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ABSTRACT

According to INEX, the evaluation initiative for XML re-
trieval, the aim of XML retrieval is to retrieve not only rel-
evant document components, but those at the right level of
granularity, i.e. document components that specifically an-
swer a query. This paper investigates the use of theoretical
benchmarks to describe the INEX 2004 and 2005 evaluation
methodology. Theoretical benchmarks concern the formal
representation of qualitative properties of information re-
trieval models. To this end, a Situation Theory framework
for the meta-evaluation of XML retrieval is introduced. This
model is then used to exemplify theoretical models of user
agents and assessment procedures in INEX 2004 and 2005.

1. INTRODUCTION

According to INEX, the evaluation initiative for XML re-
trieval [5], the aim of XML retrieval is to retrieve not only
relevant document components, but those at the right level
of granularity, i.e. those that specifically answer a query.
To evaluate how effective XML retrieval approaches are, it
is necessary to consider whether the ‘right’ level is correctly
identified. For this purpose, two evaluation criteria have
been the basis for INEX to consider the structure when
evaluating XML retrieval effectiveness. Topical erhaustiv-
ity reflects the extent to which the information contained
in a document component satisfies the information need.
Component specificity reflects the extent to which a docu-
ment component focuses on the information need. In order
to capture varying degrees of exhaustivity and specificity,
INEX has modelled them using graded scales following an
investigation by Kekéldinen and Jarvelin [8]. The aim of
this paper is to ‘meta-evaluate’ the use of these scales em-
ploying theoretical benchmarks. This paper will therefore
consider the changes in the scales used in INEX 2004 and
2005 from a theoretical point of view. It will relate them
to models for agent reasoning, as they are expressed in the
INEX quantisation functions which map the graded scales
onto scalar values.

Copyright is held by the author/owner(s).

DIR’07 Permission to make digital or hard copies of all or part of this work
for personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior specific
permission from the author.

7th Dutch-Belgian Information Retrieval Workshop, March 28-29,2007,
Leuven, Belgium.

Mounia Lalmas
Queen Mary College, University of London
London, United Kingdom

mounia@dcs.gmul.ac.uk

By representing the agent reasoning in a formal logical
framework we will be able to relate them to exhaustivity
and specificity. As shown in [6] rational agents, whether
computer systems or human, have the ability to gather infor-
mation and reason about this gathered information. After-
wards, we analyse the aboutness decisions behind the graded
scales for INEX 2004 and 2005. We will demonstrate how to
reason about the changes in the graded scales within a the-
oretical logic-based system. We will build upon earlier work
[2], in which the authors show that such a meta-evaluation
of XML retrieval is feasible and can deliver some promising
initial results.

2. RELATED WORK

As van Rijsbergen [11] has suggested, given the increasing
complexity of the retrieval task due to, for example more
complex information units, like XML elements, an exper-
imental approach to information retrieval (IR) should be
complemented with a theoretical evaluation technique. A
theoretical evaluation can be complementary to an experi-
mental evaluation if it helps to clarify the assumptions of
retrieval models and if it can identify the characteristics
leading to a particular experimental behaviour.

A theoretical evaluation can be done by using a meta-
theory, as proposed in previous work based on the logical
approach to IR [6]. In 1971, Cooper coined the term ‘log-
ical relevance’ for an objective view on relevance [4]. Van
Rijsbergen and others have expressed the logical relevance
in terms of the implication d — ¢ [11]. Following Huibers’
formalism and approach [6], we call such an implication be-
tween query and document ‘aboutness’. With aboutness, we
aim to theoretically capture (1) how INEX sees user agents
concluding aboutness, and (2) how system agents present
XML elements as answers that are about a query. The for-
mer can be modeled with aboutness decisions reflecting user
assessments, while the latter can be laid out as the reason-
ing behind INEX scales for rewarding systems with respect
to their ability to deliver exhaustive or specific answers.

In earlier work, Chiaramella [3] presented a theoretical

framework to model structured document retrieval. He demon-

strated that in order to describe relevance in structured doc-
ument retrieval, two implications like the one above from
van Rijsbergen should be used: d — ¢ modelling exhaus-
tivity and ¢ — d modelling specificity. Using his logical
meta-model, Chiaramella [3] argued that exhaustivity and
specificity are not two independent values. He offers a fetch
and browse algorithm to deliver the best results for XML
retrieval. The most specific answers in structured docu-



ment retrieval are the result of first fetching the exhaustive
answers and afterwards browsing through these answers to
narrow down the focus. This assumes, that (1) delivering
specific answers is the main objective of any structured doc-
ument retrieval approach and in particular XML retrieval,
and that (2) specificity and exhaustivity judgements are
based on the same relevant information that is found in the
fetch step and specified in the browse step.

Another paper stressing the primary importance of speci-
ficity for XML retrieval from a completely different angle
than Chiaramella is [9]. In this paper Ogilvie and Lalmas
use extensive statistical tests to perform an analysis of the
exhaustivity and specificity dimensions used in two rounds
of INEX. Their conclusion was that specificity is a sufficient
evaluation measure for XML retrieval. We arrive at similar
conclusions from a theoretical perspective in section 5.

This paper investigates the use of theoretical benchmarks
to describe the INEX 2004 and 2005 evaluation methodology
and look at the relationship of exhaustivity and specificity
values in it. To this end, a Situation Theory framework for
the meta-evaluation of XML retrieval will be presented in
the next section as a formal means to express theoretical
benchmarks.

3. SITUATION THEORY FRAMEWORK FOR

XML RETRIEVAL EVALUATION

Theoretical benchmarks [12] concern the formal represen-
tation of qualitative properties of IR models. These proper-
ties are described in terms of supported logical axioms and
postulates. We use Situation Theory (ST), developed by
Barwise and Perry [1], as our logic-based model for XML
retrieval. ST offers a logic of information rather than truth
assignments and is therefore closer to real-world applica-
tions. ST is a mathematical theory of meaning and infor-
mation with situations as primitives. Situations are partial
descriptions of the world and are composed of information
items formalised as infons [6]. For IR modelling, queries and
documents are modelled as situations, while infons represent
a model’s information items like keywords or phrases.

Theoretical benchmarks need formalisms, powerful enough
to characterize the fundamental properties of retrieval mod-
els. If we consider XML elements and queries to be sit-
uations, then S O~» T means that the document compo-
nent situation S is about the information need expressed
in query situation 7. Likewise, S O~ T symbolises that
S is not about 7. ‘Dogs’ are not ‘cats’, and are therefore
not about each other. With ®, we formalise the fusion of
situations. Preclusion, symbolised by L, expresses that in-
formation clashes and leads to anti-aboutness, for which the
symbol X~ is used. E.g., the information ‘night’ is anti-
about the information ‘day’, as night and day exclude each
other. We know that day and night situation are each other’s
opposite. X~A stands for the negation of anti-aboutness.
We will use it mainly to express the minimum aboutness
assumption that the information in two situations does not
preclude each other. = states that two situations are equiv-
alent, e.g. two document components contain the same in-
formation.

Situations are composed of infons, which can have a polar-
ity indicating whether the described objects are supported
by the situation or not. In one of the most simple cases for
IR, infons represent relationless keywords to model informa-

tion items. A simple keyword like ‘house’ is then represented
by ((house)), a short form for an infon with positive polar-
ity. In this paper, we will only use this shortform, but infons
can easily be adjusted to more complex information items [6]
to reflect structural constraints in XML retrieval. A simple
example for an XML situation as a collection of infons re-
flecting XML structure is: {((ElementType, Paragraph,is;
1)), {{Instantiation, flat,is;1))}. ST is particularly useful
for the analysis of XML retrieval, as it can represent both
structure and content in a unified model [6], as just seen in
the example of the ST representation of an XML document
component. We do not need two formal ways to describe
structure and document content, although this is not ex-
ploited in this paper and would like to keep the examples
simple.

In this paper we use the outlined ST benchmarking frame-
work to analyse the evaluation process in INEX. In our
framework D stands for the document component situation,
and  for the query situation. Following Chiaramella’s dis-
tinction [3], D O~ @ models exhaustivity and Q O~ D
models specificity. In [7] Bruza and Huibers present a gen-
eral ST aboutness criterion. According to them document
D is about @, if D contains at least one infon i such that
situation @ is about infon ¢. This definition, however, leads
to problems if we look at graded scales of relevance measures
as in INEX 2004 and 2005. The one common infon % could
be an infon expressing structure, possibly itself bearing no
information useful to a user. In XML retrieval, two XML
situations could share the same infons expressing structure,
as they share the same document type definition. This does
not mean however that they are about each other, as the
following example demonstrates: Let us assume that two
documents both consist of one paragraph embedded in a
section. Then the ST model of both will have the same
infons representing this structure. Furthermore, let us as-
sume that the paragraph in the first document is about dogs,
whereas the paragraph in the second document is about cats.
Therefore they will not be about each other. Aboutness is
a relationship of meaning. For INEX, structure in an XML
representation only supports meaning but does not create
meaning.

We shall use the idea of ‘subsituations’ instead of sim-
ple infons and shall reformulate the above aboutness crite-
rion as a subsituation-based one. A subsituation is a situa-
tion S; that is part of another situation S, where we count
the situation as a part of itself, i.e. a situation is a sub-
situation of itself. S; is as a situation a combination of
infons [6] that has a meaning in itself. For an XML docu-
ment, this implies XML elements with content and therefore
meaning. In the example above, the existence of a para-
graph within a section is not a subsituation. Only with
the additional information that the paragraph is about dogs
or cats can we have meaning and a subsituation. S; is
called a ‘strict’ subsituation if it is not S. E.g., a situation
{{{house)), ((garden))} has as strict meaningful subsitua-
tions {((house))} and {((garden))}. {{{house)), ({(garden))}
is also a subsituation, but not a strict one. By discriminat-
ing strict subsituations from mnon-strict subsituations, we
are able to differentiate aboutness decisions that demand a
completely exhaustive or specific match (non-strict subsit-
uation) from those that only expect a partial match (strict
subsituation), which is useful to describe user agent reason-
ing according to INEX, as we shall see later.



Table 1: Quantisations in INEX 2004

[ Function | f(e, s)

[ User model H

Stricty fle,s) = {(1) :)ftf);rivltd 5=3 Uuu
1 if (e,8) = (3,3)
0.75  if (es) € {(23),(3,2),(3,1)}
Gengy fle,s) =<¢05 if (e;s) € {(1,3),(2,2),(2,1)} | EU
025 if (es) € {(1,2),(1,1)
0 if (e,s) = (0,0)
(1 if (e,s) = (3,3)
0.9 if (e8) = (2,3)
0.75 if (e,s) € {(1,3),(3,2)}
SOG fle,s) =<0.5  if (e;8) = (2,2) SU
025 if (e,s) € {(1,2),(3,1)}
01 if (es) € {(2,1),(1,1)}
L0 if (e,s) = (0,0)
e | e = {7 e = 00 w

In order to represent the scale of exhaustivity and speci-
ficity in Table 3, we divide the document component and
query situations into such subsituations, with D = D; ©®
..0Dpand Q= Q10 ... ® Qm. We assume that if D is an
exhaustive answer to @, then it is due to one of the situa-
tions D; that D is composed of. This is how we go beyond
the use of a single infon to decide aboutness. Throughout
this paper, we will use a notation D; to describe subsitu-
ations that make D an exhaustive answer, while the rest
of the subsituations of D are numbered from 1 to n. Q;
describes subsituations that create specific answers.

Thus, we assume exhaustivity and specificity to be prop-
erties of a situation. We look at evaluation criteria like ex-
haustivity and specificity from a topical aboutness point of
view. We take them as concrete properties of information
objects which are descriptions of the topics in XML elements
and query. Based on subsituations and the assumption that
exhaustivity and specificity are properties, we can now for-
mulate a new ST aboutness criterion, which is subsituation-
based.

DEFINITION 1. A situation S is about a situation T if and
only if T' contains a subsituation T; such that situation S is
about situation T;.

With this subsituation-based aboutness criterion, we are
able to represent agent reasoning according to INEX in the
section 4 and the INEX assessment methodology in the sec-
tion 5 within a single theoretical framework. We speak of
rational agent reasoning to include both system and user
reasoning.

4. AGENT REPRESENTATIONS IN INEX
QUANTISATIONS

In INEX, the scales for exhaustivity and specificity are
mapped onto ratio scales. To this end, INEX uses quantisa-
tion functions over the two parameters of exhaustivity and
specificity: f(e,s). A single relevance scale [0,1] is the re-
sult, as presented in Table 1 for INEX 2004 and Table 2 for

INEX 2005. The first two columns in both tables are taken
from [9]. Please note that a ? stands for elements that are
too small to allow an aboutness conclusion. This value of
f(e, s) is new to INEX 2005 reflecting the specific problem
with XML document components that are too small to bear
information.

Quantisations in INEX reflect the importance attached to
exhaustivity and specificity. As such they can be used to de-
scribe user agent reasoning about results that system agents
should return. E.g.: Stricts as much as Stricts only credit
highly exhaustive and highly specific elements and thus ex-
press very demanding user requirements. Within our ST
framework, we have the advantage of being able to express
a user’s need and a system’s attempt to satisfy it within
the same framework. Both are reasoning processes that fol-
low rules and axioms. This can be considered to be one of
the major advantages of a logical meta-evaluation approach.
User assessments are as much as system assessments results
of reasoning processes. Both are according to [6] reasoning
agents with the ability to come to a conclusion whether a
document component is about a query or not. In this sec-
tion we demonstrate the reasoning of user agents, as we are
concerned with the representation of the INEX evaluation
methodology. In future work, these reasoning patterns can
be used to meta-evaluate XML retrieval systems, similarly
to the way Huibers [6] has used other agent reasoning models
for flat document retrieval systems.

The quantisation of Stricta as much as its INEX 2005
equivalent Stricts simulates those user agents only inter-
ested in highly exhaustive and highly specific answers. These
unanimous users will only be satisfied if aboutness systems
return the highest exhaustivity and specificity values [6].
In the following formalisations D; and (); denote one of n
unique subsituations of an XML situation such as an XML
element or a query. D; marks the subsituation that deter-
mines a component to be an exhaustive answer, while @Q;
states that the component is a specific answer. The Unani-
mous User (UU) will only be happy if she can find nothing



Table 2: Quantisations in INEX 2005

[ Function [ f(e,s) [ User model ||
Stricts fle,s) = 1 ife=2 z.and s=1 Uuu
0  otherwise
1 ifs=1
FullySpec | f(e,s) = 0 . SDRU
0  otherwise
Gens fles) = exs ife € .{1,2} EU
0 otherwise
(e+1)*xs ife € {1,2}
GenLifted | f(e,s) =< s ife=7 EU
0 otherwise
if 7,1,2
BinBsh | fle,s)=4° 1o € {12 SDRU
0  otherwise

else, but these two subsituations D; and @;. She wants them
to be equivalent to the situations D and @, respectively, in
order to conclude either D Oh~ Q or Q 0w D}

Unanimous User (UU)

Dle»Q,DZED,QlE\M%D,QZEQ
DDMQ,QDWD

A user looking for specific answers but at the same time
not wanting to entirely lose out on exhaustivity can be called
a Specificity-Oriented User (SU) represented by SOG in
INEX 2004, but without a real equivalent in INEX 2005.
SOG only gives preferences to specificity by assigning higher
quantisation values to higher specificity values.

Specificity-Oriented User (SU)

D1WQ77DnWQ7Q1mD7QlEQ
DX Q,Q O D

The complement to SOG with a tendency to favouring
exhaustivity is Geng. It values higher exhaustivity and rep-
resents the Exhaustivity-Oriented User (EU). As long as
most aspects of the query are discussed, the focus is sec-
ondary. The Exhaustivity-Oriented User (EU) does not ne-
glect specificity fully. The focus however is to have D O Q.
For INEX 2005 Gens and GenlLifted both place a stronger
emphasis on exhaustivity and their ST representation re-
flects this by demanding D O~ @ as an overall conclusion
and rewarding those XML elements that include exhaustiv-
ity subsituations.

Exhaustivity-Oriented User (EU)

DzmQaDLED7Q1IZ|'\/_>D77QnIX'%‘)D
D0~ Q,Q X4 D

In INEX 2004, the AnyRel function captures the typical
user of mass information systems, happy with any relevant
component. There is no equivalent in INEX 2005. The
Typical User (TU) would like to see any kind of subsitua-
tions, allowing to conclude either exhaustivity or specificity.

1% means that if the assumption S is valid, then also the
conclusion T'.

She is not interested in an overall conclusion of D O~ @Q
or Q O~ D, but in partial conclusions indicating either an
exhaustive or a specific answer.

Typical User (TU)

Dy Ow Q D,O~»Q Q1 O~D Qn O D
DO~Q ' DO~Q  QO~D T QOw~D

Instead of a direct equivalent to SU, INEX 2005 comes
up with two new user types BinExh and FullySpec. Both
only look for specificity, as long as exhaustivity is not impos-
sible. BinFExh is not as strict with respect to the exhaus-
tivity value. In this sense it corresponds to Chiaramella’s
[3] earlier suggestions that describe the focus of the answer
as the specific interest of XML retrieval. Chiaramella has
demonstrated within a theoretical experiment that Struc-
tured Document Retrieval Users (SDRU) are interested in
specificity as long as the answer remains exhaustive enough.
This is why we call this model SDRU:

Structured Document Retrieval User
SDRU)

DlvaanWQanmD7QIEQ
Q- D

SDRU'’s differ from SU’s only in that their overall conclu-
sion is only influenced by specificity. SDRU’s are looking
to find a @Q; O~ D in order to conclude @Q O~ D. Not
all users of XML retrieval systems have to be SDRU’s, but
the particular interest of XML retrieval compared with flat
document retrieval is better represented by SDRU’s than by
other agent models, as the overall conclusion is focused on
specificity only.

In this section, we have presented agent reasoning mod-
els, as expressed in the INEX quantisations for XML re-
trieval, based on Chiaramella’s differentiation of D O~ Q
and Q O~ D. We have added a third column to Tables
1 and 2 to summarize these results. We have shown the
new focus in INEX 2005 on specificity and would like to
investigate this issue further by looking at the transition
in terms of the system agents’ rewards from INEX 2004 to
INEX 2005. The next section places the INEX exhaustivity
and specificity assessment scales into the context of ST. We
will show that system agents are rewarded if they reflect the



Table 3: INEX 2004 exhaustivity and specificity situations

Scale Ezhaustivity Specificity
DO Q QO0Ow~ D
0 Dy O Q, ..., Dy, O¥ Q Q104 D,...,Qn ¥ D
DOt Q QoD
1 D1 X Q, ..., Dy Ko Q Q1 X4 D, ..,Qn X D
DO~ Q Q O~ D
2 D1 W Q,...; Dn B4 Q,Di O Q | Q1 WA D, ..., Qn B4 D, Qs O~ D
DO~ Q Q O~ D
DO~ Q Q O~ D

user agent reasonings. E.g., in order to reach the highest
values for exhaustivity and specificity, they must support
the reasoning of unanimous users.

5. EXHAUSTIVITY AND SPECIFICITY AS-
SESSMENTS IN INEX 2004 AND 2005

In this section, we shall first present the reasoning behind
INEX 2004 and 2005 evaluation within a ST framework, to
afterwards relate the user models and quantisations to this
reasoning showing that exhaustivity and specificity are two
sides of the same aboutness relation and not two indepen-
dent criteria. We shall follow a similar argument as in [9],
where the authors argue for a focus on specificity as this is
the specific interest in XML retrieval and sufficient to eval-
uate it. INEX 2006 has decided to use only specificity to
measure retrieval effectiveness.

We continue our modelling of how an agent perceives how
exhaustive and specific a component is. We argue that an
agent, either a system or a user, will assess the relevance
of a component according to the information contained in
both Q and D. In the next two subsections, we will develop
two tables representing reasoning models according to INEX
2004 and 2005 definitions of graded scales of relevance, re-
spectively. In the third subsection, we will explore the rela-
tionship of exhaustivity and specificity for INEX 2005 and
argue for a better integrated assessment showing that, for
both specificity and exhaustivity, it is the same relevant in-
formation that decides on its values.

5.1 INEX 2004 reasoning

Table 3 describes the INEX 2004 reasoning with a sub-
situation based aboutness criterion. We build upon earlier
work in [2] that has used ST to formally represent assess-
ment decisions in INEX 2004. For scale 0, we cannot find
any subsituation that would justify an aboutness conclusion.
Scale 1 states that we are undecided whether we can call this
aboutness. For this scale, there is no strict subsituation that
would allow us to conclude aboutness. For scale 2, D; is a
strict subsituation that makes D exhaustive, while the rest
of the subsituations of D are numbered from 1 to n. For
3, there is no other information in the assumption than the
subsituation having the property exhaustivity or specificity.
Users expect to see only information that is relevant, i.e.
Q: = Q for specificity and D; = D for exhaustivity.

Table 3 corresponds to the in section 4 defined user agent
models if systems are rewarded according to the degree they
are able to match user reasoning. An UU agent model will
be best represented by a system agent model that combines

the assumptions of no other information than relevant one
for both exhaustivity and specificity. In order to support
a SU, a value of at least 1 for exhaustivity is required to
be delivered by the system agent. Within the reasoning of
the system agent, the assumptions Di K~ Q, ..., D, K~
/ @ must be achieved. Exhaustivity must not have the
value 0, as this would make specificity have a value of 0 as
well. Analogously, for a system agent to reflect an EU the
specificity value counts only as far as it is not 0. The TU
is not really represented in the INEX 2004 exhaustivity and
specificity situations. Her conclusions are binary and not
scaled - either an answer is relevant or not. Therefore the
non-representation of the Typical User does not affect our
representation and is rather an indication that it is separate
from the other INEX agent reasoning models. The Typical
User will not appear again in later INEX assessments. For
a logical reasoning model also difficult to discriminate are
degrees of reasoning. In particular, without extension to
our ST framework it seems impossible to discriminate an
assessment of 1 or 2. We will later see that this does not pose
a problem, as for INEX 2005 assessments the two middle-
valued assessments are merged into one.

Let us briefly discuss examples of how such agent rea-
sonings behind the INEX 2004 scales are reflected in com-
bined exhaustivity, specificity assessments. For demonstra-
tion purposes, we focus on combinations of very high ex-
pectations for specificity or exhaustivity. A combined as-
sessment of (3,3) clearly means an exact match, as D; = D
according to the exhaustivity judgement’s assumptions, as
well as @; = @ according to the specificity judgement’s as-
sumptions. Furthermore, (3,2) implies that the subsitua-
tion @Q; must be about the subsituation D;: Q; O~ D,
with @Q; Ow D according to the assumptions about a scale
2 specificity judgement and D; = D according to full ex-
haustivity. This insight is confirmed by an example, where
the query is ((house)) and ((garden)), while the document
component has ((house)), {{(garden)), and {{car)). For this
example D = D; ® Dy, with D; = {{{house)), {{(garden))},
D, = {{{car))}, and ® = U. For the purpose of the ex-
ample, we assume situation fusion to be a simple union as
we assume that the information in the two subsituations
is semantically unrelated. Situation composition stands in
ST for unrelated information [7], while situation fusion ®
describes related information. Then, the subsituation @Q;
must be about D; and must be {((house)), ((garden))}. A
combined assessment of (1,3) implies that none of the other
subsituations of the exhaustivity judgement contradicts the
information in Q;, with Dy X Q and Q; = Q.

In this subsection we have shown how a subsituation-



Table 4: INEX 2005 exhaustivity and specificity situations

E-Scale Ezhaustivity Specificity S-Scale
0 Dy O/ Q,...; D ¥ Q Q1 0¥ D, ...;Qn O D 0
DO/ Q QOF D
1 Dy & Q, ., Dn B QD B~ Q | QB D,..,Qu B D,Qi B~ D | 1]

based aboutness criterion can be used to formalize INEX
2004 assessment decisions. In the next subsection we present
the transition from INEX 2004 to INEX 2005 where the fo-
cus is much more on specificity.

5.2 INEX 2005 reasoning

According to several studies investigating agreements in
the relevance assessments [13], the discrimination of scale 1
and 2 in INEX 2004 does not add value and could poten-
tially lead to confusion. This is confirmed looking at it from
a subsituation-based aboutness point of view: For INEX
2004 in Table 3, either a subsituation Q; or D; exists (scale
2 and scale 3) or not (scale 0 and scale 1) and if it exists
is is either a strict subsituation (scale 2) or the complete
situation (scale 3). Three-valued scales cover all the differ-
ences in a subsituation-based aboutness, with 0 meaning no
subsituation for relevance exists, 1 meaning a strict subsit-
uation exists and 2 meaning the complete XML situation is
relevant. INEX 2005 [9] has for exhaustivity a three-valued
scale like this.

For specificity, a continuous scale is applied in INEX 2005
with values in [0,1], where 1 represents a fully specific com-
ponent. The specificity value is derived as follows: in a first
phase, assessors highlight text fragments containing relevant
information so that in the end, each XML element will have
highlighted parts and non-highlighted parts where of course
the complete XML element can also be either totally high-
lighted or not highlighted at all. In a second step the ratio
of highlighted text and total text per XML element deliv-
ers a specificity value between 0 and 1. This procedure was
adopted following the outcome of studies showing it to be a
more natural way to assess relevance with more consistent
assessments [10]. This new procedure is interesting, as for
the first time in INEX, it fulfills the inherent mathematical
relationship between query and document component.

The new INEX 2005 specificity measure was developed
according to the formalism in [5] describing specificity as the
focus of a document component on the topic in the query.
This focus is exemplified by using the relationship of the size
of those parts of a document component that are about the
query to the size of those that are not about the query. In
[5], they describe specificity as the relationship of a topic
and a component. As for the aboutness relation a topic is
in IR defined by the query, we can use the relationship of
query and document component as a specificity measure.
Furthermore, instead of using concepts as the carriers of
meaning as in [5], we use situations. To do so, we first need
a measure of the size of a situation’s information.

Let |S| represent such a measure of the information size
of a situation S. |.| is a counting measure, as Rijsbergen
calls it [14]. In INEX 2005, assessors highlight those parts

of the document component that are about the query. In
INEX 2005 characters are counted to determine the length
of highlighted text and its relation to the total size of the
element. By using the character ratio of highlighted and
non-highlighted text for the specificity judgement, INEX
2005 demands that the specificity value should be a direct
reflection of the counting size of the aboutness situation
in relation to the document component situation: spec =
‘Q‘E;‘D‘ By committing itself at least for specificity to a
strict relationship between highlighted and non-highlighted
text, INEX 2005 uses the extent to which the query topic is
a subset of the component topic as an aboutness criterion
for the specificity assessment. Therefore, the highlighting of
the assessors forms an aboutness reasoning, where the high-
lighted parts describe the subsituation ; that makes the
document component a specific answer. Thus, the size of
|Q O~ D] is identical to the size of Q; producing specificity,
as @; describes exactly those parts of a document compo-
nent that are making a component relevant to the query.
The specificity value would be: spec = ll%ll' Obviously, the
fraction would be 0, if @); would not exist or 1 if Q; = D.

Table 4 summarizes the way INEX 2005 assigns values to
agent reasoning. The specificity value is directly linked to
the difference of |Q;| and |D|. Regarding exhaustivity, we
follow the above explained logic of subsituation aboutness.
Then, 0 expresses that we cannot find a subsituation to con-
clude exhaustivity. For scale 1 such a subsituation exists and
for scale 2 D; is the complete situation. As an example for a
combined assessment, the new user type in INEX 2005, the
SDRU would like to see that D; O~ Q,, with a specificity
value of 2 requiring @); = @ and an exhaustivity value of at
least 1 demanding D; Ov Q. D; O @Q; is a requirement to
satisfy the SDRU, which proves Chiaramella’s assumption:
In order to achieve the best focus for answers, we have to
choose from those XML elements that are exhaustive an-
swers. Their subsituations must be about the specificity
subsituation.

Even more than Table 3, Table 4 is derived from the above
described agent reasoning models, as here the 3-scaled as-
sessments correlate to the idea of subsituation-based about-
ness. The UU is still represented best in system agents that
deliver just relevant information and nothing else but non-
strict subsituations for specificity and exhaustivity. The EU
is still favoured by system agents that avoid the value 0 for
specificity, but whose reasoning demands at least @; O~
D,Q1 X D,...,Qn X D. In INEX 2005, it becomes clear
that this implies finding any kind of subsituation with the
exhaustivity property. Lastly, the SDRU demands from sys-
tem agents any kind of subsituation with the exhaustivity
property allowing her to focus on the conclusion of speci-




ficity. Contrary to INEX 2004, all agent models are covered
in Table 4 and no problems occur in discriminating the dif-
ferent degrees.

In the last subsection, we will investigate one of the rea-
sons why INEX 2006 has decided to focus only on specificity
in order to evaluate retrieval effectiveness. We show that ac-
cording to INEX 2005 specificity and exhaustivity values are
inseparable and represent two views of the same relationship
of query and XML element. This becomes clear as a result
of INEX 2005, because specificity follows such a well-defined
assessment strategy.

5.3 The relation of exhaustivity and specificity
in INEX 2005

As exhaustivity and specificity in INEX express the rela-
tionship between one document component and one query,
they bear a direct mathematical interpretation. Within our
ST framework, the factor by which one document compo-
nent covers only aspects of one query (specificity), and the
factor by which one document component is about all as-
pects of a query (exhaustivity), can be interpreted as fol-
lows: Say @ is a query situation, D is one given component
situation, and |D O~ Q| stands for the counting size to
which D is about Q. According to the formalism in [5], ex-
haustivity can be defined as the degree to which all aspects
of the query are covered by comparing the size of the parts
of the aboutness relation that make the document compo-

nent an exhaustive answer with the size of the query topic:
|D 0~Q)| _ @il

QI — DI
The relevant information in the document component is

the same for exhaustivity and specificity. Exhaustivity and
specificity only differ in representing whether this relevant
information covers all aspects of the topic for exhaustiv-
ity or whether for specificity the relevant information does
not come with irrelevant information in the same document
component. Therefore the highlighting of the INEX 2005
assessors for specificity will also have identified the parts of
the document components that determine how exhaustively
it answers to the topics in the query. Highlighting is about
what is relevant. Specificity and exhaustivity are only two
different views on how this relevant information relates to
other information - either in the query or in the document
component.

As already discussed, in INEX 2005 the exhaustivity value
is independently chosen from the specificity one.? Tt is not
formally based on highlighting. For exhaustivity, assessors
are ‘free’ to choose a value between 0 and 2, while specificity
is determined by calculating the relation of highlighted to
non-highlighted text. The deliberation that the relevant in-
formation stays the same offers a mathematical relationship
of the INEX 2005 specificity value towards exhaustivity. In-
stead of judging exhaustivity without using the highlighted
text, an alternative idea for exhaustivity would be to use the

exh = . As shown specificity is spec

second formula from [5]: exh = ‘Dl':(;@l, as for specificity
the complement formula spec = I%“ is used. Looking at

it from a subsituation-based aboutness point of view, exh
has a clear mathematical interpretation similarly to spec by
relating the counting size of the exhaustivity subsituation

to the counting size of the query: exh = lIDQi\" This relation

2The exception is non-aboutness: A value of 0 for specificity
has to mean a 0 for exhaustivity and vice versa.

measures the degree to which a document component covers
the concepts requested by a topic.

The question of the relation of exhaustivity and speci-
ficity values for INEX has been intensely discussed. Ogilvie
and Lalmas in [9] go as far as to suggest that after INEX
2005 only specificity should be used for the evaluation, as the
specificity-oriented quantisation BinFExh can be used to pre-
dict exhaustivity-oriented quantisations such as GenLi fted.
This indicates that exhaustivity and specificity are not inde-
pendent values. Chiaramella [3] even declares that a speci-
ficity judgement should be seen as a more narrow focus of
an exhaustivity assessment. In his theoretical framework,
Q O~ D is only evaluated against those document compo-
nent situations D that are about the query @: D O~ Q.
We cannot go as far as Chiaramella. By validating our as-
sumption that the same relevant information is used for ex-
haustivity and specificity assessment within an example, we
can however state that these two assessment values are not
without relation, but offer two views on the same aboutness
relation between query and document component.

In the following example, using exh = ||%"‘ and spec =
‘Q‘D;‘D‘ as evaluation measures, we demonstrate that the

results are the expected preferences in terms of exhaustivity
and specificity. To keep the aboutness relation simple, we
assume that the information in query and document compo-
nents is constituted by their keywords and by their keywords
only. Furthermore, we assume that the assessors only use
the overlap between these keywords as an aboutness deci-
sion. A document component stating ‘Dogs are not cats’ is
relevant to a query about the topic ‘cats’, as the keyword
cats is part of the document component. This keyword will
be the only highlighted part in the component. In a ST
framework the document component is {{{dogs)), ({cats))}
and the query is {((cats))}. The highlighted text will have
4 characters, the non-highlighted will have 13 characters. In
order to simplify our calculations and keep the overview in
our example, we assume that the document components only
consist of keywords. Then the counting size of a document
situation in the INEX 2005 assessment will be the number
of characters each keyword information item has plus one
whitespace separating the keywords in the text. Like this
we avoid confusion about the counting size when describ-
ing the document components and query in our example as
situations.

Let us therefore assume the following assessment situ-
ation: {((house)), {{(garden)), {{flat))} is document com-
ponent situation D1 with a counting size of 15. Let D2
be {((house)), {{close)), ((garage))} with |D2| = 16. We
have 5 query situations: Q1 is {{(house)), ({(garden))}, Q2
{((house))}, @3 {{(garden))}, Q4 {{(house)), ({garden)),
((flat))}, and Q5 {{(house)), ((garden)), ((flat)), {(car)}.
Then |Q1] = 11, |Q2| = 5, |Q3] = 5, |Q4] = 15, and
|Q5] = 19. This example is paradigmatic, as we cover all 4
possible combinations: either the information in the query
is fully covered in the document component, or the docu-
ment component has no other, but not all information of
the query, or both document component and query share
information, but both also have other information, or query
and document component do not share information at all.

Table 5 summarizes the assessment outcomes for exh =
“%“ and spec = ‘I%II in this example. It clearly presents the
expected preferences in terms of exhaustivity and specificity




Table 5: Example with new exhaustivity and specificity measures

Q1 Q2 Q3 Q4 Q5
spec | exh || spec | exh || spec | exh || spec | exh || spec | exh
D1 || 0.73 1 0.33 1 0.4 1 1 1 1 0.79
D2 || 0.31 | 0.45 || 0.31 1 0 0.31 | 0.33 || 0.31 | 0.33
assessments. Also, a 0 assessment in one of the measures annual international ACM SIGIR conference on
leads to a 0 assessment in the other. The example of Q4 Research and development in information retrieval,
and D1 offers a complete match. The assessment results pages 613-614, New York, NY, USA, 2006. ACM
are always between 0 and 1, as the size of the information Press.
overlap of query and document can never be larger than [3] Y. Chiaramella. Information retrieval and structured
either the counting size of the query situation or the count- documents. In Lectures on information retrieval, pages
ing size of the component situation. An empty query or 286-309. Springer-Verlag, New York, 2001.
an empty document component will lead to an undefined [4] W. Cooper. A definition of relevance for information
assessment result. For XML retrieval, an empty document retrieval. Information Storage and Retrieval, 7:19-37,
component will be an XML element without content, which 1971.
we defined above as meaningless and therefore no subsitu- [5] N. Govert, G. Kazai, N. Fuhr, and M. Lalmas.
ation. We could at this point easily introduce a threshold Evaluating the effectiveness of content-oriented XML
for the counting size of the subsituation that would exclude retrieval. Journal of Information Retrieval
those that are too small and therefore meaningless, as it 9(6):699-722, 2006.
has been done for INEX 2005. Finally, Table 5 shows that [6] T. W. Huibers. An Aziomatic Theory for Information
it is possible to use the same relevant information as a ba- Retrieval. Universiteit Utrecht. Utrecht. 1996
sis for the exhaustivity and specificity assessments without 7] T. W. C .Huibers and P. D B’ruza Sitllation;q' A
changing their outcomes in the INEX 2005 assessment pro- T S ) . L
. . o o . general framework for studying Information Retrieval.
cedure. This supports Chiaramella’s idea of specificity and In R. Leon, editor, Information retricval: New systems
exhaustivity as two fiependent. values. and current research, Proceedings of the 16th Research

As a result of this subsection, we do not suggest that Colloaui he British C. Soci

h = Dil il better measure for exhaustivit olloquium of the British Computer Socicty
ETR = Tgr 18 necessartly a be y Information Retrieval Specialists Group, pages 3—25.
than the INEX 2005 scale. This could only be done after Taylor Graham, Drymen, Scotland, 1996.
extensive statistical tests like in [9], which have led to the 8] J. Kekildinen and K. Jérvelin. Using graded relevance
use of speciﬁcity only as an eyalqation measure.ir.l INEX assessments in ir evaluation. Journal of the American
2006. By using t}.1e same hlghhght%ng for exhaustivity that Society for Information Science and Technology,
was used for specificity, we theoretically demonstrated that 53(13):1120-1129, 2002.
it is possible to look at exhaustivity and specificity as two 9] P. Ogilvie and M7 Lalmas. Tnvesticating the
views of the same property of an aboutness relation and not - VELVIC A gaing

two different about lati exhaustivity dimension in content-oriented xml
as two ditierent aboutness relations. element retrieval evaluation. In 15th ACM Conference

on Information and Knowledge Management (CIKM
6. CONCLUSION AND FUTURE WORK 2006), Arliston. VA, 2006 (

This paper presented the potential of a ST based the- [10] J. Pehcevski and J. A. Thom. Hixeval: Highlighting
oretical approach for a meta-evaluation of XML retrieval xml retrieval evaluation. In Advances in XML
evaluation standards. We introduced a subsituation-based Information Retrieval and Evaluation: Fourth
aboutness criterion that led to an integrated model for user Workshop of the INitiative for the Evaluation of XML
reasoning and assessments methodologies in INEX 2004 and Retrieval (INEX 2005). Dagstuhl 28-30 November
2005. We could represent how different INEX quantisations 2005, pages 43-57. Springer-Verlag, New York,
express agent models. ST was used to formalise these as January 2006.
reasoning processes. In a second step, we were able to re- [11] C. J. v. Rijsbergen. Towards an information logic.
late these agent models to the INEX evaluation scales and ACM Press, 1989.
show which patterns of reasoning are involved. We could [12] D. Song, K.-F. Wong, P. Bruza, and C.-H. Cheng.
indicate a theoretically consistent alternative treatment of Applicat’ion of ab outr;ess to fun’ctional benchmarking
exhaustivity and specificity for INEX 2005 and suggested to in information retrieval. ACM Trans. Inf. Syst.
consider both not as independent values. 19(4):337-370, 2001. ’

In future work, we would like to employ these agent mod- [13] A. Trotman. Wanted: Element retrieval users. In
els within a ST-based theoretical meta-evaluation of XML )

. ) . . Proceedings of the INEX 2005 Workshop on Element
retrieval models. Thereby we aim to achieve an integrated Retrieval Methodol 53 64. Gl 2005
framework to represent user and system reasoning. crrievat FEETROC0t0gY, PABES 95 %, LAsgow, ’

[14] C. J. v. van Rijsbergen. The Geometry of Information
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