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ABSTRACT

This paper analyzes several issues related to the intersection of artificial intelligence and
information retrieval, especially in the area of expert systems. In particular, we look at problems
such as determining choice and form of representations in information, transparent interface as
"black box” in information systems, and lack of system self-knowledge (performance brittleness).
It is indicated that in the area of expert systems for information retrieval, major concerns are
user awareness of the limits of a given system, user modelling in general, and facilities for system
self-awareness and explanation. Expert system interfaces to larger conventional systems,
designed to serve an end user (patron or information client) directly, have dominated research in
expert systems in IR, though there exist numerous other poesibilities for Al research inAother

areas of information retrieval, such as classification, 'mdexing, and reference referral systems.



L. INTRODUCTION

The area of expert systems is a specialization within the larger area of artificial intelligence,
which in turn is a specialty within a larger, multidisciplinary coutext. Likewise information
retrieval draws on other disciplines both as probliem areas and as conceptual relatives. One
problem with viewing "information storage and retrieval” (IS&R) as a possible domain for the
development of an expert system is that some form of representation is inherent in any
information system (e.g., a citation in an index as a surrogate "representation” for the actual
paper). Construction'of an expert system in IS&ZR might involve building a representation of
such an information representation, but might also mean building a representation from scratch.
There is little work on ISZR expert systems reported in mainstream Al publications, though
information scientists have published numerous systems development reports outside the major

Al channels.

This paper discusses possible roles of expert systems in information storage and retrieval
(IS&ZR), and explores issues in the development of such systems. It will attempt to cover the
main themes in expert systems as related to ISZR, though it will not atﬂcmpt to identify all
systems extant in this f;ab-growing ares. An expert system is defined here as any fexible
computer program/system which can solve complex problems at an expert level, and explain
itself to the human user. Divisions in systems identified are largely by task or subdomain. This

paper will be divided into three main sections:
o Identification of some of tﬁt major issues of dealing with expert sttcma in [S&ZR;
¢ A section discussing individual systems developed so far; and

¢ A section on needs and issues not yet addressed in actual applications.



- Since no single knowledge representation "paradigm” prevails, overall comparisons among
systems using rules, semantic networks, frames, scripts, logic formalisms, or combinations
thereof are inherently inconclusive. Notwithstanding this limitation, this paper will attempt to

look at issues and commonalities from a functional viewpoint.

Information storage and retrieval is meant in this paper to encompass bibliographic
organization in the broadest sense; that is, it concerns any information organization
tasks/problems which can been seen as pertaining to, or the reaponsibility of, information science
or libraria;:ship. Thus, indexing, abstracting, systems design, and other areas are implied along
with actual retrieval of factual or reference (citations) information. Because of the large amount
of work done in the area of online bibliographic retrieval systems, this area may by dei;sult

receive disproportionate attention.

A problem which emerges from the IS&ZR side of the study concerns the definition of
expert systems. While it appears that within Al, rough consensus exists on a definition, the
literature in informa;ion retrieval suggests synonymous use of the terms “expert system’,
"intelligent front—end”, and "user—friendly interface.” That is, the designation "expert system” is
sometimes applied to systems not built by the process of knowledge acquisition from a human
expert in a given domain. In this paper, the systems are necessarily taken at face value, but an
attempt has been made to clarify the authors’ varying definitions of expertise or intelligence in a
system. There may be reason for concern over such artificial synonymity, insofar as it tends to
ignore the possibility of intelligence in a machine system not designed as an expert system, or
implies that user-friendliness in a system not designed as an expert system always requires-

machine intelligence.



II. GENERAL PARAMETERS

One well-known rubric’ holds that appropriate domains for construction of rule-based
systems are likely to be: 1) domains where knowliedge is diffluse, not codified in any one unified
theory (e.g., clinical medicine preferable to physics); 2) those domains where processes can be
represented as a set of independent actions; and 3) those in which knowledge can be differentiated
from the way in which the knowledge is used. Forsyth [A.2 ,p.14] gives a fairly similar
characterization of "suitable/unsuitable” features in potential domains. |

"Sustable”
Diagnostic
No estahlished theory
Human expertise scarce

Data "noisy”/imprecise

“Unsustable”
Calculative
Magic Formula exists
Human expertise plentiful

Facts are known preciady

These categorizations must of course be judged critically against unique features of any
prospective domain, since, for example, the existence of the “calculative” need not mean that the
algorithma involved are not quite difficult to manipulate. Or, if human expertise is not especially

scarce, it may be diffuse and uncodified.

! R. Davis aad J. J. King, "An ovarview of production systems,” in: E. Elcock and D. Michie, eds., Mechine Infeiligence 2 (Chi-
chester, England: Ellis Horwood, 1977), pp. 300-332.
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Note that a "diagnostic" problem is considered to be any area where there exist several
possible answers, and the difficulty lies in selecting the right one or the least improbable ones.
What lends interest both to traditional librarianship and information science as poteniial

domains is the great "generality” of knowledge held by specialists in each area.

Two expert systems/Al review articles may be noted as indicators of the growth of interest
among information specialists. Cercone and McCalla [A.1] delineate the intellectual roots of Al
within linguistics, computer science, electrical engineering, psychology, and philosophy. They

identify eight sub—areas in Al:

e Natural language understanding

e Computer vision

e Search/problem-solving/ pla;nning

o Theorem proving and logic programming
¢ Knowledge representation

¢ Machine learning

¢ Expert systems

e Miscellaneous efforts including game planing, speech understanding, Al approaches to
education, :

and so on.

Yaghmai and Maxin [A.5] cover definitions and approaches to knowledge representation in
expert systems, summarise current state—of-the—art limitations, and identify issues and trends
for the future. They make the interesting prediction [p.303] that in the 1990’s expert systems

will start to proliferate in areas where there were previously no human experts.



I0. ISSUES IN THE CONTEXT OF INFORMATION STORAGE AND RETRIEVAL

A. Capabilities Needed

One could consider intelligent system research to focus both on systems which "behave”
intelligently, and on intelligent interfaces to systems with larger unintelligent components.
Sparck Jones [B.11], well known for her experimental work with non-Boolean information

retrieval methods, takes this view.

One example worth explaining here is that of the large bibliographic utilities which have
emerged in the last 10-15 years. DIALOG, BRS (Bibliographic Retrieval Service), and SDC
(System Development Corporation) are three of the larger exainples of these online vendors of
multiple bibliographic (;:itation)nnd non-bibliographic (fact-retrieval) dat#bua. As these
vendors may offer access to more than a hundred databases, each of which may contain millions
or hundreds of thousands of multi-field records, use of inverted index files (i.e. access via
alphanumeric arrays with pointers to each record asddress applicable) has been necessary to avoid
impossibly long search times online. One of the main advantages to the Boolean search
operations used is the relatively high speed obtained by examining only those portions of the
index actually used in a query. Unfortunately Boolean algebra does not allow for partial
matching, and is further limited by its inability to weight output by ranked decrease in order of
matching criteria. Future improvements on the current systems architecture are still in the
realm of speculation. For the moment, many of the “intelligent interfaces” noted by Sparck
:Iones are directed at improving on the command-based, basically nonfriendly oanline systems

which the major vendors offer today.

Basic capabilities needed for internal knowledge representation in an intelligent

information retrieval system include, as Sparck Jones sees it:



1. Classification and concept formation,
2. Summarizing and abstracting,
3. Selection and retrieval filtering, and

4. Planning and modeling.

It should not surprise us that these look familiar, if we accept Weiss and Kulikowski’s
description of the classificatory nature of knowledge— based expert systems [A.4, p.17]. The
Hayes-Roth text observes, indeed that "...workers in this field speculate that the most important

by-product of expert systems will be the codification of knowledge" [A.3, pp. 27-28|.

Basic needs for such a system might also be described in terms of types of knowledge
needed. Pollitt’s [B.68] characterisation of types to incorporate inclgde the categories:

1. System,

2. Search,

3. Subject knowledge, and

4. Knowledge of the individual user.

One could go a step further than this, agd instead of types of knowledge, look at functional
types of knowledge representation. Smith and Warner [B.10| describe such a taxonomy of
information retrieval representations, based on the represented focus of each category. These
authors list representations for:

1. Objects — e.g. documen@ as objects; or queries, such as representations which link
terms with boolean operators, vs. those which act on the query as a vector of terms (possibly

weighted);



2. Relationships — of document to a given query (relevance), of term to term (as in
linkages of corresponding terms in different controlled vocabularies), of document to document
(as in citation analysis);

3. Processes — representations of documents, for instance, vary chiefly in the processes or
algorithms (in automatic indexing) used to generate them—each process could be seen as a
method for identifying optimal indexing terms;

4. The choice of repositories of knowledge to be represented — not only documents as

information sources, but human experts, and moreover collections of data;

5. Knowledge about users — ideally, dynamic representation, as for instance in

representing the cumulative experience of users of a system in a form helpful to later users; and

6. Scope and limitations of the system: in other words, how well the system can define

itself to the user.

This capability of system self-awareness is an issue Buchanan [B.1] explores from an
external viewpoint, in the context of documentation. He notes that system manuals usually do
not adequately discuss the appropriate uses of a program, nor define the program’s limitations.
He stresses the desirability of creating intelligence assistants that carry an awareness of their own |
problem-solving abilities and can explain them. The rationale for use of online documentation
seems to be supported by the experience of the designers of one interactive tutorial LISP
p;qgram;’ Winston found that students learn LISP several times {aster using the online tutorial

than in typical classroom/lab setting, and has further stated that most users seem averse to

consulting the printed manuals at all.’?

! Goiden Common LISP, Version 1.00, Gold Hill Computers, Inc., 1983,
¥ Patrick Winston, Lecture, at the laternational Summer Seminar on Al Dubrovnik, 27 August 1984.
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In comparing the capabilities proposed by a number of writers as need for intelligent
information retrieval, the consensus seems to emerge as comprising, at minimum, the following

performance capabilities:

1. Classification/concept creation;

2. creation of document representations—as in abstracting and summarising, as well as
creating bibliographic citations and access points;

3. building non~-document representation of knowledge—from human expérts, from
collections of data;

4. modelling activities—e.g. user modelling, process modelling (as in choice of a method of
indexing), modelling the query formulation;

5. search and retrieval filtering—as in improvements over Boolean term matching, to allow

for partial matching; and
6. ability of a system to understand and explain its own limitations.

Through all the theoretical considerations thus far, two main emphases seem to run: the
user’s awareness, and the self-awareness of the system. As will be seen later, there are costs and
tradeoffs connected with each, and the two factors may need to be weighed against each other in

the design of a system.
B. Applications

At the most general level, Smith [B.8] mentions three classes of Al applications to
information retrieval: reference retrieval, data/fact retrieval, and instructional systems.

Presumably Sparck Jones’ distinction between intelligent systems and intelligent interfaces to

large unintelligent systems could be drawn within each of these three categories.
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In another broad grouping, DeJong [B.3] identified four categories of Al applications to IR:
1. human-database inter{aces;
2. conceptual indexing;

3. automatic data entry (in which the system can read and "understand” text to be added

to a database); and

4. active memory, e.g. involving use of deductive data retrieval, or storing rules that

characterize data elements (rather than storing the data elements themsejves).

Expert systems could also provide a means of alternative publication. K. P. Jones [B.4
suggests that traditional printed publications which are difficult both to compile and to use, e.g.
timetables or chemistry handbooks, might be generated by an expert system which has a report-
writing module either as its central function or as a component. As Michie [B.5] notes in his talk
on "knowledge refineries,” expert system "computers as co—authors™ might one day supersede the
human writing of manuals. To Michie’'s comment, one might reply: when that happens, we will

probably want "them"” to do it better!

More specific examples of expert systems applications which have been suggested for
information retrieval include creation of classification schemes for library catalogs, systems for
cataloguing (i.e. physical description on an item, plus choice of access points), user-friendly
interfaces to large online collections, automatic indexing sttems, and query based interfaces to
the multi-database systems of various online bibliographic vendors. While all these applications
are significant, this paper will focus on the last area, that of online search intermediaries.

Descriptions of some typical systems follow.
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IV. INDIVIDUAL DESCRIPTIONS OF SYSTEMS

' While most of these projects relate to online search “intermediary #stems," a few from
other areas of information retrieval have been included where useful to illustrate some approach
not implemented elsewhere. This listing is by no means exhaustive, but rather an attempt to
illustrate major types of intermediary systems developed or under development thus far.
Acronyms for the systems will not be defined here unless considered necessary to the reader’s

understanding.

Several commercial systéma have been developed which function as database access software
or "gateways,” not expert systems in level of performaace or in explanatory cal‘:abilitiea, but
useful, query—~based tools for the novice user of dial-up online document retrieval systems [C.9,
C.15]. These may offer features such as command and response translation into more natural
language, storage of search strategies and responses, logical multiplexing to permit multiple users
(as in Toliver {C.186]), tutorial modules, and other user helps. Unlike front—ends marketed by the
online vendor directly, SCI-MATE [C.4] offers a common command language for searching
multiple vendors’ systems, and adds the feature of a database management system for handling ‘

personal databases.

When implemented PLEXUS [C.17] is to be a referral system, i.e., not an interface to a
larger remote database, but a source of advice on which reference tools (computerized databases
or printed works] may aid in a given search. This system could serve as assistant to the
reference librarian or the end user. The prototype system will be restricted to the area of
horticulture. In the latest progress report, the autl;ors state that the knowledge base is
implemented in PROLOG with the remaining elements (user interface, data base management,
production rules) in PASCAL. The system is to be implemented on a SIRIUS1 microcomputer

with 850K RAM memory and a 20 Megabyte hard disk.
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Trial development of a prototype system in more than one version, i.e. using diferent
hardware and different software shells, has been attempted by only two information projects

known to this author. Both are in the area of cataloguing.

The HEADS project [C.1], being carried out at the University of Manchester, uses for one
version the ES/P Adviser marketed by Expert Systems International, running on an ACT Sirius
1 or IBM PC. The second version has been rewritten from the first in SAGE version 1.3 (from

SPL International), and runs on the Prime 750.

In the ESSCAPE cataloging project, Hjerppe :imd'collaboraeors [C.5] did a series of test of
the commercial tools EMYCIN and EXPERT-EASE for certain cataloging applications. They
have recently completed the first version of a corollary system on a related topic: an advisory
system for authority control of personal names. Their paper is notable, too, for the useful,
concise summary given of the differences between the system versions ESCA.PE/EMYCIN and

ESSCAPE/Expert-Ease.

The Searcher’s Workbench is described by its authors Williams and Preece [C.18] as an
intelligent front-end to a model search system. This menu-driven system was designed with
tutorial features for novice users, and an escape from the tutorial for experienced searchers. A

touch panel is used for input of everything except the search terms themselves,
Taking the search subtask of assisting users with selection of the right controiled

vocabulary terms, Shoval [C.12| developed a system using a declarative representation scheme,

structured as a semantic network.

The sci'ipu approach is reflected in the CSIN system, described in Horowits and Bergman
(C.8], was characterized as a pre-prototype intelligent terminal designed to streamline the
chemical information query process by capturing the results of one search, reformatting them as

“"acceptable” input to another system, and executing another retrieval. The first prototype "will
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automate a selected set of pre&eﬁﬁed multi-system query sequences known as 'scripts’.”

Another project reflecting the "scripts” approach to representation also deals with chemical
information, in this case Chemical Abstracts cited documents on environment pollution. Smith
and his collaborators [C.13, C.14] state that this system relies on the encoding of episodic and
semantic knowledge in a frame system. The system is notable here as reflecting the perspective

of indexers at Chemical Abatracts Service, i.e. the vendor perspective.

Restriction to toy databases has been a limitation for most research in non-Boolean
retrieval, in that results may not be generalizable to the large-scale collections of real life. Thus,
it may be argued that CITE-NLM (C.3] represents an advance, since this medical natural
language interface to an online catalog was able to make use of a large scale database (National
Library of Medicine). This system uses a weighted combinatorial search process as a refinement

over raw Boolean term matching.,

The pilot project INFOS is being encoded as a small production rule system {about 50 rules)
‘dealing with the online search process. INFOS is significant for the audience it addresses:
intended use is by small information brokerage companies. The system is being developed by

Obermeier and Cooper [C.10] at The Ohio State University.

Marcus’ system, EXPERT [C.7], developed out of the earlier CONIT projects at M.LT.
Though also aimed at the end user, EXPERT comes closer to this paper’s definition of an expert
system as it incorporates, in 2 menu-driven mode, assistance with database selection, search
topic concept formulation, automatic translation of concepts into search s;atements, and
relevance feedback for re{ormula.tion of search strategy. This is a production system controlled’ ,
by goai-directed forward—chaining regime. Though present system requirements are not known,

the CONIT—4 version required 1 megabyte of memory in the M.I.T. Multics systems.
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Poaaibie uses ot;:'rrxeachine learning have been little addressed by current systems in
information retrieval. One ongoing project is found outside the "intermediay/interfgce system”
group. This concerns automatic thesaurus construction in the domain of medical literature (at
the National Library of Medicine). Roy Rada [C.11] and colleagues are trying to build onto
MeSH (Medical Subject Headings, a controlled vocabulary of medical terms) to develop a

knowledge base for reasoning about document retrieval.

The ADVISE system described by Michalski and Baskin [C.8] is a meta-expert system
equipped with multiple forms of knowledge representations, ;nultiple control strategies, and
sophisticated learning capabilities. Knowledge may be encoded in the system by means of if/then
rules, networks, and relational tables. Nor is the user limited to a single control strategy as is

generally the case in current commercial expert system “shells.” Learning capabilities can be

valuable both the development phase of the system and in its periodic improvment.

Since this meta-expert syitem constitutes an integrated set of tools for the contruction of
expert systems in various domains, there is great potential here for information retrieval
applications. Some of this potential is currently being exploited in a current project by this
author. The expert systexh being built deals with one specific area of online information
retrieval, chqiee of database(s) to be searched. This is an area generally underemphasized in
current systems research. Though some online vendors have screening files which will tell a
searcher the number of poetings for a given term (or term combinations) in a given database, use
gf term postings alone for database choice can be misieading. Types of materials covered, level
of specialization, languages indexed, and mﬁy other factors may often be as important in

choosing the best database(s) for a search as are term postings.

This project will use multiple experts, focusing on databases in life sciences and engineering,

and will also attempt to make some observations about the nature of "expertise” in such a
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"generalist” domain as information retrieval.

The learning capabilities of the ADVISE shell will be exploited, where possible, to compare
rules obtained from experts with rules induced by the system {rom examples. Moreover, the
system can use existing rules with new examples to generate new rules, which should be useful for

ongoing improvement of the system, even on a search-by-search basis.
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V. ISSUES, AND PROBLEMS OF PERSPECTIVE

Issues of representation are several, even within the general categories of v;hat to represent,
what form of representation to use, and which are the functions best included in representations.
These can be viewed from the system perspective (e.g. indexing), or from the query perspective.
Much experimental work in information retrieval has concentrated on development of document
representztipna automatically—e.g., automatic indexing, automatic classification of documents,
automatic term clustering. These development efforts are only feasible from the system
perspective; two examples are the perspective of the online vendor of multiple databq.ses, and
other developers of databases. Though the former may provide enhancements to a database
usually developed elsewhere, the vendor is generally limited by prior design decisions made by the

original developer.

From the query perspective, one may adopt the perspective of the expert Aor the end user.
An example of the former, representation of expertise could be developed via functional analysis
of the expert's tasks. Deerwester [B.2| takes this approach, in attempting to develop a
conceptual description, the Retrieval Expert Model, with the reference librarian as the archetype.
He postulates that this expert begins with a set of general search strategies, and constructs other
needs-specific strategies by trying and modifying existing search strategies [pp. 58-59].

Taking the user perspective here means developing concepts about users in order to better
predict their needs. How this "user” knowledge is to be obtained, or itself categorized, is a major
issue, Studies have been done using sterotypes as a mechanism for modelljng, e.g. by Rich [B.7].
Another study of users empioyed schema theory, based on characterisation of research paradigms
in a given scientific subfield as "procedural scripts” [B.12]. The idea was that the scripts ﬁhich a

scientist follows, a system might learn.
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Not? that efforts to model users may obscure somewhat a related issue: whether to
maximize operations performed for the user automatically and invisibly, or to stress more
interaction with the user in the hope of making clear the subtler system constraints. As so many
of the online intermediary systems developed to date assume users are novices,the trade-offs

must be considered carefully.

One thorny problem in information retrieval by subject involves the trade—~offs between the
rigidity of controlled vocabulary (thesaurus) approaches and the enormous imprecision of natural
language or "free text” searching. Full-text databases (meaning those which include not only
citation but also the complete referenced paper), though often hailed by their developers as the

‘answer to [ree-text subject search difficulties, have not thus far been proven to increase the
quality of the subject search. Natural language appears to be too rich and too contextual not to
need structuring for effective subject searching of a literature. In fact, a recént report on one‘

full-text litigation database reported a surprisingly low 20% recall (relevant references

retrieved/known relevant references in a database) rate on the average.*

Problems related to the lack of any compiete English grammar in natural language systems
| emerge as a concern in this context. In fact, DeJong wonders whether it is actually better to
have a natural language "understander” in a system,'if the end user would have benefitted from
the process of inputting the query in some formal language which would haﬂ required
clarification of the request in the user’s mind [B.3]. Though indeed the user might then have a
better awareness of the constraints of Boolean searching, this could make the intermediary
system seem more cumbersome and less useful. Moreover, as to the benefits Delong suggests,
one might just as easily argue the reverse: that the formal aspects of search strategy formulation

distract the user from the mental clarification of the topic. After all, no one is arguing that the

* Blair, D. C., and M. E. Maren, "An Evalustion of Retrieval Effectiveness for a Full-Taxt Document Retrieval System,” Com-
mug. of the ACM, 28, 3 (Mar. 85}: 289-99.



18

' remote online ver lors who constructed these rigid search statement formats were modelling

some idealized user’s nental processes.

The online interm. ‘iary systems developed to date have generally been oriented to serve the
end consumer. That is, sy t2ms developed so lar are aimed at replacement of the expert, almost
to the complete exclusion ' “intelligent assistant” systems useful to the library/information
professional in a more direct s nse. This is not to underrate the value of any user-friendly or
tutorial system which can free . : information specialist of some of the routine instructional
tasks, but to wonder about the pot ntial for “intelligent assistants” as advisors to information
experts. At this state of library an information science development, maybe truly expert
information systems which can interact ‘rectly with all sorts of novice end users are really not
yet feasible. If not, system designers may o 1d to address varieties of expert systems to segments

of user populations, with separate systems to « sist information experts.

Considering the many possible applications oted earlier in this paper, relatively little work
has been done outside the area of online search syst ‘ms. And too often, these end-user systems
have had more of the "interface” and less of "expe «3e” in their functions. The process of
conceptualizing an information need involves identificatic 1 of the essential facets of the question,
development of a search statement suitably ;peeiﬁc, but n.* 0 narrowly worded as to result in
retrieval of null sets, choice of a database or databases likely - -over the topie, execution of the
search, refinement of the search strategy based on scrutiny ot x »art of the search results for
relevance feedback, and evaluation of the results after the searc is done. Using the various
search languages requires detailed knowledge of the commands ar ' »>ptions for the systems
involved, but only to a lesser degree, judgement. Formulating and reviz 1g a search strategy for
a given information request may be more cémplex, though not inevitably. The area of "choice of

appropriate database” has so far been implemented only in rather limited g. dance, with choice
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often left to the user. Relevance judgments as to search results have beer left to the user. Aliin
all, expert intermediary systems in information retrieval have scarcely :xhausted the problems of

the domain.

Why should this be so? There seem to be several factors which tend to limit developments
in intermediary systems. One problem, the all-or-nothing irawbacks of Boolean searching,
would presumably not be modifiable except by the host ve.idors of systems. Machine learning
techniques such as conceptual clustering [D.1] might be useful in studying the inverted index of
an online vendor’s system, as for example to produce more useful categorizations of relative
levels of subject coverage by databases. This might e less than feasible outside the host system,
unless pérhapa used for small incremental improvements [as by ADVISE| to an intermediary
system via search-by-search analysis of postirgs, or storage for periodic analysis of postings.
Financial incentives for such large-scale alte. ation by a vendor of its search logic are moreover
difficult to envision. The future use of 2 sociative memory in large scale integration has been
suggested by one writer [D.2] as offeri’ g a possible alternative to the present systems, though
financial incentives for change rem iin questionable for such enormous systems. Perhaps—
assuming technical feasibility——{or such a transformation to take place, the current competitive
climate among vendors would h:.ve to be altered by the emergence of a new vendor offering such

capabilities, even on a small ¢ .ale trial database.

Another likely reasor for limits in progress of online intermediary systems is the difficulty
of developing adequate representations for some judgemental tasks carried out by online
searchers. Knowing, .n a climate of scarce funds, which database will yield the best results for a
given query seems .o be a form of judgement learned only by considerable experience with many
databases. The relatively recent emergence of large bibliographic retrieval systems, and the

everchanging character of economically competitive systems, suggest that expert searchers have
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not yet codified this fé}‘:ﬁ‘ of expertise, at least not completely. Still, one could argue that the

very process of developing expert systems representations could aid in this codification process.

End users also judge relevance of online search results in expert intermediary systems. At
this point in time, that sounds appropriate, 2s library and information science has yet to find a
really satisfactory algorithm to predict "relevance.” Perhaps, however, an end-user system could
query users as to f;ctors involved in their judgements of relevance (e.g., was the material
unrelated in fact? too old? a study the user already knew about?), and store these comments,
and periodically use machine learning capabilities to group these judgements in useful classes. A
Meta—expert system such as ADVISE [C.8] has adjustable evaluation functions, so that an expert

evaluating user comments could run trials weighting various factors as to importance.

In the environment where end user systems predominate, a more troublesome question has
been raised: whether end users really want to do their own searching [D.3, D.4]. Nor has a
taxonomy of difficulty of search types beea developed, to allow a system to refer a user to a
human search intermediary where a search is difficult or inappropriate for the system involved.
Again, this assumes that the system could be endowed with satisfactory knowledge of its own
limitations. As evaluations of current search systems tend to indicate that novice searchers using
search intermediary systems may be unreliable judges to the comprehensiveness/quality of their
search results, generic searches which can be expected to be difficult/fruitless must be made
known to the system il novices' searches are not to deteriorate sharply, and perhaps

undetectably.

Yet are there in fact recognisable class of queries? And wouldn't any useful taxonomy have
to consider difficulty of numerous subcomponents of the pre-online and online phases of the
search? Relatively few systems have dealt with much of the pre-online phase, aspects such as

concept formulation and development of a query statement. It would appear that better
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modelling of the reference interview process (between information specialist and patron) will be

necessary to improve future systems’ performance in pre-search stages.

Note also that only one system (INFOS, C.10| was identified which was categorically
designed for information professionals outside libraries. This too was a search-aid system. As an
information industry outside library institutions has already emerged in this country, the

beginning of diversification of expert information syétems is surely due.



23

VI. CONCLUSION

The evolution of artificial intelligence has been marked by reconceptualizations of the
nature of intelligence. What once was considered the "acid test” of “intelligent” machine
behavior, once surpassed, has tended to be superseded by new models of intelligent behavior, and
newly rigorous tests.

We have identified several interesting areas for information retrieval applications to expert
sysfem: and Al in general. Among these, we suggest the following areas for future research:
expert systems in [R areas outside online intermediary systems, application of conceptual
clustering and other machine learning techniques to cataloguing {e.g. large conventional

computerized library catalogs), or to classification and indexing schemes.

The genetalist aspects of expert performance in information storage and retrieval domains
may be in the shoet run a challenge, and in the long run a likely benefit to expert systems
builders. In the beginnings sketched above, information scientists may find the promise of

creative new tools, for innovative approaches to classic questions.
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