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Abstract. Evaluating the effectiveness of XML retrieval requires|bing test
collections where the evaluation paradigms are providedraing to criteria that
take into account structural aspects. The INitiative fax Bvaluation of XML
retrieval (INEX) was set up in 2002, and aimed to establismé&astructure and
to provide means, in the form of large test collections anpreyriate scoring
methods, for evaluating the effectiveness of contentrtei@ XML retrieval. This
paper describes the evaluation methodology developedHXIfsom 2002 up to
2006. The paper focuses on the ad-hoc retrieval track of INEX

1 Introduction

The continuous growth in XMLinformation repositories has been matched by increas-
ing efforts in the development of XML retrieval systems (¢233]), in large part aim-
ing at supporting content-oriented XML retrieval. Thessteyns exploit the available
structural information in documents, as marked up in XMLpider to implement a
morefocussedetrieval strategy and return document components — treabed XML
elements- instead of complete documents in response to a user ques/fdcussed
retrieval approach is of particular benefit for informati@positories containing long
documents, or documents covering a wide variety of topias. {@oks, user manuals,
legal documents), where users effort to locate relevanierdican be reduced by direct-
ing them to the most relevant parts of these documents. Fonplbe, in response to a
user’s query on a collection of scientific articles markgdisuXML, an XML retrieval
system may return a mixture of paragraph, section, arédte elements, that have been
estimated as best answers to the user’s query. As the nuhKbtloretrieval systems
increases, so does the need to evaluate their effectiveness

The predominant approach to evaluate system retrievaitefémess is with the use
of test collections constructed specifically for that puegoA test collection usually
consists of a set of documents, user requests usually edftaras topics, and relevance
assessments which specify the set of "right answers" foudlee requests. There have
been several large-scale evaluation projects, which texbin established information
retrieval (IR) test collections and evaluation methoda@sd21].

Traditional IR test collections and methodology, howegannot directly be applied
to the evaluation of content-oriented XML retrieval as theynot consider structure [7].
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This is because they focus mainly on the evaluation of IResgstthat treat documents
as independent and well-distinguishable separate unitgopfoximately equal size.

Since content-oriented XML retrieval allows for documeairgoponents to be retrieved,
multiple elements from the same document can hardly be Wi@sandependent units.
When allowing for the retrieval of arbitrary elements, weshalso consider the over-
lap of elements; e.g. retrieving a complete section cangigif several paragraphs as
one element and then a paragraph within the section as adetament. This means
that retrieved elements cannot always be regarded as sepaits. Finally, the size of

the retrieved elements should be considered, especiadiytalthe task definition; e.g.

retrieve minimum or maximum units answering the query,eg a component from

which we can access, or browse to, a maximum number of unétgenng the query.

In standard document retrieval, given a ranked outputuisgrs look at one docu-
ment after the other from this list, and then stop at an ahbjtpoint. Thus, non-linear
forms of output are not considered. When multiple elememts fthe same document
are retrieved, a linear ordering of the result items may modjppropriate (i.e. elements
from the same document are interspersed with elements ef ddtuments). Single el-
ements typically are not completely independent from theirtext (i.e. the document
they belong to). Thus, frequent context switches would esathe user in an unneces-
sary way. It would therefore be more appropriate to clusigether the result elements
from the same document.

The evaluation of XML retrieval systems thus makes it nemgst® build test col-
lections where the evaluation paradigms are provided daogto criteria that take into
account the imposed structural aspects. The INitiativetHerEvaluation of XML re-
trieval (INEX)?, which was set up in 2002, established an infrastructurepaadded
means, in the form of large test collections and appropsateing methods, for eval-
uating how effective content-oriented XML search systemes @his paper provides
a detailed overview of the evaluation methodology devedopelNEX from 2002 to
2006. The paper focuses on the main INEX track, the ad-hdevat track.

2 The INEX test-beds

In traditional IR test collections, documents are consdexs units of unstructured text,
queries are generally treated as bags of terms or phragbselamance assessments pro-
vide judgments whether a document as a whole is relevant teeyar not. Although
a test collection for XML IR consists of the same three parésh component is rather
different fromits traditional IR counterpart. XML documisrorganise their content into
smaller, nested structural elements. Each of these elsrirethie document’s hierarchy,
along with the document itself (the root of the hierarchgpnesent a retrievable unit.
In addition, with the use of XML query languages, users of aMLXIR system can
express their information need as a combination of contedtstructural conditions,
e.g. users can restrict their search to specific structleatents within the collection.
Consequently, the relevance assessments for an XML doltectust also consider the
structural nature of the documents and provide assessraedifferent levels of the
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document hierarchy. Further, all the above are assembledifgally for evaluating
particular retrieval tasks.

2.1 Document Collections

Up to 2004, the collection consisted of 12,107 articles,kadfup in XML, from 12
magazines and 6 transactions of the IEEE Computer Societydtications, covering
the period of 1995-2002, and totalling 494 MB in size, and 8iom in number of
elements. On average, an article contains 1,532 XML nodesrermhe average depth
of the node is 6.9. In 2005, the collection was extended witthér publications from
the IEEE Computer Society. A total of 4,712 new articles fribia period of 2002-2004
were added, giving a total of 16,819 articles, and totali6gMB in size and 11 million
in number of elements.

The overall structure of a typical article consists of a traratter, a body, and a back
matter. The front matter contains the article’s metadateh sis title, author, publication
information, and abstract. Following it is the article’sdypwhich contains the actual
content of the articles. The body is structured into sestienb-sections, and sub-sub-
sections. These logical units start with a title, followgdebnumber of paragraphs. In
addition, the content has markup for references (citatitaddes, figures), item lists,
and layout (such as emphasised and bold faced text), etchddlematter contains a
bibliography and further information about the articlelglzors.

INEX 2006 uses a different document collection, made frongliEh documents
from Wikipedi& [5]. The collection consists of the full-texts, marked-mpXML, of
659,388 articles of the Wikipedia project, and totaling enttvan 60 GB (4.6 GB without
images) and 30 million in number of elements. The collectias a structure similar
to the IEEE collection. On average, an article contains 3 XML nodes, where the
average depth of an element is 6.72.

2.2 Topics

Querying XML documents can be with respect to content anattre. Taking this into
account, INEX identified two types of topics:

— Content-only (CO)opics are requests that ignore the document structurerancha
a sense, the traditional topics used in IR test collecti®hgir resemblance to tra-
ditional IR queries is, however, only in their appearandeeyipose a challenge to
XML retrieval in that the retrieval results to such topicsidse elements of various
complexity, e.g. at different levels of the XML documentsusture.

— Content-and-structure (CAS$pics are requests that contain conditions referring
both to content and structure of the sought elements. Thaséitions may refer
to the content of specific elements (e.g. the elements totbenesl must contain a
section about a particular topic), or may specify the typ¢hefrequested answer
elements (e.g. sections should be retrieved).

3 http://en.wikipedia.org



CO and CAS topics reflect two types of users with varying Iswaf knowledge
about the structure of the searched collection. The first tsimulates users who ei-
ther do not have any knowledge of the document structure ar effoose not to use
such knowledge. The need for this type of query stems fronfettighat users may not
care about the structure of the result components or mayentdriliar with the exact
structure of the XML documents. This profile is likely to fit staisers searching XML
repositories. The second type of users aims to make use dhaight about the doc-
ument structure that they may possess. CAS topics simusaies who do have some
knowledge of the structure of the searched collection. Trhay then use this knowl-
edge as a precision enhancing device in trying to make thanrdtion need more
concrete. This user type is more likely to fit, e.g., libraga

As in TREC, an INEX topic consists of the standard title, dggion and narra-
tive fields. For CO topics, the title is a sequence of terms.GAS topics, the title is
expressed using the NEXI query language, which is a variatRATH defined for
content-oriented XML retrieval evaluation - it is more fesed on querying content
than many of the XML query languages [$8An example of a CAS topic is given in
Figure 1. refers to content the criteria and is Differentlte ¢ont ai n criteria of the
XPath query language, an element canalbut “intelligent transportation system”

without actually containing any of the three words "inggdint", "transportation” and
"system".

<inex_topic topic_id="76" query_type="CAS">

<title>
[larticle[(./fm/yr = '2000° OR ./fm/yr = '1999") AND about(.,
""intelligent transportation systeni’)]//sec[about(.,’ automation
+vehicle')]

</title>

<descri ption>
Aut omat ed vehicle applications in articles from 1999 or
2000 about intelligent transportation systens.

</ description>

<narrative>
To be relevant, the target conponent nust be from an
article on intelligent transportation systens published in 1999 or
2000 and mnust include a section which di scusses automated vehicle
applications, proposed or inplenented, in an intelligent
transportation system

</narrative>

</inex_topic>

Fig. 1. A CAS topic from the INEX 2003 test collection

4 The topic title format used in INEX 2002 was not based on awveanf XPATH [6], and as such
led to often ambiguous queries, with respect to constramp®sed on the structure. Using the
NEXI title topic format, not only removed ambiguity, but wakso more in line with current
development of XML query languages [1].



In 2005, in an effort to investigate the usefulness of strattconstraints, variants
of the CO and CAS topics were developed. CO topics were egttimtto Content-
Only + Structure (CO+S) topics. The aim was to enable theoperdnce comparison of
an XML system across two retrieval scenarios on the same,tope when structural
constraints are taken into account (+S) and the other whesetlare ignored (CO).
The CO+S topics included an optional field called CAS tittecdstitle>), which was
a representation of the same information need containdukir:title> field of a CO
topic but including additional knowledge in the form of sttural constraint. CAS titles
were expressed in the NEXI query language. An example igivEigure 2.

<inex_topic topic_id="231" query_type="CO+S">
<title>markov chains in graph related algorithms</title>
<castitle>//articlel//sec[about(.,"mrkov chains" al gorithm graphs)]
</castitle>
<description>Retrieve information about the use of markov chains in

graph theory and in graphs-rel ated al gorithns.

</ descri ption>
<narrative>My aimis to find possible inplenentations of ny

know edge in current research. I'mmainly interested in
applications in graph theory, that is, algorithnms related to graphs
that use the theory of markov chains. I'minterested in at

| east a short specification of the nature of inplenmentation (e.g.
what is the exact theory used, and to whi ch purpose), hence the
rel evant el ements should be sections, paragraphs or even abstracts
of documents, but in any case, should be part of the content of the
docunent (as opposed to, say, vt, or bib).

</narrative>

</inex_topi c>

Fig. 2. A CO+S topic from the INEX 2005 test collection

How to interpret the structural constraints (whether as @a€AS or CO+S topics)
evolved over the years, since each structural constraintidme considered as a strict
(must be matched exactly) or vague (does not need to be nohetaetly) criterion.
In the latter case, structural constraints were to be viemgelints as to where to look
for relevant information. In 2002, the structural consttaiof CAS topics were strictly
interpreted. In 2003, both interpretations, strict anduggvere followed, whereas since
2004 only the latter was follow&dAs of today, INEX has a total of 401 topics.

2.3 Retrieval tasks

The main INEX activity is the ad-hoc retrieval task. In IReliature [21], ad-hoc retrieval
is described as a simulation of how a library might be usedmaralves the searching of

5 A dedicated investigation on the interpretations on stmadtconstraints and their impact on
retrieval effectiveness was performed in 2005 using CA&togpecifically developed for this
purpose. This in not reported here, but see [20] for details.



a static set of documents using a new set of topics. Herepllextion consists of XML
documents, composed of different granularity of nested X&lments, each of which
represents a possible unit of retrieval. The user’s query alsao contain structural
constraints, or hints, in addition to the content condion

A major departure from traditional IR is that XML retrievalgems need not only
score elements with respect to their relevance to a quetyalso determine the ap-
propriate level of element granularity to return to usehsistallowing focussed access
to XML documents. In INEX, a relevant element is defined to btharight level of
granularity if it discusses all the topics requested in the user queryis-dkhaustive
to the query -and does not discuss other topics — itsigecificto that query. With this
definition, it is possible to differentiate, for exampleflween the only relevant section
in an encyclopaedia from the whole encyclopaedia. Althdogtin may be relevant to
a given user query, the former is likely to trigger higherusatisfaction as it will be
more specific to the query than the encyclopaedia.

Up to 2004, ad-hoc retrieval was defined as glemeraltask of returning, instead
of whole documents, those XML elements that are most spexificexhaustive to the
user’s query. In other words, systems should return compisrtbat contain as much
relevant information and as little irrelevant informatias possible. Within this general
task, several sub-tasks were defined, where the main differ@as the treatment of the
structural constraints.

TheCO sub-tasknakes use of the CO topics, where an effective system is @ate th
retrieves the most specific elements, and only those whighedevant to the topic of
request. Th&€CAS sub-tasknakes use of CAS topics, where an effective system is one
that retrieves the most specific document components, wdrehelevant to the topic
of request and match, either strictly or vaguely, the striadtconstraints specified in
the query. In 2002, a strict interpretation of the CAS stuuat constraints was adopted,
whereas in 2003, both, a strict and a vague interpretatianfallowed, leading to the
SCAS sub-tasfstrict content-and-structure), defined as for the INEX2@AS sub-
task, and the/CAS sub-taskvague content-and-structure). In that last sub-task, the
goal of an XML retrieval system was to return relevant eleta¢hat may not exactly
conform to the structural conditions expressed within teeris query, but where the
path specifications should be considered hints as to whel@to In 2004, the two
sub-tasks investigated were the CO sub-task, and the VCBS$ask. The SCAS sub-
task was felt to be an unrealistic task because specifyingfarmation need is not an
easy task, in particular for semi-structured data with aemnidriety of tag names.

However, within this general task, the actual relationghdween retrieved ele-
ments was not considered, and many systems returned oprtpglements (e.g. nested
elements). Indeed, the top 10 ranked systems for the COaskbirt INEX 2004 con-
tained between 70% to 80% overlapping elements. This hadstesng implications
with respect to measuring effectiveness (Section 3), wappeoaches that attempted to
implement a more focussed approach (retrieving the bestasits, e.g., between two
nested relevant elements, return the one most specific tguibi/) performed poorly.
As a result, thdocussed sub-taskas defined in 2005, intended for approaches con-
cerned with the focussed retrieval of XML elements, i.e.iagrat targeting the appro-
priate level of granularity of relevant content that shob#dreturned to the user for a



given topic. The aim was for systems to find the most exhaaistild specific element
on a path within a given document containing relevant infation and return to the
user only this most appropriate unit of retrieval. Retugnoverlapping elements was
not permitted. The INEX ad-hoc general task, as carried guinbst systems up to
2004, was renamed in 2005 as therough sub-task

Within all the above sub-tasks, the output of XML retrievgétems was assumed
to be a ranked list of XML elements, ordered by their presuneéslzance to the query,
whether overlapping elements were allowed or not. Howavsey studies [17] sug-
gested that users were expecting to be returned elemenipagtger document, and
to have access to the overall context of an element.fétuh & browse taskvas in-
troduced in 2005 for this reason. The aim was to first identifgvant documents (the
fetching phase), and then to identify the most exhaustidespecific elements within
the fetched documents (the browsing phase). In the fetghirage, documents had to
be ranked according to how exhaustive and specific they wetbe browsing phase,
ranking had to be done according to how exhaustive and spéudirelevant elements
in the document were, compared to other elements in the samament.

In 2005, no explicit constraints were given regarding wietlketurning overlapping
elements within a document was allowed. The rationale was ttiere should be a
combination of how many documents to return, and within edmtument, how many
relevant elements to return. In 2006, the same task, rendnge@levant in context
sub-taskrequired systems to return for each article an unrankedfs®in-overlapping
elements, covering the relevant material in the documeraddition, a new task was
introduced in 2006, théest in context sub-taskhere the aim was to find the best-
entry-point, here a single element, for starting to reaidlasg with relevant information.
This sub-task can be viewed as the extreme case of the fetcbvgsb approach, where
only one element is returned per article.

2.4 Relevance

Most dictionaries define relevance as "pertinence to theemat hand". In terms of

IR, it is usually understood as the connection between &veul item and the user’s
query. In XML retrieval, the relationship between a retgehitem and the user’s query
is further complicated by the need to consider the strudiuithe documents. Since
retrieved elements can be at any level of granularity, ametd and one of its child

elements can both be relevant to a given query, but the chélthent may be more

focussed on the topic of the query than its parent elementhwvhay contain additional

irrelevant content. In this case, the child element is agbbetiement to retrieve than its
parent element, because not only it is relevant to the gqbeiyit is also specific to the

query. To accommodate the specificity aspect, INEX define2DB2 relevance along
two dimensions:

— Topical relevance which reflects the extent to which the information contdiire
an element satisfies the information need, i.e. measurexttaistivityof the topic
within an element.



— Component coveragewhich reflects the extent to which an element is focussed on
the information need, and not on other, irrelevant topiesmeasures trepecificity
of an element with regards to the topic.

A multiple degree relevance scale was necessary to alloaxpicit representation
of how exhaustively a topic is discussed within an elemeni wéspect to its child
elements. For example, a section containing two paragragysbe regarded more
relevant than either of its paragraphs by themselves. Binalues of relevance cannot
reflect this difference. INEX therefore adopted a four-poatevance scale [12]:

Irrelevant: The element does not contain any informatiayuathe topic of request.
Marginally relevant: The element mentions the topic of regfubut only in passing.
Fairly relevant: The element discusses the topic of reqbeshot exhaustively.
Highly relevant: The element discusses the topic of regeidsaustively.

As for topical relevance, a multiple degree scale was alsessary for the coverage
dimension. This is to allow to reward retrieval systems thia able to retrieve the
appropriate ("exact") sized elements. For example, aenglisystem that is able to
locate the only relevant section in a book is more effectiamtone that returns a whole
chapter. A four-point relevance scale for component cayeraas adopted:

— No coverage (N): The topic, or an aspect of the topic, is nbeate of the element.

— Too large (L): The topic, or an aspect of the topic, is only aonitheme of the
element.

— Too small (S): The topic, or an aspect of the topic, is the noaionly theme of the
element, but the component is too small to act as a meaniagfubf information.

— Exact coverage (E): The topic, or an aspect of the topic,dgithin or only theme
of the element, and the element acts as a meaningful unifahiation.

Based on the combination of topical relevance and compareetrage, it becomes
possible to identify those relevant elements, which aré leahaustive and specific to
the topic of request and hence represent the most apprepritto return to the user.
In the evaluation we can then reward systems that are abértewe these elements.

In a study of the collected assessments for 2002, the use@&thall” led to some
misinterpretations while assessing the coverage of anesiefii1]. The problem was
that, for CAS topics, the "too small" and "too large" covexagitegories were incor-
rectly interpreted as the relation between the actual sizbeoresult element and the
size of the target element, instead of the relation betwkerrglevant and irrelevant
contents of the result element. To address this issue, INED3 2enamed the two di-
mensions to exhaustivity and specificity:

— Exhaustivity, which measures how exhaustively an element discussesyiteeaf
the user’s request.

— Specificity, which measures the extent to which an element focuses dopieof
request (and not on other, irrelevant topics).



The scale for the exhaustivity dimension, which replacesttipical relevance di-
mension, was redefined by simply replacing the word relewdéthtexhaustive. To avoid
direct association with element size, the specificity disiem, which replaces the com-
ponent coverage, adopted an ordinal scale similar to thatetefor the exhaustivity
dimension:

— Not specific: the topic of request is not a theme discusseuerliement.

— Marginally specific: the topic of request is a minor themedgsed in the element.
— Fairly specific: the topic of request is a major theme disedss the element.

— Highly specific: the topic of request is the only theme diseasin the element.

Although there have been arguments against the separatmtwo relevance di-
mensions, this was believed to provide a more stable mea$tekevance than if asses-
sors were asked to rate elements on a single scale. One reagbis is that assessors
are likely to place varying emphasis on these two dimensidren assigning a single
relevance value. For example, one assessor might tendetigily specific elements
as more relevant, while another might be more tolerant otlospecificity and prefer
high exhaustivity.

However, obtaining relevance assessments is a very tediodi€ostly task [14].
An observation made in [4] was that the assessment procagstoe simplified if first,
relevant passages of text were identified by highlightimgl, #nen the elements within
these passages were assessed. As a consequence, at INEX2@3Sessment method
was changed, leading to the redefinition of the scales faiifipi¢y. The procedure was
a two-phase process. In the first phase, assessors higdigght fragments containing
only relevant information. The specificity dimension wasnfautomatically measured
on a continuous scale [0,1], by calculating the ratio of #levant content of an XML
element: a completely highlighted element had a specifi@tye of 1, whereas a non-
highlighted element had a specificity value of 0. For all o#lements, the specificity
value was defined as the ratio (in characters) of the higtétext (i.e. relevant infor-
mation) to the element size. For example, an element withifsgiey of 0.72 has 72%
of its content highlighted.

In the second phase, for all elements within highlightedspges (and parent ele-
ments of those), assessors were asked to assess their tasityal®llowing the out-
comes of extensive statistical analysis of the INEX 2004lteg13] - which showed
that in terms of comparing retrieval effectiveness the saamelusions could be drawn
using a smaller number of grades for the exhaustivity dirieeis INEX 2005 adopted
the following3 + 1 exhaustivity values:

— Highly exhaustive (2): the element discussed most, or sfieats of the query.

— Partly exhaustive (1): the element discussed only few dasdthe query.

— Not exhaustive (0): the element did not discuss the query.

— Too Small (?): the element contains relevant material bicdasmall to be relevant
on it own.

8 The same observation was reached for the specificity diraenbiit as the assessment proce-

dure was changed in INEX 2005, the new highlighting procélssvad for a continuous scale
of specificity to be calculated automatically.



The category of "too small" was introduced to allow assessorabel elements
which, although contained relevant information, were totwal to be able to sensi-
bly reason about their level of exhaustivity. In 2002 theo"tsmall" category was with
respect to the specificity aspect of relevance, whereas(,40is a degree of exhaus-
tivity, and was deemed necessary to free assessors fronutterbof having to assess
very small text fragments whose level of exhaustivity caubd be sensibly decided.

As the ultimate aim of an evaluation is to be able to state ahagstem performs
consistently better than another system, a continuousisigan in INEX was whether
such a sophisticated definition of relevance, and in pdeidhe exhaustivity dimen-
sion, was needed. A simpler definition, e.g. using one dimoansvould be less costly
to obtain, and an analysis of the results may arrive at theesaonclusion. In addition,
assessors felt that gauging exhaustivity was a cognitiifigult task to perform, and
that the extra burden led to less consistent assessmeiptofhpared to those obtained
at TREC. An extensive statistical analysis was performedhenINEX 2005 results
[13], which showed that in terms of comparing retrieval pemfiance, not using the
exhaustivity dimension led to similar results. As a resiNtzX 2006 dropped the ex-
haustivity dimension, and relevance was defined only albagpecificity dimension.

3 Metrics

Since its launch in 2002, INEX has been challenged by theisfthow to measure an
XML retrieval system’s effectiveness. The main complicattomes from the necessity
to consider the dependency between elements when evagetectiveness. Unlike
traditional IR, users in XML retrieval have access to otlsarcturally related elements
from returned result elements. They may hence locate additirelevant information
by browsing or scrolling. This motivates the need to consgtecallednear-misses
which are elements from where users can access relevargrtpmtithin the evalua-
tion. The alternative, to ignore near-misses, would lead $trict evaluation scenario,
especially when dealing with fine-grained XML documentghiis section, we restrict
ourselves to the metrics used to evaluate the thorough ang$ed sub-tasks, as the
evaluation of the other sub-tasks is still an on-going redessue.

The effectiveness of most ad-hoc retrieval tasks is medswyré¢he established and
widely used precision and recall metrics, or their variakt®m 2002 to 2004, INEX
used thenex_eval metrid6], which applies the measure pfecall [15] to XML el-
ements. As for precision and recall, inex_eval is based oouating mechanism, i.e.
based on number of retrieved and relevant elements.

When using this family of measures, if we consider near-essghen evaluating
retrieval effectiveness, then systems that retwrarlappingelements (e.g. both a para-
graph and its enclosing section) will be evaluated as mdeetdfe than those that do
not return overlapping elements (e.g. either the paragoats enclosing section). If
both the paragraph and its enclosing section are releva, this family of effective-
ness measures will count both these nested elements aatsegevant components
that increase the count of relevant and retrieved elem&hesefore, despite not retriev-
ing entirely new relevant information, systems that favthe retrieval of overlapping
components would receive higher effectiveness score}sHded that unless this is-



sue was explicitly addressed, unfair advantage could beeddiy systems that deliber-
ately return overlaps over XML retrieval systems that péatinto reducing redundant
information being retrieved.

The first step to address this problem - as discussed in 8e2i8- was to define
the two sub-tasks, thorough and focussed, to distinguisivdma systems that were
interested in estimating the relevance of elements giveapiz bf request, and those
that aimed at providing focussed access to XML content. ¢J8ie inex_eval measure
to evaluate the thorough sub-task is then appropriate.

With respect to the focussed sub-task, as we still want tocgpiately reward the
retrieval of near-misses, we need to differentiate betvibese elements that should be
retrieved (the desired elements), and those elementsrhatracturally related to the
desired elements (the near-misses). It was therefore sege® distinguish between
these two sets by marking a subset of the relevant elemette irecall-base as ideal
answers (desired elements). We refer to this set aislé@d recall-baseHowever, using
inex_eval on the ideal recall-base to evaluate the focussbeask would mean that
near-misses cannot be considered when evaluating rdtgevrmance. As a result,
INEX adopted in 2005 a new metric, callCG, for both sub-tasks.

The XCG measures are an extension of the Cumulative Gain (@&d measures
[8], and include the user-oriented measures of normalis¢ehded cumulative gain
and the system-oriented effort-precision/gain-recalhsees. These measures are not
based on a counting mechanisms, but on cumulative gainsiatss with returned
results, which are appropriate to evaluate the focussedaaiowhere near-misses are
considered. For the sake of consistency, the same familyeaknres were also adopted
to evaluate the thorough sub-task.

For each returned element, a gain valug|.] is calculated, which is a value in the
interval [0, 1]. A value of 0 reflects no gain, 1 is the highest gain value, aldes be-
tween 0 and 1 represent various gain levels. The gain valperdts on the element’s
exhaustivity and specificity. Given that INEX employs twdekance dimensions, the
gain value is calculated as a combination of these dimessibas reflecting the worth
of a retrieved element. INEX usepiantisation functionso provide a relative order-
ing of the various combinations of exhaustivity and speityfigcalues and a mapping
of these to a single relevance scald(inl]. Various quantisation functions have been
used over the years as a means to model assumptions regtreingrth of retrieved
elements to users or scenarios. INEX 2003 used the quaotisatefined below, where
e ands stand, respectively, for exhaustivity and specificity.

1 ife=3ands =3,
0 otherwise.

quantstrict(ea 8) = { (l)

The strict function is used to evaluate XML retrieval methaogiith respect to their
capability of retrieving highly exhaustive and highly sgieccomponents. This function
models the scenario where only highly specific and highlyagistive components are



considered worthy.

1 if (e,s) = (3,3),
0.75if (e, s) € {(2,3),(3,{2,1})},
quant ., (e,s) == q 0.5 if (e,s) € {(1,3),(2,{2, 1})}, (2)
0.25if (e, s) € {(1,2), (1, 1)},
0 if (e,s) =(0,0).

The generalised function allows the reward of fairly and giaatly relevant elements in
the results. Other quantisations were introduced in sulesgigyears of INEX, empha-
sising specificity or exhaustivify A statistical analysis of the INEX 2004 results [13],
however, shows that, although quantisation functionsesgdifferent user preferences,
many of them behave similarly when ranking systems. As aequmsnce, one form of
strict and one form of general quantisation functions hasenbused since 2005, and
were modified to adapt to the new scale used in INEX 2005:

1 if e=2 and s=1,
QUant gyyicrs5(€; ) = {0 otherwise. ©)
qucmtgens (e,s):=e-s 4

quantgens ignores elements assessed as "too small”. To consider tah slements
within the evaluationquant e, i ieq Was introduced, which addsl to lift all values
of exhaustivity. The effect of this is that it allows the sogrof too small elements as
near-misses.

qua‘ntgen,Lifted(e7 S) = (6 + 1) ° S (5)

A statistical analysis of the INEX 2005 results [13] showasenably high agree-
ment between which system pairs are identified as significalifterent when using
quant gens andquantgenrifted- Thus, whether or not the "too small* elements are con-
sidered relevant does not make a large difference in thamgalof systems.

In INEX 20086, as the exhaustivity dimension was droppedgthantisation function
simply maps an element to its specificity value.

Given a ranked list of elements, each with their calculated gain valu€'[e;] =
quant(e;) wherequant is a chosen quantisation function, the cumulative gainrai ra
i, denoted agCG[i], is computed as the sum of the relevance scores up to that rank

2CGli] = Zw(ej)) (6)

For each query, an ideal gain vectot,'I, is derived by filling the rank positions with
xG(c})) in decreasing order for all assessed elemeta retrieval run'szC'G' vector

" More details can be found at http://homepages.cwi.nlhAfEX/.



is compared to this ideal ranking by plotting both the actaral ideal cumulative gain
functions against the rank position. NormalisedG (nxCGQ) is:

(7)

For a given rank, nxCG[i] reflects the relative gain the user has accumulated up to
that rank, compared to the gain he/she could have attainie ifystem would have
produced the optimum best ranking, where 1 represents jfdrmance.

xCG andnzCG correspond to user-oriented measures. The system-adiengdu-
ation measure is effort-precision/gain-recall @ep). The effort-precisiomp at a given
gain-recall valugyr is defined as the number of visited ranks required to reackiengi
level of gain relative to the total gain that can be obtaireed is defined as:

eplr] 1= ®)
wherei;q.q; is the rank position at which the cumulative gainrois reached by the
ideal curve and,.,, is the rank position at which the cumulative gainrof reached
by the system run. A score afreflects ideal performance, i.e. when the user needs to
spend the minimum necessary effort to reach a given levebuf. § he gain-recalyr
is calculated as: ‘

xCGli] 2321 zG/j]

SATeT I R > e 7 ©

wheren is the number of elementswherexzC|[c] > 0. This method follows the same
viewpoint as standard precision/recall, where recallésdbntrol variable and precision
the dependent variable. Here, the gain-recall is the cbvariable and effort-precision
is the dependent variable. As with precision/recall, iptdation techniques are used
to estimate effort-precision values at non-natural gaical points, e.g. when calcu-
lating effort-precision at standard recall points|@fl, 1], denoted as e.gp@0.1. For
this purpose, a simple linear interpolation method is ugdsb, thenon-interpolated
mean average effort-precisipdenoted ad/Aep, is calculated by averaging the effort-
precision values obtained for each rank where a relevantdeat is returned.

After extensive analysis of the correlation between thiedéht XCG measures [9],
INEX 2006 has adopted/Aep for the thorough sub-task, andeC'G (with cut-off
values of 5, 10, 25 and 50) for the focussed sub-task, reilgttie viewpoint that the
former represents a system-oriented task while the ladf@mesents a user-oriented task.

In the case of the thorough sub-task (when overlap is notsaare)sthe full recall-
base is used to derive both the ideal gain veetod and the gain vectors;CG. [16]
showed that using/Aep leads to the same results in terms of retrieval systems-effec
tiveness than when using the inex_eval measure, which iswunald be expected.

For the focussed retrieval task, the elements in the ideallFbase represent the
desired target elements that should be retrieved, whiletakr elements in the full
recall-base may be awarded partial scores. In this casedéad gain vectorrC1 is
derived from the ideal recall-base, whereas the gain veci@rG, for the retrieval
approaches under evaluation are based on the full recadi-tmaenable the scoring of



near-miss elements. As any relevant elements of the fulllkease not included in
the ideal recall-base are considered as near-missesrhiegy allows to support the
evaluation viewpoint whereby elements in the ideal rebaleshouldbe retrieved,

whereas the retrieval of near-missesild be rewarded as partial success.

The construction of the ideal recall-base requires a peefez function among ex-
haustivity and specificity value pairs, and a methodologyrfversing an XML docu-
ment (its tree structure) and selecting ideal elementsdbaseheir relative preference
relations to their structurally related elements. A numidfgereference relations can be
used based on the quantisation functions used in INEX, atreflect the worth of
retrieved elements. Given a chosen quantisation funcitios possible to quantify the
value, or worth, of an element and identify the "best" cormgrua within an XML doc-
ument as those elements with the highest quantised scondafy to the quantisation
functions, different methodologies for deriving an ideatall-base may be applied in
order to reflect different strategies. The one adopted inXNE to traverse the XML
tree of a document bottom-up and to select the element weéthitthest quantised score.
In the case where two elements have an equal score, the drer iighe XML structure
is selected.

4 Conclusions

INEX has focused on developing an infrastructure, testectitbns, and appropriate
scoring methods for evaluating the effectiveness of cdreented XML retrieval.
The initiative is now entering its sixth year, with INEX 206&t to begin in April 2007.
The major achievements in XML retrieval evaluation can bamsarised as follows:

— A larger and more realistic test collection has been ackievith the addition of
the Wikipedia documents. The content of the Wikipedia abiten can also appeal
to users with backgrounds other than computer science,ngake carrying out of
user studies with this collection more appropriate.

— A better understanding of information needs and retrieeaharios. The set of
retrieval tasks that were used at INEX 2006 is consideredgamd representation
of actual retrieval tasks that users of an XML retrieval sysimay wish to perform.

— A better understanding of how to measure the effectivenédifferent retrieval
systems by using appropriate metrics. In particular, we hawe an understanding
of how to deal with near-misses and overlapping element$ warich metrics to
use under which retrieval assumptions.

In addition, INEX has been expanding in scope with the additf a number of
additional research tracks that tackle other IR problenased to XML documents. The
additional tracks deal with issues such as retrieval of imeitlia items, user interaction,
retrieval from heterogeneous collections of documentsssification and clustering,
etc.

The current emphasis in INEX is to identify who the real usgrXML retrieval
systems are, how they might use retrieval systems and fazhaieialistic tasks. A new
research track, the user case studies track, is currenigiigating this issue.



5 Acknowledgments

INEX is funded by the DELOS Network of Excellence. The aughwould like to ac-
knowledge the INEX organisers for the definition of the vadaetrieval tasks, and all
participants for their valuable contributions throughthg various INEX campaigns.

References

1. S. Amer-Yahia and M. Lalmas. XML Search: Languages, INEX acoring. SIGMOD
Record To appear.

2. R.A.Baeza-Yates, N. Fuhr, and Y.S. Maarek. "XML and infation retrieval" SIGIR work-
shop SIGIR Forum 36(2), 2002.

3. H.M. Blanken, T. Grabs, H.-J. Schek, R. Schenkel, and GkWg editors. Intelligent
Search on XML Data, Applications, Languages, Models, Implgations, and Benchmarks
2003.

4. C. Clarke. Range results in XML retrieval. INEX 2005 Workshop on Element Retrieval
Methodology 2005.

5. L. Denoyer and P. Gallinari. The Wikipedia XML CorpWBIGIR Forum 40(1), 2006.

6. N. Govert and G. Kazai. Overview of the INitiative for thedtuation of XML retrieval
(INEX) 2002. INEX 2002 Workshop Proceeding®03.

7. N. Govert, N. Fuhr, M. Lalmas, and G. Kazai. Evaluating éffectiveness of content-
oriented XML retrieval methods. JIR, 9(6), 2006.

8. K. Jarvelin and J. Kekalainen. Cumulated gain-basediatiah of IR techniques ACM
TOIS 20(4), 2002.

9. G. Kazaiand M. Lalmas. INEX 2005 evaluation metrid¢EX 2005 Workshop proceedings
2005.

10. G. Kazai, M. Lalmas, and A.P. de Vries. The overlap pnoble content-oriented XML
retrieval evaluationProceedings of ACM SIGIR004.

11. G. Kazai, S. Masood, and M. Lalmas. A study of the assessoferelevance for the
INEX'02 test collection.Proceedings of ECIR004.

12. J. Kekalainen and K. Jarvelin. Using graded relevansesaments in IR evaluatiodASIST
53(13), 2002.

13. P. Ogilvie and M. Lalmas. Investigating the exhaustiditnension in content-oriented XML
element retrieval evaluatiofRroceedings of ACM CIKN2006.

14. B. Piwowarski, and M. Lalmas. Providing consistent axitbestive relevance assessments
for XML retrieval evaluation.Proceedings of ACM CIKIVR004.

15. V. V. Raghavan, P. Bollmann, and G. S. Jung. A criticagstigation of recall and precision
as measures of retrieval system performa®@M TOIS 7(3), 1989.

16. G. Kazai, and M. Lalmas. eXtended Cumulated Gain Meastmethe Evaluation of
Content-oriented XML Retrieval. ACM TOIS, 24(4), 2006.

17. A. Tombros, S. Malik, and B. Larsen. Report on the INEX20fteractive track. ACM
SIGIR Forum 39(1), 2005.

18. A. Trotman and B. Sigurbjornsson. Narrowed extended THPA(NEXI). INEX Workshop
Proceedings2004.

19. Andrew Trotman. Wanted: Element retrieval usdidEX Workshop on Element Retrieval
Methodology 2005.

20. A. Trotman and M. Lalmas. Strict and vague interpretatibXML-retrieval queries.Pro-
ceedings of ACM SIGIR006.

21. E. M. Voorhees and D. K. Harman, editofie 10th Text REtrieval Conferen@901.



