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Preface

It is with considerable pleasure that I accepted the offer to write the preface for
Knowledge Acquisition: Principles and Guidelines. At the same time, the task holds
considerable trepidation for me. For just as its authors have taken the risk of exposing
their professional beliefs for the first time, so too, am I--this is my first preface.

I believe the professional knowledge engineer, as well as those aspiring to become
such, will find the hefty work of Knowledge Acquisition: Principles and Guidelines to be
very useful. After reviewing various versions of it a total of three times, I still find
several gems tucked away. The first section contains guidelines which have "long" been
part of the expert system development methodology folklore. How refreshing it is to see
them collected, codified, and backed up by the authors' considerable professional
experience, as well an unparalieled bibliography. Of special interest to me is the work
detailed regarding the difficulties of gamering expertise from multiple experts, and some
solutions.

The later chapter on tools is an excellent place to begin research, so long as the
reader understands that this is an extremely rapidly changing arena. But the authors look
beyond transitory features and trends and concentrate on the underlying issues and
characteristics of a wide variety of tools available for the professional. I am particularly
encouraged to see such attention paid to software tools. Just because we are
"professionals” hardly means we are forced to rely solely on pencil, paper, and those
"high-tech” tools of audio and video recorders! As a practicing software professional for
25+ years, it has always pained me how we consistently build very powerful and useful
tools for others, yet persist in using paper and pencil when trying to do the critical work
of needs assessment, requirements analysis, and specification. Only in the last few years
has the concept of applying powerful software tools to the front-end of the software life
cycle begun to make its appearance in the guise of Computer-Aided Software
Engineering (CASE). This was possible only after some common methodologies were
increasingly widespread (i.e., Yourdon/DeMarco and Gane/Sarson).

By the same token, I can see that the methodology espoused in Knowledge

lings may well begin to lay substantial groundwork for
the field of knowledge engineering. Others will take up the challenge of building the
automated tools to support the methods presented. So it is exciting to think that this
work may have such an influence.

The initial primary audience for this work will probably be those in the software
engineering world. Hence, these individuals will find the chapters on the subject to be a
good introduction to the world of knowledge engincering. The analogies to software
engineering are manifold, with considerable contributions from the field. By the same
token, software engineers (and others) who take the time to read, understand, and discuss
the material presented here will find their set of skills expanded considerably. More
importantly, I believe, is that the reader will be able to formulate solutions for problem
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domains once considered intractable. That, perhaps, is the essence of expert knowledge-

based systems and the associated critical component of knowledge acquisition: that we

will now be able to attack an increasingly complex set of problems which confront the
" world. .
In summary, this book will be a key addition to the library of a professional. It is
not intended to be an introductory text for the field of expert systems. There are many
such excellent works. Nor is it simply a cataloguing of several papers on knowledge
acquisition. It is a comprehensive, detailed, and first-hand account of an unusually
literate professional on a very timely topic. Iam sure the reader will agree!

Kenneth L. Modesitt
Chatsworth, California
May 20, 1988
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About This Book

The fascination with expert systems applications is evidenced by the appearance
of expert system-related articles not only in academic journals but, more recently, in the
business press. Some researchers (Partridge, 1986) clain that in the very near future,
operational expert systems will be able 10 offer advice ranging from assistance in
planning a complex business trip to sophisticated medical cingnosis.

Perhaps the prevailing enthusiastic view is base< on the mcreasmg number of
successful expert systems. Expert systems are helping :n2iatenance personnel diagnose
specific types of system failures, offering financia! plznning advice, assisting with
resource management problems, and even configuring . »iplex computer hardware, In
addition, the enhanced memory and speed of personzl computers (PCs) and the
concurrent development of PC-based expert system sheils aave propelled expert system
technology out of the labs and into the marketplace.

However, problems in the development, main ¢ aance, anl enhancement of
expert systems may severely restrict their integration iny: operational settings. While
some of these problems relate to hardware deficiencies, such as the need for "real-time”
processing, we believe that many others involve fauity knowledge-base development
methodologies. In fact, the developmental area most often cited as the "bottleneck” in
expert sysiem development is knowledge acquisition, the process of extracting and
translating expert-level knowledge into rules that become the heart of an expert system.

In this book we propose an organized approach i knowledge acquisition. This
approach is based on experiences building both large and small expert systems in
research and industrial settings, Within it we detail 2 set of techniques to help the
knowledge engineer structure the knowledge acquisition process, integrating it into the
expert system development paradigm. To increase the usefulness of this methodology,
we offer guidelines, procedures, and a set of techniques for knowledge acquisition,
Finally, we address the problem of evaluating the effectiveness of both the knowledge
acquisition session or process itself and the resulting knowledge base.

Purpose and'.Content

This book presents a practical view of the knowledge acquisition procass, its
methodologies, and its techniques, in order to enable readers to develop expert system
knowledge bases more effectively. It is intended to sirixe a balance between presenting
(1) summaries of research in the field of knowledge acquisition and (2) methodologies
and techniques that have been applied and tested on numerous programs in various
contexts.
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Intended Audience

This book is written for novice knowledge engineers or others tasked with
acquiring knowledge for the systematic development of expert systems. Since
knowledge engineers tend to come from diverse backgrounds, the presentation of the
material does not presume a background in either computer science or aruf:c:al
intelligence.

Project managers for expert system development projects may also be interested in
this book, as it suggests a methodological approach to knowledge acquisition and
presents chapters on guidelines and techniques that knowledge engineers can use to
accomplish their tasks more effectively.

Structure

This text is structured in two parts. Part One includes Chapters 1 through 3 and
presents background information to help the reader develop a successful knowledge
acquisition methodology and program. Part Two, consisting of Chapters 4 through 11,
describes suggested knowledge acquisition techniques, together with guidelines and
considerations for their use.

Advance Organizers

Techniques to increase a reader's readiness for a chapler's content include the use
of a Contents Page, Introduction, Objectives, and Key Terms.

Contents Page. Each chapter begins with a structure resembling a table of
contents. Its purpose is to provide the reader at a glance with the contents and major
focus of the chapter. Scanning the contents page provides the reader with a mindset for
the material that will be presented. In addition, readers who are interested in specific
sections may skim through the chapter to access them directly.

Introduction. The Introduction provides a context for the topics that will be
covered in the chapter, a brief summary of the primary issues that will be discussed, and
a general overview of the topics that will be presented.

Objectives. Each chapter was writien with a specific set of purposes in mind.
These purposes are enumerated in the Objectives section at the beginning of each
chapter. Readers may wish to review the objectives prior to reading a chapter in order to
select those chapters that best meet their nceds. Reviewing the objectives upon
completion of the chapter can help solidify the learning process.

Key Terms. The fields of expert systems and knowledge acquisition are laden
with specialized terms. Terms that are critical to the comprehension of each chapter are
presented at the beginning of each chapter. Each term is boldfaced when it 1s introduced
in the text and it also appears in the Glossary at the end of the book.

Enrichment
. The book is designed to encourage the reader to extend his or her understanding of
the'text through the presentation of Suggested Readings and opportunities for
Application.

Suggested Readings. A brief bibliography of materials that provide more
information on the topics presented in the chapter appears at the end of each chapter.
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Opportunities for Application. Each chapter in Part Two (Chapters 4 through
11) concludes with an application activity. This activity provides an opportunity to
extend the reader’s understanding of the concepts presented in the chapter.

Chapter Contents
Chapter 1 presents background information on expert systems and the knowledge
acquisition process. It concludes with a discussion of some major problems that affect
knowledge acquisition to lay the groundwork for the philosophy and purpose of this text.

Chapter 2 reviews traditional software development methodologies and lessons
that can be adapted for use in expert system development. It proposes a systems-oriented
knowledge acquisition methodology that addresses some of the weaknesses that current
literature ascribes to knowledge acquisition. This methodology provides the structure for
the topics discussed in the remainder of the book. ‘

Chapter 3 presents a practical, structured approach to knowledge acquisition, from
using knowledge acquisition templates and building a knowledge acquisition database, to
knowledge base review efforts. This approach includes tested guidelines and procedures
that allow the knowledge acquisition process to be managed. and controlled, enabling
auditability and traceability of the developing knowledge base.

Chapter 4 acknowledges the crucial role played by the domain expert in the
knowledge acquisition process and the importance of positive, effective knowledge
engineer-domain expert working relationships. We suggest techniques for establishing
and maintaining positive relationships, getting the most out of a knowledge acquisition
session, and handling common problems.

Chapter 5 investigates the related problems of conceptualizing an expert’s domain
and analyzing the content of information garnered from knowledge acquisition sessions.
It presents graphical, statistical, and other methods to portray domain information, either
for use in structuring the knowledge base or as recording/feedback mechanisms.

Chapter 6 discusses the role of analysis techniques, such as task analysis, in a
knowledge acquisition methodology. It describes a procedure for using analysis
techiniques to build a structure for the developing knowledge base and presents specific
techniques knowledge engineers can use with different types of knowledge.

Chapter 7 examines the interview as a knowledge acquisition technique, explores
how it can be made more efficient, and offers guidelines for planning and conducting
knowledge acquisition interviews. It describes basic interview structures, various types
of interview sequences, question types and levels, and techniques knowledge engineexs
can use in interviews to gather more usable knowledge.

Chapter 8 discusses process tracing and protocol analysis as techniques that can
help knowledge engineers view and analyze a domain expert's decision-making
strategies, priorities, and process. It provides some background on the use of these
techniques in other fields, describe how to structure a knowledge acquisition session
based on the use of these techniques, and explains how to use results from process

" . tracing sessions.

Chapter 9 considers the rewards and problems associated with knowledge
acquisition sessions with multiple experts. It presents guidelines for knowing when to
" use multiple experts, considerations for selecting multiple experts, techniques that are
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appropriate for use with multiple experts, and suggestions for using knowledge acquired
from multiple sources.

Chapter 10 focuses on the possihilities, »ppropriateness, and considerations for
using automated knowledge acquisiting {2ols, prowtypes, and simulations for knowledge
acquisition. It discusses the continuum along which knowledge acquisition may be
automated and presents examples of some of the current crop of tools.

Chapter 11 explores an area that presents a major challenge to expert system
effectiveness, the evaluation of knowledge acquisition effectivencss. It considers the

verification-and-validation problem and presents some ongoing methods that developers -

can use to monitor the effectiveness of both the delivery of knowledge acquisition

sessions and the content of the knowledge base.
An Appendix is provided for readers who desire more background mformauon

on theories related to how humans process and store informatfon (Appendix A) and on

disadvantages of verbal reporting (Appendix B).
The Glossary presents definitions for key terms used throughout the text.
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INTRODUCTION

Knowledge acquisition is the most critical element in the development of expert
systems. It is both people and time intensive. As expert system development finds its
way out of research labs and into the business world, the cost of being people and time
intensive will impact the success of a project. Current development methodologies stress
the rapid prototyping approach, which provides few guidelines and procedures to help a
knowledge engineer organize the knowledge acquisition process.

This chapter provides the reader with a foundation for the study of knowledge
acquisition in expert systems development. This foundation helps one understand the
"state of the art," typical problems, and critical issues. First, we provide an overview of
expert systems, knowledge engineering, and knowledge acquisition, followed by a
discussion of the various approaches or modes that have been used to acquire
knowledge. Next, we present a historical view of knowledge acquisition stages.
Subsequently, we provide information on the nature of knowledge, and we address
problems associated with its identification and extraction. We discuss both the -
importance of knowledge and expertise in knowledge acquisition and the difficulties
they present the knowledge engineer. In the final section we ‘explore some of the
impediments to expert systems development with which knowledge acquisition is

associated.

OBJECTIVES

This chapter presents information on vocabulary, concepts, and problems related to
knowledge acquisition. Specifically, it enables readers to accomplish the following:

» Understand basic terminology and concepts related to expert system development
and knowledge acquisition

» Identify historical and current approaches to expert system development and
knowledge acquisition

» Conceptualize the various categories of knowledge that must be acquired

» Identify difficulties in the acquisition of knowledge from domain experts

» Recognize impediments to the successful application of current approaches

2 Knowledge Acquisition for Expert Systems Chap.1



