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Executive Summary

Final Report on NSF Grant ITS 85-09719

EXTRACTING KNOWLEDGE FOR INTERMEDIARY EXPERT SYSTEMS:

THE SELECTION OF SEARCH KEYS

Raya Fidel

The purpose of this study was to uncover the rules used by online
searchers for the selection of search keys, whether free-text terms or
descriptors, and to represent these rules in a formal model that could
be used in the construction of intermediary expert systems.

The cast study method with controlled umparison was used to
analyze the data which were collered through observation of online
searchers performing their regular, job-related searches. The study's
participants were experienced searchers who were selected from a wide
spectrum of subject specialties and from various settings.

Data analysis was based on twc existing models. The first was the
original Selection Routine, a decision tree that presented the rules
used to select search keys by eight searchers in a previous study. The
second was a list of moves--modifications in search strategies--based on
observing the searching behavior of the same eight searchers. The list
is divided into two types of moves: operational moves which keep the
meaning of a request unchanged; and conceptual moves which change the
meaning of a request. Within each type, the moves are presented in
three groups: precision moves; recall moves; and moves to increase both
precision and recall.

This study included 39 searchers whose searching behavior was
analyzed in order to expand both models. These searchers were also
asked to explain their reasons for each selection of a search key.

Data analysis involved measuring the frequency with which: (1) each
type of search key was selected; (2) each move was selected; and (3) a
reason was cited to explain the selection of a search key. Further, the
statistical associations among eleven variables were examined. These
variables are: (1) the number of search keys selected for a search; (2)
search-keys ratio (the percentage of free-text terms compared to the
total number of search keys); (3) thesaurus look-ups (the frequency with
which a thesaurus was not consulted); (4) the number of databases used
per search; (5) the number of moves made in a search; (6) moves ratio
(the percentage of operational moves compared to the total number of
moves); (7) the number of precision moves made in a search; (8) the
number of recall moves made in a search; (9) recall tendency (the
percentage of recall moves cumpared to the total number of moves); (10)
the subject area in which a searcher specializes; (11) the environment

iv



in which a searcher works.

The statistical analyses included data from the 39 study searchers
as well as from the eight original searchers (a total of 47), and were
performed on two levels: the search level, in which each search was
considered as an instance (281 instances); and the person level, in
which data from all the searches performed by one person were aggregated
to represent a single instance (47 instances).

The study had three explicit objectives: (1) to refine and validate
the Selection Routine; (2) to explore the effect of searching behavior
on search-key selection; and (3) to test the applicability of the case
study method to the extraction of knowleage from multiple experts.

1. The Selection Routine

The Selection Routine was modified by the analysis of searching
behavior. Although the modified Selection Routine is not complete
(because a few infrequent options are still unexplained), it can be used
to develop the set of rules for a rule-based intermediary expert system.

The selection of options. The frequency with which search keys were
selected and the reasons cited by the searchers for their selection of
these keys revealed that:

--Searchers did not display a general preference for one type of search
key: When they had a choice, they selected descriptors and free-text
terms in the same frequency.

--About 70% of the time, searchers selected the most straightforward
options: If a term were exactly mapped to a descriptor, they entered
a descriptor; if it could not be mapped, or they did not consult a
thesaurus, they entered free-text terms.

--When searchers had options in the selection of search keys, their
choice was most frequently (48%) determined by the databases they
were searching, less frequently (32%) by the request they were
searching, and least frequently (20%) by their habitual searching
behavior.

Thesauri quality and availability. All 4? searchers relied heavily on
thesauri: They consulted a thesaurus for 80% of the search keys they
selected, and when they did not consult a thesaurus, it was often
because a thesaurus was unavailable. Further, the quality of thesauri
and indexing, and their availability, greatly affect the selection of
search keys:

--When the characteristics of a database were cited as a reason for
selection a particular search key, 25% of the reasons given referred
to the lack of a needed descriptor, 19% to thesaurus unavailability,
and 18% pinpointed the poor quality of descriptors and indexing.

--Distrust of descriptors and/or indexing explained 16% of the instances
in which searchers entered terms without consulting a thesaurus.



Therefore, the quality and availability of thesauri are critical
factors in the selection of search keys, and better quality in thesauri
and indexing, as well as greater availability of these tools, are badly
needed.

The concern with recall. The searchers who participated in the study
were heavily occupied with attempts to increase recall:

--If searchers did not initially choose a straightforward option in the
selection of search keys, more than half the time they chose al
option that would enhance recall.

--The most f-equent reason for the selection of a search key that
referred to the request was the need to enhance recall (35%).

--The number of moves to increase recall was almost double the number of
moves to increase precision.

These results show that with the current bibliographic databases it
is difficult to achieve recall scores that are satisfactor., to

searchers.

2. The Effect of Searching Behavior

The results of the study revealed the factors that affect the
selection of search keys.

The "free-text" searcher. The statistical tests show that a profile can
now be constructed of the searchers who use free-text terms more often
than other searchers. They are likely to have these characteristics:

--be an operationalist searcher (that is, make operational moves more
frequently than conceptual ones),

--be a searcher in the sciences,

--if, as a science searcher, they usually answer practical requests,
they will use even more free-text terms,

--need to search several d?tabases for each request, and have developed
a habit of entering terms without consulting a thesaurus.

Contrary to common notions, searchers who prefer to enter free-text
terms do not enter more search keys than those who prefer descriptors,
nor are they more interactive than tneir counterparts. That is,

searchers who prefer to use free-text terms most often enter these terms
as if they were descriptors, without exercising terminological control
in searching.

Factors typical of searching behavior. Statistical analyses discovered
that some searchers are routinely more interactive than others: they
make more moves, they enter more search keys, and they use more
databases than their peers who are less interactive.
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In addition, the searching style of a searcher, whether
operationalist or conceptualist, also affects the selection of search
keys and other aspects of searching behavior. Operationalist searchers:

--use free-text terms more frequently,

--are more likely to avoid consulting a thesaurus,

--are more likely to answer science or general questions, and

--are more likely to make precision moves than conceptualist searchers.

The effect of requests. The nature of each individual request affects
the iT57.fion of search keys: 32% of the times they explained their
search-keys selection, the study's searchers referred to requirements of
the request. Sin:e 48% of the reasons related to constraints of the
databases, it is plausible to assume that with improved flexibility in
the structure of thesauri, and in availability of searching tools,
searchers will give request characteristics higher priority.

Further, requests that present terminological difficulties (as
reflected by the use of a relatively large number of search keys), and
those that are difficult to search (as measured by the number of moves
that are made to answer them) lead searchers to enter search keys
without consulting a thesaurus. Thus, requests with terminological
difficulties require more interaction than other requests, an
interaction during which searchers add search keys without consulting a
thesaurus.

In addition, the subject area and whether a request is practical or
theoretical also determine the selection of search keys:

--Science requests are searched with free-text terms more frequently
than requests in other subject areas.

--Science and general requests are more likely to be searched by
operational moves than by conceptual ones.

--Practical requests are searched with free-text terms more frequently
than theoretical ones.

--Theoretical requests require higher recall than practical ones.
The results of the study, however, could not substantiate the common
belief that high-recall requests require an increased number of
search keys.

The effect of design factors. Among the variables examined in this
study, only the number of databases used in a search" relates to design
factors because it is determined by the distribution of information
among the databases, and it is, therefore, a given with searchers.

Study results show that this variable correlates with almost all
other variables, indicating that the number of databases a searcher has
to use for a search has crucial effect on the selection of search keys

vii
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and on other aspects of online searching behavior. Most notable is the

discovery that having to search several databases for a request induces

the use of free-text terms and entering these terms without consulting a

thesaurus. Therefore, having to search a variety of databases for one

request is a limiting factor.

Though it is generally believed that the availability of a large

number of databases enhances online searching because searchers have

more choice, it is not clear how much freedom is actually introduced by

this multitude - -ear: 1 database is somewhat different from the others and

searchers often feel they must use every database possible to be

comprehensive. On the other hand, the use of a variety of databases

limits their options in the selection of search keys, because preparing

a different search strategy for each individual databases is

unrealistically time consuming.

The uncoordinated growth of databases is an impediment to online

searching. Standardization and coordination are required if users are

to be able to fully exploit the capabilities of online systems.

3. The Case Study Method

The applicability of the case study method to the extraction of

knowledge from a number of experts is proven by the success of the

method to create formal models of the selection of search keys and of

moves.

Further, the use of the method in this study led to two

conclusions: (1) the method of controlled comparison is useful for

resolving conflicting evidence; and (2) observation and analysis of a

relatively small number of searchers but with a variety of backgrounds,

is sufficient for the creation of a model that describes their searching

behavior in formal terms.

4. Implications for Future Research

The most timely conclusion of this study is the proof it provides

that searching behavior is not completely determined by individual

idiosyncrasies, but rather that searching behavior is lawful and follows

certa'n patterns.

More specific findings of the study point to the need to

investigate the impediments to a-hieving satisfactory recall, the

characteristics of requests that affect the search process, and the ways

in which current thesauri and indexing practices could be improved.
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1. INTRODUCTION

Online searching behavior has attracted much attention among
researchers because of the current discrepancy between the level of
technological developments as compared to theoretical advancements. New
and increasingly sophisticated technology is being developed and put to
use at an ever-growing rate, but the scientific understanding of human-
machine interaction and of the search process is in its infancy
[Saracevic, 1987]. This discrepancy is to the advantage of research:
Since databases are already in use, investigators do not have to
simulate situations in anticipation of the future--they can study online
searching behavior as a phenomenon actually occurring in the real world.

The research project reported here investigated online searching
behavior manifested by actual searches of bibliographic databases.
Despite the growing number of users who search their own requests, the
study focused on the process of online searching as performed by human
intermediary searchers, that is, by professional online searchers. The
study explored the process of search key selection, and attempted to
represent this process in an empirically-based model that is specified
in formal terms. Such endeavor is an important contribution to research
in online retrieval because it enhances our understanding of "what is
actually happening at the man-machine interface in online systems"
[Fenichel, 1980]. The construction of such a model is valuable to basic
research, to the training of online searchers, and to the design and
development of information retrieval systems that can be searched by
users (other than professional searchers).

1



1.1 Problem Definition

One of the tasks carried out by information professionals when
performing an online search of biblioraphic databases is the selection
of search keys. To understand the nature of this task it is best to
examine its place in the process of onl.ine searching.

Online searchers handle requests which reflect the library user's
information need. Once the searcher feels he understands the request
well enough to answer it, he performs an online search on the relevant
databases. Typically, the outcome of an online search is an answer set
that includes bibliographic citations.

Reality, however, is much more complex than this description.
First, "information need" is an elusive concept: Even if a real and
precise need for information exists in an objective sense, it is
difficult to determine it 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 [Belkin
& Vickery, 1985]. For the purpose of this research project, however, we
assumed that what are expressed by users when they want to retrieve
information are information needs that are clearly defined.

Further, users' requests have two major aspects. The first is the
topic of a request: It presents the subject matter that is of concern to
the user. For example, "the analysis of students' behavior during a
final examination to determine the difficulty of the examination" is the
topic of a hypothetical request.

The second aspect of user requests concerns request characteristics
that do not relate directly to the topic but rather to the parpose of
the request, or to the use to which the information will be put. For
example, a user may need a comprehensive search that retrieves all the
relevant citations (high recall search), or she may be interested in
just a few highly relevant citations (high precision search). In

addition, at one time the user may agree to consider articles about any
examinations--not only finals--and at another time she may be happy to
receive citations to articles dealing with the analysis of students'
behavior during final examinations, whether or not the analysis is used
to determine the difficulty of the examination (low specificity search).

With the intricacy of requests exposed, we can turn to the
description of the search process. The classic online search includes
the following procedure. A searcher interviews a user to clarify the
topic and the characteristics of a request. The searcher then develops
a plan for searching the request online--a search strategy. This
strategy specifies which databases will be searched and which terms (or
search keys) will be used in each database. It can also include a more
specific plan that determines the flow of the search: Which search keys
to enter first, when to review some results, and what to do if the
results are not satisfactory. Next, a session at the terminal is guided
by the search strategy but searchers may deviate from their original
plan i1 it does not seem useful. Some requests may require a number of
terminal sessions--searchers may logoff to reconsider their strategy,
possibly with the help of the user. At some point, the searcher decides

2
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to terminate the search and to print the answer set that will be given
to the user.

Thus, the intellectual components of a typical online search can be
classified into three basic categories: (1) definition of query
structure, (2) selection of search keys; and (3) feedback review. The
second category.. -the selection of search keys--was the focus of this
study.

To select search keys for a request, searchers must first break
down a request into its individual components, or concepts. The request
about students' behavior, for instance, inclu.es four concepts: (1)
analysis; (2) students' behavior; (3) final examinations; and (4)
examination's aifficulty. Each concept requires a set of search keys
for its representation. Thus, searchers look for search keys that will
best capture the literature on the topic of each individual concept or
of the request as a whole, and at the same time retrieve an answer set
that satisfies other request characteristics, such as recall, precision,
or specificity.

There are two distinct types of search keys: free-text terms and
descriptors. Searchers may enter any desired term or phrase and
retrieve citations that include the term or the phrase in their text,
that is, perform free-text searching. Or, searchers may decide to use
search keys from a thesaurus - -a list of descriptors, or subject headings
that are used for indexing and retrieval--that is, perform descriptor
searching. In many databases, both options are available. Searchers
can also use them in combination: A concept may be searched using free-
text search keys as well as descriptors.

One of the decisions that searchers make during an online search,
then, is what type of search keys to use; they make this decision when
they plan their strategy and during terminal sessions when they revise
their strategy. The research project reported here studied the
decisions that searchers made when they selected search keys, and it
aimed to uncover their reasons for the selection of each type of search
keys.

1.1.1 Controlled Vocabulary and Free-Text Keys

The issue of search key selection has been the focus of many
research projects and publications. As Svenonius points out, the debate
over whether controlled vocabulary is necessary for effective retrieval
began in the last century, long before the introduction of computers
[Svenonius, 1986]. Although this debate originated from problems
encountered when using controlled vocabularies with printed catalogs,
the notion that controlled vocabularies are an unnecessary burden on
information scientists and specialists has been the driving force behind
much research in recent years.

On the theoretical front, the construction and use cf cc rolled

vocabularies involves a large number of variables, and some fundamental
issues have not yet been resolved. For example, there is no agreed-upon
measurement for the degree of control exercised in a given index

3
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language, nor any well-grounded theories about the factors that
constitute useful indexing practice. From a practical point of view,
controlled vocabularies are expensive to construct and indexing is
labor-intensive as compared to free-text searching because the text is
already available and requires only the automated generation of indexes.

Despite the expense and difficulties in the construction of
controlled vocabularies, they are built and used because they improve
retrieval. It is not surprising, therefore, that studies to examine
their necessity centered around retrieval performance. Starting with
the Cranfield studies [Cleverdon, 1962]. investigators have carried out
tests to determine which types of search keys provide the best
retrievat: free-text terms or descriptors (e.g., [Parker, 1971], [Keen,
1973]). Results are contradicto-v; the issue is still unresolved and is
heavily debated in the literaturE (e.g., [ Cleverdon, 1984], [Lancaster,
1980], and [Dubois, 1987]).

While some may believe that persistent experimentation will
eventually resolve the issue of which type of search keys is best for
retrieval, there is an increasing evidence that free-text and descriptor
searching actually complement one another, and no single type
outperforms the other. This relationship has been derived by Fugmann
from his theory of indexing [Fugmann, 1982], tested in several
experiments [Katzer et al., 1982], and substantiated by a series of
independent case studies (e.g., [Carrow & Nugent, 1981], [Nenzler,
1978], and [Markey et al., 1980]).

The study reported contributes to the resolution of this
controversy. The study's purpose was to develop a model tnat represents
the rules for the selection of search keys. The uncovering of such
rules would show that each type of search keys is selected for a reason;
it would thus prove that free-text and descriptor searching indeed
complement one another, but more importantly, the model would show how
they complement one another.

It is most fruitful to study actual search processes because the
selection of search keys is an important component of searching behavior
(e.g., [Baker & Eason, 1981], [Oldroyd, 1984]). During online
searching, human intermediaries base a large part of their decisions on
the tradeoffs between free-text and descriptor searching, and it is one
of the most important vehicles for improving search results [Fidel,
1984b]. In addition, searchers' deliberations can be observed and
recorded to uncover the hidden and somewhat intuitive rules they use for
the selection of search keys.

1.1.2. Intermediary Expert Systems

It is believed that an increasing number of users prefer to
interact directly with online bibliographic retrieval systems. Although
no statistics exist as yet to support this assumption, a large amount of
effort is being invested by software producers and search system vendors
in developing systems, such as SciMate or Colleague, that facilitate
online bibliographic retrieval from users' offices or homes. It is also
believed that users will very likely search their own requests online

4
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when search processes are simplified or made friendlier. The prevailing
approach to providing such user-system communication is to develop
intermediary systems which are designed to mediate between users and
complex information retrieval systems.

With intermediary expert systems, users should be able to present
their requests to a system which would then make expert decisions about
the search process and, in particular, about the selection of search
keys. Such systems should interrogate users to elicit request
characteristics, but a system will use its own expertise to make
decisions about matters that are beyond the knowledge of users. For
example, an intermediary expert system should ask the user whether high
recall or high precision is required, and will use this information to
decide whether to use free-text terms or descriptors or a combination of
the two.

Various intermediary systems are already available for public
access, such as CITE [Doszcoks, 1983], while others are prototype
systems being tested in experimental settings. Examples of the latter
are CANSEARCH [Pollitt, 1987], PLEXUS [Vickery & Brooks, 1987], EP-X
[Krawczak et al., 1987], or Coa1SORT [Monarch & Carbonell, 1987], each
covering a limited subject domain and searching a single database.
Through such systems, users are freed from encounters with the numerous
peculiarities of databases and search systems--such as ORBIT, DIALOG, or
BRS--and yet can benefit from a large range of capabilities. In

particular, an intermediary system allows users to enter a request in a
loosely structured format, preferably in natural language, using a
sentence-like expression. The system then processes the request terms,
displays information to users, and asks for feedback. The information
displayed may be in the form of a list of subject areas, databases,
search keys, or actual citations from which users are asked to make a
selection, possibly in ranked order. Interaction of this nature usually
proceeds until the user terminates the session.

Some intermediary systems are actually helper systems: They provide
menu-driven interactioc that frees users from learning the command
language while still requiring them to make most of the decisions during
a search process; or, they drastically simplify searching by reducing
the number of options to a minimum. CITE, for example, leaves the
selection of search keys to the user: It displays a list of search keys
that can be used for a request concept--both descriptors and free-text
terms--and asks the user to select the terms. In contrast, CONIT--which
provides an interface with a number of databases covering a variety of
subjects--simplifies the selection of search keys because it searches
each search key as a free-text term and, under certain circumstances
that depend on the search system rather than the request, also searches
each as a descriptor [Marcus, 1983].

Intermediary expert systems, on the other hand, attempt a more
powerful form of user assistance: They replicate the performance of an
expert in online bibliographic retrieval by incorporating the knowledge
of an expert with rules for making inferences on the basis of this
knowledge. Well-advanced expert systems are expected to select search
keys. In a database that offers both controlled vocabulary and free-
text searching, such systems must examine each term of a request and
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consider its representation as a descriptor key, as a free-text key, or
as both.

Intermediary expert systems have attracted much attention and
controversy [Smith, 1987]. Although a variety of definitions for expert
systems currently exist, most researchers agree about the nature of
intermediary expert systems. Studies examining users searching their
own requests with no intermediary assistance show repeatedly that users
needed intermediary expertise mostly for formulating search strategies,
while they seem to master the command language with no difficulties
(e.g., [Sewell & Teitelbaum, 1986], [Kirby & Miller, 1986]). Therefore,
every intermediary expert system that is being developed today must
include a component that supports decisions about search strategies and,
in particular, about the selection of search keys.

Daniels [1986], Brooks [1987], and Croft [1987], among others,
delineate the requirements for such intermediary systems. One such
requirement is that an intermediary expert system should be able to take
into account request (and user) characteristics that are beyond the
topical description of the search.

This requirement is discussed here beca-se this study is pertinent
to its implementation. Although various techniques are used to develop
user models [Daniels, 1986], it is not clear what user characteristics
are important for the success of an information-retrieval encounter.
For example, can the age, profession, or geographic location of a user
help an intermediary expert system decide on a search strategy? Paice
emphasizes the significance of this point when he observes that unlike
other expert systems, user interaction plays a central role in
intermediary systems, and the main concern is, therefore, what questions
to ask and when to ask them [Paice, 1986]. A model of decTn rules
used by human intermediaries for the selection of search keys could
uncover these questions and suggest a sequence for their display.

Such a model might show, for instance, that while online searchers
do not take the age of a user into consideration, they do use their
knowledge about the user to determine whether the user's professional
activity is focused on practical applications or on research. It might
also point out that for some terms the selection of search keys is
limited to one option, regardless of request characteristics, while for
other terms those characteristics play an essential role in decisions
about search key selection.

The importance of human expertise to the design of expert systems
is still a controversial issue. It seems, however, that the notion that
intermediary systems should be based on knowledge acquired from human
experts is gaining increased recognition. Croft, for example, maintains
that the formalization of the knowledge used by human intermediaries is
one of the open problems of research in expert systems for information
retrieval [Croft, 1987], and Daniels mentions it as the most promising
method for the construction of user models [Daniels, 1986]. In

addition, a few prototypes--such as PLEXUS [Vickery et al., 1987], and
EX-P [Smith, et al. 1987]--are already based on such a knowledge.

The research reported here analyzed searching behavior of human
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intermediaries and then presented this behavior in a formal model. It

thus represents the first step in incorporating experience gained by
human intermediaries into knowledge bases of intermediary expert
systems.

2



1.2. The Objectives of the Study

To begin a systematic investigation of searching behavior, I first
completed a study of online searching behavior using the case-study
method [Fidel, 1984a]. Eight experienced human intermediaries were
observed doing their regular, job-related searches, and their spoken
thought processes were recorded. Analysis of data collected in this
preliminary study uncovered three major patterns in searching behavior.

The first delineated searching styles: It described the
operationalist and the conceptualist searchers, their approach to
strategy formulation, to the selection of search keys, and factors they
considered important to decision making [Fidel, 1984b]. Briefly,
operationalist searchers aimed at optimal strategies to achieve precise
retrieval; they used a large range of system capabilities in their
interaction. They preserved the specific meaning of a request, and the
aim of their iterations was an answer set representing the request
precisely. In contrast, conceptualist searchers analyzed a request by
seeking to fit it into a faceted structure. They first entered the
facet that represented the most important aspect of the request. Their
search was then centered on retrieving subsets from this primary set by
introducing additional facets. Unlike the operationalists, they were
primarily concerned with recall. During the interaction they preserved
the faceted structure, but, if needed, they did not hesitate to change
the specific meaning of the request.

The second pattern that emerged from this study represented moves
that are made by searchers. It showed that each move belongs either to
the set of moves that are typical of an operationalist searcher or those
typical of a conceptualist. Operationalist and conceptualist moves were
then clearly divided into: (1) moves to reduce the size of the set; (2)
moves to increase the size of a set; and (3) moves to improve both
precision and recall [Fidel, 1985].

The Selection Routine was the third pattern which emerged. The
Routine is a presentation of rules for the selection of search keys in
the form of a decision tree [Fidel, 1986].

1.2.1 Refinement and Validation of the Selection Routine

While the Selection Routine clearly indicated that formal rules
could be extracted from human experts, it was incomplete at that stage
of study. First, there were a number of conditions that led to more
than one option. For example, if a term was a common term (that is, not
appropriate for free-text searching) and it was not mapped to a

descriptor, expert systems were left to decide whether to use free-text
terms to probe indexing, or whether to change database. Clearly, there
might be additional conditions that would determine which of these
options to select, but these conditions were not revealed by this
previous study. Secondly, the eight searchers that were observed for
that study were experts in the life sciences literature, but to build a

Selection Routine that is applicable to bibliographic retrieval in every
subject area, the searching behavior of human intermediaries in a
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variety.of subject areas had to be investigated.

Thus, the first objective of the research project reported here was
to refine and validate the Selection Routine.

1.2.2 The Effect of Searching Behavior on Search-Key Selection

The description of operationalist and conceptualist styles of
searching [Fidel, 1984b], suggested that, among other factors, the
selection of search keys might be determined by the searching style of
each individual searcher.

Thus, the second objective of this research project was to test the
hypothesis that searching style affects the selection of search
keys, and to uncover the nature of this effect,

1.2.3 The Applicability of the Case Study Method

The case study method with controlled comparison [Diesing, 1971],
which was used to generate the Selection Routine, offers solutions to
some of the problems in knowledge acquisition. Firs-I:, it has two useful

attributes: (1) it adds knowledge incrementally; and (2) it is equipped
to resolve contradictions arising from the use of n e than one case.
Second, this study method is a systematic and well zructured approach
to extracting knowledge from human experts.

If the use of the case study method proved useful in one research
project, it can be transferred to other knowledge domains. It is a
method that can be used to extract knowledge from a number of experts
and to incorporate new knowledge into existing systems.

Thus, the third objective of this research project was to test the
applicability of the case study method to the extraction of
knowledge from multiple experts.
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2. THE METHOD

The case study method with controlled comparison [Diesing, 1971]
was used to investigate the selection of search keys. Briefly, in this
method a case is analyzed to construct a model of the investigated
phenomenon based on one case. An additional case, which is similar in a
definite sense to the first case, is then analyzed and is fitted into
the model created by the first one. Discrepancies are resolved either
by increasing the level of generality in which the elements of the model
are expressed, or by adding elements to the model. The modified model
of the investigated phenomenon is now based on two cases. Additional
cases are analyzed, one after the other and representing a gradual
increasing diversity, to further refine the model and to expand its
applicability. Models constructed by the case study method with
controlled comparison are never complete in an absolute sense): The
more cases are analyzed, the mere general the model is. They are
dynamic, however, in that they can be modified and expanded to fit new
developments and discoveries in the investigated phenomenon. A detailed
description of the use of this method in the investigation of online
searching behavior is available elsewhere [Fidel, 1984a].

The data for this project were collected through observation and
interviews.
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2.1 Data Collection

To collect data, members of the research team observed professional
online searchers when they were doing their regular, job-related
searches. The searchers were asked to think out loud as they worked.
Their verbalization was recorded and transcribed, and together with the
written material (e.g., the search protocol, the request form) served as
a basis for the analysis, which was primarily protocol analysis.

Protocol analysis was used in the project as a first attempt to
clearly define each move in a search, and to identify and analyze each
instance in which a search key was selected. Once such an instance was
established, verbalizations of thought processes, previous and
proceeding moves in the search, and recorded search strategy were used
to explore the conditions that had led to the particular selection.

Members of the research team inte-"sewed each searcher immediately
after the sequence of observations for Oat searcher had been completed.
Before an interview was conducted, all the transcribed protocols of
searches performed by a searcher were analyzed to identify issues that
were inaccessible to observation or those that needed clarification. In

the interviews, searchers were asked to explain their moves and reasons
for selecting individual search keys. The interviews were then
transcribed. Answers of searchers were checked for validity by
comparing them with other types of evidence.

2,1.1 The Procedure

The research team included the principal investigator aided by two
research assistants at a time, who were selected from among second-year
students at the School of Library and Information Science at the
University of Washington. The research assistants (a total of four
students) performed the observations and conducted the interviews. Each
assistant--or observer--investigated one searcher at a time. Observers
were trained by actually performing all the field investigations and
analyses for a selected searcher. Although these four searchers were
initially selected only for the purpose of training, data collected from
their searches were eventually incorporated into the project because of
the high quality of the outcome of these training activities.

The procedure of data collection included the following steps: (a)
contacting the searcher; (b) recording sessions; (c) transcribing
recorded material; (d) analyzing search protocol and verbalizations; (e)
recording data on forms; (f) participating in weekly meetings to report
findings; and (g) interviewing the searcher for clarifications.

(a) Contacting the Searcher.

The principal investigator made the initial contact with most
searchers. She explained the purpose of the study and briefly described
the commitment that was required from the searcher. The investigator
explained that the purpose of the study was to understand how online
searchers perform their searches; it was an attempt to make the "art of



online searching" more explicit and available to scientists and system
designers as well as to new searchers.

Searchers were promised that almost no demands would be put on
their time and were asked to briefly explain what they were doing so the
observer could understand the search. The investigator also clarified
that because the observer might forget the searcher's explanation, the
observer would have to record these explanations on tape, but that the
recordings would be used only by the research team. After repeated
requests, the investigator also promised searchers that the results of
the study would be made available to them as soon as possible.

Following the initial contact, an observer met with an assigned
searcher for a brief introductory session. In this session, the
observer further explained the searcher's role, established a convenient
method for communication and for setting future appointments. In

addition, the observer inquired about the databases the searcher used
most frequently so that the observer could get familiar with the
databases and the search system used.

The observers were asked to be honest when communicating with
searchers and to hide no information from them. Obviously, to protect
the privacy of the searchers, no information about their searching
behavior was given to other searchers. However, information about the
study, its progress or difficulties, was available to searchers if they
were interested.

The observers were also instructed to be flexible and non-demanding
when they set up appointments. They told each searcher that they would
operate according to the searcher's schedule, and establist,ad a method
by which either the observer would call the searcher periodically, or
the searcher would call the observer when planning to perform a search.
In addition, the observers checked whether scheduling would permit the
observation of the reference interview. In most instances, however,
such an observation could not be arranged, with one important exception:
A number of the observed searches were conducted with the user present
at the terminal.

From the beginning of the observation period it was explained to
searchers that any idea or notion that crossed their minds while
searching would be of importance to the study. While data analysis
focused on reasons for the selection of search keys, it was important
that searchers did not pay attention to this issue in order to avoid
bias or influence on searching behavior. The focus of the study was
later revealed to the searchers during the interview so they could
explain their reasons for the selection of particular search keys.

(b) Recording Sessions

During the observation, the observers tried to be non-disruptive,
non-threatening, and non-judgmental. To help them in this pursuit, they
were constantly reminded that they were observing experienced and
professional searchers who were more knowledgeable in the practice of
on ine searching than any member of the research team. Experience in
the study shows that having students perform the observation and
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interviews was advantageous in this respect Because it was natural for
searchers to expect non-threatening and curious behavior from students
who were not yet professionals.

Working with student observers on this project provided another
important advantage. As future professionals they were eager to learn
about online searching behavior. Their natural curiosity made them
ideal listeners: They were genuinely interested In the phenomenon they
were investigating. This curiosity Also motivated them to perform the
analyses of search protocols and transcriptions.

Questioning during the observation was kept to a minimum so that
searching behavior would not be affected, and to eliminate any
additional burden on the searcher. However, when an observer missed one
of the steps, or when she did not understand what the searcher was
doing, she would ask the searcher to describe the steps that were taken.
All questions about reasons for taking a particular step were saved for
the interview which took -Frace at the end of the observation period.

Because most often the observers could not observe the reference
interview, they began each session with a request that the searcher
explain the topic of the request and its nature. Thl observers also
made copies of the search protocol, the request form, or of any piene of
paper that was relevant, such as the paper on which the searcher had
recorded search strategies or moves.

(c) Transcribing Recorded Material

All the verbalizations during a session, whether directly related
Lc) the search or not, were transcribed. This approach was adapted
because previous experience had indicated that some pieces of
information that seemed irrelevant at one point turned out to be of
great importance at a later time. The verbalizations were typed
consecutively ii: the form of a dialog, with references to search
statements.

(d) Analyzing Search Protocol and Verbalization

To provide a view of the whole search, the "history" of each search
was sketched, recording each formulation entered and the number of the
resulting citations (postings) for each search statement.

The first analysis uncovered the moves made. Here the observers
examined each search statement and compared it with the previous ones to
detect any change in the search strategy. Once a change in strategy was
detected, the observers examined the list of moves [Fidel, 1985] to
identify the nature of the move. For example, if a searcher entered in
one statement the formulation "evaluation AND methodology," and the next
statement was "(evaluation OR assessment OR determination) AND
methodology," the observer noted that the move ADD 1 was made (i.e., add
synonyms and variant spelling).

Moves that were detected but could not be identified using the list
of moves were discussed at the rext meeting of the research team.
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The second analysis examined the selection of search keys. For
each instance in which a searcher selected a search key the observer
examined the Selection Routine in order to identify the set of
conditions that resulted in that particular selection [Fidel, 1986].
For example, if a user asked for material about mini-pigs and the
searcher entered the descriptor Swine, the observer denoted the option
",:" (when the term is a single-meaning term and it is mapped to a
broader descriptor--enter descriptor).

In the analysis of the selection of search keys the observer also
recorded the reason fnr the decision to select a particular search key.
In the above example, the observer might record that the reason for the
selection of a broader descriptor was the user's requirement for high
recall.

Instances in which the selection of a search key did not correspond
to any option in the Selection Routine were discussed in the team's
meeting. If the reasons for a selection of a search key were unclear to
the observer, she would make a note to ask the searcher later--during
the interview--for additional clarification. The validity of such
retrospective answers is discussed in section 2.1.2 (Adjustments).

(e) Recording Data on Forms

Data were recorded on three forms: the Moves Form, the Selection
Form, and the Reason Form. These forms are presented in Appendix A.

(1) The Moves Form consisted of the list of moves arranged by their
purpose 1TO-Tncrease the size of a set, to decrease the size of a set,
or to improve both precision and recall), and by the type of the move
(operational or conceptual). One Form was used to record data collected
from one search, noting the name of the searcher, the name of the
search, the number of times each move was made, and the search statement
in which each move was made.

At the end of the observation period, another Moves Form was used
to summarize the moves made by a searcher during all the observed
searches. The Form itemized the name of the searcher, the number of
times each move was made, and the name of the search in which each move
was made. In addition, the number of operational moves, the number of
conceptual moves, the total number of moves, as well as the percentage
of operational and conceptual moves was recorded at the bottom of the
summary Form.

(2) The Selection :orm consisted of a list of all the conditions and
options as presented in th Selection Routine. For example, the letter
"A" represented the option: When the term is a common term (not adequate
for free-text searching) and it is mapped to a descriptor--use
descriptors. In the same manner, the letter "H" represented the option:
When the term is a single-meaning term and it is mapped to a broader
descriptor--use free-text terms.

One Selection Form was used for each searcher. On it, observers
recorded the name of the searcher, the number of times each option of a
search-key selection had occurred, and the name of the searches in which
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it occurred.

(3) The Reason Form was designed to record the reasons for selecting a
particular search key. Each option from the Selection Routine had its
own form. Thus, observers recorded reasons for the "A" option on one
Form and those for the "H" option on another Form. On each Form, the
observers recorded the identity of the searchers, the search names, the
search keys themselves, and the reasons for the selections.

In addition, to facilitate integration of data recorded on the
various forms, and to provide more detailed information about the
selection of search keys, each selection option had its own card. On

the card, the observers recorded the search names, the searchers' names,
the search-statement ambers, and the search keys selected.

(f) Participating in Weekly Meetings

The research team met about once a week. In these meetings each
observer described the searches she had observed durirg the week and
presented both the moves she had detected and her analysis of the
selection of search keys. The team would then discuss the search,
examine the observer's analysis, and identify issues that required
further clarifications from the searcher. In that respect, the entire
team was acting as a panel of judges.

In addition, these meetings served as a vehicle for observers to
share their new discoveries. An observers would always bring a newly
detected move, or an unanticipated option for the selection of search
keys before the research team. Such new discoveries would not be added
to the model before the entire team had discussed them. Obviously,
through these meetings each member of the team was immediately informed
about modifications in the list of moves or in the Selection Routine.

Another important function of the team meetings was to devise
policies about interpreting ambiguous observations. Such policies
addressed both general interpretations of searching behavior and
interpretations of specific moves or search-key selection.

The research team decided, for instance, that only subject-related
search keys would be considered as search keys. Another example of a
general policy stated that if a searcher saved a search and then
executed it automatically in another database no selection of search
keys would be recorded, but if a searcher re-entered a search
formulation when searching a new database the search keys would be
considered as newly selected.

An interpretation for the use of truncation is an example of a
policy decision that related to a specific move. The team decided to
record each truncation as representing the move ADD 1 (i.e., add
synonyms and variant spellings). Similarly, the team decided to record
the move LIMIT 1 (i.e., limit to documents written in a particular
language) only when it was applied to reduce the size of the set, and to
ignore it when it was applied because the searcher believed that the
user wanted documents in English only.



Further, the discussions held during the team meetings prepared the
observer for the final interview with the searcher.

(g) Interviewing the Searcher

Before interviewing a searcher the observer and the investigator
discussed the questions to be asked, their language, and the type of
information to be elicited from the searcher. The observer then met
with the searcher and later transcribed the interview. The

clarifications provided were then discussed at the next team meeting.

All the data collected for this project were kept in a locked
office. To protect the privacy of the searchers who participated in the
study, only members of the research team had access to these data.

At the end of her term with the research team, one of the observers
wrote a description of the procedure followed, noting technical problems
and suggesting modifications. This write-up was used in the initiation
of new observers and it is given in Appendix B.

2.1.2 Adjustments

Typical of a field research method, the case study method is very
time-consuming. Data collection and analysis were labor-intensiie. In

this particular study, because searches were recorded as they naturally
occurred, the research team was unable to impose schedules or deadlines,
thus waiting for a case was time consuming. We had to abide by the
searchers' schedule which at times did not agree with our plans. This
situation created an occasional need for adjustments as described below.

(a) The Selection of Cases

As explaired above, the case study method with controlled
comparison requires that each case be similar to the previous ones in a
definite sense. This implies that cases (i.e., searchers) are selected
in a certain sequence--a sequence that is determined by the searchers'
characteristics, such as the type of library in which they work, or
their subject specialty.

This princip..: of selection was followed only during the

preliminary preparation for the project, and it proved to be crucial for
the success of that stage [Fidel, 1984b]. Time constraints, however,
prevented us from following any ordering principle in the selection of
searchers for the project itself. Because the number of searchers to be
observed was relatively large (40), considering the time allocated for
the study (2 years), we observed searchers in the order that they made
themselves available.

.s the study progressed, however, we became more careful in the
selection of searchers; we aimed at equal representation of searchers of
each type. For instance, after the first year it became clear that we
would have difficulties in recruiting "enough" science searchers from
academic libraries. We then expanded our territory to include searchers
from out of state and successfully engaged a number of science
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searchers.

Although a deviation from the method, this change in the procedure
did not create any obstacles. In retrospect, it seems that the study
was not affected by this chall9e because both the list of moves and the
Selection Routine were already well-structured. Our experience leads,
therefore, to the conclusion that while the order in which cases are
selected is of paramount importance for the beginning stages of model
construction, its role is not always critical for the expansion of a
mature model.

(b) Retrospective Observations

The observation period for each searcher varied greatly, ranging
from a week to almost three months. After the first year we encountered
a number of searchers whose work patterns made direct observation
impractical. One group of such searchers were special librarians
working in one-person libraries, who could not schedule their searches
ahead of time: Most often they needed to perform a search immediately
after receiving a request. The other group were out-of-state searchers
who could not complete enough searches during the period of time the
observer visited their location.

To avoid the under-representation of special librarians and out-of-
state searchers in the study's sample, we decided to interview these
searchers after they had performed their searches. Special librarians
called the observer immediately after they had performed a search and
set an appointment at their earliest convenience. Out-of-state
searchers who did not believe they could furnish enough searches were
notified ahead of time about the dates in which the observer would visit
their location and were asked to keep their last searches. The
searchers prepared copies of the search protocols, and of any other
relevant dJcuments. They then described each search to the observer,
explaining their strategies, search-key selections, and moves. These
descriptions were recorded and transcribed.

This adjustment in the study procedure had advantages and
limitations, as explained by Ericsson & Simon [1984]. The most
significant advantage was that searchers were in a way forced to explain
their searches. Eliminating the time pressure present dur4-g an online
search, searchers could describe in greet detail each step .hey had
taken. In addition, observers could ask searchers to clarify their
reasons for search-key selections and moves as the searches were
sliiEFTEed. Describing searches after the fact, searchers were also
willing to explain all the searches they had performed in a recent
period. As a result, they often provided information about more
searches than could be observed. The most prominent limitation of this
approach stems from the fact that searchers might not recall the
dynamics of a search, We found that searchers had no difficulties
reconstructing their previous searches. One aspect of the search
process was missed, though: For searches done with the user at the
terminal, searchers could not always recall who had suggested new terms
or new strategies--the user or the searcher.

One of our immediate concerns was searchers' inability to retrace
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their thought processes accurately. After all, one could not expect
them to remember the reasons for every decision they had made during a
search. After much discussion we concluded, however, that this concern
is not completely relevant to the research project. The purpose of this
project is to uncover the intuitive rules that online searchers employ
when they select search keys, and whether a particular rule was applied
in a specific search is of little concern. We would be concerned about
this modification if we were aiming at finding which rules are actually
used by each individual searcher for each individual search.

We assumed, therefore, that if a searcher stated a rule for a
selection of a search key, this searcher employed this rule; whether or
not this rule was indeed employed during the particular search described
was not significant. Consider for example a search reconstruction in
which a searcher explained that he had selected a broader descriptor
because the user was interested in high recall. The data that were
pertinent to the study is that high-recall requirement was a reason used
bz. that searcher for the selection of a broader descriptor. Whether the
seiFER-&--5TeiTused this rule for the particular search he described
was not critical to our project.

This adjustment was employed for a total of nine searchers.

(c) Initial Contact with Searchers

At the beginning of the project the investigator was the only
person to create the initial contact with tte searchers As the study
progressed, and the observers became familiar with a nu..,er of
searchers, it became common for a searcher to recommend another
searcher. Since the observers knew the source searcher, and because
they felt knowledgeable enough to introduce themselves to new searchers,
they would contact the new searcher. Thus, in a number of cases the
initial contact was made by the observers.

(d) Co-observation

Initially, each observer observed only one searcher at a time.
After the first year this practice was changed for two reasons. First,
we decided that we can no longer afford to wait for "slow" searchers.
Therefore, if a searcher did not schedule appointments frequently enough
(at least one appointment in three weeks), the observer took on another
assignment. Second, the time the observers could spend on trips was
limited because of their school schedule. As a result, a number of out-
of-state searchers were observed during one visit.
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2.2 The Selection of Searchers

To accomplish the objectives of the research project, 39
experienced online searchers were selected for observation from among
information analysts--30 of whom work at the Puget Sound area and nine
from California. Eight searchers agreed to participate in the project
but withdrew after one or two observation sessions, primarily because of
scheduling difficulties. Each searcher was asked to allow observation
for five searches. While most searchers were actually observed for
five searches, the number of searches per searcher, in a few cases,
varied from four to eight.

Subjects who qualified for participation were searchers who had
been searching for at least two years, and ordinarily searched databases
that provide both free-text and descriptor searching. At the beginning
of the project, only searchers who performed an average five searches a
week were selected. This requirement was introduced to facilitate the
selection of subjects who were indeed active searchers. After a short
period, however, it became clear that this requirement is too
restrictive: Some searchers could not specify the average number of
searches per week because of great fluctuations in their work load, and
highly experienced and active searchers who worked part time did not
always complete five searches a week. This requirement was, therefore,
dropped.

To improve the generality of the model, searchers were selected
from a wide spectrum of subject specialties. The sample included 16
searchers from the humanities and social sciences, 21 from the science
and technology area, and three medical librarians.

The selection of subjects for the study was guided by the following
considerations.

The number of searchers to be observed was determined by the number
of searches needed for the analysis and by the number of observations
each searcher could tolerate. There was no method that could be used to
provide an estimate of the number of searches that were needed for the
project. However, based on the preliminary study, in which about 80
searches were analyzed [Fidel, 1986], it seemed that 200 additional
searches would need to be analyzed in order to resolve most of the
ambiguities in the Selection Routine. This number of searches was also
large enough to accommodate the variety of subject areas in literature
searches, and it seemed to provide a sufficient sample of search-key
selections to test the suggested hypothesis. Previogs experience of the
investigator with field observation indicated that online searchers can
comfortably tolerate observation for five searches. The number of
actual searches analyzed for this project is 201.

The qualifications for the subjects were selected because of the
following considerations: (1) subjects had to be experienced online
searchers. The requirement that they had two years of experience was
based on the assumption that the amount of experience gained during this
period of active searching had crystallized their searching behavior.
(2) Searchers who searched databases that facilitate searching with only
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one type of search key are rarely in a situation in which they must
decide about a desired type of search key and therefore are not likely
to develop rules for search-key selection. The experience of such
searchers could not contribute to the Selection Routine. In addition,
searchers with various subject specialties were chosen to develop a
Selection Routine that is applicable to any subject area.
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2.3 Data Analysis

Typical of a field study and of using a qualitative method, data
analysis was carried out from the very b(iinning of the project. Unlike
surveys or experiments where data are first collected and only then
analyzed, the case study method requires ongoing data analysis.
Indeed, some aspects of data analysis were already described when the
procedures followed were explained (section 2.1.1).

Miles and Huberman [1984, p.21-23] point out that data analysis in
qualitative research has three components:

(1) data reduction which selects, focuses, simplifies, and abstract the
"raw" data--organizing them in a fashion that would facilitate
conclusion drawing and verification;

(2) data display which assembles organized information in an immediately
accessible, compact form so that the analyst can see what action is
needed next; and

(3) conclusion drawing/verification--noting regularities, patterns,
explanations, possible configurations, causal flows, and
propositions.

They further explain that "the three types of analysis activity and the
activity of data collection itself form an interactive, cyclical
process. The researchws steadily moves among these four 'nodes' during
data collection, then shuttles among reduction, display, and conclusion
drawing/verification for the remainder of the study." [p.22]

Data reduction was performed in this project when individual
searches were analyzed to identify moves and options in the selection of
search keys. Data display was carried out by presenting the Selection
Routine in the form of a decision tree, and by listing the moves in a
table according to the purpose of each move and its type, operational or
conceptual.

Conclusion drawing/verification was finally completed to satisfy
the objectives of the study.

First objective: To refine and validate the Selection Routine.

Search protocols were systematically analyzed, one after the other,
to identify incidents where a search key was selected. Each such
incident was then fitted into the decision tree, following the method of
controlled comparison [Diesing, 1971].

The method of controlled comparison facilitated constant
modifications of the Selection Routine. The conditions for search-key
selection in an incident were determined by data gathered during
observation. These conditions were then matched with the equivalent set
in the decision tree. Three results were possible: (1) An incident
exactly matched a combination of conditions and a resulting option in
the decision tree. If a combination resulted in only one option (such
as option A in the original SR), the incident did not modify the decision
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tree but reinforced the rule. If it resulted in more than one option,
the reason for the selection of a particular option for the incident,
and for the rejection of others, were explored with the searcher in the
interview. (2) An incident exactly matched a combination of conditions
but did not match any of the options suggested by the decision tree.
The selected option was added to the Selection Routine and the reason
for its preference over the other options were recorded. (3) An
incident did not match any combination of conditions. The new
combination of conditions, and the resulting options, were added to the
Selection Routine. Previous instances where the same option had been
selected were checked against the new combination.

Reasons for electing a particular option were recorded for each
option of a multi-option combination. An example of such a combination
is the case where a single-meaning term is mapped to a broader
descriptor--a combination that suggests three options: use free-text
terms, use free-text terms in combination with descriptors, or use
descrir.ors. The reasons were analyzed to determine their nature:
whether they were determined by the database, request characteristics,
or by the searcher's general beliefs about searching. This analysis, in
turn, further refined the set of conditions for each option. Ir
addition, the number of times each combination of conditions resulted in
a particular option was recorded to discover which combinations of
conditions occur most frequently and which are the most commonly
selected options.

At the end of this analysis, the Selection Routine reflected
searchers' selection of search keys during 281 searches, performed by 47
searchers (eir'it searchers who were observed during the preliminary
stage and 39 searchers who participated in the project). The modified
Selection Routine is presented in chapter 3 (Online Searching Behavior).

Although the Selection Routine is never completed, the number of
new combinations and options decreased rapidly as the project
progressed. Therefore, it seems that analysis of additional searches
would not modify the Selection Routine substantially.

In total, four new options to existing combinations, and one new
combination with three options were added to the Selection Routine.
While the new combination was popular among the project's searchers, the
four new options were each used very few times.

Second objective: To test the hypothesis that searching style
affects the selection of search keys, and to uncover the nature of
this effect.

Statistical tests were conducted to examine associations between
the percentage of free-text terms selected by a searcher (the Search-Key
Ratio) and the percentage of operational moves (the Moves Ratio). These
variables were also checked against the number of search keys selected
for a search, the frequency with which a thesaurus was not consulted,
the databases searched, the frequency of changing databases, the subject
area, and the environment. Results of these tests are presented in
chapter 4 (Factors Affecting the Selection of Search Keys).
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Third objective: To test the applicability of the case study p thod
to the extraction of knowledge from multiple experts.

The applicability of the method was tested by its actual
utilization. The use of the method is considered successful because (1)
the analysis of each additional case added an increment of knowledge and
no gaps in knowledge occurred, and (2) the cor 'adictions that arose
from the analysis of multiple cases were succe -'illy resolved. As a
result, the Selection Routine was refined and ex anded to provide a
formal representation of rules for the selection of search keys.

23



2.4 Advantages and Limitations of the Method

One of the reas ')ns research in online searching has not made much
progress during the last two decades is the lack of understanding of the
search process itself [Fidel, 1988]. Results of studies--particularly
of experiments--cannot be explained because the reasons underlying
searchers' decisions are not known to the investigators. Employing the
case study method in this study is advantageous, therefore, because it
supports in-depth analyses, it provides for flexibility, and it
facilitates the gathering of data from a variety of sources.

Additional advantages, as well as limitations, of using the case
study method in studying online searching behavior are discussed
elsewhere [Fidel, 1984a]. In addition, verbal protocols and their use
as a source of data are critically viewed in a monograph dedicated to
this subject [Ericsson & Simon, 1984]. Here, we briefly point out three
limitations that are mentioned most frequently, and the measures we took
to overcome their effects.

First, data can be gathered only as events occur, and an
investigator cannot direct the course of events to a desirable
conclusion. For example, it may happen that ten consecutive searches
present the same conditions and in effect do not add new information.
The method of controlled comparison helped us to overcome this problem
because in it each case that was selected was slightly "different" from
the previous ones. In addition, we selected a large enough number of
searches to secure the desired variability.

Second, searchers may not be able to articulate reasons for a
particular decision about search key selection. We were successful at
times in eliminating this limitation by analyzing data from variety of
sources--an analysis which put us in a better position than the searcher
to identify factors considered in the selection process. In a few
instances, we were urible to discover the reasons for a specific
decision.

Third, not all data are accessible to observation. This limitation
is most typical in protocol analysis, and to compensate for its
drawbacks, we conducted an interview at the end of the observation
period with each searcher.
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3. ONLINE SEARCHING BEHAVIOR

Modifications of the Selection Routine and of the list of moves
resulted in updated versions of both models. The Selection Routine was
expanded to include both new combinations and new options as well as
refinements of conditions that resulted in more than one option. The

modification of the list of moves, on the other hand, included only the
addition of a few moves that had not been detected before.

This section describes the revised Selection Routine and the
updated list of moves. It also provides descriptive statistics about
the frequency with which each option and move were selected. These
descriptive statistics alone provide new data about searching behavior.
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3.1 The Selection Routine

The number of new options that were added to the original Selection
Routine is not large. Although this initial Routine has already been
described in detail [Fidel, 1986], the refinements of previously-
recorded conditions require a complete description of the revised
version here.

The modified Selection Routine is presented in the form of a
decision tree in Figure 1. This Figure, however, includes neither the
r.:(inements introduced nor the frequency in which each condition was
encountered. The refinements are presented in the description of the
Selection Routine which follows, and the frequency figures are presented
in section 3.2 (Searchers' Selection of Search Keys). Table 1
lists the options in the Selection Routine and the associated
conditions.

As Figure 1 shows, the first criterion for decisions about the
selection of search keys is whether a term is a common term or a single-
meaning term. A single-meaning term is a term which is "good" for free-
text searching. It usually occurs in a particular context, it is
uniquely defined, ana it is specific to the concept it represents. A

common term, on the other hand, is a term that is not suitable for free-
text searching. Such a term usually occurs in more than one context.

For example, in the request about the analysis of students'
behavior during final examinations, the terms "students" and "final" are
single-meaning terms. By contrast, "analysis" and "examination" are
common terms because they may represent different concepts in different
-.ontexts. To be more specific, the term "examination" can occur in a
subject-related context ("the best way to take student examinations"),
being synonymous with "tests." It can be used to represent the concepts
of "perusal" or "study" ("examination of students' responses"), in which
case the term "examination" could appear in titles and abstracts of
articles that are about other subjects. Further, it can be used very
loosely to represent the concept of an inquiry of any kind.

The second criterion for the selection of search keys is whether or
not a term is mapped to a descriptor. A searcher maps a term to a
descriptor (or to a combination of descriptors) when ;he has decided
that a particular descriptor (or a combination) best represents a
request term, whether or not there is an exact match between the term
and the descriptor. This criterion generates three conditions: a term
is mapped to a descriptor, a term cannot be mapped to a descriptor, and
the searcher does not know if the term can be mapped.

These two criteria--whether a term is a single-meaning or a common
term and whether or not it is mapped to a descriptor--are central to the
Selection Routine because they deal with the relationship between
concepts and terms: The concepts that need to be represe.ted and the
terms that can express them. Since controlled vocabularies are designed
to resolve problems in expressing concepts in query formulations, it is
important to examine these relationships when analyzing the selection of
search keys. This does not imply, however, that these two criteria are
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FIG. 1. The Selection Routine.
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Table 1. A list of options and the associated conditions

OPTION CONDITIONS

Descninor Searching

Use descnptors A term is a common term +
it is mapped to a descriptor (Al.

A tern is a single-meaning term +
it is mapped to a descrqaor +

the descnptor is an exact match :9
the concept has many synonyms (Z21.
the concept is not de:: to the searcher R31.
the concept may not be explicitly mentioned (241.
the descriptor is a partial match (GI.
the descriptor is a broader tam In

it cannot be mapped to a descriptor (01.
it is not known if mapped (RI.

Add the next broader A term is a single-rrnning term +
dacTiptor in the it is mapped to a yescriptor +
hierarchy recall needs to be improved (Z6I.

Use ecr.enc descriptors A term is a simek.meaning term +
in an inclusive mode n is mapped to a descnptor +

recall needs to be unproved (Z71

Ulm to retreval A tam is a single-meaning term +
by descnams it is mapped to a descriptor +

precision needs to be unproved In I

Lima to matt( A tam is a strigle.meaning tems +
descriptors a is mapped to a descnptor +

precision needs to be improved (Z91.

Specify Jocument type A tens is a single-mesnmg term +
it is mapped to a descriptor +

precision needs to he Improved VI 1 I.

Use treetext terms

Use freetex, terms
to probe Indexing

Use descriptors as freetext
terms in We: databases

Use free.text terms for
zn inclusive search

Use freetext terms to
mtrodure uncommon
types of search keys

Free-Tea Searching

A tern is a common term +
It is mapped to a descriptor IBI.
it n not mapped to a descriptor (CI

A term K a single- meaning term +
a is mapped to a descnptor +

the concept is not "tritstworthy-
as an index term (ZI1

the descriptor 1S 2 brOakr IC= (II.
it cannot be mapped to a descriptor ILI
it is not known if mapped ill.

A temp is a common term +
It cannot be mapped to a descriptor (DI

A arm is a single- meaning term +
it cannot be mapped to a descriptor NI.
a is not knnwn if mapped (Ql

A tens is a single - meaning tam +
it is mapped to a descnptor +

a request needs to be searched on
several databases (ZI31.

A tam is a single-meaning term +
it is mapped to a descriptor +

the descnptor is a pawl match (HI.

A term is a single.mabang term +
it cannot be mapped to a descnptor (NI.

Other rombinanons

Use freetext tams A tern is a singk-rneantng tam +
m combination with it K mapped to a descnptor +
descriptors the desalt:or is a broader descnptor 111

Add freetext synonyms
to descnptors

Add role indicators

Change clvisIsss,

Use free:ext synonym
m a designated field
in combination with
descriptors

A tern is a single- meaning tenn +
it is mapped to a descriptor +

recall needs to be unproved (Z51

A temp is a singlemearimg term +
it is mapped to a descnptor +

precision needs to be improved (Z101.

A tern is a common tarn +
u cannot be mapped to a descriptor (El.

A tern is a single.rneamng tern +
it is mapped to a descnptor +

prcasion needs to be unproved (Z121



always used by searchers first and before they examine other factors,
such as the constraints of the request or of the database. The priority
given to criteria used in the selection of search keys may be determined
by the nature of each request, or by the searcher's individual
preferences. The question of priority was not examined in this study.

The Selection Routine, as presented in Figure 1, represents only
terminological considerations. Searchers who participated in the study,
however, considered other factors, particularly for combinations which
provided more than one option. These factors fell into three
categories: request-related, database-related, and searcher-related
considerations. The last category reflected general rules or
assumptions that were habitually made by an individual searcher.

We turn now to the description of the Selection Routine.

3.1.1 A Term is a Common Term

A common term may or may not be mapped to a descriptor.

(a) When a common term is mapped to a descriptor. When a common term
is mapped to a descriptor, searchers do not have much choice in the
selection of search keys: They almost always enter the descriptor as a
search key [A] (i.e., option [A] in Figure 1.) because, by definition,
it is not desirable to use a common term as a free-text search key.

There is one exception to this rule: Depending on the request,
searchers may decide to enter the term as a free-text key [Bl. The only
instances in which searchers selected thiF option were when the term was
used as a limiting factor, and they perceived that a descriptor might be
too restrictive. For example, in the request about the analysis of
students' behavior during final examination, a searcher combined the
terms "students' behavior" with "final examinations," using the AND
operator. Adding the requirement that all citations be also indexed
under the Oescriptor "analysis" might be too limiting, and the searcher
decided to retrieve citations that included the term "analysis" in their
titles or abstracts--a somewhat less restrictive requirement.

(b) A common term cannot be mapped to a descriptor. A common term that
cannot be mapped to a descriptor almost always results in unsatisfactory
retrieval. Searchers, however, have almost no choice but to enter a
free-text key [C]. Although searchers can enter such a free-text term
just to check the indexing of relevant articles, two reasons were cited
for a direct use of a common free-text term. The first related to the
request and the second relatel to the database searched. First, if a
request includes a relatively large number of concepts--that is, the
Boolean operator AND occurs more than twice or three times in the query
formulationprecision will not suffer if a common term is entered as a

free-text term [CR1] (see Table 2). Second, if a request will be
searched on a number of databases, it might be too costly to probe the
indexing in each database [CD1].

If a request requires searching only one or two databases, however,
searchers can enter the free-text term to probe indexing [D]. One
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method of probing the indexing is to enter the free-text key in
combination with other search keys, in order to retrieve citations, to
select some relevant ones, and to review their indexing in an attempt to
find descriptors that might possibly be relevant. For example, if the
term "examination" cannot be mapped to a descriptor, one can devise a
formulation (using the AND operator) that combines the descriptors
"students," "analysis," and the free-text terms "final" and
"examination." Reviewing a sample of retrieved citations, one :nay find
that all the relevant citations include the descriptor "instructional
tests," thus suggesting that this descriptor is an appropriate choice
for the representation of the concept "examination."

Sucn probing does not always further the search and searchers may
then decide to select a different database: one which does allow the
common term to be mapped to a descriptor [E].

3.1.2 A Single - Meaning Term That is Mapped to a Descriptor

When a single-meaning term is mapped to a descriptor, it can be
mapped through an exact match, through a partial match, or to a broader
descriptor.

(a) When the descriptor is an exact match. The most direct use of a
descriptor to represent a single-meaning term is when a term is exactly
matched with a descriptor and no other apparent constraints exist [F].

(b) When the descriptor is a partial match. Searchers may elect,
however, to enter a request term as a descriptor when it is mapped to a
descriptor through a partial match [G], in which case it is usually
mapped to a narrower descriptor. Searchers select this option because:
(1) the term is added to the formulation to increase recall or to
increase precision [GR1]; (2) the descriptor was spotteo as an index
term assigned to relevant articles [GD1]; (3) the searcher prefers to
use descriptors and the selected one is the best match [GS1]; or (4) a
combination of these reasons apply.

If suitable, however, searchers use a free-text key to inclusively
search concepts that are not grouped together by the hierarchy of the
controlled vocabulary [H]. This option is always selected to improve
recall [HR1]. If, for example, the request term "students" is mapped to
descriptors such as "foreign students," "college students," or
"undergraduates," and the descriptor "student" does not exist, the free-
text term can be used to retrieve information about almost any type of
student.

It should be noted that in many search systems, use of the free-
text key "student" also would retrieve citations that are indexed with
descriptors which include the term. In other systems it is possible to
retrieve only citations whose indexing includes this term. This is a
source for constant confusion for searchers because the routine changes
from one search system to another, and in one search system over a
period of time.

(c) The descriptor is a broader term. When a single-meaning request
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term is mapped to a broader descriptor, searchers may prefer to preserve
the specificity of the request and use free-text search keys [I]. They
do so when they want to increase precision [IR1], or when they subscribe
to the axiom that the use of free-text terms increases recall [IS1].

A further concern with precision may lead searchers to enter free-
text terms in combination (using the AND operator) with the broader
descriptor to which it is mapped [J]. While precision is an important
reason for the selection of this option [JR1], searchers may also use
such a combination if they do not trust the indexing of the database
[JD1].

Searchers, of course, may enter directly a broader descriptor [K].
Most often they select this option to increase recall [KR1]. Entering a
broader descriptor is useful for recall enhancement in a variety of
circumstances. Searchers may want to have an initial set that is broad
)ecause the request includes a relatively large number of concepts, or
because the combination that is required by the request is limiting
enough (if, say, the concepts are not likely to occur together).
Another situation which calls for a broader descriptor is when an
inclusive, rather than general, search is required to secure recall.
For instance, when searchers enter the descriptor "students" for an
inclusive search of a request about disabled students, they actually
enter a broader term.

Depending on the terms, searchers may enter a broader descriptor to
ensure both precision and recall [KR2]. Under such circumstances, the
searchers perceive that the particular term would generate a set with
low precision (if, for example, it is a single-word term). In addition,
searchers may enter a broader oescript.r when it is used only as a
limiting factor [KR3].

The indexing in a particular database may also help searchers to
select this option. They may enter a broader descriptor if it is found
in the indexing of relevant citations [KD1], or because they generally
prefer to use descriptors [KS1].

jj Additional factors. A single-meaning term that is mapped to a
descriptor--throTP-Wkind of match--provides searchers with more
ch'ices Clan those provided by terms which are not mapped to
descriptors. Searchers, therefore, are free to consider other request-
related factors.

If searchers, for example, think that a particular descriptor is
assigned inconsistently by indexers, they may consider the use of free-
text key to be more trustworthy [Z1]. Or, they may prefer to enter a
descriptor when: a term has many synonyms [Z2]; a concept and its use is
not clear to the searcher [Z3]; a concept is likely to be implied rather
than explicitly mentioned in the searched text [Z4].

Recall and precision requirements can also be considered when the
match between a term and descriptors presents no problems. Search keys
can be used to increase recall in three ways: a searcher may add free-
text synonyms to descriptors [Z5]; add the next broader descriptor in
the hierarchy [Z6]; or use generic descriptors in an inclusive mode



[Z7].

Searchers elect to increase recall by adding free-text synonyms to
a descriptor when they see the need to complement indexing [Z5R1]: They
want to include citations that mention the concept, either in their
titles or abstracts, even though the descriptor was not assigned to

them. For some searchers this is the most straightforward approach to
ensure recall: When a term--or a combination of terms--is specific, they
require that the search key would occur in the descriptor, title, and
the abstract fields. Searchers in the study selected this option at
times because the user--who was present at the terminal--specifically
insisted on using free-text terms as well as descriptors [Z5R2].

Database-related considerations may also lead searchers to the
selection of this option. Searchers may decide to use free-text
synonyms because they plan to search a number of databases [Z501] and
wish to use the same query formulation across databases. Or, they may
add free-text synonyms because they do not trust the indexing [Z502].

In contrast, adding the next broader descriptor in the hierarchy is
selected as an option only when the searcher thinks that the user will
be interested in the broader descriptor as well [Z5R1].

Use generic descriptors in an inclusive mode might be desirable for
a number of reasons. When searchers create a set that they wish to
combine with other sets in order to limit the scope of the retrieval,
they may use a generic descriptor so the limiting set is not too
restrictive [Z7R1].

Databases and their thesauri also play an important role in the
choice of this option. A searcher who is interested in material about
undergraduate students, for example, may want to secure high recall and
retrieve all citations which are indexed under any descriptor which
includes the term "students," whether or not the specific descriptor
"undergraduate students" or the broader descriptor "students" exist
[Z701]. Obviously, this is a specific use of the generic search: It can
be carried out only for multi-words phrases and when a part of the
phrase is generic by nature.

Inclusive searching might be induced by some databases which
specifically recommend it and provide commands that perform such
searching automatically. In these databases, a single command retrieves
all the citations with descriptors that are narrower than the descriptor
entered.

Searchers elect to increase precision by limiting the retrieval to
descriptors only [Z8], or by limiting it to major descriptors [Z9]. The

first option ensures that the articles whose citations are retrieved
indeed deal with the subject matter, rather than merely mention it
[Z8R1]. Alternately, limiting to a major descriptor is used to reduce
the number of citations retrieved [Z9R1], or to make sure that a concept
is central to the articles whose citations are retrieved [Z9R2].

Additional means to increase precision are to introduce role
indicators [Z10], to specify document type [Z11], and to use free-text



synonyms in a designated field in combination with descriptors [Z12].
The last option is considered by some to be a quick way to extract a
subset that includes citations that are highly relevant from a relevan
set [Z12R1]. For example, one may extract a highly relevant suh:et fruin
the set retrieved with the descriptor " students" by adding the
requirement that the term "students" appears in the titles of the
articles as well. Searchers who do not trust the indexing of a
particular database might choose this option [Z12D1].

3.1.3 A Single-Meaning Term That is Not Mapped to a Descriptor

The most direct approach is to enter a free-text search key when a
term cannot be mapped to a descriptor [L]. Sear:hers, however, have

some choices: They can enter a free-text term to probe indexin, or they
can try and enter the term as a descriptor anyway. It is important,

therefore, to examine the reasons for entering a free-text term directly
without trying 'cho other optiors.

A number of request-specific conditions may encourage a searcher to
enter a free-text term directly. A searcher may do so if he believes
that most specific retrieval is desired [LR1], or if the term itself is
specific and well defined, that is, a term that is "ideal" for free-text
searching [LR2]. This argument was frequently advanced by searchers who
participated in the study when the term was a multi-word phrase and it
was possible to use word-proximity operators.

A term that is not mapped to a descriptor can be added as a free-
text term during the online session at the terminal. Searchers may

decide to add such a term because it appears in titles or abstracts of
relevant citations or because it is commonly used in the literature
[LR3]. They may also add it only as a related term that is used to
increase recall (e.g., names of particular examinations) [LR4]. In

addition, searchers may enter free-text terms if the use of related
descriptors results in a poor retrieval [LK5].

Tlie nature of the controlled vocabulary for a database is also an
important factor in the selection of free-text terms. A searcher may

enter directly a free-text term rather than probe indexing because the
term would not be a descriptor [LDI]. This would happen when: a
thesaurus excludes a specific type of terms such as geographic names or
other proper names; the concept belongs to a subject area that is not
covered by the thesaurus; or the thesaurus is outdated and, therefore,
would not include terms that represent "new" concepts. Further,

searchers who do not trust the thesaurus' vocabulary or the indexing in
a database may prefer to enter free-text terms directly [LD2].

Some searchers have adopted general rules that they apply whenever
a term is not mapped to a descriptor. They may believe that: if a term
represents a concept accurately there is no need to probe indexing
[LS1]; free-text searching is best for high recall [LS2]; or terms that
have been suggested by users can he entered as free-text term with no
further probing [LS3].

Searchers who prefer to use descriptors, on the other hand, would



enter free-text terms only to probe indexing, hoping to find descriptors
that were assigned to relevant citations [M].

In some cases, searchers may use a free-text key to search for a

single-meaning term that cannot be mapped to a descriptor in a

particular way: They require that it occurs in a field other than the
common ones, such as the Journal title field [N]. Suppose a user is
interested only in the psychological aspects of students taking final
examinations, and suppose that the term "psychology" cannot be mapped to
a descriptor. Searchers may predict that searching for the occurrence
of "psychology" in the text would retrieve a large number of irrelevant
citations, and decide instead to retrieve citations to articles whose
authors are affiliated with organizations which include the stem "psych"
in their titles, or articles that were published in sources whose titles
include this stem.

After unsuccessful attempts to find a descriptor, searchers may
enter a term as a descriptor, even though it does not appear in the
thesaurus [0]. They would choose this option either because they assume
that the term might have been added to the thesaurus without their
knowledge (for instance, before the supplements have been published)
[001], or because the term is a descriptor in another database [002].

3.1.4 It is Not Known If a Term is Mapped to a Descriptor
_.....

When searchers elect not to check the thesaurus for a descriptor,
they may: (a) enter free-text terms directly [P]; ( use free-text
terms to probe indexing [Q]; or (c) enter as a descriptor a term that
might be a descriptor [R].

(a) Enter free-text terms directly. For some requests, searchers.\__

believe it is best to enter free-text terms without checking the
thesaurus. They select this option when: they decide to enter the terms
while they are online and hP..e no time to examine the thesaurus [PR1];
the search is of the "quick-and-dirty" variety, or they are "just
fishing" 0112]; or the term is used to eliminate irrelevant citations- -

the term should not, therefore, appear in titles and abstracts of
citations [PR3].

The availability of thesauri and their quality also lead searchers
to enter a free-text term without looking for descriptors. Searchers
would do so if: they do not trust the thesaurus and the indexing in a

database [PD1]; they have decided to search a number of databases for
one request--a decision they may make before or during the actual online
session [PD2]; the thesaurus is not availaole to them [PD3]; or when
they think that they are familiar with the thesaurus and are convinced
that it would not have cm adequate dec:riptor [PD4]. When they decide
to change databases during the terminal session, searchers may enter a

search statement that was constructed for the first database--including
both descriptors and free-text terms--to be searched in the second
database without checking its thesaurus [PD4].

Some searchers have general rules which favor searching with fred-
text terns only. They may prefer to use terms that have been suggested



by the user because they believe that the use of these terms results in
more relevant citations [PS1]. Or, they believe that free-text terms
are better for recall [PS2].

.(121 Use free-text terms to probe indexing. Searchers enter free-text
terms to probe ina557qEricausp they are not sure which descriptor to
use [QR1], because the thesaurus is not available to them [QD1J, or
because they generally prefer to start with free-text terms and only
then check for descriptors [QS1].

(c) Enter as a descriptor a term that might be a descriptor. Searchers
may enter a term as a descriptor when they add the term to the query
formulation during the online session and they feel time is too precious
to check the thesaurus [RR1]. They may resort to this option also when
they perform a multi-database search [RR2].

Lastly, if terms are descriptors in another database [RD1], or if
the thesaurus is not available [RD2], searchers will enter descriptors
without checking the thesaurus, as they would do if they "know" that a

term is a descriptor (or think it should be) [RD3].
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3.2 Searchers' Selection of Search Keys

This section presents the frequency with which search keys,
options, and reasons for options were selected. These descriptive
statistics are based on data collected from 47 searchers performing a
total of 281 searches. The data about reasons for option selection,
however, were collected from 39 searchers performing a total of 201
searches.

3.2.1 Frequency of Search-Key Selection

Searchers selected a total of 3,635 search keys to perform the 281
searches. Of these, 1,607 (44% of all search keys selected) were
descriptors, and 2,028 search keys were free-text terms.

Some of the databases searched, however, did not provide controlled
vocabulary: 446 search keys were selected for databases that provide no
choice in the selection of search keys. If we eliminate these search
keys, the proportion between descriptor and free-text terms changes: Of
the 3,189 search keys selected, 1,607 (50.40%) were descriptors, and
1,582 (49.60%) were free-text terms- That is:

Searchers did not display a general preference for one type of
search keys: When they had a choice, they selected descriptors and
free-text terms in the same frequency.

In addition, searchers selected an average of 13.31 search keys per
search, with a median of 9.20 and standard deviation of 12.80. The
minimum average number of search keys per search for a searcher was 2.80
and the maximum was 68.75.

3.2.2 Frequency of Option Selection

The first four columns in Table 2 list the number of times each
option was selected, the frequency with wnich e?ch option was selected
when all databases are considered, and the frequency with which it was
selected in databaes that have controlled vocabularies. These
statistics show that the most frequent options were:

[F] use descriptors when a single-meaning term is mapped to a
descriptor through an exact match (35.18%);

[P] use free-text terms when it Is not known whether a single-
meaning term is mapped to a descriptor (19.79%); and

[L] use free-text terms when a single-meaning term cannot be mapped
to a descrip'..or (16.49%).

36



Table 2. Frequency of options and reasons

OPTION NO. % ( I) %
(2)

CATEGORY NO. % (3) REASON NO. % (4)

(A) 2 .05 .06
(B) 6 .16 .18
(C) 13 .36 .40 Request 3 23.08 CR1 3 100.00

Database 10 76.92 CDI 10 100.00
(DI I .03 .03
(El 1 03 .03
I19 1122 30.86 35.18
(GI 44 1.21 I37 Request 19 67 86 GRI 19 100.00

Database 3 10.71 GDI 3 100.00
Searcher 6 21.43 GS I 6 100.00

(HI 13 .35 .41 Request 13 100.00 HRI 13 100.00
(1) 3 .08 .C9 Request 3 75.00 IR I 3 100.00

Searcher I 25.00 IS 1 1 100.00
PI 22 .60 .69 Request I 50.00 JRI I 100.00

Database 1 50.00 MI 100.00
(K) 96 2.64 3.10 Request 36 76.59 KR I 28 77.77

KR2 6 16.66
KR3 2 5.55

Database 2 4 25 KDI 2 100.00
Sea:cher 9 19.15 KS I 9 100.00

!LI 972 27 62 16 49 Request 187 49.08 LRI 84 44.92
LR2 66 35.29
LR3 27 14.44
LR4 8 4.28
LR5 2 1.07

Database 105 27.56 LDI 99 94.28
LD2 6 3.72

Searcher 89 23.36 LS1 56 62.29
LS2 17 19.10
LS3 16 17.98

(MI 16 .44 .50
(NI I .03 03
PI 8 .22 .25 Database 4 100 00 ODI 3 75.00

OD2 I 25.00
(PI 631 17.36 19 79 Request 101 12.58 PR I 62 61.39

PR2 29 28.71
PR3 IJ 9.99

Database 461 57 41 PD) 129 27.98
PD2 117 _5.38
P1,3 108 23.43
PI)4 107 23.21

Searcher 241 30.01 PSI 179 74.27
PS2 62 25.73

PI 34 93 1.07 Request 29 76.31 QRI 29 100.00
Database 4 10 53 QDI 4 100.00
Searcher 5 13 16 QS! 5 100.00

(R) 141 3 88 4.42 Request 14 9 10 RR1 13 92.86
RR2 I 7.14

Database 140 90 90 RDI 57 40.71
RD2 42 30 00
RD3 41 '..28

(ZII 10 .27 .31

I7-21 I .03 .03
VI I .03 03
(ZS) I .03 03
[7.51 302 8.31 9 47 Request 119 72.12 Z5R1 11" 98.32

Z5R2 2 1.68

Database 46 27.88 Z5D1 35 76.09
Z5D2 II 23.91

(Z.6) 6 16 .19 Request 5 100.00 Z6R1 5 100.00
(17) 146 4.01 4 58 Request 6 10.34 Z7R1 6 100.00

Database 52 89.66 Z7D I 52 100.00
(ZS! I .03 .03 Request I 100.00 ZEiR I 1 100.00
(Z9I 3 1 .35 .97 Request 1 1 100.00 Z9R I 6 54.54

Z9R2 5 45.45
(ZIO) I .03 .03
RI II I .03 .03
(Z12) 2 .05 .06 Request 2 66.67 Z12R1 2 100.00

Database I 33 33 Z12D1 1 100.00
(ZI3I 14 38 .44

(1) Percent of all search keys selected (47 searchers)
(2) Percent of search keys selected for databases with thesauri (47 searchers)
(3) Percent of category within the option (39 searchers)

r:
(4) Percent of reasons within the category (39 searchers)



That is:

About 70% of the times, searchers selected the most straightforward
options: If a term was mapped to a descriptor exactly, they entered
a descriptor and if it could not be mapped, or when they did not
consult a thesaurus, they entered free-text terms.

Of particular interest is option [P] because it represents the
instances where searchers decided to enter free-text terms without
checking the thesaurus. It is useful, therefore, to spell out the
reasons searchers cited to explain their decision not to have a choice
in the selection of search keys.

Of the 803 instances in which searchers cited reasons for this
option, 179 times (22.29% of the reasons for this option) they decided
to avoid consulting a thesaurus because they held a general belief that
entering the user's terms directly gives more relevant citations. While
this belief was cited most frequently, 57.41% of the reasons given for
this option were related to the databases searched: 129 times (16.06% cr
the reasons for this option) searchers claimed that they did not trust
the thesaurus or the indexing; 117 times (14.57%) they said they did not
consult a thesaurus because they were performing a multi-database
search; 108 times (13.45%) they did not have the relevant thesaurus; and
107 times (13.32%) they did not think the term would be in the
thesaurus. That is:

While the most frequent reason for not consulting a thesaurus was
the belief that user's terns are best for relevant retrieval (22% of
the reasons for this option), distrusting the thesaurus and the
indexing (16%) and having to search several databases (15%) were
also important reasons for searchers' decision to turn to this
option.

Amory the options that are not straightforward, seven options were
most prominent:

[Z5] add free-text synonyms to descriptors when a single-meaning term
is mapped to a descriptor and recall needs to be improved (9.47%);

[Z7] use generic descriptors in an inclusive mode when a single-meaning
term is mapped to a descriptor and recall needs to be improved (4.58%);

[R] enter as a descriptor a term that might he a descriptor when it is
not known whether a single-meaning term is mapped to a descriptor
(4.42%);

[K] use descriptors when a single-meaning term is mapped to a broader
descriptor (3.01%);

[G] use descriptors when a single-meaning term is mapped to a
descriptor through a partial match (1.37%);

[Q] use free-text terms to probe indexing when it is not known whether
a single-meaning term is mapped to a descriptor (1.07%); and
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[Z9] limit to major descriptors when a single-meaning term is mapped to
a descriptor and precision needs to be improved (.97%).

The options that provide for high recall ([Z5], [Z7], and [K]),
comprise 17.06% of the search keys selected. That is:

Among the options that are not straightforward, over a half were
selected to enhance recall.

Figure 2 is a network display of the Selection Routine that
reflects the frequency with which each option was selected: solid lines
for options that were selected more than 10% of the times, broken lines
for those selected more than 1% of the time, and dotted lines for
options that were selected less than 1% of the time. Figure 3 is the
same display, including only the relatively f :equent options--those that
were selected more than 1% of the time.

3.2.3 Frequency of Reasons for Option Selection

The last six columns in Table 2 provide data about the reasons for
selecting a certain option for conditions that result in more than one
option. These data were derived from 37 searchers. The first of these
six columns lists the category which represents the reason: whether the
reason was related to a re uest, the database, or a searcher. The
second column tallies the tota numbeFOTIlis that reasons in a
particular category were given for the option. The third column
includes the percentage of each category within the option. The next
column lists the code of each individual reason, followed in the next
column by the number of times the reason was mentioned. The last column
represents the percentage of each reason within its category.

It should be noted that the total number of reasons used for a
particular option was frequently different from the number of times the
option was selected. There are two sources for this discrepancy.
First, the data about the number of times an optier was selected was
derived from observing 47 searchers, while the data about reasons were
collected from 37 searchers. Thus, for example, while option [G] was
selected 44 times, the total number of reasons is only 28 (19+3+6).
Second, a selection of an option may be caused by more than one reason.
A searcher may decide, for example, to select a Free-text term because
she believes that free-text terms increase recall (a searcher-related
reason), but also because she does not trust the indexing (a database-
related reason). Thus, option [I], for instance, has only three
instances, but four (3+1) reasons.

A summary of the reasons used for the selection of search keys
shows that of a total of 1733 reasons, 553 (31.91%) were related to the
request, 829 (47.84%) were database-7elated, and 351 (20.25%) were
searcher-related. That is:

When searchers had options in the selection of search keys, their
choice was most frequently (48% of the time) determined by the
databases they were searching and least frequently (20%) by their
habitual searching behavior.
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In the description of the Selection Routine, each reason is
described under the option, which in turn is delineated with th,
condition that gene,ates the option. The same ;',iison, however, may lead
to different options, depending on the specific ,onditions. It is
useful, therefore, to examine each reason, the conditions, the options
to which it may lead, and the frequency in which the 37 searchers
selected each reason-option combination.

(a) Request-related reasons. Among the reasons that were used by
searchers to explain theielection of search keys, 16 related to
attributes of individual requests. These are the reasons as presented
by the searchers, and the resulting options they selected:

(1) "Recall needs to be improved" (31.28% of request-related reasons),
induced four options: add free-text synonyms to descriptors when a
single- meaning term is mapped to a descriptor ([Z5R1]--117 times);
use descriptors when a single-meaning term is mapped to a broader
descriptor ([KR1] and [KR2]--34 times); use free-text terms for an
inclusive search when a single-meaning term is mapped to a

descriptor through a partial match ([HR1] - -14 times); and use free-
text terms for a single-meaning term that cannot be mapped to a
descriptor ([LR4] - -8 times).

(2) ".-st specific retrieval is desired" (15.19%) was a reason to use
free -text terms to represent a single-meaning term that could not be
mapped to a descriptor ([LR1]--84 times).

(3) "The term was added while online" (13.56%) was a reason to enter
free-text keys when a thesaurus was not consulted for a single-
meaning term ([PR1] - -62 times), and to enter free-text terms to
probe indexing under the same condition ([RR1]--13 times).

(4) "The term is specific and well-defined" (11.93%) was a reason to
enter free-text terms to represent a single-meaning term that could
not be m,pped to a descriptor ([Lk2]- -66 times).

(5) "I am not sure what descriptors to use" (5.24%) caused searchers to
enter free-text terms without consulting the thesaurus to probe
indexing for a single-meaning term ([01]--29 times).

(6) "I don't have time to look for descriptors- -I am just fishing"
(5.24%) was a reason to avoid consulting the thesaurus for a single-
meaning term and to enter free-text terms ([PR2]- -29 times).

(7) "The term appeared in titles and abstracts of relevant articles"
(4.88%) was used to explain entering free-text terms to represent a
single-meaning term that was not mapped to a descriptor ([LR3] - -27
times).

(8) "The term is only added to the formulation to increase recall"
(3.43%) facil.cated the use of descriptors when a single-meaning
term was mapped to a descriptor through partial match ([GR1]--19
times). 42



(9) "Precision needs to be improved" (2.35%) was used as a reason to
explain three of the options that resulted when a single-meaning
term was mapped to a broader descriptor: use fre,-text terms ([IR1]-
-6 times); use descriptors ([KR2] - -6 times); and use free-text terms
in combination with descriptors (DR1)--1 time).

(10) "The term is used to eliminate irrelevant citations" (1.81%) was a
reason to use free -text, terms to represent a single-meaning term
without consulting the thesaurus ([PR3]--10 times).

(11) 'The term is used as a limiting factor" (1.63%) was a reason to
enter a common term that was mapped to a descriptor as a free-text
term ([13R1]--7 times), and to use descriptors when a single-meaning
term was mapped to a broader descriptor ([KR3]--2 times).

(12) "The yery formulation includes a relatively large number of
componenv.s" (1.63%) was used to explain both the use o- generic
descriptors in an inclusive mode for a single-meaning term that was
mapped to a descriptor and when recall needed to be improved
([Z7R1]--6 times), and the use of free-text terms to represent a
common term that was not mapped to a descriptor ([CR1]--3 times).

(13) "The size of the set needs to be reduced" (1.08%) caused searchers
to limit a descriptor that represented a single-meaning term to a
major descriptor ([Z9R1]--6 times)

(14) "To make sure that a concept is central to articles" (.40%) was
cited as a reason to limit to major descriptr;rs retrieval for
single-meaning terms that were mapped to de.,crintors ([Z9R2]--5
times).

(15) "Had gotten poor retrieval using related descriptors" (.36%)
caused searchers to use free-text terms to represent a single-
meaning term that could not be mapped to a descriptor ([1.R5]--2
times).

(16) "User insisted on using the terms" (.36%) led searchers to add
free-text synonyms to descriptors that represented single-meaning
terms ([Z5R2]--2 nes).

The request-related reason that was used most frequently (the first
reason), as well as the eighth reason, were used to increase recall.
Therefore:

Among the request-related reasons, the need to enhance recall was
the most frequent reason (35% of request-related reasons) for the
selection of a certain option.

(b) Database-related reasons. Nine reasons given 4 sea chers to
explain their selection of search keys related to attributes of the
databases searched.

(1) "A term would not be in the thesaurus" (24.85% of database-related
reasons) led searchers to enter free-text terms without consulting a
thesaurus ([PD4]--107 times), and when they could not map a single-
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meaning term to a descriptor ([L01]-99 times).

(2) "Needed to perfoym a multi-database search" (19.54%) caused
searchers to: use free-text terms to represent a single-meaning term
without checking a thesaurus ([P02]-117 times); to add free-text
synonyms to descriptors of single-meaning terms when recall needed
to be improved ([Z501]-35 times); and to enter a common term that
was not mapped to a descriptor a:.; a free-text term ([801]-10
times).

(3) "The thesaurus is not available" (18.58%) was cited as a reason for
not consulting the thesaurus a database, which in turn led to the
options: use free-text terms to represent a single-meaning term
([P03]-108 times); enter as a descriptor a single-meaning term that
might be a descriptor ([1182]-42 times); and use free-text terms to
probe indexing ([801]-4 times).

(4) "I don't trust the descriptors and/or the indexing" (17.85%)
generated a number of options: use free-text terms to represent a
single-meaning term without consulting a thesaurus ([P01]-129
times); add free-text synonyms to descriptors when recall needs to
be improved ([Z502]-11 times); use free-text terms to represent a
single-meaning term that cannot be mapped to a descriptor ([02]-6
times); use free-text terms in combination with descriptors to
represent a single-meaning term that is mapped to a broc er
descriptor ([J01]-1 time); and use free-text synonyms in a
designated field in combination with descriptors to increase
precision ([Z1201]-1 time).

(5) "The term is a descriptor in another database" (7.00%) was a reason
to enter as a descriptor a single-meaning term that might be a

descriptor without cGaAlting a thesaurus ([R01]-51 times), and to
enter a single-meal ng term as a descriptor even though it could not
be mapped to a descriptor ([0D2] - -1 time).

(6) "Wanted to include all descriptors which contain a certain phrase"
(6.27%) was used as a reason to enter generic descriptors in an
inc'usive mode when recall needed to be improved ([Z/01.1-52 times).

(7) "I 'know' the terms are descriptors" (4.94%) was the reason for
entering a single-meaning term as a descriptor without consulting a

thesaurus ([RD3] - -41 times).

(8) "A term was found as an index term in relevant articles" (.60%)
caused searchers to enter a descriptor with partial match ([01]-3
times), and to enter a broader descriptor ([K01]-2 times).

(9) "A term might have been added to the thesaurus" (.36%) led
searchers to enter as a descriptor a single-meaning term that could
not be mapped ' descriptor ([001]-3 times).

(c) Searcher-related reasons. Five reasons given by searchers
explaining their selection of search keys were actually general rules or
beliefs held by the individual searchers.
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(1) "Terms suggested by users are the best for retrieval" (55,55% of

searcher-related reasons) explained the use of free-text term
without consulting a thesaurus ([PS1] -179 times), ana the use of
free-text terms when a single-meaning term was mapped to a broader
descriptor ([LS3] - -16 times).

(2) "The use of free-text terms increases recall" (22.79%) justified
entering free-text terms without consulting a thesaurus ([PSI] - -62

times), when a single-meaning term could not be mapped to a

descriptor aLS2)--17 times), and when a term was mapped to a
broader descriptor ([IS1] - -1 time).

(3) "If a term represents a concept accuratelL and it is not mapped to
a descriptor, there is no need to probe indexing" (15.95%) led
searchers to enter free-text terms whenever a single - meaning term
was not mapped to a descriptor ([LS1] - -56 times).

(4) "I refer to use descriptors" (4.27%) caused searchers to enter
descriptors when a single-meaning term was mapped to a broader
descriptor ([1(S1]--9 times), and when it was mapped through partial
match ([GS1]--6 times).

(5) "I prefer to start with free-text terms and then check descripors"
(1.42%) explained why searchers entered free-text terms to probe
indexing without consulting a thesaurus first ([QS1]--5 times).

The number of reasons in a category refle,:ts the variability that
is introduced to online searching by the category. A category that
includes a small number of reasons introduces a relatively small
variability because the reasons can be easily predicted, and vice versa.
Therefore:

Search requests introduced the largest variability to the search
process and beliefs held by individual searchers introduced the
smallest variability.

3.2.4 Frequency. of Search-Key Selection fo, Databases

A total of ;0 databases were searched by the 47 searchers. Five
databases did not have controlled vocabulary, and 31 were searched
infrequently (i.e., with less than 10 search keys). Statistics about
search-key selection in the remaining 34 databases is provided in Table
3. This table includes the following information for each database: the
total number of search keys selected; the percentage of descriptors
selected; and the percentage of tree-text terms that were entered
directly without consulting a thesaurus.
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Table 3. Search-Key Selection for Databases

Total #
of search Descriptors

Database keys (%)

Selected with
nc, thesaurus

(%)

ERIC 347 77.80 8.64
NTIS 119 17.65 13.44
COMPENDEX 59 30.51 40.68
AGRICULA 65 3.08 46.15
PSYCINFO 213 68.07 17.37
INSPEC 46 43.48 28.26
ABI/INFORM 124 44.35 17.74
PROMPT 40 27.50 50.00
SOCIOLOGICAL ABSTRACTS 86 47.67 23.25
AMERICA: HISTORY & LIFE 21 33.33 66.66
HISTORICAL ABSTRACTS 26 76.92 23.08
ASFA 34 11.76 17.65
MAGAZINE INDEX 72 19.44 62.50
PAIS 37 78.38 21.62
CAB ABSTRACTS 33 9.09 90,91
FOOD SCIENCE TECHNOLOGY 15 0.00 60.00
BIOSIS 195 35.38 7.18
LISA 16 12.50 12.50
CHILD ABUSE & NEGLECT 21 65.71 14.28
MLA BIBLIOGRAPHY 28 35.71 28.57
MANAGEMENT CONTENTS 52 50.00 36.53
GEOREF 56 23.21 58.93
US POLITICAL SCIENCE 38 65.79 31.58
AEROSPACE ONLINE 17 0.00 29.41
NATIONAL NEWSPAPER INDEX 25 68,00 20.00
WATER RESOURCES ABSTRACTS 21 0.00 14.28
LEGAL RESOURCE INDE; 12 25.00 0.00
HEALTH PLANNING & ADMINISTRATION 53 60.37 3.77
MEDLINE 674 67.50 1.93
RE' .,;ION INDEX 21 61.90 19.04
NEWSEARCH 27 33.33 29.63
THE COMMUTER DATABASE 70 34.28 27.14
CA SEARCH 124 29.03 20.16

NASA 21 57.14 0.00



Table 3 provides information about individual databases. Because
no concerted effort was made here to represent each database equally,
the data collected in this study can hardly be used to generate general
statements about individual databases. These data, however, can point
to the frequency in which searchers use the controlled vocabulary of
databases. Using these data, it was found that for the databases used
in this study, the percentage of descriptors selected and the percentage
of free-text terms entered without consulting a thesaurus are inversely
related with each other, r(32) = -.435, p < .01. Therefore, it is
plausible to suggest the hypothesis that:

Searchers are less likely to enter free-text terms without
consulting a thesaurus when they search databases for which they
usually use descriptors than when they search database3 for which
they use descriptors infrequently.

If proven valid, this association will show that database.; acquire
a "reputation" among searchers: Some are typically searched with
descriptors and for the others--those that are searched most commonly
with free-text keys--searchers often do not bother to check the
thesaurus.
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3.3 Searchers' Selection of Moves

Table 4 is a list of the moves in online searching--i.e.,
modifications in search strategies. The Table includes 20 operational
moves--moves that do not change the meaning of a request. These are
divided into moves to reduce the size of a set (12 moves), moves to
enlarge the size of a set (7 moves), and those to increase both
precision and recall (1 move). Thirteen moves are conceptual moves,
that is, moves that change the meaning of the request. Of these, five
are moves to reduce the size of a set, six to enlarge the size of a set,
and two moves to increase both precision and recall. A full explanation
of the moves is available elsewhere [Fidel, 1985].

3.3.1 The frequency of Moves Selection

The 47 searchers made a total of 1,244 moves in their searches. Of
these, 497 (39.95%) were conceptual moves and 747 moves (60.05%) were
operational moves.

One operational move, however, is actually determined by the
availability of databases, rather than by request consideration: the
move to add a database (Add 5). This move is often imposed by the
search system when a complete run of a database is split into a number
of databases, each covering a different period of time. Searchers
selected this move 312 times. If we eliminate this move from the list,
the proportion between conceptual and operational moves changes: 435
moves (46.47% of the moves) were operational moves and 497 (53.33%) were
conceptual moves. That is:

Searchers, in general, did not prefer one type of move on the other:
About half of the moves they selected were conceptual moves and the
other half--operational.

While searchers in general do not prefer one type of move above the
other, individual searchers may have a preference for one type of move.
Of the 47 searchers, 25 selected moves of a particular type more than
70% of the time, and 35 searchers selected moves of particular type
more than 60% of the time. Three searchers selected /es of one type
only.

Table 5 reports the frequencies in which searchers selected moves.
For each move the number of times it was used and the frequency with
which it was used in relation to the total number of moves are given.
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Table 4. Moves in online searching

Opera Ilona! 1110% Conwpival mot.es

Mores 10 wthwe the st:e 01 a ei

Werght I

Weight 2

Weight 3

Weight 4

Weight 5

Negate

Eliminate

Limit I

Limit 2

Limit 3

Unit 4

Cut

Limn a descriptor to be a !Bator descriptor

Intersect free-text set with a broader
descriptor,

Limit free-text semis to occur in a
predetermined field.

Require that keetext terms occur closer
to one another in the searched text

Limit to documents of a certain torn.

Eliminate unwanted elements by using
the AND NOT operator.

Eliminate a term from the lonnulanon

Limit to documents orator in a
particular language

Limit to documents published. or indexed.
in a particular penod a time

Limit to documents retnexed from a
specific portion of the database

Limit to sources that luxe. or do not
luxe. a certain term in their titles

Submit only part of the retnexed
msoer set. arbitrarily selected

Intersect I

Narrow I

Narrow 2

Narrov 3

Intersect 2

Intersect a set o ith a set representing
anotkr query component.

Intersect a descriptor set with a set
created by more specific iree-text terms.

Qualify descriptors with role indleators.

Select a narrower concept.

Intersect sets o ith role indicators.

Mt ve, W enha.ge the si:e 'I o ei

Add I

Add 2

Add 3

Add 4

Add 5

Include

Cancel

Add synonyms and xanant spellings

Add descriptors as free text terms

Add terms occurring in records of
relevant citations reinexed

Add m.o. from d,it,ihjse's index that
luxe .1 high number of posture.

Move to a new database.

Group togetlier .1 descnptor with all the
descriptors that are its narrower terms

Elinnote restrictions rrevious'y
imposed

Expand I

Expa:.I 2

Ey and 3

wand 4

Exclude

Expand 5

Liner a broader descriptor or term

Comp together search terms to broaden
the meaning of a set.

Group together a desenptor with an
equivalent role indicator

Represent a query component explicitly
only by qualifying another component
xxith role indicators

Exxlude trom a formulation concepts
present :a most documents in a database.

Supplement J specific answer set with sets
representing broader concepts

Movex I r nu reuse both pre( we a and recal!

Reline Find a -better- search key

1.----

Probe I

Prime 2

Construct an indexing-probe set.

Use the difference among the number of
postings for a search term in various
databases to decide how to represent
components in each database.



Table 5.

Move

Frequency of move selection

Number Number
of of

times % Move times % Total

Moves to reduce the size of a set

Weight 1 35 2.81 Intersect 1 75 6.03
Weight 2 2 .16 Narrow 1 8 .64

Weight 3 37 2.97 Narrow 2 6 .48

Weight 4 18 1.45 Narrow 3 52 4.18
Weight 5 15 1.20 Intersect 2 4 .32

Negate 34 2.73
Eliminate 5 .40

Limit 1 13 1

Limit 2 63 5.06
Limit 3 10 .80

Limit 4 1 .08

Cut 22 1.77

SUBTOTAL 255 20.50 145 11.6.; 400

Moves to enlarge the size of a set

Add 1 63 5.06 Expand 1 56 4.50
Add 2 7 .56 Expand 2 81 6.51
Add 3 43 3.46 Expand 3 2 .16

Add 4 1 .08 Expand 4 21 1.69
Add 5 312 25.08 Exclude e .32

Include 15 1.21 Expard 5 141) 11.66
Cancel 27 2.17
SUBTOTAL 468 37.62 309 24.84 777

Moves to increase both precision and recall

Refine 25 2.01 Probe 1 37 2.97
Probe 2 7 .56

SUBTOTAL 25 2.ul 44 3.54 69

TOTAL 748 60.05 498 39.95 1246
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Data in Table 5 show that 62.46% of the moves were emplo2d to increase
the recall of a retrieved set, while only 32.15% of the moves were direct_d
at reducing the size of a set. Although the move Add 5 is often imposed by
the distribution of information among databases, it is always made to
impsove recall and therefore should be counted here, even though it was
eliminated from the comparison between the frequency with which conceptual
and operational moves are made. Therefore:

The number of moves to increase recall was almost double the number of
moves to increase precision.

Table 5 also shows that moves to reduce the size of a set are more
often operational than conceptual. This relation suggests the hypothesis:

Searchers who prefer to make operational moves are more likely to emp;oy
moves to reduce the size of a set than searchers who prefer to make
conceptual moves.

It is useful to note the moves that are most "popular" among searchers.
Among the moves to reduce the size of a set, the move Limit 2 (limit to
documetts published, or indexed, in a particular period of time) is the most
frequent one among the operational moves, and Intersect 1 (intersect a set
with a set representing another query component) is most frequent among
conceptual moves. The most popular move to increase the size of 3 set among
the operationa; moves is Add 5 (move to a new database), and Expand 5
(supplement a specific answer set with sets representing broader concepts)
is the most frequent among the conceptual moves.

The array of moves selected by each searcher was rather limited. Of

the 43 moves available to searchers, the average number of moves that
constituted a searcher's repertoire was 8.32 "ith medial of 8.00 and
standard deviation of 3.52. The maximum number of individual moves that one
searcher employed was 17, and the minimum was three. That

On the average, each searcher employed less than 20% of the moves that
were available 20 her or him.



4. FACTORS AFFECTING THE SELECTION OF SZNCH KEYS

The reasons provided by searchers when they explained their
selection of search keys reflect searchers' perceptions. These
perceptions are highly relevant because they guide searchers in their
selection of search keys. Because they are subjective, however, these
perceptions cannot be used as the sole source of evidence for
determining the factors that affect searching behavior; they need to be
supported by objective measurements.

To substantiate searchcrF' perceptions, statistical associations
among eleven variables were me ..lred. The analysis was based on 281
searches performed by 47 searchers. Most associations were analyzed on
two levels: (1) the search level, where each search was considered a
distinct instance (a total of 281 instances); and (2) the person level,
where the values for each person were aggregated so that each person was
considered a distinct instance (a total of 47 instances) One should
note, however, that the instances on the search level are not
independent because each set of five searches was performed by the same
person.

The variables examined for this study were:

1. The number of search keys. Search level: the number of ke..-,_

selected for a search. Person level: the average number of search
keys selected by a searcher per search.

2. Search-keys ratio. The percentage of free-text terms selected.
Search level: the number of free-text search keys, divided by the
total number of search keys selected for a search. Person level:
the total number of free-text search keys, divided by the total
number of search keys selected by a searcher.

3. Thesaurus look-ups. The percent of terms entered without consulting
a thesaurus. Search level: the number of free-text search keys
entered during a search without consulting a thesaurus, divided by
the number of search Keys selected for the search. Person level:
the total number of free-text terms entered by a searcher without
consulting a thesaurus, divided by the total number of search keys
entered by the searcher.
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4. The number of databases. Search level: the total number of
databases used for a search, determined by the number of times the
move Add 5 (move to a new database) occurred in the search. Person
level: the average number of databases used per se .., determined
by the average number of times a searcher made the re Add 5 per
search.

5. The number of moves. Search level: the total number of moves made
during a search. Person level: the average number of moves made by
a searcher per search.

6. Moves ratio. The percentage of operational moves. Search level:
the number of operational moves, divided by the total number of
moves made during a search. Person level: the total number of
operational moves, divided by the total number of moves made by a

searcher.

7. Precision moves. The number of moves made to reduce the size of a

set in a search (search level only).

8. Recall moves. The number of moves made to increase the size of a
set in a search (search level only).

9. Recall tendency. The percentage of moves made to increase the size
of a set. Search level: the number of recall moves, divided by the
number of moves made during a search. Person level: the total
number of recall moves, divided by the total number of moves made by
a searcher.

10. Subject ,Irea. The subjec, area in which a searcher s,.)ecializes
(person level only). This variable used four categories: medicine,
sciences, social sciences (for the social sciences and the
humanities), and general (for searchers who habitually search
requests in a variety of subjects, as is often the case in public
libraries or for inderindent consultants).

11. Environment. The environment in which a searcher works (person
level only). Two categories were intuitively defined: practical
environments and theoretical ones. A practical environment is a
working place where searchers are usually called to search requests
that result from immediate and practical problems, as are most small
cr medium-size consulting companies or industries. In contrast,
theoretical environments are establishments whose users are most
often involved in researe, or investigation pr sects, as are
universities or regulatory agencies. Some sea li environments could
not be assigned any of the two categories; these were called general
environments.



4.1 The Number of Search Keys

This variable, which measures the total number of search keys for a
search and the average number of search keys selected by a searcher per
search, is associated with: the number of moves, the environrent, and
the number of databases.

4.1.1 The Number of Moves

The number of search keys is directly correlated with the number of
moves (search level: r(279) = .684, p < .01; person level: r('5) = .777,
p c .01). One possible explanation for this correlation is that moves
are made with search keys, which makes the association trivial. This
notion, however, in not grounded in actual searching: Examination of the
list of moves (Table 4) shows that among the 42 moves only 12 require
the use of search keys for their execution. Therefore, this association
points to a signific...it pattern in online searching behavior.

The number of moves during a search--or the average number c' moves
a searcher made per search--reflects the degree of interaction: the
larger the number of moves, the more interactiv.-2 a search--or a
searcher--is. Therefore, this association shows that:

Interactive searches are likely to require a larger number of search
keys than less interactive searches. Similarly, interactive
searchers are likely to use a larger number of search keys than
searchers who are less interactive.

The number of search keys is also correlated directly with the
number of precision moves in a search (r(279) = .377, p < .01), and
with the number of recall moves (r(279) = .602, p < .01). This
association is predictable, however, because we already know that the
number of moves, whether they are precision or recall moves, is
associated with,the number of search keys. Yet, wi,th coefficient of
determination r' = .142 for precision moves, and r = .362 for recall
moves, the association with precision moves explains 14% of the
instances, while that with recall moves explains 36%. Therefore, while
the total number of move; is associated with the number of search keys,
recall moves contribute to this association 2.55 times more than
precision moves do. Though it is tempting to claim that this difference
proves the commonly-held assumption that recall moyAc require more
search keys than precision moves, one has to reme.zer that the total
number of recall moves recorded for the study population was double the
number of precision moves (section 3.3.1). This feature alone .an
explain why recall moves contribute the larger part to the association
between the number of moves and the number of search Ws.

4.1.2 Eavironment

The number of search keys is associated with the environment in
which a searcher works (F(2, 44) - 5.22, p < .01). Searchers wno work
in practical environments use an average of 6.76 search keys per search,
those in theoretical environments ,use an average of 18.56 search keys



per search, and those who work in general environments use an average of
11.16 search keys. A post-hoc test shows a significant difference
between the practical and theoretical environments. Although the
variable environment lacks a rigorous definition, this association shows
that:

Searchers who are used to answering practical questions use a
considerably smaller number of search keys per search than do
searchers who habitually answer theoretical requests.

This conclusion is not surprising. It is commonly assumed that
theoretical requests usually require high recall, and that high-recall
requests require a relatively extensive use of search keys. Thus, even
though these assumption; have not been substantiated before, this
finding agrees with commor knowledge. Further, this association
suggests that:

The type of a request, whether practical or theoretical, may
determine the number of search keys used.

4.1.3 The Number of Databases

number of search keys is directly associated with the number of
databases used (search level: r(279) = .324, p < .01; person level:
r(45) = .464, p < .01). This correlation, however, was partially
induced by the method used in this study to analyze search protocols.
In this analysis, we considered every entry of a search key as an
instance of a search-key selection, whether or not the search key had
been entered before. Thus, if a searcher entered the same search key
in, say, five databases, the search key was counted five times. (There
was one exception, though: We did not count search keys whey a search in
one database was :ay and then automatically transferred to the next
database withrut re-eh_ering the qurry formulation.) Following this
analtysis, the use of each new database automatically increased the
number of search keys r)unted.

This association is, therefore, trivial. in fact, our observations
u7 actual searches led us to believe that the number of search keys may
even relate inversely to the number of databases, because searchers at
times added databases instead of adding terms when they wanted to
enlarge the size of a sei., and vice versa. Unfortunately, the method of
data analysis used in this study prevents us from testing the validity
of this notion.

We turn now to -,xamine the variables that are not associated with
the number of search keys.

4.1.4 Search-Keys Ratio

The percent of free-text terms selection does not significantly
correlate with the number of search keys (search level: r(279) = -.016,
NS; person level: r(45) = -.166, NS). This association leads to the
conclusion that:
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Searchers who prefer to use free-text terms and those who prefer
descriptors use, on the average, the same number of search keys.

This finding agrees with the finding that the searchers in this
study selected almost an equal number of descriptors and free-text terms
(section 3.2.1). But it contradicts the well-known assumption that when
searchers use free-text terms they are likely to use more terms than
when they use descriptors, because with free-text terms they are free to
choose any term that seems relevant to them. While this is a sound
assumption, it is not supported by the data collected in this study.
This result shows, then, that one of the assumed advantages of free-text
searching does not hold in real-life searching.

Further, this finding highlight: the essential role of controlled
voLabclaries and of indexing. One of the central purposes of vocabulary
control is to control for synonyms. Thus, instead of searchers having
to exercise terminological control while searching by thinking up all
relevant synonyms for a concept, control is conducted at the design
stka and each concept is represented with one term only. The finding
that searchers who prefer the use of free-text terms enter, on the
average, the same number of search keys as searchers who prefer
descriptors may be explained, therefore, by the idea that searchers who
prefer free-text terms do not exercise terminological control when they
enter free-text terms because if they did, the average number of search
keys they use would have increased.

While it is easy to ccnclude that searchers should perform their
searches more thoroughly, this notion warrants the attention cf
designers of database and of expert systems. It searchers do .ot
exercise terminological control in searching (and whether they shy away
from it because they feel inhibited or because i+ takes a special talent
to do so while searching undo cost constraints, is immaterial),
database designers should encourage the use of thesauri by designing
reliable thesauri that are easy to use, ar' intermediary expert systems
should be designed to help searchers in tt. inoogical control.

4.1.5 Moves Ratio

The percent of operational limes does not significantly correlate
with the number of search keys (search level: r(279) = .033, NS; person
levol: r(45) = .220, NS). This shows that:

On the average, operationalist and conceptualist searchers are
likely to use the same number of sea-6 key_.

4.1.6 Recall Tendency

The percent of recall moves does not significantly correlate with
the number of search keys (search level: r(279) = .086, NS; person
level: r45) = .082, NS). On the surface, one would expect these
variables to correlate directly to one another because it is commonly
assumed .hat high-recall requests require a relatively large number



search keys. A more careful examination shows, however, that our
finding does not completely contradict this assumption.

The lack of association between searches with a relatively large
number of recall moves (or searchers who make, on the average, a high
percent of recall moves) and the number of search keys may be explained
by the observation that searchers increase recall either by using more
search keys, or by making moves to increase recall. Since not all moves
to increase recall require the use of additic-31 search keys, recall can
be improved without an increased use of search keys. For example, the
move Expand 5 (supplement a specific answer set with :ets representing
broader concepts) is a conceptual move to increase the size of a set
that was made 19% of the times recall moves were made (31% of recall
moves, ignoring Add 5), and it does not require entering additional
search keys. Therefor'', this finding merely indicates that when
searchers make mr es to increase recall they do not necessarily use
additional seam Keys. This conclusion agrees with previous data.
Therefore:

Searchers who frequently make recall moves do not use a larger than
average number of search keys.

4.1.7 Subject Area

Analysis of variance shows that the subject area in which a
searcher specializes has no significant effect on the aveage number of
search keys the searcher selects (F(3, 43) = 1.09, NS).



4.2 Search -Keys Ratio

The search-keys ratio (the percentage of free-text terms
selected) measur s the degree to which free-text terms were used in a
search, arid the general preference of a searcher in the selection of
search keys. Because the second objective of this study was to find the
factors that affect the selection of search keys, this variable is
central to the study.

The search-keys ratio associates with: the number of databases, the
moves ratio, the subject area, and the environment for science
searchers.

4.2.1 The Number of Databases

The variables "search-keys ratio" and 'the number of databases" are
directly related (search level: r(279) = .277, p < .01; person level:
r(45) = .414, p < .01). That is:

Searches which require several databases, and searchers who
habitually searnh several databases for a request, are likely to use
more free-text ..erms than descriptors.

This correlation is expected: A search that spans a number of
databases is likely to include more free-text terms than descriptors
be 'se it is time consuming to look for descriptors for each data .se.
Si arly, searchers who usually search a number of databases for each
request are likely to develop a habit of using more free-text terms than
descriptors for the same reason.

This association, however, warrants an examination of the causal
relationships. While searchers are free to choose whether to enter
free-text terms or descriptors, the number of databases to search for a
request is determined by tne distribution of information among the
databases--it is a given. Undoubtedly, one may claim that searcher's
preference of search keys can determine the number of databases to
search because it is plausible to assume that searchers who feel
comfortable searching with free-text terms would move from one database
to another more easily than searchers who prefer to use descriptors.
But even then, free-text searchers would change databases only when it
is required for the success of a search. The causal relationships is,
therefore, clear:

Having to search several databases for a request induces the use of
free-text terms.

4.2.2 Moves Ratio

The variable %earch-keys ratio" directly relates to the variable
'moves ratio" (search level: r(279) = .184, p .01; person level: r(45)
= .434, p < .01). Looking at the searching style of searchers, this
correlation shows that:
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Operational.:st searchers prefer to use free-text terms and
conceptualist searchers prefer to use descriptors.

4.2.3 Subject Area

Analysis of variance shows that the variable "subject area"
correlates with the "search-keys ratio" (F(3, 43) = 13.1o, p < .01).
On the average, searchers of medical literature used free-text terms
34.73% of the time, those of social sciences and the humanities 38.75%,
searchers of general literature used 56.58%, and science searchers used
free-text terms 75.78% of the time. A post-hoc test shows that the
difference lies between science and both medicine and the social
sciences searchers. That is:

Science searchers are more likely to use free-text terms than their
colleagues who specialize in other subject areas.

This finding presents itself as an evidence that supports common
knowledge: 1c has been long assumed that searches in the scientific
literature do not require the use of controlled vocabulary because the
scientific terminology itself is already controlled. Note that this
argument is not completely valid because it ignores the process of
indexing which is performed mostly with controlled vocabulary, but which
accomplishes additional functions such as assigning explicit terms to
represent concepts which are only implicit in the text

However, even if accepted th!s argument would not be a valid
explanation for this finding because of the difference between science
and medical searchers. Medical terminology shows the same degree of
control as science terminology, yet medical searchers used the smallest
proportion of free-text terms while science searchers used the largest
proportion. That is, while the fact remains that science searchers use
more free-text terms than other searchers, the degree of control in the
science terminology does not explain this phenomenon. Therefore, the
degree to which a subject terminology is controlled is not the most
important factor to determine the selection of search keys.

4.2.4 The Individual Databases

To further examine the effect of subject area on the selection of
search keys, each database was assigr-_ a subject category and the
percentage of free-text terms used h_ calculated. Analysis of variance
shows that for all searches the subject area significantly affects the
proportion of free-text terms entered in a dataoase (F(3, 30) = 5.24, p
< .01). For databases in medicine and the biosciences, 36.06% of the
search keys were free-text terms, 48.17% for databases in the social
sciences and the humanities, 67.32% for multidiscirinary databases, and
77.90% of the search keys entered in the scienc- and technology
databases were free-text terms. A post-hoc test revealed si'nificant
difference between medicine and the sciences.

Although searchers sometimes approach databases that are outside
their subject expertise--and generalist searchers ma search databases



in any subject--this finding reinforces the conclusion that the subject
,rea significantly affects the selection of sealch keys.

4.2.5 Environment

The nature of the environment, across all subject areas, has no
significant effect on search-keys ratio (F(2, 44) = .69, NS). However,
analysis of variance shows that for those w'o search the scientific
literature, the searcher's environment has a significant effect on the
search-keys ratio (F(1, 21) = 7.43, p < .05). Science searchers who
typically answer requests that address practical problems use free-text
terms 86.84% of the time; those who typically search for theoretical
requests use free-text terms 67.28% of the time. That is:

Science searchers who typically answer practical questions are more
likely to use free-text terns than science searchers who usually
address theoretical prehlems.

The finding that environment in general does not affect the search-
keys ratio but has an effect within science searching shows that the
subject area has a larger effect on the selection of search keys than
the nature of the requests searched.

However, it is plausible to speculate that within each subject
area, practical questions encourage the use of free-text terms. The
failure of this study to find such association for subject areas other
than the sciences can be attributed to deficient sampling: the samples
of searchers within these subject areas are too small and not
representative enough. This result suggests, therefore, that:

V thin a subject area, the nature of a request--whether practical or
theoretical--may affect the percent of free-text terms selected.

4.2.6 The Number of Moves

The Pearson Product-Moment Correlation t-st shows that the number
of moves does not significantly relate to the search-keys ratio (search
level: r(279) = .104. NS; person level: r(45) = -.030, NS). Similarly,
the variables 'precision moves," "recall moves," and "recall tendency"
do not significantly relate to the search-keys ratio (r(279) = -.023,
NS; r(279) = .055 NS; search level: r(279) = .060, NS, and person level:
r(45) = .104, NS, respectively). Therefore:

Interaction during a search does not increase the proportion of
free-text terms. Similarly, interactive searchers use the same
proportion of free-text terms as searchers who are less interactive.

Coupled with the finding that the search-keys ratio is not
associated with the number of search keys (Section 4.1.4), this result
is somewhat unsettling. It is sound to assume that thy. mechanics of the
search process itself would determine the ratio of free-text terms.
However, our resu, I show that ne.:ther the number of moves per search
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nor the number of search keys correlates with the search-keys ratio.



While it seems plausible to conc.-tide that interactive searchers use a
large proportion of free-text te.ms, or that the increase in the number
of search keys is always supported by adding free-text terms, our data
do riot support this conclusion.
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4.3 ThesPurus Look-Ups

This variable measures the percent of terms entered without
consulting a thesaurus. This is an important variable because nothing
is gainea when a searcher avoids consulting a thesaurus, and much could
be lost. Further, this is not an obscure phenomenon: 37% of the free-
text terns selected to search databases with indexing were picked
without thesaurus consultation.

In addition, it is sound to assume that consulting a thesaurus is
part of a searcher's searching style. This assumption is supported by
various kinds of data. First, of the 47 searchers in this study, 32
avoided thesaurus consultation less than 20% of the times they entered
free-text terms, and 5 searchers did so more than 80% of the time.
That means that a total of :57 searchers exhibited a clear preference
with regard to thesaurus consultation, and, moreover, that most prefer
to consult a thesaurus. Second, among the reason cited for th:s option
(option [P]), 30% stemmed from general beliefs that searchers held, and
57% related to the databases that the searchers used regularly (see
Table 2). That is, 87% of the reasons frx not consulting a thesaurus
'.,temmed from general practice, and were not related to thl specific
requests searched.

This variable is also important for the design of intermediary
expert systems. One of the functions such an expert system could
perform rather easily would be to encourage searchers to consult a
thesaurus and to support them in this pursuit. It is 4mportant,
therefore, to identify the factors that lead searchers to avoid using a
thesaurus.

The data show that the frequency of entering search keys without
consulting a thesaurus correlates with: the r....mber of databases, the

moves ratio, the subject area, the number of search keys, the number of
moves, and the search-keys ratio.

4.3.1 The Number of Databases

Thesaurus look-ups and the number of databases required for a
search are directly related to one another (search level: r(279) = .294,
p < .01; person level: r(45) = .397, p < .01). This association should
have been expected because a multi-database search was cited as a -eason
for not consulting a thesaurus over a quarter of the times when
database-related reasons were mentioned for this option (reason [PD2] in
Table 2). This association shows that:

The larger the number of databases to be starched per request, the
more likely is the searcher to avoid consulting a thesaurus.

Since searchers used the reason of multi-database search to explain
their decision to avoid thesaurus consultation 13% of the times they
elected this option (derived from Table 2), and since thesaurus
consultation is a matter of searching style, the effect of the number of
databases on tFesaurus consultation deserves a special attention. While
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some searchers feel comfortable using several databases for a search
because they habitually refrain from consulting a thesaurus, for most:

Having to search several databases for a request induces entering
free-text terms without consulting a thesaurus.

4.j.2 Moves Ratio

Thesaurus look-ups relate directly to the moves ratio (search
level: r(279) = .167, p < .01; person level: r(45) = .413, p < .01).
That is:

Operationalist searchers are more likely to avoid consulting a
thesaurus than conceptualist searchers.

This conclusion agrees with the previous finding that
operationalist searchers prefer to use free-text terms and conceptualist
ones prefer descriptors (section 4.2.2).

4.3.3 Subject Area

The subject area of searching has a significant effect on the
frequency with which a thesaurus is not consulted (F(3, 43) = 3.51, p <
0.05). The averaga frequencies of entering search keys without
consulting a thesaurus for each subject area are revealing. No medical
librarian in the study's sample ever entered a free-text term without
checking a thesaurus, but searchers in the social sciences refrained
from consulting a thesaurus 12.87% of the time. Next are general
searchers with 29.32% and science searchers with 31.65%. Therefore:

Science searchers are more likely to enter free-text terms without
consulting a th.Aurus than searchers in other subject areas.

Here again, the conclusion concurs with a previous finding: science
searchers are more likely to use free-text terms than their colleagues
(section 4.2.3).

Further, generalist searchers (who habitually search several
subject areas) entered a considerably larger number of search keys
without consulting a thesaurus than did their peers in the social
sciences and medicine. This phenomenon can be explained by the fact
that generalists search a relatively large number of distinct databases
through all their searches. It is plausible to assume, then, that
generalists search the largest number of distinct databases, even though
this factor was not measured in this study. Having to use a large
variety of databases, ,t is difficult for generalists to familiarize
themsel.!es with the thesauri of these databases and they are, therefore,
more likely to refrain from using a thesaurus.
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4.3.4 The Number of Search Keys

The villable "thesaurus look-ups" directly relates to the number of
search keys only on the search level (r(279) = .359, p < .01), but not
on the person level (r(45) = -.164, NS). That means that if searchers
decide to increase the number of search keys for a particular request,
they are likely to add terms without consulting a thesaurus, but
searchers who habitually use a large number of search keys consult a

thesaurus in the same frequency that other searchers do.

Since thesaurus consultation is a matter of searching style, and
since it does not relate to personal inclination in the number of search
keys used, the association between thesaurus look-ups and the number of
search key is induced by the nature of specific request- The causal
relationsh p is clear:

Requests that require a relatively large number of search keys lead
searchers to enter search keys without consulting a thesaurus.

This ,onclusion is also supported by the fact that among the
request-related reasons for this option, the most common reason cited
(61% of the request-related reasons, see Table 2) was that the searcher
had no time to consult a thesaurus because the terms were added while
online--a direct relationship between thesaurus look-ups a.'' the number
of search keys.

Another reason for not consulting a thesaurus was its
unavailability to searchers (2'.43% of database-related reasons for this
option, see Table 2). Accounting for the instances in which his reason
was used, this association generates an additional observati,. .:

Thesaurus unavailability may increase the number of search keys used
in a search.

At first glance, this conclusion seems to contradict the finding
that searchers who prefer to lice free-text terms use, on the average,
the same number of search keys as those who prefer to enter descriptors.
It should be pointed out, though, that the association between thesaurus
unavailability and the number of search keys is significant only on the
search level. That is, when searchers who prefer free-text terms
consult a thesaurus for a request, they are not likely to enter more
search keys than their peers who prefer descriptors. Both types of
searchers, however, are likely to increase the number of search keys
when they search databa.es without having the pertinent thesaurus
available. This increase can be explained by the fact that when a

thesaurus is not available searchers are likely to examine terms that
occur in the text of retrieved citationswhether descriptors or free-
text terms. Such explorations usually result in entering ad '4itional
,search keys.

64 t '...



4.3.5 The Number of Moves

The number of moves relates directly to the;aurus look-ups only on
the search level (r(279) = .318, p < .01), but not on the person level
(r(45) = .003, NS). That is when an individu,,., request requires a
relatively large number of moves, searchers are likely to avoid
consulting a thesaurus, but interactive searchers do not necessarily
avoid using a thesaurus more frequently than the average. Since the
association between thesaurus look-ups and the number of moves is
induced by the specific requests, it is clear that:

Interactive searches cause searchers to avoid consulting a
thesaurus.

Further, if we consider thesaurus unavailability, this association
suggests that:

Thesaurus unavailability increases the need for interaction during
the search.

4.3.6 Search-Keys katio

The variables "thesaurus look-ups" and "search-keys ratio" directly
relate to one another (search level: r(279) = .299, p < .01; person
level: r(45) = .660, p < .01). This association is trivial, however,
because it is obvious that searchers who prefer to use descriptors are
more likely to consult a thesaurus (this is where they get their
descriptors) than searchers who prefer to enter free-text terms.

4.3.7 Unrelated Variables

A number of variables do not correlate with "thesaurus look-ups."
This lack of association is ns% particularly revealing, and, therefore,
it merely reported here out not discussed.

The environment of searching does not significantly affect
thesaurus look-ups (F(2, 44) = 2.15, NS). Similarly, thesaurus look-ups
are not related to: "precision moves" (r(279) = -.010, NS); "recall
moves" (r(279) = .019, NS); or to "recall tendency" (search level:
r(279) = .048, NS; person level: r(45) = .202, NS).

To summarize, the frequency of entering free-text terms without
consulting a thesaurus is: affected by the subject area, directly
related to the number of databases searched and to the percentage of
operational moves. In addition, thesaurus look-ups are related to the
number of search keys and to the scsrch-keys ratio only on the search
level.
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4.4 The Number of Databases

This variable represents the frequen:2 of changing databases, as
measured by the number of times the move Add 5 (move to a new database)
was made. Like the variable "thesaurus look-ups," the number of
databases is of special importance because using several tabases for a
single request is often necessary for the success of a search, whether
or not the searcher feels comfortable changing databases. It is useful,
therefore, to examine the effect of multi-database searching on the
selection of search keys and on other aspects of searching ',..,ehavior.

The number of databases is associated with the subject area, the
number of moves, and with the moves ratio.

4.4.1 Subject Area

The subject specialty of a searcher has a significant effect on the
average number of databases the searcher uses per search (F(3, 43) =
2.25, p < .1). On the average: medical librarians add .32 databases to
their searches; searchers in the social sciences add 1.11 databases;
generalists add 1.48; and science searchers add 1.64 databases per
search. Therefore:

Science searchers are more likely to use several databases per
search than searchers in other subject areas.

4.4.2 Moves

The number of moves directly relates to the number of databases
(se, ch level: (279) = .592, p < .01; person level: r(45) = .631, p <
0.01). At first sight, this association seems trivial since changinr a
database by itself is a move. To create a more meaningful associaticn,
the number of moves was redefined to exclude the move - changing
databases (Add 5). The total number of moves without Add 5 directly
relates to the number of databases used in a search (r(279) = .309, p <
0.01). Similarly, the average number of moves, excluding Add 5, made by
a searcher per search directly relates to the average number of
databases used per search (r(45) = .406, p < .01). That is:

Interactive searches are more likely to rermire use of several
dat?.;ases than less interactive searches. Similarly, interactive
searchers are more likely to use several databases per search than
their peers who are less interactive.

In addition, the number of databases directly relates to the number
of precision moves (r(279) = .168, p < .01), to the number of recall
moves (r(279) = .596, p < .01), and to the p cent of recall moves on
the search level (r(279) = .185, p < .01). On the person level, the
number of databases does not relate to "recall tendency" (r(45) = .203,
NS). That is, searchers who are usually concerned with recall do not
habitually use more databases than searchers who are usually concerned
with precision.



4.4.3 Moves Ratio

The percentage of operational moves directly relates to the number
of databases searched (search level: r(279) = .312, p < .01; person
level: r(45) = .370, p < .01). This correlation is trivial, however,
because changing databases Ly itself is an operational move. To examine
whether operationalist searchers are more likely than their
conceptualist counterparts to use several databases, the moves ratio was
r. ',fined as the cumber of operational moves--not counting the move Add
.- divided by the total number of moves without Add 5. The new moves
ratio does not significantly correlate with the number of databases
(search level: r(279) = -.058, NS; person level: r(45) = .032, NS).
This test reaffirms the conclusion that this association is of no
significance.

4.4.4 Environment

The search environment has no significant effect on the number of
databases searched (F(2, 44) = .08, NS). That is, the nature of a
request, whether practical or theoretical, is likely to have no effect
on the number of databases searched.
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4.5 The Number of Moves

The number of moves does not correlate with any of the remaining
variables. While it is directly related to "precision moves" (r(279) =

0.483, p < .01), to "recall moves" (r(279) = .905, p < .0/ , and to
"recall tendency" on the search level (r(279) = .254, p < .01), these
associations are trivial, as explained before. The number of moves ines
not, however, relate to " recall tendency" or the person leve. =

0.172, NS). That is, interactive sear-hers are -nncerned with recall to
the same degree as are other, less interactive ..eercheis.

In addition, the percentage of operational moves does not relate to
the number of moves (search level: r(279) = -.022; NS, person level:
r(45) = -.004, NS). That is:

Operationalist and conceptualist searchers are interactive to the
same degree.

Further, the number of move:, is affected neither by the subject
area (F(3, 43) = .15, NS), nor by the environme *- (F(2, 44) = 1.95, NS).
That is:

The subject area in which a searcher specializes or the environment
in which the searcher works do not affect the searcher's level of
interaction.

The effect of the environment was measured within each subject
area. A significant effect was found for medical searchers (F(2, 5) =
99.67, p < .01). Medical librarians who answer mostly practical
questions made an average of 3.97 moves per search, while those who
usually answer theoretical questions made an average of 18.78 moves per
search. This drastic difference is probably the result of tae extreme
difference between the practical and theoretical settings for the
medical searchers who participated in the study. While hospital
librarians composed the largest part of this sample, regulatory agencies
were the only theoretical environment for ....his study. Searches in these
agencies require 01/1 highest degree of recall, :Aid therefore, may
require interacts;,,, on a level that is much higher than the average. It

is premature, therefore, to conclude that the enviro it affects the
level of interaction.
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4.6 The Moves Ratio

The moves ratio reflects ,.he searching style of a searcher whether
operationalist or conceptualist. It is defined here as the per-entage
of operatior 1 moves made on the average by a searcher and in an
individual search.

The moves ratio is affected by the subject area, and it is
associated with the variables "precision moves and "recall tendency."

4.6.1 Subject Area

The subject area in which a searcher specializes has a significant
effect or the "moves ratio" (F(3,43) = 6.31, p < .01). Medical
searchers selected 45.11% of their moves to be operational, searchers in
the social sciences made 50.54% operational moves, science searchers
made such !Imes 76.03% of the time, and general searchers selected
79028% of thrIr moves to be operational. A post-hoc test found that the
difference lies between general searchers and both medical and social-
sciences searchers, as well as between medical and social - sciences
searchers. That is:

Science searchers and searchers who have no subject specialty are
more likely to .,ake operational moves than their colleagues i siher
subject areas.

The large percent of operational moves among generalist searchers
can be explained by the nature of their task: They are called upon to
answer requests in a large variety of subjects. Unlike searchers who
specialize in one subject area, their knowledge of the subject of a
request is usually limited. This limitation prevents them from making
conceptual moves because conceptual moves by their nature require some
subject knowledge: they are moves that change the meaning of a request.
A person 6A0 is familiar with the subject of a request is more likely to
feel comfortable modify:ug its meaning for tl purpose of a search than
a person who has little expertise in the suokct matter.

While the tendency to make operational moves among generalist
searchers is inherent to the nature of their starchins, finding this
tendency among science searchers is new data about searching behavior.

4.6.2 Moves

The "moves N.cio" is directly relateu tv the number of pr-ision
moves in a search (r(279) - .240, p < .01), but is not signifi 6tly
related to "recall moves" (r(279) = .350, p< .01). That is:

Precision moves are more likely to be operational than conceptual
ones.

Recall tendency, on the otht hand, is directly related to the
"moves ratio" on the search level (r("c79) = .141, p < .05), but not on
the person level (r(45) = -.186, NS). This means that while searchers
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who are usually concerned with recall do not have a particular style of
searching, a request that requires more recall moves than any other
moves is likely to be searched with operational moves. As discussed
earlier, this conclusic. might be a result of the large frequency with
which the move Add 5 was made: it is both an operational move and a move
to improve recall. Therefore, the association between "recall tendenW
and the "moves ratio" is not significant to the study of online
searching behavior because it might have been induced by the need to
search several databases, and because it is manifested only on the searct.
level.

4.6.3 Environment

The environment has no significant effect on the moves ratio (F(2,
44) = 1.24, ES). That is:

The environment in which a searcher works has no effect on the
searching style of the searcher.

This conclusion was found to hold for the environments within each
subject area.
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4.7 Recall Tendency

tendency (the percentage of recall moves made by a
across all searches) reflects the degree to which a searcher is

concerned with recall.

of iance found that recall tendency is significantly
neither by the subject area (F(3, 43) = .52, NS), nor by the

across areas (F(2, 44) = 2.83, NS). The same
analysis for environments within each subject. however, revea.:ad that
the environment within the sciences significantly affects recall
tendency (F(1, 21) = 7.29, p < .C5). Science searchers in theoretical
environments made recall moves 74.51% of the time, while those in
practical environments made such moves 54.94% of the time. That is:

Science searchers Ai, work in theoretical environments are more
likely to be concerned with recall than their colleagues in
practical environments.

This searching behavior of science searchers can b= looked upon as
a reflection of the nature of science requests. 11-!refore, it is
plausible to assume that:

A scientific request that is theoretical in nature may require more
recall moves thdh a request that is practical.

A summary of the findings reported in this section is presented in
Table 6.
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Table 6. Summary of the factors affecting searching behavior

1 2 3 4 5 6 7 8 9 10 II

I. The no. of search keys NS .01 .01 .01 NS .01 .01 NS NS .01

2. Search-keys ratio NS
.,.

.01 .01 NS .01 NS NS NS .01 .05

3. Thesaurus !ook-ups .01 .01 + .01 .01 .01 NS NS NS .05 NS

4. The no. of databases .01 .01 .01 + .01 .01 .01 .01 Al .1 NS

5. The no. of moves .01 NS .01 .01 * NS * * * NS NS

6. Moves ratio NS .01 .01 .01 NS * .01 NS .01 .01 NS

7. Precision moves .01 NS N ; .01 * .01 * * * *

8. Recall moves .01 NS NS .01 * NS * * * * *

9 Recall tendency NS NS NS .01 * .01 * * * NS 0.5

10. Subject area NS .01 .05 .1 NS .01 * * NS * *

11. Environment .01 .05 NS NS NS NS * * .05 * *



5. SUMMARY AND CONCLUSIONS

The purpose of this study was to uncover the rules used by online
searchers for the selection of search keys, whether free-text terms or
descriptors, and to represent these rules in a formal model that could
be used in the construction o:' intermediary expert systems.

The case study method with controlled comparison was used to
analyze the data collected through observation of online searchers
performing their regular, job-related searches. The study's
participants were experienced searchers who ware selected from a wide
spectrum of subject specialties and from varikAs settings.

Data analysis was based in two existing models. The first was the
original Selection Routine, a decision tree that presented the rules
used to select search keys by eight searchers in a previous study. The
second was a list of moves--modifications in search strategies--based on
observing the searching behavior of the same eight searchers. The list
is divided into two types of moves: operational moves which keep the
meaning of a request unchanged; and conceptual moves which change the
meaning of 3 request. Within each type, the moves are presented in
three groups: precision moves; recall moves; and moves to increase both
precision and recall.

This study included 39 searchers whose searching behavior was
analyzed in order to expand both models, These searchers were also
asked to explain their reasons for each selection of a search key.

Data analysis invo'ved measuring the frequency with which: (1) each
type of search key w.s selected; (2) each move was selected; and (3) a
reason was cited to explain the selection of a search Key. Further, the
statistical associations among eleven variables were examined. These
variables are: (1) the number of search keys selected for a search; (2)
search-keys ratio (the percentage of free-text terms compared to the
total number 0:3 search keys); (3) thesaurus look-ups (the frequency with
3hich a thesaurus was m consulted); (4) the number of databases u ed
per search; (5) the number of moves made in a search; (6) moves ratio
(the percentage of operational moves compared to the total number of
moves); (7) the number of precision moves rade in a search; (8) the
number of recall moves made in a search; (9) recall tendency (the
percentage of recall moves compared to the total number of moves); (10)
the subject area in which a searcher specializes; and (11) the
erp(!ronment in which a searcher works.

The statistical analyses included data from the 39 study searchers
as well as fron the eight original searcher:; (a total of 47), and were



performed on two levels: the search level, in which each search was
considered as an instance (281 instancims); and the person level, in
which data from all the searches performed b one person were aggregated
to represent a s;ogle instance (47 instances).

The study had three objectives: (1) to refine and validate the
Selection Routine; (2) to explore the effect of searching behavior on
search-key selection; and (3) to test the applicability of the case
study method to thr extraction of knowledge from multiple experts.

This chapter summarizes the res ''.i of the study that are relevant
to each of the objectives, and exami .s the applicability of the
findings to the de gn of both bibliographic databases and intermediary
expert systems.
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5.1 The Selection Routine

The analysis of searching behavior performed for this study
modified the Selection knutine. It discovered a new condition (the
se :her did not consult a thesaurus), and added a few options to
e ing conditions.

The modified Selection Routine can now be used to develop the set
of rules fDr a rule -based intermediary expert system, even though the
set is not complete: A number of options have no reasons to explain
their selection. For example, when a common tern is mapped to a
descriptor, the Selection Routine provides two option: use descriptors
[A], or use free-text terms [B]. While option [B] was selected only
when the term was used as a limiting factor, no reasons wera given by
searchers for the instances in which they decided to enter a descriptor
as a limiting factor. Thus, the reasons for preferring one or the other
of these options are not clear.

Similarly, no reasons were elicited for the options [D], [E], [M],
[N], [Z10], and [711]. Thus, while these options can be recommended for
use by an intermediary expert system, such a recommendation cannot be
based on attributes of the database searched, the request, or on
attributes of the user.

Note, however, that the searchers who participated in the stuq
selected these options ve ' infrequently--several of these options were
selected only once. This phenomenon may indicate that these options are
not as viable as the other options. Therefore, they may be suggested
for use by an intermediary expert syste,d only as the last resort.

An alternate conclusion is that these options are indeed viable but
that the conditions for which they are useful occur in low frequency.
Therefo , to cover a larger range of possible conditions, future
st iies should address these options, the reasons for their selection,
and their applicability to the design of intermediary expert systems.

In addition, the frequency and the reasons for selecting each
option were examined. lnis analysis revealed several important patterns
i,1 online searching behavior.

5.1.1 The Selection of Options

Searchers selected the most straighforward options (that is, to
enter a descriptor when a term is mapped to a descriptor exactly, and to
enter a free-text torm without co tilting a thesaurus or wr,n a term
cannot be mapped to a descriptor) about 70% of the time (sec.,.'on
3.2.2).

This phenomenon can be accounted for by two possible explanations.
First, 70% of the terms selected for the requests submit d to the
study's searchers did not present any terminological problems and
therefore could be entered directly. Second, searcher'' tendency was to
avoid selecting options that are not straighforward,
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Note, however, that 20% of the times searchers selected search

keys, they entered free-text terms because they 'id :.ot consult a

thesaurus (option [P] in table 2), and this at times because it was
unavailable (19% of the database-related reasons, section 3.2.3).
Further, the decision of whether or not a term presents terminological
problems is often subjective: it is determined by the searcher's
perception. Therefore, while both explanations account for this
phenomenon, the searchers perceptions of terminological complexity and
the availability of thesauri seem to be prominent motivations to select
straightforward options.

This finerng is relevant to the design of intermediary expert
systems. One may claim that if such systems are to accurately duplicate
searching behavior of human intermediaries, extre.ely simple systems--
based on a single rule--could still "succeed" 70% of the time in
selecting the "right" type of search key. On the other hand, this
finding demonstrates the potential power of intermediary expert systems
to enhanrc searching. These systems could routinely look up the
per-17767n thesaurus for each term and thus eliminate the condition in
which a sea "cher does not know if a term is mapped to a descriptor.
Further, they could provide tools that :ould simplify the resolution of
terminological problems. Thus, with the help of an intermediary expert
system, the frequency in which straightforward options are selected
because of searching difficulties could be reduced.

5.1.2 Thesauri Quality and Availability

The important role of databases i., the selection of search keys is
strongly demonstrated by the findings of this study. Most notable is
the finding that searchers consulted a thesaurus for 80% of the search
keys they selected, and given a choice, they selected descriptors about
50% of the time (section 3.2.1). Further,

--:;earcher's selection of search keys was most often determined by
the database they were searching (48% of the time, section 3.2.3),

--when searchers explained their selection with a database-related
reason, 25% of the time they obs?rved that a term would not be in
the thesaurus, 19% of the time they explained that a thesaurus was
unavailable to them, and 18% of the time they claimed that they do
not trust the descriptors and/or the indexing (section 3.2.3),

- -distrust of descriptors and/or indexing explained 16% of the
instances in which searchers entered terms without consulting a

thesaurus (section 3.2.2),

- -the c'udy's results suggest that searchers do not exercise
terminological control in searching (section 4.1.4), and

--the study's results sunport the hypothesis that searchers are more
likely to enter terms wi,..out consulting a thesaurus when they
search databases for which they use descriptors infrequently than
when they search databases for which they usually use descriptors
(section 3.2.4),
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Therefore, the quality and availability of thesauri are critical
factors in the selection of search keys. Further, the results of this
study show that better quol:ty in thesauri and indexing--and greater
availability of these tools--are badly needed.

5.1.3 The Concern with Re-111

Recall, which measures the completeness of the information
retrieved, is of special concern in information science research. This
concern is based on the findings of experiments in online retrieval:
Most experiments have resulted in relatively low recall scores. For
example, in a study completed recently by Saracevic and Kantor,
precision was 57% for all searches but recall was only 22% [Saracevic &
Kantor, 1988]. As the authors explain, these ratios agree with results

other studies.

The ..:earchers who participated in the study attempted most often to
increase recall:

--among t ,e options that are not straightforward. over a half were
selected to enhance recall (section 3.2.2),

--among the request-related reasons for the selection of search
keys, Vie need to enhance recall was the most frequent reasoA (35%
of request-related reasons, section 3.2.3), and

--the number of moves to increase recall was almost double the
number of moves to increase precision (section 3.3.1).

The low recall scores obtained in experiments has often raised the
concern that searchers in general do not consider recall to be an
important factor, or that they prefer to avoid the extra effort that is
presumably required to increase recall. On the contrary, the findings
of this study show that searchers do consider recall an important factor
when they select search keys, and when they modify search strategies
with moves.

The discrepancy between the findings of this study and the low
recall scores obtained in online-searching experiments can be partially
attributed to the study meth)ds used. While searchers who pa-ticipate
in experiments search requests under artificial conditions, this study
examined searchers answering real-life requests submitted by users to
whom the searchers are accountable. It is possible, therefore, that the
searching observed in this study -as guided by a level of recall-
consciousness that is higher than the one exhibied in experiments
carried out to study online searching behavior. While this an important
observation for future online-searching experiments, it is difficult to
substantiate this conclusion because recall ratios were not measured in
this study, and thus no comparison between recall scores obtained in
this study and those measured in experiments can be made.

On the other hand, this discrepancy could be explained by the
observation that current bibliographic databases do not provide for high
recap; ratios. In other words, regardless of searcher's experience or
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searching style, it is difficult to achieve recall scores that are
satisfactory when using the current bibliographic databases.

This conclusion highlights the importance of recall in online
retrieval. Designers of both databases and intermediary expert systems
should pay special attention to means to improve recall and provide
tools that support searchers' attempts to enhance recall. Moreover,
this conclusion calls for further explorations to discover new ways to
improve the recall uf retrieved sets.
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5.2 Factors Affecting Searhirl Behavior

The second objective of the study was to determine the factors that
affect the selection of search keys and other aspects of searching
behavior. This objective was addressed on four levels. First, the
character4 tics of the searchers who are likely to prefer free-text
terms was determined. Second, the effects of factors that are typical
of the searching behavior of a searcher were examined. Third,

characteristics of requests that may affect searching behavior were
scrutinized. Fourth, the effect on searching behavior of decisions
usually made by designers of datarases and intermediary expert systems
was analyzed.

5.2.1 The "Free-Text" Searcher,

The variable "search -keys ratio," when an_lyzed on the person
level, measures the degree ts., which a searcher prefers to use free-text
terms. Results reported in section 4.2 show that a profile of the
searchers who use fee-text terms more often than other searchers can
now he constructed. These searchers are likely to have these
characteristics

--be operationalist sec )ers,

--be science searchers,

--if, as science searchers, they usually answer practical requests,
they will use still more free-text terms,

--need to search several databases for each request, and

--will have developed a habit of entering terms without consulting a
Oesaurus.

NC-e that searchers who prefer to enter free-text terms do not
enter more search keys than those who prefer descriptors (section
4.1.4), nor are they more interactive than their counterparts (section
4.2.6).

The nature of the "free-text" searcher as described here raises the
question: Is the preference of free-text terms an inherent attribute?
That is, is it determined by factors such as cognitive style or
personality traits? Answering this question is significant to researcn
in online searching behavior because most of this research has focused
on inherent characteristics of searchers.

The results of this study show that inherent attributes have some
effect on habitual preference in the selection pf search keys:
operationalist searchers prefer to use free-text terms. These .;silts
show, c the same time, that the tendency to prefer free-text terms is
encouraged by the realities of searching: by the subject area, the
environment, the number of databases, and by the availability and
quality of thesauri. This conclusion is supported by another finding:
only 20% of the reasons fcr selecting a search key stemmed from habitual
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searching behavior (section 3.2.3). That is, the selection of search
keys is most frequently determined by the specific requirements and
constraints of a search, and the effect of inherent searching behavior
on this selection is less extensive.

5.2.2 Factors Typical of Searching Behavior

The variable "search-keys ratio" measured the degree to which
searchers prefer to use free-text terms. Two more aspects of online
searching behavior are embodied in the variables tested in this study.
First, the typical level of effort a searcher put into the completion of
a search. Second, the searching style of a searcher, whether
operationalist or conceptualist.

The first aspect--the average effort--can be measured by the number
of search keys entered, by the number of moves made per search, and by
the number of databases used per search. The first two variables are
associated with one another but are not associated with any other aspect
of online searching behavior. That is, regardless of whether they
prefer free-text terms or descriptors, and regardless of whether they
are operationalist or conceptualist searchers, some searchers routinely
put more effort to their searches than others: searchers who tend to be
interactive during an online session are likely to use more terms than
their peers who are less interave (section 4.1.1). In addition,
interactive searchers are likely to use more databases than their less-
interactive colleagues (section 4.4.2).

The searching style of a searcher, whether operationalist or
conceptualist, may also affect the selection of search keys and other
aspects of searching behavior. In this study, the variable "moves ratio"
measured the degree to which a searcher was operationalist, as
determined by the moves the searcher made. The results show that
operationalist searchers:

--use free-text terms more frequently (section 4.2.2),

--are more likely to avoid consulting a thesaurus (section 4.3.2),

--are more likely to answer science or general questions (section
4.6.1), and

--are more likely to make precision moves than conceptualist
searchers (section 4.6.2).

That is: Although only 25 of the 47 searchers exhibited a strong
commitment to one type of moves (operational or conceptual, section
3.3), operationalist searchers differ from tneir conceptualist peers in
their preference for the type of search keys, their habits relating to
thesaurus look-ups, in their subject speciality, and in their concern
about precision.

80



5.2.3. The Effect of Requests on Searching Behavior

The nature of a request is central to the search process. Ideally,
the search process should be determined by the nature and requirements
of the specific request. It is significant, therefore, to examine the
actual effect that requests had on the searching behavior of the study's
participants, and in particular, on their selection of search keys.
This examination is guided by some general conclusions, as well as by
specific variables, which address request characteristics.

One measure of the degree to which individual requests affect the
selection of search keys is the percentage of request-related reasons
given to explain the selection of search keys. The study's searchers
referred to requirements put by requests 32% of the times they explained
their search-keys selection (section 3.2.3). While one wants to hope
for a higher percentage, it should be remembered that 48% of the reasons
related to constraints of the databases. It is plausible to assume,
therefore, that with more flexible structure, and with better
availability of searching tools, searchers will give request
characteristics higher priority.

On the other hand, requests introduced the largest variability to
reasons for the selection of search keys (section 3.2.3). This means
that in comparison to database constraints and to individual searching
habits, request requirements are the least predictable.

Therefore, designers of databases should provide for higher
flexibility in searching so searchers could adjust their search
strategies to the requirements of individual requests. Further,
intermediary expert systems should be designed to explore the nature of
requests so they can make informed decisions about the selection of
search keys.

Although the fect of the characteristics of a request is clearly
demonstrated by this study, it is revealing to examine some factors that
are free of this effect. First, contrary to common belief, high-recall
requests do not require an increased number of search keys (section
4.1.6). Second, the nature of a request seldom determined whether or
not a searcher would consult a thesaurus: only 12% of the reasons for
not consulting a thesaurus were related to requests (section 4.3.7).

In addition to these general observations, the nature of requests
is reflected in several variables. These are: the number of search
keys; the number of moves; subject area; and environment. The effect of
requests on searching behavior can be determined, therefore, by
statistical associations when measured for these variables on the search
level--where each search was considered an individual instance.

One should be cautious, though: instances of individual searches
are not independent because every five searches were performed by the
same person. That is, effects that are detected might be induced by the
searchers, rather than by the requests. Therefore, most of the
relationships established in this study do not constitute evidence that
requests affect searching behavior, but they suggest possible
association.
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The first variable--the number of search keys--is used here to
reflect the terminological difficulty of a request. While the number of
search keys is primarily determine by the number of components a request
has, the latter number is usually limited: almost no request includes
more than four components. Therefore, having a relatively large number
of search keys in a query formulation is usually the result of the need
to represent each component with several search keys--a situation that
is caused by terminological difficulties.

Requests with terminological difficulties generate distinct
searching behavior. First, they result in increased interaction, since
the number of search keys is associated with the number of moves
(section 4.1.1). This association, however, holds also on the person
level and it is, therefore, suggestive only.

Second, requests with terminological difficulties lead searchers to
enter search keys without consulting a thesaurus (section 4.3.4), as do
requests that require a large number of moves (section 4.3.5). These
associations are particularly significant because they do not hold on
the person level. That is, searchers who habitually enter a large
number of search keys, or those who are typically interactive, do not
necessarily avoid consulting a thesaurus more frequently than their
peers.

Thus, requests with terminological difficulties induce a certain
pattern of searching: they require more interaction than other requests,
an interaction during which searchers add search keys without consulting
a thesaurus. The implication of this pattern to the design of databases
and intermediary expert systems is clear. easy and inexpensive access to
thesauri during online sessions will enhance the search process.

The other two variables that describe characteristics of requests
are the "subject area" and the "environment" of searching. These
variables were measured on the person level only, and therefore, they
depict whether searching in a certain subject area and in a distinct
environment affect searching behavior. As explained earlier,
conclusions about the nature of individual requests are only suggestive.

The results of the study show that:

--science requests are searched with free-text terms more frequently
than requests in other subject areas (section 4.2.3), and

--science and general requests are more likely to be searched by
operational moves than by conceptual ones (section 4.6.1).

These results are not conclusive because they refer to factors that
are typical of searching behavior: the preference to use free-text
terms, and the searching style. To date, it is not clear whether
searching the science literature causes a searcher to develop inherent
characteristics, or whether searchers select the subject area in which
they search a:cording to their searching habits. Nevertheless, these
results demonstrate that the subject area plays a role in searching
behavior.
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The variable "environment" was actually defined to characterize the
nature of requests: whether practical or theoretical. These categories
were assigned intuitively, and were determined by the mission of the
organization in which a searcher worked. Thus, this variable is not
rigorously defined.

Results of the study, on the other hand, clearly demonstrate that
the nature of requests affect searching behavior: practical requests are
searched with free-text terms more frequently than theoretical ones
(section 4.2.5), and theoretical requests require higher recall than
practical ones (section 4.7).

These findings agree with prevalent ideas. It is commonly
assumed by searchers that when faced with a practical problem, users
need a few articles that are highly relevant and there is no
evidence to contradict this assumption. One way to achieve a high level
of relevance is to require that the terms employed by the user appear in
titles of articles--a practice that was frequently mentioned by
searchers (56% of the searcher-related reasons, section 3.2.3). This
approach is sound because terms used in practical requests are usually
defined better than those in theoretical requests and present less
terminological problems, and because recall is not an important factor
since users are not concerned with the information they might have
missed but rather with their ability to solve their problem. This
approach, however, is carried out by using free-text terms--a practice
that is reflected in the association between the variables "environment"
and "search-keys ratio."

While still unsubstantiated hypotheses, these findings are
pertinent to the design of intermediary expert systems. An expert
system which mediates between end users and bibliographic databases
should help users to determine whether their request is practical or
theoretical. Once the nature of a request is determined, the system can
make decisions about f se type of search keys to be selected and about
the moves that would enhance retrieval.

5.2.4 The Effects of Design Factors

Among all variables examined in this study, only one relates to
design factors: the number of databases used in a search. While it may
seem that searchers are free to choose the number of databases they
search, their decision is determined by the distribution of information
among databases rather than by their "desire" to try new databases.
That is, the distribution of information among databases within a
subject area determined the number of databases that were used per
search. In other words, the number of databases that need to be used is
a given with searchers.

Because databases are carved to fit a subject area, this
observation is substantiated by the finding that the subject area
affects the number of databases used per search, and in particular by
the difference between medical and science searchers: the former
searched an average of 1.33 databases per search and the latter an



average of 2.64 per search (section 4.4.1).

Further, the results show that searching behavior is affected
primarily by the databases (section 3.2.3), and that this variable
correlates with the largest number of variables (Table 6). It is
crucial, therefore, to examine the effect of multi-database searching on
the selection of search keys.

Statistical tests revealed that having to search several databases
for a request induces the use of free-text terms (section 4.2.1), and
entering free-text terms without consulting a thesaurus (section 4.3.1).
Further, having to search a number of databases was cited as a reason
for entering free-text terms and for not consulting a thesaurus (section
3.2.3).

These findings provide evidence for the conclusion that the use of
several databases causes searchers to enter free-text terms and to avoid
consulting a thesaurus. This effect is obviously an impediment to
searching because it limits the choices in the selection of search keys
that searchers can have.

This conclusion has direct implications for the design of databases
and intermediary expert systems. It is plausible to assume that if
databases were mere "similar" to one another, moving from one database
to another would not affect the selection of search keys. More r.esearch
is needed to discover which features of databases should be kept
similar, and what kind of variability is desired. It is clear, however,
that the findings of such research could not Le implemented without
standardization and cooperation in the deTn and production of
databases.

Another approach to minimize the affect of multi-database searching
on the selection of search keys is to introduce a switching language
that "translates" the vocabulary of one thesaurus into another, and the
vocabulary of a user into the vocabulary of a designated thesaurus.
Indeed, the use of such a language has already proven to be useful
[Chamis, 1988]. Such languages are designed for intermediary expert
systems, so that, descriptors and free-text terms can be selected by a
system for each request and for every database that is to be searched
without user assistance.

The conclusion that multi-database searches have an effect on the
selection of search keys only emphasizes the importance of this
component in intermediary expert systems: these systems should mask the
differences between databases. One should remember, however, that the
differences between databases are not a necessity; they are introduced
most often because of commercial considerations that may or may not
satisfy searching needs. It is more useful to avoid unnecessary
inconsistency in database design, and to mask the necessary variability.

Thus, research should be carried out to discover which features of
databases and their thesauri can be standardized without affecting their
retrieval quality. The role of intermediary expert systems will then be
to bridge across the necessary differences, employing switching
languages and other terminological ae. Lemantic networks.
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5.3 The Case Study Method

The applicability of the case study method to the extraction of
knowledge from multiple experts is proven by the successful generation
of formal models that describe the selection of search keys and the
moves that searchers make. The use of this method in this study led to
two conclusions: (1) the method of controlled comparison is useful to
resolving conflicting evidence; and (2) observation and analysis of a

relatively small number of searchers is sufficient to create a model
that describes their searching behavior in formal terms.

The method of controlled comparison is used to explain observations
that are seemingly contradictory. For example, according to the
Selection Routine, searchers have two options when a single-meaning term
is mapped to a descriptor-through partial match: they can enter the
descriptor, or they can use free-text terms for an inclusive search.
These two options are not similar to one another. The reasons provided
by searchers to explain their choice, however, uncovered additional
factors that are ,.sed: Concern for recall may encourage searchers to use
a free-text term i,. an inclusive mode, if possible, or it may direct
sea :hers to enter the descriptor if it is only added to the
formulation, or if it was spotted in the indexing of a relevant
citation. Thus, request requirements and indexing were discovered to
be factors that affect the selection of search keys.

The original Selection Routine was based on the observation of the
searching behavior of eight searchers. The observation of the study's
39 searchers did not result in major modifications. Only two moves were
added to the list of moves and both were used infrequently. On the
other hand, a new condition was added to the original Selection Routine:
a searcher does not know if a term is mapped to a descriptor. This
condition was not spotted in the observations for the original Routine
because that study was limited to medical librarians who never searched
a request without consulting a thesaurus. This new condition was
uncovered through the first searcher who was selected from another
subject area.

The experience derived from using the case study method shows that
limiting the sample of searchers to be observed by factors such as
subject area or environment prevents the creation of a general model of
searching behavior. On the other hand, only two options were added to
the original Selection Routine. Thus, if one takes into account the
variety that exists among searchers, the observation of a relatively
small number of searchers is sufficient for the creation of formal
models that describe their searching behavior.
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5.4 Implications for Future Research

The findings of this study raised new questions, and point to new
issues for research. Among these issues, four are relevant to research
in online searching behavior in general.

First, this study demonstrates that searching behavior follows
certain patterns, and that general laws govern this behavior. This
conclusion is timely because most studies in online searching behavior
have concluded that such laws cannot be discovered. Moreover, results
of several experiments have led investigators to believe that individual
variability among searchers is large enough to obscure the patterns that
may exist. The results of this study, however, prove that individual
variability, as expressed by general beliefs held by searchers, has the
smallest effect on the selection of search keys, and possibly on other
aspects of searching behavior.

It is now time to reassess the methods and techniques used in the
study of online searching behavior, as well as the issues that are
selected for investigation.

Second, the results of this study add to existing evidence that
current systems cannot provide satisfactory recall. Although methods to
improve recall are known and are in use when needed (e.g., the moves to
increase the size of the set), we still do not know why recall scores on
the average are much lower than precision scores. This issue should be
addressed by researchers in order to discover impediments to recall, and
to create design modifications that could enhance recall of retrieved
sets.

Third, the requests presented by users were found to introduce the
largest variability in the decisions about selection of search keys.
This means that requests are the least predictable among the factors
that affect searching behavior (i.e., databases and searcher's beliefs).
The importance of the nature of the request to the search process has
long been recognized. However, despite various attempts to discover the
effect of the nature of requests on searching behavior and on the
quality of retrieved sets (e.g., [Saracevic & Kantor, 1988]), no
definite conclusions exist as yet. Research about the effect of
requests on searching behavior should focus on request characteristics
that are significant to the search process--the first step in this
direction is to uncover these characteristics. For this purpose, a
better understanding of the search process itself is needed.

Fourth, a large array of findings provides the evidence for the
conclusion that existing databases leave much to be desired, and that
some are even an impediment to useful searching practices. Further
explorations are needed to discover what difficulties are encountered
with databases--their thesauri and indexing--and what frustrations are
experienced by searchers using them. Due to the ccitroversy about the
most efficient and cost-effective methods for information retrieval, it
seems that there is no agreed-upon alternative that is superior to the
current databases. Identifying flaws in existing databases, thesauri,
and indexing from the searchers' point of view would provide guidelines
for the design of better systems.
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APPENDIX A

FORMS FOR DATA COLLECTION

Moves Form

Selection Form

Reason Form
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OBSERVING AND INTERVIEWING ONLINE SEARCHERS

Nancy Phelps

To gather data for the National Science Foundation grant,
"Extracting Knowledge for Intermediary Expert Systems: The Selection of
Search Keys", the research team utilizes the case study method. a
qualitative research technique. In this research, the method involves
observing professional searchers performing five job-related searches,
analyzing the searches according to models of moves and search key
selection, and interviewing the searchers to clarify any
misunderstandings. The three member research team consists of two
graduate students and a professor, the principal researcher. The

graduate students (hereafter referrea to as the observers) perform the
observation and interviewing tasks.

A unique element of the research design is the use of research
methods commonly employed by social scientists--participant observation
and personal interviewing. For years, qualitative methods have been
accepted means of conducting research in the social sciences, since the
social sciences are "human related" disciplines. Qualitative methods
a _ new to research in the "hard" sciences or to research in technical
matters. The data gathered as a result of this project will be used to
advance the technical tasks of online searching and database
construction, and the design of intermediary expert systems.

Use of qualitative methods is justified in this study because
experienced online searchers are experts in online searching. To design
effective intermediary expert systems and online databases it is
necessary to understand how searchers perform their tasks, the logic
behind the choice of strategies and search keys. To "get at" the
searchers' knowledge, it is logical to study the searchers in real-life
situations. Through observation, analysis and comparison of uncontrived
searches, it is hoped that we will gain understanding of the process of
online searching. The desire to understand the motivation of searchers'
selections of search keys and strategies is related to the sociologist's
desire to understand the motivations and feelings of the drug addict,
for example. As the sociologist's goals logically dictate the use of
qualitative methods, such as participant observation, so do the goals of
this project.

In social science literature, there exists a body of writing on



the problems encountered while using qualitative research methods.
Though many of the problems encountered by this research team are
similar, many have not been encountered and some new ones have been. It
is my goal to elaborate the methods we use in our research, the problems
that have been faced, and suggestions for coping with any difficulties.
It is hoped that clarification of the qualitative methods used for
online searching research will lead to further applications of the
methods in other technical research.

STRUCTURE

We utilize qualitative methods of research. Although the
theoretical roots of these methods are in the social sciences, we have
adapted the methods to suit this unique situation. We utilize
participant observation, like social science researchers. In

traditional participant observation, the observer particip-tes in a

setting, such as an institution. The social scient'st does not
necessarily perform a job in the setting, but he/she actively
participates in the situation and interacts with the organizational
population. He/she is in the situation to observe behaviors, but
observation is not his/her overt mission. He/she does not usually take
notes in front of the observed individuals or tape recorr 'Anversations.
Recording and writing activities are usually done at th' Aid of the
observation day, after leaving the setting. The social ,cientist
strives to "blend in", to not disrupt the normal interactions of the
observation population.

There is a major difference in our methods of observation from the
traditional ones. We are only interested in one individual performing
one isolated task within an organization. The interactional dynamics of
the organization are not important to us. Aside from common civilities,
we are not interested in the other workers in the setting. We do not
"blend in", and we do not disguise our interest in observing the online
searching function. We openly tape record the search sessions.

A second difference in the methods is our use of interviews after
completing observation and analyses of the searches. It is not unusual
for social scientists to interview, but 't is not standard to combine
participant observation and interviewing. The participants in this
study know they will be interviewed after completing the five searches.
The interviews are to clarify any misunderstandings. If the searcher's
choices are not clear, or if the comments made by a searcher are not
consistent with the choices made, the issues are discussed during the
follow-up interview. The interview session is formal and structured,
deviating from the often loosely structured, informal, in-depth
interviews of social scientists.

STEP 1: CONTACTING THE SEARCHER

In social science qualitative research, gaining access to an
observable population is often difficult. Initial contact with
qualified candidates is made by the principal researcher. The
observers then contact the willing subjects. The observers only
interact with searchers who have already agreed to participate, and who
have some knowledge of the research purpose and design.



Eligible subjects are located through personal contacts,
advertisements, and word-of-mouth. Personal contact seems to be the
best method of securing participants, although all three methods work
well. It has not been a problem to locate sufficient numbers of
qualified, willing participants.

To date, there has only been one possible problem with this
system. There have been a few cases in which the searchers' superiors
were contacted in lieu of the actual participants. These searchers have
been more nervous about their performances. They seem to question why
they were chosen for participation by their superiors, and often feel
that they are unqualified candidates. This problem has been handled
indirectly, by ignoring the statements. In other situations, the
negative statements have been contradicted by the observer. If it is
not awkward to do so, it is best to ignore the insecure statements. The
observer should not show any ability to judge the competency of the
searchers. If the observer does respond, he/she should express their
humble opinion. The observer should be sensitive to any expressed
feelings of insecurity, and understand that this may be an ordeal for
many participants. But to actively respond to expressions of doubt
regarding a searcher's competencies may cause the observer to undermine
his/her objective attitude. The observer should not only be perceived
to be neutral, but should have a non-judgmental outlook. Respo. ,ing to
statements of doubt shows that the observer has the capacity to judge
the searcher's performance, and that he/she can discern what are goodand bad searches. That situation could change the dynamics of the
searcher/observer relationship. The observer is in the situation to
observe and possibly learn, not to compare one searcher to another.

The logical solution to the scenario is to make sure that each
participant is personally contacted by the principal researcher before
observation begins. Personal contact may eliminate the threatening
feeling of being "picked" by one's superior, since the principal
researcher asks the searcher to participate and expresses the team's
need for qualified, professional searchers.

STEP 2: ESTABLISHING CONTACT BETWEEN SEARCHER AND OBSERVER

The observer contacts the searcher after initial contact has been
made by the principal researcher. The observer only comes into contact
with willing participants. The first contact between observer and
searcher is made via the telephone. At this point, practical
considerations determine the next step. If the searcher is located
close to the University or the observer's home, arrangements are usually
made to meet person before the actual observation begins. If the
searcher is located far from the observer, or does not have any extra
time, the observer explains the procedure over the telephone. Whether
meeting in person or not, it is important to be honest about the
research goals but to remain vague regarding specific foci of the
research. It is necessary to maintain vagueness because if the searcher
learns before observation that the searches will be analyzed for
strategical moves and selection of search terms, the searching behaviormay be affected.



The explanation given to the searchers in this study is that the
goal of the research is to observe five job-related searches (excluding
known-item or classified searches) in order to understand the "art of
online searching". I usually elaborate by explaining that the goal of
the project is to make searching more accessible to begininning
searchers and other interested individuals. I add that we want to
discover what "goes on" in a searcher's head, what he/she knows that is
not stated in books and manuals. The best way to accomplish the goals
is to observe experienced onlire searchers performing actual searches.
In this manner, I have adequately explained the research, the motivation
for observation, the need for the searcher's participation, acknowledge
the searcher's knowledge and expertise, but I have not revealed the
specific foci of the study. I have been honest, but vague. It has been
my experience that searchers are satisfied with this explanation and do
net press for specifics. They are usually glad that formal research is
recognizing their expertise and that the research design is practical.
We are "asking" them what they do and think, i--tead of assuming a
theoretical approach and telling them what the Jo and think. It has
also been my experience tlia7TErarians are genuinely interested in
helping each other, and in furthering knowledge in the field.

It is preferable, at this stage, if the observer can meet
personally with the searcher. It is often difficult to establish a
feeling of rapport over the telephone, and the feeling is essential to
the success of the observation stage. If the individuals meet bef,va
beginning the formal sessions, there is less awkwardness when the
observations begin. The introductions have already been made, the
observer and searcher recognize each other, the observer knows the
library lay-out and the location of the facility (he/she won't get lost
on the road!) Any of the nervousness which may occur when two strangers
meet is gone by the time the observation begins. You have met before,
and the observer knows what to expect when entering the building.

Before beginning observation, it is important to explain the
searcher that he/she should speak freely and verbalize any thoughts that
occur during the searching process. The searcher should never force
comments or do anything that would feel unnatural. The observer should
stress the unobtrusive nature of the observation.

As noted previously, it is extremely important to establish a
feeling of rapport at this stage, whether meeting the searcher in-person
or not. The observer should be friendly, polite and open. The observer
must answer all questions without being overtly evasive (of course, if
the searcher wants to know the specific focus of the study, it may be
necessary to hedge). Be on time for the appointment, when meeting with
the searcher. Dress neatly - you are entering a place of business. Do
not make aggressive demands on the searcher. Accommodate the searcher's
schedule. In this research, the observers are students and have class
commitments. In this case, we inform the searchers of our general class
schedule, without being specific - the searcher does not need to be
burdened with our schedule. It is best to state that you are free
Monday mornings, for example. The searcher should feel that his/her
schedule is the important one, and that the observer will accommodate the
searcher. Use good interpersonal skills. The observer should relate
easily to many different types of people and be at ease with strangers
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and in unfamiliar surroundings.

It is not necessary for the observer and the searcher to become
friends, and that would probably be detrimental to observation, but they
sh uld not actively dislike each other. We have not encountered this
situation. Probably the only solution to an unfriendly pairing would be
to cancel that searcher or use another observer. The sea,.cher and the
observer should relate well because they will be working closely through
five searches. The situation may be unnatural enough for the searcher
without the unnecessary tension of animosity. If personable observers
are used in a study, this situation will probably never occur.

STAGE 3: OBSERVATION

Depending on the searcher's schedule and the frequency with which
searches are requested in their organization, the actual observation
period can last as little as one session or as much as several weeks.
An observation session can last from one half hour to three or more
hours, depending on the number of searches performed, their complexity,
and the searcher's degree of preparation.

At this stage, the observer must change roles. The last (and
probably also the first) contact with the searcher was a very personal,
friendly introduction to the project and the observer, either in-person
or over the phone. During the introductory session, the searcher may
have expressed interest in the observer, what he/she is studying, career
goals, etc. There may have been a friendly exchange covering many
topics. Now the observer must try to assume a passive, unobtrusive
role. The observer is present to observe, not to judge or comment.
His/her full attention should be focused on the search. The observer
should not suddenly become unfriendly. But he/she must withdraw and
assume a very passive a.titude. Establishing good feelings is no longer
the aim of the observer. The observer must acknowledge by his/her
attitude that the searcher and the searches are now of rimary
importance. The observer must become an active listener, but rot an
active participant. Active listening can be shown by nodding, saying
"yes" when appropriate, and by not asking questions during the search.

If the observer has become too friendly with the searcher, h..../she
may find it difficult to "pull back" and become passive. The solution
to the potential problem is to avoid becoming too friendly with the
searcher during the introduction session. It may help to remember that
the observer is entering the life of the searcher for a very limited
time. The observer cannot become too emotionally involved in the
relationship or his/her objectivity may be affected.

Observation is the most difficult phase of the project. The
searcher may be very nervous, aware of the microphone, and may feel like
he/she is being assessed. In response it is necessary for the observer
to be neutral but supportive. To be supportive the observer should be
aware of the possible emotions that the searcher it: experiencing. It
may also help if the observer is humble (probably an easy attitude for
graduate students to assume) and willing to learn. If necessary the
observer should explain that there are no right or wrong things to say
while searching, and that the searcher may verbalize as much or as



little as is comfortable.

Some well directed questions may calm the searcher, if he/she is
extremely nervous, and push the observation session in the "right"
direction. Ask what the search is about. This simple question will get
the searcher talking about the search. Once the searcher begins
talking, he/she may begin to feel less self-conscious.

It is best if the observer does not say too much, if at all
possible. Silence may encourage the searcher to talk and explain wnat
is happening in the search. The observer should not dominate the
session by questicling the searcher. If the searcher does not talk
while searching, the observer will probably still understand the logic
of the search and the selection of search keys.

Each new observation session is usually less disruptive to the
searcher. Over time, the searcher usually becomes accustomed to the
observer and the microphone. Much of the nervousness of the early
sessions will be gone by the end of the study.

Another possible problem encountered in the sessions is that the
searcher makes typographical or other errors, possibly as a result of
nervousness. Never point out the errors, no matter how helpful it would
be to do so. If the observer points out errors, it places him/her in a
judging role. Pointing out an error would place the observer in a
position of being able to recognize errors and assess searches.

Occasionally the searcher may ask the observer if the searcher is
"saying the right things". The searcher may express concern about what
to say nr what is expected from the session. The observer should be
reassuring and noncommittal. It is good to reiterate the goals of the
project as expressed previously. I have also found it useful to remind
the searcher that I am a student and that the observation session is a
learning process. I add that if it makes the searcher more comfortable
he/she should consider me a pupil. The scenario :seems to help dispel
the nervousness and uncertainty of the searcher regarding what to say
during the searches.

There may be a danger in observing people from one's own
professional background. The observer may bring to the situation
his/her biases or thoughts regarding correct and incorrect behavior and
choices in the particular situation. In this research, there is no
choice. The observers must understand online searching or they will not
be able to analyze the searches. But it is not necessary for them to be
expert searchers and it is best that they are not.

The problems of professionals observing their peers are mostly
avoided through the use of graduate students. "hough the student
observers may bring certain searching biases to the sessions and may
have contrary thoughts regarding searchers' choices, the observers know
the imitations of their knowledge. Since they are students, the
observers know they still have much to learn about searching. The naive
attitude that tne observer may need to assume while interacting with the
searcher is easy and believable for a student to adopt. It is also
plausible that a student will not comp ,hend all the intricacies of the



searcher's logic, but it is not plausible for an experienced searcher or
professor.

STEP 4: THE INTERVIEW

The interview is a very structured session. Unlike the

observation stage, during the interview stage the observer actively
participates, and directs the session. The observer must thoroughly
prepare for the interview and know what questions are to be asked. It

may even be helpful to write the questions, so that none are forgotten.

During the interview, it will become obvious that the observer is
interested in the choices of descriptors and free text terms as search
keys. To avoid awkwardness or an evasive attitude, the observer should
inform the searcher of the questions' focus before beginning the
interview. The explanation of the focus should be neutral. The

observer may explain by saying, "I am interested in discovering when you
decide to use descriptors to search and when you decide to use free text
terms, so most of my questions will be on that issue." If the searcher
asks for details, the observer may respond that neither choice of search
terms is better, that the interest is simply when the choices are made,
what conditions lead to a certain choice.

The observer should bring the search print-outs and searcher notes
to the interview session. The searcher probably does not remember the
specific searches in detail, and may need to see the print-out. The
search analyses are not brought to the session. The searcher knows that
his/her searches have been analyzed, but seeing the analyses may be
threatening to the searcher. The interview may be difficult enough for
some individuals without viewing the search analyses.

To avoid eliciting a defensive attitude from the searcher, the
interview questions should be expressed with neutral wording. To
achieve a neutral tone, it may be helpful for the observer to adopt a
naive attitude. Phrases such as "I don't understand", or "I haven't
seen this before, will you explain it to me", are neutral and express
the attitude that the searcher is the individual with the knowledge.
The searcher should feel that he/she is not being "grilled" or assessed
regarding searching abilities.

During the interview sessions, I have heard several searchers
express the belief that there is an ideal choice of search terms for a
specific situation, or an ideal searching style, that the searcher is
not utilizing. Many searchers believe that they are doing something in
a search which is "against the r.,:es", but I have never seen a searcher
who follows the alleged "rules". Depending on the situation, it may be
best to ignore these statements, thereby not giving them any
credibility. It may be appropriate to subtly deny the statements, with
phrases such as you might be surprised at how others search". If the
observer contradicts the statement, the response should be non-
judgmental, and should not give the searcher the impression that the
observer knows the "correct" way to search.

The observer's questions should be phrased using the pronoun "I"
instead of "we", though the entire research team studies the search



analyses and contributes questions. By using the singular pronoun, the
observer relates the feeling that only a single person is viewing and
analyzing the searches. If the plural pronoun is used, the searcher may
feel that he/she is being closely scrutinized by a group of people.
That may be a threatening feeling for many searchers.

The session should be controlled and subtly directed by the
observer. The observer asks nonjudgmental questions, allows the
searcher to answer, and then asks for clarification if the searcher's
response is not understood. The pattern is followed until all the
questions have been asked and satisfactorily answered. It is best to
not abruptly end the session. Allow the searcher to express any
relevant thoughts. If it seems appropriate, at the end of the session
the observer may Psk the searc.er for any general comments which were
not covered by the questions. Since the questions follow a pattern, the
searcher may have some comments regarding his/her own searching style.
The searcher realizes that his/her searching style is being analyzed and
understood through the observation and interview, and the searcher
should feel that he/she is given a chance for fair representat)on.

At the end of the session, the observer should thank the searcher
for his/her time. The searcher has done a favor by agreeing to
participate in the study, and the favor should be acknowledged. The
observer and searcher should leave the interview with continued
feelings of friendliness. The searching community is small and any "bad
blood" will probably circulate rapidly. We rely on the continued good
will of the searcher, even when he/she is no longer a participant, as a
walking advertisement for the project. If the searcher has found the
research process pleasant and unobtrusive, he/she may encourage other
eligible candidates to offer their services. Prospective candidates may
question past participants, and it is important that the past
participants convey a positive image of the process and the observers.

ATTRITION

To date, only one searcher has dropped out of the study. There is
really nothing that can be done when the situation arises. If a
searcher does not contact the observer for observation sessions, the
observer should telephone a reminder. Before calling, the observer
should allow about a week after the introduction session or the last
search. Call in the middle of the work week. At the beginning of the
week, a searcher may be too busy to think about the research. At the
end of the week, the weekend is too close, and it may be difficult to
schedule a suitable meeting time. The observer should not pester the
searcher. The searcher has mart' tasks to perform, and his/her first
priority is probably not the research. Contacting the searcher every
seven to fourteen days is usually appropriate.

Even if the observer has done everything "correctly", the searcher
may withdraw from the project with no warning or explanation. If this
is happening, the observer may contact the searcher by phone and express
interest in observing "x" more searches. If the searcher seems to have
a negative attitude, do not push. The situation should be accepted and
the conversation cordially ended. If the searcher responds positively to
the call, but still does not contact the observer for observation, send



a letter. Sending a letter is the least threatening gesture at this
point. The searcher may not want to continue participating, but dies
not know how to withdraw gracefully. A letter can be ignored, and will
provide the searcher an easy way to termincte. On the other hanj, the
searcher may be interested in continuing is project, but is pressed for
time. A letter reminds the searcher of the oroject, but does not demand
an immediate response.

The most important element to employ in conducting qualitative
research is common sense. Any problems encountered during the research
can usually be successfully handled by the researcher if he/she uses
common sense and understands the feelings of the participants. Be

polite, non-judgmental, empathetic, use common sense and your response
will probably be effective.


