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Online Query Refinement on Information Retrieval Systems:
A Process Model of Searcher/System Interactions

Hsinchun Chen', MIS Department, University of Arizona
Vasant Dhar?, IS Depanument, New York University

Abstract

This anticle reports findings of empirical research that investigated information searchers’ online query re-
jinement process. Prior studies have recognized the information specialists' role in helping scarchers articulate
and Tefine queries. Using a semantic network and a Problem Behavior Graph to represent the online search

our study revealed that searchers also refined their own queries in an online task environment. The
information retrieval system played a passive role in assisting online query refinement, whch was. however, one
at confirmed Taylor's four-level query formulation model. Based on our empirical findings, we proposed using
process model to facilitate and improve query refinement in an online environment. We believe incorporating
(his model into retrieval systems can result in the design of more “intelligent™ and useful information reuieval
systems.

Introduction

Electronic text-based information storage and retrieval systems in the form of online catalogs, online bibliographic
databases. and videotex that can store huge amounts of data and allow access via a terminal or a television set
ar¢ changing the way we gather, process. and retrieve information. These systems provide a wide variety of
information and services, ranging from daily updates of foreign and national news, movie reviews, law cases,
and financial data on companies o journal anticles, books, trademarks, and statistics. While archival information
sources such as libraries are becoming increasingly computerized, access w such information is often difficult,
due in large pan to the indeterminate nature of the process by whch documents arc indexed and the latitude
searchers have in expressing a query. For inexperienced searchers. the problem of finding documents that are
relevant to a query can be difficult for three reasons:

. it can require a significant amount of knowledge of the subject area in which information is sought,
2. it requires knowledge about the functionality of the information storage and retrieval system, and

3. it requires knowledge about the classification scheme employed in the information storage and retrieval
sysiem,

Searchers generally have limited knowledge about the classification scheme and the retrieval system. Since
the purpose of the search itself is often to acquire knowledge about the subject area. searchers may not be clear
about the subject area for which answers are being sought Searchers may have only a felt or conscious need
whch requires to be formalized and articulated. A human information specialist such as a reference librarian
olten assumes an active role in helping searchers refine and articulate their queries.

The focus of our research was to identify empirically how searchers refined their queries when using an online
catalog. We compared the results with prior studies in which librarians' assistance was present. Based on our
empirical findings. we proposed a process model for facilitating onlinc query refinement.
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Figure A framework for information siorage and retrieval

In Section 2, we present an information retrieval framework as the context for our research. We then describe
our research design and method in Section 3. In Section 4, we discuss how searchers refined their queries in
online environment based on Taylor's theory of query formulation. [n Section 5, we present a process model
aimed at facilitating online query refinement. We draw conclusion conceming our research in the final section.

2 Information Retrieval Framework

In this section, we present the information retrieval framework we developed. This framework, as shown
Figure 1, examines the human agents involved in te. online information storage and retrieval environment. e
types of knowledge these agents possess, and the unique charactenistics of their indexing and search behavior

2.1 Knowledge Components

Three types of knowledge are required for the information swrage and retrieval process. First, classificaton
scheme knowledge is used for indexing documents. Second, subject area knowledge is required for expressing

a query. Lastly, system knowledge helps a user perform a fruitful and effective search in an online rewrieval
system. These three knowledge components are presented on the left hand side of Figure 1.
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12 Agents

e three types of knowflcdgc an: typically disu'ibul;cd among three different parties 10 whom we refer as “human
ents.” These agents include indexers, 'who classify the documents based on some pre-determined classifica-
schemc; searchers, who cxpress their queries in their own terms; and reference librarians, who serve as

uo:rmcdjm'cs between searchers and retnieval systems.

it searchers generally do not have classification scheme knowledge and their knowledge of the subject area and

e sysiem functionality varies widely. Indexers generally have a great deal of classification scheme knowledge

and some subject knowledge. ’I.'hcy are, however, not concemed about the functionality of retrieval systems.

ipraians must have all three kinds of knowledge, although they generally know more about the classification
cheme and system than about various subjects. The relationships berween the knowledge components and the

Jgents are represented as links in Figure 1.

13 Indexing and Search Behavior

|ndexing uncertainty and search uncertainty are the primary sources of information retrieval problems.

131 Indexing Uncertainty

The process of indexing is partly indeterminate. Evidence suggests that different indexers, all of whom are well
ained in an indexing scheme, might assign different index terms 10 a given document (see the box labeled index
rerms in Figure 1). It has also been observed that an indexer may use different terms for the same document at
Jyifferent umes [15] (24].

13,2 Search uncertainty

search uncenainty refers to the latitude searchers have in adopting search strategies and choosing search terms
see the boxes 0N the right side of Figure 1) during the information reuieval process.

1. Search Strategies:

Search strategy is ofien used to describe the plan or approach 1o the whole search. In a card catalog study,
wo stralegies for searching have been identified: a “self-reliant” style where searchers generate their own
search terms and a “caialog-oriented” style where searchers use the terms found in the card catalog (26].
Another study classifies the search strategy in terms of the critical decision points faced during the online
search. Two types OF decision points occur during the search: a decision 10 react t0 unfavorable results
and a decision to revise search logic [16]. Bourne identifies two search strategies. In the “building-block”
approach. one enters various terms asS separate Search statements. After the search results a n derived, one
combines all search statements into a single final statement using the Boolean operator. AND. This strategy
contrasts with the “pearl-growing” strategy. in which one starts by searching on a few specific terms to
retrieve initial citations. These citations arc then examined carefully for new candidau search terms to be
added in the subsequent searches (18].

(&3

. Search Terms:

A high degree of uncertainty with regard o search terms has been observed. Searchentend to use different
search terms for the same information sought. Studies have revealed that, on average, the probability of
any two people using the same term to describe an object is about 10 percent [13) (12). This fundamental




propenty Of language limits the success of various design methodologies for controlled vocabulary-drive,
interaction (12].

Due 10 the uncertainty in choosing the index and the search terms. generating an exact march between g,
searcher’s terms and those of the indexer becomes difficult Bates (2] argues that for a successful maygy,
the searcher MUst somehow generate as much "variety" (in the cybernetic sense, as defined by (1]) in y,
search 8S IS produced by the indexers in their indexing.

While indexers use the rule of specificity for indexing, searchers tend to approach a search by specigy
broader terms first. There may be several reasons for this. One hypothesis is that searchers often dg oy
have '‘queries.” but what Belkin calls an ""anomalous state of knowledge™ (4). Searchers often expeg ©
refine this anomalous state into a query ¢through an inieractive process. The organization of a catalog org
system does Nnot always facilitate this type of query refinement. however. In contrast, reference Uibrarig,
appear to be particularly adept at performing this function.

Taylor suggests that a searcher's queries stan from an actual but unexpressed need (visceral need). Ty,
visceral need is refined to a conscious description of the need (conscious need). This need is final},
formalized as a statement (formalized need). However, the actual query presented to the informag,
sysiem may be compromised by the searcher's expectation of the system (compromised need) (28], Base,
on Taylor's model. a similar model for describing query refinement during the pre-search interview tetwes,
reference librarians and online searchers was developed by Markey (17). We also used Taylor's theary
model the online query refinement process. Details are discussed in Section 4.

The imponance of query refinement during the information retrieval process and the reference lbraniay,
role in assisting this process are well recognized in earlier ressrth Nevertheless, prior studies did py,
investigate the funcuionality of the retrieval systems in assisting query refinement. Ln our research, y,
investigated online query refinement process in detail, and our findings were used to develop a proceg,
model for aiding online information retrieval.

3 Research Design

A field study was conducted in 1988 at New York University. Data collection techniques including thin.
aloud protocols, tape-recordings, interviews. and questionnaires were used. By studying the interactions betweer
information searchers and an online catalog, we were able to identify the query refirement proccss whch occury
The online catalog system we studied, Bobcat. Lisied over 600,000 catalog records including all new matenys
acquired after 1973 and many older items previously listed in the card catalog. Joumals were not listed. Th
system provided seven search options: tide search. author search. combination of author and tite search, subjec:
search, call number search, keyword search, and Boolean search. These options are considered standard in mos
online catalog systems.

Thiny business school students ranging from Ph.D. candidates to freshmen participated in the study. Thex
subjects were asked to perform a search for documents within a subject area of their own choosing. In generu
the most frequendy chosen option was subject search, followed by keyword search using index term (on¢ wor:
only). Before beginning their searches, subjects were requested to explain what they were looking for. They wex
also asked to think aloud during their searches. Their verbal protocols were tape-recorded, and the interacuors
between the searchers and the system were logged. The interactions lasted between 5 and 40 minutes. A
the interaction, subjects were requested to state their queries again. A few follow-up questions pertaining 0 t
search process ad the problems encountered during the search also were asked.

Qur study was based on information processing theory [19]. The technique we used to analyze the collecie:
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Levels of Query Refinement in Online Search

gased on the represeniation we developed for capturing the online query refinement process, we were able to
scribe the online query refinement process in terms of Taylor's theory. We conclude this section by discussing
he gifferences between the way librarians assist in refining queries and the way information systems provide

quch help-

4l Representation of Search Process

The representation scheme we used for the analysis of the query refinemens process is based ON a semantic
petwork and a Problem Behavior Graph (PBG). Both representations are widely used in the area of Anificial
yigence. The semantic network is used 1o represent the semantic contents of searchers' queries. The PBG.

ellig . Lo .
l:nmc other hand, depicts the flow of the online information retrieval process.

411 Semantic Network

Tne concept Of a semantic network was first inroduced by Quillian (21] as a general association Mechanism for

encoding the meaning of words. A semantic network represents knowledge by means of nodes and links: nodes

represent objects, things, concepts, facts. etc.; links represent relationships among them. Semantic networks have
uscd . . . . . . .

B e besh B hed b e Sosign o Tnformation euicval Syatema o (87 Inpucan i (8] sas bedhin

for retrieval systems, have been represented using a semantic network structure [10) [25].

Knowledge of a subject area can be captured and represented by a large semantic network of terms (concepts)
where 1INks are of two types: reladons between non-index and index terms (USE links) and reladons between
general and specific terms (NT/BT links). These links exist in most thesauri. including the Library of Congress
subject Headings (LCSH) handbook (the classification scheme of the online catalog we studied). Figure 2 shows
1 poruon 0f the semantic network corresponding to the LCSH classification scheme.

+1.2 Problem Behavior Graph

In order to make the analysis of the online query refinement process more meaningful. we summarize the search
process in terms of a Problem Behavior Graph (PBG). This representation describes problem-solving activities
in @ time sequence. from an initial state (a vague description of needs) to a goal state (a solution that satisfies
the needs). This detailed representation of the problem-solving process is derived by first splizing up the user's
inieraction logs and verbal protocols into their semansic elements, which consists of knowledge elements ad
operator elements [19] [31). The knowledge elements specify the kinds of knowledge the subject has about the
wsk. The operator elements are a finite set of actions that take a state of knowledge as input and produce a new
swie of knowledge as output. Users typically use a finitenumber of operators to change the knowledge states.
PBG.whch was grounded on the information processing theory [19], has been used in a large body of research
io study the human problem solving process. Examples of the domains that have been studied include: fnancial
anulysis [5], mathematucal programming (20), scheduling {14), and conceptual data modeling [3). We found it
useful to represent the online information retrieval process in terms of PBG.
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the ififormation rerieval context, the essental knowledge elements are the terms used to express the query.
op¢eator elements are the moves or actons that change the content of the query. We refer to thern as the
nc operators. As shown in Table 1, we observed five semantic operasors used by searchers to move from
Mﬁamm to the next They are: ST (synonymous e operator. moves from a non-index term to its synonymous
onccx (eqm), BT (broader tem operator. from specific 1o general term). NT (narrower tem operator, from general
ind cific term). AT (adjacent term operator. from one term to another term which partially oveclaps in meaning).
w;P[‘ﬂ (dis,'oimcd term operator, from one term 1o another semantically different t&rm). These operators were
;‘"ﬂ.ved from our empirical studies. Details of how searchers used these operators in refining their queries are
4 . .
ated in Section S. . ‘ _
Pms; {us subsection, we explain these operators in the context of the semantic network structure we proposed.

|, ST: The USE link in our semantic network leads from a non-index t&m to its Synonymous index term. A

" searcher may follow this link to identify synonyms. These links are listed explicitly in the LCSH Hanobook.
For example, by following the USE link in Figure 2, a searcher can identify “Computers” as a synonym
of "Electronic Brain.”

BT or NT:Z The NT Ik leads from a broader t&m to a narrower term. BT lirk is the reverse of NT
2 link. Following the NT (or BT) links we can determine the level of specificity of different terms. For

example, by following the NT links in Figure 2, we know that “Electronic Data Processing” is more specific
than “Computers,” “Artificial Intelligence™ is more specific than “Electronic Data Processing,” and “Expert
Systems' is more specific than “Artificial Intelligence.” Both NT and BT links are transitive. Searchers
may decide to broaden or narrow their queries by following these lirks.

3. AT: Terms which are not directly related via the USE or NT/BT links but have the same common ances-
tor (broader term) or descendant (narrower term) in the network are considered adjacent tecms. We can
determine the common ancestor or descendant of any two terms by activating all paths leading to/from the
two terms in the network. The intersection of these paths is the common ancestor or descendant respec-
tively. For example, “Fuzzy Algorithms™ and “Machine Theory” have a common ancestor. “Algorithms.”
reached by following the reverse direction of NT links (BT links) in Figure 2 for both terms. “Electronic
Data Processing” and “Machine Theory™ are adjacent because they have a common descendant, “Artificial
Intelligence.” Searchers may change their topic of interest from an initial term to its “adjacent” terms.

4. DT: This operator represents the transition from one term to another term whch is semantically disjointed
(i.e., one erm cannot reach another via the links in the network). This generally represents a change of
query from one topic to another disjointed topic.

Bascd on thesc primitives. we can construct a PBG to describe the progression of the state of the query
through the problem space. Each node of the graph represents a particular state of knowledge for the searcher.
and each arc represents an operator that was applied to transit to the next state. By superimposing the PBG on the
semantc network. we get an interestng visual picture of the trajectory of the query. Figures 4 and 5 demonstrale
wo query processes using this scheme. We discuss them in the next subsection.

4.2 Taylor’s Theory for Online Query Refinement

In a seminal anicle on query refinement Taylor proposed four levels of query refinement that pertain to the
clienvinformation specialist interview session {27] (28] These four levels are. visceral need. conscious need,
formalized need. and compromised need. Changes of needs from one level to another are indicated 1 Figure
3 The libradan's role in assisting query refinement has been well recognized in the pnor studies We postulate
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Figure 3: Taylor’s theory of query refinemer

that online infomation retrieval systems also assist searchers in refining or anicutating queries. but possibly
more passive way.

We represented the 30 searcher/system interactions in terms of the PBG and then analyzed these PBGS bagey
on Taylor’s model. Although our study was unable to identify the visceral need, it revealed the remaining
levels of needs. (However, the very existence of the searcher’s query indicates the presence of the visceral nesg,
Definitaas for the four types of needs in the online task environment an as follows (28]:

in;

1. Q1. Visceral need: a vague son of dissatisfaction. or a cenain incompleteness in the searcher’spicture o
the world.

2. Q2. Conscious need: the conscious, within-brain description of the need. ln our study, this was reveal
in the searchers’ think-aloud protocols during their online searches.

3. Q3. Formalized need: the formal statement of need. This is a searcher’s query staiement. In OUF study
we elicited both pnscarch and postsearch query statemenis, Using interviews.

4. Q4, Compromised need: the query as presented to the infomation system. This is disclosed by the acta
search terms used by a searcher on the system. They were recorded in our log fle.
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data collection techniques used in‘oul’ study, namely, log file, tape-recording of the think-aloud proiocols,
erviews, were useful for identifying Lhe scarchers information needs at various levels. We obscrved
crous examples of query refinement from Q2 to Q3 and from Q3 10 Q4.
"‘unEjgm of the subjects changed the intent of their queries. Their postsearch statements of their information
were significantly different from their presearch statements (a change in the formalized needs). These
Wﬁ' conscious needs emerged during the search and were formalized during the retrieval process. This
ry refinement process involved the formalization of the conscious needs (Q2-Q3).
MTwcnlY -onc (21) subjects’ prescarch and postsearch statements of information needs were unchanged (no
panges in the formalized nccds).. However, the search terms used by these subjects vanied during the search
o ugh thesc tems were scmar_mcally close to the prescarch and postsearch statements). This can be considered
{ ocess of forming a compromised need from a formalized need (Q3-Q4). The higher frequency of the second
3P of refinement (Q3-Q4) may have resulted from the scarchers’ atiempts 0 provide search terms that the
(YI; m could recognize and that represented their complete information needs. In the following subsections, we
zscrib‘ these two types of query refinement processes (formalize the conscious need, Q2-Q3, and compromise
- formalized need, Q3-Q4) with examples.

w2l Formalize the Conscious Needs: (Q2-Q3)

cight of the subjects we observed, their presearch and postsearch query Statements were significanty different

runns of contents). The subjects' think-aloud protocols revealed their conscious needs, which involved needs:
9& were different from what had been stated in their prescarch statements. These cONSCious needs were formalized
ond then included in their postsearch statements.

Figure 4 illustrates how the content of one subject's query changed during the search process. The knowledge
components (terms)involved in this interaction arc represented using the semantic network structure We described
carlier (sce the ovals and the light arrows). The flow of the search process (in time sequence) is captured by g
pBG (follow the heavy arrows from Stwart 1o End). The terms involved in the search are represented by the ovals
1 Figure 4. The concepts involved in the subject's presearch query statement (rectangular boxes) as well as the
postsearch query Statement (shaded ovals) arc also shown in Figure 4.

Six groups of terms were mentioned in this query. Each group consisted of werms that comprised @ concept.
we refer to this as a concept group. In terms of semantic network representation, words that address a similar
concept are connected via some |inks (the ST or NT links as shown in Figure 4). In this example. six concept
groups were involved: Group 1- "error” and “error - psychology™ (connectedby an NT link as shown in the upper-
right hand comer of Figure 4). Group 2 - routine work™ and "otor skills” (connecied by an NT 1irk). Group 3 -
“data,” "'dataentry,” ""data editing."" "'data processing,” "'data processing service center.” “'data processing service
center - management.” and *'data reduction” (connected by the NT lins). Group 4 - “ergonomics” and ""human
factors” (connected by an ST k). Group S - “learning,” and Group 6 - “performance.” The subject's presearch,
query statement was very fuzzy, ""how people make ¢rrors.” 1t mentioned only one concept in Group 1 (indicated,
by the rectangular hox in Figure 4). Five new concepts were introduced during the search (Groups 2, 3.4, 5, and|
6). After the search, the searcher's query statement was: "the human factors in the mutine work of data entry.”
it contained concepts in Groups 2, 3. and 4 (see the shaded ovals in Figure 4). We postulate tha: the searcher's,
own brainstorming and the incidental information displayed by the system resulted in a query refinement process
similar to the one observed in the clienvlibrarian interview session. However, because the searchers had little
support from the system. this query refinement process was ofien time-consuming and ineffective.
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Figure 4: An example of formalizing the conscious needs
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Figure 5: An example of compromising the formalized needs

422 Compromise the Formalized Needs: (Q3-Q4)

The contents of 21 subjects' presearch query statements had the same or similar meaning as their postsearch
query statements. However, the search urms they used during the search vaned. The search terms input to the
information system (the compromised needs) were vanations of their formalized needs. We posit that this was
the result of the searchers' atiempts to adjust to the system's vocabulary.

In terms of semantic network representation. searchers may move from one term to its synonymous terms
(8T) in order to generate matches; to its broader terms (BT) in order to broaden the scope of their queries; to its
narrower terms (NT) in order to focus their searches; or switch from one topic to another topic which overlaps
partially in meaning (AT) in order 1o cover difTerent aspects of their queries.

Figure S shows an example of how one searcher chose different search terms to express an unchanged (in
terms of its meaning) query. Only one concept group was involved in this search, but this concept group contains
a number of terms which are related to “planning™ (see the ovals in Figure 5). The subject's prescarch statement
and postsearch statement addressed the same information need. "hierarchical planning™ (see the shaded oval and
the rectangular box in Figure 5). although different terms were chosen to express the query. After fading initially.
the searcher tried other semantically close wrms to generate matches. These terms included: "'business planning.™
"multi-level planning.” **large scale planning.” and “‘organizadonal planning.” (Follow the dark arrows from Start
io End in Figure 5.)

There may be several hypotheses to explain this process. First, because of the controlled vocabulary used for
document indexing, search terms used initially may not have produced any matches. So searchers were often
forced to use different terms. Second, information displayed by the system may have suggested new clues for




the search. Lastly. searchers may have found it more prudent to approach their queries from different angles by
using synonymous, broader. narrower, or adjacent terms).

43 Query Refinement: Librarian Vs Retrieval System

In earlier studies. the librarian's function in refining searcher's queries has been well documented. In this secion
we discuss the differences between the way librarians assist in refining queries and the way online reiney,

systems provide such help.

1. The Role: Librarians assume a more active role in refining queries tren retrieval systems do. Librarigng
attempt o understand the patron’s underlying information needs (conscious needs) in a very cardy Stage
This active role in query refinement is useful for achieving an efficient (minimal wasted effon) seary
Current online retrieval systems are too passive in #¥s respect, requiring searchers o do too much.

Experienced librarians, in particular, arc good at identifying a pauon's conscious needs by detecting incon,
sistency or incompleteness in the pauon's queries. They play an imponant role in prompting patrons i
formalize their conscious needs. searchers of online systems. on the other hand, rarely have this suppon.

2. Sources of Knowledge: In searcher/librarian interactions. both the searcher's subject area knowledge ang
the librarian's subject area, classification scheme. and system knowledge contribute to the generation g
new cues for the search. During searcher/system interactions. on the other hand, searchers can rely only gy
their own knowledge in the subject area (searchers in general have limited classification scheme and sysien
knowledge) and incidental information displayed on the screen. For searchers who have litde subject are;
knowledge (e.g., freshmen), this process is often unproductive.

Librarians' classification scheme knowledgc is often used to assist patrons in generating queries ihe in.
formation systems can recognize (compromised needs). Their knowledge about the system's controlieq
vocabulary, the cross-referencing structure, and the index principles employed helps patrons obtain a good
surrogate for their formalized needs. In the searcher/system interactions. this process is essentially one of
trial and error.

3. User Modeling: One capability which we found to exist only in the librarians was their ability to perform
a user modeling function. For example, librarians may expect vagueness in the queries from inexperienceq
and less sophisticated searchers (¢.g., freshmen). Librarians generally spend a considerable amount of time
in sharpening queries from these clients. But when dealing with more sophisticated searchers (e.g., Ph.D
students), they may assume the searchers know exactly what they what. This user modeling function of
the reference librarians has been reported in {7).

We summarize these differences between librarian and online system assistance in refining queries in Table 2.

It is clear that in order to design more effective and useful online reuieval systems, query refinement functionality
needs to be incorporated into the retrieval systems.

5 Process Model of Online Query Refinement

We derived some interesting empirical findings penaining to how searchers refire their queries when using the
reuieval system. These findings were used io develop a process model that can facilitate online query refinement.
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Table 2: Librarian vs. system in query refinement

5.1 Two Approaches to Online Query Refinement

We observed that searchers refined their queries using two approaches to which we referred as semantic-based
browsing and retrieval by instantiation.

511 Semantic-Based Browsing

Searchers may obtain their search terms by browsing the semannc network of concepts. From our empirical
studies we identified a typology of semantic operazors that searchers used for refining heir queries. This typology
included synonymousterm (ST), broader tam (BT). narrower term (NT), adjacent term (AT), and disjointed term
(DT). The searcher's query refinement process can be viewed as a traversal (browsing) in this semantic network
of concepts (terms, topics. etc.) using these five operators. Figures 4 and § illustrate this type of query refinement.
We discuss these semantic operators below.

[. Synonymous Term (ST): In the searcher/system interactions, we observed a proccss where the synonymous
terms were self-generated by the searchers when their initial terms matched too few citations. For example.

as a consequence of having found no matches by using "human factors."" a user next used a synonymous
term. "ergonomics.” to express his query.

2. Broader Term (BT): Searchers may change from terms which an more specific in meaning to terms whch
are more general. This change may be due in part to a searcher's misconception that citations classified
under the specific terms should also be classified under broader terms. For example. a searcher who was
looking for books about “statistical power" immediately changed her search term from "'statistical power"
to "statistics™" afwr obtaining no matches from the first term.

3. Narrower Term (NT) Sometimes. searchers may decide to narrow their queries by choosing more specific
terms. This occurred when a set of matched citations was too large. Searchers often had their own
expectation of what a reasonable number of matched citations should be. For example. after deriving a
huge set of matched citations under "'statistics," a searcher immediately returned to a more specific term.
""measurement.” Searchers also used narrower terms when the initial term generated jrrelevant citations.

4. Adjacent Term (AT):Searchers may change their search topic to one which partially overtaps with their
initial terms in content. This occurred when few relevant citations were derived from their it terms.
These adjacent terms may capture aspects of the query which were not represented in the initial terms.
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For example. a searcher switched from “economics of informdon® to "game theory™ in two consecytjy,
search stages in an attempt to explore the different aspects of the "bargaining problem."

5. Disjointed Term (DT): Searchers may change their search topic to another semantically disjointed WOpic
This occurred when muliiple topics were involved in a query and when previously ignored conscious negy.
were revealed during the search. In an online retrieval system that has full Boolean capability. this
of query can be expressed using Boolean operators. Searchers. however. may have problems using thes,
operators. In our study. four subjects anempted to use a Boolean search. while most subjects searched wy,
single term (not using the Boolean search option) even though they had more than one topic in their quer,
For instance, @ searcher used “hyperiension” @t "salt substitute™ (two disjointed topics) in two separae
steps in an effort to search for materials about “the effect of salt substitutes on hypenension” This Query
can be expressed by the Boolean logic: “hyperiension AND salt substitute.*

These five operators correspond to the various Links of the semantic network structure we have proposed. The
ST operators follow the USE links in the semantic network (se¢ Figure 2). The NT and BT operators folloy,
in either direction, the NT or BT links. Terms which have a common ancestor or descendant (but not op ,
hierarchy of NT or BT lirks) are considered to have an AT relationship (going from one such term to another
is considered as an AT operation). Terms which are not linked in the network are considered to have an Dy
relationship (likewise. going from one such term to another is considered as an DT operation). We believe iy
an online thesaurus that is based on this semantic network structure can help searchers refine their queries.

5.12 Retrieval by Instantiation

Detailed citation information can also help searchers obtain new cues for search. This includes: the tide, the
author, the publisher, and the index term of a book. In our studics. we (requendy heard statements such as:

This book is exactly what | am looking for
| am looking for books similar to this one.

By using information associated with the citations that are right on target, searchers can obtain other relevan
citations. Searchers can use the index terms derived from the matched citations to perform a subject search. New
relevant citations can be obtained. Searchers can examine the titles of the matched citations in order to elicit new
search terms (tide also reflects the content of a book). Searchers can find all books written by a particular author
in the area (most authors work in a few specific areas). Searchers can sometimes find all new books published by
a particular publisher (many publishers specialize in cerain subject mas). This reaieval mechanism. which we
referred to as retrieval by instantiation. has also been found useful in the design of other informadon retrieval
systems {25] (30} (32].

5.2 A Process Model

Grounded on our empirical findings, we have developed a process model for assisting query refinement using
online information retrieval systems. This process model consists of five stages as shown in Figure 6. They
arc: Initial Query Stage, Terms Grouping Stage. Relevance Evaluation Stage, Terms Solicitation Stage, and
Citations Instantiation Stage. We discuss each of these stages below.

5.2.1 Initial Query Stage

A search session starts with the Initial Query Stage (see the box & the top of Figure 6). Two activities ar
involved in this stage. First. searchers express their queries by using a few search terms. These search terms
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Figure 6: A proccss model for query refinement

epresent the searchers’ information needs. The searchers can use Boolean operators 1o combine their search
(erms.

Second. the search terms elicited are used to consult a semantic network-based online thesaurus (based on
the LCSH Handbook). Non-index terms supplied by the searchers can be translated to index terms by tracing
the USE links in this thesaurus. The output of this stage is a list of index terms (possibly combined by Boolean
operators) Which represent the searchers' qucrics.

5,22 Terms Grouping Stage

The Terms Grouping Stage consists of two processes. The first proccss focuses on grouping the index terms
derived from the previous stage according to their contents (relationships to each other with respect to the semantic
network) and generating new candidate terms from each group. The second process applies a few heuristics to
rank these rewly derived terms.

1. Grouping: Grouping of terms is accomplished by first instantiating all paths in the semantic network which
lead to/from these terms. This operaton is referred to as spreading activation. Terms which arc connecied
via some paths are classified into the same concept group. Complex qucrics (¢.g., a Ph.D. student's query
relating to a dissertation topic) may often involve more than one concept group.

An important by-product of this spreading activation proccss is a set of new terms found along the activaled
paths. These new terms can become good candidate terms for the searchers' quencs.

2. Ranking: The concept groups derived arc first ranked according to the wotal number of searcher-supplied
terms (originators) in each group. A group with many originators is considered more imporant to the query
than a group with fewer originators. We refer to this heuristic of ranking as the principle of origination.
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Next. we rank the newly derived terms within each group The ranking is based ON the

specificity A term which 1s more specific reveals the searcher's underlying information nee- , ?™"ple of [
more general counterparts (an observation from our empircal studies) and thus should be mw'u;:lh I

§.2.3 Relevance Evaluation Stage

The Terms Grouping Stage produces groups of ranked candidate terms. These terms need to be evaluageg by the
searchers, however. During the Relevance Evaluation Stage (see the box in the center of Figure 6), :hc

select and rank those terms they think are relevant to their queries. This process is intended 10 reveal the N
conscious needs. A list of ranked citations can then be generated from the ranked candidate terms. —Searche,

s.2.4 Terms Solicitation Stage

As shown in Figure 6, if searchers are satisfied with the retrieved citations (oth in terms of the Numpe,
maiched citations and the relevance of the citations), the search terminates successfully. On the other o
searchers arc not satisfied with the results. the search process continues. New information needs to be sy ph
The search moves on to the Terms Solicitation Stage if the searchers have new search terms to provide.

no search terms can be supplied by the searchers. the interaction proceeds to the Citations Instantiation su
This Stage involves the use Of the detailed information in the retrieved citations.

At the Terms Solicitation Stage searchers supply new search terms. These new terms arc first translaied |p,
index terms. A spreading activation process using these new terms and the previous terms then follows. N,
candidate terms and citations can be generated. This iicrative process ends when no new terms can be supplieq
by the searchers. This stage attempts to simulale the searchers' semantic-based browsing approach describeg
earlier.

|

$.2.5 Citations Instantiation Stage

While the Terms Solicitation Stage aims at soliciting new terms from the searchers, the Citations Instantiation
Stage instantiates the information embedded in the citations that have been selected by the searchers. It atempy
to simulate the retrieval by instantiation approach for query refinement. The index terms assigned w the selecteq
citations, in particular, provide good clues for the search. By performing a spreading activation process using
the old terms and the index terms just derived, new relevant terms and citations can be obtained.

As shown in Figure 6, our proposed process model for online query refinement is iterative in nature. By
applying the heuristics and the refining mechanisms in this model repeatedly, a retrieval system can better asss
searchers in articulating and refining their queries.

6 Conclusion

Electronic information storage and retrieval systems have changed the way people retrieve information. [nvesiors
access financial data of companies via their terminal at home. Lawyers consult law cases by online browsing of
databases. Researchers obtain information about relevant studies by using online catalogs and online bibliographic
databases. While the amount of information available for online access increases dramatically, searches arc often
problematic. This may be due in large part to the difficulty involved in articuladng and refining the searchers’
underlying dormation needs. Human information specialists' role in refining queries has been well recognized
in prior studies. In our research, we observed an online query refinement process consistent with Taylor's theory.
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