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ABSTRACT
Different presentations of candidate expansion terms have not been
fully explored in interactive query expansion (IQE). Most existing
systems that offer an IQE facility use a list form of presentation.
This paper examines an hierarchical presentation of the expansion
terms which are automatically generated from a set of retrieved
documents, organised in a general to specific manner, and visualised by cascade menus. To evaluate the effectiveness of the presentation, a user test was carried out to compare the hierarchical
form with the conventional list form. This shows that users of the
hierarchy can complete the expansion task in less time and with
fewer terms over those using the lists. Relations between initial
query terms and selected expansion terms were also investigated.
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1.

INTRODUCTION

The increasing interest in providing online information available
via the Internet has heightened the need for information retrieval
(IR) systems that enable users to access heterogeneous resources
that meet their information needs. The means of interaction between users and such an IR system to achieve a meaningful search
is of particular interest and complexity. The potential benefit of
interactive query expansion (IQE) has generated wide interest in
making IR systems more adaptive as opposed to automatic query
expansion (AQE), where users preferences are generally ignored.
An early form of interaction was through relevance feedback
[18], where users judge the relevance of retrieved documents as
indicative information about their interest given to the system. Harman [9] examined a more interactive approach by presenting a list
of candidate expansion terms to users. The users then selected the
terms of interest from the list to add to the initial queries. This interactive approach has been a standard way of presenting IQE and
has been adopted by most researchers [1, 17, 7], regardless of the
techniques used for extracting, or ranking the candidate terms.
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The study of the user interface is also considered as an important
aspect of IQE. Beaulieu [2] evaluated three different interface design based on the same IR system. In her study, a character-based
design and two different graphical user interfaces were compared.
This experiment highlights the importance of the close relationship between system functionality and interface design in supporting query expansion. Koenemann and Belkin [12] also showed that
giving the user more control over how terms were added to the
query could increase retrieval effectiveness and user satisfaction.
A third study [13] compared the potential retrieved performance of
IQE by simulating experienced and naive users.
As can be seen, researchers have addressed several aspects concerning the interaction between users and the IR systems in the
context of IQE. However, little attention has been paid to the effectiveness of different presentation of candidate expansion terms. In
fact, most experimental designs discussed so far merely use a form
of list for the presentation.
The motivation of exploring a more effective presentation of expansion terms may resemble the studies of visualising search results. The existing IR systems including search engines on the Web
present the search results as a list of document titles with some additional information such as URLs, size of documents, or a short
summary. Users therefore have to spend some time scanning the
list to locate relevant documents, and they are often reluctant to
examine the documents ranked further below. Visualisation of the
search results aims to help users to locate the documents of their
interest regardless of ranking.
A number of techniques have been developed in this area [11, 24,
4], and Hearst [10] suggested giving users an overview as a means
of navigation. She stated that ’an overview can help users get
started, directing them into general neighbourhoods, after which
they can navigate using more detailed descriptions’ (p. 268). One
of the types of overview is ’category hierarchies associated with
the documents of a collection’. Subject directories exemplified by
Yahoo!1 are such an example where topical concepts are organised
in a hierarchical manner. Similarly, this type of navigation may be
ideal for IQE.
In this paper, we examine the effectiveness of different presentation of expansion terms. The comparison is made between a hierarchical organisation and lists.

2.

ORGANISATION AND VISUALISATION
OF EXPANSION TERMS

In the previous section, it has been argued that existing IR systems have not paid much attention to how to present expansion
terms [6], and the form of presentation is dominated by lists. Fur1
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thermore, it is anticipated that a hierarchical presentation will provide users with an overview of candidate expansion terms, and thus,
can be a promising alternative form.
Although manually constructed thesauri such as MeSH or INSPEC have been integrated into systems to assist in query formulation [20, 15], those resources are inevitably limited in the range of
vocabulary and are not necessarily applicable to all domains.
A more promising technique that meets our aim has been introduced by Sanderson and Croft [19]. Subsumption hierarchies are
designed to organise terms in a manner which is similar to existing
manually constructed thesauri, or subject hierarchies in Yahoo.
Unlike other co-occurrence based techniques that measures similarity between terms [16], Sanderson and Croft use the co-occurrence
information to identify a term that subsumes other terms. More
specifically, a term, x, is said to subsume another term, y, if the
documents which y occurs in are a subset of the documents in
which x occurs. Given that a more frequent term tends to be more
general [22], subsumption hierarchies organise terms in a ’general
to specific’ manner.
Although this technique was originally introduced as a means of
automatic generation of concept hierarchies from a set of retrieved
documents, applying it to IQE may also be valuable. For a comprehensive description of subsumption hierarchies, see [19].
The next section will describe a user test that examines the effectiveness of different presentation of expansion terms followed
by the results and discussion.

3.

USER TEST

The user test was carried out to examine any effects derived from
different methods of presenting candidate expansion terms. In this
study, a hierarchical presentation and conventional list presentation
were compared.

3.1

Participants

A total of 24 subjects were recruited for the user test. The majority of the subjects (20) were students of the Department of Information Studies, University of Sheffield, and the rest were other
members of the University. They consisted of 10 females and 14
males. The age of the subjects ranges from 22 to 35 with an average
of 28.

3.2

Topics

Topics for the user test were taken from the TREC test collection (Topics 300-350) in the Sixth Text Retrieval Conference [23].
Among the topics, the subsumption hierarchy could not be created
for topic 312, 330 and 348 as no relevance documents were retrieved in response to the queries, and therefore these topics were
removed. It was also decided to remove topics which produced
very small concept hierarchies. As a result, topics 316 and 327
which generated hierarchies of less than three levels or which contains less than 30 expansion terms were removed. A total of 45
topics remained and were used in the experiment.

3.3

An example of candidate expansion terms for topic 302 and terms
selected by a test subject is presented in the Appendix.

3.4

Procedure

Subjects were first given an explanation of the reason behind the
experiment. The subjects were told that a tool that attempts to generate a summary of the retrieved documents was in the process of
being developed, and that query terms extracted from the documents retrieved would be shown on screen as an indication of what
the retrieved document set is about.
The subjects were invited to consider the following scenario.
They had just submitted a query to a retrieval system, the system
had responded by showing a set of possible terms that could be
added to the query in order to improve the search results. Their
task would be to select terms they deemed appropriate to expand
the query. Subject were then given a demonstration of the working
system using a training query and topic description (topic 327) to
illustrate the procedure.
After the training session, they were asked to carry out the actual
experimental expansion task with nine topics. In order to save time,
all menus and lists for the 45 topics were generated in advance of
the user test. Subjects were alternately assigned to a control or experimental group. The experimental group was presented with the
interface containing the menus (the Menu group) and the control
group was presented with the lists (the List group).
Following the completion of the expansion tasks by all the participants, selected expansion terms were added to the initial query
for each topic, and the search was re-run with the expanded queries.
A comprehensive description of the user test can be found in [5].

4.

RESULTS AND DISCUSSION

This section describes experimental results of the user test based
on the standard precision and recall measures, the number of expansion terms selected, the time taken to complete the task, and
link type analysis of expansion terms.

4.1

Precision and Recall

A recall-precision graph (Figure 1) was plotted using the top
1000 retrieved documents retrieved in response to the unexpanded
queries, expanded queries by lists, and by menus. The measurements of recall and precision were based on the TREC relevance
assessments [23]. The graph shows the unexpanded queries retrieve documents at a higher precision for lower recall while the

Experimental system

INQUERY [3] was used as the IR system in this study. Candidate expansion terms were first extracted from the top 500 documents retrieved by INQUERY, in response to a query compiled
from terms in the title of each topic description, then organised
by the subsumption process, and finally visualised by the cascade
menus. Lists were also generated using the identical set of terms
included in the menus. The lists were ordered alphabetically as this
was considered an arbitrary order for the presentation of the terms.

Figure 1: Precision-Recall graph

expanded queries produce a higher precision for higher recall after the 0.4 point. The graph also shows that the queries expanded
by the menus constantly perform slightly better than the lists. No
statistical significance was, however, found between them.
Table 1 shows precision at the top one, five, ten and twenty retrieved documents. As indicated in the precision-recall graph, the
unexpanded queries retrieve more relevant document at all the levels shown than the expanded queries. Similarly, precision of the
expanded queries by the Menus are higher than the List except at
level one.
Table 1: Precision at one, five, ten and twenty
Expanded
Residual
Unexp.
List
Menu
List
Menu
PREC-AT-1
0.6117 0.4078 0.4078 0.2816 0.2330
PREC-AT-5
0.4252 0.3612 0.3767 0.2447 0.2485
PREC-AT-10 0.3903 0.3097 0.3408 0.2223 0.2223
PREC-AT-20 0.3393 0.2937 0.2966 0.2155 0.2044

The residual precision (Fifth and Sixth columns in Table 1) is
calculated by a set of documents retrieved by the expanded queries
but removing the relevant documents that the corresponding initial
query already retrieved in the top 20. The lower ranked documents
were then promoted. This simulates the performance of the expanded queries where a user is supposed to identify all the relevant
documents from initial search results in the top 20. This also reveals the extent to which new relevant documents were retrieved
by the expanded queries.
The data shows that both expanded queries cause new relevant
documents to be retrieved in the top 20. However, there is little
difference between the lists and menus in terms of the standard
retrieval effectiveness shown above.

4.2

Number of expansion terms and time to
complete task

The standard retrieval effectiveness was shown in the previous
section. However, the standard method may not be fully adequate
for evaluating the line of research presented here [21]. This section presents data concerning efficiency to complete the expansion
task. Number of expansion terms selected by subjects and time to
complete the whole expansion task are shown in Table 2. They can
indicate the effectiveness of term selection tasks frequently carried
out in IQE.
Table 2: Efficiency of expansion task
List
No. of selected expansion terms
16.87
Time to complete expansion task (sec.) 203.28

Menu
12.83
168.40

As can be seen, the subjects in the Menu group completed the
task with over four terms fewer than the List group on average, and
this significantly shortened the time to complete the task . These
two performance figures are statistically significant (p < 0.001).

4.3

User perceptions

In order to gain an indication of the ability of the interfaces to
provide an overview of the retrieved documents, subjects in both
groups were asked if, after exploring the expansion terms, they felt
that they had a better idea of the contents of the retrieved documents. 80% of the subjects in the Menu group stated that they had

a better idea of the contents. This is significantly higher than the
List group where only 42% felt that exploring the list gave them
a better idea of the contents. One subject in the Menu group also
argued that the hierarchies gave them an idea of whether or not
they were going to find a decent answer to their query. This seem
to support our approach to provide an adequate summarisation of
documents retrieved in response to a query and that the subsumption hierarchies are meaningful.

4.4

Link types

The semantic and/or topical relations between initial query terms
and expansion terms have been of interest in IQE since this indicates an aspect of user’s searching behaviour [7, 8].
The relations used in our link type test were based on the ones
defined by WordNet [14], but an additional relation, conceptually
related (or contextually related), was also devised. A conceptually
related term was defined more broadly than the related term (RT)
in an existing thesaurus. An example of such a relation is tooth and
dentist. This type of relation is not defined in WordNet but can be
useful in the context of query expansion [20].
Table 3: Link types between initial query terms and expansion
terms selected by the Menu group (N=131)
Relation
Portion (%)
Hyponym
8
Meronym
2
Hypernym
9
Holonym
0
Coordinate Sister
2
Synonym
13
Antonym
0
Conceptually Related
65
Other/Don’t know
1
Total
100

Table 3 shows the link types between initial query terms and
expansion terms selected by the Menu group. This reveals that far
more than half of the expansion terms selected by the subjects were
terms conceptually related to the initial query terms. Synonyms
were the second largest portion among the relations. A total of 10%
of the selected expansion terms were of aspects of corresponding
initial query terms (Hyponym and Meronym). A similar portion
was also found in the parental relation (Hypernym) with the initial
query terms.
Arguably, this result can be seen as an echo of the findings from
Efthimiadis’s experiment [7] where 44% of selected expansion terms
were not considered as a type of thesaurus-like relations but as new
ideas by the users. A similar tendency was found in our test. The
reason for this tendency is not clear [7], but it is speculated that
many terms which users choose as further descriptions of their information needs can be more complex (or flexible) relations to initial queries than those in a thesaurus.
This also highlights the advantage of the subsumption hierarchies as a means of hierarchical presentation of candidate expansion terms, as opposed to a manually constructed thesaurus which
provides well organised but limited range of relations.

5.

CONCLUSION

This paper examined the effectiveness of the hierarchical presentation of candidate expansion terms in comparison of a conventional list form. Although no significant difference in terms of

precision-recall between them was found, the users in the hierarchical presentation group completed the expansion task in significantly shorter time than users in the list presentation group. From
these results, it is concluded that different presentations of expansion terms do effect the expansion task, and a more structured presentation can improve the selection of expansion terms. This also
suggests that more attention on presenting expansion terms should
be made in the research of IQE.
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SAMPLE USER INTERFACE

