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Abstract

The Web provides a massive knowledge source. The same i®trintranets and other electronic document
collections. However, much of that knowledge is encodedliaitly and cannot be applied directly without
processing it into some more appropriate structures. Siegydorowsing, question answering for example could
all benefit from domain specific knowledge contained in theutleents; and in applications such as simple search
we do not actually need very “deep” knowledge structure$ sscontologies but we can get a long way with a
model of the domain that consists of term hierarchies. Webtoendomain knowledge automatically acquired
by exploiting the documents’ markup structure with knowgeaxtracted on the fly to assist a user with ad hoc
search requests. Such a search system can suggest quefigatiodi options derived from the actual data and
thus guide a user through the space of documents.

This paper gives a detailed account of a task-based ewatfutatt compares a search system which utilizes the
outlined domain knowledge against a standard search sySterfound that users do use the query modification
suggestions proposed by the system. The main conclusiorawe@m@w from this evaluation however is that
users prefer a system that can suggest query modificati@rsacstandard search engine which simply presents
a ranked list of documents. Most interestingly, we obsem® user preference despite the fact that the baseline
system even performs slightly better under certain cateri

1 Motivation

“We believe that the exploitation of layout information daad to direct and dramatic improvement
in web search results” (Henzinger et al., 2002)

A large number of electronic document collections exishimittompanies, universities and other institutions,
but they remain difficult to access or navigate through dubédack of more sophisticated indexing and search
tools. If we could turn these collections into structuredwkiedge sources, we would obtain explicit domain
knowledge that could be used to search or browse the calfexti

How can we do that? We exploit the documents’ markup strectarconstruct such domain knowledge.
Electronic documents typically hasameinternal structure. It could be HTML markup in which the domnts
are encoded; it could as well be some less obvious and modeitgdructure. The exploitation of the markup
structure allows us to automatically transform the docurgehiections into usable knowledgddmain models
i.e. knowledge that can for example assist users who warmztick the documents.

The knowledge we construct comprises a number of term luieies, explained in more detail in (Krusch-
witz, 2003a). Part of one such term hierarchy can be seenurefiy (a realistic example from one of our sample
collections, the BBC News Web slie This graph gives an idea of how our domain model is strectunve
see a tree of related terms that can be used to either assist inuhe search process, perform automatic query
refinements or allow the user to browse the collection. Nge thetypesof relation in the sample tree are not
formally specified. This is significantly different from foll ontologies or lexical resources suchVasrdNet-

a large dictionary-like resource originally developed Eaglish that encodes linguistic relations between lexical
items (e.g. synonymy, antonymy etc.) (Fellbaum, 1998).

*This is a preprint of an article accepted for publicationASIST - Journal of the American Society for Information $uie and Technology
(©?2004 Wiley Periodicals, Inc., A Wiley Company
lhtt p:// news. bbc. co. uk
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Figure 1: Sample term hierarchy

What is important is the fact that we can construct domainetshpidly for unseen document collections as
long as the documents have some markup structure.

Once we have obtained such domain knowledge we can applait ad hoc search system which combines
a standard search engine with the added functionality tid@inaain model can offer, namely the construction of
query modification suggestions. Figure 2 shows a screemdhbe UKSearchsystem - our search system that
incorporates the automatically acquired domain model ning on the BBC News domain: a user started by
searching fotiraq” (one of the queries most frequently submitted to the BBC Nstesaccording to the log files
we are using), and is now presented with the first level of ibeanchy of terms that hagaq” as its root node.
The user can also choose to ignore the suggestions and emteigsiery modification in the appropriate input field
(e.g. “kay” ). In any case the system will map the modified query agairstitmain model and initiate a new
dialogue step.

So far so good. Automatically extracted knowledge has iteatages, the main one is that such knowledge
can be constructed rapidly. But if we just construct the nhodee and then apply it, we will end up with a rather
static knowledge source that will be out-of-date after stime unless we re-run the construction process.

We suggest a framework in which the relations encoded in ¢imeaih model are combined with what can be
extracted on the fly from the documents that match a user gaedythose terms are presented alongside each
other. The intuition behind this can be summarized by thiefiéhg observations:

e The domain model we construct does in fact encode term oakthat can assist a user in searching the
document collection. User experiments reported in (Krusizh) 2003b) have shown that the domain model
we construct contains very sensible query refinement option

e Our domain model is a representation of #atire document collection, in other words the refinement
options which can be derived from such a model will cover aewahge of topics (e.g. in figure 2 we can
see refinement terms such“ad prices” alongsideé‘gulf war” ). The problem is to keep the domain model
of a constantly changing document collection up-to-dadengthing particularly relevant for Web sites such
as BBC News).

e Terms extracted on the fly from the top matching documenigyivié a narrower, more focussed picture of
the document collection. However, such terms can possibinbreup-to-dateand better at describing the
few documents which are most relevant for an average query.

e Do users want refinement suggestions in the first place? lstadisk-based evaluation we studied how a
search system that offers query refinement options basedtomatically acquired domain knowledge (i.e.
UKSearch compares against a standard search engine (Kruschwii3p20We found that the majority of
users preferredKSearchover a standard search engine. This is a clear argumentdqratential benefits
such a search system can offer. Apart from that, only 2 oubafskrs dichotuse the query refinement op-
tions suggested HyKSearchat all. In other words, although users were free to ignorgjtlery modification
terms they did actually make use of them.

The conclusion we draw from these observations is that wedlbarser queries by returning the best matching
documents alongside query modification options which arerabination of terms extracted from the domain
model and terms extracted from the best matching documents.
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asia_pacific [
iragi_weapons [
defence_secretary 1]
oil_prices [1]
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Figure 2: Screenshot - BBC News domain
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This framework allows us to rapidly acquire domain modelsifalividual document collections and goes
beyond our previous work, e.g. (Kruschwitz, 2003a), in thhatcombine these domain models with knowledge
extracted on the fly.

Finally, by recording all the users’ selections in the iat#ion with the search system we get the additional
advantage of being able to adjust the domain model autoatigticy incorporating the users’ selections in an
evolving domain model.

The paper will be structured as follows. We will start with averview of how markup structure can be
exploited to extract domain knowledge that can then be dzgdrin a domain model (section 2). We will then
explain how the model is incorporated in a search systemhwdoes beyond purely matching a user query against
a set of documents (section 3). Section 4 describes a dktadk-based evaluation of such a search system. We
finish the paper with some discussion of future work as welbésted work and some conclusions.

2 Domain Model Construction

This section presents a short review of the domain modekagtn process. This process starts by automatically
selecting a small number of terms (nouns and noun phrasas)}tfre document collection. We then organize these
terms (which will be calle¢oncept¥as a set of simple hierarchies which will form the domain elod

We start with some simple assumptions about partially sired documents (of which Web documents are
just one particular example) to locate conceptual inforomnhamely:

e We can typically break down documents into different mar&aptexts (be it that the documents are marked
up explicitly or they contain some implicit structure).

e We can use this structure to extract significant terms.

e We do not want to rely on a single type of information that ntiigl used infrequently (for exampleeta
tags in HTML).

e We do not want to assume anything about the semantic intatjmme of a particular type of information.

e We only consider keywords and phrases as suitable indexstéthey are either nouns or noun phrases that
match sequences of part-of-speech tags typically usecetecting collocations.

e We find conceptual information in documents by selecting¢iadex terms that are found in more than one
markup context of a document.

In documents marked up in HTML we can identify a number of frenfly used markup contexts such as
documentitles, bold text, certain text found imetatags,underlinedtext etc. If the documents were articles in
a newspaper archive, we might distinguish markup contéesrticleheadingscaptionsof picturessummaries
etc. We then define:

Definition 1 An index term c is a concept term (or simply concept) of type ddcument d, if ¢ occurs in at least
n different markup contexts in d.

We argue, that this abstraction separates important terons fess important ones in a very efficient and
domain-independent way; see (Kruschwitz, 2003a) for stjpgpevidence that this is indeed the case.

We can decide what type of concepts we want to deal with (gpg 2 means that concepts are all those terms
found in at least two markup contexts of a document). For Baitypwe can assume a fixed type n (for example
type 2), and talk abowtonceptss a short form foconcepts of type.2A more detailed discussion can be found in
(Kruschwitz, 2003a).

The identification of conceptual terms is the first step talsahe construction of a domain model. The next
step is to arrange the extracted terms in some simple usabétses.

One of the main motivations for automatically acquiring andin model is the inadequacy of a domain-
independent knowledge source likdordNetin search applications for limited domains. Having said;ttize
structureof a knowledge source likévordNetlooks very promising for ad hoc search assistance. The measo
include the clear and simple organization, its applicgbit natural language engineering systems, and the advan-
tage that the model does not have to be rebuilt every timedberdent collection needs to be re-indexed. That is
becaus&\VordNetas well as the model we will introduce are independent of dtesh documents.

To make the last point clearer, compare this with a very difie approach in which the domain knowledge
is closely linked to the documents and not separated. The SMARTsysten links knowledge to the actual

2http://ww. ai . nit.edu/ projects/infol ab/



documents (Katz et al., 2001 STARTis a question answering system that indexes a documenttioiieby
annotating documents and storing those annotations inwlkdge base. The online search system tries to match
the user query against the annotations. These annotassestelly describe the questions that some part of a
documentis able to answer.

The domain model we construct is a set of simple conceptiuieies. The interpretation of these hierarchies
is very different from a number of other models.WordNetfor example the links between two sets of terms are
clearly defined semantic relations (elypernymyantonymyetc.). Our aim is not to capture the actsamantic
relations that exist between concepts but thetfa&tthere is some relation, one that can be used to guide a user in
a search process. Two examplestificturally similar models are described in (Sanderson and Croft, 1208)
(Anick and Tipirneni, 1999). The construction process is/&eer different to the work presented here.

The construction of our model is straightforward and is gerfed fully automatically in an offline process.
The process is based on a simple relation:

Definition 2 Two concepts; andc, are related concepts of type n for documeénif ¢; andc, are concepts of
type n for document d.

Although this relation is defined for two concepts in the salmeument it also allows us to abstract from the
single document and to consider two concepts related itlseat least one document for which this is true. This
will be the assumption on which we construct the domain madeve will see shortly.

Each of the hierarchies in our model consists of nodes repted by a concept (see for example figure 1). We
have found that the concepts that have been identified imtlexing process are likely to be among those terms
that users submit as real queries when they search the dateoikection (Kruschwitz, 2003a). Based on this
finding the model construction process is a sequence of atinnk of user requests that does not use live user
queries but the concepts that have been identified in thendeets. Each concept is a potential query. Therefore,
we construct a hierarchy for every single concept, in otherds every concept represents the root node of one
hierarchy. We start with a single concept as a possible useryqe.g.iraq in figure 1). Utilizing therelated
conceptsletected in the source data one can then explore all posgdyle of constraining this query by adding a
single concept to the query in a query refinement step. Tleedsting terms which could be added to the query in
such a step are all the concepts that were found telagedto the original query (concept) term. A new daughter
node is created if there are documents in the collectionrttath the refined query. In the example, we create a
daughter nodeniddle eastbecauseniddle eastandiraq are related concepts and the query that is a conjunction
of both these terms returns a non-empty document set.

The model construction is an iterative process that can pkealto the new queries until eventually one ends
up in leaf nodes, i.e. nodes that typically represent veeciic queries for which only small sets of documents
can be found. In each of those iterative steps one would ek@ncurrent query by a single concept that is related
to all query terms collected so far (figure 1 shows that there arardents in the collection that match the query
“iraq AND saddam hussein AND oi)’

By limiting the number of branches originating in a node oats@ usable model in which each of the daughter
nodes can be interpreted as query refinements of the quessaaried by the mother node. Weights are associated
with each arc indicating the number of matches that each regtesents (not displayed in the example).

The resulting hierarchies are applied in a simple dialogstesn to assist a user in ad hoc search tasks.

3 System Overview

The main principle underlying the system design is that westroict a domain model for the entire collection in
an offline process prior to making the system available tauge¥, but we only acquire knowledge on the fly for
those queries the user actually submits. The dialogue nears&tects suitable query modifications based on the
relations encoded in the domain model and presents thematdiatfbf terms alongside the terms extracted on the
fly. Figure 3 is a simplified overview of what happens indil¢Search

e The user query is submitted simultaneously to a search erfffinexample to Google via its ABland the
UKSearchbackend.

e The search engine results are displayed alongside the maatification options which are derived from the
domain model and the additional terms extracted from therhagching documents.

We will briefly describe how our systems constructs query ifications (i.e. relaxations and refinements).
Every time the user interacts with the system these stepseafermed:

Shttp://ww. googl e. conf api s
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Figure 3: Sketch of information flow idKSearch

Calculate query refinements

Calculate query relaxations

Rank all query modifications

Select the highest ranked query modifications and congtiiential choices.

Since we have uncoupled the domain model from the actuabds¢eof documents, the dialogue manager does
not actually keep track of what the search engine returnstHar words, in any case we calculate relaxation as
well as refinement options.

We apply the domain model to explore a fairly restricted spaicquery modifications. This is because the
domain model is custom-built for exactly this process,fireding refinement or relaxation terms for a given query.
There is no need to go deep into a hierarchy, nor are we itéer@sexploring sets of nodes that are notimmediate
neighbours in such a hierarchy. Simply speaking:

e Query refinements are calculated by proposing a single gdrieat could be added to the current query.
Since the domain model hierarchies represent (hypothetjaary refinement steps, we just have to find a
coherent path that takes us from the root node further dowrhierarchy, and on that way we collect all the
current query terms (and do not skip any nodes). Followieddkt node on this path we have the nodes that
contain query refinement terms.

e Query relaxations are constructed by either breaking tmeeotiquery into parts (i.e. by deleting query
terms) or by substituting the query by a single concept. $inigle concept has to be found in the root node
of a concept hierarchy, and all query terms are found in trectidaughter nodes of that root node.

The ranking function ignores all query relaxations if thare potential query refinements. This is based on
the observation thabo general queries are much more likely thao specific queries, e.g. see (Kruschwitz,
2003a). Furthermore, we only extract any terms on the fly tmrg refinement. Otherwise we simply present
query relaxations (e.g. suggestions for partial queriesivdd from the domain model. An example of a query
relaxation step initiated by the system can be seen in figuvbete a user asked ftiragq government political
figures before invasion”

For the extraction of knowledge on the fly we currently usetities and snippets returned by Google and
process this text in the same way as we process the docunikeatiom prior to deriving the domain model. That
means we assign parts of speech, select nouns and certaipph@ases. Finally we select the most frequent ones
and mix them with the refinement terms suggested by the domadtel. We display up to 10 terms derived from
the domain model followed by the 10 most frequent ones caledlon the fly. The output looks like in figure 2,
i.e. the output format does not differ from a system that tseslomain model only for the construction of query
modification terms. Note that the user can also choose tacephe current query by any one of the suggested
refinement terms.
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BBC NEWS | World | Middle East | Analysis: Iraq’s future

undecided
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In a typical query refinement step a user would see a list oé20g each of which could be added to the query.
However, this is the upper limit because we perform someifilgeafter calculating the potential refinement terms.
First of all, only the longest possible query terms are abersid and all substrings are ignored. We want to avoid
a user having to choose betwedrancellorgerhard schitbderandgerhardschibder. We discard the second one
if both terms were found to be possible refinement optionss $eems a sensible strategy although a query for
“dow” in our BBC News domain will then not include a refinement tetonvjoneswhich is discarded in favour
of dow jonesmilestonesSecondly, when we append the terms extracted on the fly wardisluplicates that have
already been identified in the domain model.

More details on how the dialogue manager selects query matldn terms are discussed in (Kruschwitz,
2003a).

4 Task-Based Evaluation

Evaluating search systems is an important research issowe\ér simply evaluating a system for the sake of it
will not be very useful if we do not follow strict guidelinelsat make the results comparable and allow us to draw
conclusions. Therefore any evaluation will require a aslréésign step.

Some evaluation results have been reported in (Krusch2023b). These evaluations focused on two ques-
tions:

e Does the domain model encode term relations which can beldsefjuery refinement?

o Will users prefer an integrated system (that incorporatesiomain model) over a standard search engine?

For both these evaluations we found supporting evidendédtibapproach we follow is indeed a sensible one.
However, we only looked at one domain (the University of Eséé&eb site) and so far we havet combined
the domain model with terms extracted on the fly. This is whatnwvestigated in the evaluation discussed here.
The actual experimental setup of the evaluation was verilagito the earlier experiment we performed on the
University of Essedomain (Kruschwitz, 2003b).

The TREC conference series has been successful at se#tistatidards for comparing systems against each
other. We adopted the evaluation methods developed for RieCTinteractive track (Voorhees and Harman,
2002). We compared the actudkSearchsystem and a baseline system. Both systems access the saumeethd
collection, the BBC News Web site. The two systems can beacienized as follows:

e System As the baseline system which functions like a standard keamgine: the query is submitted by
the user, Google (accessed via the Google API) returns sitseand the first ten matches are displayed. A
user can then either modify the query, go back to start a naveker click through the result set via a link
that takes the user to the next 10 matches.

e System Bs theUKSearchsystem described earlier that uses the automatically karieti domain model to
assist a user in the search process by offering ways to releonstrain the query. It also uses Google's API
to display the best matching documents alongside the aptiaat have been found.

The systems look almost identical; the difference is onbt th System Ao query modification options are
constructed. Apart from that the GUI and functionality imetty the same in both systems. Figure 2 shows how a
response ofystem Books like if the system suggests query refinements in resptma user querjraq” (but
note that the screenshot only presents terms derived frerddmain model whereas Bystem Bhese terms are
followed by those selected on the fly from the best matchiraydeents).

16 subjects and 8 search tasks are needed to perform an tevalaecording to the guidelines originally
developed for the TREC-9 interactive track (Hersh and Q2@®1). We will first discuss the experimental setup
in more detail. After that we will discuss the results.

4.1 Search Tasks

Apart from adopting the TREC interactive track guidelinesalso wanted to address one particular limitation of
the experimental setup in that track, namely the fact thathie experiments the “conditions are artificial” (Hersh,
2003). Unlike in the TREC interactive track we did not wanttmstruct hypothetical search tasks but use the
logfiles of queries submitted to the existing search engiitleeaBBC News Web site to make the search tasks as
realistic as possible. We have been able to acquire a suilazorpus of queries submitted in December 2003 to
the search engine installed at the BBC Web site. This corssused to construct the search task which:



1. are based ofrequently submitted queri¢four of them using frequent queries submitted to the BBC slew
world edition, the other four based on queries to the UK ed}ii

2. seem realistic (although we cannot be sure about thelaofaemation need a user had by just looking at
logged user queries, we can try to construct tasks that dwvd resulted in the query the task was derived
from),

3. aim at single documents that contain the answers for titeeplar tasks (this seems realistic for searches in
a news domain and furthermore makes the creation of taskdesim

4. are not trivial, in the sense that we tried to prevent gsatfiat return an appropriate answer for the search
task among the top 10 ranked documents (because in that easewld have a very short interaction with
the system).

To summarize, we designed tasks with fairly precise tarfpetsvhich we knew documents existed that sat-
isfy the information request (possibly more than one), ahéne the main difficulty would be in finding such a
document rather than assessing lots of very similar doctswercollecting information from different documents.

Just like in our first evaluation we found the last point in sirof bullet points to be particularly difficult to
satisfy due to the fact that we used Google as the backenchseagine, and the results returned by Google tend
to be ordered in a way that the most sensible matches for ajusey can be found early on in the list of matching
documents.

We also made sure that the search tasks were not tailorectar fitomain model. In other words, if we have
access to the domain model when constructing the searct), thek there could be a temptation to select certain
tasks simply because we assume that the domain model iswd akin guiding the user in the search. Therefore
we first constructed the tasks and then indexed the docurobetiton and built the domain model.

The following tasks were constructed for this evaluatite @uery that the task is based on is shown in brackets
and is not part of the actual search task).

e Search Task 1(brazil): You are asked to find information about the current pregidéBrazil. In particular,
locate a document that has detailed information about wéadtdhin the 1980’s and 1990’s before becoming
the president of Brazil in 2002. Documents which give a genanofile of the country are not relevant.

e Search Task 2(iraq): Locate a document that contains short summaries of the pwitical figures in Iraq
beforethe last Iraq war started.

e Search Task 3(aid9): The end of last year saw the start of a new big campaign ta Agls worldwide.
Find a document that gives a summary of initiatives from atbtne world. Documents about activities in
individual countries only and documents prior to 2003 areralevant.

e Search Task 4(flu): Some scientists say that a new global outbreak of flu isitaele. Find a document
that has details of how Britain was affected by a recent @athof flu and how the country coped with that.

e Search Task 5lotto andlottery): Find a document that has recent, detailed examples of h@wbney that
the UK government raised by selling Lotto tickets was sparformation which is more than one year old
is not relevant.

e Search Task 6(m6 toll): There was a lot of discussion about the first privately fagmhmotorway in Britain
that opened recently. Find a document that has informabounthow some of the money that users of this
motorway have to pay will be used to support other projects.

e Search Task 7(travel): Imagine you want to travel abroad and you are not sure wketly you are (or
are not) allowed to take with you in your hand luggage wherrdiiog a plane. Locate a document that has
details about who you can contact to get up-to-date infaonat

e Search Task 8(eurg): Find a document that has details about the developmehiedEtiro currency since
its introduction in 1999. Documents are only relevant ifitliave milestones of the Euro’s development
covering the entire period from 1999 till at least the end@d2



4.2 Experimental Setup

The questionnaires used in this study are based on the oopsged by the TREC-9 interactive track (using a
5-point Likert scale where appropriateVe used the following questionnaires:

Entry questionnaire

Post-search questionnaire

Post-system questionnaire

e EXxit questionnaire.

Some of the questionnaires were customized to reflect thepar experimental setup. For example, in the
post-search questionnaire f8ystem Bhe user was asked whether the query modification optiorsepted by
the system were sensible.

The assignment of subjects to tasks was based on the sebscheestion matrix displayed in table 1. This
table contains the mapping of tasks to searchers as projogel@érsh and Over, 2001). Note that in the table
System As the baseline system a&ystem Bs the actualUKSearchsystem.

Searcher | System: Questions| System: Questions
1| B:4-7-5-8 A: 1-3-2-6
2| A:3-5-7-1 B: 8-4-6-2
3| A:1-3-4-6 B: 2-8-7-5
4 | A:5-2-6-3 B: 4-7-1-8
5| B: 7-6-2-4 A: 3-5-8-1
6 | B: 8-4-3-2 A: 6-1-5-7
7| A:6-1-8-7 B: 5-2-4-3
8 | B:2-8-1-5 A: 7-6-3-4
9| A:4-7-5-8 B: 1-3-2-6

10| B: 3-5-7-1 A: 8-4-6-2
11| B: 1-3-4-6 A: 2-8-7-5
12 | B: 5-2-6-3 A: 4-7-1-8
13| A: 7-6-2-4 B: 3-5-8-1
14 | A: 8-4-3-2 B: 6-1-5-7
15 | B: 6-1-8-7 A: 5-2-4-3
16 | A: 2-8-1-5 B: 7-6-3-4

Table 1: Searcher-by-question matrix

4.3 Procedure
The procedure that every subject had to go through has begnestfrom (Craswell et al., 2003):
e Subjects started by filling in the entry questionnaire.

e This was followed by a demonstration of the two systems. ™ersuwere informed that they will be using
two different search engines, but they were not told angthipout the technology behind them, nor about
the use of Google as the backend search engine. Subjectéraete ask any questions.

e Users were then asked to perform four search tasks on orensystiowed by four tasks on the other one
(according to the matrix in table 1). Users were asked to lusédnline) study worksheet for every search
task to submit the result and their confidence level.

o After each task users were asked to fill in the post-searcktiqumaire.

e After completing all four search tasks on one system users asked to fill in the post-system questionnaire.

4htt p: // ww nl pi r. ni st.gov/ projects/t9i/qgforms. htn



e Finally, after finishing all search tasks users had to filhia éxit questionnaire.

Subjects had 10 minutes for each task. After that time theywdormed that the 10 minutes had passed.
Why did we restrict the search to 10 minutes? There are twa neaisons. First of all, it has been found that in the
TREC interactive trackthere was a strong desire to reduce the time per search (presly: 20 minutes){Hersh
and Over, 2001), so that the guidelines now just state tteasishould be given at least 10 minutes on each task
(Hersh, 2003). The second reason is that our results woutdimgarable with the evaluation results reported in
(Kruschwitz, 2003b) where we used an identical evaluatimeg@dure.

4.4 Results

This section gives an overview of the most interesting teslih all cases, t-tests have been used for significance
testing. A discussion of the results can be found in sectibn 4

4.4.1 Subjects

The aim was to find a set of volunteers who could be potentersusf a search engine suchldisSearch In order

to get a good selection of different types of users and todkamny bias in the selection process we sent an email to
the local University mailing list and selected the first 1éuieers who replied. In the email we specified that we
required the subjects to be native speakers. This is diffeéoeour first task-based evaluation.

Out of the 16 volunteers 6 were male and 10 female. Their ageged overall from 20 to 46 (average age 27.7).
This time we had a variety of backgrounds, which included tiilents from different departments (including
Literature, Electronics, American Studies, and Computéerge) as well as members of staff (clerical as well as
academic). None of the subjects had taken part in previodsestin online search. The average time subjects have
been doing online searching is 5.6 years (12 of them betwesr 3.0 years, but there was also a user who stated
0 years). When asked for their searching behaviour, theageevalue was 4.75, where 5 means daily, 4 means
weekly. No one selected any other value (this observatiomedisas the average value are identical to our first
evaluation experiment). An interesting observation i¢ thy one subject strongly agreed (i.e. value of 5) with
the statemerit enjoy carrying out information searches/bne selected 2, four subjects selected 3, everybody else
selected 4 (i.e. average of 3.69).

Some other interesting statistics are summarized in talfka&ed on a 5-point Likert scale, where 1 means
“none” and 5 means great deal”). Particularly interesting is that all users have “a grestitiof experience using
a point-and-click interface and searching the Web wherae#ijhanyone has experience searching on commercial
online systems.

Experience Mean
Using a point-and-click interface 5.00
Searching library catalogues 3.27
Searching CD ROM systems 2.81
Searching commercial online systems 1.31
Searching the Web 5.00

Table 2: Subject experience with computers and searchrsgste

4.4.2 Search Statistics

The average length of the initial user query was 2.89 woBystem A2.82, System B2.95), i.e. longer than
queries typically submitted to Web search engines (2.3%lsvor average according to (Silverstein et al., 1998)).
There was one query of length 8 and one of length 7, all others whorter than that. In our first evaluation we
observed shorter queries, an indication that the tasks ttkiséime were more specific and perhaps more difficult.
Table 3 gives a picture of the average completion time bralemn for each task. We decided to measure
the time between presenting the search task to the userharmstibmission of the result. If the search was not
completed after 10 minutes, we asked the user to start wéthméxt task. The users could then either submit a
document (and possibly indicate a low confidence) or not suanything. There were 8 cases in which users
did not submit any answer (5 ddystem Aand 3 onSystem B In those cases we added a 60 second penalty to



the 10 minutes as suggested by (Osdin et al., 2003) in a sieiiduation task. In table 3 the t-test gives us one
significant difference (task 3 < 0.05).

Task 1
Task 2
Task 3
Task 4
Task 5
Task 6
Task 7
Task 8

System

A 230.0| 501.1| 416.5| 289.0| 291.4| 424.8| 319.4| 435.8
B 331.1| 490.1| 521.6| 316.9| 291.5| 511.4| 222.5| 381.8

Table 3: Average completion time (in seconds)

Overall, the average time spent on a search tasRystem Avas 363.5 seconds, @ystem B83.4 seconds.
There is no significant difference. Note that the average 8pent on a search task is much higher than in our first
experiment (around 285 seconds on average) which agairestsgfpat the tasks were more difficult.

There are a number of other aspects that can be derived fehldhed data. One particularly interesting fact
is that users had to inspect fewer documentSgstem Bo finish a task (on average 6.9 which compares to 8.0 on
System A The breakdown of the average number of documents ingpémteach task is included in tables 5 and
6 . No significant differences could be found however.

A second notable aspect is the fact that with guidance byysem the user is able to complete the task in
fewer steps, although the difference is marginal and theageevalues per task vary a lot. In table 4 we break
down the average completion of a task into a number of “tyrng” the steps it takes to find the answer for a
search task. A turn can be inputting a query (or modifyingghery), selecting a modification option, following
the link to the next ten matches or following a hyperlink teeo@ document. On average users needed 12.7 turns
on System Bcompared to 13.2 o8ystem A Tables 5 and 6 present a more detailed picture.

Task 1
Task 2
Task 3
Task 4
Task 5
Task 6
Task 7
Task 8

System

A 79 | 151 13.0|10.2| 9.1 | 17.4| 12.1| 20.5
B 109|179|201|96 |9.1| 12174 | 146

Table 4: Average number of turns to complete a task

Task 1
Task 2
Task 3
Task 4
Task 5
Task 6
Task 7
Task 8

Type of Turn

Reformulations (incl. “next10”) 2.8 | 6.0| 48| 39|49 |74 | 58| 5.6
Documents viewed 51(9.1(82|64|42|100]|6.4]| 149

Table 5: Average number of turns to complete a taskgsiem A

As to the query modification suggestions presented by themsysisers did indeed make use of them although
not excessively (this reflects one of the objectives of oarde framework which is to allow users to ignore
the suggestions and instead use the system as a standarid eegine if they want to). On average users se-
lected 1.2 query modifications in each task performe8gstem BThese modifications include query relaxations,
refinements or replacing the current query by some suggésted The breakdown indicates that in total the
modification suggestions based on the automatically coctetl domain model and the dialogue manager were
selected nearly three times as often as terms which weregtedlzom the best matching documents on the fly (the

“baseline terms”) although there is a big variation acrbssésks. More discussion of this particular aspect of the
system will follow in section 4.5.



Task 1
Task 2
Task 3
Task 4
Task 5
Task 6
Task 7
Task 8

Type of Turn

Model suggestions selected 16|06 |15 [1.2(11(04|04|04
Baseline terms selected 00|05 (09 |00|05]|01|01|04
Reformulations (incl. “next10”) 4.6 | 6.6 | 6.4 |28 |4.1|46|24|5.1
Documents viewed 46)10.1| 114|56|34|70|45]| 8.8

Table 6: Average number of turns to complete a tasigstem B

In the post-search questionnaire users were asked to stethev they were able to successfully complete
their search task. F@ystem A answered witiNo, for System Bhere were 5 cases altogether. However, we also
went through every submitted document identifier and judpaded on the information contained in the sample
documents we identified at task construction time and on ¢heahsearch task) whether we would consider it a
match for the task. We found that there was a large numberwhited documents that did nexactlymatch the
information request as specified by the task. That includetgb matches or documents that did not match the
outlined constraints. Only 83 of the 128 search tasks regult exact matches (43 @ystem Aand 40 orSystem
B). That is a clear indication that the tasks were very difficlilhere was no significant difference between the
two systems in that respect, but there were two particul#ifficult tasks: tasks 2 and 6 (clearly reflected by the
user satisfaction values in table 7 further down). Only 3hef 16 users found a correct document for task 6, and
5 were correctly submitted for task 2. Typical comments mflost-search questionnaire for task 6 wémind
information about the new Motorway but not how the funds aedd and “found relevant information but no
answer to specific question of local project benefit”

If we look at all 45 unsuccessful tasks in detail and complaagainst the results reported earlier on, we find
that in average users looked at more documesystem A10.6,System B9.1) and needed more turrSystem A
17.6,System B15.3). Interestingly, despite longer interactions with system users selected fewer modification
options presented bgystem K1.0 in average per task; domain model suggestions weretsdlexactly twice as
often as terms extracted on the fly).

4.4.3 Post-Search Questionnaires

After finishing each search task a post-search questiahaid to be filled in. The questions that were com-
mon for both systems were the following (using a 5-point kilseale, where 1 mearisot at all’ and 5 means
“extremely”):

e “Are you familiar with the search topic?”

e “Was it easy to get started on this search?”

e “Was it easy to do the search on this topic?”

e “Are you satisfied with your search results?”

¢ “Did you have enough time to do an effective search?”

¢ “Did your previous knowledge help you with your search?”

e “Have you learned anything new about the topic during yowarsh?”

Table 7 gives a breakdown of the results for the questioa you satisfied with your search results®@verall
users were marginally more satisfied with the results rewifyy System Ahan with System Bbut no statistical
significance can be observed for the overall result or indagtof the data reported in table 7.

Table 8 presents the results for the questidave you learned anything new about the topic during your
search?” Overall users indicated that they have learned more whaeig sistem Bhan usingsystem ASignificant
is that users learned more when performing task &gstem Bhan on the baseline system{= 0.01).

Table 9 gives figures for the other questions of the postebequestionnaires. None of the differences are
significant. It is interesting to point out that every singddue in table 9 is smaller than the corresponding value
calculated in our earlier evaluation (Kruschwitz, 2003bhis is the strongest evidence that the tasks we asked



Task 1
Task 2
Task 3
Task 4
Task 5
Task 6
Task 7
Task 8

System
A 4.38| 2.88| 3.12| 3.38| 3.25| 2.62| 3.38| 3.38
B 4.00| 2.38| 2.88| 3.25| 3.25| 2.38| 4.38| 2.75

Table 7: Post-search questionnaire (user satisfactiosdon task)
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A 3.25] 225| 2.75| 2.00| 2.75| 250 2.12| 2.50
B 3.00| 2.25| 3.00| 3.38| 2.75| 3.12| 2.75| 2.38

Table 8: Post-search questionnaire (something learned)

Familiarity
Start
Search
Satisfied
Time
Knowledge
Learned

System

A 247\ 3.41|3.22| 330 3.77| 2.27| 2.52
B 2.27| 3.23| 3.08| 3.16| 3.43| 2.30| 2.83

Table 9: Post-search questionnaire

users to perform in this evaluation were difficult indeedafi$entiment is also reflected by a number of comments
the users provided in the questionnaires, élgwas hard to search for something that | don’'t know very ruc
about”, “Found it hard to find the specific page.and“l think most of the documents requested are specific, so it's
not that possible to just search and obtain them.”

Now it could be desirable to quantify the complexity or diffily of a task, but constructing tasks of different
complexity is an art on its own. We do however know that tagkglexity can have a significant impact on issues
such as search success and user satisfaction (Bell andeRy2804). We will not try to establish different levels
of complexity in our tasks now that the evaluation has beefopaed. However, in table 10 we give a task-by-task
breakdown of some of the properties displayed in table 9 elax do not distinguish between the two systems,
because we want to get a picture of what the users’ perceptvene about the difficulty of the tasks in general.
There is a clear pattern which shows that the higher the falugser satisfaction the easier users found it to get
startedandto do the search. The only task that does not strictly follbis pattern is the task with the lowest
average user satisfaction value (i.e. task 6). But notethlsothere seems to be no obvious correlation between
familiarity with a topic and the “difficulty” of a task. For exnple, task 1 is the one users were least familiar with
but it is the task they judged to be easiest to get startedamithdo the search. One would perhaps expect a close
correspondence between these features (i.e. easier thsearore familiar) as for example reported in another
experiment performed as part of the TREC interactive trdtkppears that an inherent feature of a difficult topic
is the level of familiarity and the understanding of the @mtand context of the issue¢Beaulieu et al., 1999).

The post-search questionnaire Bystem Bontained two additional questions, that were not relef@nthe
basic search engine. One question W&l you know at each point in the interaction with the systerat
options you had to continue the search task@type of question adopted from tRARADISHramework for the
evaluation of spoken dialogue systems (Walker et al., 200®)e mean value for that question was 3.77. The other
question wasWere the query modification options presented by the systamaible?” Here we had a mean value
of 3.16. Both these results indicate that the search systepropose (i.eUKSearch) is easy to use and typically
presents sensible query modification options. Having $eitiwe also observed that although users typically find



Task 1
Task 2
Task 3
Task 4
Task 5
Task 6
Task 7
Task 8

Criterion

Familiarity | 1.38 | 2.50 | 2.50| 2.44| 2.56| 1.62| 3.19| 2.75
Start 3.88| 2.62| 2.94| 3.62| 3.50| 2.88| 3.88| 3.25
Search 3.88| 2.38| 2.62| 3.44| 3.44| 2.88| 3.69| 2.88
Satisfied | 4.19| 2.62| 3.00| 3.31| 3.25| 2.50 | 3.88 | 3.06

Table 10: Post-search questions (task-by-task)

Question System A | System B
How easy was it téearn to use 4.31 4.19

this information system?

How easy was it taise 3.53 4.38

this information system?

How well did youunderstand how 4.19 412

to usethe information system?

Table 11: Post-system questionnaire

the modification options sensible, they have not been usadilize A clue could be that the tasks were rather
specific (e.g. sample user commeriund a great deal of general information but difficult to diexactly what

the task required, even with the search optigreid“Some of the links given for the second system weren't that
relevant to the current searcl” Another explanation is that the suggestions are usefujust for choosing the
suggested query modifications but to get a feel for the doatic@lection, e.g. one user comment¥tith the

extra option list offered by the system, | found it far eatiause the suggestions offered by the system or using the
ideas and word combinations it gave me to modify my search.”

4.4.4 Post-System Questionnaires

After performing four search tasks on one system a posesysjuestionnaire had to be filled in. Here we only
present the statistics for the multiple choice questioratet.we will discuss any additional comments made by
the subjects in more detail. Table 11 gives a breakdown ofdhelts. The only significant result is that users
foundSystem Reasier to use thaBystem Ap < 0.006). This is an important result since we consider the baseline
system System Ato be very simple and easy to use like most standard Weblseagines.

4.4.5 Exit Questionnaire

In the exit questionnaire users were asked to answer theioé&d/hich of the two systems did you like the best
overall?”. Users strongly prefere8lystem BDespite the fact that users were slightly more satisfiechbyrésults
returned by the baseline system, their overall perceptas iw preference ddystem B13 users prefereflystem
B, 1 preferedSystem Aand 2 found no difference. Although our first evaluation @adéd the same preference we
did get a much more significant difference this time. Remanibat the underlying search engine in both systems
was Google, which means tha@ystem Bessentially competed with a version of Google. Note howévat the
users were not told anything about the underlying searcimeng

We should also stress that such a strong preference for Hiensythat we propose cannot just be taken for
granted. In a recent study which also compared a baselinetssystem with a system that incorporates automat-
ically constructed concept hierarchies it was found thateriban half the subjects prefered the baseline system
“because of its simplicity and familiarity’(Joho et al., 2004). Perhaps the fact that we do not preserftith
hierarchies but simply some query modification terms al@legthe search results makes our system more familiar
and hence more preferable by the users.

Furthermore, a large majority of users also judged Byatem Bvas easier to use than the baseline system.
Finally, when looking at the question of which system wasezds learn to use it should be remembered that there



Criterion System A | System B | No difference

Easier to learn to use 5 4 7
Easier to use 2 10 4
Best overall 1 13 2

Table 12: Exit questionnaire (system preference)

Question Mean

To what extent did you understand 4.25
the nature of the searching task?
To what extent did you find this task similarto| 3.56
other searching tasks that you typically perform?

How different did you find the systems 3.06
from one another?

Table 13: Exit questionnaire (search experience)

is a set of different options whicBystem Bould come back with. Apart from presenting query refinemémhay
instead present query relaxations. Getting used to thesanspnvolves a short learning process that the baseline
system does not require. Therefore it might be surprisiagribt more people voted f@ystem Ao be simpler to
learn to use.

Table 12 summarizes these results. Displayed are the nsrabasers who selected each of the choices. The
figures in this table confirm the results of the post-systeastionnaires in that users fougstem Bnuch easier
to use whereaSystem Avas a tiny bit easier to learn to use.

Table 13 summarizes the answers users gave in the exit gueatie concerning the search experience they
had in the experiment (where 1 mednst at all’ and 5 meansompletely”).

The main conclusion that we derive from the statistical emick is that in the given context of searching for
documents in a large collection of news articles users gtyoprefer a search system that offers more than just
a ranked list of documents. Our users favour a system thatsoéfuery refinement and relaxation options and
guides them through the available information. We can fritonclude that users consider such a system to
be significantly easier to use. The second interesting asioi to be drawn is that users favour such a system
although there was no significant difference between thesyigtems according to a number of different measures.

We can also conclude that the presented query modificationspwere generally considered sensible al-
though in the given setup they did not result in measurabietits. We hypothesize that the major reason for
that is that the presented modification terms were not allvalful for the extremely specific tasks that had to be
answered in this context.

4.5 Discussion

So far we have mainly been concerned with the statisticalemde. In this section we will discuss some of the
other issues, such as patterns in the users’ search behasiaell as feedback that came from the subjects.

4.5.1 Patternsin User Behaviour

First of all we wanted to know whether users make use of angestgpns presented byystem Bbe it for
refinement, relaxation or replacement. We found that onlingle user did not make use of any such options.
Remember that users were free to ignore any options and asalthe system just like a standard search engine.
The fact that users actually utilize the suggestions pregdy the system confirm the observations in our first
experiments (Kruschwitz, 2003b).

Now if we look at it in more detail we find:

e 14 users selectagfinementerms presented by the system. Those are terms which ard talthee current
query. Of those 14 users there were 9 who selected terms Wwhighbeen derived from the domain model,



i.e. conceptghat have been extracted in the model construction prodessutlined earlier on we present
such concepts alongside terms extracted on the fly from thienba@tching documents.

e 13 users selectadlaxationoptions suggested by the system. Those options are prdgeriteeak down the
query into individual parts for example.

e 8 users selecte@placemenbptions, i.e. they replaced their query by one of the refirreems suggested
by the system.

As outlined earlier, in those cases where our search systeserts refinement suggestions we display a list
of terms that could be added to the query, and the first in gtenill be those derived from the domain model
(followed by terms extracted on the fly). The intuition is @d®n our experiments that found terms encoded in the
domain model to be more suitable as query refinement opti@msthose extracted on the fly (Kruschwitz, 2003b).
We pointed out that the domain model concepts were selectieth more frequently than the terms extracted on
the fly, but we do not know to what extent this might have beé&sc#fd by the order of term presentation.

We also observed that the tasks seemed to be particulaiitudtiff we look at the figures for measures such as
time taken and user satisfaction and compare them with olieleavaluation. Obviously, we deliberately avoided
simple tasks because we did not want users to type in a qudrgetrthe results back straightaway. However, in a
future evaluation we would need to mix simple with more diffidasks, because we assume that simple tasks are
the majority of realistic user requests, e.g. a lot of usdrs submit the quer$iraq” will be interested in what is
going on in Irag right now, something that will typically beted on the first result page.

Although the information requests we constructed were spegific, we found that with one exception all the
original queries that the tasks were based on in the firseplare actually submitted by at least one user (partly
as the initial query, partly to replace some original queryamew one). The exception‘igavel” , in which case
we only found similar queries such dsavel guide” and“travel information”.

In our first evaluation experiments we noticed a large nunob&ypos in the user queries. And again, nearly
20% of all search tasks in this evaluation (24 out of 128) aimretd queries with typographical errors, égpvenr-
ment”, “wordwide” , “AIDS compaign”, “britain coped flue”, “sadam”, and“euro currancy”. This is a significant
number and indicates again the type of problems to be addtdssa search engine.

We shall now look at some of the individual tasks since a taskask analysis can lead to interesting differ-
ences in the interaction style (Beaulieu et al., 1999). Wecsed three tasks which according to table 10 represent
the most difficult task we asked users to perform (task 2)etiséest one (task 1) and one in the middle (task 5).
We are mainly interested in the interaction w@kistem B

e Search Task 1(brazil): This was the task where the average user satisfactior vadsa the highest and where
users submitted the shortest initial queries in averagel (@ords). Only one submission was incorrect. If
we only consideBystem Bwe find that five users made use of query modification suggespiroposed by
the system (all but one of them more than once). Interestitigg query refinement terms that were selected
came all from the domain model. The log files suggest that @aypuery such a%resident brazil” or
“President of Brazil” was handled nicely by the system; two users selected a redimetierm immediately
after submitting a queryiQla da silva” and“luiz inacio lula” , respectively), both of which were followed
by more selections of system suggestions later on. One usenfodified the query using the input field
before selectinglula da silva” as a refinement term. The other two users who opted for auicatiat
generated query modifications first rephrased their queeésre choosing a relaxation optiotSgarch
only for; brazil and presidentor “Search only for: president; respectively). These last two cases suggest
that if the query contained additional words which were ritaried as stopwords (e.tCurrent president of
brazil”) or contained typos‘President of Brasil”), then no refinement option would be displayed and users
needed to rephrase their query or select relaxations.

This is also the task where a number of users typed in daigs'1€80-1990") which were ignored by the
system which led to confusion on the users’ end.

In general users who performed this search tasBystem Ronsidered the query modification suggestions
sensible (mean value 3.75 on the 5-point Likert scale, oee sedected a 1, i.€'not at all sensible”, all
others selected 3,4 or 5).

e Search Task 2(iraq): This was the task with the longest average initial quemgth (3.88 words), and at the
same time one of the two tasks where the success rate waslogallonly 5 correct submissions) as well as
the user satisfaction value. Typically, users submittétifapecific queries but could not find any matching
documents, so that they then rephrased the query (e.g. sajueties arémain political figures in Iraq”
and“political figures in IRAQ pre-war’). Five users oBystem Belected query modification suggestions,



one of them only once, the others twice. Interestinglytatté correctly submitted results 8ystem Bvere
submitted by one of those five users. However, it appearshiratuggestions returned by the system were
not always helpful. Only in two cases did the users selecstesy suggestion following the initial query, in
both cases they selected a relaxation which happened telsathe one'Gearch only for: irag”).

We noticed that it was difficult to find documents that deahwitformation for the specified time. Most
of the documents seem to be about current affairs. We alsor@sthat one of the reasons for not being
able to locate a suitable document easily is because woadtisastibefore” and“pre” would be filtered as
stopwords.

Asked whether the query modification options generate8ystem Bvere sensible we get a very homoge-
neous result: average value 3.00 with one users scoringreedjser scoring 4, all others selected 3.

e Search Task 5(lotto andlottery ): The average length of an initial user query was 2.62 wofisly one
submission was not considered correct. Four users selgatagt modifications suggested Bystem Bthe
other four did not select any of those options. Interesyingll those users who did choose such an option
did that more than just once (up to five options). Some use8ysfem Bubmitted queries which did not
require them to do any resubmissions or modifications, birhale inspection of the returned documents
was sufficient to perform the task (e.g-otto tickets UK governmentand“lottery funding”). Three of
the four users who selected query modifications did in faobsk a query relaxation in the first step (e.g. a
user submittedLottery projects 2003"as the initial query and then selected the search offearch only
for: lottery”; similarly the queryLotto money spentwvas broken down into relaxation options and the user
selected'Search only for: lotto”. In all three cases the user later added a term suggested Bystem in a
refinement step (e.dlottery cash”).

For this task the user opinion as to whether the query motlditauggestions are sensible varied a lot
(average value 3.00, but the values ranged from 1 to 5).

The picture we get by analyzing the tasks is that in any orleabsut half of the users apply the suggestions
proposed by the the system. Furthermore, if users do salecy guggestions, then they typically do it not just
once for each task. It also appears that in some tasks usezsweee likely to relax their initial query whereas in
other tasks they refined it. We do not want to over-intergresé results and instead focus on the comments that
users had after using the systems.

4.5.2 User Feedback

Before we do so we should add that one of the criticisms in tisé thsk-based evaluation was that users were
confused by the input field in the old system which was wroraglsumed to start a new query, but in fact it was
there to modify the query. We now provide two separate ingld$i (one for modifying the query and one for a
new query). This has been appreciated because the comndirafdewas that both systems were easy to use and
very intuitive. In fact, a frequent comment made by the uBetke exit questionnaire was that both systems were
simple to use. The simplicity of the layout was noted and #uoe that there were no distractions on the screen.

Users generally liked the idea of refinement options. Séweers expressed that such options can give you
an idea of what information is available and that the systamsuggestsimilar topics that weren't originally
thought of”. Other users commented that the offered terms could eitheelected or help in getting an idea of
how to modify the query. One user said tisatstem B “helps with the spelling of keywords and can giveitiee
more specific knowledge about the topic they are searchitig@her comments concerning the strong points of
System Bvere“System B had refinements which really helpgthis system provided more search alternatives,
that yielded a wider number of relevant search resylesid“No clutter - just the search box and results.”

A criticism for System Bvas that the query modification options were not always hieknfid that they could
actually divert the search to completely different topi@ne user noted:l liked the idea of refinement options,
just didn’t find them useful’Another comment was:The modified query options it gave didn’t always help the
search - sometimes you ended up going round in circles if yaanit familiar with the search topic already. It is
better than with no options however like the first system ag &s you don't rely on them?”

One problem we identified was that we did not index on datesaok information was simply ignored, which
meant that users were not happy if they asked'2003” and the input was simply deleted. That problem can
easily be fixed. Another aspect specific to the domain wasugers would have found it more helpful if there had
been a date associated with the documents or the documehiveba sorted by date.

As a confirmation of what we observed earlier a user commeiTiee topics were very specific and it was
quite difficult to find an exact match for any of the questions.

So what did the three users say who prefered the baselinensyst had no preference at all? The user
who prefered the baseline system criticised that the optianich are suggested I8ystem B “are not complete,



therefore can tempt the user to use them, diverting the b&ar®f the two users with no preference for either
of the systems one noted tHaystem Bvas in fact more useful in breaking down the query with refiaats, but
that“sometimes the refinement options were not usefiilie other user commented that both systems were not
really different to what he or she is used to ditds just as easy to type in your own refinements. Howevegmwh
searching a subject that you are not familiar with it may hedhave refinement suggestionsi/e conclude that

the main criticism does not so much affect the underlyinggpile of a search assistant that guides a user through
the space of documents but rather the quality of the knovelesdgirces we incorporate. Therefore we conclude
that (at least for the type of search scenario investigateg)lusers do prefer search systems which assist a user in
query modification steps over a standard search engine.

5 Next Steps

A particular focus of our future work is to maintain the domaiodel once it has been constructed. As with any
statistical approach the automatically constructed modelonly be as good as the data it is derived from, and it
will only reflect the information contained in the documentsich was available at construction time. Naturally,
there are flaws. As indicated by the users’ comments some oéthtions encoded in the domain model could even
be misleading. If such knowledge is to be used in searchegifuins, we can see two obvious ways of addressing
the shortcomings: to manually adjust the domain model, wisicery expensive, or to apply user feedback which
has been shown to be not very effective since most usersysigrmre it (e.g. (Ruthven et al., 2001)).

In (Fasli and Kruschwitz, 2001) we introduced some ideasosf the model can be maintained and adjusted
automatically. The idea is straightforward. Any selecti@nformed by a user in the interaction with the system is
interpreted as positive relevance feedback.

The domain model (e.g. see the partial term hierarchy indidyiis used to suggest query refinement terms if
the query matches a large number of documents. In this cagertim hierarchies that make up the domain model
will be applied so that all potential refinement options aneles that sit below some other node. The terms that
populate these nodes (i.e. czwnceptyare presented to the user, e.g. the quenq” triggers the system to
suggestmiddle east”, “tony blair” etc. as query refinement terms as depicted in figure 2.

Now assume, for every concept in the domain model the weaggsciated with the branches originating in a
node are equal and sum up to 1. These weights change, if:

e aconceptin a daughter node is offered and selected by thé¢insease)

e aconceptin a daughter node is offered and not selectede@sz).

This will only change weights of relations already in pladéhe result is that the good parts of the domain
model will gain importance, the rest will be less and lesevaht. But that does not allow the creation of new
links. However, because we combine the domain model whistbkan constructed at an earlier stage with terms
extracted on the fly, we will be able to introduce new linkstia tlomain model if the user selects one of the terms
not part of the domain model. These new links will gain impade if this sequence of user inputs is observed
a number of times. We also provide an input field alongsidegtiery modification options. If a user ignores all
the options and inputs something in this field (¢kpy” in the example pictured in figure 2), then a new link is
created in the same way.

This whole aspect is the focus of a new research proposalulseave will need to perform large scale experi-
ments to validate the usefulness of this idea on variousmeaticollections.

6 Related Work

Web search as such is obviously closely related to the dymalem we are addressing. We will focus on some
aspects that are important for the actual interaction betweser and system. We shall first look at some motivating
investigations concerning the users’ behaviour when s@agahe Web. The most comprehensive study of Web
queries so far is (Silverstein et al., 1998). An evaluatiba targe log file of nearly a billion queries submitted
to theAltaVistasearch engine in a period of 43 days comes to a number of &titegeconclusions. First of all,
queries are normally very short. The average length of aquseny is 2.35 words (similar results are reported in an
earlier but smaller evaluation of queries submitted to Eex@lansen et al., 1998)). That means queries on the Web
are shorter than in more traditional information retriessgdtems. Secondly, the 25 most common queries account
for 1.5% of all queries, even though they are only a smalltioacof all unique queries. As the third interesting
result it was found thdtsurprisingly, for 85% of the queries only the first resulteen is viewed, and 77% of the
sessions only contain 1 query, i.e. the queries were notfiraddn these sessions”



There are at least two lessons to be learnt from this workst Birall, user queries are generally very short
which will naturally lead to a large number of documents geigturned. But the second aspect is that the majority
of users did not perform any query modifications. A systemcWhdpplies a model of the domain to propose
possible query refinements must perform extremely well tadoepted by the user.

Furthermore, a number of studies have been conducted to dindtwether the search process could benefit
from offering potentially relevant terms to the user in ateractive query expansion process. One of these studies
is (Margennis and van Rijsbergen, 1997) where potentiahesion terms are automatically derived from the
documents retrieved by the original query. Their undegyassumption reads as follows:

“It seems reasonable to assume that a searcher, given aflttiecquery expansion terms, will be able
to distinguish the good terms from the bad terms”

They found that interactive query expansion performed bgxqerienced user has a potential to significantly
improve the search process. However, they have also fowatdrtbxperienced users did not make good term
selections and hence interactive query expansion led tonpoovement in the search process. They conclude:
“Without good strategies and careful reasoning it is unlikéhat a searcher will be able to use techniques such as
interactive query expansion effectively”

As indicated earlier on we already found that users do makeotiguery modification terms when we per-
formed our first task-based evaluation (Kruschwitz, 2003kpart from that, to our knowledge there has so far
been no evaluation of the usability of markup-based knogdesktraction in search application. Nevertheless, an
evaluation of different types of Web search has shown thaesguidance in helping the user reformulate a query
can significantly improve the relevance of the retrieveduhoents compared to standard Web search (Bruza et al.,
2000). Part of the study was the comparison of Web searcly Gsiogleand search via thiElyperindex Browser
an interactive tool which passes the user query to a seagiheeand displays a list of phrases found in the top
matching documents returned by the search engine. Thossgshcan be selected by the user to constrain the
query.

Recent experiments that have been conducted as part of tB€ TiReractive track have shown that hierar-
chical clustering and summarization can significantly hblp user to locate relevant documents quickly. The
experimental search system callddddleSearchises a new hierarchical clustering algorithm which dynaihjc
organises a set of retrieved documents for a user query.rojpleted tasks and average time to finish a search task
were reduced by the use lduiddleSearcltompared to a standard list based search engine (Osdin 20@38).

It is worth reviewing some more work on usability issues ia Widest sense. A number of studies (ranging
from preliminary investigations to some larger scale staflhave come to conclusions that are relevant here.

The work on theHappyAssistantlialogue system included user studies which showed thahdingber of
clicks as well as the time spent on searching could be redsigadficantly by replacing a menu driven system
with natural language navigation. Interestindiy)e vast majority of user queries (85%) were relatively gho
and consisted of noun phrases or lists of keywordBiey conclude thdin such contexts, sophisticated dialog
management is more important than the ability to handle derpatural language sentence€Chai et al., 2001).
Studies have also shown that the users clearly preferenipiatbased to non-dialogue based searches (Chai et al.,
2002).

A comparison of interactive search in a homogeneous donsiitga keyword-based search engine and one
that uses an ontology is reported in (Sutcliffe and White€Q2)0 For the ontology-based system the documents
were attached to the appropriate nodes in the ontology. &&rels started at the top level, proceeding step by step
to the levels beneath. The application domain was word gsieg using the Lotus Ami Pro program. The result
of the study was that the keyword-based system performéerkiean the one using the ontology. However, more
interesting are the conclusions drawn from the study. Ortearh was thatif an ontology search does not lead
directly to a correct answer it is essentially a completéuii” , unlike keyword-based search. The characteristics
that were identified to be important when using some taxonmnsgarch were:

e It must be possible to decide easily which category at a iswgllevant to the query;
e Categories should ideally be mutually exclusive;
e The level of branching at any level must be limited;

e The number of documents attached to leaf nodes must be small.

Observational experiments conducted in the TREC interadtack focused on finding out whether users
choose a particular presentation type for a particularcketask (Craswell et al., 2002). The different types of
presentations were ranked document lists, a clusteriegfatte and an integrated interface combining ranked lists,



clusters and expert links. The tasks were searches forséfagluments or sets of documents, respectively. It was
concluded that users did not select a particular interfaca particular search task nor was any of the presentation
types found to be superior for any particular task.

The question remains how the query modification suggestlmsystem presents are to be calculated. One
can tackle the problem of matching user need against alaitktta by processing the data into some conceptual
model that can be used as a tool for guiding the user to a setadf selevant matches. The model can either be
constructed offline or online by investigating the docursestrieved for the initial query. The system can then
apply the model to help the user navigate through the anstiefkere are at least two good reasons for this. First,
the user gets a feel for what data is actually available. &dttan guessing new query terms, the system presents
the query in context and proposes possible query refinenmeetaxation terms. A second reason is to support a
user who wants to browse rather than search a documenttimiiebecausécurrent search mechanisms are not
much use if you are not looking for a specific piece of inforamtbut are generally exploring the collection.”
(Paynter et al., 2000).

The idea of automatically acquiring domain models from doents is not new. In the literature one can find
different approaches to construct a model automaticalbwéver, this research has so far not focused on the use
of markup structure but on word co-occurrences or linguistiormation, e.g. (Sanderson and Croft, 1999; Anick
and Tipirneni, 1999; Lawrie and Croft, 2003). Furthermanar, approach can be performed automatically with no
expert knowledge. It is largely independent of the actuadileage used in the documents and more importantly it
uncovers the structure of a collection of documents whdlelitbeing domain-independent. Some more detailed
discussion of related work in this area can be found in (Kiustz, 2003a).

So far we have mainly been looking at work that has to do wighytlesentation of query modifications and the
construction as well as navigation of concept hierarchiEsvever, once the domain model has been constructed
we want it to be automatically adjustable as part of the $eaystem’s functionality. This is quite a different
research area.

“Users usually will not make an effort to give explicit feedl but nonetheless leave implicit feedback in-
formation such as the results on which they clicke@fenzinger et al., 2002). This is a commonly reported
observation, which is why we record such implicit infornasitiby keeping track of the users’ search behaviour.
This differs fromexplicit relevance feedbadkan Rijsbergen, 1979; Buckley et al., 1994) in that the is@ot
required to judge the relevance of query modification ogtiondocuments but instead the user’s selections are
being observed. The idea is similar to the one described mit@/\¢t al., 2002) wherenplicit relevance feedback
is used to update the result set in an ad hoc search situdfianuser moves the mouse over a document title,
then it is interpreted as an expression of interest in thiéqodeir document. However, we only use the actual user
selections to update the domain model.

In that sense, we can see our approach as a particular applicd collaborative filtering. Collaborative
filtering is based on identifying the opinions and prefeemof similar users in order to predict the preferences
and to recommend items to others as used in systems to recumeess (e.gGroupLengResnick et al., 1994))
or movies (e.g.Video Recommend¢Hill et al., 1995)). Collaborative search has also beemgsed for using
similar past queries to automatically expand new querigs, @itzpatrick and Dent, 1997) and (Raghavan and
Sever, 1995) where documents that correspond well to Siauilaries also provide feedback on the original query.

Finally, it needs to be pointed out that we try to combine tastlof several worlds: a standard search engine
to deliver the best matching documents for a query (whichlélsufficient for a large number of user queries),
knowledge extracted from the documents at domain modelteat®n time and finally terms found in the best
matching documents for a particular query. That is we do ranitwo compete with approaches that have been
shown to be simple and effective but rather enhance thobkaitpees to end up with a system which is better than
any of the individual approaches.

7 Conclusions

We can avoid expensive manual construction and custoroizafi knowledge sources if we are able to perform
such processes fully automatically. Intranets and otheunh@nt collections are perfect candidates for such an
approach since they contain some implicit structure slétédr the extraction of domain specific knowledge. In
our case this leads to a domain model that consists of terrarblges.

However, such a model will be static and in order to adjustraathtain the domain knowledge and make it a
useful resources for search applications we combine it kvitwledge extracted on the fly.

So far we have learned that users do prefer a search systech wihiploys such domain knowledge over
a standard search engine. This confirms results from areeaslaluation that we performed using a different
document collection. We also learned that users find suclazisesystem easier to use than a standard search
system.



We have also outlined how the automatically acquired dorkaewledge can be improved by observing the
users’ selections in the search process. This will be the nesiearch focus of our ongoing work.
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