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Abstract. The availability of the logical structure of documents in contentoriented XML retrieval can be beneficial for users of XML retrieval systems. However, research into structured document retrieval has so far
not systematically examined how structure can be used to facilitate the
search process of users. We investigate how users of an XML retrieval
system can be supported in their search process, if at all, through summarisation. To answer this question, an interactive information retrieval
system was developed and a study using human searchers was conducted.
The results show that searchers actively utilise the provided summaries,
and that summary usage varied at different levels of the XML document
structure. The results have implications for the design of interactive XML
retrieval systems.
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Introduction

As the eXtensible Markup Language (XML) is becoming increasingly used in
digital libraries (DL), retrieval engines that allow search within collections of
XML documents are being developed. In addition to textual information, XML
documents provide a markup that allows the representation of the logical structure of XML documents in content-oriented retrieval. The logical units, called
elements, are encoded in a tree-like structure by XML tags. The logical structure
allows DL systems to return document portions that may be more relevant to
the user than the whole document, e.g. if a searcher wants to read about how
Romeo and Juliet met, we do not return the whole play but the actual scene
about the meeting. This content-oriented retrieval has received large interest
over the last few years, mainly through the INEX initiative [6].
As the number of XML elements 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 to be useful in interactive information retrieval (IIR) [9, 7, 15].
In this paper, we investigate the use of summarisation in XML retrieval in
an interactive environment. In interactive XML retrieval, a summary can be
associated with each document element 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 document containing that element. One
method to allow browsing XML documents is to display the logical structure

of the document containing the retrieved elements [13]. This has the benefit
of providing (sometimes necessary) context to users when reading an element.
Therefore, summaries can also be associated with the other elements of the
document, in addition to the returned elements themselves.
The aim of our work is to investigate how users of an XML retrieval system
can be supported in their search process, if at all, through summarisation. To
answer this question, an interactive information retrieval system was developed
and a study using human searchers was conducted.
The paper is organised as follows. In Section 2 we present the background of
our work, then we describe the experimental system and methodology that was
used in Section 3. The analysis of our data is described in Section 4, which is
followed by the conclusions and future work.

2

Background

In recent years, interactive aspects of the IR process have been extensively investigated. Major advances have been made by co-ordinated efforts in the interactive track at TREC. These efforts have been in the context of unstructured
documents (e.g. news articles) or in the context of the loosely-defined structure
encountered in web pages. XML documents, on the other hand, define a different
context, by offering the possibility of navigating within the structure of a single
document, or following links to another document part.
The interactive aspect of XML IR has recently been investigated through the
interactive track at INEX (iTrack) [13, 10, 8]. A major result from iTrack 2004
was that searchers did not interact enough with the elements of retrieved XML
documents [14]. Searchers seemed to appreciate the logical structure of XML
documents as a means of providing context for identifying interesting XML elements within a document, but they did not browse much within XML documents.
Tombros et al. suggest that this behaviour may have been due to limitations of
the interactive XML IR system used. Among these limitations was that XML element (or document) summarisation capabilities were few, and therefore searchers
did not have enough relevance clues to decide which elements to visit [14]. In this
paper, we focus on the presentation of the document structure as a hierarchical
table of contents, and on the use of summarisation to facilitate the users’ search
process.
Text summarisation has attracted attention primarily after the information
explosion on the Internet; however, significant work was done as early as the
1950’s and 1960’s. Edmundson proposed extraction methods considering various
sentence features, e.g. location, title words [5]. In recent summarisation systems,
users’ query terms are also considered in generating summaries [15]. Few researchers recently have investigated the summarisation of information available
in XML format (e.g. [1, 2]). In our work, we considered a simple summarisation
algorithm that takes advantage of the sentence location and the query (referred
to as query-biased), as our main aim is to study how users “interact” with summaries.

The use of summaries in interactive IR has been shown to be useful for various information seeking tasks in a number of environments such as the web (e.g.
[16, 4]). However, in the context of interactive XML retrieval, summarisation has
not yet been investigated extensively. Our main focus in this paper is to study
how searchers behave in an environment that provides them with structural documents, and how they use summaries of document elements that are presented
to them. To do so, we created and tested, through user-based studies, an interactive XML retrieval system with XML element summarisation capabilities. We
describe the system and the setup of our study in the next section.
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Experimental Setup

In this section, we describe the system and method that was used in our study.
We include only the necessary details for the presentation of the analyis and
results reported in this paper. A more detailed description can be found in [12].
User Interface The user interface is a web based system which passes the query
to a retrieval module, processes and displays the retrieved list of elements and
shows each of these elements. The system allows users to enter a search query
and start the retrieval process by clicking on the search button. The display of
the list of retrieved elements is similar to standard search interfaces (Figure 1).

Fig. 1. The list of the result elements.

Once searchers follow the link to a particular result element, the element is
displayed in a new window (Figure 2). The frame on the right shows the content
of the target element. The structure is displayed on the left as an automatically
generated table of contents (ToC) where each structural item is a hyperlink that
will show the corresponding XML element in the right window when clicked. For
this user study, four levels of structural items were displayed. Level one always
refers to the whole article; level two contains the body, front and backmatters;
level three usually contains the abstract, sections and appendices; and level four
usually means subsections or paragraphs, depending of the inner structure of
articles. The number of levels could be changed by searchers. For each item in
the ToC, summaries were generated and displayed as ‘tool tips’, i.e. when users
moved the mouse pointer over an item in the ToC, the summary of the target
element was shown. Query terms in the summaries, as well as in the displayed
documents, were highlighted.

Fig. 2. On the left, the structure of the XML document with a summary; on the right,
the content of a section element displayed.

Summarisation Summaries were displayed in the result list view for each result
element and for the displayed elements in the ToC in element view. Since our
aim at this stage of the research was not to develop sophisticated summarisation
methods, but to investigate summary usage in XML retrieval, we implemented
and used a simple query-biased algorithm. Four sentences with the highest scores
were presented as extracts of the source XML elements, in order of appearance
in the source element (for further details, see [12]).

Document Collection The document collection we used was the IEEE collection
(version 1.4) 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 with a suitably
large collection of articles of varying depth of logical structure.
XML Retrieval Engine The retrieval was based on the HySpirit retrieval framework [11]. To be able to examine the relation between the structural display and
the use of summaries, only paragraphs were returned as retrieval results. This
strategy ensured that elements deeply nested in a document logical structure
were returned, so as to “force” searchers to browse through the structural display on the left panel of Figure 2 (instead of simply scrolling down the right
window).
Searchers Twelve searchers (9 males and 3 females) were recruited for this study.
All of them had computer science background as the collection used contained
articles from the field of computer science.
Experimental and Control Systems Two versions of the developed system were
used in this study. The control system (Sc ) had all the functionalities we described in previous sections, whereas the experimental system (Se ) differed in
the display mode of summaries: System Se 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’ behaviour is affected by the different display. 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.
Tasks Four search tasks were used in the experiments. The tasks described
simulated work task situations [3]. We used modified versions of the INEX 2005
ad-hoc track topics which ensured that the tasks were realistic, and that relevant
documents could be found in the document collection. Two types of search tasks
were chosen. Background type tasks instructed searchers to look for information
about a certain topic (e.g. concerns about the CIA and FBI’s monitoring of 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 speech recognition software).
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.
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.
Data Collected Two types of events were logged. One type was used to save
the users’ actions based on their mouse clicks (e.g. when users clicked on the
‘search’ button, or opened an element for reading). The other type corresponds
to the summary-viewing actions of users, i.e. we logged whenever a summary
was displayed (users moved the mouse pointer over an item in the ToC).
During the analysis of summary log files, calculated summary-viewing times
that were shorter than half a second or longer than twenty seconds were discarded, because the former probably corresponds to a quick mouse move (without
users having read the summary), and the latter may have recorded user actions
when the keyboard only was used (e.g. opening another window by pressing
CTRL+N).
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Analysis

In this section, the analysis of the recorded log files is described. To investigate
whether summarisation can be effectively used in interactive XML retrieval, we
formed four groups of research questions. The first group (Section 4.1) is about
summary reading times. The second group (Section 4.2) is about the number of
summaries searchers read in their search sessions. Section 4.3 investigates the
relation between summary reading times and number of summaries read (the
third group). The fourth group (Section 4.4) looks into the relation between the
multi-level XML retrieval and traditional retrieval.
4.1

Summary Times

In this section, we examine how long searchers read an average summary; whether
there are differences in reading times for summaries that are associated with elements at various structural levels and element types; and whether the average
summary reading time changes when summaries are not shown at all structural
levels in the ToC.
Taking into account both systems Se and Sc , an average summary was displayed for 4.24 seconds with a standard deviation of 3.9. The longest viewed
summary was displayed for 19.57s, while the shortest accounted summary was
viewed for 0.51s.
Figure 3a shows the distribution of summary display times by structural
levels for each system. Display times of Sc tend to be shorter when users read
summaries of deeper, i.e. shorter elements, although the length of summaries
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were the same (i.e. four sentences). For Se , times are more balanced. This indicates that if there are summaries for more levels and the lowest level is very short
(sometimes these paragraphs are as short as the summary itself), people trust
summaries of larger, i.e. higher, elements more. If the difference in size between
the deepest and highest elements is not so big, times are more balanced.
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Fig. 3. Summary times by structural levels (a) and XML element types (b)

Figure 3b shows the display time distribution by XML element types (tags).
We can see, for example, that the bdy (body) element has high summary viewing
times; this is the element that contains all the main text of the article. We can
also see that paragraphs (para) and subsections (ss1 and ss2) have low summary
reading times for Sc and, obviously, none for Se (as they are not displayed
at these levels). These three element types appear on the lowest, i.e. fourth,
structural level.
We compared the two systems (Se and Sc ) to find out whether significant
differences in summary reading times can be found. The comparison of the overall
summary-viewing times showed significant difference between Se and Sc , i.e. the
average summary viewing time for system Se (4.58s) is significantly higher than
that of system Sc (3.98s). To examine where this difference comes from, we
compared the two systems by tag types (e.g. whether summary reading times
for sections are different for the two systems). However, we did not find significant
differences at comparable tag types1 . We also compared the two systems with
respect to structural levels (e.g. whether average summary reading time at level
one is significantly different for the two systems). We did not find significant
difference for level one (article), two (body, front and back matters) and three
(abstract, sections, appendix) elements.
1

Tag types for which summaries were not displayed for any of the systems were not
compared as one of the sample groups would contain zero samples.
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To sum up, our results showed that users of system Se read summaries 0.5s
longer than that of system Sc . However, we could not find significant difference
at levels or element types between the two systems. An interpretation of this
result is that since Se searchers had less available summaries to examine, they
were less confused and overloaded by the information available and could take
their time reading a particular summary.

4.2

Number of Summaries Read

.

This section looks into the number of summaries that were read by searchers. We
first examine the average number of summaries seen by users in a search session,
and then we look into the distributions of the number of read summaries at
different structural levels and element types. Differences between the two systems
with respect to the number of read summaries are also discussed in this section.
Considering both systems together, an average user read 14.42 summaries
in a search session (20 minutes long), with a standard deviation of 10.77. This
shows a considerable difference in user behaviour regarding summary reading.
The least active summary reader read only one summary in a search session,
while the most active saw 52 summaries for at least half a second.
Figure 4a shows that the deeper we are in the structure of the ToC, the
more summaries are read, on average, in a search session. This is consistent
with the nature of XML, and all tree-like structures: the deeper we are in a
tree, the more elements are available on that level. However, our data shows
that the difference between the two systems is not only based on this structural
property, because when only three levels of summaries were displayed, reading
of third level summaries (usually summaries of sections) showed higher activity
than when four levels of summaries were displayed, i.e. the third level seems to
be more interesting than the first and second.
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Fig. 4. Number of read summaries per search sessions, by structural levels (a) and
XML element types (b)
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The next step is to find out whether this interest is only at these deeper
levels, or connected to some element types. Contents of the same element types
are supposed to have the same amount and kind of information, e.g. paragraphs
are a few sentences long; front matters usually contain author, title information
and the abstract of the paper. Our log analysis shows that summaries of sections,
subsections and paragraphs are those most read (Figure 4b), although users
take less time to read them (see previous section). Other tag types are less
promising to users according to their summary usage. We can also see in Figure
4b that when paragraph and subsection summaries are not available (Se ), section
summary reading increases dramatically. We interpret these results as indication
that for the IEEE collection, sections, that appear mostly at level three, are the
most promising elements to look at when answering an average query.
The comparison of the overall number of viewed summaries showed that an
average user of system Se read 12.5 summaries per search session, and of system
Sc 16.33 summaries per session. In other words, our test persons read more
summaries where more summaries were available. However, this difference is not
statistically significant.
We compared the two systems using the same categories (i.e. tag types and
levels) as previously for summary reading times. T-tests did not show significant
differences at comparable levels and element types between Se and Sc in number
of read summaries.
4.3

Reading Times vs. Number of Read Summaries

In this section, we examine the relationships between the data and findings of
the previous two sections. One question we are looking into is whether searchers
with higher summary reading times read less summaries in a search session.
Users of system Se read less summaries than those who used system Sc .
This is in accordance that they had less summaries available. However, users
of system Se also read summaries for longer. This shows that if there are less
available summaries, users can focus more on one particular summary, and vice
versa, if there are many summaries to view, reading can become superficial.
Considering both systems and tag types, we found negative correlation between the summary reading time and the number of read summaries. In other
words, it is true for users of both systems that the more summaries they read on
a particular level the shorter the corresponding reading times are. However, this
is only an indication as the correlation coefficient (-0.5) does not indicate significance. Also, since the number of summaries read increases when going deeper
in the structure, we view this as an indication that, for searchers, summaries of
higher level elements are more indicative to the contents of the corresponding
elements than those of lower, and also shorter, elements.
4.4

Usage of the ToC and Article Level

XML retrieval has the advantage of breaking down a document into smaller
elements according to the document’s logical structure. We investigated whether

searchers take advantage of this structure: do they click on items in the ToC, do
they use the article (unstructured) level of a document, and how frequently, do
they alternate between full article and smaller XML element views?
Regarding the usage of the XML structure in terms of the ToC, 58.16% of
the displayed elements were results of at least “second” clicks, i.e. more than
half of the elements were displayed by clicking on an element in the ToC. This
shows that searchers actively used the ToC provided (unlike those in [14]), and
that they used the logical structure of the documents by browsing within the
ToC.
The log files show that only 25% of the searchers clicked on article elements
to access the whole document, and none of these searchers clicked on an article
type link more than three times in a search session. The distribution of viewing
whole articles did not depend on the system, i.e. we observed three article clicks
for each system. This result follows naturally, since the display of the article level
was not different in Se and Sc .
Article level clicks show that articles were only 3.56% of all the displayed
elements. This may be misleading as the retrieval system did not return article
elements in the result list. We therefore compared article usage to elements that
were displayed when users were already in the document view, i.e. we excluded
elements that were shown right after a searcher clicked on a link in the result
list. The updated number shows that article elements were displayed in 6.12%
of these clicks. This suggests that searchers of an XML retrieval system do use
the structure available in terms of the ToC, and although it was the first time
they had used an XML retrieval system, they did not simply prefer to see the
whole document as they were accustomed to.
Our results from the previous sections suggest that searchers still want to
have access to, and use, the full-article level. For example, searchers read summaries of articles and read them for longer but, they did not necessarily want
to use the full-articles directly, i.e. looking at the full-article summary may be
enough to decide whether reading any part of the article is worthwhile.

5

Conclusions and Future Work

In this paper, we presented a study of an interactive XML retrieval system
that uses summarisation to help users in navigation within XML documents.
The system takes advantage of the logical structure of an XML document by
presenting the structure in the form of a table of contents (ToC). In this ToC,
summaries of corresponding XML elements were generated and displayed.
Searchers in our study did indeed use the provided structure actively and did
not only use the whole article in order to identify relevant content. In addition,
searchers made good use of the XML element summaries, by spending a significant amount of time reading these summaries. This implies that our system, by
the use of summarisation, facilitated browsing in the ToC level more than that
at INEX 2004 interactive track [13].

Regarding the use of element summaries, in our study searchers tended to
read more summaries that were associated with elements at lower levels in the
structure (e.g. summaries of paragraphs), and at the same time summaries of
lower elements were read for a shorter period of time. Our results also suggest
that if more summaries are made available, searchers tend to read more summaries in a search session, but for shorter time.
In our experiment, the ToC display and summary presentation were highly
connected (i.e. no summary can be displayed without a corresponding item in
the ToC). Based on the close relation between them, for such an XML retrieval
system it is important to find the appropriate ToC, and summary, presentation.
If the ToC is too deep, searchers may lose focus as the reading of many summaries
and short reading times at low levels indicated. Nevertheless, if the ToC is not
detailed enough, users may lose possibly good links to relevant elements. Our
results suggest, that for the used collection, a one or two-level ToC (containing
reference to the whole article, body, front and back matter) would be probably
too shallow, while displaying the full fourth level (normally to paragraph-level)
is sometimes too deep.
We view our results as having implications for the design of interactive XML
IR systems that support searchers by providing element summaries and structural information. One implication of the results is that the display of the ToC
in XML IR systems needs to be carefully chosen (see previous paragraph). Our
results also showed that summarisation can be effectively used in XML retrieval.
A further implication of the results is that XML retrieval systems should consider the logical structure of the document for summary generation, as searchers
do not use summaries in the same way at all levels of the structure.
Based on the outcomes of this study, our future work includes the development of an improved interactive XML retrieval system that includes adaptive
generation of summaries at the ToC level, where the structural position and estimated relevance of the element to be summarised will also be considered (some
initial work is done in [2]). We also plan to take into account structural IR search
task types (e.g. fetch and browse), that are currently being investigated at INEX
[6]. The aim of the fetch 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 can be particularly helpful in the browsing phase, where finding relevant
elements within a document is required.
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