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ABSTRACT
As the number of components in XML documents is much
larger than that of ‘flat’ documents, we believe it is essential
to provide users of XML information retrieval systems with
overviews of the content of retrieved elements. In this paper,
we investigate the use of summarisation in XML retrieval as
a means of helping users in their searching process.

1.

INTRODUCTION

As the eXtensible Markup Language (XML) is becoming
increasingly widespread, retrieval engines that allow search
within collections of XML documents are being developed.
XML documents contain not only textual information, like
in ‘flat’ documents, but also information about the logical
structure of the documents. The logical structure is a treelike structure encoded by XML tags. For example, an article can be seen as corresponding to the root of the tree,
and sections, subsections and paragraphs can be arranged
in branches and leaves of the tree. The logical units, called
elements, provide document portions that may be better to
retrieve than the whole XML document itself, i.e., some elements can themselves be answers to an information need
while the rest of the document may contain non-, or partially, relevant information. Thus, in XML retrieval, document components, rather than whole documents, are retrieved. This content-based retrieval of XML documents
has received interest over the last few years, mainly through
the INEX initiative [4].
As the number of XML components is typically large
(much larger than that of documents), we believe it is essential to provide users of XML information retrieval systems with overviews of the contents of the retrieved elements. One approach is to use summarisation, which has
been shown useful in interactive information retrieval (IIR)
[6, 5, 10].
In this paper, we investigate the use of summarisation in
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XML retrieval in an interactive environment. In standard
IIR, a summary is usually associated with each document
returned by the retrieval system; in interactive XML retrieval, a summary can be associated with each document
component returned by the XML retrieval system. Because
of the nature of XML documents, users can, in addition
to accessing any retrieved element, browse within the XML
document containing that element. One method to allow
browsing XML documents is to display the logical structure
of the document containing the retrieved elements. This
has the additional benefit of providing (sometimes necessary) context to users when reading a component. Therefore, summaries can also be associated with the other elements forming the document, in addition to the returned
components themselves.
The aims of our investigation are twofold: 1) regarding
summarisation, we examine whether summarisation is useful
when browsing within XML documents; 2) regarding structural information and summarisation, we want to know what
structural levels should summaries be applied to, and how
closely the structural display and the use of summaries are
related to each other in an interactive search process. To
answer the questions above, an interactive information retrieval system was developed and examined using human
searchers.
The paper is organised as follows. In Section 2, we describe the experimental system that was used and, in Section
3, the experimental design. We show the results in Section
4, followed by discussion. We finish with future work.

2. EXPERIMENTAL SYSTEM
In this section we describe the system that was used in
our study: the user interface with XML specific features,
the summarisation method and the XML search engine.

2.1 User Interface
The user interface is a web based system which passes the
query to the retrieval module, processes and displays the retrieved result list and shows the result elements. The system
allows users to enter a search query and start the retrieval
process by clicking on the search button. The result list display is similar to standard web search interfaces to minimise
searchers’ frustration which may be caused by learning how
to use a new system. For each result element, the following
are shown: rank, retrieval score, query-biased summary, title and path of the XML document that contains the result

element, size of the element, a mini map that shows the path
of the element within the XML document and gives an idea
about how deep the element is nested in the structure, and
a link to display the result element. The result page also
includes the possibility of running a new query, and shows
the number of results, retrieval time and the query terms.
Query terms in the titles and summaries are highlighted
using a yellow background. Once searchers follow the link
to the element, the element is displayed in a new window
(Figure 1). The frame on the right shows the content of
the target element with query words highlighted. On the
left, the structural view of the whole document is displayed,
where the position of the currently shown element is also
highlighted.
The structural display is based on the XML structure of
the whole document, i.e. the root element is shown at the
top level, while the descendants are displayed at lower levels
(indented, with bullets). Each structural item is also a hyperlink that will show the corresponding XML element on
the right window when clicked. As an XML document may
contain element types that are for formatting purposes only
(e.g. it corresponds to italic), selection of element types to
be displayed in the structural view is necessary. Based on
the analysis of the document corpus and the relevance assessments on this collection by INEX participants, 9 element
types were selected for structural display, including article,
abstract, section and paragraph types. These correspond to
the types that were usually assessed highly relevant for a
number of topics.
The label of an item in the hierarchical structure is the
title of the corresponding XML element when such information is available. If no title is available, the name of the
element type is displayed with its sequential number (e.g.
Paragraph 2, Section 1, etc.).
For this user study, four levels of structural items were displayed; the number of levels could be changed by searchers.
For each structural item shown in the hierarchical structure on the left, automatic summaries are generated for that
particular item. The algorithm for creating summaries is
the same as the one used in the result list display and is described in the next section. Summaries are being displayed
as ‘tool tips’ when the mouse pointer is over a structural
item. The aim of summary display is to reduce the number
of searchers’ clicks and let searchers find relevant document
portions more quickly. Query terms in the summaries are
also highlighted.

2.2 Summarisation
Since we investigate whether summarisation is useful in
interactive XML retrieval and there has not been much research on how to generate summaries from nested XML elements, we implemented a summarisation method that is
query-biased and easy to implement.
For summary generation, we used a sentence extraction
approach that has been widely used [8]. First, both the sentence terms and query terms are stemmed using the Porter
stemming algorithm [7], and stop-words are removed from
both term sets. The summarisation method for selecting
extract-worthy sentences of an XML element is as follows.
The score of each sentence in a given element is calculated
according to Equation 1.
X
occ(j, Ti ) · occ(j, Q)
(1)
Si =
j∈Q

Figure 1: On the left, the structure of the XML
document with a summary; on the right, the content
of a section element displayed.
where Si is the score of sentence number i, Q is the set of
unique query terms, Ti is the set of unique terms in sentence
i, and occ(j, A) is the number of times term j occurs in the
term set denoted by A. If two sentences have the same
score, the one occurring first in the element is given higher
rank among candidate summary sentences. If the source of
the summary does not contain sentences that include query
terms, which can happen as summaries are generated for all
elements of XML documents, the first four sentences of the
element are being shown as the summary. This approach is
based on the location method [3], which assumes that the
first couple of sentences in a document, or paragraph, are
more indicative of its content. A maximum of four sentences
with the highest ranks are presented as extracts of the source
XML elements, in order of appearance in the source element.

2.3 XML Retrieval Engine
The retrieval was based on the HySpirit retrieval framework [9]. HySpirit is capable of indexing and retrieving XML
documents and elements based on a probabilistic framework
that allows defining various retrieval strategies. To be able
to examine the relation between the structural display and
the use of summaries, only paragraphs were returned as retrieval results (the used document collection comprises scientific articles and is further described in Subsection 3.1).
This strategy ensured that elements deeply nested in a document logical structure were returned, so that to “force”
searchers to browse through the structural display on the
left panel (instead of simply scrolling down the right window).

3. EXPERIMENTAL DESIGN
This section describes the document collection and experimental methodology we used in our study.

3.1 Document Collection
The document collection we used was the IEEE collection
which contains 12,107 articles, marked up in XML, of the
IEEE Computer Society’s publications from 12 magazines
and 6 transactions, covering the period of 1995-2002. On
average, an article contains 1532 XML nodes and the average depth of a node is 6.9. These properties provided us
a suitably large collection with articles of varying depth of

logical structure.

3.2 Searchers
Twelve searchers were recruited for this study. All of them
had computer science background as the collection used contained articles from the field of computer science. Nine of
them were male, three female. Participants had five different
languages as their first language.

3.3 Experimental and Control Systems
Two versions of the developed system were used in this
study. The control system was the one described above (we
refer to this as system Sc ), the experimental system differed in the display mode of summaries (system Se ). While
the control system was ‘fully functional’, the experimental
system displayed summaries only at high levels in the hierarchical structure, i.e. the upper three levels had associated
summaries, the fourth level did not. The rationale behind
this is that we wanted to see whether searchers realise the
difference and act differently.
From the observed difference, the usefulness of showing
the structure of a document and summaries can be examined. To avoid bias towards the use of the hierarchical structure and summarisation, we employed a blind study, i.e.
searchers were not told what the purpose of the study was.

3.4 Tasks
Four tasks were created for the experiments. The aim of
making tasks was to create simulated work task situations
[2]. As a first step of the task generation, four topics were
chosen from the INEX 2005 ad hoc track topics. Choosing such topics ensured that relevant XML portions were
present in the collection. Selected topics were then modified by adding introductory sentences that would serve as a
background for searchers who would perform searches using
the task generated from the given topic. Task description
generation also included combining sentences from the various parts of the original INEX topics, e.g. title, initial topic
statement, narrative.
Topics were also chosen in a way that allowed us to create
two types of tasks, each containing two tasks. Background
type tasks instructed searchers to look for information about
a certain topic (e.g. concerns about the CIA and FBI’s
monitoring the public) while List type tasks asked searchers
to create a list of products that are connected to the topic of
their tasks (e.g. a list of found speech recognition software).
We refer to these task types as B and L, respectively. The
reason for creating more types of tasks is to avoid the effect
of testing our hypotheses in only one type of task condition.
From each group of tasks, searchers could freely choose the
one that was more interesting to them. Searchers had a
maximum of 20 minutes for each task. This period is defined
as a search session. Search sessions of the same searcher (i.e.
one searcher had two search sessions) are defined and used
in this paper as a user session.

3.5 Search Design
To rule out the fatigue and learning effects that could
affect the results, we adopted Latin square design. Participants were randomly assigned into groups of four. Within
groups, the system order and the task order were permuted,
i.e. each searcher performed two tasks on different systems
which involved two different task types. We made an effort

to keep situational variables constant, e.g. the same computer settings were used for each subject, the same (and
only) experimenter was present, and the place of the experiments was the same.

3.6 Data Collected
Information was collected in three ways: searchers filled in
questionnaires, searching logs were recorded and interviews
took place at the end of each user session. In this paper,
we report the results based on the questionnaires and interviews.
Questionnaires were filled in by searchers before and after
each search session, and before and after each user session.
Within the entry questionnaires, general information was
collected about users (age, first language, education, etc.),
and their computer and searching experience. Information
about users’ perception of the search tasks and systems was
also collected in before- and after-each-task questionnaires.
Questionnaires included questions about specific features of
the user interface, i.e. the use of summaries and the displayed XML structure. Comments and suggestions were also
recorded in the after-each-task and exit questionnaires.
After each user session, searchers were interviewed. In the
interviews, their use of the system, summaries and XML
structure was discussed in detail to understand how these
had affected their searching behaviour and user satisfaction.

4. RESULTS
In this section, results collected by questionnaires and interviews are presented and discussed. We first describe our
users’ familiarity with computer science and searching, and
examine their search task and system understanding. This
is followed by results with respect to the different task types
(L and B). We also describe the differences between the two
systems (Se and Sc ). Finally, the outcome of the interviews
is described. Apart from comments written by searchers,
we used 7 point Likert scales to measure users’ perceptions,
where 7 corresponds to the strongest and 1 to the weakest agreement with regards to the question asked. In this
section, we refer to such a scale unless otherwise stated.
According to the entry questionnaires, most of the users
claimed to be experts in both working with computers and
searching (average of 5.9 and 6 points, respectively, where 1
indicated low level, 7 indicated high level of expertise, Table 1). This indicates that they were able to understand the
search tasks as well as the search results as both the document collection and the search tasks were computer science
oriented. Searchers also indicated their task understanding
as 5.75 in average.
Information about users’ perception of the given tasks
was also collected. Searchers found that the difficulty of
tasks in general was average both before starting the search
(mean of 4.54 where 7 corresponds to easy) and after finishing it (mean 4.33). As they also understood how to use the
two systems easily (6.17 average), we believe the system did
not cause frustration to them which would have had an unwanted effect on their searching behaviour. Our second set
of results are with respect to task types summarised in Table
2. L tasks appeared to be easier to start with, but users did
not find difference in terms of task difficulty later in their
search process. According to a t-test (α=0.05), there is no
statistically significant difference in these results either (as
values are equal or close to 1). Both task types appeared

Table 2: Questionnaire Data by Task Types.
Was it easy to get started on this search?
Was it easy to do the search on this topic?
Did you have enough time[...]?
Are you confident in your results?
Do you feel your results are complete?
Did your previous knowledge[...]help[...]?
Have you learned much new about the topic[...]?
Was the search task interesting?
Was the search task realistic?
Did you use the hierarchy[...]?
Did you read the summaries[...]in the hierarchy?

Table 1: Questionnaire Data about searchers’ expertise, task and system difficulty.
Level of expertise with computers
Level of expertise with searching
Understanding the nature of searching task?
How easy do you think the task is?
Was it easy to do the search on this topic?
Understanding how to use the system?
How easy was it to learn to use the system?
How easy was it to use the system?

Average
5.92
6.00
5.75
4.54
4.33
6.17
5.83
5.67

St. dev.
0.90
0.60
0.87
1.10
1.66
0.83
0.83
0.89

to be quite interesting (on average 5.08 for both task types)
and realistic (5.58 and 5.25), where realism is explained to
searchers as how likely it is to have such search task in real
life. Searchers read about the same amount of summaries regardless of task types, and there was a small difference in the
use of the hierarchical structure. Regarding the use of the
two system versions (our third set of results), as expected,
there is a considerable difference in reading summaries and
preferring them at all levels of hierarchy (Table 3). Results
show that using the complete system (Sc ), searchers read
more summaries as, by the design of the two systems, more
summaries were displayed to them. The display of summaries at all levels was preferred by searchers.
In the corresponding questionnaires, users indicated problems with summaries at low (i.e. paragraph) level in 8 out
of 24 search sessions. 5 cases concerned system Se where
searchers reported missing summaries, whereas 3 were with
system Sc where searchers did not want to see those summaries (at paragraph level).
During the interviews some of the searchers who did not
comment on the use of summaries at low level of the structure within their questionnaires, stated that, in fact, they
would have liked to have summaries for paragraphs when using system Se . They said that they did not comment on this
issue because they did not realise that some summaries were
actually missing (especially when they performed search on
system Se first) as they were focusing on the retrieval performance of the systems, not the use of structural information
and summaries1 . Regardless of systems and tasks, searchers
were satisfied with summaries as tool tips (5.54 average).
1
We think this is because most users associate information
retrieval with web search, where links are returned and target documents are displayed by the browser according to
their HTML content, and no further processing is done by
the IR system.

Task B
Average St.
4.50
4.33
4.58
4.50
3.58
3.17
4.08
5.08
5.58
4.67
4.92

dev.
1.51
1.61
1.24
1.45
1.24
1.95
1.56
1.08
1.00
1.61
1.68

Task L
Average St.
5.25
4.33
4.00
4.42
3.33
3.58
4.17
5.08
5.25
5.08
4.92

dev.
1.48
1.78
2.30
2.31
1.72
1.78
1.64
1.08
1.29
1.16
1.56

t-test
0.21
1.00
0.36
0.92
0.73
0.45
0.89
1.00
0.47
0.32
1.00

The last results are based on users’ comments obtained
during the interviews after the user sessions. In addition to
provide answers to our investigation, these comments helped
identifying possibly typical problems and requirements of an
interactive XML retrieval system (this is currently investigated as part of the interactive track in INEX).
Several searchers expressed that they did not like the four
level display of the structure but they did not change the
number of levels although it was possible. People also said
fewer levels would not have been informative enough for
them. This indicates that searchers expect automatic determination of what structural elements should be displayed
and a general ‘number of displayed levels is x’ approach is
not suitable.
Some of the searchers, who had problems with the number
of structural levels displayed, indicated that elements without title should be displayed using labels instead of their
types and numbers (e.g. Section 3). This shows that information that is visible without being explicitly requested
through some user action is very important.
Some searchers complained about summaries having no
query terms. This was the case with summaries of non retrieved elements contained in documents for which the structure was displayed (these were the documents composed of
elements that were retrieved). The aim of an XML retrieval
is to identify relevant elements, and to return only those.
The same aim should be adopted when displaying the logical structure of a document: relevant elements (as estimated
by the retrieval system) should be made more prominent
compared to non relevant elements. How to do achieve this
effectively is a research question in itself.
Searchers indicated that when an element could fit in the
right window (Figure 1), showing the structure of that element on the left window (its descendants) was not necessary.
This is because they can easily find the relevant information
in a window as long as they do not have to scroll down.
Searchers who realised the difference between the two systems, and also remembered this during the interviews, claimed
that missing summaries were disturbing; they also claimed
that summaries shown at low levels, although they could
be unnecessary, were rarely bothering. We interpret this
as a strong connection between the structural display and
summary display, i.e. when structural items are shown, corresponding summaries should always be displayed.

5. DISCUSSION
Based on the questionnaire data and interviews with par-

Table 3: Questionnaire Data by System Types.
Did you have enough time[...]?
Are you confident in your results?
Do you feel your results are complete?
Did you use the hierarchy[...]?
Did you read the summaries[...]in the hierarchy?
Did you like summaries[...]?
Did you like summaries at all levels[...]?

ticipants of this study we believe that summarisation can be
helpful in interactive XML retrieval. However, in order to be
able to investigate particular summarisation algorithms in a
retrieval system such as that described in this paper, display
of document structure has to be well controlled. We believe
that the structural document display and summarisation for
XML elements is strongly connected. If the display is not
well designed, development including evaluation of summarisation strategies is not reliable in an interactive environment
as users are distracted by the effect of the display method.
To control the effect described above, the following design
guidelines are proposed as a result of this study.
• Structured items should be displayed based on the (estimated) relevance of the corresponding element. This is
because users do not want to waste their time being directed to irrelevant information.
• Structural items should be displayed according to target
element size, and this independently to their content, i.e.
whether they composed of figures, tables, textual and non
textual content. Indeed, users indicated a relation between the need to display the structure of an element and
the element length.
• Labels of the structural items should be as informative as
possible. Titles, when available are the ideal choice. If not
present, keywords of the corresponding elements should
be displayed as labels. Types of elements, e.g. section,
figure, etc. are not satisfactory.
• Summaries should be displayed for each item in the structural display. Alternatively, summaries should be completely avoided as selective summary presence can disturb
users.

6.

FUTURE WORK

The work presented here is a part of a wider work that
aims at developing and evaluating summarisation methods
for structured information retrieval. Based on the findings
of this paper together with the analysis of the system logs of
this user study, an improved interactive XML retrieval system will be developed and evaluated. We are also aiming at
developing summarisation methods that consider the structural position of the element to be summarised (some initial
work is done in [1]) and the fact that within an XML document, some elements will be estimated relevant and some
not. This has to be taken into account when deciding which
element to return and how to display in the logical structure. We will also take into account structural IR related
search task types, e.g. focussed, fetch and browse, that is
currently being investigated at INEX. The aim of the fetch

System Sc
Average St. dev.
3.92
1.73
4.00
2.09
2.92
1.51
4.83
1.53
5.42
1.56
5.17
1.75
5.08
1.68

System Se
Average St. dev.
4.67
1.92
4.92
1.62
4.00
1.28
4.92
1.31
4.42
1.51
5.25
1.48
4.17
1.85

t-test
0.23
0.22
0.12
0.85
0.05
0.75
0.16

and browse retrieval strategy is to first identify relevant documents (the fetching phase), and then to identify the most
relevant elements within the fetched articles (the browsing
phase). We believe that summarisation, the use of which
was introduced in this paper, can be particularly helpful in
the browsing phase, where finding relevant elements within
a document is required.
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