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We investigated the sources and effectiveness of search
terms used during mediated on-line searching under
real-life (as opposed to laboratory) circumstances. A
stratified model of information retrieval (IR) interaction
served as a framework for the analysis. For the analysis,
we used the on-line transaction logs, videotapes, and
transcribed dialogue of the presearch and on-line inter-
action between 40 users and 4 professional intermediar-
ies. Each user provided one question and interacted with
one of the four intermediaries. Searching was done using
DIALOG. Five sources of search terms were identified:
(1) the users’ written question statements, (2) terms de-
rived from users’ domain knowledge during the interac-
tion, (3) terms extracted from retrieved items as rele-
vance feedback, (4) database thesaurus, and (5) terms
derived by intermediaries during the interaction. Distri-
bution, retrieval effectiveness, transition sequences, and
correlation of search terms from different sources were
investigated. Search terms from users’ written question
statements and term relevance feedback were the most
productive sources of terms contributing to the retrieval
of items judged relevant by users. Implications of the
findings are discussed.

Introduction

Information retrieval (IR) systems emerged in the 50s
and 60s as static, batch processing systems. Starting in
the 70s, with the revolutionary symbiosis between com-
puter and communication technologies, the access to IR
systems became dynamic and interactive. In practice, in-
teraction became the most important feature of informa
tionretrieval. Means, ways, models, and types of IR inter-
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actionsare still evolving, changing, and, at times, improv-
ing. However, we still do not fully understand the many
complex aspects of interactive processes, despite a num-
ber of theoretical and experimental studies and scholarly
treatises (Ingwerson, 1992, 1996). Furthermore, most of
the research and development in IR, concentrating on the
improvement of effectiveness in automatic representation
and searching, has treated IR systems and processes as
static and not as dynamic or interactive (Saracevic,
1995). Such research, conducted now for 30 years, has
reached a certain maturity, as evidenced by the Text Re-
trieval Conference (TREC) experiments (Harman,
1995). In contrast, research on the interactive aspects of
IR has not reached maturity; it may be said to be emerging
out of infancy. There is a clear need for two things: to
concentrate more research in IR on interactions, to more
resemble what is actually going on in practice, and to
attempt to use what was found in interactive research for
the design and development of improved IR interfaces
and processes. Because we know so relatively little about
the complexity of variousinteractive variables, and partic-
ularly about their effects, the design of IR interfaces *‘is
not straightforward’’ (Belkin & Croft, 1992).

In this paper we concentrate on the selection of search
terms, one of the key objectives and processes of IR
interaction. We chose to study a complex, two-part inter-
action process where the selection of search terms takes
place: the interaction between a user and an intermediary,
before and during on-line searching, and the interaction
between the user and intermediary on the one side and
the IR system on the other side. In other words, we chose
a mediated on-line IR interaction, to discern the sources
of search terms and then to observe the effectiveness of
terms from each source. We made observations from a
particular type of interactive process, as found in mediated
IR practice. While we fully realize that, strictly speaking,
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our conclusions pertain only to the interaction type or
model chosen and to the data from this case study, we
aso believe that they provide an illumination of the inter-
active IR process in general.

Which search terms should be selected for a given
query to represent a user’s information problem? Thisis
a key issue and problem in searching of IR systems in
both practice and research (Fidel, 1991). By extension,
this aso involves the problem of sources: Where should
search terms be selected from?, as well as the problem
of the dynamics of selection: What interactive processes
can aid in selection? Search terms are a central determi-
nant in IR, and selection of search terminology isadriving
force and variable in IR processes (Saracevic, Mokros,
Su, & Spink, 1991). In themselves, these problems define
the importance of any and al investigations about search
terms.

Objectives

The results reported here stem from a study that is a
long-term effort involving a number of projects by the
same and expanding group of investigators whose collec-
tive aim is to contribute to the formal characterization
and better understanding of elements and processes in-
volved in human information seeking and retrieving and
in IR interactions, from the human perspective. A number
of papers and dissertations are related to the analysis of
the same or similar data from different perspectives
(Mokros, Mullins & Saracevic, 1995; Saracevic, Mokros,
& Su, 1990; Saracevic et al., 1991; Spink, 1993a,b; Wu,
1992). A detailed description of the data collection, mod-
els and approach can be found in those papers, thus only
a summary will be given here.

The objectives of the particular analysis reported here
isto use the data from the larger study and to concentrate
on the investigation of sources of search terms, the re-
trieval effectiveness of terms from different sources, and
the dynamics of search term selection, as observed during
real-life interactions between intermediaries, users and a
given on-line system. By ‘‘real-life’’ we mean that the
study involved: real users, with real questions; interaction
with professional intermediaries; searching using a com-
mercial on-line vendor (DIALOG); and the usua prem-
ises and policies of the institution involved (Rutgers Uni-
versity libraries). In other words, this was a naturalistic
case study and not alaboratory study, with all its strengths
and weaknesses.

Given the model of interaction developed for the study
as awhole (described briefly below), the approach to the
analysis of search terms involved:

(1) Classifying the sources of terms.

(2) Identifying the sources of those terms that retrieved
items judged relevant by users.

(3) Observing thetransitionsin sequences of search term
use.

(4) Examining the correlation between terms from dif-
ferent sources and search outcomes.

Several publications from the project have already
dealt with partial results about search terms, incorporating
differing aspects of the process of search term selection
(Saracevic, et al., 1991; Spink, 1993a, 1994, 1995;
Spink & Saracevic, 1992ab, 1993a,b). In this paper, we
unify those observations, with further analysis to cover
al four aspects listed above.

Approaches to Study of Search Term Selection

Two approaches, algorithmic and human, are currently
used to examine the process of search term selection in
IR. The two approaches are quite distinct, different, and
even isolated from each other. As research proceeds on
both fronts, the basis for meaningful interaction between
researchers from different approaches increases.

Algorithmic approach

In genera, this approach uses the text of a question
(topic) and/or a document found relevant by the user, as
input for an automatic technique to select search terms,
with logical connectors, and/or term weights. Some tech-
nigques use statistical approaches for both documents and
guestions; they select weighted terms for a search query
from the question. Examples of recent efforts aong these
lines can be found in the large evaluative project TREC
(Harman, 1995). Another approach is the automatic rele-
vance feedback technique; here the concentration is on
using search terms from documents found relevant. Vari-
ous relevance feedback algorithms have been evaluated as
to their effectiveness (Efthimiadis, 1993; Rocchio, 1971,
Salton & Buckley, 1990; Spink & Losee, 1996), but it
is not yet clear which are most effective in given contexts.
Natural language processing techniques (stemming, lexi-
con-based normalization, phrase formation and augmen-
tation, context-based clustering, and others) have aso
been used for query expansion and the selection of search
terms (Strzalkowski, 1995) but with indeterminate re-
sults. Some of this research has also focused on the devel -
opment of “‘intelligent’’ computer-based intermediaries,
interfaces, and expert systems to help end-users in the
selection of search terms and/or in the adjustment of
terms during database searching (Croft, 1987). In any
case, the selection of search terms for automatic query
formulation and/or expansion, using statistical or linguis-
tic models as theoretical base, continues to be a major
area of IR research.

Unfortunately, interaction was not largely involved in
this rich body of research, including the investigation of
relevance feedback techniques. Even the massive effort
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of TREC “‘in its present form is antiphatic to interactive
information retrieval’’ (Robertson, Walker, & Hancock-
Beaulieu, 1995). Theirs was the first effort to include
interactivity in IR testsin general and in TREC in particu-
lar. TREC 4 (conducted in October 1995) contained 11
projects involving interaction; inevitably as this effort
progresses, problems related to the selection of search
terms, and the help provided to users for selection/elabo-
ration, will become a major component of research.

Human approach

Research within this approach stresses the investiga-
tion or observation of human decision-making and be-
havior and cognitive variables during the process of inter-
active information retrieval. The approach derives its
theoretical base mostly from cognitive science and psy-
chology. Typicaly, the human approach examines and
models the behavior of search intermediaries and end-
users (Belkin, 1984; Fidel, 1991). It uses whatever a
user provides to represent an information problem and
the user’s experiences and context to derive and modify
a set of search terms. A user may select search terms
aone or in mediation with a human search intermediary.
During mediated database searching, search term selec-
tion can be dyadic between auser and intermediary, where
the intermediary on his/her own interacts with an IR
system, or triadic between a user, intermediary, and an
IR system are together, i.e.,, where the user is present
before and during the interaction with the IR system.

In the project as a whole, we chose to observe and
collect evidence about interactions involving users, inter-
mediaries, and an IR system; that is, we have chosen the
context of thetriadic interaction. A question can be raised:
Because end-user searching is rising explosively, why
study mediated on-line retrieval, which is a vanishing
breed of service? The answer issimple. Asin other situa-
tions where user modeling or diagnosis are involved, we
do not understand the process well. That is, as yet, we
simply do not understand well the interactive processes
inIRinall their complexity at different levels. Asaresult,
user modeling, although discussed at great length, is not
incorporated in to current IR systems design, and the
““intelligent’” interfaces have as yet not an ounce of intel-
ligence when it comes to such modeling. If we wish to
enhance user modeling and incorporate it with any degree
of success in the design of IR systems, then we must
study and understand first what is going on in interactions
involving human intermediaries in particular.

Related Studies

IR literature contains many book chapters and articles
devoted to the selection of search terms. Most of this
literature is descriptive or prescriptive (Blair, 1990;
Harter, 1986). However, many studies have examined
various aspects of search term selection. One of the most
popular topics was contrasting the retrieval performance

of free-text terms on the one hand, with descriptors from
thesauri (controlled vocabulary terms), on the other hand
(Bates, 1988; Blair & Maron, 1985; Cleverdon, 1967;
Dubois, 1987; Fidel, 1986, 1991; Keen, 1973; Lancaster,
1980; Markey et al., 1982; Parker, 1971; Rowley, 1994).
Note that we have also addressed the selection of terms
from a thesaurus as a source but strictly limited to the
type of interaction and analyses we have chosen. Thus,
we have not addressed the effectiveness of free versus
controlled vocabulary as in some of the mentioned
studies.

A growing body of studies has investigated the selec-
tion of search terms with data from real search situations.
Here are several studies that particularly relate to our
study:

« In alarge research study of search terminology, Fidel
(1991) analyzed 281 on-line searches by 47 searchers.
She derived a decision-tree routine for the selection
of search terms, contrasting controlled versus free-text
searching, and defining several searching styles. She
noted that both types of search terms, text words and
controlled vocabulary terms, complement each other,
evenly splitting in numbers (50—-50) for databases with
a thesaurus. She was aso concerned with moves—
modifications of search strategies that are aimed at im-
proving the results of the search, as we are.

 Saracevic, Kantor, Chamis, and Trivison (1988) com-
pared the search terms selected by experienced search-
ersfor the same information problem. They found con-
siderable difference in search terms selected for the
same questions by different professional searchers: the
average overlap of terms selected by five searchers for
the same questions was 27%.

« Hsieh-Yee (1993) found that novice and experienced
searchers differ in their selection and manipulation of
search terms for the same information problem, includ-
ing their use of synonyms. She found that novicesrelied
on nonthesaurus search terms and used fewer numbers
of sources than more experienced searchers.

 Bates, Wilde, and Siegfried (1993) found that search
terms used by humanities scholars differed markedly
from the types of search terms used by physical scien-
tists. Humanities scholars selected more chronological
terms, geographical terms, names of works, and indi-
vidual names than subject terms. Searches by physical
scientists used mainly subject terms or common terms.
Bates and coworkers concluded that ‘‘searches in the
humanities may be inherently more complex than in
the sciences.”’

The study reported in this article follows these exam-
ples. We suggest, asdid all of the aforementioned authors,
that findings regarding the selection and effectiveness of
search terms from different sources can provide guide-
lines for database searching practice and also for design
of interfaces and/or algorithms to help users with search
term selection and query reformulation, thus possibly
linking the human and agorithmic approaches in IR.
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Framework: A Stratified Model of IR Interaction

Various models of IR processes and systems reflect
interactive aspects in different ways. The traditiona
model, used in most agorithmic approaches reviewed
above, represents IR as a two-pronged set (system and
user) of elements and processes converging on matching
(for diagram and description, see Belkin & Croft, 1992).
In the traditional model, the system prong involves docu-
ments/texts, that were represented in a given way and
then organized in to a file, and ready for the matching
process. The user prong starts with a user’s information
problem/need, that is represented (verbalized) by a ques-
tion, which is transformed into a query acceptable to the
system, and then matching between the two representa
tions (texts and query) occurs. A feedback function is
included that alows for the modification of representa-
tions but usualy involves only the modification in the
user prong. The strength of the model isthat it allows for
the straight forward isolation of variables and for compar-
ison. But, the model has often been criticized for weak-
nesses (Belkin, 1993). Primarily, interaction is not di-
rectly depicted in thetraditional model at all. It is assumed
under feedback. In turn, feedback was treated mostly as
an instrument for query modification. Yet, even a most
casua observance of IR interaction can see that there is
much more involved. The traditional IR model is insuffi-
cient for use in studies such as this one.

A number of interactive models for IR have been dis-
cussed and proposed (Belkin, Cool, Stein & Thiel, 1995;
Belkin & Vickery, 1985; Ingwersen, 1992, 1996), but as
yet none is as widely adapted and used as the traditional
model. We adopted and adapted a number of concepts
from these interactive models to formulate a stratified
interaction model of IR for usein our studies. It is briefly
summarized below, while it is elaborated in more detail
in Saracevic (1996).

We can think of interaction as a series of episodes in
time occurring in several connected levels or strata. Each
level involves different elements and/or specific pro-
cesses (a similar notion is used in communication and
linguistics under the name of stratificational theory). Here
we simplify the stratified models or strata on the user
side: surface, cognitive, situational, and affective. The
computer or system side has levels as well: surface, engi-
neering, processing, and content.

On the surface level, interaction is a series of episodes
in time in which users interact through an interface with
a system to do not only the searching and matching (as
depicted in the traditional IR model) but also engage in a
number of other processes or ‘‘things'’, above and beyond
searching and matching, such as exploring the attributes
of a given system, or information resource, navigating,
visualizing results, engaging in various types of feedback,
and so on; and systems interact with users with given
processes and ‘‘understandings’ of their own, and pro-
vide given responses in an episode.

Our analysis of search term selection is on such a

surfacelevel. In other words, in this study, we concentrate
only on the surface level of interaction, while acknowl-
edging (but not investigating) the role of other levels
described next.

On the cognitive level, users interact with the *‘texts'”’
(including images, data, and their representations) in the
information resources, considering them as cognitive
structures. Users interpret and judge cognitively the texts
obtained, and may assimilate them cognitively. On the
situational level, users interact with the given situation
or problem-at-hand which produced the information need
and resulting question. The results of the search may be
applied to the resolution or partial resolution of aproblem.
Users judge the texts obtained according to their utility.
On the affective level, users interact with intentions and
motivations, and associated feelings of satisfaction, frus-
tration, urgency, etc.

However, things are not that smple. The situation that
was the reason for interaction to start with produced a
problem that sometimes may beill defined, and the related
question, if not on paper then in user's mind, also may
be defined in various well-ill degrees. A user aso brings
a given knowledge state, belief, intent, and motivation
related to the situation. Trying to capture al theseiscalled
user modeling, a diagnostic process that has not been
mastered well in automated IR or any other computer
application, such as Al. All this is used on the surface
level to select files, search terms, search tactics, and other
attributes in searching and decision-making and on the
deeper, cognitive level to interpret and otherwise cogni-
tively process the texts, and make relevance judgments
and other decisions.

During IR interaction, as the discourse progresses
through episodes, these deeper level cognitive, situational,
and affective aspects in interaction can and, often do,
change—the problem or question is redefined, refocused,
satisfaction or frustration sets in. Thus, as the interaction
progresses, things on the surface level change as well:
e.g., new search terms are selected, old abandoned, tactics
are adapted and changed, and so on. There is a direct
interplay between deeper and surface levels of interaction.
Search term selection from different sources and at differ-
ent episodes (stages of the process, e.g., pre-on-line and
during on-line episodes), reflects such interplay. The in-
terplays explain changes in search term selection. Under-
standing interaction requires understanding these inter-
plays.

The intervention of an intermediary in the interaction
process (such as in mediated on-line retrieval ) adds till
another complex stratum, very interesting in itself. The
roles that intermediaries play can also be decomposed
into levels. On the surface level, intermediaries use their
mastery (knowledge and competence) of IR systems—
their contents, techniques, peccadilloes— not mastered by
users. This is used to provide effective interaction with
the system on the surface level. But on the deeper or
cognitive level, they aso provide clarifying and diagnos-
tic aspects. They provide help in defining the problem,
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TABLE 1. Summary of the data corpus.

Questions

Number of questions (1 per user) 40

Hours of videotapes 46.05 hours
Mean time per question 69.08 min
Mean time: presearch interview 13.04 min
Mean time per on-line search 56.04 min
Search Intermediaries

No. of search intermediaries 4

Mean experience per intermediary 8.5 years
Items Retrieved

Tota no. of items retrieved 6225

No. of relevant (R) and partialy relevant (PR) items retrieved 3565

No. of not relevant items retrieved 2660
Mean precision per question 57%
Min/Max of total items retrieved 13/427
Standard deviation 85.9
Min/Max of R + PR items retrieved 1/348
Standard deviation 71.43
Min/Max of not relevant items retrieved 0/180
Standard deviation 47.2
Databases Searched

No. of different databases searched 46

Mean number of databases searched per question 3

focusing the question, and incorporating the context as
well as other aspects that enter into user modeling. During
subsequent episodes, as the interaction and search prog-
resses, intermediaries may a so suggest changesin the prob-
lem or question definition. All this plays a criticd role in
the selection of search aspects on the surface level: files,
tactics, and search terms in particular. Thus we treat the
selection of search terms as one of the dynamic interactive
processesin IR. The selection process is realized and mani-
fested on the surface level, while the effectiveness of search
terms, involving user relevance judgments, is established
a the cognitive and possibly aso stuational levels.

Methodology for Data Collection and the Data
Corpus

Dataused in thisanalysiswere collected during alarger
investigation of mediated on-line searching, reported else-
where (Saracevic et al., 1989, 1991). Because these pa-
pers contain a fuller description of the project as awhole,
we will only briefly summarize the project and data in-
volved.

Table 1 provides an overview of the data corpus from
the larger study. Forty self-selected academic users (fac-
ulty and doctoral students) with real information prob-
lems provided one question each for on-line searching on
DIALOG. Four professional search intermediaries were

involved, each doing 10 questions. The 40 questions in-
cluded topics in medicine, socia sciences, physical sci-
ences, and the humanities, and searching as many DIA-
LOG databases as necessary for a given question. Users
filled out a standardized form for the question statement
before the search, listing the title and description of their
guestion, asis customary in the procedures of the Rutgers
University libraries.

The interaction between users and intermediaries was
videotaped during a pre-on-line search interview and dur-
ing the actual on-line search. The transaction logs of the
searches were recorded. The discourse between the users
and intermediaries was transcribed from the videos. L ater,
utterances in the discourse from the transcripts and entries
(commands, responses) from the transaction logs were
synchronized as to time of appearance in the total interac-
tion to alow for various analyses. The written user ques-
tions and the synchronized transcripts and logs were the
basic data for determining search term sources and for
the analysis of sequences. The transaction logs also pro-
vided data for the determination of cycles (set of com-
mands between the beginning of a search and the display
(printing, viewing) of retrieved items, or between two
display commands), and moves defined above by Fidel
(1991) study. The variables, moves, and cycles are men-
tioned later in the paper when reporting on the correlation
with search term sources as variables.
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Users were provided with a printout of all items re-
trieved during and/or at the end of the search, consisting
of the full item, as a database provided. Each user exam-
ined each retrieved item and judged it as being relevant
(R), partidly relevant (PR), or not relevant (NR). We
provided users with an instruction sheet defining the
meaning of relevance as being topical relevance; how-
ever, we can not tell whether users used their own and/
or other criteriafor relevance judgments. These relevance
judgments were used to determine the effectiveness of
various search term sources. In addition, users completed
an extensive questionnaire for each question involving,
among others, a score on a Likert scale related to auser’'s
broad conceptual knowledge of the domain; specific
knowledge or expertise on the problem-at-hand; familiar-
ity with the language or terminology used in the problem
or domain; and overall satisfaction with the results of the
search.

These variables are also correlated with search term
sources. In this, and all other analyses, we collapsed the
users relevance judgments from three to two classes:
items judged relevant (R) and partidly relevant (PR)
were collapsed into one category (R + PR), from now
on simply called relevant. In other words, we treated
relevance as ‘‘weak’’ not ‘‘strong’ relevance (Sara-
cevic & Kantor, 1988). This was done for two reasons:
expediency in calculation and, even more importantly,
isolation of whatever may be relevant to any degree from
that which was definitely judged not relevant.

Methods of Analysis

Identification of Search Term Sources

For the analysis of sources of search terms and their
effectiveness, we used the following data: users' question
statements; transcripts of the user-intermediary discourse;
transaction logs; and users' relevance judgments. By us-
ing these together, we can credit each search term with
its source and each search statement (a set of search
terms connected with alogical operator, AND, OR, NOT)
where a given search term appears with the retrieval of
a given item judged relevant or not relevant. We can
aso identify the sequence in use of search terms. After
preliminary analysis of all the data, (using grounded the-
ory approach as described by Corbin & Strauss, 1990),
we identified all the possible sources of search terms.
There were five sources. Question Statement, User Inter-
action, Thesauri, Intermediaries, and Term Relevance
Feedback. They are defined in Figure 1. All later analyses
refer to these five sources.

The following method was used in determining and
categorizing the sources of search terms. First, for each
of the 40 questions, the total set of search terms was
identified and listed. Second, using the user's written
question, the transcript of the user-intermediary dialogue
(or where necessary the videotape itself), and the syn-
chronized search log, the first mention of the search term

was identified as to its source. Third, the presence of a
search term in each item judged relevant (R + PR) and
not relevant (NR) was recorded. The search term(s) that
were responsible for the retrieval were credited so. In
other words, a search term that appears in an item (as
given by a database) was credited with the retrieval. If a
search term was specified to appear only in a given field,
only that field was examined; e.g., if a search term was
searched as a descriptor only, then only the descriptor
field was examined for that term and not the other fields.
Fourth, the number of search terms categorized by sources
was summed over the 40 searches.

To provide some clarification, the user-written ques-
tion statement was submitted at the outset of interaction;
thus it is the starting point for crediting it as a source of
asearch term. Astheinteraction progressed, other sources
of additional search terms were credited in order of ap-
pearance. This should be stressed: we credited the source
where a term was mentioned first, irregardless if at a
later time the term was again and again identified through
another source. Thus, for instance, if a search term was
first mentioned in the user’s question statement, we cred-
ited the question statement, and thus the user, irregardless
if that term was later also found in a thesaurus or was
frequently mentioned by the intermediary. In particular,
we did not analyze the use and effectiveness of thesauri
and controlled vocabulary searching. We only credited a
thesaurus as a source, if, and only if, in the course of
events or episodes, athesaurus was chosen for elaboration
on what to search on and as a result a new search term
was selected that was previously not selected by another
source. (If we used another policy, e.g., where the user
is not required to submit a written question, but s/he
presents it verbally during interaction with an intermedi-
ary, our results may or may not differ—we don’t know).
Data on these aspects are presented in Tables 2—4.

Effectiveness of Search Term Sources in Relation to
Relevance

As mentioned, a major objective was to examine the
relationship between the search terms and their sources
on the one hand and retrieved items as judged relevant
or not relevant by users on the other hand. In thisanalysis,
wetook atwo-pronged approach. In the first approach, we
concentrated on the sources of search terms that produced
relevant items only, as presented in Tables 5 and 6. For
brevity, we refer to terms from a given source that were
responsible for retrieval of relevant items as relevant
terms.

In the second approach, we analyzed not only search
terms that were responsible for the retrieval of relevant
items but also those that were responsible for the retrieval
of not relevant items, or had no retrieval. We classified
the search terms for a given question as to the retrieval
of itemsjudged for relevance in four effectiveness catego-
ries as defined in Figure 2: terms that retrieved relevant
items only; terms that retrieved both relevant and not
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Question Statement (QS)

Search terms derived from the user's written
statement of their information problem and
request.

User Interaction (Ul)

Search terms suggested by the user prior and/or

during the online search, and not derived from
the user's question statement.

Thesaurus (TH)

Search terms derived from a database
thesaurus.

Intermediary (IN)

Search terms suggested by an intermediary
prior and/or during the online search

Term Relevance Feedback
(TRF)

Search terms suggested either by user or
intermediary from retrieved items identified by
the user as relevant.

FIG. 1. Definition of sources of search terms.

relevant items; terms that retrieved not relevant items
only; and terms that had zero retrievals (e.g., some terms
in alogical OR seguence can have zero retrievals). The
second category is a recognition that there are search
terms that are responsible for retrieval of both items
judged relevant and at the same time also for other items
judged not relevant. To get a more general picture of
effectiveness, we collapse the effectiveness categories
from four to two: positive effectiveness by adding terms
in categories R + (R + N), i.e., we combine terms that
produced any relevant items; and negative effectiveness
by adding terms in categories N + Z, i.e.,, combining
terms that retrieve only not relevant items or had no re-
trievals at al. In this way, we can separate clearly those
terms that produced any relevant items from those that
were total duds. The results are presented in Tables 7
and 8.

Proportional Term Weighting

The preceding procedure for identifying and categoriz-
ing sources did not include the consideration of thelogical

connectors (AND, OR, NOT) between terms in search
statements with more than one search term. Thus, a pro-
portional weighting scheme for search terms in a state-
ment was developed. The idea was to normalize by
weighting the retrieval contribution of all relevant and not
relevant items, taking into account the logical connections
between terms in a search statement, and then to add the
total weight for al search terms in a statement retrieving
a given item—be it relevant or not relevant. We started
by taking the position that the total weight for al search
terms in a search statement in relation to retrieval of an
item equals one. This weight then is distributed among
search terms based on the given logical combination con-
necting the terms. In other words, each item retrieved
(relevant or not relevant) by a search statement had a
total weight of 1; each term contributing to the retrieva
of that item received a proportion of 1, according to the
following rules:

(1) If only oneterm in a search statement is responsible
for the retrieval of an item, its retrieval weight is 1.

R = relevance only

Search terms that retrieved relevant items
only

(R + N) = mixed relevance

Search terms that retrieved both - at times
relevant and at times non relevant items

R + (R + N) = positive
effectiveness

Search terms that retrieved relevant items,
i.e. at times both relevant items only and
mixed retrievals

N = non relevance only

Search terms that retrieved non relevant
items only

Z = zero retrieval

Search terms that retrieved nothing

N + Z = negative effectiveness

Search terms that retrieved only non
relevant items or retrieved nothing

FIG. 2. Categories of search term sources according to the effectiveness of retrieval.
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(2) If more than one term is responsible for the retrieval
of an item, each term received a proportiona re-
trieval weighting. If the search statement connects
search terms with a logica AND, (e.g., apple and
orange), both terms are considered to contribute
equally to the relevant retrieval and both receive a
proportional retrieval weighting of 0.5. (Adjacency
command between terms was treated as AND). If
three search terms contributed to the retrieval of the
item, each search term received a proportiona re-
trieval weighting of 0.33.

(3) If two terms are linked by logical OR (e.g., apple
or orange) and only one term appeared in the re-
trieved item, that term was weighted 1 (if apple ap-
peared in the item and orange did not, then apple
received weight of 1 and orange received nothing).
If both terms appeared in the item, each term re-
ceived 0.5 retrieval weighting, as neither term could
be excluded as having responsibility for the retrieved
item.

(4) Search terms excluded by the logica NOT e.g.,
(apple and orange not pear), are considered to con-
tribute to retrieval and thus, they also receive a pro-
portional weighting, e.g., pear is weighted 0.33. The
case of NOT gives specia problemsto any weighting
scheme. We took the position that pear contributed
to the retrieval by its very absence in an item, thus
in this weighting scheme, it was credited even while
not present in the retrieved item.

For each search term, the proportional weights are
summed over the number of items retrieved. So if apples
retrieved 5 items with proportional weights of 1, 0.33,
0.5, 0.33, and 1, then the proportional weight for apple
for the whole search is 3.16. Note that the source of apple
and other terms was aready determined, thus we can
determine the proportional weight numbers and relative
percentages of the sources for all the terms in the search
and then sum them for the 40 questions. The results are
presented in Table 9.

Transition in Sequence of Search Term Use

The objective of this analysis was to determine if regu-
larities versus randomness existed in the transition from
the use of one search term ( categorized by a given source)
to another search term (from whatever source), in the
sequence of search terms as they were used during the
search process. To observe the transitions, we applied the
log-linear analysis, using methods described by Knoke
and Burke (1980), and specific refinements and interpre-
tations devel oped by Mokros (1984). Log-linear analysis
is a powerful method to examine the patterns and dynam-
ics of sequences in a process. In this study, log-linear
analysis was used to examine the patterns of change be-
tween the use of search terms as to their sources and
determine whether significant patterns exist in the se-
quence of terms used at time T and those used at time T
+ 1. The results are presented in Tables 10 and 11.

Relationship between Search Term Variables and Other
Variables

The project as a whole involved the collection of data
on anumber of variablesthat characterize the users, ques-
tions, interaction, searches, and search outcomes. In this
paper, we report on the variables related to search termi-
nology. However, we performed correlation analysis
(Williams, 1992) of the variables related to search termi-
nology with many of the other variables in the project,
with particular concentration on the user satisfaction rat-
ings; search outcome variables: number of relevant and
not relevant items retrieved and precision; search process
variables: cycles and moves, as defined above; and user
characteristics, such asdomain knowledge, also as defined
above. For example, we asked questions such as:. Did
guestions using high number of Question Statement terms
result in high precision?

The specific aim of this analysis was to identify those
search term variables that are significantly related to a
number of other variables to serve as hypotheses for fur-
ther study. In this paper, we report on the significant
correlation only, omitting those that were not significant.
The results are presented in Table 12, where we present
only the variables with statistically significant correlation.

Results

Sources of Search Terms

The total number of search terms used in the 40 ques-
tions was 593, with a mean of 15 per question, a maxi-
mum of 43, aminimum of 4, and a standard deviation of
8.77. The variation in the number of search terms across
guestions was relatively large, probably reflecting the va-
riety in the complexity of the questions submitted. The
distribution of these 593 search terms across the five
sources is presented in Table 2. The basic results are
interesting from a number of perspectives. Users were
responsible for 61% of terms, which means that 39%
came from other sources during the interactive process.
In other words, users were not responsible for 39% of
search terms, which is a large percentage. Actually, the
role of interaction was even larger: of the 361 user terms,
227 (or 38% of the total of 593 terms) came from the
written Question Statement and 134 (23% of total) came
from the User Interaction, that is, they were generated
during the interaction. Thus, if we add these 23% to the
rest of the terms, we can attribute 62% of search terms
to the interaction processes. This indeed illustrates in a
simple but powerful way the contribution of interaction
to search term selection.

Thesauri contributed 19% of the search terms. (As a
remainder: we looked for the first appearance of a search
term as to its source; if a search term was at any time in
the process of being searched as a descriptor from a the-
saurus but first was identified by some other source, then
the thesaurus was not credited. Thus 19% does not repre-

748 JOURNAL OF THE AMERICAN SOCIETY FOR INFORMATION SCIENCE—August 1997



TABLE 2. Number and percentage of total search terms selected from
each source.

Total terms
Sources Number  Percent of total terms

Users

Question Statement (QS) 227 38

User-Interaction (Ul) 134 23

Sub-Total Users 361 61
Thesaurus (TH) 113 19
Term Relevance Feedback (TRF)

Selected by users 25 4

Selected by intermediaries 42 7
Sub-total TRF 67 11
Intermediary (IN) 52 9
TOTAL 593 100

Number of questions, 40.

sent the frequency of thesaurus usage in search state-
ments, it represents the sources of search termsfirst identi-
fied through a thesaurus).

Term Relevance Feedback (TRF) contributed 11% of
terms, i.e., when some relevant items were retrieved, their
examination suggested 11% of the new, additional terms.
Out of the 67 terms selected from this source, 25 (37%)
were selected by users and 42 (63%) by intermediaries,
thus, intermediaries played a significant role in feedback
and the selection of new terms from retrieved items
(Spink, 1994, 1995). However, using the Term Rele-
vance Feedback results in a broader context, there was a
lot of examination of retrieved items as to their relevance
during the interaction. In searches involving the 40 ques-
tions, Spink (1997) identified a total of 354 feedback
loops where users together with intermediaries examined
retrieved items for relevance and an additional 67 loops
where the items were examined for search terminology.
Relevance feedback clearly played a role in selection of
additional search terms, but with 11% of new search
terms, thisis not aslarge a role as may be expected. The
examination of relevance during the interactions clearly
served additional roles, not only as suggestions for new
search terms. This raises an interesting research question:
What is happening during relevance examination in IR
interaction? (As an aside: we do not know what percent-
age of the search terms are generated by various automatic
feedback techniques mentioned above, but it may be of
interest to compare them with our data. Are the percent-
ages comparable?)

Finally, intermediaries contributed, on their own, 9%
of terms—a relatively small amount (this is independent
of attribution to intermediaries of terms selected from
Term Relevance Feedback—there we took the stance that
the retrieved items were the sources and not who selected
them from those items). However, the impression of a
““small amount’’ may be misleading because the primary

role of intermediaries was not the selection of search
terms but the diagnosis and conduct of an effective search
and interaction. As shown in the preceding paragraph,
intermediaries also contributed significantly to the selec-
tion of search terms during relevance feedback. We do
not know what would have happened if there were no
intermediaries to affect term selection from any other
sources, but clearly they played a significant role in the
identification and selection. Asyet it is not clear at all to
what extent such a role could be played for end users by
an automated process, i.e., an ‘‘intelligent’” interface. At
minimum, such an interface would have to guide users
in the selection of search terms beyond some 38% of
terms that the users originally brought to the process.

Distribution of Sources Across Questions

In Table 3, we present the number and proportion of
the total of 40 questions that used given search term
SOurces.

Because a written question statement was a starting
point for all 40 searches, it is not surprising that all of
them had the Question Statement as one of the sources.
However, not all the other sources were used in al ques-
tions. User Interaction as a source was found in 70% of
guestions, Term Relevance Feedback in 55%, and Inter-
mediaries and Thesaurus, each, in 50% of questions. Us-
ers were the largest contributors in generating search
terms, as found above: in close to two-thirds of the ques-
tions they also contributed terms during the interaction.
Looking at this other way, half of the questions did not
use Intermediaries or Thesaurus as sources, and 45% did
not use Term Relevance Feedback. These are fairly high
percentages in not using the specific sources. Most inter-
estingly, relevance feedback generated new search terms
in slightly more than half of the questions; as a rule it
was not a regular contributor of search terms.

However, the picture is a bit more complex. The use
of a combination of sources across questions is illumi-
nated in Table 4. The table shows how many sources in
a variety of combinations have been used across the 40
questions.

Only 7% of questions used Question Statement aone.
This again shows that in an overwhelming majority of

TABLE 3. Distribution of sources across question: Number of ques-
tions in which each search term source was used.

Used in questions

Search term source Number Percent of all questions
Question Statement 40 100
User-Interaction 28 70
Term Relevance Feedback 22 55
Intermediary 20 50
Thesaurus 20 50

Number of questions, 40.
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TABLE 4. Distribution of sources across questions: Combinations of sources used to select search terms

in given number of questions.

Used in no. Percent of
Sources of questions al questions Cumulative, %

Single sources of search terms

QS aone 3 7 7
Two sources of search terms

QS/UI 3 7

UI/TRF 2 5

UI/TH 1 3

UI/IN 1 3

Subtotal 7 18 25
Three sources of search terms

UI/QS/ITRF 4 10

UI/QY/IN 4 10

UI/QSITH 3 7

QS/IN/TRF 1 3

QS/TH/ITRF 1 3

Subtotal 13 33 58
Four sources of search terms

UI/QSITRF/TH 3 7

UI/QSITH/IN 3 7

UI/QYIN/TRF 2 3

QS/TH/TRF/IN 1 3

Subtotal 9 22 80
Five sources of search terms

UI/QS/ITH/TRF/IN 8 20 100
Tota 40 100

Number of questions, 40; QS, Question Statement; Ul, User Interaction; IN, Intermediary; TH, Thesau-

rus, TRF, Term Relevance Feedback.

questionsinteraction played arole in the selection of other
search terms. In 18% of questions, there were two sources
used; in 33% three sources; in 22% four sources, and in
20% all five sources. It is interesting to observe that all
five sources were used in only one-fifth of the questions.
Thus, the variety of sources used in various questions is
quite variable. In all probability, this is dependent on the
characteristics of the question, such as broad or specific,
but we have not investigated this aspect of the data.

Effectiveness of Search Term Sources in Retrieval of
Relevant Items

In this analysis, we concentrate on the relationship
between search term sources to items judged relevant by
users. (Asmentioned, we call termsthat retrieved relevant
items relevant terms.) Table 5 shows how the five differ-
ent sources contributed to retrieval of relevant items: the
first column lists the sources; the second gives the number
of relevant terms from each source and in parentheses the
total number of terms for the source (as given in Table
2); the third column has the percentages of relevant terms
from each source (i.e., percent of 378 relevant terms);
and the last column provides the percentage of relevant
terms for each source in relation to total number of terms
for the source (e.g., for Question Statement 81% out of
the total number of 227 terms produced relevant an-
swers).

Of the total of 593 search terms, 378, or 64%, of terms
retrieved relevant items with a mean of 9 per question, a
maximum of 25 and a minimum of 1. The rest of the
terms, or 36%, did not contribute to retrieval of relevant
items, as will be further elaborated in the next section.
Search terms selected from users Question Statements
werethe most productivein theretrieval of relevant items;
while they constituted 38% of the total search terms (see
Table 2), they wereresponsible for closeto half (49%) of
termsretrieving relevant items. User I nteraction generated
another 19% of the relevant terms; thus users were re-
sponsible atogether for 68% of relevant terms. Term Rel-
evance Feedback contributed 47 or 12% of 378 relevant
terms; of the 47 terms, users selected 15 (32% of 47)
and intermediaries selected 32 (68%) ; thusintermediaries
were better at spotting potentially relevant terms. Thesau-
rus was responsible for 14% of relevant terms, while
Intermediaries contributed 6% of such terms.

Let us now concentrate on the last column of Table 5:
it shows the percentage of relevant terms from each
source (i.e., percent of the total number of terms for the
source that contributed to the retrieval of relevant items).
Thisanalysisalows afurther comparison of the effective-
ness of search terms from different sources. Most Ques-
tion Statement terms (81%) contributed to the retrieval
of relevant items—this is more than any other source. In
comparison, 71% of Term Relevance Feedback terms,
52% of User Interaction terms, 46% of Thesaurus terms,
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TABLE 5. Effectiveness: Number of search terms from each source retrieving relevant items (relevant terms).

Relevant terms

Number of relevant terms

Percent of total relevance terms

Sources

(total no. of terms for a source)

(percent of relevant terms for a source)

Users
Question Statement (QS)
User-Interaction (Ul)
Subtotal Users

Thesaurus (TH)

Term Relevance Feedback (TRF)
Selected by users
Selected by intermediaries
Subtotal TRF

Intermediary (IN)

Total Terms

185 (227)
70 (134)
255 (361)
52 (113)

15 (25)
32 (42)
47 (67)
24 (52)

378 (593)

49% (81%)
19% (52%)
68% (71%)
14% (46%)

4% (60%)
8% (76%)
12% (70%)
6% (46%)

100% (64%)

Total number of search terms, 593.

and 46% of Intermediary termswererelevant terms. Thus,
the proportion of relevant terms differ significantly from
source to source.

The preceding table deals with the number of search
terms from different sources responsible for retrieval of
relevant items. In Table 6, we expand the analysis to
incorporate the actual number of relevant items retrieved
by different sources used singly or in combination in
search statements. To simplify, in this table only, we
combined sources Question Statement and User Interac-
tion into one category called User. For example, the total
number of relevant items was 3,565 (see Table 1); search
statements that have User as a sole search term source
retrieved 1,801 of these relevant items, while search state-
ments that have User and Thesaurus as a source retrieved
911 relevant items.

Half of the 3,565 relevant items were retrieved by
search statements with terms from only one source: the
User. However, the other half of the relevant items came
from search statements consisting of other sources alone
or in combination with each other, including User. This
is another way to illustrate the power of interaction and
the power of sources of search terms other than User. Half
of the relevant items were retrieved by search statements
incor porating user-generated search terms alone, but an-
other half wereretrieved by search statementsincorporat-
ing search terms from other sources in various combina-
tions with user terms or terms from other sources.

Interestingly, 25% (half of that other half) of relevant
items were retrieved by search statements that combined
User and Thesaurus as a source, but only 7% that com-
bined User and Term Relevance Feedback. Term Rele-
vance feedback alone or in any combination with other
sources in search statements produced only 531 or 15%
of the relevant items (recall from Table 2 that Term Rele-
vance feedback accounted as a source for 67 or 11% of
al terms). Thus, no matter how we look at it relevance
feedback, while being a factor, proportionally it was not
alarge factor in retrievals. Surprisingly, it was not used

much and it did not produce much. Therest of sources and
their combinations in search statements produced smaller
proportions of relevant answers.

Search Term Sources across Effectiveness Categories

In the preceding section, we dealt with the retrieval of
relevant items only. Now we are expanding the analysis
to deal with the retrieval of any kind of retrieved items
according to effectiveness categories, as defined in Figure

TABLE 6. Effectiveness: Number of relevant items retrieved by each
source and combination of sources in search statements.

Relevant items retrieved

Percent of total

Sources Number of relevant items
Single sources
User (QS + UI) 1801 50%
TRF 39 1%
TH 39 1%
IN 0 0%
Subtotal single sources 1879 53%
Two sources
User/TH 911 26%
User/TRF 267 %
User/IN 202 6%
TH/TRF 35 1%
IN/TH 16 0.4%
Subtotal two sources 1431 40.4%
Three or more sources
User/TH/TRF 148 4%
User/IN/TH 65 2%
User/IN/TRF 13 0.4%
User/IN/TH/TRF 29 0.8%
Subtotal three + sources 255 7.2%
Total Relevant items 3565 100%

Tota retrieved items, 6225; Items judged relevant by users, 3565;
QS, Question Statement; Ul, User Interaction; IN, Intermediary; TH,
Thesaurus;, TRF, Term Relevance Feedback; User, QS + UI.
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TABLE 7. Effectiveness. Number of search terms in each effective-
ness category.

Search terms
Effectiveness category n Percent

Relevant items only (R) 25 4
Relevant & Non relevant items (R + N) 353 60
Subtotal R + (R + N) 378 64
Positive Effectiveness

Nonrelevant items only (N) 147 25
Zero retrievals (2) 68 11
Subtotal N + Z 215 36
Negative Effectiveness

Total 593 100

2. Table 7 shows the number of search terms associated
with each of the four effectiveness categories, e.g., it
shows that there were 25 terms that were responsible for
the retrieval of relevant items only and 68 terms that did
not retrieve by themselves any items—some other term
or terms in the search statement where these zero terms
were used were responsible for the retrieval.

Even this basic data reveals some interesting aspects
of retrieval effectiveness. Note that a very small percent-
age, 4%, of the total of 593 search terms produced rele-
vant itemsonly. By far the largest percent of search terms,
60%, was responsible for the retrieval of both relevant
and not relevant items. In other words, for well over
half of the terms, relevance goes both ways. some items
retrieved by the same terms are relevant, others are not.
Of course, this presents a major problem in professional
practice and in retrieval agorithms in the selection of
search terms, because while the judicious selection of
search terms greatly affects retrieval of relevant items,
there are other aspects in the items themselves that are
important in relevance judgments. It is trivial but still
important to observe that yes, without given search
term(s) arelevant item cannot be retrieved, however, the
mere presence of a search term is not the only variable in
determining relevance. The nature or content of retrieved
items is also a significant variable and so are a number
of other variables. This may be disappointing, but no
matter how judicious, the selection of search terms alone
does not determine relevance—the magjority of the same
terms will retrieve both relevant and not relevant items.
But judicious selection may sharpen to some extent the
precision and recall. Altogether, some 64% of search
terms was associated with positive effectiveness.

A significant 25% of search terms produced not rele-
vant answers only, while 11% of terms retrieved nothing
at al. Thus, 36%, or more than one-third, of terms have
been associated with negative effectiveness. Thus, one-
third of terms retrieved only not relevant items or failed
to produce any retrievals at al! For us, this high propor-
tion of negative effectiveness was a surprise; we consider
this one of the most significant findings in the study. This

finding supports the hypothesis, long held, that interactive
IR is to a significant extent a trial and error procedure
(Swanson, 1977).

These results are further amplified in Table 8 where the
sources of search terms are associated with the four effec-
tiveness categories. The table shows, for instance, that Ques-
tion Statements contributed a total of 227 search terms; of
these, 11 (5%) were responsible for retrieval of relevant
items only and 174 (77%) for retrieval of both relevant and
not relevant; thus 185 (82%) of Question Statement terms
were associated with positive retrieva, while 42 or 18%
were responsible for negative retrievals. Obvioudy, the last
column in Table 8 provides the same data as in Table 2,
and the last row the same data as in Table 7.

Each source produced termsthat fell within each effec-
tiveness category, but sources differed in their contribu-
tion. A chi-square analysis of Table 8 (excluding columns
for positive and negative retrieval ) proved significant at P
< 0.0000 with 12 degrees of freedom, showing significant
differences in the distribution of search terms and their
sources within the four effectiveness categories.

L et us now concentrate on positive and negative effec-
tiveness. Considering thetotal termswithin each category,
Questions Statement terms had by far the highest positive
(82%) and the lowest negative effectiveness (18%).
About half of User Interaction terms had positive and the
other half negative effectiveness. Thus, the users were
most effective in term selection when they had to write
the question down, suggesting that thisis a good practice
in general regardlessif intermediaries are involved. Rele-
vance Feedback terms aso had a high (70%) percentage
of its terms producing positive effectiveness—when se-
lected (and not many were) Relevance Feedback Terms
are effective in a positive way more than two-thirds of
the time. In contrast, sources Intermediary and Thesaurus
had each less than half (46%) of terms associated with
positive retrievals. Thus thereis a considerable difference
between sources in positive and negative effectiveness.
However, we cannot assume that all negative effective-
nessterms are ‘‘bad’’ in themselves. Tria and error with
those often leads to selection of other terms that have
positive effectiveness.

Proportional Term Weighting in Retrieval

This analysis took into account retrieval of all items
(relevant and not relevant) by the search statements as a
whole. That is, it took into account thelogical connections
between terms by proportionally distributing a weight
among terms in a search statement responsible for re-
trieval of al items according to rules presented in the
section Methods of Analysis. Table 9 contains an analysis
of the proportion (percentage) of the contribution of
terms from each source in search statements for each of
the 40 questions. We provided here, for the first time,
detailed analysis, question by question, to illustrate the
mentioned wide variation among questions, in addition
to providing a mean in the last row. The table shows
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TABLE 8. Effectiveness: Number of search items from each source in each effectiveness category.

Effectiveness categories

Subtotal positive

Subtotal negative

Term source R (%) R + N (%) effectiveness (%) N (%) Z (%) effectiveness (%) Total (%)
Qs 11 (5) 174 (77) 185 (82) 30 (13) 12 (5) 42 (18) 227
ul 7 (5) 63 (47) 70 (52) 51 (38) 13 (10) 64 (48) 134
IN 3(6) 21 (40) 24 (46) 16 (31) 12 (23) 28 (54) 52
TH 2(2) 50 (44) 52 (46) 34 (30) 27 (24) 61 (54) 113
TRF 23 45 (67) 47 (70) 16 (24) 4 (6) 20 (30) 67
Total 25 (4) 353 (60) 378 (64) 147 (25) 68 (11) 215 (36) 593 (100)

Positive effectiveness, R + (R + N). Negative effectiveness, N + Z. Percentages of positive and negative effectiveness (in parentheses) relate

to total number of terms for a source. Total number of search terms, 593.

for instance, that in Question 2, 100% of proportionally
weighted terms came from Question Statement as a
source, and in Question 18, 52% came from Question
Statement, 31% from User Interaction, and 17% from
Intermediary. (Note that there are 40 questions used in
analysis, but they are not sequentially numbered).

To summarize the data: Question Statement weighted
terms that were responsible for retrieval appear in 37
(93% out of 40) questions; User Interaction in 26 (65%),
Thesaurus and Intermediary each in 19 (47%), and Term
Relevance Feedback in 14 (35%) of questions. The rank
and relations coincide with those reported in Table 3
where all sources of search termswere considered, regard-
less of weighting.

L et us now concentrate on the means (the last row). In
weighted proportion the Question Statement contributed
70% of the terms responsible for the retrieval of all items.
Recalling from Table 8 and the accompanying discussion,
525 out of 593 search terms produced any retrieval (addi-
tional 68 terms had zero retrieval which is not counted
here); 215 out of these 525 terms or 41% came from
Question Statement—this is in straight number of terms
without weighting. But when weighting is imposed to
search statements, then the average contribution to all
retrievals of Question Statement terms jumped to 70%.
To provide for comparison for al the sources between
the two indicators, the weighted average is given here in
the first number, taken from Table 9, and in the parenthe-
sisis the percentage of straight number of terms (without
weighting) responsiblefor all retrievals (i.e., not counting
zero retrievals), culled from Table 8: Question Statement
70% (41%), User Interaction 22% (23%), Intermediary
21% (8%), Thesaurus 14% (16%), and Term Relevance
Feedback 9% (12%).

Thus, weighting of terms, which takes into account
logical connectors and the number of terms responsible
for retrieval in a search statement, makes a significant
difference for some sources, most notably Question State-
ment and Intermediary, and much less of a difference for
other sources. The Question Statement terms and the
terms generated by the intermediaries jumped higher. In
particular, intermediaries came up with relatively few

terms, but those they came up with, coupled in search
statements, produced about one-fifth of all retrievals. This
illustrates another role of intermediaries that may be very
hard to automate.

Order and Transition in Use of Search Term Sources

What was the sequence of search term sources used
on a question to question basis? The answer is provided
in Table 10. The table lists by columns: question number;
number of search termsin each question; number of term
sources that provided positive retrievals, i.e., relevant an-
swers; and in the last column the sequence of use of
sources of search terms—sources that produced positive
retrievals are typed in bold, and sources that produced
negative retrievals (not relevant and zero output) are
typed in normal font. (Note that data for the total number
of items retrieved is presented in Table 2 and for positive
and negative retrievals in Table 8).

Table 10 provides details on the use of sources and
their effectiveness for each question separately, illustrat-
ing again the considerable differences that exist among
guestions. The lowest proportion of relevant termsin rela-
tion to total number of terms was 17% (Question 30),
while in eight questions, 100% of terms were relevant
ones. Clearly, not al questions are created equal. A re-
search question immediately comes to mind: what vari-
ables are responsible for such individual differences
among questions? Some of their characteristics, such as
high or low specificity? Or characteristics of the underly-
ing problem, such as well versus ill defined? We did not
address such topics in this study (our objectives were
to observe differences, if any, rather than to explain),
however, we did illustrate the magnitude of individual
differences among questions, which clearly invites further
research. The cause of these differences is a significant
research question in its own right.

As explained, a written question was submitted by us-
ers at the outset. Thus, it is not surprising that the largest
proportion of questions, 78% of them, started with aterm
from Question Statement. This still leaves 22% of the
guestions that started the searching with aterm from some
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TABLE 9. Sources of proportionally weighted terms in search state-
ments according to logical connectors and retrieval of items.

Question
number QS, % ul, % IN, % TH, % TRF, %

2 100 0 0 0 0
3 0 59 2 0 39
4 56 0 0 44 0
5 100 0 0 0 0
6 57 20 11 2 10
7 60 0 0 40 0
8 86 2 12 0 0
9 33 14 14 13 26
10 81 9 0 0 10
11 100 0 0 0 0
12 88 0 0 0 12
14 43 0 26 27 4
15 43 28 0 24 5
16 95 4 1 0 0
17 100 0 0 0 0
18 52 31 17 0 0
19 83 0 0 17 0
20 0 91 0 0 9
21 33 13 0 30 24
22 68 0 0 30 2
24 82 9 9 0 0
25 72 28 0 0 0
26 92 8 0 0 0
27 48 29 2 21 0
28 48 35 0 16 0
29 46 40 11 3 0
30 100 0 0 0 0
31 77 0 0 0 23
32 67 3 3 12 15
33 1 34 16 39 10
34 100 0 0 0 0
35 100 0 0 0 0
36 74 26 0 0 0
37 82 15 0 0 3
38 79 3 0 6 12
39 83 17 0 0 0
40 27 43 3 10 17
41 0 18 0 58 24
42 91 3 0 4 2
43 47 8 10 5 30
Mean 70 22 21 14 9

Percentage indicates the porportion of retrieved items by weighted
terms from a given source in a question.

other source. Of 9 questions that did not start with a
Question Statement term, 5 (56% of 9) started with a
Thesaurus term, 3 (33%) with a User Interaction term,
and the remaining 1 was an Intermediary term. An inter-
esting issue (that again we did not investigate): What
sets these Thesaur us-starting questions apart?

The datafrom Table 10 was used to analyze, i.e., cross-
tabulate, the changes in the sequence of term sources in
search statements used at time T and time T + 1. Did
sequential use of terms (distinguished as to their source)
in search statements form some structural relationship
(model) or follow a random pattern? For the analysis,
we used the log-linear method found in many statistical
packages, such as SPSS. In general, the aim of log-linear

analysis is to identify the structure or relationships in
observed variables, to see whether certain combinations
of values are more likely or less likely to occur than
others. Possibly, a best fitting model for the data can be
specified. Log-linear models try to predict the number of
cases in cells of a crosstabulation, based on the values of
both individual variables and their combinations. A test
of significance assumes no association of occurrences of
sources at time T and time T+1. We used a so-called
independence model where transitions from the same
states (e.g., Question Statement to Question Statement)
are taken into account.

Results are presented in Table 11. The first number in
a cell is the observed value of the sequence T and T +
1. For instance, the table shows that it was observed that
a Question Statement term was followed by a Question
Statement term on 140 occasions, by an User Interaction
term on 32 occasions, by an Intermediary term on 16
occasions, and so on. Below each observed value pro-
vided are the expected value in parenthesis (calculated
as sum of row times sum of column divided by tota
observations), the residual value (difference between the
observed and expected value), and standardized residua
(residual between observed and expected value divided
by the standard deviation of all residuals). Standardized
residuals roughly more than +2 or less than —2 indicate
significant differences in observed transitions from what
was expected at P < 0.05. Cells with standardized resid-
ual between —2 and +2 are interpreted as random and
thus not structural. Cells with a value of greater than +2
may be interpreted as arelationship that occurs at agreater
than chance rate and a value lessthan —2 as arelationship
that occurs at a rate less than chance. The whole may be
thought of as a structure with various relationships be-
tween members (or in our case between sources). A value
more than +2 can be considered as a facilitating relation-
ship, while a value less than —2 as a prohibiting one.

Log-linear analysis of the sequences of search term
use resulted in a likelihood ratio chi-square of 276.615
with 16 degrees of freedom. This finding is significant at
the 0.05 level. Thus, we can regject the null hypothesis
of no association between sequences. But can we say
something more? Certainly:

(1) Seguences that occurred more than expected were:
Question Statement (QS) to QS (not surprisingly given
their high number to start with); User Interaction (Ul)
to Ul; Intermediary (IN) to IN; Thesaurus (TH) to
TH; Term Relevance Feedback (TRF) to TRF. All are
diagona crosstabulation cells. All refer to going from
one source to the same source again a a higher then
expected rate. For instance, after a Question Statement
term is used, it is highly likely that the next term will
be again a QS term and less likely that the next term
used will be from another source. There is a higher
than expected chance that the same source will be
followed in the sequence of search terms.

(2) Sequencesthat occurred less than expected were: QS
to Ul; QSto TH; QSto TRF, Ul to QS; TH to QS;
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TABLE 10. Sequentia order of search term use classified by source.

Question Number

Relevant terms

number of terms n Percent Order of search term use by source

2 4 4 100 QSQSQSQs

3 16 9 50 QS UI Ul IN TRFUI Ul Ul TRF QS QS UI QS Ul TRF TRF

4 4 4 100 TH QSTH QS

5 10 7 70 QSQSQSQSQSQSQSUI Ul UI

6 15 10 66 QSQSQSQSQSQSUI Ul THIN Ul TRF QS QS QS

7 13 11 85 QSQSQSQSQSQSQSTH TH Ul QSQSTH

8 18 12 67 QSQSQSINQSUIUI QSQSIN IN QSQS QS TRF Ul QS IN

9 14 11 79 TH TH QS QSIN TRF TRF TH Ul IN IN Ul IN TRF TRF

10 19 18 95 QSQSQSQSQSUI Ul Ul TRF TRF TRF QS QS QS TRF TRF TRF TRF TRF

11 8 5 63 QSQSQSQSQS QS QS QS

12 6 6 100 QS QSQSQSQSTRF

14 6 6 100 QSINTH TRFINTH

15 28 5 18 QSTHTHTHTH Ul QSUI Ul Ul Ul Ul QSTH Ul TH TH Ul Ul IN TH TH TH Ul TRF QS
QS Qs

16 16 6 38 QS QSQSQSQSQSUIUIUIUIUIUIININ RF TRF

17 6 5 83 QSQSQSQSQSTH

18 19 14 74 QSINUIUILUIUIINUI U U U QSIN QSUI Ul QSIN IN

19 8 6 75 QSQSQSINQSQSININ

20 28 13 46 Ul Ul ul Ul ur Ul urul ul Ul ulul Ul urul ul Ul Ul Ul Ul Ul Ul Ul TRF Ul TRF TRF
TRF

21 16 15 94 TH QSTH TH TH Ul TRF TRF TRF TH TH TRF QS Ul TRF QS

22 7 7 100 QSQSQSQSQSTRF TH

24 9 9 100 QSQSUI QSQSUI QSIN QS

25 24 16 67 QSQSQSQRSQSQSQSUI Ul Ul Ul QSQSQSQSQSQSINQSQSUI QSIN IN

26 10 7 70 QSQSQSQSINQSQSQSUI UI

27 23 21 91 QSQSQSINQSINQSQSUI U THTHUI THTHINTH Ul TH QSTH Ul TH QS

28 14 9 64 U THTHTH QSQSQSUI QSINTH TH TH TH

29 19 7 37 QSQSQSQSTHUIUIINQSTH THTH TH TH TH TH TH IN UI

30 6 1 17 QSQSQS QS Qs UI

31 13 9 69 QSQSQSQSQSQRSQSQSTRF QRSQSQSQS

32 30 25 83 QSQSQSQSQSQSQSQSQSQSTH QSTH Ul Ul Ul QSQS UI Ul Ul IN TRF TRF
TRF IN QS TH TRF TRF

33 23 11 48 TH TRFUI Ul THTRFTH TH Ul TH Ul Ul Ul IN QSUI TH TH TRF TH TRF TRF IN TH

34 6 4 67 QS TRF TRF QS QS QS

35 5 5 100 QSQSQSQSQsS

36 15 8 53 QSUIUIUI Ul QSQSQSQSTH TH Ul QS QS QS

37 11 7 55 QSIN QSQSUI QSQSQSTRF TRF QS

38 12 10 83 QSQSQSTRF TRFQSQSQSUI THTH TH

39 5 5 100 QS UI QS QS UI

40 19 11 58 QSQSUIUITRFUIUIININUI U Ul Ul Ul TRFTH Ul Ul TH

41 43 10 23 THTHTHTHTH THTH TH QSTH TRF TH TH Ul IN IN TH TRF TH IN TH TH Ul TH
THTRFTRFTHTH THTH TH TH TH TH Ul TH Ul TH IN TH TH TRF

42 12 6 50 Ul TH QS QS Ul QSQSTH TH Ul QS TRF

43 27 23 85 ININTHTHTH THTH TH TH TH TH QSQS QS TRF QSIN IN Ul Ul TH Ul TRF
TRF TRF TRF TRF

Total 593 378

Boldface items are relevant terms and typed normal are terms that retrieved nonrelevant items or had no retrievals.

and TH to UL. In other words, QS goes back to itself test, using a so called quasi-independence model. In this
and with less chance to any other source. Once Ul model, we considered the same to same source transitions

is selected, it has less chance to go to QS. TH terms
have less chance then to be followed by either QS
or Ul terms.

(3) Theremaining sequences have no structural relation-

as structural zeroes, i.e., we eliminated the values of diag-
onal cells and recalculated the expected values, residuals
and standard residuals. A chi-sguare test was not signifi-

ship to each other, they may be considered as ran- cant at 0.05. (Thus, to save space, we are not presenting

dom.

this table). This means that once we remove the same-
to-same source transitions fromtime T to T + 1, thereis

Because the diagonal (same to same source) sequences  no significant association between sources in remaining
were so overwhelmingly present, we performed another  transitions. Asit turned out, the main characteristic of the
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TABLE 11. Transition in sequences of search terms by sources.

Time (T + 1)
Time (T) Qs ul IN TH TRF Total
QS Observed 140 32 16 17 10 215
Expected (77.7) (51.2) (17.5) (43.2) (25.4)
Residual 62.25 -19.17 -145 —26.24 —15.39
St. Residual 7.06 —2.68 -0.35 -3.99 -3.05
Ul Observed 21 72 11 17 13 134
Expected (48.5) (31.9) (10.9) (26.9) (15.8)
Residual —27.46 40.11 0.12 -9.95 -2.82
St. Residual -394 7.10 0.04 -1.92 -0.71
IN Observed 13 8 10 10 4 45
Expected (16.3) (10.7) 3.7 9) (5.3
Residual -3.27 -271 6.35 0.95 -1.31
St. Residual —.081 -0.83 332 0.32 -0.57
TH Observed 11 22 4 57 11 105
Expected (34) (22.9) (7.6) (18.9) (11.2)
Residual —-22.99 -11.37 —-3.63 38.1 -0.1
St. Residual -394 -24 -131 8.76 —0.03
TRF Observed 11 6 3 8 26 54
Expected (19.5) (12.9) (4.4 (10.9) (6.4)
Residual -853 —6.85 -1.38 —2.86 19.62
St. Residual -1.93 -191 —0.66 -0.87 .77
Total 196 140 a4 109 64 553

Cell values: value of observed frequency of transition from source at time T to next source at time T + 1; expected value; residua value; and
standardized residual. Expected values are in parentheses for differentiation with observed values.

model of sequences of search term sources is that they
tend more likely to follow each other than not and that
when they are followed by some other source it is more
likely to be a random pick.

Relationship between Search Term Variables and Other
Variables

As mentioned, the study of search terms reported in
this paper was part of a larger study of IR interaction
where a number of other variables were observed, above
and beyond the search terms. Because we had data on a
large number of other variables, we took the opportunity
to correlate them with search term variables reported here.
That is, we asked the question: Was there any significant
relationship between search term variables and other
variables in the study that pertain to search outcomes or
user and search characteristics? We performed Pearson
correlation analysis involving 118 pairs of variables, 23
of which were statistically significant. We assumed, as
do all Pearson correlations, a linear relation between cor-
related variables. The significant correlations are pre-
sented in Table 12, the nonsignificant relations are ig-
nored. We are fully aware that thiskind of blanket correla-
tion among alarge number of variablesin astudy amounts
to a *‘fishing expedition,”” frowned upon in statistics. It
means that if there are a lot of correlations made, as in
this case, some of them may show up as being statistically
significant even when there is no relation; a significance
level < 0.05 means that we may expect that some 5 out

of 100 correlations may show up significant even when
they have no relationship. We engaged in the fishing expe-
dition for two reasons. curiosity (could not resist the
temptation) and providing the results as hypotheses for
further verification and study.

With the caveat that al the conclusions should be
treated as hypotheses, we discuss the correlations in six
major categories as presented in Table 12.

User satisfaction. Users expressed their satisfaction
with the results for their question on a 5-point scale from
1, (very dissatisfied) to 5 (very satisfied). Satisfaction
rating was negatively correlated with two search vari-
ables: number of Thesaurus terms and number of nonrele-
vant terms. Thus, gquestions with a higher proportion of
terms selected from a Thesaurus produced lower user
satisfaction. While this may be surprising, it does relate
to the results in Table 5, showing Thesaurus terms as
producing a low percent of relevant terms, and Table 8,
which shows that Thesaurus terms had a high percent
of negative (nonrelevant and zero) retrievals. It is not
surprising that questions with high number of nonrelevant
terms related to lower user satisfaction.

Precision. Higher precision was significantly related
to greater use of Question Statement terms. Asthe number
of Question Statement terms increased, the precision of
the search increased. The terms derived from Question
Statements featured heavily in retrieved items judged rel-
evant by users. This supports the findings from Table
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TABLE 12. Significant relationships between search term variables
and other variables in the study.

Variable P

User satisfaction

No. of thesaurus terms per question —0.0049
No. of nonrelevant terms per question —0.0029
Precision
No. of nonrelevant terms per question —0.0144
No. of question statement terms per question 0.0301
No. of nonrelevant terms
Percentage of user-interaction terms per question —0.001
No. of user-interaction terms per question —0.0279
No. of question statement terms per question —0.0001
No. of thesaurus terms per question 0.0000
Percent of Question Statement Terms
No. of TRF terms per question —0.0000
No. of cycles per question —0.0006
No. of total terms per question —0.0000
No. of moves per question —0.0003
Users broad knowledge domain 0.0275
Users specific knowledge domain 0.0275
User familiar with language 0.0444
No. of TRF Terms
Percentage of user-interaction terms per question —0.0010
No. of cycles per question 0.0092
No. of moves per question 0.0034
No. of relevant terms per question 0.0095
No. of Thesaurus Terms
Percentage of user-interaction terms per question —0.0000
Percentage of TRF terms per question 0.0389
No. of cycles per question 0.0303
No. of moves per question 0.0001

Only statistically significant correlation at P < 0.05 included.

5, showing that Question Statement terms produced the
highest proportion of relevant search terms, and Table 8,
showing that they had the highest percentage of positive
retrievals. Again, it is not surprising that precision does
not go along well with a higher number of nonrelevant
terms.

Non-relevant terms.  This further elaborates on points
aready made. Asthe number of nonrelevant search terms
increased, the number of User-Interaction and Question
Statement terms decreased. Or conversely, when users
contributed less, nonrelevant terms rose. An increase in
nonrelevant terms was accompanied by an increase in the
number of additional terms selected from Thesauri. This
finding may suggest that as the terms from users were
exhausted and the on-line search continued, other sources,
e.g., Thesaurus, were used to identify search terms.
Searches with higher precision or user satisfaction used
less Thesaurus and nonrelevant terms and more Question
Statement terms.

Percentage of Question Statement terms.  Questions
with a higher percentage of Question Statement terms
were also questions with a fewer number of Term Rele-
vance Feedback terms and total number of terms, as well
as fewer cycles and moves. This finding suggests that

where Question Statement terms predominate, the search
process was shorter and to the point and that other sources
were less likely to be used to find additional search terms.
Conversely, with fewer numbers of Question Statement
terms the on-line search was longer and more interactive.
Additionally, as the user’'s broad and specific domain
knowledge and language familiarity increased (aso
scored by users on a 5-point scale), questions included
more Question Statement terms. This finding suggests
that if auser had ahigher domain knowledge and a greater
familiarity with the language of the knowledge domain
to start with, s/he tended to include more terms that were
eventually used in their written question. Such users knew
what they wanted from the outset and specified so. In
another study, Spink (1993) aso found that as the knowl-
edge level of the user increased accompanied by a previ-
ous on-line search on the same topic, there was a corre-
sponding increase in precision.

Term Relevance Feedback terms. The number of
TRF terms was inversely related to the percentage of User
Interaction termsin aquestion. However, a higher number
of TRF terms was aso related to a higher number of
cycles and moves, i.e.,, more interactive searches, and a
higher number of relevant termsin questions. Not surpris-
ingly, this suggests that TRF terms were selected later
in the on-line search process and when there was more
interactivity. If the Question Statement and User-Interac-
tion terms were exhausted and the user and intermediary
till wanted to continue with the on-line search, the num-
ber of moves and cycles and subsequently their use of
TRF increased.

Thesaurusterms. Again, thisisan elaboration on pre-
vious findings. As the number of Thesaurus terms (and
nonrelevant terms, as found above) increased, the per-
centage of User-Interaction terms (and user satisfaction)
decreased. However, with an increase of TH terms, the
number of TRF terms and the number of movesand cycles
aso increased. Thisfinding suggests that Thesaurusterms
were used with an increase in interactivity, but were also
associated with increasingly nonrelevant retrievals.

Conclusions and Implications

In this study, we investigated the sources of search
termsinvolving users and intermediariesin an interactive,
on-line information retrieval process. Data were derived
from alarger study of IR interaction, designed to observe
avariety of interactive aspects and variablesin areal-life
(as opposed to laboratory) setting. The objectives were
to classify the sources of search terms and analyze their
behavior and, because we had users’' relevance judgments,
also to analyze the retrieval effectiveness of various
sources. We performed a number of qualitative and statis-
tical analyses on the data. The results of these analyses
are presented in the preceding section.

We included a number of pragmatic implications and
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suggestions for research questions with the results of spe-
cific findings. In this section, we suggest a number of
more general conclusions and implications. Of course,
there is a limit to our conclusions. As mentioned at the
outset and again later in the paper, we cannot really claim
generalizations beyond our own data and setting, any
more than any other case study can. Still we are offering
these conclusions to be taken with due caution as possible
guidelines in the conduct and instruction of IR processes,
asfactorsto be considered in design of IR interfaces, and,
even more so, as hypotheses for further study.

Conclusions on Sources of Search Terms

Question Satement terms.  These terms were derived
from the written question as submitted by users at the
outset of interaction. They formed the largest proportion
of total search terms, close to two-fifths of all terms were
QS terms. They were used in al 40 searches. The great
majority of QS terms (more than four-fifths of QS terms)
were also relevant terms, i.e., contributing to retrieval of
relevant items; no other source had such a high proportion
of relevant terms. In combination with User-Interaction
terms, they were responsible for the retrieval of half of
the relevant answers.

User-Interaction terms.  User-Interaction terms were
second in relation to the total number of terms, but, only
less than half of Ul terms were also relevant terms. As a
source, they were used in close to two-thirds of the ques-
tions. About half of the Ul terms were responsible for
the positive and the other half for the negative retrievals.

Thesaurus terms.  While they formed about one-fifth
of all search terms, they were used in half of the questions.
Close to half of the TH terms were also relevant terms,
which means that more than a half were associated with
negative effectiveness. More often than not, they were
used toward the end of a search statement. TH terms
proved most effective when combined in search state-
ments with User terms. However, their overall positive
effectiveness was lowest, and their negative effectiveness
was highest, both spots shared with Intermediary terms.
The relative low productivity of thesauri for the sugges-
tion of new search terms and low effectiveness of Thesau-
rus terms was somewhat of a surprise.

Term Relevance Feedback terms. A little more than
one-tenth of terms came from TRF, but they were used
in more than half of the questions. Although small in total
number of terms and contributing a small percentage of
relevant retrievals, when used TRF terms were quite ef-
fective in relevant retrievals. close to two-thirds of TRF
terms contributed to positive and less than one-third to
negative retrievals, second in such percentages to Ques-
tion Statement terms. As a source of search terms, TRF
terms were not used a lot, but when used, they were
effective.

Intermediary terms. With less than one-tenth of the
total number of search terms intermediaries were the
smallest contributors, moreover, of the terms suggested
and less than half were relevant. Their terms were used
in half of the searches. The effectiveness of IN terms was
the same as Thesaurus terms. However, intermediaries
played a significant role in the selection of Term Rele-
vance Feedback terms: of the total of TRF terms, about
two-thirds were suggested by intermediaries, the rest by
users. Of the TRF terms picked by intermediaries, two-
thirds were also relevant terms. The role played by the
intermediaries was clearly not to generate search terms,
but to guide the term selection process and the search
interactions as a whole.

Effectiveness of Search Term Sources

Here we look at the same results from the focus of the
contribution to positive and negative effectiveness, where,
as explained, positive effectiveness means contribution
to relevant retrievals, and negative effectiveness means
nonrelevant or zero retrievals only. QS terms had by far
the highest positive (over four-fifths of the number of
QS terms had positive effectiveness) and lowest negative
effectiveness, followed by TRF terms, at close to two-
thirds of them with positive effectiveness. On the other
end were Thesaurus and Intermediary termswith lessthan
half of their respective numbers having positive effective-
ness; that is, more than half had negative effectiveness
in retrievals.

This brings up an important point. While users contrib-
uted most of the search terms and most of the productive
terms, in terms of positive effectiveness, they did not
contribute them all. Other sources were significant for the
selection of search terms retrieving relevant items. The
finding suggest that users may not have generated the
additional non-user search terms on their own or conduct
the search alone in its full interactive complexity.

One of the surprising findings was the relative large
proportion of terms producing negative effectiveness:
more than one-third of all terms produced nothing but
nonrelevant answers or had no retrievals at al. Simply
put: more than one-third of terms were duds.

Positive effectiveness includes two categories of terms:
those that produced relevant answers only and those that
produced both relevant and not relevant answers, or
mixed retrievals as to relevance. A very small number,
less than one-twentieth of all terms, retrieved relevant
answersonly. But closeto two-thirds of all termsretrieved
at times relevant and at other times nonrelevant answers.
Thisillustrated the conundrum of IR: in fairly large num-
bers search terms can and do go both ways as far as
relevance is concerned. While judicious selection of
terms, be it algorithmic or by professionals and knowl-
edgeable users, can improve retrieval effectiveness, there
may exist a ‘‘natural’’ limit. Probably, there will be al-
ways terms that will go both ways as to relevance. This
is because, among others, interaction on the cognitive and
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situational levels with the nature and content of retrieved
items plays a major role. The challenge IR systems de-
signers face is to facilitate the reduction of nonrelevant
items in mixed retrievals, and of nonrelevant retrievals,
and nonretrievals. However, the reduction of mixed re-
trievals through automatic processes is not clear. Re-
searchers should consider the extent to which the mixed
retrievals occur and how they can be limited through
algorithms and user training.

Correlations

We performed a number of correlations of search term
variables with variables related to outputs and user char-
acteristics. Although we are cautious with our conclu-
sions, the correlation results confirm other findings.

Thesaurus terms present an interesting and even sur-
prising case: users were less satisfied with higher use of
TH terms; the number of nonrelevant terms rose with
higher use of TH terms, and so did the percentage of
Term Relevance Feedback terms and number of moves
and cycles, while the number of User Interaction terms
fell. This should not be construed as indictment of the-
sauri. Clearly, the more interactivity in a question, the
more use of Thesaurusterms. But an increase in interacti-
vity may also mean a less focused question to start with
and more necessity to probe for something that was not
clear from the outset. In such a case, athesaurus may be
a last resort, where nothing may help to produce more
satisfactory results. Thesauri are extremely important
toolsin IR. This study illustrated how they are used and
with what effects, but the use of thesauri in searching
warrants further research, particularly in relation to mak-
ing them a more readily and more positively used tool
for search term selection.

Correlations also further illustrated the significance of
Question Statement terms. When users knew a lot about
the domain and language of the question, they constructed
a Question Statement with specific termsthat |ater proved
to be pivotal in the selection and effectiveness of search
terms. With an increase in number of QS terms, came an
increase in precision and a decrease in the number of
nonrelevant terms. Thisbrings up alarger point and impli-
cation. In our model of interaction, users were required
to bring a written question. The language of the written
guestion proved to be highly significant for the selection
of search terms and their effectiveness. Thus, it may be
advisable to suggest to users involved in either mediated
or nonmediated searches to prepare a written question
before hand and to start from there on the interaction
journey and to take and use notes during the whole pro-
cess. We observed that both users and particularly inter-
mediaries very often took notes during the interaction.
They also used notes and graphical depiction in explana-
tions to users. The nature of written notes during the
searching process is an interesting research question, cur-
rently being investigated by Spink and Goodrum (1996).
Furthermore, IR interfaces that accept a question in natu-

ral language and have the capability of accepting notes
from a whiteboard may be more effective, particularly if
coupled with components that suggest further or aternate
terms as the interaction progresses.

Interestingly, as the number of Term Relevance Feed-
back terms in a question rose, the percentage of terms
from User Interaction fell. It aso rose with an increase
in number of cycles, moves, and relevant terms. This
shows some of the attributes of terms derived from rele-
vance feedback: they tend to be used when users do not
contribute many terms during interaction; by and large
they have positive effectiveness and result in relevant
terms, and they may be aprimeillustration of interactivity
(as reflected through cycles and moves). In other words,
relevance feedback for the generation of search terms is
a productive process. It should be encouraged in practice.
And the capability should be made highly visible in IR
interfaces.

These findings also have implications for the training
of end-usersand intermediary searchers. End-users should
be encouraged to use terms from their domain knowledge
and termsthey identify in theretrieval output of the search
for query formulation and to engage in various interac-
tions. Talking to a librarian, search intermediary, or an-
other person, before and during a database search, may
stimulate the end-user to identify further search terms.
They should be made aware of the practice and power of
relevance feedback to find further terms.

Interaction Processes

We formulated a stratified model of IR interaction,
which incorporates a surface, cognitive, situational, and
affective level. We view the interaction as a set of epi-
sodes in which actions (‘‘things'’) happen on a given
level, coupled with interplays between levels. We con-
centrated on manifestations and the behavior of search
term selection as a process on the surface level. How-
ever, we also involved relevance judgments to assess
the effectiveness of classes of terms, meaning that we
also involved the cognitive and affective levels and pos-
sibly the situational level as well.

Thedistinction asto the level s served uswell, because
we were able to distinguish clearly between the manifes-
tations where a relevance judgment was and was not
incorporated. Thus, we present overall distributions of
search terms (surface level), contrasted with distribu-
tions where effectiveness (derived from a cognitive
judgment of relevance, thus surface plus cognitive level )
is applied. We also included correlations with user satis-
faction, which is on the affective level. An IR system
deals with the surface level only, trying in a variety of
ways to guess and simulate what may be effective on
the other levels. But in interaction, it remains on the
surface level. On the other hand, intermediaries deal on
both surface and cognitive levels, and in their interaction
with users often play arole where they affect the cogni-
tive state of users above and beyond the IR system out-
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put. As yet, interfaces have not reached a high degree
of capability to simulate the intermediariesin their inter-
action roles in general nor to play a significant role in
selection of search terms in particular. Achieving such
capabilities, even to a degree, should be the mgjor goal
of IR interface design.

As can be seen from basic data and from two instances
where we presented data there were very large individual
differences among questions. While we have not investi-
gated the possible differences in interaction among ques-
tions as related to the selection of search terms, from
casual perusal of the available data, we can see that indeed
significant differences in interaction ways and means ex-
ist. This brings up awhole set of issues not as yet investi-
gated, issues related to the nature, manifestations, and
effects of different types, styles, and strategiesin IR inter-
actions. We have started such an investigation, as can be
seen from the cited articles above, but there isalong way
to go. Hopefully, the new and evolving models of IR
interactions (including our own), and the ‘‘intelligent’’
interfaces on the horizon, will be able to accommodate,
rather then sweep under the rug, such individua differ-
ences.

The selection of search terms for a question and the
construction of queries is a highly interactive process. It
is reiterative and not linear. While what goes on the sur-
face level is highly important because the actions can
affect the outcomes and effectiveness in many ways, the
cognitive and situational dimensions are predominant for
acceptance, use, and evaluation. The interaction with IR
systems is dtill largely a human art. Mastery of such an
art is teachable and can be improved by experience and
practice. Enhancing features that will help master the art
can be incorporated in teaching, using, and designing IR
systems and processes. What is involved in such art is
researchable and can be specified to some degree, as we
and others have tried. It is not entirely a mystery. To
design more effective, usable and acceptable interfaces,
we have to learn from such art.
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