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Introduction

This research involves a continuing effort aimed at
the development and unification of the prerequisite
underlying theoretical foundations for an adequate
approach to knowledge elicitation from repertory grid
data. The repertory grid is a sorting test in which a list of
elements are judged based on a set of constructs,
essentially mapping elements onto constructs. Thus
knowledge elicitation is performed by the expert’s
assigning of ratings to elements on the given constructs.
The repertory grid is based on the personal construct
psychology of Kelly. This theory assumes that people
typically use cognitive dimensions - termed constructs — to
evaluate their experience where each construct represents
a single bipolar distinction.

A theory of non-quantitative confirmation was
evolved incorporating personal construct theory into the
logic for the determination of relevance. This was needed
for an adequate probabilistic interpretation of quantitative
confirmation. This logic is consistent with personal
construct psychology as it produces epistemic probabilities
by the measurement of overlap of a person’s constructs.
Bundy’s incidence calculus was extended and applied to
the measurement of partial entailment, affording a degree
of rigor and formality. Here the degree of confirmation is
characterized by epistemic probabilities arrived at by
measuring the overlap between the constructs’ extensions
represented as binary bit strings. This interpretation of the
probability calculus permits a uniform, truth functional
method for measuring the degree of entailment associated
with a proposition and provides a sound basis for the
assignment of numeric values to expert system rules.

These theoretical developments are then applied to
the representation and analysis of repertory grid data. The
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concept of an alpha-plane is introduced as a binary
decomposition of repertory grid data, that furnishes the
necessary realization of construct extensions (or ranges of
convenience) needed to determine the range of relevance
of a particular generalization or hypothesis. In addition,
they provide the uniquely determined string of incidences
required by any application of Bundy’s truth functional
incidence calculus. This incidence calculus enjoys
numerous advantages in comparison with other
mechanisms proposed for the automated handling of
uncertainty in expert systems, but has previously had the
difficulty that, although domain experts are able to provide
a numerical certainty for a rule, they cannot assign the
required string of incidences.

Finally, the approach evolved in this group have been
applied to the design and construction of NICOD - a
semi-automated medical knowledge acquisition system. In
particular, the system has been successfully employed in
the capture of valuable heuristic radiological knowledge
(mammography) that the domain experts (radiologists)
were otherwise unable to articulate.

Some current areas of research include further
medical/radiological ~ applications, use of parallel
processing to generate rules, neural nets, capture of
imprecise knowledge, and use of multiple experts.

Other investigators involved in this interdisciplinary
group include Jack Adams-Webber from Brock University
and Paul Chang a radiologist from Stanford University.
See reference list for additional publications on this
subject.
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The Problem: Acquiring Strategic Knowledge

Knowledge acquisition is the transfer and
transformation of expertise from knowledge sources in the
world (mainly people) into a form that can be executed by
a knowledge-based system to perform an expert task. It is
widely acknowledged that the knowledge acquisition
problem is a significant barrier to the development of
knowledge-based systems. The research reported here
focuses on the problem of acquiring strategic knowledge:
knowledge used by an agent to decide what action to
perform next, where the actions are external events that
effect both what is believed by the agent and the state of
the world.

Strategic knowledge is an important source of
expertise in application tasks where managing the process
of problem-solving (repeatedly choosing the next action to
take) is intrinsic to performance. For example, although
diagnosis is often modeled as a pure classification task —
that of matching data and hypotheses - in medical
diagnosis the decisions about which questions to ask and
tests to run require strategic expertise to balance costs and
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