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Abstract The interactive track of the Initiative for the Evaluation of
XML retrieval (INEX) aims at collecting empirical data about user in-
teraction behaviour and to build methods and algorithms for supporting
interactive retrieval in digital library systems containing structured doc-
uments. In this paper we discuss and compare the usability aspects of
the web-based user interface used in 2004 with the application based
user interface implemented with the DAFFODIL framework in 2005. The
results include a validation of the element retrieval approach, successful
implementation of the berrypicking model, and that additional clues for
facilitating interactive retrieval (e.g. table of contents, indication of entry
points, related terms, etc.) are appreciated by users.

1 Introduction

Many of today’s DL systems still treat documents as atomic units, providing little
support for searching or navigating along the logical structure of documents.
With the steadily increasing use of the eXtensible Markup Language (XML), we
have a widely adopted standard format for structured documents. Thus, there
is now an opportunity for providing better support for structured documents
in digital libraries (DLs). Besides supporting navigation, the logical structure of
XML has the potential to assist the DL systems in providing more specific results
to users by pointing to document elements rather than to whole documents.

Since 2002, the Initiative for the Evaluation of XML Retrieval (INEX) has
organised annual evaluation campaigns for researchers in this field. However,
little research has been carried out to study user behaviour and to investigate
methods supporting interaction in the context of retrieval systems that take
advantage of the additional features offered by XML documents.

* This work was funded by the DELOS Network of Excellence on Digital Libraries
(EU 6. FP IST, G038-507618).



In order to address these issues, an interactive track (iTrack) was added to
INEX in 2004. In this paper, we report on the usability issues addressed in the
interactive XML retrieval systems that formed the baseline in these tracks in
2004 and 2005 (hereafter called iTrack 04 and iTrack 05). We show how the
findings from the first year led to the development of an improved system in
2005, and we report on the user reactions to both systems.

In iTrack 04, the main goal was to study user behaviour with an XML re-
trieval system and to validate the element retrieval approach. For this, the user
interface design was kept simple in order to give a clear picture of element re-
trieval systems. During iTrack 04 many usability issues arose, and these led to
formulating the main hypotheses for iTrack 05. In addition, more elaborate de-
sign principles and the berrypicking paradigm [1] were followed for the iTrack
05 interface design.

This paper is structured as follows: Section [2] gives a brief overview of related
work. Section [3] describes the evaluation methodology, the user interface and
findings of iTrack 04. The description of the iTrack 05 user interface follows in
section [4] including the necessary adaptions derived from iTrack 04, the evalu-
ation and findings. The last section presents a comparison of both evaluations
and an outlook.

2 Related Work

Classical information retrieval (IR) research has focused on a system-oriented
view and taken a simplified view of user behaviour: the user submits a query
and then looks through the ranked items one by one. Thus the goal of the
system is to rank relevant items at the top of the list. A broader perspective has
been taken in interactive IR research, as represented by the TREC interactive
tracks [2]. Quite surprisingly, results of these evaluations showed that differences
in system performance identified in laboratory experiments are hard to recreate
in interactive retrieval. As described in [3], this result is due to users being able
to easily identify relevant entries in a list of documents. Thus, cognitive factors
should be considered, as well as richer interaction functions, that can enhance
user interaction with the system.

Whereas the standard IR model assumes that the user’s information need
does not change throughout the search process, empirical studies (e.g. [4]) have
shown that interactive retrieval consists of a sequence of related queries target-
ing different aspects of an ever changing information need. For coping with this
problem, Bates et al. has proposed the berrypicking model of information seek-
ing, which assumes that the user’s need changes while looking at the retrieved
documents, thus leading into new unanticipated directions |1]. During the search,
users collect relevant items retrieved by different queries (berrypicking).

So far, there has been little work on interactive XML retrieval. Finesilver and
Reid describe the setup of a small collection from Shakespeare’s plays in XML,
followed by a study of end user interaction with the collection [5]. Two interfaces



were used: one highlighting the best entry points and the other highlighting the
relevant objects.

Some recent efforts have been made within the INEX interactive track [6/7].
In addition to the baseline systems which are the topic of this paper, Kamps et
al. tested a web-based interface that used a hierarchal result presentation with
summarisation and visualisation [8], and van Zwol, Spruit and Baas worked with
graphical XML query formulation and different result presentation techniques
also in a web-based interface |9|. Besides these systems, various techniques for
visualisation of structured documents have been proposed in |10] and [11},7].

3 iTrack 04

3.1 Evaluation Methodology

Document Corpus. The document corpus used was the 500 MB corpus of
12,107 articles from the IEEE Computer Society’s journals covering articles from
1995-2002 [12].

Topics. We used content only (CO) topics that refer to document contents.
In order to make the tasks comprehensible by other people besides the topic
author, it was required to add why and in what context the information need
had arisen. Thus the INEX topics are in effect simulated work task situations as
developed by Borlund [13]. Four of the 2004 CO topics were used in the study.

Participating sites. The minimum requirement for sites to participate in
the iTrack 04 was to provide runs using 8 searchers on the baseline version
of the web-based XML retrieval system provided. 10 sites participated in this
experiment, with 88 users altogether.

Experimental protocol & data collection. Each searcher worked on one
task from each task category. The task was chosen by the searcher and the
order of task categories was permuted. The goal for each searcher was to locate
sufficient information towards completing a task, in a maximum timeframe of 30
minutes per task.

Searchers had to fill in questionnaires at various points in the study: before
the start of the experiment, before each task, after each task, and at the end of the
experiment. An informal interview and debriefing of the subjects concluded the
experiment. The collected data comprised questionnaires completed by searchers,
the logs of searcher interaction with the system, the notes experimenters kept
during the sessions and the informal feedback provided by searchers at the end
of the sessions.

3.2 User interface

The user interface in iTrack 04 was a browser-based frontend connecting to the
HyREX retrieval engine |14}/15].

In response to a user query, the system presented a ranked list of XML ele-
ments including title and author of the document in which the element occurred.
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Figure 1. iTrack 04: Query form and resultlist

In addition, a retrieval score expressing the similarity of the element to the query
and the path to the element was shown in form of an result path expression (see
Figure [1). The searcher could scroll through the resultlist and access element
details by clicking on the result path. This would open a new window displaying
this element.
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Figure 2. iTrack 04: Detail view of an element

The detailed element view is depicted in Figure[2] The content of the selected
element was presented on the right hand side. The left hand part of the view
showed the table of contents (TOC) of the whole document. Searchers could
access other elements within the same document, either by clicking on entries in



the TOC, or by using the Next and Previous buttons (top of right hand part). A
relevance assessment for each viewed element could be given on two dimensions
of relevance: how useful and how specific the element was in relation to the
task. These dimensions corresponded to the relevance dimensions of the main
ad-hoc track of INEX in an attempt to ensure comparability of the results of
the two tracks. Each dimension had three grades of relevance, and ten possible
combinations of these dimensions could be given in a drop down list as shown
in Figure [2|

3.3 Findings

The main findings based on the log and questionnaires are reported in [16]. Here,
only the findings related to the usability of the baseline system are discussed.
We analysed the questionnaire and interview data to investigate these issues.
Most questionnaire questions were answered on a 5-point scale, which we have
analysed statistically.

The overall opinion of the participants about the baseline system was recorded
in the final questionnaire which they filled after the completion of both tasks.
Users were asked to rate the different features of the system on the scale of 1
to 5, where 1 stood for 'Not at all’, 3 ’Somewhat’ and 5 for ’Extremely’. The
results are summarised in Table B

In addition to these ratings, users were asked to comment on the different
aspects of the system after the completion of each task and after the completion
of the experiment. Example questions were:

— In what ways (if any) did you find the system interface useful in the task?

— In what ways (if any) did you find the system interface not useful in the
task?

— What did you like about the search system? What did you dislike about the
system? and

— Do you have any general comments?

The analysis of the most frequent comments are presented in the following
sections. Table [I] summarises the positive and Table [2] the negative results.
Element overlap. One of the critical issues of element retrieval is the possible
retrieval of overlapping result elements, i.e. components from the same docu-
ment where one includes the other (due to the hierarchic structure of XML
documents). Typically these elements are shown at non-adjacent ranks in the
hit list. In our case, the HyREX retrieval engine did not take care of overlapping
elements and thus searchers frequently ended up accessing elements of the same
document at different points in time and at different result ranks.

Data from both the system logs and the questionnaires showed that searchers
found the presence of overlapping elements distracting. By recognising that they
had accessed the same document already through a different retrieved element,
searchers typically would return to the resultlist and access to another element
instead of browsing again within a document visited before. 31 users commented
negatively on the element overlap.



Table 1. Positive responses on Table 2. Negative responses on
system usefulness (iTrack 04, 88 system usefulness (iTrack 04, 88

searchers) searchers)
System Response System Response
Features Count Features Count
Table of contents 66 Overlapping elements 31
Keyword highlighting 36 Insufficient summary 30
Simple/easy 34 Distinction b/w visited & unvisited 24
Good results 13 Limited query language 22
Fast 8 Poor results 10
Simple querying 6 Limited collection 9
Slow 9

Document structure provides context. The presence of the logical struc-
ture of the documents alongside the contents of the accessed elements was a
feature that searchers commented positively on. The table of contents of each
document (see Figure [2) seemed to provide sufficient context to searchers in
order to decide on the usefulness of the document. 66 users found the TOC of
the whole article very useful because it provided easy browsing, navigation, less
scrolling or gave a quick overview of which elements might be relevant and which
might not be.

Element summaries. The resultlist presentation in the iTrack 04 system
did not include any element summarisation. Only the title and authors of the
document were displayed in addition to the result path expression of the ele-
ment and its similarity to the query. As a consequence searchers had little clues
available to decide on the usefulness of retrieved elements at this point. 30 users
commented on these insufficient clues.

Keyword highlighting. Within the detail presentation of an element, all
query terms were highlighted. This feature was very much appreciated, and
several users suggested to provide this feature not only at the resultlist level,
but also at the table of contents level. 36 users gave positive comments on this
feature.

Distinction between visited and unvisited elements. There was no
distinction between visited and unvisited elements at the resultlist and detail
levels. Thus, a number of times users visited the same elements/documents more
than once. 24 users commented negatively on this.

Limited query language. The system did not support sophisticated queries
and there was no possibility to use phrases, boolean queries, or to set the pref-
erence for terms. 22 users found this an obstacle.

General issues. There are also some more general issues that were com-
mented on. These stated that the multiple windows of the web-interface were
somewhat confusing and that the "Result path" shown in the resultlist was
mostly meaningless, and with the square brackets, it had a very technical ap-
pearance.



iTrack 04 was the first attempt to set up an interactive track for XML re-
trieval, and there was very little knowledge on which we could build upon when
designing the iTrack 04 interface. In contrast, the design of the iTrack 05 in-
terface was based on the expereinces from the previous year. In designing the
interface, we aimed at overcoming the main weaknesses of the 2004 interface.

4 iTrack 05

4.1 Evaluation Methodology

The evaluation methodology used in iTrack 05 was similar to the one used in
iTrack 04. An extended version of the INEX IEEE document collection was used
(now comprising 16819 documents).

This time six topics were selected from the INEX 2005 ad-hoc topics, and
modified into simulated work tasks. In addition, searchers were asked to supply
two examples of their own information needs. Depending on the coverage in the
collection, one of these tasks was selected by the experimenter for the experiment.
In total, each searcher performed three tasks. With a total of 11 participating
organisations, 76 searchers performed 228 tasks in iTrack 05.

4.2 Desktop-based system

For iTrack 05 the DAFFODIL framework was used and extended to meet the
functionality of XML retrieval. DAFFODIL is a front-end to federated, heter-
ogeneous digital libraries. It is aimed at providing strategic support (see |17])
during the information search process and already supports interactive retrieval
through integrated high-level search and browse services.

The DAFFODIL framework consists of two parts, the graphical user interface
client and the agent-based backend services (see [18|[19]). The user interface
client, implemented in Java, is based on a tool metaphor, where each service is
presented by a tool and the tools are integrated among each other.

The interface for iTrack 05 was designed by taking into account the find-
ings of the iTrack 04, the berrypicking model described in section [2] and iconic
visulisation techniques for better recall and immediate recognition.

Additions to the Architecture. The base system had to be extended for
INEX in order to deal with the highly structured XML data. These extensions
affected both the user interface and the corresponding backend services, e.g.
connecting the XML search engine.

Query formulation. The problem of limited query language expressive-
ness was resolved by allowing Boolean queries, in combination with proactive
query formulation support [20]. The latter feature recognises syntactic errors
and spelling mistakes, and marks these. Besides full-text search, the system now
also allowed for searching on metadata fields such as authors, title, year.

For further support during query formulation we added a DAFFODIL service
for suggesting related query terms (based on statistical analysis of a different



corpus). While the user specifies her query, a list of possible alternative terms
are presented to her. This service follows the berrypicking model because the
newly discovered related terms can change the search direction of the user. For
easy query reformulation, the drag&drop feature of DAFFODIL could be used to
add new query terms from documents or the related term list.

Resultlist presentation. In order to resolve the issues of overlapping ele-
ments and element summarisation identified in iTrack 04, results in the resultlist
were now grouped document-wise and hits within documents were presented as
possible entry points within the hierarchical document structure. The document
metadata information is shown as the top level element, as depicted in Figure

In addition, whenever some element within a document is retrieved, the title
of that element is presented as a document entry point, depicted as a clickable
folder icon. This change reflected user preference for the TOC view, where titles
of elements are displayed.

We also took into account the comments about the retrieval score and the
result path expression from iTrack 04. The retrieval score of each retrieved ele-
ment was now shown in pictorial (as opposed to numerical) form, and result path
expressions of elements were removed from the resultlist. The whole resultlist
entry was made clickable.

The comments on the distinction between visited and unvisited elements
were considered by using an iconic visualisation technique. An eye icon is shown
with any resultlist entry that has been visited before. The analogy with the
berrypicking model is given here as marking the paths where a user walked to
pick only unknown berries, to avoid looking twice at the same information. We
also adopted query keyword highlighting at the resultlist level, since searchers
appreciated this feature at the detail view level.

Detail view. The main layout of the detail level was kept the same as
in iTrack 04, as seen in Figure [} Some additions were made for supporting
document browsing. First, the entry points from the resultlist level are now also
highlighted in the detail view. Second, elements already visited are indicated
with an iconised eye in the table of contents.

Many participants in iTrack 04 felt that the two-dimensional relevance scale
used in these experiments was too complex [21]. For this reason, we moved to
a simple 3-point scale, measuring only the usefulness of an element in relation
to the searcher’s perception of the task: 2 (Relevant), 1 (Partially Relevant),
and 0 (Not Relevant). This three grade relevance scale was visualised as shown
in Figure [4] (top left hand). The same icons were added to the viewed element
when a relevance value was assigned by the user. Here again one more aspect
of the berrypicking model analogy was implemented successfully: the user puts
the "good’ beeries into her basket, and also can see which berries she has picked
before.

4.3 Findings

The analysis was made along the same lines as for iTrack 04. The overall opin-
ion of the participants about the system was recorded in the final questionnaire
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Figure 3. iTrack 05: Query form and resultlist

Table 3. Overall opinion about the system on the scale of 1 (Not at all) to 5
(Extremely) in iTrack 04 (88 searchers) & iTrack 05 (76 searchers)

System Features iTrack 04 iTrack 05
T o
How easy was it to learn to use the system? 3.40 0.9 4.17 0.6
How easy was it to use the system? 3.96 0.9 3.95 0.7
How well did you understand how to use the system? 3.84 0.9 394 0.5
How well did the system support you in this task? - - 313 09
How relevant to the task was the information presented to you? - - 297113
Did you in general find the presentation in the resultlist useful? - - 335 0.8
Did you find the table of contents in the detail view useful? - - 372 1.0

that they filled after the completion of all tasks. New questions enquiring about
the distinct aspects of the system used in 2005 were added. The results are
summarised in Table 3] As can be seen users were in general positive on both
systems, and the major difference between the two years was the better learn-
ability of the 2005 system. In addition, there were many informal comments in
response to the questions mentioned in section [3.3] We analyse the data in the
following paragraphs.

Resultlist presentation. Presentation of results in a hierarchy is generally
found useful. 43 users commented positively on it, whereas 3 users found the
information presented insufficient for deciding about relevance or irrelevance. 2
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Figure 4. iTrack 05: Detail view

users commented on the inconsistency of the result presentation. This situation
occurred when a whole article was retrieved as a hit, with no further elements
within this article, 3 users disliked scrolling at the resultlist level.

Table of contents and query term highlighting. As in iTrack 04, the
TOC is found to be extremely useful and 32 users commented positively on it.
Query term highlighting in the resultlist and the detail view were also appreci-
ated (22 positive comments).

Related terms. The new functionality of suggesting related query terms was
found highly helpful: 29 users found this function useful in their performance of
search tasks. There were some cases when the suggested terms either retrieved
no documents, or there was no obvious semantic relationship to the query terms.
These situations led to negative remarks by 11 searchers.

Awareness in the detail view. The document entry points shown in the
resultlist were also displayed in the detail view, 14 users commented positively on
it. In addition, icons indicating visited elements and their relevance assessments
are shown in the TOC: 3 users found this useful. In addition, 15 users also wanted
to have the relevance assessment information in the resultlist.

Retrieval quality. Although the underlying retrieval engine had shown good
retrieval results in previous INEX rounds, it produced poor answers for some
queries, so 25 users commented negatively on this. A possible reason could be
the limited material on the choosen topic of search.

Other Issues. 4 users remarked positively on the interface usefulness and 3
liked the query form. The response time of the system was encountered as being
too high, so 35 users comments negatively on it.



Overall, user responses show that the main weaknesses of the iTrack 04 in-
terface have been resolved. In addition, the new features supporting the berryp-
icking paradigm were appreciated by the users.

5 Conclusion and Outlook

In this article we presented the lessons learned from INEX iTrack 04 to iTrack
05. The analysis of iTrack 04 showed several negative responses to the used
web-based interface. The main issues were the overlapping elements presented
in a linear resultlist, insufficient summaries to indicate the relevance of an item,
the lack of distinction between visited and unvisited items and a limited query
language. Also some positive comments were made, e.g., the document structure
(TOC) provided sufficient context and was a quick way of locating the interesting
information. Keyword highlighting was also found to be helpful in ’catching’
information parts that may be relevant to the existing query terms.

These findings were used to shift to an application-based interface. The analy-
sis of iTrack 05 showed that the overlapping elements presentation in a hierarchy
can provide sufficient summerisation and context for the decision of relevance or
irrelevance. The second major improvement was the addition of design elements
based on the berrypicking model [1], which received substantial appreciation.
These desgin elements included keyword highlighing, iconic visualisation and
provision of related terms.

The most problematic issue with the iTrack 05 system was the responsiveness
of the system. This was due to the underlying search engine and inefficiencies
within the DAFFODIL message flow. These issues will be worked on for iTrack
06.

Overall, the evaluations showed that interface design adaptation based on
the 2004 findings were taken as an improvement. The shift to an application
based framework proved to be the right step, as we gained more flexibilty in
features besides a web-based framework. In iTrack 06 a major focus will be the
efficiency, by replacing the underlying search engine and a tighter integration
with the DAFFODIL framework to lower response times.
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