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Summary

Modelling the User Education Domain: a Grounded
Theory Approach

Sonia Elisa Caregnato .
Ph.D. Thesis, 2000

This thesis reports a research work whose objective was to derive a grounded
model of the user education domain, which was identified as pertaining to subject
librarians' expertise, using a knowledge elicitation approach in the field of
agricultural sciences. The knowledge elicitation framework adopted was that
which sees knowledge acquisition as a process of modelling expertise, and the
models derived as qualitative in nature. Accordingly, the main methodological
approach involved was based on qualitative research and use of grounded theory

methods.

The research design was divided into three studies, all based on interview data.
The research started by studying the role of subject librarians in academic
libraries in the UK (Study One), which identified the area of user education for
further study. Study Two proceeded to elicit information seeking practices and
user education processes from academics and librarians. Finally, Study Three
elicited information seeking practices of students who were engaged in library
research. A model of the user education domain in the field of agricultural
sciences in a Brazilian university was derived from the combination of the
analysis of Study Two and Three.

The model describes the library research process of individuals as happening in
discipline specific contexts, influenced by the world at large. The process takes

place through a series of information-seeking tasks and task-related strategies,
which are employed to search external knowledge sources and satisfy an
information need. During this interaction, internal knowledge sources are used and
modified according to the tasks and strategies being carried out. If these internal
knowledge sources are deficient for effective use of external knowledge sources,
mediation strategies by an expert can help readjust the information-seeking process
and alter the state of related internal knowledge sources

The model proposed is used to derive recommendations for the design of user
education programmes, subject librarians' work, and domain modelling using
grounded theory.
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Chapter 1

Introduction

This chapter describes the objectives of the thesis, sets the research into context,

and introduces the main topics that are expanded in the subsequent chapters.

1.1 Objectives

- The aim of the present thesis is to derive a grounded model of the user education
domain in an academic library from Brazil, using a knowledge elicitation
approach. Knowledge elicitation, which is part of the knowledge acquisition
phase in knowledge-based system development, is understood in the context of
this thesis as the process of interpreting domain specialised knowledge for the

purpose of conceptually modelling it.
The specific aims of the research are:

» To explore issues related to subject librarians' work in academic libraries in

order to select one of their activities for modelling;

> To develop a model, grounded mainly in the personal experience of

librarians, academics and students, of library user education for agricultural



sciences in a Brazilian university, by investigating how information-seeking

skills are applied, faught, and learned;

> To explore the use of one method of qualitative research from the social

science, namely grounded theory, as a knowledge elicitation technique.

Summarising, the research here presented aims at developing a grounded model
of user education domain in an academic environment based on both the activities
of subject librarians and the information-seeking behaviour of academics and
students. At the same time, it also considers methodological i1ssues related to

knowledge elicitation and qualitative research.

1.2 Context

The starting point for this thesis was the possibility of applying methods for
knowledge-based system development to library and information science studies,
~ particularly through the use of knowledge elicitation methodologies for domain

modelling.

'The importance of the application of knowledge-based system technology to
libraries goes beyond the development of systems themselves; the elicitation of
the domain expertise is an enterprise that is of great importance in itself for it can
contribute to the understanding of the epistemological foundations of the domain.
Dow (1992, p.120) was the first to suggest that the process of developing
knowledge-based systems for library and information science “can be a
methodological tool that contributes significantly to defining the nature of
information expertise as well as clarifying and systematising the theoretical basis

of the discipline”.



In addition, models of expertise can be an important tool for knowledge
management. Knowledge management involves the identification and analysis of
available and required knowledge within an organisation, and the subsequent
planning and control of actions related to that knowledge (Fisher, 1998).
Knowledge to be managed 1s mainly of an informal, or human, nature and is
delivered as solutions rather than products. Modelling expertise as a knowledge
elicitation activity within an organisation can represent the way to encapsulate that

knowledge for its effective management.

Librarianship is a complex and multifaceted discipline, it is obvious that no single
domain model could represent all the aspects related to it. Accepting that
condition, the research work started by approaching the work of subject
librarians. Subject librarians were considered important sources of human
expertise for both the professional work they carry out in libraries and their work

in a specialised area of knowledge outside librarianshib.

However, subject librarianship is still a broad field of work. Hence, after a
preliminary study (Study One), the user education domain, which is one of the
areas of expertise of subject librarians, was chosen as target for modelling. Since
user education in libraries is mainly concerned with the development of
information-seeking skills in students, and since academics are the actual
information users in academic environments, the study concentrated on the
expertise of librarians, the information-seeking expertise of academics, and the

way information-seeking skills are learned and applied by students.

Moreover, since knowledge-based systems in education are known as intelligent
computer assisted instruction or intelligent tutoring systems, an understanding of
their architecture was brought into the research work to see how it related to
domain conceptual modelling. The emphasis on modelling the user education
domain as a knowledge elicitation activity persisted, regardless of the specific

type of system to which the model could possibly be applied in the future.



Matters related to the terminology adopted in the study and its definition are

clarified under the appropriate headings of the two chapters on the literature

review (Chapters 2 and 3).

1.2.1 The knowledge elicitation framework

The task of knowledge acquisition for knowledge-based system development has
been through several stages over the years. Back in 1993, Gaines (1993) observed
advances in the area of knowledge acquisition at two levels: conceptual and
theoretical. As a result of those advances, knowledge acquisition was described
“as a process of modelling expertise with a view to emulate and extend it” (p.2)
and not "...the transfer and transformation of the probliem-solving expertise from
a knowledge source to a program” (Hayes-Roth et al., 1983) as it had previously
been perceived. Transfer to modelling were the keywords that characterised the
evolutionary shift. Modelling has since become the dominant view in knowledge
elicitation and has influenced methodologies at the same extent it has been

influenced by them.

This less positivist perception of human knowledge seems to accompany a trend
observed also in other disciplines, including library and information science. In a
paper that formulates a domain-analysis approach to information science,
Hjerland and Albrechtsen (1995) conclude a section on transdisciplinary

tendencies in the understanding of knowledge stating:

There has been a transdisciplinary development where the view of human
individuals, of human knowledge, etc., is seen as less formal, less

mechanical, less computer-like, and more organic, contextual, sociocultural,
and domain specific. It is not the isolated, abstract individual as much as it is
the discourse community and its individuals, which constitute the focus of

current research in disciplines allied to IS [information science]. (Hjoerland
and Albrechtsen, 1995, p.409)

A practical application of the modelling view in knowledge-based system

development 1s the KADS methodology (Schreiber et al., 1993). In KADS

4



knowledge acquisition is seen as a constructivist process of building
implementation-independent models to represent expertise. Following this
approach, the designer is aware that the conceptual model generated 1s an
interpretation of the phenomenon. In addition, the designer is not biased towards
a computational framework during analysis and the decision about whether or not
the model is suitable for implementation comes later, together with a decision on
how that is going to be done. Figure 1.1 below represents the role of the

conceptual and design models in knowledge acquisition according to KADS.

Interpretational

Phenomena Framiework Models
model

Observer
Al Techniques
System Design model

Al System
Implementation

Problem solving

behaviour

Designer

Figure 1.1: Knowledge acquisition in KADS. (Source: Schreiber et al., 1993)

Adopting the view of knowledge elicitation as a modelling activity, the work here

presented is concerned exclusively with modelling of the first type in KADS, that



is, conceptual modelling, and for that purpose it uses grounded theory methods

and techniques.

Although the KADS methodology is not applied in the present study, it provides a
useful framework for the knowledge elicitation process as it is compatible with
more general qualitative methods of research, of which grounded theory is an

example;

In synthesis, the knowledge elicitation framework adopted in the present study 1s
that which sees knowledge acquisition as a process of modelling expertise and the
models derived as qualitative in nature. The derived conceptual models provide
mediating representations between human knowledge and design models for

implementation of knowledge-based systems.

1.2.2 The user education approach

User education was chosen as the target domain after the study of subject
librarians in academic libraries showed it to be one of the major areas of activity

for the subject librarians.

Developments in information technology and the growth of scientific and
technical literature require a trained user who is able to explore the existing
resources. These developments were seen by many authors (for instance,

French,1990; Elder and Miller, 1998: Fourie, 1999), as factors that affected the

expanding role of librarians in providing end-user education.

As much as these factors have affected the role of subject librarians, they have
also affected user education. Martin (1996), on a second round survey on subject

specialisation in British university libraries, states that:

In so far as it has been accepted as one of the functions of the subject
librarian, his role in relation to electronic information services will now
have largely changed into one of helping staff and students in the use of self-



service media... This development has transformed the nature of what
hitherto has been known as reader education. (Martin, 1996, p.165)

The body of literature on user education is large, consisting mainly of studies of a
practical nature which account for local experiences, and some studies concerned
with the theoretical basis of the domain. However, there is a need for a
theoretical framework based on empirical data explaining which factors are most

important in user education process and the relationship between these factors.

The continuous debate in the literature over whose model - librarians’ or
academics' - is the appropriate one for teaching information skills (Stoan, 1984;
Stoan, 1991; Fister, 1992; Pacey, 1995) has shown that an approach which deals
with both sides of the problem is beneficial. In addition, a third human
component - students - has also to be taken into account if a full picture of the
domain is envisaged. Some studies (Fister, 1992; Kulhthau, 1993) contributed to
the understanding of information seeking for user instruction but were solely

focused on students.

An understanding of the knowledge and processes involved in applying and
developing information-seeking skills based on empirical data from librarians,
academics and students is necessary, specially when electronic environments are
concerned. Librarians and teachers may be available for assistance over networks
but, as it was necessary in a non-electronic environment to promote the
development of skills that made the user self-sufficient in the use of the library, it
is now necessary to create opportunities for information skills to be learned so

that users can make the most of the availability of dispersed information.

Electronic information and advances in computer networking have a great impact
on scholarship (Blandy & Libutti, 1995). Students at all levels, undergraduates
included, are now exposed to vast amounts of information which they must be
able to access, select, process and evaluate. Although one cannot disagree that
research skills are not synonym to information-seeking and use skills, as Stoan

(1984) argued, few people would question the validity of librarians actively



supporting learning' of the latter. On the contrary, many authors (for example,

Wersig, 1993; McClure, 1994; Fowell and Levy, 1995; Elder and Miller, 1998,
Tompkins et al-:', 1998) see promoting learning of life-long information skills as

one of the main roles for librarians, particularly in the networked environment.

Programmes for training users to access and use Internet resources and
programmes that work as guided tours to libraries are designed and made
available over computer networks. Differently from those approaches, the
concern in the present study is not with the development of training programmes
or material but with the development of a conceptual model of the user education
domain in an agricultural science library which could serve as the basis for

building a knowledge base of the expertise involved.

Another aspect that differentiates this work from previous ones is that this is
based on data gathered in a Brazilian university and thus reflects the reality of a
country where research on the subject is scarce. The bulk of the literature in the
subject is produced in English speaking countries and reflects the reality of those
countries. Importing pre-established models into a different culture could prove
impracticable, for instance, language barriers are commonly ignored in English

language literature on the design and evaluation of information systems (Buckland
& Florin, 1991).

1.3 Methodological Issues

The theoretical approach adopted in the present study is described in the areas of
information needs and use and in information retrieval as "user-centred”.
According to this approach, the phenomena which should be studied, are those
related to individuals' echricnces when interacting with information systems. In

spite of being user-centred, the social context of the interactions is not ignored



and it is applied in terms of domain and work roles of the members of the domain

community.

e

The research design 1s based on qualitative research and uses case study approach
and grounded theory methodology. The case study approach was considered
appropriate for providing an analysis of the phenomenon "in depth and detail, in
context, and holistically”™ (Patton, 1990, p.54), such as is required of a knowledge

elicitation approach for domain modelling.

The present study was designed according to grounded theory principles of theory
construction, that is, i1t did not start from a number of hypotheses to test.
According to Strauss and Corbin (1990), in a grounded theory study "...one does
not begin with a theory, then prove it. Rather, one begihs with an area of study
and what is relevant in that area is allowed to emerge" (p.22). Following that
approach, the study was designed in such a way to allow that relevant findings at

one stage informed the context of the subsequent stages.

The work started by the usual literature review and background reading to
develop an overview of the topic and proceeded to the design of the preliminary
field work. The literature review at that point was concerned with grounded
theory, knowledge-based systems, knowledge acquisition and elicitation and

subject librarianship.

The field work started focusing on the identification of a specific domain related
to subject librarians' expertise in academic libraries. A preliminary study was
designed in which subject librarians from three British universities were
interviewed for the purpose of understanding the phenomenon from the
perspective of the participants without imposing preconceptions and
misconceptions. Grounded theory methods were used to analyse the data
qualitatively and as a result of this preliminary study the area of teaching emerged

as an appropriate area for further studies. This preliminary study was labelled
Study One.



Concomitant to the development of the research and according to the findings,

literature review progressed to include topics such as user education, user needs,
user seeking-bghaviour, and knowledge-based systems for instruction, including
intelligent tutoring systems, intelligent computer assisted instruction and other

variations.

The next stage of the research concentrated on the case study of an academic
library in Brazil, the library of the Faculty of Agronomy in the Federal
University of Rio Grande do Sul. Data from librarians and academics in a second
study (Study Two), and from students in a third study (Study Three), were
collected and analysed in an effort to use grounded theory in knowledge
elicitation and, thus, derive a conceptual model of the domain. Grounded theory,
In the words of two main proponents of the method, is "a qualitative research
method that uses a systematic set of procedures to develop an inductively derived
grounded theory about a phenomenon” (Strauss & Corbin, 1990, p.24). The
grounded theory developed is used to analyse implications for user education
modelling and knowledge elicitation. Study Two and Three represent the main

~ body of empirical work in the present thesis.

A qualitative approach for the research was desired due to two reasons: first, its
appeal in information retrieval research (Fidel, 1993), of which knowledge-based
systems can be understood as a subset; second, the similarities between grounded

theory and knowledge elicitation (Pidgeon et al., 1991).

The grounded theory procedures adopted in this study were largely based on the
writings of a grounded theory founder as present in the books "Qualitative Data
Analysis for Social Scientists" by Strauss (1987) and "Basics of Qualitative
Research” by Strauss and Corbin (1990). Other researchers who contributed with
the understanding of the methodology were Pidgeon et al.(1991), Weingand
(1993) and Westbrook (1994). Empirical works describing the way the
methodology was employed (for example, Turner, 1983; Bradley, 1993) and the

experience on carrying out grounded theory research in the Department of

10



Information Studies as exemplified by the works of Ellis (1987) and Soto (1992)

were also important and illuminated the process adopted in this research work.

g

Of the three common techniques for data collection in qualitative studies, namely
interview, observation, and document examination, interviews were favoured in
the research design. However, observation and documents examination were also
employed as necessary. The triangulation of methods, as it is known in qualitative
research jargon (Patton, 1990), was combined with the triangulation of subjects -
or data triangulation according to Patton (1990) - that is, librarians, academics

and students. Triangulation helps to ensure integrity of the findings (Westbrook,
1994).

Figure 1.2 1llustrates the stages of the study as they progressed, the subjects

Involved in each stage and the associated studies.

Library User Education

Figure 1.2: The stages of the research study.
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1.4 Plan of the Thesis

The information presented in this thesis is organised according to the stages the

research went fhrough and divided into 9 chapters:

Introduction, in Chapter 1, puts the research into context, states the objectives of

the investigation and presents a plan of the thesis.

Chapter 2 and Chaﬁter 3 cover the literature review and provide a background for
the research. Chapter 2 is the result of a literature review carried out in the area
of knowledge-based systems and other related software issues. Knowledge
elicitation is identified as one phase in knowledge-based system development and
is discussed in depth. The last section of the chapter deals with the application of

these systems in libraries.

Chapter 3 examines the fields of subject librarianship, user education and
information seeking and use. It begins by describing subject specialisation In
academic libraries. User education is identified as one of the subject librarian’s
functions and its implementation in academic libraries is discussed as well as its

- theoretical foundations. The use of cdmputer systems for information skills
development, whether or not they incorporate knowledge-based system
techniques, are discussed. Elements of relevant information-seeking and retrieval

theories are also covered.

Chapter 4 presents the research methodology and the theoretical framework
adopted. It starts with the rationale for the research work, that is, the reasons for
employing grounded theory methods as a knowledge elicitation technique in the
field of user education of agricultural sciences. That is followed by a presentation
of characteristics of qualitative research and its role in information science
research. It proceeds to cover the main elements of grounded theory methodology
and to examine the use of grounded theory as a knowledge elicitation technique.

Finally, it deals with the actual application of grounded theory methodology to
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the present research work and discusses the design of the study and the
procedures involved. The three studies carried out are presented in terms of

objectives, subjééts involved and procedures followed for data collection and data

analysis.

The results of every one of the three studies are presented and discussed in
individual chapters, from Chapter 5 through Chapter 7. Chapter 5 deals with
Study One, a preliminary study carried out in three university libraries in
England, when the general area of subject librarianship was being considered. It
presents and discusses results of Study One whose themes were subject librarians’
job, expertise and knowledge as well as assessing the opportunity for domain
modelling in the area. Chapter 6 covers the results of the analysis of Study Two,
carried out in Brazil with academics and librarians from an agricultural science
faculty with the purpose of eliciting expert knowledge related to library research
skills. Chapter 7 presents results of Study Three, carried out 1n the same

institution in Brazil, but this time with students for the purpose of eliciting users’

VIEWS.

In chapters 6 and 7 the emphasis is placed on describing the data collected
according to the categories derived. Excerpts from interviews are given to serve

as evidences of the categories found in the data.

Chapter 8 combines the results of the three studies together to present a model of
the categories and processes involved in user education for the case studied. The
emphasis 1s this chapter is placed on defining the categories and their relationship
in a conceptual and integrated level It compares the derived grounded model to

related studies presented in the literature.

Chapter 9 concludes the study by highlighting strength and limitations of the
model and suggesting further developments. It also analyses implications of the
study for subject librarians and for the use of grounded theory as a knowledge

elicitation method for domain modelling.
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Chapter 2

Knowledge Elicitation for Knowledge-
Based Systems

This chapter reviews the literature on knowledge acquisition and knowledge
elicitation for knowledge-based systems development. Apart from a discussion on
knowledge, expertise, and knowledge elicitation and acquisition, it also discusses

knowledge-based systems for learning and knowledge-based systems applications.

2.1 Knowledge-Based System Development

The terms knowledge-based systems and expert systems have been used almost as
synonyms throughout the literature, that 1s, they have both been used to identify
computer systems that "aim to codify the knowledge of human experts in specific
problem domains, thus making that knowledge available for others to use”
(Alberico and Micco, 1990, p.31). Some authors, however, emphasise
differences between these two terms. Ford (1991), for instance, differentiates
knowledge-based systems from expert systems by stressing the use of heuristic

knowledge in expert systems. Knowledge-based systems, according to him, do

not necessarily require artificial intelligence techniques to be built. Bell and
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Hardiman (1989), on the othe;' hand, seem to think that the difference is the

degree of expertise:

We feel that the terms 'experts’ and 'expert systems’ lay too much emphasis
on expertise, when many useful and profitable systems have been developed
using a combination of the appropriate computer technology and simple,
heuristic knowledge that is certainly not 'expert'. (p.49)

What perhaps better characterise these systems are their constituent parts.
Knowledge-based systems and expert systems are often described as having at
least three main components: (1) a knowledge base; (2) an inference engine; and
(3) the interface (McGraw and Harbison-Briggs, 1989). The knowledge base 1s
where human expert knowledge is coded and represented, the interface engine is
the reasoning part which co-ordinates the manipulation of that knowledge, and the
interface is the bridge between the computer system and the user. In summary,
these systems embody specialised human knowledge. Because the term
knowledge-based systems is broader and encompasses both types of systems, it
has been adopted throughout this thesis since the concern here 1s not with a

specific type of system but with the phase of knowledge elicitation.

Hayes-Roth et al. (1983), in a seminal work on expert systems development,
demonstrated that most knowledge engineering applications, expert systems or

not, fall into a few generic categories, which are:

» Interpretation systems which infer situation descriptions from observed data;
> Prediction systems which infer likely consequences from given situations:

» Diagnosis systems which infer system malfunction from observed behaviour;

» Design systems which develop configurations of objects according to the

constraints of the design problem:;

» Planning systems which design actions for objects that perform functions;
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> Monitoring systems which compare observation of system behaviour to

desired outcomes;
> Debugging systems which prescribe remedies for malfunctions;

» Repair systems which develop and execute plans for solving diagnosed

problems;
> Instruction systems which diagnose and adjust students’ behaviour;
» Control systems which govern the overall behaviour of a system.

Although those applications are depicted as distinct systems, they can more
appropriately be described as a generic set of problem-solving activities within a
domain that are performed by an expert in the subject. ‘Thus, one of these generic
problem-solving activities can be implemented as a type of system on its own or
by combination with others activities. For example, Hayes-Roth et al. (1983,
p.15) explain that instructional systems incorporate diagnosis and debugging sub-
systems and that debugging systems "rely on planning, design, and prediction
capabilities to create specifications or recommendations for correcting a

diagnosed problem"” [emphasis added].

A knowledge-based system development model, despite the type of system, is
often described as progressing through phases similar to the ones found in
conventional software engineering approaches. Hayes-Roth (1992, p.25) specifies

the "evolutionary process of knowledge system development” as follows:
> Identification: identify the characteristics of the problem;

» Conceptualisation: find concepts to represent knowledge;

» Formalisation: design structures to organise knowledge;

> Implementation: formulate rules to embody knowledge;
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» Testing: validate rules that organise knowledge.

In a similar approach and drawing from the works of other authors, Hart (1936)

specified the following stages in expert system development:
> Identification: select a task and define objectives;

» Knowledge acquisition: extract and represent expert knowledge in a

conceptual model;
> Design: define knowledge representation and interface mechanisms;
» Development and testing': implementation and testing of aspects of the system;
» Use: continue to review and evaluate.

The stages she specified differs little from the ones Hayes-Roth dealt with; she
only explicitly recognises knowledge acquisition and introduces a use phase.
Hayes-Roth (1992) interprets knowledge acquisition as one of the knowledge
engineering activities, together with knowledge system design, knowledge
programming, and knowledge refinement. He does not make it clear how these

activities relate to the stages in knowledge system development.

A slightly different set of stages in expert systems and knowledge-based system
design was described by Diaper (1989) who specified in more detail the five
stages already presented. The stages he arrived at are: a) pre-project feasibility
study; b) organisational modelling; c¢) personnel identification; d) knowledge
elicitation; e) knowledge representation; f) knowledge encoding; g) user interface
design; h) prototype testing; i) delivery system implementation; j) delivery system
installation; k) delivery system evaluation. Knowledge elicitation, knowledge
representation and knowledge encoding when combined together, according to the

authors, represent knowledge acquisition.
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One opinion that seems to be generally accepted, however, is that because
knowledge-bas;d systems deal with knowledge rather than data, that is, they
contain more than isolated facts and include structured information (Weckert,
1991) derived from human expertise, knowledge acquisition is more complex and

difficult than conventional systems analysis (Hart, 1986).

Soft Systems Methodology (Checkland and Scholes, 1990), a systemic, versatile
and human centred methodology which represents an alternative to traditional
system analysis and design, has been suggested as a framework for knowledge-
based systems development (Gregory, 1995). This paper argues that the models
derived from the application of Soft Systems Methodology can be developed into
logico-linguistic models that represent the language used in the domain. As such,

they can be used as a framework for knowledge elicitation.

One structured methodology developed specifically for knowledge-based systems
design is known as KADS, which originally stood for Knowledge Analysis and
Documentation Systems but which is currently used as a proper noun (Schreiber
et al. 1993). KADS originated in a ESPRIT program and started as a project
aiming at developing a knowledge acquisition methodology; however, that
emphasis "was replaced by a broader view in which issues such as life-cycle
models, system-user interaction and system design and implementation had their
appropriate place” (Schreiber et al. 1993, p.xi). KADS was followed by
CommonKADS, the result of the ESPRIT-II project KADS-II, which is also a
methodology for development of knowledge based systems but qualified to
become a commercial standard. "CommonKADS supports most aspects of a
knowledge-based system development project, including project management,
organisational analysis, knowledge acquisition, conceptual modelling, user

Interaction, system integration, and design." (WWWO010).

In KADS and CommonKADS, system development is seen as a modelling
activity which generates multiple models of the problem and the environment.

The problem has first to be completely analysed before solution methods are
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selected and applied. An intermediate step is required between identification and
the selection of solution methods. KADS modelling view of knowledge-based
systems development and, consequently, knowledge acquisition, are further

explored in the sub-section 2.3 on Knowledge Elicitation.

Other modelling frameworks, some derived from KADS, have also been
proposed. Brazier and Wijngaards (1998), in a study which compares some of

those modelling frameworks, including CommonKADS, cited:

> Desire. A modelling framework for modelling, specification and

operationalisation of tasks.

> Protégé-11. A knowledge-acquisition shell that permits the construction of

problem-solving methods.

» Mike. The MIKE (Model-based and Incremental Knowledge Engineering)
approach integrates semiformal and formal specification techniques, and

prototyping into a coherent framework.

> Vital. An approach to structured knowledge-based system development which

includes a knowledge engineering and a project management methodology.

> TASK. A modelling framework designed to support system development from

conceptual specification to operationalisation.

Before structured methodologies for knowledge-based systems development were
available, the rapid prototype approach prevailed. Rapid prototyping "entails the
selection and rapid development of a section of the expert system, testing on the
partial system, iterative refinement, and further development” (McGraw &
Harbison-Briggs, 1989, p.11). While being useful as a tool for further discussion
with the expert and for overcoming time constraints, it may result in a
commitment to a specific model that does not represent the expertise in question

~ (Johnson et al, 1987). In addition, it requires continued revisions, updates or even
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complete redevelopment (McGraw and Harbison-Briggs, 1939; Firlej & Hellens,
1991). Rapid prototyping is still used as a method for knowledge-based system
development. S‘t)me authors (Firlej & Hellens, 1991; Kidd, 1987), however,
argue that before trying to develop any system there i1s a need for a thorough
investigation of the problem area, which is not the case with the rapid prototyping
approach. Notwithstanding, it should be noted that rapid prototyping can be
useful for testing the feasibility of a system, that is, "it can assist with validating
or refining of some of the technical decisions made in Phase 1 [Feasibility study]”
(Morris, 1992, p.28).

2.2 Knowledge and Expertise

Knowledge-based and expert systems deal with knowledge rather than simply
with data. Knowledge as a subject has been studied by such diverse disciplines as
philosophy, computer science, psychology, sociology of science, information
science, etc. It 1s necessary, then, to clarify the different meanings attached to the
concepts of knowledge and expertise before exploring issues related to how to

elicit expert knowledge.

Most frequently, knowledge is described as one of two types: procedural
knowledge, which is represented by rules, heuristics, algorithms; and declarative
knowledge or assertive knowledge (for example Chernyi, 1997). These two types
correspond, respectively, to content and process knowledge in Garg-Janardan and
Salvendy (1987). Evans (1988) further subdivides declarative knowledge into
factual knowledge, which is defined as simple assertions about the subject, and
conceptual knowledge or the relationship between those assertions. Hale et al.

(1996), on the other hand, subdivide procedural knowledge into general and

application.
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Déclarative and procedural knowledge are also the categories distinguished in
KADS, only that they are named domain and control knowledge instead. Domain
knowledge is “;tatic knowledge describing a declarative theory of the application
domain" and "embodies the conceptualization of a domain for a particular
application in the form of a domain theory" (Wielinga et al., 1993, p.22). Control
knowledge is further specified by the same authors at three levels: knowledge of
different types of inferences, knowledge of elementary tasks, and strategic

knowledge.

Other ways of looking at knowledge are proposed by different authors. For
example, McGraw & Harbison-Briggs (1991) and Moody et al. (1996) identify
the following categories of knowledge that are relevant for knowledge system
development: 1) declarative knowledge, which is defined as “knowing that”™ ; 2)
procedural knowledge or “knowing how”; 3) semantic knowledge, which has a
cognitive structure and is organisational or representational; and, finally, 4)
episodic or autobiographical knowledge. Perhaps a better description of the last
two is given by La France (1989) who defines semantic knowledge as facts
hierarchically arranged and episodic knowledge as situations compiled from

experience.

Different ways of describing knowledge can be useful for practical purposes, such
as the subdivision of public and private knowledge suggested by Hayes-Roth et
al. (1983). Public knowledge, they explain, is the sort of knowledge that is
encountered in the literature whereas private knowledge belongs to an individual
and comprises rule of thumb and heuristics. A slightly different view is that of
Weckert (1991) who specifies implicit, or tacit, and explicit knowledge. Tacit
knowledge is not easily articulated for it may even not be conscious knowledge;

In contrast, explicit knowledge can be articulated even if not made public already.

Tacit knowledge adds difficulties to system development because it is almost
unreachable, particularly in view of reports (Bloomfield, 1988) that say that much

of the human knowledge is held on a tacit basis. That is "the paradox of
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expertise“ (Wooten and Rowley, 1995); the more one knows the more difficult it

is to articulate how one thinks and reasons.

L "

Expertise is intrinsically related to knowledge yet clearly distinct from it.
According to Jonhson et al. (1987, p.163), expertise is applied knowledge or "the
kind of knowledge that is used to perform a task". That is, expertise is "the

demonstration of the application of knowledge" (McGraw & Harbison-Briggs,

1989, p.15).

Expertise is very often explained by contrasting it to its reverse, that is, 1t 1s
explained by contrasting expert versus novice characteristics. Some examples of
this distinction is the assertion that "experts not only know more quantitatively
than those with less expertise but that they know what they know 1n qualitatively
different ways from those possessing less knowledge" (LaFrance, 1989, p.6). As
one gains more experience, knowledge is compiled 1n such a way to speed up
performance thus decreasing step-by-step processing and making one less aware

of what he or she knows.

Owing to its sophisticated characteristics expertise presents several problems for

knowledge acquisition. Some of the problems already 1dentified in the literature
(McGraw & Harbison-Briggs,1989; Evans, 1988; Bainbridge, 1986) can be

summarised as follows:

» metaknowledge (knowledge about how knowledge is used) is difficult to

access;
» human experts are not exact, or accurate, when expressing their knowledge;

» humans tend to become selectively focused or directed, e.g. they tend to use

strategies which have succeeded in the past;

» working memory capacity is limited;
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> perceptual-motor skills, such as swimming, and high level skills used in

cognitive tasks are used automatically;
» images and movements may not be accurately represented verbally;
> reporting at the same time as doing a task may interfere with it;

> techniques for knowledge acquisition do not always match knowledge types to

be extracted.

The aspects of knowledge and expertise highlighted help to clarify the reasons
why elicitation of knowledge of experts is complex to the point of being
considered the "bottleneck” in knowledge-based system design. The stage of
knowledge-based system development that deals directly with expert knowledge is
known as knowledge acquisition or knowledge elicitatidn. The specification of
v?hat it entails and of the slight differences between the two concepts are given in

the next section.

2.3 Knowledge Acquisition and Knowledge

Elicitation

Until quite recently, the idea of capturing knowledge to transfer it from domain
experts into the computer was the dominant view in knowledge acquisition for
knowledge-based systems deveIOpment. According to this view, knowledge is
seen as a objective thing that can be extracted from the expert's mind, albeit not
without problems, and implemented as a computer system. Mining was the

prevailing metaphor in this context.

The transfer view, however, did not seem to generate satisfactory results and

some researchers began to look for alternatives, proposing that a solution to the
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knowledge elicitation problems may be achieved through the design of conceptual
models before any implementation activity (Ramoni et al., 1992). Steels (1990}

argues:

[Textbooks] assume that knowledge can be translated more or less directly
into computational structures from observations of the expert's problem
solving or from verbal reports about this knowledge. It is true that at some
point in the process of developing a working application, we have to face
decisions on which implementation medium to use; however, the
computational answer is only partly satisfactory. The gap between the
implementation level and the knowledge and problem solving that we
observe in the human expertise is too wide. What is needed is another level
of discourse that talks about knowledge and problem solving independent of
their implementation. (p.29)

Gaines (1993, p.2) also observed the phenomenon in which knowledge
acquisition is described “as a process of modelling expertise with a view to
emulate and extend it”, and classified it as an advance in the knowledge
acquisition area. Clancey (1993, p.33), on a similar approach, added that
“knowledge acquisition is a process of developing qualitative models of systems

in the world - physical, social, technological”.

The modelling view of knowledge acquisition had its origins, according to
Schreiber et al. (1993) and Steel (1990), back in the 80’ when Newell, a
prominent Al researcher, proposed a “knowledge-level” approach to Al as a way
of providing a description of system rational behaviour, independently of its
computational representation. Schreiber et al. (1993) explain the purpose of the
model as one which makes the organisation of knowledge in the system explicit

and provides an implementation-independent description of the phenomenon.

As a result of taking such view, several researchers propose a naturalistic or

constructivist approach to knowledge acquisition, for example, Adams-Webber
(1995), Bell and Hardiman (1989), Hale at al. (1996), Moody et al. (1996),

Wooten and Rowley (1995).
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Going a step further, more recently, Sierhuis and Clancey (1997) showed

dissatisfaction with that perspective of modelling knowledge in Artificial

Intelligence which equates models to the knowledge itself. They argue in favour

of the notion of "situatedness” in cognition, action and learning as knowledge

cannot be disembodied from the people and the situation. They state that "We

cannot disembody knowledge, we can only make a representation of the

knowledge of a person who has evolved his or her knowledge in practice”

(Sierhuis and Clancey, 1997). Thus, "situatedness” implies that we should

understand about people and the actions they are engaged in within an

environment before we can understand and manage knowledge.

The modelling view in knowledge-based systems development in general, and in

knowledge acquisition and elicitation in particular, is best described in the KADS

methodology. The following are the models distinguished in KADS (Schreiber et

al.

>

, 1993):

Organisation model: Describes the organisation in which the knowledge-based
system will function and how the introduction of the system will affect the

organisation.

Application model: Defines what problems the system should solve, its

- functions in the organisation, and the external constrains that are relevant to

the development of the application.

Task model: Specifies the tasks the system will perform to achieved the

function assigned to the knowledge-based system.

Model of cooperation: Describes the interaction between the agents while

accomplishing the tasks and sub-tasks assigned to them.

Model of expertise: Describes the knowledge used by the knowledge-based
system to solve its task.
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> Conceptual model: Results from the combination of the model of cooperation
and model of expertise. Conceptual models are abstract descriptions of the
objects and operations that a system should know about and are

implementation independent.

» Design model: Links the conceptual model and the computer implementation.
Describes the computational and representational techniques that the

knowledge-based system should use.

The main advantage of the modelling approach in KADS 1is that it clearly
separates conceptual models from desigh models allowing for a knowledge level

approach to the development of knowledge-based systems.

So far knowledge acquisition and knowledge elicitation have been used in a more
or less interchangeable way throughout this work. This is because there are not

consistently clear differences between the two concepts throughout the literature.
Two main views about the type of difference were identified. In one, knowledge
elicitation is but one stage in knowledge acquisition. The following definitions of

knowledge acquisition serve as an example of this approach:

It involves eliciting, analysing, and interpreting the knowledge that a human
expert uses when solving a particular problem and then transforming it into
suitable machine representation (Kidd, 1987, p.1).

Knowledge acquisition involves, in our view, at least the following
activities: eliciting the knowledge in an informal - usually verbal - form,
interpreting the elicited data using some conceptual framework, and

formalizing the conceptualizations in such way that the program can use the
knowledge. (Schreiber et al., 1993, p.2)

In this view, knowledge acquisition is almost synonym to the complete process of
knowledge-based systems construction, although Schreiber et al. (1993) label that
as knowledge engineering for it includes the construction of all the models
specified in KADS. Knowledge elicitation seems to be particularly related, in
these cases, to the contact with the "sources of knowledge", either human or

non-human (Diaper, 1989).
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In the other slightly different view:

Knowledge "acquisition"” will refer to the broader activity of gathering
information from a variety of sources, one of which is a domain expert, and
interpreting and organising it. The activities involving direct interactions
with an expert will be referred as knowledge "elicitation™. (Wood & Ford,
1993, p.72)

If knowledge elicitation is solely concerned with human sources, then "knowledge
acquisition can proceed without elicitation in cases in which machine learning

algorithms are used to induce knowledge instead" (Cooke, 1994, p.802).

In this thesis the concept of knowledge elicitation is used when referring to the
empirical study carried out in the understanding that knowledge elicitation is not
only limited to the direct contact with "sources of knowledge" - mainly human
but supplemented by non-human sources - and involves also the interpretation of
the knowledge into a mediation model. Knowledge elicitation, within this
understanding, does not include the implementation of the mediation model as a
design model or an actual system. Perhaps a more complete definition is that

given by Johnson et al. (1990, p.88):

Elicitation involves creating an environment where an expert, and others,
can generate some Kkind of description of their activities which the
knowledge engineer comments upon, analyses and moulds into a body of
"knowledge”. Thus knowledge elicitation is not the discovery of heaps of
mature, internalised cognitive structures; nor is the mapping of ideas into a
formal system. It is closer to a learning or research activity where one,
usually a knowledge engineer, comes to understand something of the
concerns of the other (the expert). With varying degrees of appropriateness,
the knowledge engineer actively creates the knowledge from a sea of
qualitative data produced during their meetings. The two stages of
elicitation, raw elicitation (interview, problem-solving, etc.) and knowledge
analysis (getting it down on paper) are distinct but do co-occur and
knowledge engineers need skills in both.

Although that is the understanding of knowledge elicitation adopted and used in

this research work, other authors may use the terminology differently than it is
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used here. When citing those authors, the terms employed in their papers are

maintained in order to avoid misrepresentation of the original ideas.

2.3.1 Approaches

The two main views in knowledge acquisition, namely transfer and modelling,
have been discussed in the previous section. Despite the philosophical
underpinning, practical approaches to knowledge acquisition and, consequently,
knowledge elicitation are noteworthy. Modelling has already been considered at
the pragmatic level elsewhere in this thesis, so it 1s not going to be considered
again in this section. Two other practical approaches which have not been dealt
with previously are considered here, namely machine induction and structured

approaches.

2.3.1.1 Machine Induction

Machine induction is a method which the computer program uses to induce rules
for a training set. The quality of the rules will depend on both the algorithm used
and the quality of the examples used. The advantage of this method is that it
almost suppresses the elicitation process and is useful when experts find it easier
to describe examples than describe their knowledge. However, it is not possible
In all domains to identify a documented training set and when it is possible the
examples may not be representative of the real situations. The rules produced that
are correct for the training set may not be correct in general (Hart, 1987). If no
documented training set for the domain exists, the system developer and the
expert will have to work together to produce one and this process can bring about

some of the same problems encountered in knowledge elicitation.
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2.3.1.2 Structured approach

McGraw & Harbison-Briggs (1989) propose a system-oriented methodology
specifically for knowledge acquisition. Because it deals mainly with the elicitation
of knowledge through several techniques, it cannot be considered a methodology
for the development of knowledge-based systems as a whole. The authors propose
that the technique in each phase of the design match the knowledge type to be

extracted. The phases they identified and the corresponding techniques are:

> Identification. Identification of the domain knowledge, knowledge subsets,

and vocabulary.
Techniques: unstructured interviews .

» Concept analysis. Conceptualisation of the domain to understand and
graphically represent the organisation of concepts within the domain, also to

determine knowledge acquisition structure.

Techniques for concept identification: generating concepts definitions,

comparing and contrasting, generalisation, using prediction.

Techniques for concept organisation and analysis: concept dictionary, concept
framework, cognitive maps, models, taxonomies, concept sorting, scaling

techniques, repertory grid analysis.

» Domain analysis (structural analysis). Involves analysing the domain to set
boundaries and impose an initial structure to it. There are two types of

analysis procedures:

Identifying the major functions of the expert systems. Techniques: functional
analysis (to identify declarative knowledge), information flow analysis (to
identify declarative knowledge), interaction analysis, operational sequences

analysis (to identify procedural knowledge).
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Structuring the domain to derive knowledge acquisition goals and plans.
Techniques: task analysis (to identify episodical knowledge), job analysis ,

timeline anélysis (to identify procedural knowledge), extend decisions/action

analysis.

Structured interviews. Interview goals are to obtain enough information about
task performance to increase foundational knowledge and/or to structure and
refine already-acquired information. While this process is portrayed

sequentially in the model it may be used in combination with other techniques

at any stage.

» Solution analysis. The knowledge engineer analyses the expert solution
strategies. The goal is to identify the priorities, heuristics, alternatives,
attributes, and critical values that the domain expert uses. The focus i1s on

decision making and problem-solving knowledge.

Techniques for process tracing: environmental observation, constrained
information, constrained solution, simulated scenarios, episodic analogies,

Analysis of difficult cases.

Techniques for verbal reports: think aloud, discussions, retrospective

verbalisations, cued recall.

According to the authors, during the knowledge acquisition, record-keeping
procedures should be maintained to guarantee documentation throughout each

phase. The appeal of McGraw and Harbinson-Briggs' (1989) model is that it

relates stages in the acquisition to techniques for eliciting knowledge. The authors

emphasise, though, that the appropriateness of the techniques depends on the

specific situation under investigation.
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2.3.2 Techniques

Several techniques are explored and used in research and operational settings as
ways of eliciting expert knowledge. Their application seems to be based on the
stage 1n which the elicitation process is and on the type of knowledge elicited.
Nevertheless, a taxonomy of these techniques can be based on the mechanics of
the techniques themselves, as suggested by Cooke (1994). Some of the most
common techniques are presented according to the organisation proposed by that

author: observation and interviewing, process tracing and conceptual techniques.

2.3.2.1 Observation

The system builder observes the expert while he or she performs a domain-related
task or solves a problem and identifies the knowledge the expert is using. It is a
powerful technique for it can help identify knowledge that is not consciously
accessible through interviewing (Welbank, 1990; Cooke, 1994). It is a naturalistic
technique (Bell and Hardiman, 1989) and, as such, interpretation of the observed

data is a straightforward task.

2.3.2.2 Unstructured interview

This takes the form of a free-flowing dialogue in which general, open-ended
questions are asked and neither the content nor the sequencing of the questions is

predetermined (Welbank, 1990; Cooke, 1994). The disadvantage is that it

produces lots of information from which little is of use because of the lack of
focus (Welbank, 1990).

2.3.2.3 Structured Interview

Structured interviews are goal-oriented, they follow a structure or plan (McGraw
and Harbinson-Briggs, 1989), present questions that range from highly-structured

to semi-structured whose "content is predetermined, although the sequencing
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may vary" (Cooke, 1994, p.808). A number of variations of the structured

interview are mentioned in the literature. A few of these variations are:

‘i,\.

Questionnaires: not a frequently cited technique for knowledge elicitation, but
sometimes used to provide a validity check on the data obtained by other

meadrns.

The teachback interview: the expert teaches a procedure to the system builder
and the system builder teaches it back to the expert until there is agreement

between them (Johnson and Johnson, 1987)

Goal related tasks: aims at focusing interviews on goals. Hart (1986) proposes

goals and reclassification as two of these techniques.

Imposing constraints: subdivides further into two other techniques, namely
limited information (the problem to be solved or the amount of information
available to the domain expert is limited), and limited time (the expert has to

do a task in a limited time which does not correspond to a real life situation)
(McGraw and Harbinson-Briggs, 1989).

Case analysis: involves the discussion of past cases dealt with by the expert
(Bell and Hardiman, 1989).

Cognitive interview: aims to enhance the expert retrieval of information via

memory stimuli (Moody et al., 1996).

A series of guidelines on how to formulate questions and carry out interviews are
given by authors such as Wood and Ford (1993) and Wooten and Rowley (1995),

for example.

2.3.2.4 Task Analysis

Task analysis is used to describe the functions a human expert performs and to

determine the relation of each task to the overall job (McGraw and Harbinson-
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Briggs, 1989). Task analysis also involves the specification of the sub-tasks

associated with it and "the focus is on what the expert does as opposed to what

the expert knows" (Cooke, 1994, p.813).

2.3.2.5 Think-Aloud Technique and Protocol Analysis

The expert is required to think aloud while performing a task and his report is
recorded. McGraw and Harbison-Briggs (1989) use the term protocol analysis for
the method used to analyse protocols, or verbal reports, including the ones
produced using think-aloud techniques. Cooke (1994) regards think-aloud verbal
reports and protocol analysis as process tracing techniques because they are
associated to specific tasks and the performance of the tasks. She also includes

grounded theory as a method for protocol analysis.

2.3.2.6 Conceptual Techniques

Under this notion are a number of techniques for eliciting domain concepts, their
interrelations, attributés and values. They are more structured and "tend to be
indirect, requiring less introspectton and verbalization than interview and verbal
report techniques” (Cooke, 1994, p.821). Examples of the most often cited of

these techniques, apart from interviews for concept elicitation, are:

> Repertory grid technique, which is a method for eliciting and analysing the
expert's personal model of a problem. A grid consists of elements, or
concepts, ranked according to dichotomous distinctions (Shaw and Gaines,
1987). More recently, Gaines (1993) explained that the repertory grid is but

one technique derived from the personal construct psychology.

» Card Sorting ( or Concept Sorting). This technique is used to elicit the
expert's organisation of concepts in the domain. Concepts are written to cards
and the expert is asked to group them into meaningful categories and explain

why they belong in certain categories (McGraw and Harbison-Briggs, 1989).
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» Multidimensional Scaling. The expert is asked to judge the similarity of items
in the domain (Welbank, 1990). The results obtained using these techniques
can be analeed using a variety of techniques, e.g. cluster analysis (McGraw

and Harbison-Briggs, 1989).

This section has described a number of approaches and techniques for knowledge
elicitation as observed in the literature. It is clear from i1t that knowledge
elicitation is a complex task and the techniques employed have to match the
results expected. Apart from that, Cooke (1994) shows that the elicitor role
(ranging from active to passive), the expert response (ranging from direct to
indirect), the time available for elicitation, and the type of data obtained (from
qualitative to quantitative) have to be considered when applying the techniques

avallable.

In addition, some of the techniques have been more frequently applied, described
and studied and, as a consequence, are already well established as standard
techniques whereas others still need assessing before being considered effective

for knowledge elicitation.

2.4 Knowledge-Based Systems for Learning

The generic name given to computer systems designed to facilitate learning is
computer-assisted learning (CAL), or cdmputer—assisted instruction (CAI). CAL
Is comprised of a number of approaches to using computers in education and

training, but not necessarily at the level of knowledge-based systems.

Hypertext and multimedia technologies have been extensively used to implement
CAL systems and, although to a lesser extend, expert system and knowledge-
based system techniques have also been applied. The integration of artificial

Intelligence techniques aims at the creation of a second generation of computer-
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assisted learning systems, that is, Intelligent Computer-Assisted Instruction

(ICAI) or, as others prefer to call it, Intelligent Tutoring Systems (ITS).

A number of benefits derived from the application of CAL to learning have been
highlighted in the literature by, for example, Cleary (1992) and Dowell and
Crews (1990). These include: a) students work at their own pace; b) one-to-one
instruction allows for individuals needs to be met; c) instruction Is more

accessible; d) instruction is more standardised and formalised; e) instruction is

| interactive and students receive feedback; and f) it can be designed to

accommodate different skill levels.

Traditional CAL systems, in spite of the benefits they can bring to
learning/training situations, are still not yet true representations of the
student/tutor interaction. Yazdani (1987, p.185) argues that they “do not have
human-like knowledge of the domain they are teaching and they cannot answer
serious questions of the students as to ‘why’ and ‘how’ the task is performed”. In
ICAI systems those problems are addressed by making use of techniques for
knowledge acquisition and representation derived from knowledge engineering to

represent complex knowledge of the domain, of teaching, and of the student.

Cleary (1992), however, contends that CAL packages exhibit some ‘intelligence’
although not created from an artificial intelligence or expert system programs
because they embrace the two key elements in intelligent and expert systems,
which are: (a) embodiment of an intelligent/expert skill within a computer, and
(b) the system can offer intelligent advice or make an intelligent decision. The
author acknowledges that those systems do not display the adaptability of a human
Instructor but says that even so many library-based CAL systems would fit a

broad definition of ‘intelligent library systems’.

It 1s doubtful that such a view of CAL is shared by many other researchers. Self

(1988, p.xv), for example, state that "intelligent computer-aided instruction is
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concerned with developing computer system which interacts knowledgeably with

learners”

Perhaps a more practical way of describing the differences between CAL and

ICAI systems is to use Dowell and Crews (1990, p.78) words:

ICAI systems try to imbue the traditional CAIl course development and
delivery process with the codified intelligence of subject matter experts,
instructional designers, and courseware developments with the intent of
modelling the student/tutor interaction.

That description corresponds to the classical architecture for an intelligent
computer-assisted instruction system, as described by Clancey et al (1982), who
have specified three main components that characterise the operation of an

application as it delivers instructional material to a student:

» [Expertise module: Contains the domain knowledge or subject matter to be

taught in the form of factual and procedural knowledge.

» Student module: Contains information about the student: assumptions about
the current state of his/her understanding of the material being taught and

historical information about his/her aptitudes, background and interests.

» Tutoring module: This is where instructional strategies, that is, decisions
about what training material to present to the student and how to do it best are
defined. It integrates its own information with information from the student

profile with information from the expertise module.

The combination of those components should provide the system with intelligent
capabilities and mimic the tutor/student interaction closer than CAL systems.
When applied to user education in libraries, ICAI systems could represent an
effective means of enhancing the instructional program and improving services
for users. However, as Dowell and Crews (1990, p.95) warned, “...when
addressing the bibliographic instructional needs of libraries one should accept the

potential of ICAI systems but be realistic and moderate current expectations”
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because most of the applications are still of a research nature and very few are

commercially available.

A number of different concepts have been used to indicate instructional systems
which embody and uses human expert knowledge in an adaptive way. The term
expert systems rather than intelligent tutoring systems or intelligent computer
assisted instruction systems 1s used by some authors (Gisolfi et al., 1993; Dabke
and Thomas, 1992; Feinman, 1993) to identify application of knowledge-based
and artificial intelligence techniques to instruction, Others, for example Duchastel
(1991), prefer the term knowledge-based instructional systems to mean
instructional applications that are based on artificial intelligence and hypermedia
technologies. In addition, instructional system is one type of knowledge-based
systems described by Hayes-Roth et al. (1983), as discussed in Chapter 2 of this

thesis.

Gisolfi et al. (1993, p.235) note that "there is an overlap between the construction
of expert systems and intelligent tutoring systems in that an expert system may
serve as a module for an ITS". More specifically, both Duchastel (1991) and
Orey and Nelson (1993), when discussing the implementation of instructional
system, cite the modelling of expertise as one of its phases. van Joolingen and
Jong (1992) propose a conceptual domain modelling for their Intelligent
simulation Learning Environment (ISLE) which is very similar to KADS

methodology (fact acknowledged by the authors).

The point to be made here is that domain modelling for knowledge-based systems
and for instructional systems are basically the same. In knowledge-based systems,
domain conceptual models, if implemented, are part of the knowledge base and in

Instructional systems they are part of the experts module.
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2.5 Knowledge-Based Systems for Learning in

Libraries

Knowledge-based systems for education in academic libraries could represent an
effective means of improving and facilitating the delivery of library research
instruction as suggested by Dowell and Crews (1990) and Feinman (1993).
However, few such applications have been documented in the literature. The
reasons for that are probably related to the fact that these systems are expensive
and time-consuming to develop. At the same time, expert systems and
knowledge-based systems in library applications failed to deliver what was
expected of them a few years back. For example, Su and Lancaster (1995), in an
evaluation of expert systems for reference applications concluded their research
paper by stating "The results of this research generally do not otfer strong
support for the belief that present expert systems can greatly increase the

accuracy of question answering in reference services" (p.227).

Several knowledge-based systems for library and information services have been
developed over the years (Lancaster et al., 1996). Alberico and Micco (1990),
Ford (1991) and Morris (1992), among others, review many of those
applications. Reference and information retrieval seem to be the main target areas

for such systems, whereas user education is subject to very little research.

Some of the reference knowledge-based systems proposed can also deliver library
instruction. In fact, some authors, for example, Binkley and Parrott (1987),
explicitly acknowledge incorporating both functions: reference service and user
education. Their program, which was built from CAL authoring software
supplemented by expert systems, is able to perform query negotiation, to present
instruction, to provide referral and simple information and to perform specific

tasks rather that to teach the general rules to perform.
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Another somehow similar system is the one proposed by Dabke and Thomas
(1992). The instructional expert system they designed focuses on a subject area
and its relevant bibliographic sources to provide instruction and advice within that
scope. In addition, Cleary (1992) suggested that CAL packages, although not
built from Al technology, are intelligent system for they provide intelligence
advice and embody expert skill within a program. Following this rationale, the

author developed such a system for online search instruction.

User education and reference work both require knowledge of the field and
knowledge of the literature within it. One difference is that reference work is a
question negotiation task, whereas user education is an instructional task
(Richardson, 1995). Alberico and Micco (1990) discuss expert systems for
reference work and propose an experimental system which is developed from
expert knowledge acquired from in-house publications such as handouts used for
library user education. The system is both an advisory system and a program for
library instruction. Richardson (1995) also considers knowledge-based systems in
reference work in depth, he presents a system which recognises thirteen reference
tormats and their characteristics. By classifying the user's question into one of
those formats, the system can select the best sources for answering a question.
His system is based on the traditional reference work paradigm which sees
reference as consisting of classify_irig user's questions to match the question to a
known source. Reference work may be more than that, involving a complex

communication process between librarian and users.

Few reports on the application of knowledge-baséd technologies to user education
were found in the literature. In addition, the number of reports of

implementation of systems in that area in particular, and on knowledge-based
systems for libraries in general, are decreasing over the years. However, if expert
and knowledge-based systems have been criticised for not providing the results
expected few years back, similar technology is now being used for the design of

intelligent agents (Nardi and O'Day, 1996) which, for example, can provide
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assistance on online searching (Haverkamp and Gauch, 1998) or over the Internet
(Walker, 1998) and thus helping to design intelligent digital libraries (Fox, 1994)
and knowledgé-based systems for libraries applications which are truly user-
centred (Brazier and Treur, 1994) and "self-explanatory” (Pacey, 1995) and in

which information skills are not taught but learned.
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Chapter 3

Subject Librarianship and User
Education

This chapter examines the fields of subject librarianship and user education. It
also considers models of library research, information searching and information
seeking and use and establishes their relation to user education. The use of
computer systems for developing information skills in library contexts, both
incorporating and not incorporating techniques for knowledge based systems, are

also examined.

3.1 Subject Librarianship in University Libraries

In trying to identify the actual situation of subject specialist librarians in today's
academic libraries one realises how little has been published about the subject.
There have been limited reports added to the literature since a survey on subject
specialisation in UK university libraries in 1981, which forecasted: "With
university income diminishing, subject specialisation may become increasingly
less feasible in future as indeed several of the replies in our survey indicated
would happen” (Woodhead and Martin, 1982, p.94). In a similar vein, Bundy

(1984) during a comparative study of the role of subject librarians in British
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polytechnics and Australian Institutes of Technology also foresaw a change, or
development, in the role of the subject librarian due to financial constraints in
academic libraries and increasing levels of automation. These predictions have
been confirmed; however, the changes were not only due to financial constraints
but also to changes in the academic environment. The Follett Report (1993) on
library and related provisions for the academia in the next decade describes the

changes:

Changes in the organisation of teaching and learning have also led to
changes in what is required of library staff. Subject librarians, enquiry desk
staff, and others need to be able to play an active role in supporting students
In their teaching and learning, including providing guidance in how to use
the facilities provided by a library, through to subject-specific advice on
project work and source materials. (Follett, 1993, p. 121)

Similarly, Martin (1996) found that there had been sighiﬁcant developments in
university libraries since 1982 to justify a second round of the Woodhead and
Martin's survey. According to him, these developments related to advances in
electronic media and information technology, and financial pressure had profound

implications for the role of librarians in those institutions.

The implications of changes and developments related to subject librarians, in
particular, and library staff, in general, resulted in a commission for a supplement
to the Follett report which came to be known as the Fielden report. The Follett

report implied the findings that would be specified by the consultancy:

The work undertaken by the consultants confirmed that a range of
developments were changing the demands placed on university librarians,
requiring a broader range of skills from them. The principal area where the
study expected further major change was "learner support” - the activities
within a library/information service which support individual learners. This
includes education and training for library users, training in information

management, and other forms of support in the use and manipulation of
informattion. (Follett, 1993, p.125)

Of importance to this chapter are the implications of these changes in terms of

functions of the specialist within the library; the effect of their educational
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background and the relevance of their education to their job; the organisation of
subject librarianship within libraries; and possible advantages and drawbacks of
the approach. First, however, it is necessary to clarify the definition of subject

librarianship.

A number of writers have attempted to define the concept of subject specialist
librarian. Humphreys (1967) traditional definition is: "...a member of a library
staff appointed to develop one or more aspects of a library's technical or
reference service in a particular subject field" (quoted in Ogundipe, 1990, p.52).

Holbrook (1972) clarified this definition in the Polytechnic library environment:

A subject specialist is a member of the library staff appointed to organise
library services in a particular subject field. This subject field may be fairly
narrow, or, more typically, be broad enough to cover an umbrella of related
disciplines contained in a faculty/school/department structure. (quoted in

Hay, 1990)
Hay (1990) himself argued that in North America the definition tended to be

vague and lacking consensus, as opposed to the situation in Europe. However,
both of the UK university libraries surveys (Woodhead and Martin, 1982 and
Martin, 1996) showed that a standard concept was far from being reached.
Reservations concerning the term subject specialist were particularly stressed by
many respondents who felt it Jacked the subject knowledge equivalent to that of
academic staff. Several other terms are being used in academic libraries but
subject librarian was preferred in UK by the time of Martin's survey. In North

American literature the term bibliographer seems to be favoured.

Having dealt with subject librarianship in general, the following sections deal

with particular aspects related to it.
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3.1.1 Background

The ancient libraries at Oxford and Cambridge universities have a tradition on
subject specialisation which goes as far back as the Renaissance when universities
had learned librarians who were scholars in some subject (Hay, 1990) even
though today, according to Martin (1996), their modern counterparts have

adopted a distinct organisational structure.

However, subject specialisation as it is seen today started to spread much later.
Woodhead and Martin (1982) explain:

In the late 1940s University College London, faced with the need to rebuild
collections destroyed during the war, developed a system of delegating
detailed work on the subject libraries to assistant librarians. (p. 95)

The post-war period experienced an unprecedented grdv)th In the university
sectdr: the number of students increased and new universities were created. The
development of the libraries in these universities paralleled the experience of
University College London (Woodhead and Martin, 1982). In 1964, the
University Grants Committee Report (the Parry Report) of the Committee on
Libraries recommended the appointment of subject specialist to libraries as a way
of maintaining liaisons with departments. This report was influential on a national
scale and specifically to university libraries (Bastiampillai & Havard-Williams,
1987). Woodhead and Martin (1982) noticed the development of the scheme:

As university libraries grew rapidly in size and moved from a custodial to an
exploitive role, subject specialisation schemes of various types became
common, often involving a complete remodelling of an existing staff
organisation. (p. 95)

In 1982, in the aforementioned survey on subject specialisation in UK university
libraries, Woodhead and Martin (1982) found that 48 out of 61 university
libraries surveyed presented some kind of subject specialisation. The other 13
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