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Preface

Building an expert system involves eliciting, analyzing, and interpreting
the knowledge that a human expert uses when solving problems. Expe-
rience has shown that this process of “knowledge acquisition”” is both
difficult and time consuming and is often a major bottleneck in the
production of expert systems. Unfortunately, an adequate theoretical
basis for knowledge acquisition has not yet been established. This re-
quires a classification of knowledge domains and problem-solving tasks
and an improved understanding of the relationship between knowledge
structures in human and machine.

In the meantime, expert system builders need access to information
about the techniques currently being employed and their effectiveness
in different applications. The aim of this book, therefore, is to draw on
the experience of Al scientists, cognitive psychologists, and knowledge
engineers in discussing particular acquisition techniques and providing
practical advice on their application. Each chapter provides a detailed
description of a particular technique or methodology applied within a
selected task domain. The relative strengths and weaknesses of the tech-
nique are summarized at the end of each chapter with some suggested
guidelines for its use.

We hope that this book will not only serve as a practical handbook
for expert system builders, but also be of interest to Al and cognitive
scientists who are seeking to develop a theory of knowledge acquisition
for expert systems.

Alison L. Kidd
Bristol, England
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Knowledge Acquisition
An Introductory Framework

ALISON L. KIDD

1. INTRODUCTION

Knowledge acquisition (KA) is a crucial stage in the development of an
expert system. As a process, it involves eliciting, analyzing, and in-
terpreting the knowledge that a human expert uses when solving a
particular problem and then transforming this knowledge into a suitable
machine representation. KA is critical since the power and utility of the
resulting expert system depend on the quality of the underlying repre-
sentation of expert knowledge. The aim of this book is to provide the
builders of expert systems with some practical advice on what KA in-
volves and some of the methodologies and techniques that have been
developed to aid its effectiveness.

The fact that KA has proved such a major stumbling block in the
production of expert systems is not surprising. To solve the problem of
KA in any real sense would entail answering some fundamental ques-
tions, not only in Al, but also in psychology and the philosophy of
science. For example:

* What is the relationship between knowledge and language?
* How can we characterise different domains of knowledge?
* What constitutes a theory of human problem solving?

ALISON L. KIDD ¢ Hewlett Packard Laboratories, Stoke Gifford, Bristol BS12 6QZ,
England.



2 ALISON L. KIDD

The fact that KA as a process now has its own name and has re-
ceived so much recent attention in Al does not make these underlying
questions any easier to answer. Until we have some answers, there is no
hope that Al research can produce one “magical” technique that solves
the KA problem. Any claims that such a technique exists (e.g., Michie
and Johnston, 1985) are fundamentally misguided.

This book was designed to fill a gap in the existing literature on KA
between, on the one hand, Al research papers that describe only scant-
ily the techniques employed in acquiring the knowledge for any expert
system and, on the other hand, the large body of literature describing
techniques developed within cognitive and behavioral psychology. The
latter, although seemingly relevant, have rarely been applied to expert
system applications or even described in terms that system builders can
easily interpret and exploit.

Each chapter of the book provides a detailed description of a partic-
ular KA technique or methodology, applied within a selected task do-
main. The relative strengths and weaknesses of the technique are sum-
marized at the end of each chapter with some suggested guidelines for
its use. Some of the chapters are written from the standpoint of the Al
scientist, interested primarily in building a powerful working system to
simulate some expert task (e.g., Kuipers and Kassirer, Fox et al.). Others
are written from the standpoint of the psychologist applying some well-
tried psychological technique to an expert system style application (e.g.,
Shaw and Gaines, Gammack).

By way of introduction, this opening chapter makes a series of
points that clarify the purpose of the KA process and outline what it
involves. The aim is, first, to uncover some common misconceptions in
the way KA is currently described and practiced and, second, to provide
a theoretical framework that will help readers to interpret and assess the
value of the diverse set of techniques described in the following chap-
ters, in relation to their own KA requirements. Many of the theoretical
issues raised in this chapter are discussed in greater depth by individual
authors. However, all the opinions expressed in this chapter are not
necessarily shared by my fellow authors.

2. THE KNOWLEDGE ACQUISITION PROCESS: MINING IS A
MISGUIDED ANALOGY

A popular view of KA has been to consider experts’ heads as being
filled with bits of knowledge and the problem of KA as being one of
“mining those jewels of knowledge out of their heads one by one”
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(Feigenbaum and McCorduck, 1983). The underlying assumption is that
some magical one-to-one correspondence exists between the verbal
comments made by an expert during an elicitation session and real items
of knowledge that are buried deep within his head (Kidd and Welbank,
1984). Once these comments are transcribed onto a piece of paper, they
are considered to be nuggets of the truth about that domain. The analo-
gy is misleading; there is no truth in that sense. Rather, it is the case that
KA involves the following;:

1. Employing a technique to elicit data (usually verbal) from the
expert.

2. Interpreting these verbal data (more or less skillfully) in order to
infer what might be the expert’s underlying knowledge and rea-
soning processes.

3. Using this interpretation to guide the construction of some
model or language that describes (more or less accurately) the
expert’s knowledge and performance. Interpretation of further
data is guided in turn by this evolving model (Johnson, 1985).

Knowledge engineers need to recognize that this is the basic process in
which they are engaging and that the techniques described in this book
are ways of helping them carry out this process more accurately and
effectively.

3. KNOWLEDGE DOMAINS: CAPTURING OR
CREATING A LANGUAGE

In the past 10 years, expert systems have been constructed in a wide
variety of domains. Even within this book, the list includes domains as
dissimilar as leukemia diagnosis, air-conditioning design, children’s
arithmetic, and the selection of college students. Unfortunately, Al cur-
rently has no formal (or even informal) characterization of different
knowledge domains. Only as we develop such a characterization, will it
be possible to identify meaningfully and to classify KA techniques in
relation to different domains and tasks. An approach to increasing our
present understanding of this classification is proposed in section 4.

In the meantime, there are two fundamental questions that knowl-
edge engineers can ask about any domain now, the answers to which
are critical in determining (1) the suitability of that domain for develop-
ing a successful expert system and (2) the type of KA that is necessary
for developing such a system.
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What language do humans possess for representing and reasoning within
this domain? (Is it formally defined? If not, how stable and well-agreed is it?)

Example Class 1: Mathematics, Geometry, Programming Languages. In
this class of domains, humans have already developed a formal lan-
guage for representation and reasoning; i.e., axioms, semantics, and
syntax have been defined. KA for such domains should therefore be
straightforward, involving the capture of some subset of this language
and mapping it into an appropriate machine equivalent. The only diffi-
cult part of the KA process is discovering and describing how the expert
maps this formal language onto any real-world problem. This activity is
no longer formally defined, and here the knowledge engineer will have
to create a language to describe the process.

Example Class 2: Medicine, Chemistry, Electronic Equipment Design and
Diagnosis. Humans have not yet developed a formal language for do-
mains in this class. At the deepest level, functionality is described in
terms of physical laws, but these are hypotheses, not axioms: They may
have a basis in deeper theory and be subject to error (Clancey, 1986).
However, humans have developed a fairly stable, well-agreed language
for representing and reasoning about such domains. KA therefore in-
volves capturing the essence of this language and then systematizing it
for machine purposes.

Example Class 3: Applications Software, Management, Marketing. Do-
mains in this class do not currently have a stable, well-agreed language
for representation or reasoning. They lack a coherent underlying theory.
For example, when an applications programmer is required to develop a
new electronic mail system, he first has to develop his own theory of
electronic mail before writing the software to realize this theory in his
own idiosyncratic way. As a result, such domains present the worst
problems for expert system development because KA must involve the
creation of a “new” language (and therefore an implicit theory) that will
adequately support reasoning within the domain. This new language is
likely to be the subject of continuous negotiation with both experts and
users even when the expert system is developed. Surprisingly, howev-
er, this class of domain is proving increasingly popular for expert system
development, e.g., electronic mail advice systems. Presumably this is
because such domains present the biggest problems to human reasoning
simply because they lack an agreed language or any underlying theory.
Knowledge engineers need to be very aware of these problems and of
what KA in such a domain must involve.
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Is there an existing machine representation that can adequately support the
human’s domain language?

Example Class 4: Spatial Reasoning Tasks, e.g., Stick-and-Ball Models of
Molecules. In some domains, humans have developed a fairly formal and
powerful language for reasoning about a class of difficult problems, but
such a language is currently unsupportable with state-of-the-art ma-
chine representation techniques. The main thrust of the KA process in
such a domain is to develop a new machine language that can ade-
quately capture the power of the existing human language.*

4. TASKS: DEFINING THE PROBLEM THAT THE EXPERT SYSTEM
IS DESIGNED TO SOLVE

The aim of an expert system is not merely to capture a static repre-
sentation of some knowledge domain but to simulate a particular prob-
lem-solving task (or tasks) carried out within that domain. A generic set
of such tasks has been identified by Hayes-Roth et al. (1984) and is now
widely referenced. This list comprises the following:

INTERPRETATION Inferring situation descriptions from sensor data.

PrepICTION  Inferring likely consequences of a given situation.

DiaGNosis  Inferring system malfunctions from observables.

DesicN  Configuring objects under constraints.

PLANNING Designing actions.

MONITORING Comparing observations to plan vulnerabilities.

DEBUGGING Prescribing remedies for malfunctions.

REPAIR Executing a plan to administer a prescribed remedy.

InsTRUCTION  Diagnosing, debugging, and repairing student behavior.

CoNTROL Interpreting, predicting, repairing, and monitoring sys-
tem behaviors.

The utility, and indeed validity, of these categories is questionable
for three reasons: (1) What appears to be an inherent property of a real-
world problem may rather be a property of how Al programs currently

*I would like to acknowledge the contribution of my colleague, Bill Sharpe, to many of the
ideas discussed in this section.



