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ABSTRACT

Query length in best-match information retrieval (IR) systemsis
well known to be positively related to effectiveness in the IR
task, when measured in experimental, non-interactive
environments. However, in operational, interactive IR systems,
query length is quite typically very short, on the order of twoto
three words. We report on a study which tested the effectiveness
of a particular query dicitation technique in increasing initial
searcher query length, and which tested the effectiveness of
queries dicited using this technique, and the relationship in
general between query length and search effectiveness in
interactive IR. Results show that the specific technique resultsin
longer queries than a standard query elicitation technique, that
this technique is indeed usable, that the technique results in
increased user satisfaction with the search, and that query length
is positively correlated with user satisfaction with the search.

Categoriesand Subject Descriptors
H.3.3 [Information Storage and Retrieval]: Information
Search and Retrieval — Query formulation, Search process

General Terms
Performance, Design, Experimentation, Human Factors.

Keywords
Interactive information retrieval, query length, query
effectiveness

1. INTRODUCTION

It is wel understood and documented that, in best-match
information retrieval (IR) systems, increased query length leads
to increased performance, as measured by recall and precision in
batch-mode experimental IR systems, and it is well documented
that query length in typical gerational interactive IR systems
(in particular Web search engines whether best- or exact-match)
is rather short, typically between two and three words long (e.g.
Jansen, Spink & Saracevic, 2000). This evident mismatch has
led to a significant research effort at increasing query length.
The most popular approach has been to automatically expand
short queries without user intervention by various techniques,
most often by some type of pseudo-relevance feedback (e.g.
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Walker, et a., 1998), sometimes by thesaural or other type
expansion (e.g. Milic-Frayling, et al., 1998; Xu & Croft, 1996).
Such studies have shown that these sorts of query expansion
lead to increased performance, again as measured in
experimental, batch-mode evaluation. There have also been a
few attempts at increasing query length by encouraging
searchers to enter longer queries in the first instance (e.g.
Karlgren & Franzén, 1997; Belkin, et al., 2002). Although such
studies have indicated that there seem to be relatively simple
techniques that can encourage longer queries, they have not
systematically investigated whether these queries actually result
in better performance in interactive IR. Thus, the current
situation is that, although there is evidence that longer queries
perform better in non-interactive best-match IR systems, we can
only infer that automatically-enhanced queries may perform
better in interactive IR, and we have almost no evidence that
longer queries obtained through searcher encouragement will
lead to better performance in interactive IR. In this paper, we
report on a study which explicitly investigated one technique
designed to dlicit longer than usual queries from searchers, and
the effect of the technique, and of query length in general, on
performance in interactive IR.

Belkin, et a. (2002) compared two query-elicitation modes, a
query-entry line and a scrollable query-entry box, to determine
whether the box mode (which allowed searchers to enter and see
a complete query of five 40 character-long lines at atime) would
result in longer queries than the line mode (which allowed
searchers to see 50 characters of a query). They also compared
two query types: queries constructed as lists of key-words and/or
phrases, versus queries constructed as full sentences or
questions. They found that the box mode led to somewhat
longer queries, and that the full sentence or question type led to
significantly longer queries. Although their study was not
designed explicitly to evaluate the effect of query length on
performance, they did find a consistent relationship between
query length and one measure of performance in the task,
completeness of answer. This was, however, only a descriptive
finding, and not inferential.

Based on the results of Belkin, et al. (2002), we designed a study
within the TREC 2002 Interactive Track f. Hersh & Over,
2003) to explicitly investigate the effect of method of query
dicitation on query length, and the effect of query length on
various measures of interactive IR performance. In particular,
with respect to query length, we investigated two major research
questions:

RQ1: What can make searchers query length in interactive
IR longer, and will searchers find such techniques acceptable
and usable?



Within this research question, we posed the following
hypothesis:

H1: A search interface which asks searchers to describe their
information problems at length will lead to longer queries than
one which asks searchers to simply input a query as a list of
words or phrases.

This hypothesis was based on the resultsof Belkin, et a. (2002),
on a survey of query elicitation techniques used in digital
reference situations, and on the problem statement elicitation
techniques described in Belkin, Oddy & Brooks (1982). From
the data and ideas in these sources, we designed a query
dicitation mode which asked people to describe their
information problems, rather than to enter a query. This
hypothesis was tested by comparing query length in this mode,
with query length in a default, list of keywords and/or phrases
elicitation mode.

We investigated the usability of the information problem
dicitation mode through one “objective” measure, number of
iterations, and one “subjective” measure, ease of starting a
search.

Furthermore, we investigated the effect of several factors which
might influence query length. One was type of information task
that the searcher was engaged in (based on results such as those
reported by Bystrém and Jarvelin, 1995); another was the type
of topic of the search; athird was familiarity of the searcher with
the topic and task (based on results such as those reported by
Kelly and Cool, 2002); and the fourth was perceived difficulty
of the search.

RQ2:  Does query length affect any measures of performance
or effectiveness in the search task?

Within this research question we posed two hypotheses:

H2: A system which encourages long queries will lead to better
performance in the search task than one which does not.

With this hypothesis, we were explicitly concerned with testing
whether the information problem elicitation interface, given that
it did encourage long queries, led to better performance than one
which elicited keyword and/or phrase queries. Performance was
measured by an “objective” measure, correctness of answer for
the search task, and a “subjective’” measure, searcher's
satisfaction with the search results. In addition, number of query
iterations per search was considered an indicator of search
effectiveness.

H3: Query length will be positively correlated with performance
in the search task.

With this hypothesis, we were concerned with determining
whether query length, regardless of query €licitation mode,
affected performance in the search task. The same measures
were used to test H3 as H2.

2. METHODS
2.1 Study Design

As this study was conducted within the TREC 2002 Interactive
Track, we followed that Track's guidelines These stipulated

L http:/fww-nlpir.nist.gov/projects/t11i/guidelines.html

that al participants in the track would test their systems in a
comparative mode, using a common set of eight search topics,
classified into two search task types, and four search topic types
(examples of each task and topic type are in Appendix A). The
general study design was within subject, with each subject
searching a block of topics in one of two systems, and then a
block in the other system. Each participating site was sent a
pseudo-randomly generated list of 16 topic-block/system order
combinations by the Track organizers, which were to be applied
to the minimum number of 16 subjects. This list guaranteed
balance between system order and topic block order.

All participants in the Track used the identical database, the
TREC 2002 Web Track database, which was a craw! of the .gov
domain (see Craswell & Hawking, 2003 for a complete
description), and the identica search engine, Panoptic.?
Although Panoptic is basicaly a best-match search engine,
which is the context in which we wished to test query length, for
queries of four or fewer words, it changes to a coordination
level ranking agorithm, in which documents containing all n
query terms are ranked before those antaining n-1, and so on,
disregarding the effect of term weights Since this algorithm still
results in a ranking close to that of a best-match system, we
decided that query length could be investigated using Panoptic.

Our study investigated, in addition to query entry mode, method
of display of results. In this paper, we do not report on the latter
aspect. But since it affected our overall design, we indicate here
how both aspects were studied within the same design. We
studied these two aspects by running two complete sets of the
basic Interactive Track design, in each of which the within-
subject variable was display of results. We tested the effect of
query elicitation mode with a betweensubjects design, using a
different mode for each of the two iterations of the basic study.
Thus, query elicitation mode was tested with 32 subjects, 16 in
each mode (cf. (Belkin, et al., 2003) for explicit details of the
find design).

Our basdline query dlicitation mode, called NQE, consisted of a
scrollable query entry box of five 40-character lines, with the
label above the box: “Query terms”. Subjects in this mode were
instructed, during the introductory tutorial for this interface, to
enter their queries as a list of key-words or phrases. Our
experimental query elicitation mode, called QE, consisted of an
identical box, but with the label above it saying: “Information
problem description (the more you say, the better the results are
likely to be)”. In the tutoria for this interface, subjects were told
that they could enter their queries as multiple full sentences or
questions.

All searches were performed using a Sun UltraSparc-lli
(440Mhz) with 512M memory and a 21 inch monitor. We wrote
two basic interfaces as applications, connecting to Panoptic.
They were implemented using Swing of Java 2 SDK, version
1.3. Screen shots are in Appendix B.

2.2 Conduct of the Study

All searching was done at the experimental site. When subjects
arrived, they were asked to sign an informed consent form.?
They then completed a background questionnaire, dliciting

2 http://trec.panopticsearch.com/
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various demographic data and data concerning searching
experience. Next, the experimenter gave a demonstration of the
first interface that the subjects would use, which was based on
an example topic of the sort that the subjects would be searching
on. The subjects were then given a paper form with a description
of the first topic that they were to search on, and questions about
whether they thought they knew the answer to the topic’'s
question, and their confidence in that knowledge, which they
answered at that time. Then, the subjects returned to the
computer, were instructed that they would have up to ten
minutes to complete the search, that they were to save those
documents (pages) which helped them to answer the topic's
question, and were asked to think aloud during the search. The
computer monitor was videotaped during all searches, and the
thinking aloud was recorded on the videotape. When the
subjects thought they had answered the question, or when they
had run out of time, the system was stopped, and the subjects
were asked to fill out a questionnaire with respect to their
satisfaction with the results of the search, ease of starting the
search, and other characteristics of the search on that particular
topic. This procedure was repeated for the next three topics.
After the first four topics, subjects were asked to complete a
questionnaire regarding their experience searching with that
particular interface. They were then given a demonstration of the
second interface that they were to use, and then the same
procedure was followed for the next four topics. After the
second post-system questionnaire, subjects were engaged in a
semi-structured exit interview, which was tape recorded. This
questionnaire dicited information about common features of the
two interfaces, and also compared the two interfaces. The entire
procedure was typically finished in about two hours. All of the
data collection instruments, and the scripts for the
demonstrations, are available at http://scils.rutgers.edu/ mongrel.

2.3 Measuresand Definitions

We used the measures and variables defined in Table 1 to
investigate the effect of the QE and NQE conditions, and of
query length in generdl.

Table 1. Definition of measures and variables

Measure/Variable Definition

Iteration Each instance of issuing a query during a
search on asingle topic (number of
iterations = number of queriesin a
search)

47% expected to complete one. All subjects were required to
have some experience using Web search engines. Our subjects
reported having an average of 6.2 years of searching experience.
Using a 7 point scale to measure experience, in which 1=Novice
and 7=Expert, the sdf-assessed level of expertise with
computers was, on average, 5.19.

3. RESULTS
3.1 Query Length

3.1.1 QE and querylength

The first research question that we explored considered a
technique for making searchers query length in interactive IR
longer, and if searchers would find such atechnigque usable. To
test Hypothesis 1, we compared the mean query length per
search in the QE mode to that of the NQE mode. Results from a
t-test indicate that searchers using the QE interface entered
significantly longer queries (M=6.45; S5=3.00) than those using
NQE interface (M=4.24; $=1.26), t(253) = -7.67, p<.01.

3.1.2 Usahility of QE

To explore the usability of QE, we examined subjects’ regponse
to a Post-Search question and the mean number of iterations per
search. We asked the subjects how easy it was to get started on
the search on a 7 point scale to measure the “subjective’
usability of NQE and QE. Results from a ttest indicate that
there was no significant difference in experienced difficulty
between NQE 4.83 (1.60) and QE 4.89 (1.52).

The mean number of iterations per search (and standard
deviation) for QE was 2.09 (1.35); for NQE, 2.64 (1.63). Results
from a ttest indicate that subjects using QE had significantly
fewer iterations than subjects using NQE, t(253) = 2.98, p<.0L

We also considered query length at each number of iterations.
Table 2 displays mean query length at each number of iterations,
and the numbers of searches with that number of iterations, for
both QE and NQE. From these data, we see that, although mean
query length is consistently longer for QE than NQE at each
iteration number, the number of searches with N iterations
decreases much more rapidly for QE than for NQE, as does
query length up to iteration 6.

Table 2. Mean query length (standard deviation) at each
iteration number.

Mean Query The average of the length in words of all
Length queriesin a search (4-word query + 5
word query + 3-word query = mqgl of 4)

Correctness of Whether a search resulted in saved pages

result which completely and correctly answered
the search topic

2.4 Subjects

We had 32 volunteer subjects who were recruited largely from
the student population at (deleted for reviewing purposes). Some
were given credit for participating in the experiment and writing
a brief description of their experience. Twenty-six (81%) were
female and 6 (19%) male. Our subjects were most likely (47%)
to be between 28-37 years of age, while their ages ranged
overall from 18 to 57. 37% had completed a Masters degree, and

Iteration Mean Query Length (SD) N
NQE | QE NQE QE NQE QE

1 1 4.23 (1.42) 6.58 (3.12) 127 128
2 2 4.38 (1.55) 6.19 (2.52) 87 69
3 3 4.13 (1.62) 5.18 (2.02) 60 40
4 4 | 397 (159) 5.41(2.27) 34 17
5 5 3.75 (1.88) 413(1.73) 16 8
6 6 | 4.29(1.50) 5.40 (1.67) 7 5
7 7 3.50 (1.00) 5.00 (0.00) 4 1
8 3.00 (0.00) 2

Totals 419 (1.52) | 6.09 (2.77) 337 268




3.1.3 Factors Affecting Query Length

As mentioned in Section 2, the information problems used in our
study were classified along two dimensions: task type and topic
type. We wished to see whether query length varied according to
these types. Table 3 displays the mean query length and standard
deviations according to tak type and topic type. There are no
significant differences between these means.

Table 3. Mean query length for task type and topic type.

Mean Standard
Deviation
Task Type
Website 545 2.58
Quantity 5.38 261
Topic Type
Government Regulation 5.62 2.28
Health 591 2.67
Project 4.81 259
Travel 5.06 2.57

Subjects  knowledge of the information problems was
determined by questions from the Pre- and Post-Search
Questionnaires. Topic familiarity was assessed by a Pre-Search
Questionnaire which asked subjects to indicate their familiarity
with a topic on a 7-point scale, spanning from Not at All (1) to
Somewhat (4) to Extremely (7). Perceived difficulty of the
information problem was assessed by two Post-Search
Questions which asked subjects to indicate how easy it was to
do a search on the topic and if they had enough time to do an
effective search. Subjects responded to these two questions
using 7points scales identical to the familiarity scale. Because
of low numbers of observed values in some cells, we grouped
subject responses to each of these three questions into three
groups: Low (1-3), Medium (4) and High (5-7).

Table 4 displays the means and standard deviations for each of
these measures. The difference between groups for familiarity is
statistically significant, F(2, 254) = 7.33, p<.01, with subjects
who are more familiar with the topic of the information problem
entering longer queries than those subjects who are less familiar
with the topic. For perceived difficulty, there is no significant
difference between means for either measure.

Table 4. Mean query length (standard deviation) according
to topic familiarity and perceived difficulty.

Thiswas atest of Hypothesis 2. For performance, we considered
the correctness of searchers answers to the information
problems and searchers satisfaction with the system. Table 5
displays the distributions of correctly and incorrectly answered
information problems for QE and NQE. Results from a Chi-
Square test demonstrate that there is no significant difference in
these distributions.

Table 5. Distribution of Correctnessfor QE and NQE.

Correctness of Search
Incorrect Correct Total
QE 33 & 127
System NQE a1 7 8
Total 1) 176 255

Groups

Low Medium High

Familiarity 503 (2.9) | 564 (2.5) | 6.94 (3.63)

Per ceived Difficulty

Easy tosearch | 5.20(2.53) | 513(1.7) | 5.47 (2.8)

Satisfaction with a search was assessed by a Post-Search
Questionnaire that asked searchers to indicate their satisfaction
with the search results on a 7-point scale, spanning from Not at
All (1) to Somewhat (4) to Extremely (7). For satisfaction with
search results, searchers were found to be more satisfied with
their search results in QE (M=4.54; SD=1.96) than NQE
(M=4.05; SD=2.15), athough not significantly so, (253) = - 1.9,
p=.058.

We further considered mean number of iterations per search as
an indirect measure of effectiveness, since fewer query iterations
for equivalent results would be a more effective search. As
reported earlier, the difference between mean number of
iterations in QE (M=2.04;, $D=1.15) and NQE (M=2.46;
SD=1.21) is statistically significant, t(253) = 2.88, p<.01, with
searchers using the NQE interface having sgnificantly more
iterations than those using the QE interface.

3.2.2 Query Length and Performance: Overall

To test Hypothesis 3, we asked whether mean query length
overal was related to better performance, regardiess of query
dicitation mode. Overall, we found no statistically significant
difference in mean query length for correct M=5.21; SD =2.49)
and incorrect answers (M=5.34; SD=2.62). To explore the
differences in mean query length for each level of satisfaction, it
was necessary to group the responses in the same way that
responses to Familiarity and Perceived Difficulty were grouped,
because of the low number of observations in some cells. The
means and standard deviations for mean query length and
satisfaction group are displayed in Table 6. Results from an
ANOVA indicate that highly satisfied searchers entered
significantly longer queries than unsatisfied searchers, F(2, 254)
=417, p=.016.

Table 6. Mean query length according to Satisfaction.

Enough Time | 5.19(2.46) | 4.80 (1.5%) | 5.61(2.80)
3.2 Query Length and Performance

3.21 QE and Performance

The second research question that we explored asked if query
length affects performance. Given that searchers entered
significantly longer queries in QE than NQE, we compared
directly searcher’s task performance in each of these systems.

Satisfaction
Low Medium High
Mean Query 4.68(1.98) | 5.67(3.04) | 5.64(2.74)
Length

We then considered the mean query length according to searches
with N iterations. Table 7 displays these results. Here we note
that the more iterations there are in a search (with the exception
of 6 and 7-iteration searches), the shorter is the average mean
query length. That longer mean query length is associated with
fewer iterations suggests that similar performance can be
accomplished with less effort with longer initial queries.




Table 7. Mean query length for searcheswith N iterations.

Iterations Mean Query Length Standard Deviation
1 5.90 3.26
2 541 2.33
3 5.04 1.73
4 4.80 1.40
5 3.48 1.18
6 4.98 1.62
7 5.14 127
8 431 0.80

4. DISCUSSION

Because of the well-known variability associated with
differences in topics and types of information problems, we
tested to see whether these factors influenced query length.
There was no difference in query length according to tasks and
topic types used in the TREC 2002 Interactive Track; we
therefore conclude that the results reported here are general, at
least with respect to this limited range of types. However,
searchers familiarity with the topic of the search did, as
expected, affect query length (cf. Kelly & Cool, 2002). But since
there was no relationship between topic familiarity and the two
interface conditions and familiarity was randomly distributed in
the subject population, we conclude that this factor does not
affect our conclusions.

Hypothesis 1, that query length can be increased by
encouragement in the nterface, was strongly supported by our
results. The QE interface resulted in significantly longer queries,
even after stop word removal, over an interface which only
asked for a query, even using a box-style query input facility
which has been shown to increase query length in and of itself
(Karlgren & Franzén, 1997). Furthermore, we conclude that the
QE interface was more usable than the NQE, because the
number of iterations in the QE condition was significantly less
than in NQE. We take this to mean that less cognitive effort was
required in QE, to reach equivalent performance. Also, we saw
that the QE condition led to a steeper decline in the number of
iterations per search, and in query length, than NQE, supporting
the conclusion that QE requires less effort, and therefore is more
usable. Furthermore, there was no difference in ease of starting a
search between QE and NQE, indicating that the relatively
unfamiliar QE mode did not negatively impact its usability, as
compared to the more familiar key-word mode.

Hypothesis 2, that the QE condition would lead to better
performance than NQE, is supported by the strong difference in
favor of QE in the searchers' satisfaction with the results of each
search. Although there is no difference in performance between
NQE and QE as measured by correctness of search, hypothesis 2
is also supported by the significantly fewer iterations required to
achieve comparable correctness and increased satisfaction with
results in QE. That query length decreases more rapidly with
number of iterations in QE than in NQE aso is supportive of
Hypothesis 2.

Hypothesis 3, that longer queries lead to increased performance,
regardless of query elicitation mode, is supported by the
significant relationship between subjects satisfaction with
search results and mean query length, and also by the strong
association of mean query length with number of iterations.

Since we can reasonably assume that subjects found the answers
for their searches in their last iterations, it seems that longer
initial queries led to comparable performance with decreased
effort.

5. CONCLUSIONS

This study investigated the effectiveness and usability of a
relatively simple interface technique for eliciting longer queries
from searchers in a Web-based best-match IR system, and of the
effectiveness of longer queries in general in this system. Our
goa was two-fold. We wished to see if it was possible to dlicit
easily longer than usual queries from searchers; and, we wished
to seeif such queries were actually useful asinput to best-match
search engines. The query dicitation technique that was
investigated was to have the following statement above a five-
line, 40-character, scrollable query entry text box:

Information problem description (the more you
say, the better the results are likely to be)

It was compared to the equivalent query entry box that had at the
top, smply the words “Query terms”.

Some things need to be said about how we measured search
effectiveness, and our “objective’” performance measure,
correctness of reply to the search topic. There was no
relationship between search query length and this measure,
either with respect to query length in general, or with respect to
the two query elicitation modes. However, about 69% of the
search topics resulted in correct responses, which suggests that
most of the topics were easy enough that the measure was not
sengitive to differences in query elicitation mode or query
length. It is also the case that those searches which resulted in
incorrect answers were typicaly incomplete searches, in
whatever query €licitation mode, suggesting that they were
difficult enough that the ten minutes allotted for each search was
the limiting factor. Thus, our maor measures of search
effectiveness are the searchers’ subjective satisfaction with
search results, and, the effort expended in completing a search.

The results of the experiment indicate that:

= this technique does indeed result in significantly longer
gueries than even a somewhat enhanced baseline technique,
and is at least as usable, and perhaps more usable, than the
baseline technique;

= thetechniqueresultsin increased searcher satisfaction with
search results, and “objective” performance in the task
equivalent to the basdline, but with fewer query iterations;

= longer queries irrespective of query elicitation mode are
significantly associated with increased searcher satisfaction
with search results, and longer initial queries lead to
equivalent “objective’ results with fewer query iterations.

Thus, we conclude that our quite simple interface-based query
dicitation technique results in significantly longer, and more
useful searcher queries in a Web searching task than typical
query elicitation, for a best-match information retrieval system.
Furthermore, we conclude that longer searcher queries result in
increased search effectiveness in general, indicating that more
words from the searcher describing the person’s information
problem results in better interactive IR performance. Taken
together, our results mean that getting longer queries from



searchers in a best-match Web searching environment is not
only possible, but desirable and useful.
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APPENDIX A: Interactive Track Tasksand Topics

Task Types:

1.Find any N short answers to a question, to which there are
multiple answers of the same type.

2.Find any N websites that meet the need specified in the task
statement

Topic Types:
1.Looking for persona health information

2.Seeking guidance on US government laws, regulations,
guidelines, policy

3.Making travel plans
4.Gathering material for areport on a given subject
Topics:

1.You are traveling from the Netherlands, and want to bring
some typical food products as gifts for your friends. What are
three kinds of food products from the Netherlands that you are
not alowed to bring into the US? [Task 1; Government
Regulation]

2.You are concerned with privacy issues related to electronic
information and would like to know what laws have been passed
by the US Congress regarding these issues. Identify three such
laws. [ Task 1; Government Regulation]

3.A friend has a private well which is the family's only source of
drinking water. Locate a US publication, which contains
guidelines for the maintenance of safe water standards for
private well use. [Task 2; Health]

4.You are not sure about the safety of geneticaly engineered

foods, and would like to find more information and research on
this topic. Name four potential types of safety problems that
have been raised. [Task 1; Health or Project]

5.You are interested in learning more about what measures the
US government has taken since 2001 to prevent MadCow
Disease. ldentify three such measures. [Task 1; Hedth or
Project]

6.Name/find three research programs/projects that investigate
the treatment/causes of dwarfism. [Task 1; Project]



7.You are planning a cycling expedition along the Silk Road in 8.You are planning to travel to the northeast territories of India
Central Asia. Find a website that is a good source information and wonder if there are any problems/restrictions for tourists.
about health precautions should you take. [Task 2; Travel] Find a website that is a good source of information about such

problemg/restrictions. [Task 2; Travel]
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