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ORGANIZING, INDEXING, AND RETRIEVING INFORMATION
Raya Fidel

Graduate School of Library and Information Science
University of Washington
Seattle, Washington 98195

Abstract

Technological developments have brought significant changes in
the organization and retrieval of information, and recent research has
begun to investigate the use of new technologies in libraries. A review
of the literature shows that new capabilities as well as new problems
are associated with online catalogs, online searching of bibliographic
databases, indexing (whether manual or automated), full-text retrieval,
and expert systems. Future research should focus on individual needs
and at the same time adopt an integrated approach that is relevant
to all online bibliographic systems, with indexing and retrieving viewed
as interrelated processes. The widespread use of automated systems
in libraries provides an excellent environment for research because it
facilitates the observation and analysis of actual searching behavior
of individuals, provides a large body of data, and presents an ideal set-
ting for studying the applications of new technological developments.

Introduction

Technological developments are no longer limited to easing our life at work
and at home; they are gradually introducing qualitative changes in libraries and
information systems. Technology has become a central theme in library and infor-
mation science, and many articles in its literature begin with the phrase "with
the advent of computers."

The vision of a paperless society, where "traditional" libraries no longer exist
and all information is electronically stored and manipulated, has motivated much
recent research in librarianship. Two of the basic assumptions that guide this
vision are:

e Computers can be programmed to organize information for retrieval;’
and

e VWith the help of computers, users will become more and more
independent in searching for information. :

In other words, this vision of the future implies that the role of librarians in
organizing and retrieving information is diminishing and may eventually disappear.

The paperless society is, however, only a vision. At present, users still bene-
fit from services provided by librarians, even though much of the information
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they now obtain has been processed electronically. Nevertheless, a growing number
of administrators subscribe to the notion that the need for professional librarians
to organize and retrieve information is diminishing. For example, some public
and academic libraries assign computerized literature searching to technicians,
and some special libraries have been asked to delegate searching to the users,
or library patrons, themselves.

This paper reviews and summarizes the contribution of recent major works
about the organization and retrieval of information. It examines the relevance
of the findings to library decisionmaking, and focuses on whether research in li-
brarianship has provided any evidence to substantiate the assumption that the
processes involved in organizing and retrieving information no longer require the
expertise of a professional librarian.

Definition of the Topic Area

The process of retrieving information typically consists of two stages: users
first identify the information that will answer their information needs, and then
they actually retrieve the relevant information. Reality, however, is much more
complex than this description. More important, the concept of "information needs"
is an elusive one: even if a real and precise need for information exists in an
objective sense, it is difficult to define that need accurately. Asking users to
define their information needs requires them to describe in exact terms what they
do not know, a situation that is most often contradictory in nature.!

For the purpose of this paper, however, we assume that the information needs
expressed by library patrons are clearly defined. We also assume that most of
those needs are subject-related: that is, users want to find information about
a certain subject. Further, users’ requests include an additional facet: the purpose
of the request. For example, a request for information about online catalogs by
a library patron whose purpose is to learn how to use such catalogs is essentially
different from the request that was made by the author of this paper, whose pur-
pose was a literature review on the subject.

Thus, to identify information that will answer their needs, users express these
needs in subject-related requests. Once they are set to retrieve the information
they have already identified -- with the help of the library or any other source
of information -- they look for known items.

Users can employ two types of retrieval tools for subject-related requests:
the library catalog and abstracting and indexing (A&I) services. Traditionally,
users have been expected to use card catalogs and printed volumes from A&I ser-
vices on their own, with the librarian available on call. Today, a growing number
of libraries provide access to their collections through online catalogs, and most
A&l services can be accessed online via search systems such as ORBIT, DIALOG,
and BRS.

The first search systems that provided access to A&I services (now called

bibliographic databases) were geared to the professional librarian. Online catalogs,
on the other hand, have always been designed for direct user searches.
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These two types of retrieval tools, whether manual or computerized, organize
information in a manner that is useful for retrieval; the construction of retrieval
tools involves the creation of subject indexes. For printed tools, subject indexes
include index terms -- descriptors or subject headings -- taken from an authority
list of controlled vocabulary. A thesaurus is such a list of controlled vocabulary
terms that are used both for searching and for indexing (assigning descriptors
or subject headings to bibliographic items). In addition, indexing can be performed
either by humans or by computers (automated indexing). '

In addition to thesauri, computerized tools provide subject indexes that list
all the meaningful words in the bibliographic citations and in their abstracts.
Such indexes are generated by the computer and do not require manual indexing
or the construction of a thesaurus; users search them with free-text terms. In
recent years, databases have been created that provide the complete text of docu-
ments in machine-readable form. Such full-text documents as journal articles,
textbooks, and encyclopedia chapters can be searched with both free-text terms
and descriptors.

It is beyond the scope of this article to provide a comprehensive review
of research projects in this area. Instead, research projects that set new trends
or those that reflect new approaches are reported. In addition, to keep the bibli-
ography manageable, most often only one citation is provided for a research project,
the one that is most accessible to the public.

Retrieving Information
Online Catalogs

Online catalogs are designed for library patrons, Though libraries had prior
experience with online retrieval through bibliographic databases, the introduction
of online catalogs in the late 1970s and early 1980s marked the beginning of a
new era in which users began to do their own searching. This new scenario has
had an important effect on research in librarianship.

Unlike research in the searching of online bibliographic databases, studies
of online catalogs have focused on user requirements. Major studies have been
set up to discover users’ attitudes to and acceptance of the new catalogs by exam-
ining characteristics of both users and catalogs.  Most studies, however, have
concentrated on the human-computer interface -- that is, on how easy it is to
"converse" with the computer. Only a few have addressed the retrieval problem:
whether users are satisfied with the results of their searches, and what could
be done to improve the results.

. Further, studies of online catalogs are guided by an administrative approach
that is essentially different from the approach taken by researchers in the area
of online searching in bibliographic' databases. In studying online catalogs, re-
searchers assume that the user population is a given, and that features of the
catalogs themselves should be examined in order eventually to design an online
catalog that is most useful. In contrast, recent research on retrieval from online
databases assumes that the databases and the search systems are a given, focusing
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instead on the characteristics of users (i.e., professional searchers) that make
for successful online searching. :

Surely, the difference in research approaches stems from the reality of library
decisionmaking. Librarians do not elect which patrons to serve, but they may
want to design an online catalog and should be able to select the system that
provides the best catalog for their users. In contrast, library administrators cannot
change databases and search systems, but they can select among a number of candi-
dates for the persons who will best perform online searches.

Nevertheless, the searching of bibliographic databases and of online catalogs
is the same process: searching for bibliographic information. There is a diminish-
ing distinction between the database as a store of citations to journal articles,
which can be manipulated with sophisticated techniques, and the online catalog
as a store of information about monographs, which provides only for simple manipu-
lation. The difference in research approaches is, therefore, an impediment to
both areas of research: studies of online catalogs cannot rely on research that
already has been performed in online searching, and vice versa.

User Interface with Online Catalogs. Online catalogs are a relatively new
phenomenon in libraries. In 1981-1983, the Council on Library Resources (CLR)
funded a nationwide study of 17 online catalog systems (both in-house and commer-
cial) in 29 libraries. While many articles about experience with online catalogs
in specific libraries have been published (e.g., Walton et al.2 and Kranich et al.3),
this first large-scale study provides most of our knowledge about the online public
access catalog (OPAC). The study was conducted by various agencies, and although
attempts to summarize and synthesize its results have been made (e.g., Matthews
and Lawrence?), further interpretation and integration of the vast amount of data
are required before specific conclusions can be drawn,

Typical of a large-scale study (although a novelty in research about online
searching behavior), the CLR study applied a variety of methods. A survey of
8,094 users and 3,981 non-users of online catalogs in 31 libraries collected data
through a questionnaire administered by various agencies. A summary of the data
collected is provided by Matthews and his colleagues.’ They point, for example,
to demographic characteristics of users, the manner in which most users are in-
formed about the availability of an online catalog, the persons to whom they ad-
dress their requests for help, problems with the interface, and the rate of success
and satisfaction perceived by the users.

Focused-group interviews with library staff and patrons -- both users and
non-users of online catalogs -- were carried out in six libraries,® and were con-
ducted with a group through an open, in-depth discussion led by a moderator.
While such interviews do not supply quantitative data, they can explore the degree
of satisfaction and expectation of both patrons and staff. Among other things,
these particular interviews revealed that while users of online catalogs are happy
to use them, they have problems with subject access to information, and they
expect online catalogs to provide more services than are currently available.

The results from the focused-group interviews were complemented by the

results of individual and group interviews conducted among library staff at three
research libraries.” These interviews supported the analysis of the questionnaires
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and addressed issues such as problems in using the catalogs, possible system im-
provements, and the impact of online catalogs on library staff and patrons.

In addition, transaction log analyses, in which the protocols of individual
searches are analyzed, were performed in seven libraries.8® It was found, for
example, that while there was great variability in the length of searches and in
their types (author/title or subject searches), users tended to remain in the type
of search that was initiated and to repeat their mistakes. These analyses also
provided statistics about issues such as the rate of success (non-zero hits) in sub-
ject and author searches, frequency of commands used (in particular, "sophisticated"
commands), and patterns of searches.

Feature analysis of ten existing online catalog systems was also performed
for the CLR study.!® This was .a functional analysis, documenting the functions
and commands of each system, its interface capabilities, and the documentaticn
available to users.

The CLR study stimulated further analyses of the data, additional explorations,
and considerations of possible implications. For example, Cochrane and Markey
showed how the results from focused-group interviews were useful in interpreting
questionnaire findings.!? Borgman, who compared the study results with research
findings in other areas of online bibliographic retrieval, concluded that more simi-
larity existed in conceptual than in mechanical problems.12 Dickson, on the other
hand, analyzed a sample of zero-hit author and title searches to discover reasons
for failure and concluded that users have a conceptual model of the online catalog
that is different from their concept of the card catalog.13 Last, a collection of
articles assessed the impact of online catalogs on technical services, reference
services, subject access, and library administration.14

In summarizing the CLR study, Matthews and Lawrence* have outlined the
principal f indings:_ ‘

o Experience with the library and its catalog is the most important
factor in determining success and satisfaction in using the catalog.

e Online catalogs should provide a variety of interfaces, depending
on the type of search and the level of user experience,.

o User attitudes adapt to the capabilities and limitations of the
online catalogs being used.

¢ The form and nature of training and user assistance are important.

These findings only substantiate common knowledge among librarians; they do not
provide insight as to how online catalogs should be designed.

Subject Access Through Online Catalogs. The importance of subject access
through online catalogs was the most significant finding of the CLR study.%1!5
This is not surprising, since early studies of catalog use (Lipetzl® and Batesl?)
showed that subject access through card catalogs was inadequate. With online cata-
logs -- which are actually automated card catalogs -- the issue assumes even great-
er importance because library users who are not satisfied with subject searching
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in a card catalog expect to be more successful with online catalogs.® Here again,
the CLR study only substantiated previous findings but did not provide guidelines
for improved subject access.

Present online catalogs are more sophisticated than the early ones and stand
ready to facilitate improved subject access. However, the various ways that users
can actually be helped in subject searches are not yet known. A display of a
classification scheme, for example, can help users to "browse" in a subject area.l®
It is not clear, however, which classification scheme is most suitable for this pur-
pose:  Dewey Decimal Classification!® or Library of Congress Classification.2?
Each scheme raises both conceptual and technical problems.21:22

Another approach to aid users is to provide online help in the use of the
Library of Congress Subject Headings. Such assistance could include an alphabetical
display of the headings with cross-references, or a display of related subject head-
ings. In addition, searching keywords in titles (i.e., free-text searching),?® or
even in indexes and tables of contents of books, can improve subject access.!1®

Research on online catalogs has only begun to consider subject access, and
most of the literature in this area is limited to expert opinion about the direction
online subject access should take.?* With the development of more powerful online
catalogs, subject searching becomes more similar to subject searching with biblio-
graphic databases. (For example, CITE -- the online catalog at the National Library
of Medicine (NLM) -- can also access the NLM databases.?’) All in all, research
in subject access to online bibliographic databases is more developed, and studies
of online catalogs can draw on that research experience. :

Online Searching of Bibliographic Databases

The first search systems for bibliographic databases were designed for pro-
fessional searchers, mostly librarians. Research in online searching began in the
1970s with two large-scale studies that focused on user attitudes, satisfaction,
and success.?6:27

Most of the research that followed, however, concentrated on the attributes
of a "good searcher": the personal characteristics a librarian should possess to
become a successful online searcher. Experience in online searching,?8 type of
training,”® and personal traits such as creativity3® and cognitive abilities3! are
among the characteristics examined. No conclusive results have been found, and
most investigators have observed that the large individual variability among search-
ers impedes their studies.3?

The method used in online searching studies is well established today. Briefly,
an experiment is set up in which each subject is assigned to a group, depending
on his or her score on the tested characteristics (e.g., experience, cognitive style).
All subjects are asked to search a given set of requests, and their search processes
and results are analyzed and compared. These analyses employ a well-established
set of measurements. The search process is evaluated by the number of commands
used, number of search terms entered, length of search, and similar measurements.
Search results are evaluated by precision (what proportion of the citations retrieved
are relevant), recall (what proportion of relevant citations have been retrieved),
and unit cost (the cost of each citation).
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Why have these studies failed to produce conclusive results? There are several
possible reasons, but what immediately comes to mind is that the personal charac-
teristics (the variables) that have been tested do not affect the quality of online
searching.  Unfortunately, such a generalization contradicts common sense: it
is common knowledge among librarians that experienced searchers perform "better"
than novices, and that training is important for online searching. Therefore, one
conclusion is that the measurements which have been used are inadequate. This
conclusion was substantiated when ten librarians with almost identical subject
background, training, and experience scored very differently on search process
measurements.33

Another impediment to obtaining conclusive results is the experimental setting,
in which variables that are not studied are assumed to be controlled. In reality,
however, a large number of variables affect online searching behavior,®* and no
single experiment can control for all of them. Variables ignored in these experi-
ments, such as the ability of a subject to perform a search without interviewing
the patron, may have more significant effects than the ones tested.

While identifying the characteristics of a good searcher may at times help
administrators to decide which employees should perform online searching in their
libraries, the issue is of very little significance. This is particularly so when both
online catalogs and bibliographic databases are searched by library patrons them-
selves. The important issue is to discover the characteristics of a "good search."
Identifying strategies and moves that can enhance the success of online searches
is beneficial to users of all online retrieval systems.

The Search Process. Online searchers have long known the importance of
the search process. Journals such as Online, Online Review, and Medical Library
Reference Quarterly include many articles that describe useful strategies for certain
databases and search systems.

Research in this area is sparse, however, and requires a different research
method. Based on the experience of librarians, Bates has proposed a number of
information search tactics that could be employed in online searches,3% Tactics
to be used early in the search include the examination of information already
found in the search, and those to be used later in the search include the rejection
of items indexed by certain terms.

Fidel analyzed search protocols and verbal protocols of seven experienced
searchers performing approximately 90 searches as part of their regular workload.3®
As a result, she listed the moves (changes in search formulations) that searchers
made to increase the size of the retrieval, to decrease it, or to improve it al-
together.

Studying the search process is a complex task requiring the probing of phe-
nomena that are not easy to observe or analyze. Nevertheless, user training and
the design of useful online retrieval systems cannot be successful until this process
is thoroughly understood.

Patron Searching. The idea that patrons can search bibliographic databases
for their own requests is rapidly gaining popularity. Search systems and other
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commercial outfits are providing an increasing number of gateway (front-end, or
intermediary) systems such as Search Helper or Knowledge Index that are supposed
to mediate between the end user (the patron) and online bibliographic systems.
Such gateway systems do indeed provide a simple interface with search systems
that frees end users from having to learn a command language or deal with the
idiosyncrasies of specific databases (this is especially important since most end
users are not likely to perform online searches frequently). Most of the current
gateway systems, however, achieve their simplicity by providing end users with
a limited range of capabilities, thereby simplifying the search process itself.

While several in-house studies have been performed on gateway systems, stud-
ies of end users searching their requests directly would have far more impact.
The only example of such a study is a research project that examined 11 years
of searching the NLM databases by pathologists and pharmacists.3?” The results
of this study are many, but as yet not all have been published. Of particular
interest here are the findings that end users did not encounter many problems
with the technique of searching but rather with the vocabulary and content of
the system, and that most performed simple searches. In addition, the major prob-
lems encountered were with the more sophisticated capabilities of the databases,
problems that sometimes caused a substantive loss of citations.

Although this study examined a specific population, its results substantiate
the finds of online catalog use studies: the weakest point in patrons’ searching
their own requests is their inability to formulate successful strategies. Gateway
systems do not provide help because they do not employ any of the sophisticated
capabilities of databases -- in fact, some even eliminate simple ones. At present,
the only source on which we can rely for search strategies is the community of
experienced online searchers. ’

The Role of the Librarian

Online catalogs and gateway systems are likely to increase patron use of
catalogs and bibliographic databases. Moreover, as indicated by the CLR study,
patrons expect more from the new catalogs than from card catalogs. While we
would like to think that online systems of the future will be friendly and helpful
enough to be self-explanatory, much research and development is still needed before
this ideal can materialize. Although current online systems provide increasingly
friendly interfaces, patrons still harbor many misconceptions about the coverage
of these systems and about successful search strategies.

For this reason, the role of the librarian in - assisting patrons to perform
their searches has increased: training patrons in the use of online systems is
now a major responsibility for librarians. The significant issue is which method
of patron training is most effective.

Having online bibliographic systems for public access in their libraries has
forced librarians to train their patrons. The literature on user training for both
patrons and librarians abounds with reports on experiences in individual libraries,
their successes and problems. Most libraries have applied instructional methods
that seemed useful to them: group and one-to-one instruction, handouts, help
screens, workbooks, charts, and manuals.38
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Some libraries have relied on examining patrons’ searching behavior, either
by analyzing transaction logs (e.g., Dickson!3) or by the verbal protocol method,
which consists of analyzing recorded accounts of patrons describing their work
and thinking during problem solving (Sullivan and Seiden39),

While such reports are anecdotal, the conclusions that are shared by all studies

should be seriously considered. A summary of this literature reveals two significant
findings:

e Library instruction, reference assistance, and staff experience
are of prime importance, because patrons need help in forming
a correct mental model of the online catalog.

® There is a need for a variety of formal and informal methods
of instruction, tailored to patrons’ individual needs. 38

Despite the findings that have emerged from the literature, as yet no evaluation
study of user training has been performed.

Research Needs for the Future

Research needs for the future are greatly affected by the qualitative change
in libraries and information systems that has been introduced by technological
developments. Two major themes are apparent.

First, the widespread and ever-increasing use of automated systems for infor-
mation retrieval enables researchers to investigate phenomena under actual, rather
than experimental, conditions. The initial large-scale studies of online catalogs
and bibliographic databases provided general and descriptive data about use, satis-
faction, and problems. While important in pointing to research needs and in provid-
ing evidence that substantiates common knowledge among librarians, most of these
data cannot be used directly in library decisionmaking or in system design. At
present, however, librarians and library patrons are routinely searching online
catalogs and bibliographic databases, and researchers can observe and analyze their
searching behavior. Such analyses, which are based on actual searching, provide
a deeper understanding of the search process because they can answer the "why"
questions. They also facilitate investigations into individual variability in online
searching, and they will produce findings that are relevant to library decision-
making and to systems design.

Second, recent developments in libraries are removing the traditional barriers
among specialties in librarianship. For instance, searches of online catalogs and
bibliographic databases are essentially the same. In fact, in the future, libraries
probably will provide access to both online catalogs and bibliographic databases
through a single interface. Realizing this, one sees immediately that online catalog
studies would be more useful if they examined the quality of retrieved sets rather
than defining success as a non-zero hit; and that research on bibliographic data-
bases should look at system features. Similarly, investigating subject access through
online catalogs is no longer limited to the study of Library of Congress Subject
Headings, but must consider other controlled vocabularies, indexing (manual and,
possibly, automated), full-text retrieval, and expert systems.
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Thus, the future calls for integrated, rather than fragmented, research. Stud-
ies should be designed to make their results relevant to the searching of both
online catalogs and bibliographic databases. Moreover, with the descriptive data
already collected, research in retrieval systems for subject access can now focus
on its central issue, the search process. Examination of the search strategies
that are available, and the conditions under which each of them should be used
to achieve satisfactory retrieval, is necessary for the research to be relevant to
library decisionmaking.

Human-Machine Interface. Ideally, human-computer interface should make
human-computer communication as fluent as person-to-person conversation. Indeed,
natural language interface, in which users converse freely with the machine, is
a subject of much research in linguistics and computer science. Unlike automated
bank teller machines, which are used to solve well-defined problems that are also
narrow in scope, systems that provide subject access to bibliographic information
are used to solve problems that are ill-defined and that range over a variety of
subject matters. It seems that interfaces developed for solving simple problems
are not likely to be adequate for library patrons, and that personal communication
with computers in libraries is only a vision in the foreseeable future.

At present, there is some evidence that users have technical problems when
communicating with the current automated systems in libraries,!? but the nature
of these problems is not clear as yet. Studies of users performing actual searches
can identify the nature of these problems and guide systems designers in improving
the human-computer interface. Such studies should examine problems in using
commands and in understanding the computer’s responses and displays.

Special attention should be given to factors that are important to the search
process, such as experience or level of motivation. It is likely, for instance, that
inexperienced users and experienced ones would encounter different problems, and
consequently might require different sets of commands or computer displays.

Subject Access. Research on subject access through automated systems should
cover two main themes: user aids and models of the search process. As described
earlier, a variety of existing schemes (e.g., Dewey Decimal Classification) and ar-
rangements (e.g., alphabetic display of the Library of Congress Subject Headings)
can be made available to users to enhance subject searching. These aids should
be tested with actual users, and their effectiveness and suitability for specific
user needs and characteristics should be compared. Technical difficulties may
preclude large-scale studies that employ all possible aids. Nevertheless, the com-
bined results of studies examining a limited number of aids would be useful.

Most of the aids to subject access suggested in the literature are automated
versions of aids that already exist in print form. Effort should be put into dis-
covering new aids that might be applicable only in the online environment. One
example is Bates’ end-user thesaurus, which has a variety of special features, such
as listing all terms in use in a catalog or database at any given time.40

Models of the search process are useful for a variety of purposes. When

they are based on searching behavior of ‘“"successful" searchers, they represent
successful strategies. Such "success" models can be used either as examples to
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be followed,in user training or as a source of knowledge for intermediary expert
systems. Both uses are likely to enhance subject access.

Models of tactics and moves used to improve search results as well as a model
of the selection of search keys -- whether free-text terms or descriptors -- already
exist.353641  They have been developed for bibliographic database searching,
and their applicability to online catalogs should be tested. Further, other decision-
making processes in the search process need to be described by such models:
when to use automated tools and when printed tools are better; the selection of
databases to search; and when to stop searching.

Patron Training. Theoretically, patron training can be performed either by
computers or by librarians. Realistically, most patron training is performed by
librarians. Although studies in individual libraries, as well as the CLR study, show
that some training is needed, two basic questions require rigorous testing:

® When is training needed?
® Which methods are most effective for each user group?

These questions are not simple to answer, and straight comparative studies
would not provide the necessary results. Additional exploratory research is needed
before studies to answer these questions can be designed. For example, observation
of users’ searching behavior and an in-depth analysis of their thought processes
(e.g., Janosky*?) will point to problems that might be remedied with training.
Once these problems are identified, the contribution of training to their solu-
tion can be tested. Further, the effectiveness of each training method is likely
to depend on the characteristics of individual users. While experience in online
searching immediately comes to mind as an example of such a characteristic, obser-
vations of actual training sessions and the resultant searching behavior suggest
other factors that should be considered in testing instructional methods.

The Need for Librarians. The complex nature of subject access and the high
degree of expertise required indicate that patrons are likely to require the assis-
tance of librarians -- whether as mediators or as consultants -- for some time
to come. It is not clear, however, what makes librarians uniquely suitable for
such tasks: their education, their experience, or both. It is not uncommon for
administrators to assume that any person with training in online searching who
performs searches frequently is as good a searcher as a librarian with the same
experience. This assumption has not been tested in a rigorous manner.

A project to test the need for librarians should be more sensitive than the
common experiment. It should compare retrieval performance (precision, recall,
and unit cost) of librarians’ searches with those of non-librarians, as well as exam-
ining the search process itself. Here, the definition of the search process should
not be limited to counting occurrences of activities but should be open-ended.
One may observe, for instance, that librarians are more methodical -- following
a plan or a pattern -- in their searching behavior than non-librarians. Once the-
differences in the search processes are discovered, the effects of these differences
on search results and costs should be examined. Further, the examination should
include the nature of the material retrieved in addition to the numeric values
of recall and precision.
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Similarly, studies of patrons searching their own requests should be conducted.
Such studies can draw on the experience gathered in analyzing the searching behav-
ior of pathologists and pharmacists.3” Data that describe patron behavior, including
errors and problems, should be collected and analyzed, as well as data that compare
the results of patron searches and those performed by librarians. Although each
study of actual patrons is limited to one user group, findings common to a number
of studies can be considered as valid on a general level.

Indexing

The crucial role of indexing in facilitating subject access was never questioned
when only printed retrieval tools were available. Indexing was, and to some degree
still is, considered to be the "heart" of organizing information for retrieval. Index-
ing theory was relatively rich during the 1970s;*3 it drew on a variety of models,
with the probabilistic model* attracting the most attention.

Although theoretically sound and attractive, most of these models were never
developed enough to show their applicability to library decisionmaking, and some
were indeed abandoned. One exception is the Five-Axiom Theory of Indexing
developed by Fugman.® Though general in nature, the theory draws on practical
experience in database retrieval and could be applied to specific situations.46

The Quality of Indexing

Indexing quality is a major concern for investigators who focus on the applica-
tions aspect of research in indexing. One measurement developed for that purpose
is indexer consistency, defined as the degree to which index terms assigned to
a set of documents by one indexer agree with those assigned by another, or by
the same indexer at a later time.

Many studies of indexer consistency were carried out during the 1960s and
1970s.47 They examined an array of indexer characteristics, such as subject knowl-
edge, and a variety of indexing methods, such as the degree of vocabulary control
in the index language. Here again, no conclusive results were obtained except
that indexing was most consistent when the index language used was highly con-
trolled. Also, investigators were frequently disappointed with the low consistency
scores obtained.

Although indexing is performed to make subject retrieval possible, its quality
has never been tested against actual retrieval performance. In other words, we
do not know which indexers’ work guarantees the best retrieval results. One
attempt to correlate indexer consistency (as opposed to indexer characteristics)
with retrieval performance revealed that indexing with controlled vocabulary --
the method that maximized consistency -- resulted in the best retrieval.48

A more sensitive approach was taken in a study of 760 articles that were
mistakenly indexed twice for the MEDLINE database.*® Results showed that consis-
tency depended on the subject field (e.g., anatomy vs. public health), and on the
degree to which a concept was central to an article.
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Some opposition to indexer consistency as the sole measurement of indexing
quality has been voiced, most notably by Cooper, who showed that indexer consis-
tency is not a measure of quality because bad indexers can achieve high consistency
among themselves.’ The failure to measure indexing quality was not lamented
for long, however. With the introduction of online retrieval that provides free-
text searching, the question of whether indexing is needed at all has become central
to research in indexing.

The Need for Indexing

Indexing is a labor-intensive and costly process, thesauri are expensive to
construct, and several theoretical issues relating to their construction remain unre-
solved. Therefore, the capability of retrieving documents without the aid of index-
ing and a thesaurus is very appealing. Beginning with the Cranfield studies, 5!
tests have been carried out to compare the success of retrieval by free-text search-
ing with the success of retriveal using index languages of various types.

Results are inconclusive, and the debate continues as to whether future Sys-
tems should restrict themselves to free-text searching capability. In fact, one
is almost forced to belong either to the "free-text camp" or to the "controlled
vocabulary camp." On the basis of practical experience with database searching,
however, librarians have already recognized that both access methods are needed
for successful retrieval. Further, a summary of a number of case studies and
of several research papers indicates that free-text and descriptor searching comple-
ment each other.’? This evidence is significant for both database producers and
librarians. While database producers may decide to avoid the cost involved in
providing for descriptor searching, they should make efforts to include abstracts
because they are essential to free-text searching. A survey of 123 A&I services
showed that only 46% included abstracting guidelines that were pertinent to this
mode of retrieval.53

Librarians, on the other hand, need to become knowledgeable about the trade-
offs between these modes of searching. Their training should include clear demon-
strations of the circumstances under which it is best to search with free-text
terms and the conditions under which descriptor searching is more useful.

Automated Indexing

Because of the "imperfection" of human indexers, much attention has been
directed toward automated indexing, whereby a computer "reads" the text of a
document and assigns index terms to it. The first experiments in which machines
were programmed to index were carried out in the mid-1950s. Since then, automat-
ed indexing has undergone much research by a number of talented researchers,
led by the work of Gerard Salton.

Automated indexing provides several powerful capabilities: retrieval systems
can be designed for natural language interface in which users express their requests
in sentence-like phrases; index terms can be assigned weights according to their
"importance" to a document; internal networks can lead to additional search terms;
and indexing can be modified with the help of feedback from users. Indeed, several
experiments have shown that automated indexing performs as well as, or even
better than, the conventional methods of indexing.54
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Because of the growing number of databases that provide full-text retrieval,
automated indexing seems more realistic today than in the past. While automated
systems continue to improve, however, they have been tested only in experimental
settings and with simplistic assumptions about users’ information needs and the
variety that exists in the stored documents. Therefore, such systems cannot be
considered for libraries until they have been tested on databases of realistic size
and in situations that reflect the complexity of organizing and retrieving diverse
collections of materials.

Research Needs for the Future

Future investigations in indexing should focus on determining when indexing
is necessary, rather than on whether indexing is necessary at all. Such investiga-
tions could be conducted by examining how indexing is actually used (i.e., examining
actual searches).

Researchers should be sensitive to a variety of factors that may determine
the need for indexing. For example, the use of controlled vocabulary may not
be required in scientific databases that are searched to answer information requests
from engineers in industry, while searches of the social science literature for gradu-
ate students may be most successful when descriptors are used.

Indexing quality can also be assessed anew by examining its usefulness to
retrieval. Indexer-requester consistency®® can be measured when the index terms
entered by a user are compared with the index terms that retrieve the best results.
Although such tests may not produce general conclusions, their results could be
used to improve the indexing of the tested databases.

Most important, online systems of the future will probably provide one inter-
face with the same mechanism for subject access to all information, whether it
is stored in library catalogs or in bibliographic databases -- a practice already
in use at NLM. When searching systems of the future, users will be able to search
a variety of databases with one search strategy. In addition to providing one
retrieval mechanism, online systems should store information in a variety of "pack-
ages," that is, employ a variety of indexing methods and practices each correspond-
ing to a type of information need.

Thus, research should examine the usefulness of existing index languages
for subject access through online systems. Although some index languages were
developed specifically for online databases and others are being constantly updated
to facilitate online searches, some index languages were created for manual tools
and then simply transferred for use in online systems. The Library of Congress
Subject Headings are the most relevant example: they are used to index informa-
tion in most online catalogs and in databases with a general subject coverage
(e.g., newspapers and magazines indexes). Tests should be conducted to compare
the usefulness of the Library of Congress Subject Headings -- in relation to indi-
vidual user groups and needs -- with index languages derived from classification
schemes such as the Dewey Decimal Classification or the Universal Decimal Classifi-
cation; string languages®® such as PRECIS;’® and possibly a general thesaurus
constructed by integrating a number of index languages, each covering a specific
subject.

-144-



Organizing, Indexing, and Retrieving Information

Similarly, indexing practices should be examined. Certainly, indexing practices
employed in the Library of Congress cannot satisfy the requirements of all users
all the time. Moreover, it is possible to identify which indexing practices are
most suitable for specific types of information needs. The level of indexing (e.g.,
whether to index a monograph as a whole or to index each of its chapters), the
degree of exhaustivity (whether to express in indexing only the most important
aspects, or every aspect that is conceivably relevant), the indexing technique (e.g.,
whether to check each document against a predetermined list of descriptors), and
many other practices should be tested to determine the methods that are most
effective in meeting each type of information need.

Full-Text Retrieval

Central to the vision of a paperless society is the prediction that information
will be available in electronic form. Texts of newspapers, magazines, scientific
journals, legal literature, and encyclopedias are already available online through
bibliographic search systems and other systems. The provision of the full text
of documents online is supposed to serve two purposes: to eliminate the need
for the printed materials, and to improve subject access to those materials.

Replacing printed materials with their electronic counterparts would seem
to be beneficial to libraries: instead of purchasing materials that may or may
not be used, access to a central store of all materials would be possible when
specific needs arise. But this scenario raises a host of problems, ranging from
technical difficulties and the discomfort of reading text on a screen to cost consid-
erations that may limit such services to a privileged few.57 Thus, the benefit
of such replacement is still questionable.

In terms of improving retrieval performance, however, the benefits of full-
text systems may be more apparent. Although bibliographic search systems current-
ly provide only a few additional search capabilities that are especially suited to
full-text searching, the ability to perform free-text searches on the full text of
documents is regarded as promising.®®# On the other hand, there is very little
evidence to substantiate this assumption. A test of the Harvard Business Review
Online showed that to achieve maximum recall, one must search both the biblio-
graphic citation with its indexing and the full text.’® In contrast, a full-text
retrieval test of the legal literature produced very low scores for recall.80

Full-text retrieval is a new phenomenon in librarianship. It offers solutions
to some existing problems, but it also raises a number of new questions. Much
research and improvement are needed before full-text retrieval can be fully imple-
mented in libraries. The use of full-text and other non-bibliographic databases
in libraries is so recent that there is still very little information available to pro-
vide a basis for research. For this group of databases, exploratory surveys are
needed to uncover the range and magnitude of their use, the rate of user satis-
faction, and any problems associated with having full-text databases as both a
substitute for the printed source and an enhancement to retrieval.

An assembly of research methods similar to the CLR study should be employed
for an initial exploration. Some of the issues to be examined are: Can readers
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retrieve information by themselves? What equipment and knowledge are required
for the use of these databases? What are the useful features of the display of
non-bibliographic and full-text information? Do users read the text at the terminal
screen or do they print a hard copy to read from? When and how can subject
access be improved for full-text databases?

Expert Systems

An expert system acts as an expert in a specific field. It is projected that
expert systems could be used in library management, cataloging, and reference,5!
and that as a result, librarians could become more service managers and user advis-
ors than intermediaries between patrons and the desired information service.5?

A crucial component of an expert system is its knowledgebase -- a database
of facts, which is an expression of accumulated information in a specific field,
and a set of rules. To create a knowledgebase, one must decide what knowledge
to include in the database and how to represent it. While knowledge can be de-
rived from human experts or from other sources, its representation requires tech-
niques that have been developed in the field of artificial intelligence (AI).

Current attempts to design expert systems for libraries focus most notably
on intermediary systems for onlinie searching: IIDA provides help to novice search-
ers and thus can be used for computer-assisted instruction,®® and CITE (the NLM
online catalog) offers natural-language query input and automatic subject headings
display, among other capabilities.?® Still experimental is CONIT, which provides
an interface with a multitude of databases.®® In-house, microcomputer-based sys-
tems to aid reference work have also been developed at the National Agricultural
Library®® and in one library’s government documents department.® Most of these
systems are not "truly" expert systems, however, either because their operations
are not based on knowledge derived from experts, or because they do not utilize
Al techniques.

Existing intermediary expert systems derive their knowledge from the informa-
tion stored in bibliographic databases. To users who ask for information about
online catalogs, such a system may suggest that they search under the term
"OPAC," because this new term appears in the titles and abstracts of many items
indexed with the descriptor "Online Catalogs." Deriving its knowledge only from
the stored text, however, prevents the system from considering aspects that are
not directly related to the subject of a request. For instance, the system would
not "know" that it is useful to find out what level of material is required: intro-
ductory and instructional information, or data about recent research.

Although the debate about whether knowledge for expert systems should be
derived from human experts or from other sources is not yet settled, some attempts
have been made to extract knowledge from librarians. Among the first steps in
this direction are a project supported by the British Library that produced a model
of the search process;®” and a list of moves to improve search results3® with
a decision tree that guides decisions about whether to enter free-text terms or
descriptors.4! In addition, two institutions -- the American Petroleum Institute®®
and NLM®® -- use indexers’ knowledge and practice to develop expert systems
to aid in-house indexing.
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Further, some systems employ AI techniques. CANSEARCH, for example,
which has been developed as an intermediary for searching the cancer literature, 70
is based on "frames" -- a technique that has attracted much attention.”!  Also,
the Indexing Aid Project at NLM is experimenting with the use of a variety of
Al techniques.®®

Research on expert systems for libraries is in its early years. Many basic
issues, such as how to express knowledge accumulated in librarianship, remain
to be investigated. Our short experience does indicate that systems developed
for searching or indexing in a specific subject area and within a certain setting
are the most powerful among both the experimental and operational systems. It
is sound to assume that the future will see a variety of expert systems, each tai-
lored to a specific group of users, as opposed to "universal" expert systems for
searching, indexing, or reference work.

Costs

Future studies may reveal the best methods for training patrons, or the best
searching aids. The value of such discoveries should be weighed against their
costs. Cost-benefit analysis is difficult if not impossible to perform for subject
access, but weighing costs against the frequency of use can help library admini-
strators select a system or a method for patron training. Data to support such
decisions should be made available by cost studies.

Of further help would be a detailed cost analysis of all the components and
factors involved in systems for subject access. Such an analysis should examine
the tradeoffs between quality control and costs, and between the adequacy of
the support given to users and costs.

Conclusion

Library automation has paved the way for new approaches to organizing,
indexing, and retrieving information. The ramifications of the widespread use
of computers to retrieve information are far-reaching. Users today expect more
from computer-assisted retrieval than from printed sources. As a result, the de-
mands placed on librarians and researchers are more immediate than ever in the
past. Librarians must acquire expertise in a large variety of subjects, ranging
from knowledge of computers to principles of bibliographic control and methods
of training. While users will become more independent as computer technology
advances, their need for librarians’ assistance to solve complex problems will become
more apparent than ever before.

Research in organizing and retrieving information faces a host of new issues
and an urgent requirement to address old issues that have not yvet been resolved.
Because actual searching of online systems can be easily monitored and observed,
and because of the large volume of such searches, researchers can conduct in-depth
analyses of a large body of data. Some of the tasks that should be accomplished
are listed below:
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To investigate information needs expressed by users as well as
the purpose for which information is retrieved, in order to develop
a typology of needs. -Such a typology, linked to our knowledge
about cognitive information processing, is essential to the develop-
ment of information systems tailored to respond to individual
information needs.

To examine methods that can help users express their search re-
quests and formulate their search strategies. New as well as
existing methods should be investigated to determine their effec-
tiveness and suitability for different user groups (e.g., professionals,
students) and for specific information needs.

To develop a research method to study online searching behavior
that will produce results relevant to user training, systems design,
and library decisionmaking. The method should take into consid-
eration the nature of information needs, should develop adequate
measurements for both the search process and search results,
and should establish a test procedure that is as close as possible
to actual (nonexperimental) searching.

To identify the variables that have the greatest effect on online
searching behavior and their interaction, so that individual varia-
bility in online searching can be controlled for studies of searching
behavior.

To discover the characteristics of a "good search" by identify-
ing strategies and moves that enhance the success of online search-
es, and the conditions under which each of them should be used
to achieve satisfactory retrieval. By this means, user training,
system design, and actual searching will be based on a set of
well-established search strategies for specific situations in which
they are likely to be successful. A model of a "good search" is
also important for the design of intermediary expert systems.

To investigate the difficulties encountered by users when they
attempt to interact with a computer in order to search online
bibliographic systems. Examples include using command language
and understanding computer responses and displays. Resolution
of these difficulties will lead to human-computer interfaces that
are tailored to individual needs and requirements.

To examine the searching behavior of patrons searching their
own requests in order .to identify cognitive patterns and to deter-
mine the conceptual and technical problems they encounter, as well
as the quality of the answer sets they retrieve -- in particular, as
compared with searching performed by professional librarians.

To review the new roles that librarians should assume (and the
modifications introduced into existing roles) with the introduction
of online systems for public access, in order to examine the per-
formance of these roles and their effectiveness.
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To investigate the methods that should be used by librarians in
training patrons to perform their own searches, and to examine
the effectiveness of each training method with relation to individ-
ual characteristics of patrons, so that instructional methods can
be tailored to patrons’ individual requirements.

To compare the performance of professional librarians with that
of technical staff in searching subject requests online. Both search
processes and search results should be analyzed, so that the con-
tribution of professional training can be identified explicitly.
The results of such comparisons will also point to specific skills
needed by professional librarians and thus should enhance curricu-
lum design in library schools.

To explore the effects of integrated online searching systems that
provide a single interface for both catalogs and bibliographic
databases on users’ searching behavior, users’ need for assistance,

and database and catalog design.

To develop measurements of indexing quality. These measurements
should focus on the contribution of indexing to the success of
retrieval rather than on indexer characteristics or indexing condi-
tions and situations. These measurements are necessary to begin
uncovering the effects of indexing methods and practices on re-
trieval.

To investigate the relationship between indexing quality and the
characteristics of the information being indexed (e.g., how well
subject terminology is defined in the area), so that indexing prac-
tices and methods can be made sensitive to specific characteristics
of the information being indexed.

To discover the relationship between indexing methods or practices
and the success of different user groups in retrieving various
kinds of information, so that indexing can be tailored to the needs
of individual users.

To investigate the conditions under which descriptor searching
is most appropriate and those under which free-text searching is
likely to produce better results, so that users can make informed
decisions when selecting search terms, and database and catalog
designers can decide which indexing method will be more effective
for their users.

To examine whether the modification of indexing practices in
existing systems as a result of user feedback has an effect on
retrieval performance. Experiments with automated indexing sys-
tems have demonstrated that modifications guided by user feedback
can improve retrieval performance significantly. Investigating
whether such improvements could be achieved with conventional
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systems would provide the basis for further investigations into
feedback-based modifications, their effectiveness, and their value.

To investigate the construction of internal semantic networks
that will enrich either document indexing or the selection of search
terms by users, so that the potential of these networks to enhance
search results can be determined with relation to individual infor-
mation needs.

To explore the feasibility of constructing a general thesaurus (not
limited to a subject area) by integrating a number of thesauri,
each covering a specific subject. With such a tool, general data-
bases could employ an index language that would be more suitable
for online searching than the existing languages, and a standard
index language could be created for use in cooperative projects
among libraries regardless of their type.

To evaluate the effectiveness of various general thesauri (not
limited to a subject area) with relation to individual user groups
and needs, so that index languages used for general purposes might
be tailored to individual needs.

To investigate the relationship between indexing practices (e.g.,
level of indexing, exhaustivity of indexing) and retrieval require-
ments of user groups and needs, in order to facilitate the develop-
ment of indexing practices that are tailored to individual needs.

To survey the use of full-text databases in order to determine
the range and magnitude of their use, their rate of user satisfac-
tion, problems associated with searching them, and problems associ-
ated with using them as a substitute for printed sources. Because
full-text retrieval is a new phenomenon and its use is still limited,
this survey is necessary to identify specific research issues in
this area.

To survey the use of non-bibliographic databases in libraries to
determine the range and magnitude of their use, their rate of
user satisfaction, the subject access methods used, and problems
associated with searching them. Although various search systems
provide access to a number of non-bibliographic databases, no
statistics about their use are available. This first step will pave
the way for a more in-depth understanding of the organization and
retrieval methods required for non-bibliographic databases.

To generate and investigate new display features that may be more
suitable for full-text and other non-bibliographic databases. A
variety of techniques (e.g., windowing) and approaches to text dis-
play (e.g., providing intermediary displays of text before the full
text is displayed) should be tested. These examinations should be
led by known patterns of cognitive information processing associat-
ed with problem-solving behavior. At the same time, they should
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enrich our understanding of the cognitive processes associated
with searching non-bibliographic databases,

® To determine whether the information needs that are answered
through searches of bibliographic databases and catalogs are dif-
ferent in nature from those that are answered through searches
of full-text databases. Also, these two types of information needs
should be compared with those that require searches in numeric
databases, in order to determine whether searching non-biblio-
graphic databases is essentially different from searching biblio-
graphic databases and catalogs.

o To explore the feasibility and to assess the advantages and draw-
backs of creating a set of standards that would guide the design
of all library information systems and databases. Such standards
may determine which index languages should be employed, what
indexing practices should be followed, and what interactive features
should be provided. Because the increased use of technology facili-
tates increased cooperation among libraries and other information-
providing agencies, such standardization may be necessary.

Future research can no longer separate the organization of information from
its retrieval. Research in the organization of information can and should consider

are now one and the same subject.

Along with this trend toward consolidation, technological developments and
actual activities in libraries facilitate the focus on individual searching behavior.
Though these two trends seem contradictory, their combination is very powerful
and most useful for library decisionmaking, bringing together specialties that have
been somewhat artificially isolated, and providing guidelines for the provision of
tailor-made services to library patrons.

Today’s database producers and search systems vendors who compete among
themselves to present a large array of features only confuse the issue of which
features are useful and necessary. The future calls for system design based on
established user needs rather than on bells-and-whistles products responsive to
marketing-inspired needs. The future calls for general standards for the develop-
ment of databases and computer interfaces that are also truly adaptable to individ-
ual needs.
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Comments by Reviewers

The three reviewers who commented on this article addressed the issues of
retrieving, indexing, and full-text retrieval. They also suggested alternative ap-
proaches to the topic area, additional courses of investigation, and additional re-
search objectives.

Retrieval

Fidel encourages constructing a "general thesaurus by integrating a number
of thesauri, each covering a specific subject." This research objective could be
expanded to include the study of retrieval language compatibility in general. This
topic, long of interest to Europeans, is now the focus of research projects spon-
sored by the National Library of Medicine and is the topic of Multiple Thesauri
in Online Bibliographic Systems. recently published by the Library of Congress.

Fidel’s concept of successful online searching by patrons warrants further
research as well, to establish the likelihood of patrons helping themselves with
online searching. Available data suggest that the novelty of patron searching
wears off quickly and the task reverts to the professional searcher, both in the
public library setting and in the corporate setting, where time is critical and pa-
trons prefer having results delivered to their desk.

The Council on Library Resources (CLR) study cited by Fidel is important,
but was conducted too early in the development of online catalogs. More current
research on online catalog systems could be considered in drawing conclusions
about user interfaces with online catalogs. Another aspect of retrieval to be ad-
dressed is the use of microcomputer-based interfaces to facilitate user access to
bibliographic and non-bibliographic data systems and as a means to link those
systems.

Works by Brian Nielsen and Betsy Baker are recommended as further references
on the use of online systems.

Indexing

Fidel recommends that research in the field "investigate the conditions under
which descriptor searching is most appropriate and those under which free-text
searching is likely to produce better results." Such studies could also include
designing controlled vocabularies to be used in conjunction with free-text searching
as well as in selecting search terms.

She also suggests that research be conducted to "investigate the relation-
ship between indexing quality and the characteristics of the information being
indexed." Studies along this line must bear in mind that methods of indexing
developed for the sciences are inappropriate for the social sciences and humanities.
Furthermore, a study of different sublanguages in the humanities and social sciences
is prerequisite to designing vocabulary control mechanisms for them.

The need also exists, on a general scale, for a uniform filing, classification,
and indexing or cataloging system to make retrieval of the documents a smooth
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and uniform activity. This is essential in university or regional research collections,
as well as in commercial environments.

Full-Text Retrieval

Fidel recommends surveying "the use of full-text databases . . . to identify
specific research issues in this area." Although full-text searching has been ac-
claimed by some as a breakthrough in online searching, more research is needed
to assess its precision, recall, and rate of user satisfaction.

She also encourages investigating "new display features that may be more
suitable for full-text and other non-bibliographic databases." This research could
usefully be extended to bibliographic databases as well. Wajenberg would be a
good source of information.

Additional Research Objectives

Descriptive cataloging is not emphasized in this paper. The following research
objectives might be explored in this area:

e To investigate the principles underlying catalog code design with
a view to their appropriateness for the online era, using the work
of Gorman, Wilson, and Malinconico as possible resources.

e To investigate the impact of technology on networking and particu-
larly on how technical services related to the organization of
materials will be performed in the future. Specifically, does the
advent of CD-ROM technology pose a threat to large bibliographic
utilities such as OCLC? How successful will cooperative ventures
like the linked systems project be?

o To investigate the possibilities of automatic cataloging and expert

systems to assist with cataloging. Work is being done in this area
at OCLC, UCLA, Texas and in Europe.
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