its model. We will use an example to motivate the idea of repre-

Oehlmann et al. (1994) used introspective self-questioningenting the regulation of cognitive processes. This exam-
to support reasoning from tifent perspectives. The reason-ple describes how an agent decides between experiment
ing perspectives are represented as explicit descriptiondriven and theory driven behaviours. The example focuses
Introspection mechanisms for improving memory searclon two strategies: a reasoning strategy and an activity
have been discussed by Kennedy (1995) and Leake (1995)rategy The reasoning strategy is based on the generation
Kennedy uses a domain independent representation scheofea sequence of self-questions and answers, whereas the
which supports the memory search during analogical reasoretivity strategy is based on the generation of a sequence
ing. Leake views memory search as a reasoning task and actions suitable to perform experiments Wote that a
describes a framework in which retrieval is guided by introstrategy emeyes from the process ofgamising questions
spective reasoning. Moreoy@mntrospective reasoning can be and answers into a sequence; strategies are not based on
used to learn how to improve the memory search. pre-stored sequences of questions and answers.

It is a common feature of all these approaches that they We assume that the IULIAN system receives as input
represent particular types of control knowledge explicitlythe description of an electric circuit with a lamp and closed
However a general computational model of metacognitionswitch in parallel, and attempts to predict the behaviour of
requires knowledge structures which can be usedfereift  the circuit. The system is reminded of a previous experi-
metacognitive tasks. Such a set of knowledge structures hagent involving a serial circuit with a lamp and closed
to address the representation of knowledge about cogniti@witch. This previous experience leads to the (wrong) pre-
as well as the processes of regulating cognition. diction that the lamp in the parallel circuitda because

In addition to the task of regulating the current cognitivethe lamp in the serial circuit isn. IULIAN tests the
process, an agent should be reminded of previous regulatibiypothesis by building the parallel circuit and observing
processes. Wwill therefore describe an approach based oits behaviour The actual result indicates that the lamp is
case-based introspection planning which satisfies thigff; this constitutes an expectation failure which the sys-
requirement. An introspection plan contains an index tdem has to explain. The explanation can be generated by
retrieve the plan from memory and a sequence of actionasing the reasoning strategyalogical mapping or the
The actions are related to cognitive behayieuy. an action activity strategyexperiment perturbation (see Figure 1).
might compare the result of a reasoning process with a rea-During analogical mapping (Oehlmann, et al., 1993),
soning goal as part of a monitoring task. The case-baséhe IULIAN system is reminded of a previous experiment
planning approach enables an agent to be reminded of preiuri- the domain of water pipes. This experiment has the
ous subprocesses. same topological structure as the parallel circuit experi-

We will describe the approach in the context of our implesment and includes a pump, a paddle wheel, and a valve. In
mentation IULIAN which addresses a task involving discov-addition, it is linked to an explanation which explains the
ery learning in terms of questions, answers and experimentsehaviour of the water pipe system. This explanation can
all generated by case-based planning. The example usbd mapped back to the domain of electric circuits. The
involves electric circuits and systems of water pipes. A togdapted explanation is suitable to explain the behaviour of
level view of the example is presented in Section 2 followedhe initial parallel circuit.
by a description of introspection plans (Section 3). Section 4 Alternatively the system may perturb the retrieved
elaborates on the circuit example and explains the questi@xperiment involving a serial circuit. This circuit can grad-
based method of introspection planning. FinaltySection ually be modified until it is identical to the initial parallel
5, we will discuss our approach with respect to the generaircuit. After each modification, the explanation connected

problem of metacognition. to the serial circuit experiment is adapted. Obviquislg
circuit behaviour changes when an additional wire is
Example inserted parallel to the lamp in the serial circuit. The sys-

) tem uses the generated circuit experiment to modify its
The approaches of case-based reasoning and case-bagggjanation about the circuit behaviour and finally arrives
planning have been used in the IULIAN system to modet the explanation for the explanation failure.
discovery learning. Wwill use the discovery task to exem-  pggth strategies described in the example lead to a cor-
plify the issue of regulating cognition and representing thgect explanation. Therefore the IULIAN system has to
regulation process. It has been noted that human discovergyscide between theory driven analogical mapping and
can be characterised as experimenters or theorists accord%eriment driven perturbation behaviours. This decision
to the discovery strategies employed (Klahr & Dunbarcan pe supported by introspection planning. Furthermore,
1988). Experimenters attempt to deduce regularities frorlhtrospection planning can be used to monitor reasoning
experimental results. In contrast, theorists are able to geng{pg experimentation processese Wil discuss examples
ate a hypothesis by search processes without any experimefi-metacognitive decision and monitoring processes in the
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Figure 1: Experiment Perturbation and Analogical Mapping

next section.

ThelULIAN System

The decision process characterised above has been
explored in the IULIAN system which uses the planning of
self-questions, answers and experiments to model reasoning
about plans and actions. The main task of the system is the
discovery of new explanations to revise an initial theory.
Figure 2 shows the main modules of the system: question
planner, answer planner, experiment planner, hypothesis for-
mation, question strategy planner, and introspection planner.
It also indicates that the IULIAN system represents an inte-
gration of case-based reasoning and case-based planning
rather than a single case-based reasoner: the hypothesis for-
mation module is a case-based reasoner whereas the other
modules are case-based planners.

The Question Planner Module accepts a problem descrip-

tion as input, generates a question about the problem, and
transfers control to the Answer Planner. If a question can-
not be answered, the Question Planner and the Experiment
Planner can be used to generate additional questions and
experimentswhich helpsthe IULIAN system recover from
this situation and to provide the knowledge needed to gen-
erate the answer. Before an experiment is performed, the
Hypothesis Formation module hypothesizes the experi-
mental result. When the actua result is generated, the
Hypothesis Formation module determines an expectation
failure as the difference between the hypothesis and the
actual result.

If an expectation failure has been detected, the explora-
tion process is initiated. At its simplest, the process of
question and answer generation is based on the Question
Planner and the Answer Planner which generate aquestion
about the problem and attempt to answer it. The returned
answer should be wrong because if the correct information
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Figure 2: The IULIAN System

were known, IULIAN would have generated the correctcausal models are used to explain experimental results.
hypothesis and the expectation failure would not hav€ausal models have a similar representation to experi-
occurred. If a question cannot be answered, the Questignents. Howeverthey are stored in a separate library and
Planner and the Experiment Planner can again be used tlgir objects are viewed as abstract concepts, e.g. the con-
generate additional questions and experiments in an attenggpt “lamp” rather than an actual lamp used in a given
to provide the missing knowledge. experiment (Oehlmann, 1992). In addition, causal models
During this process of question-based reasoning andse particular relations between concepts to represent
experimentation-based activityuestions focus on objects of causal links. A causal model is linked to the experiment
the domain to be investigated suchlasp andbattery. In used to generate that model. Question plans are used to
addition, the Question Planner generates questions whi@pply case-based planning techniques to the generation of
focus on the system'reasoning process. If the system asksingle questions. For example, the question “What is the
such a question, using an answer plan to generate a senteftaie of the LAMP?” can be built by combining the sub-
is not suficient because the answer planner needs additionatructures “What”, “is” *“the state of’, and ‘“the
meta-knowledge which is not available to it. Acquiring thisOBJECT1". OBJECT1 is a variable which is instantiated
knowledge is the task of the introspection planner with the string “LAMP” during plan execution. A question
The basic knowledge structures of the IULIAN system arglan has two main parts: the set of descriptors used for
experiments and plans which are used as cases. An expdfidexing the plan and a sequence of steps.
ment consists of two components: an experimental setting The plan is retrieved by matching its index with the cur-
(e.g. a description of an electric circuit with batfdamp, rent situation; this is characterised by the goals the system
and switch) and the result of an experiment such as the stafgrsues in asking the question. Additional slots in the head
ment that “the lamp is on when the battery is switched on.0f each question plan contain a list of variable instantia-
Experiments are represented by objects and relatioriions referred to as bindings and a set of collector slots.
between objects. Objects are represented as Memory Unitée bindings are used to instantiate variables in the step
(MU) which contain an object frame and a content frameactions. In the collector slots, intermediate results are
The context frame describes the context in which the objestored during the question formation process. Each plan-
occurs represented by a set of relations. The content franéng step has precondition, goal, and action slots to ensure
comprises several sets of intentional descriptor valuesorrect plan execution. If plan execution fails, the usual
referred to as views. The object frame comprises genergkplanation-based repair mechanisms are employed, (see
information about the object. In addition to experimentsHammond, 1989). It is an important advantage of the case-
based planning approach that new questions can be



learned by modifying previous questions plans. Answers are The Introspection Process
generated in a similar way; howeysteps in answer plans ) . . .
may have particular actions which retrieve knowledge from In this section, we describe our approach for regulating
the library of experiments needed to form an answer the cogmtlon process based_on mtrospe_cuon planning by
example an answer to the question “What is the state of tiftending the example described in Section 2.
LAMP?" may be generated by executing the following steps: "€ System supports metacognitive processes by gener-
the first step retrieves the object LAMP and identifies arfting questions about the categories introduced in the last
object which shares the relation HASATE with the object ~ Section: goals, strategies, failures, resources, and condi-
LAMP. This object is ON and is stored in the binding list oftions. The system begins by attempting to explain the
the answer plan. The following steps instantiate two vari€xPectation failure described in the example. In this situa-
ables with the objects LAMP and ON and combine theséOn, the two strategiesxperiment-perturbation andana-
variable values with the substrings “The”, “has”, and nthe!ogmal—mappmg could be performed. @now assume that
state”. The resulting sentence is “The LAMP has the stat# the source of the analogical-mapping stratéigy sys-
ON.” tem cannot retrieve an experiment which isfisightly
The case-based planning approach to generating questi(ﬁ\ﬁalogous to the i_nitia! experirr_1ent. .Introspection planning
and answers is highly flexible because it only depends on ti§&n assess this situation and identify an appropriate strat-
current situation and the goals the system is attempting f0Y t0 generate an explanation of the initial problem. In
pursue. Moreovemew plans can be generated by adaptingﬁdqnlon, it has to monitor the execution of the questions
existing plans to new situations. which realise the strategy to ensure gqal s_atlsfactlon. The
An introspective answer is a sentence generated &%ages of the process are summarised in Figure 3.
response to a question about the reasoners internal knowI-Th? |dent|f|cat|on_ of candidate questions initiating the
edge and its internal processes. An answer plan which has@eriment-perturbation strategy or theanalogical-map-
generate an introspective answer contains special steps. EX¥J strategy requires the system to focus on the reasoning
cuting such a step results in a call of the introspection plaroals to be satisfied by executing a given sequence of
net This planning process provides the information needeguestions. Therefore the system generates the following
by the answer planner which can then complete the answé&uestion: _
An example of an introspection plan will be discussed in the Question 1: Wiat are the reasoning goal s |
next section. Introspection plans addrestediit metacog- &t t€npt to achi eve? _ _ _
nitive tasks such as assessing goals, reasoning strategied this situation only one reasoning goal is found which
resources needed to perform a given reasoning styéadlgy €ads to Answer 1: _ _
ures which occurred during previous reasoning strategies, Answer 1: The reasoning goal is BXPLAN
and conditions which have to be satisfied in order that a str ANl (N FA LURE _ .
egy can be executed. Thg reasoning goal enables the system to identify the
During the generation of questions and answers, the sygandidate questions. _
tem notes the names of the question and answer plans useduestion 2. Wat are the question plans
These names are stored in a reasoning strategy plan. Reas8fi-ch are expected to satisfy the reasoni ng
ing strategy plans have a similar structure to questions arffal ? )
answer plans. Howevetheir actions contain simple calls to  Answer 2: The question plans are BXPER -
the Question and Answer Planners; i.e. after executing ENT- PERI'LR3ATI O\l_and ANALAE CAL- MAPPRENG
sequence of questions and answers for the first time, a rea-The identified question plans now have to be evaluated
soning strategy plan is built which can be retrieved in futurdVith respect to the resources needed, failures which
situations and executed directly occurred during previous executions, and initial conditions
In addition, the IULIAN system uses experimentationWhich have to bg satisfied before a question plan can be
plans to perform experiments. Experimentation pIan@XQCUte_d- Question 3 focuses on the resources.
describe the steps which have to be executed in order to perQuestion 3: Wat are the resources needed
form an experiment. The experimental setting and the resti®_acconpl i sh these question pl ans? _
of plan execution are stored as a new case. The same basi¢he answer to this question indicates that the analogical
plan structure used for introspection plans has beef@Pping strategy requires an analogous previous experi-

employed for experimentation plans, although the index"ent, whereas the perturbation strategy requires appropri-
vocabulary difers (Oehlmann et al., 1993). ate modification-structures. In these structures, the

necessary knowledge is stored to modify a given experi-
mentation plan

Answer 3: The resources needed for the
guesti on pl an ANALGQ CAL- MMPAI NG are ANALO
G5 BEXPER MENT and the resources needed



Met acognitive Sel ection Process:
1. Identify reasoning goals

2. Use the reasoning goals to identify reasoning
strategies.

3. ldentify resources. Eliminate those strategies
which cannot be executed, because the necessary
resources are not available.

4. ldentify previous failures. Eliminate those
strategies which are likely to fail because they
failed beforein asimilar situation.

5. Identify initial conditions. Eliminate those
strategies which cannot be executed under the
given conditions.

6. If more than one strategy can be applied, prefer
reasoning strategies over  experimentation
strategies.

Met acogni tive Monitoring Process:

1. Evauate modification result. Determine
differences between theinitial experiment and the
experiment which results from the modification.

2. Evaluate understanding. The system attemptsto
generate an explanation for the new experimental
result.

Figure 3: Meta-cognitive processes

for the question plan BEXPER MENT- PERTURBA
TION are MO H CATI ON STRICTURES

After the relation between question plans and resourcesis
established, the system has to evaluate the question plans
with respect to the available resources. In particular, it hasto
eliminate those question plans which require unavailable
resources.

Question 4: Wiat are the question plans for
whi ch the necessary resources are avail abl e?

The answer to this question needs only consider the ques-
tions plans mentioned in Answer 3, because Question 4 is
asked in the context of the previous questions and answers.
The answer to Question 4 prefers the plan experiment-per-
turbation because the modification-structures for this plan

are available. In contrast, the analogous experiment
needed for the question plan analogical-mapping is not
available.

Answer 4. Al the necessary MDD H CATI Q¢
STRICTURES are available for the question
pl an BEXPER MENT- PERTURBATI ON

Although the candidate question plans have been
reduced to a single plan, even this strategy might not be
suitable. Therefore, the next question focuses on failures
which occurred during previous executions of the question
plan.

Question 5: Wiat are the failures which
occurred during previous applications of
the question pl an EXPER MENT- PERTURBATI ON?

Answer 5: No failure occurred during a pre-
vious application of the question plan
BEXPER MENT- PERTURBATI ON

Finaly, the system checks if the current situation
matches the initial conditions necessary to execute the
question plan. This evaluation step has two parts: identify-
ing the initial conditions and matching the initial condi-
tions with the current situation. Question 6 addresses the
first part:

Question 6: What are the initial conditions
necessary to execute the question pl an?

The answer to this question states that an initial experi-
ment and a previoudly retrieved experiment are necessary
to perform the question plan. In addition, the strategy
needs to access the plans which were used to generate
these experiments.

Answer 6: The initial conditions for the
question plan BEXPER MENT- PERTURBATION are
I N TI AL- EXPER MENTT, I N TIAL- PLAN
RETR BVED EXPER MENT, and RETR BEVED PLAN

The identified conditions are then used to determine
whether the conditions are satisfied by the current situa-
tion.

Question 7: Are these conditions satisfied
for the question plan BEXPER MENT- PERTURBA:
T QN?

Answer 7: Yes.

This answer concludes the process of selecting between
the two candidate question plans and enables the system to
execute the question plan experiment-perturbation. If at
this stage the system were still considering more than one
plan, it would attempt to perform a reasoning strategy
before an experimentation strategy®. However, in such a
situation the system would have a high confidence in al
the selected strategies, because it has considered the goals,
resources, and failures involved.

During its execution, the reasoning strategy has to be

1. This strategy is consistent with psychological results which
have suggested that subjects perform experiments if the gen-
eration of hypotheses is not successful (Klahr & Dunbar,
1988).



monitored. This processis again supported by the interaction
between self-questions and introspection plans. First the
result of the experiment modification is compared with the
initial experiment.

Question 8: I's the perturbed experinentation
plan sufficiently close to the initial
experi nentati on pl an?

Answer 8: Nb, there are conponents in the
target experinent which do not have equiva-
lents in the source experinent.

The answer indicates that an additional experiment modifi-
cation has to be performed. However, the system has first to
ensure that it “understands’ the perturbed experiment. The
understanding criterion is given by the ability to explain the
experimental result in the context of the experimental setting
(see Schank, 1986).

Question 9: Do | understand thi s behavi our?

Answer 9: Yes the LAW is ON because there
is a wre between the BATTERY and the LAW
and there is a ORRENT-ALON through the
LAWP.

The sub-processes of generating experiment modifications
and evaluating them are iterated until the resulting experi-
ment isidentical with theinitial experiment. The final expla-
nation is used to explain the initial expectation failure (see
Section 2).

I ntrospection Plans

An introspection plan has two main components. a header
and a sequence of steps (Figure 4).Important el ements of the
header are the slots name, planning-goal, and failures. The
plan identifier is stored in the name slot. The dot planning-
goal contains the goals the system attempts to satisfy by exe-
cuting the plan; the dot failures characterises planning fail-
ures which have occurred before. If a plan execution fails,
the system attempts to explain and to repair the failure. The
repair mechanism uses repair rules similar to those described
by Hammond (1989). The two slots planning-goal and fail-
ures form the index of the introspection plan, i.e. these slots
are used for plan retrieval. In addition, the header includes
the dots binding-list and intermediate-result. The binding-
list contains pairs of variable names and their values. If an
action of a planning step contains variables, the binding-list
is used to instantiate them. The intermediate-result slots are
used to store a result which has been generated by a given
planning step and which will be used by subsequent steps.

A step has four dots. name, precondition, goal, and
action®. The name slot serves as an identifier for a given
step. In the dot precondition, the conditions are described
which have to be true before the action given in the action
slot can be executed. The slot goal lists the specific goalsthe

2. Note that Figure 4 shows a reduced version of the origina plan.
In particular, the slots precondition and goal in the planning
steps are omitted.

system attempts to satisfy by executing the action
described in the action slot. The value of the action slot is
alist with afunction name as first element. The remaining
list elements are the arguments which, together with the
name, form a function call. If the function has no argu-
ments, the action list contains the function name as a sin-
gle element.

Plan
Name: resource-assessmnt@modification-struct
Planning-Goal: assess-modification-structure
Failures. None
Binding-List:
((initial-plan serial @switch-lamp)
(final-plan parallel @switch-lamp))
Intermediate-Result1:
mod-struc@remove-object
Intermediate-Result2: None
Intermediate-Result3: None
Planning Steps:

1. Planning Step
Step-Name: check-deleted-features
Action: (identify-features-to-be-deleted
initial-plan final-plan)

2.Planning Step
Step Name: check-added-features
Action: (identify-features-to-be-added
initial-plan final-plan)

3. Planning Step
Step Name: identify-mod
Action: (identify-modification-structures
initial-plan final-plan)

4. Planning Step
Step Name: evaluate-mod

Figure 4: Introspection Plan

The introspection plan given in Figure 4 is executed as
part of the generation of Answer 4 in the previous section.
The answer has to assess the resources related to the ques-
tion plan experiment-perturbation. These resources are
modification structures which are used to transform an
experimentation plan. The first step in the introspection
plan identifies steps in the initial experimentation plan
which are to be deleted. The second step attempts to iden-
tify features which are to be added. The results of the first
two steps are used to identify a modification structure
which can be used to transform the experimentation plan.
The fina step attempts to evaluate the modification struc-
ture in terms of the modification goal to be achieved.



Discussion

We have identified a need to represent knowledge about
metacognitive processes. Our novel approach to metacogni-
tive experience is characterised by the integration of intro-
spective self-questions and introspection plans. We have
argued that introspection plans can be used to represent men-
tal models about meta-cognitive processes. Moreover, they
can be used to realise these processes.

In the example described in this paper, an introspection
plan has been used to decide between the reasoning strategy
analogical-mapping and the activity strategy experiment-
perturbation. Other reasoning strategies which the IULIAN
system has addressed are: changing the viewpoint (Oehl-
mann et al., 1994), changing the focus, and conseguence
checking. An example of an additiona activity strategy is
enforcing the stability of the environment (Hammond, et. al.
1993; Oehlmann, 1995).

Introspection plans can be re-used because they represent
metacognitive experience which can be adapted to new situ-
ations. We have shown that this approach enables a system to
decide between experiment driven and theory driven discov-
ery strategies based on predictions about these strategies.
Moreover, we have demonstrated that introspection plans
can be used to monitor the execution of such strategies. We
expect that introspection plans could support other strategies
such as reasoning about an issue from different perspectives
(Oehlmann et a., 1994).

This paper focuses on metacognitive processes; future
work has to address the representation of knowledge about
metacognitive states and events in an integrated model (see
Leake, 1995; Cox, 1995; Cox & Freed, 1994). For example,
in the current approach, assessing the availability of experi-
ments which serve as a resource for a given reasoning strat-
egy has been achieved by searching the memory of
experiments. The result of the assessment could be repre-
sented as meta-knowledge in the form of a case which would
make this particular search unnecessary in future.

In addition, we expect that the results described in this
paper could be applied to educational technology. Kass
(1992) used the idea of “coaxing case-based reasoning” in
the design of educational software. Introspection plans could
be used in a similar way to motivate a student’s metacogni-
tive processes.
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