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Abstract
This paperintroducesa new evaluationmethodfor thecoreferenceresolutiontask. Consideringthatcoreferenceresolutionis a matter
of linking expressionsto discoursereferents,we setour evaluationcriteronin termsof anevaluationof thedenotationsassignedto the
expressions.This criterionrequiresthat thecoreferencechainsidentifiedin oneannotationstandin a one-to-onecorrespondencewith
thecoreferencechainsin theother. To determinethis correspondenceandwith a view to keepcloserto whathumaninterpretationof
thecoreferencechainswouldbe,we takeinto accountthe fact that,in a coreferencechain,someexpressionsaremorespecificto their
referentthanothers.With thisobservationin mind,wemeasurethesimilarity betweenthechainsin oneannotationandthechainsin the
other, andthencomputetheoptimalsimilaritybetweenthetwo annotations.Evaluationthenconsistsin checkingwhetherthedenotations
assignedto theexpressionsarecorrector not. New measuresto analyseerrorsarealsointroduced.A comparisonwith othermethodsis
givenat theendof thepaper.

Identifying expressionswhich, in a text, denotethe
samediscoursereferentis usuallyconsideredakey process
in automaticinformation extraction. However, the ques-
tion of how to evaluatecoreferenceresolutionsystemshas
sometimesbeenan issue: after the publicationby Vilain
et al. (1995)of a new evaluationscoringschemefor the
MessageUnderstandingConferences,Popescu-Belliset al.
(1998)andBaggaet al. (1998)eachproposednew eval-
uationmethods.In this paper, we, in turn, proposea new
evaluationmethodfor thecoreferenceresolutiontask.

A coreferencechainis definedby the propertythe ex-
pressionsit containshave to denotea specificdiscourse
referent(1). Our evaluationmethodso aims at evaluat-
ing coreferenceresolutionwith respectto this property,
the problembeing to evaluatewhetherthe discourseref-
erentsassociatedwith theexpressionsarethecorrectones
(2). From this settingof coreferenceresolutionevaluation
in termsof denotationassignment,onederivessomecon-
straintson the way two annotationsshouldcorrespond;in
particular, weobservethatthefactthatsomeexpressionsin
a coreferencechainaremorespecificto their referentthan
othershasto be takeninto account(3). The implementa-
tion of our evaluationmethodmeetsour requirementsby
computingthe optimal similarity betweenthe coreference
chainsin two annotationsusing a linear combinationof
Dice coefficientsover somesubsetsof coreferencechains
(4). Therecallandprecisionmeasuresthenexpressa com-
parisonof two setsof denotationassignments.Threecom-
plementarymeasuresfor errorsanalysisarealsoproposed
(5). Finally, we show how our evaluationmethodrelates
with existing ones(6).

1. Definitions
We call “referential chains” the sets of expressions

which, in a text, denotethesamediscoursereferent.Given

a text � , the relation betweenreferentialchainsand dis-
coursereferentsis suchthatfor eachreferentialchain ��� ,
thereexistsa uniquediscoursereferent	
� , suchthat:

���
������� ���������������! "���#�"��$%�
&'���($*)"���(+�	
�,������-
A referentialchainmaybeasingleton.In thesentenceJohn
lovesMary, for instance,theset �*.0/�1324- (thesetof expres-
sionsdenoting“John” in this text) is a referentialchain.

Given a text, the coreferenceresolutiontask consists
in identifying thereferentialchainswhich containsat least
two elements.We call suchsets“coreferencechains”.

Let ususeasametalanguageto designatediscourseref-
erentsa systemof index of the form / i, with 5 a different
numberfor differentdiscoursereferents.1 In thefollowing
text, expressionswhich belongto a coreferencechainare
surroundedwith squarebracketsandfollowedby anindex
which representsthediscoursereferentdenotedby theex-
pression.

During a joint news conferencewith Mandela,
[Clinton] 687 defended [his] 687 decision not to
makea direct apologyto African Americansfor
[slavery]6#9 , even though [he]6�7 came close to
apologizingto Africansfor [it] 6"9 .

Figure1: Exampletext.

This text containstwo coreferencechains. Let us usese-
quencesof the form :�6�; , with : an upper-caseletter, to
referto thereferentialchaindenotingthediscoursereferent/=< . For our exampletext, let > 687 and > 6"9 be the coref-

1Thestring ? i standsfor “object i”, i.e. a particularobjectin
therealor possibleworld denotedby thetext.



erencechainscontainingtheexpressionswhich denotethe
discoursereferents/'@ and /�A , respectively.2

> 687 ������BC5D2!EF/�2HGF1I5DJ%G813KL-> 6"9 ����J�BDMON*KQP�R!GF5SE�-
Incidentally, onemayalsoremarkthattheexampletext also
containsa numberof singletonreferentialchains;the set�UT�M'2WV'K�BDM(- , for instance,is oneof them.

2. Evaluation criterion
It is importantto notethat whendealingwith corefer-

encechainsweareconcernedwith “the relationshipwhich
holdsbetweena text andtheworld it denotes”.3 As it ap-
pearsin ourdefinitionof areferentialchain,whatcharacter-
izestheexpressionsin acoreferencechainis theirproperty
to denoteaspecificdiscoursereferent.For instance,thetwo
coreferencechainsin ourexampletext arecharacterizedby
thefollowing five statements:

X ��BC5D2!EF/�2 denotes/'@X 135DJ denotes/'@X 13K denotes/'@X J�BDMON*KQP�R denotes/�AX 5�E denotes/�A
Consideringthatthecrucialpoint in coreferenceresolution
is the propertythat expressionshave to denotea specific
referent,we proposeanevaluationschemewhich will aim
at evaluatingwhetherexpressionshave beengiventhecor-
rectdenotationor not. Theproblemwill be, for every ex-
pressionK in a coreferencechain,to find out whetherthe
statement“ K denotesthe discoursereferent / i” is correct.
We will call a statementof this form a “denotationassign-
ment”.

Mappingexpressionsto discoursereferents(i.e. assign-
ing adenotationto them)is, webelieve, theexpectedresult
of the whole coreferenceresolutionprocess,from which
oneexpectsto beabletocollecttheinformationgivenabout
eachdiscoursereferentin variouspiecesof thetext.

3. Correspondencebetweenkey
and response

In thegeneralcase,the practicalissueof evaluationin
linguistics is the comparisonof two annotationsof a text.
Oneof thetwo annotationsis consideredto becorrect(the
“key”); thecorrectnessof theotherannotation(the“respon-
se”) is to beevaluatedagainstthekey.

In our case,key andresponseeachcontaina setof de-
notationassignments.Wewill saythatadenotationassign-
ment“ K 7 denotes/'@ ” in the responseis correctif the key
containsthedenotationassignment“ K 7 denotes/�A ” and /'@
and /�A point to thesamediscoursereferent.Theproblem,
now, is to say whether /'@ and /�A are the same: given a
setof discoursereferentsin thekey anda setof discourse
referentsin the response,we have to tell which discourse
referentof thekey correspondsto whichdiscoursereferent
of theresponse,andvice-versa.

2 Y standsfor “key”, aswe will considerthis interpretationof
thetext asthekey againstwhicha responseZ will beevaluated.

3WeareparaphrasingDowty (1981).

In orderto figureout whatthecorrespondencebetween
the discoursereferentsof the key andthe discourserefer-
entsof the responseis, we will takeadvantageof the fact
thatdiscoursereferentsoriginatein discourseitself. How-
ever, beforewecometo thatpoint, let ussetaconstrainton
thecorrespondence.

3.1. One-to-onecorrespondence

Fromthesettingof our evaluationcriterion in termsof
an evaluationof denotationassignments,onemay derive
thefollowing observation:

Observation1. Given KL7 and K=9 two expressions
in a text � andgiven : and [ two coreference
chainannotationsof � , if K 7 and K 9 belongto the
samereferentialchain(i.e. a coreferencechain)
in oneannotationand K 7 and K 9 belongto twodis-
tinct referentialchains(of any kind) in theother,
then K 7 and K 9 cannotbothhave beenassigneda
correctdenotationin thetwo annotations.

Let us supposeannotation : containsthe following
coreferencechain(with integersreferringto expressions):

: 687 �\�O@*GFA!GF]!G"^IG"_(G8`'G8a'-
andtheexpressionsin : 687 appeartobelongto threedistinct
chainsin annotation[ :

[ 687"b �
�'@%G8A'-[c6"9 b �
��](G#^(-[c6ed b �
��_(G8`(G8a'-
If thekey annotationis : , thenthesevenexpressionshave
thecommonpropertyof denotingaspecificdiscourserefer-
ent.Amongthedenotationassignmentsmadein annotation[ , wehave:

X 1 denotes/'@gfX 3 denotes/�ALfX 5 denotes/�]Lf
If oneconsidersoneof thesestatementsto becorrect,then
onehasto considertheothertwo to bewrong.Moregener-
ally, in this case,thedenotationassignmentscanbecorrect
for the expressionsof oneandonly onecoreferencechain
in [ , i.e. only oneof thethreediscoursereferents/'@�f , /�ALf ,/�]�f maycorrespondto /'@ .

Conversely, if [ is thekey, thedenotationassignments
for the expressionsin : 6�7 canonly be correctfor the ex-
pressionsin oneandonly oneof the threesubsetsof : 687
correspondingrespectively to [c687 b , [h6#9 b , [h6id b , i.e. either/'@ correspondsto /'@�f , or to /�ALf , or to /�]�f , exclusively.

In otherwords,weconsider, asdoPospecu-Bellisetal.
(1998)in their“ExclusiveCore-MRs”methodandcontrary
to Vilain et al. (1995),that, in thecasewhen : is thekey,
thesystemhasidentifiedthreereferentswhenit shouldhave
identifiedoneandthat the expressionsof two of the three
coreferencechainshave not beenassignedthe correctde-
notation. In the casewhen [ is the key, the systemhas
identifiedonly onediscoursereferentwhenit shouldhave
identifiedthreeandtheexpressionswhichshouldhavebeen
linked to the two unidentifiedreferentshave not beenas-
signedthecorrectdenotation.



To sumup, our evaluationcriterion requiresa one-to-
onecorrespondencebetweenthediscoursereferentsin the
key andthediscoursereferentsin theresponse.

3.2. Descriptivespecificity

Up to now, we have beentalking aboutdiscourseref-
erentsasif we did have directaccessto thesehypothetical
entitiesin our two annotations,but discoursereferentsonly
exist insofarasthehumanannotatorsaysthey exist. Given
a text, the humanannotatorassociatesexpressionsto dis-
coursereferentsandthus identifiesreferentialchains;but
we areleft with only theresultof theprocess,namelysets
of expressions.However, onemayconsiderthat theresult
itself may in turn be interpretedby the humanannotator,
i.e. givencoreferencechains,a humanbeingwill be able
to associatediscoursereferentsto them.As interpretingthe
resultof a processis preciselythe goal of evaluation,we
have to considerhow this resultwould beinterpretedby a
humaninterpretor.

Supposea human observator is given a coreference
chainandaskedto tell whatthis referentis, for instance:

:�6�7j�\�%k�lnm�P�KQJ=5DVOK=2!E�[�5oBpB0��BC5D2!EF/�2HG8135DJ%GEF1IK0qIP�KQJ=5DVOK=2!EQG813KL-
This observatorwill unambiguouslyrecognize/'@ , describ-
ing it assomethinglike “Bill Clinton, themanwho is cur-
rently presidentof theUnitedStates”.

From this example,onemay observe that the different
expressionsin a coreferencechain contribute in different
ways to the identificationof the referent. The expression
USPresidentBill Clinton in itself wouldhave beenenough
to identify the referent,while, on the contrary, given just
the expressionsthe president, his and he, identifying the
referentis impossible:in orderto beinterpreted,thesethree
expressionsneedto berelatedto a context by ananaphoric
relation.

As anotherexample,let us assumethat somecorefer-
enceresolutionalgorithmidentifiesthe following corefer-
encechainin theFigure1 exampletext:

� 687 b �
��T�MO2WV'KgBCMIGF1I5DJ%G813KL-
Giventhis chain,onewould saythat theseexpressionsde-
note “Mandela”, whereasthe expressionsin >
6�7 denote
“Clinton”. As a consequence,wewill saythatthetwo pro-
nouns135DJ and 1IK have notbeenassignedthecorrectdeno-
tation.

It must be noted that we do not considerthat Man-
delahasbeenassignedanincorrectdenotation.Rather, we
wouldsaythat � 6�7 b correspondsto thesingletonreferential
chain ��T�M'2WVOKgBCM!- in the key. In orderto associatea dis-
coursereferentto a referentialchain,we needto interpret
at leastoneexpressionof thechain.It is clearthat,for that
expression,the denotationassignmentis trivial andit fol-
lows that for a referentialchain ��� of cardinality � , there
are �srt@ denotationassignmentsto evaluate.Thisnumber
correspondsto theminimal numberof “coreferencelinks”
whichareneededto build thereferentialchain.4

4Notethatin thecaseof asingletonreferentialchain,thisnum-
beris 0. Thereis nothingto evaluate.

Being moregeneral,we considerthatexpressionsin a
coreferencechainmay be – at leastpartially – organized
into a hierarchydependingon their descriptive specificity
with respectto the discoursereferentthey denote. As a
rule, the mostspecificexpressionsin a coreferencechain
will be the oneswhich will allow the identificationof the
discoursereferentdenotedby the chain. So, with a view
to get closerto what a humaninterpretationof the result
wouldbe,werequirethatcoreferenceresolutionevaluation
takeinto accountthedescriptive specificityof expressions
with respectto their referentswhenit comesto building the
correspondencebetweenthediscoursereferentsof thekey
andthoseof theresponse.

4. Computing the correspondence
Our methodfor comparingthe coreferencechainsof

two annotationsis divided up into two main steps:in the
first step,we look for theoptimal(in a sensedescribedbe-
low) correspondencebetweenthecoreferencechainsin one
annotationandthecoreferencechainsin theother. Thecor-
respondencewearelooking for is, we insist,theonewhich
will allow usto considerthattwo coreferencechainsin cor-
respondencemaybesafelyinterpretedasdenotingthesame
discoursereferent– from which onewill be ableto eval-
uatethe denotationassignmentsproposedin the response
againsttheonesgivenin thekey.

4.1. Similarity betweenCoreferenceChains

To establishanoptimalcorrespondencebetweencoref-
erencechainsin two annotations,we needto definea sim-
ilarity measurebetweenthem. Following observation 1
above, sucha similarity shouldbebased,eventhoughpar-
tially, on thenumberof expressionsthecoreferencechains
have in common. However, sinceall the expressionsin
a coreferencechaindo not contribute in the sameway to
the identificationof the referent,we introducea hierarchy
on theexpressionsaccordingto theirdescriptivespecificity
by partitioningeachcoreferencechain l into subsets.In
this article,andfor the sakeof simplicity, we assumethat
the taskis restrictedto coreferencebetweennounphrases,
andconsiderapartitioninto threesubsets,namely, fromthe
mostto thelessspecific,thesetof propernames,PN(S), the
setof nounphraseswith alexicalhead,NP(S), andthesetof
pronounsandpossessives,PRO(S). However, ourapproach
andoursystemarenotrestrictedto specificexpressionsand
partitions.5

Giventwo coreferencechains,:�68; and [c6eu , we require
our similarity measureto comply to the following condi-
tions:

i. if :�6�; and [h6iu areidentical,thentheir similarity is 1.
If they havenoelementin common,thentheirsimilar-
ity is 0

ii. thesimilarity between: 6 ; and [ 6 u shouldbenormal-
izedby thelength(i.e. thenumberof expressions)of:�68; and [h6iu

5Actually, upto fivecategoriesmaybeusedin thecurrentim-
plementationof oursystem.



iii. the similarity between :�6�; and [h6iu should be pri-
marily basedon the similarity betweenPN(:�6�; ) and
PN([h6iu ), then on the similarity betweenNP(:�68; )
and NP([h6iu ), and finally on the similarity between
PRO(:�6�; ) andPRO([h6iu )

Condition(i) is astandardrequirementfor asimilarity mea-
sure. Condition(ii) is oftenusedin thedesignof a sucha
measure.It allows oneto avoid giving preferenceto large,
generallynoisy, setsover smaller, hopefullymoreprecise,
ones.Lastly, condition(iii) reflectstheusewewanttomake
of therelative descriptivespecificityof expressions.

A simple and widely usedmeasurewhich meetsall
theseconditionsis alinearcombinationof Dicecoefficients
computedbetweenPN(: 6 ; ) and PN([ 6 u ), NP(: 6 ; ) and
NP([ 6 u ), and PRO(: 6 ; ) and PRO([ 6 u ), and is given by
thefollowing formula:

JQ5DvxwD:�6�;�G8[h6iuQy��
M
z 9�{I| }W~����0� ;C�p� }W~����0� uQ� || }W~j��� � ; � | �4| }W~���� � u � |
��� z 9�{I| ~�}0���0� ;C�p� ~�}0���0� uQ� || ~�}0�S�0� ;�� �I~�}0���0� u�� |
��� z 9�{I| }W�0�4��� � ; �p� }W�0�0�S� � u � || }W�0�4��� � ; � �I}W�0�0�S� � u � |

where � ��� denotesthecardinalnumberof � , and M , � , and�
areweightssatisfyingtheconstraints:M �,�H�,� ��@ andM�� � � �

, thusensuringthat all conditionsareverified.
Furthermore,in orderto have a strongreadingof condition
(iii), wealsoimpose: M�� �H�,�

.
To setthevaluesfor M , � and

�
, we built a testsetwith

observed andmanuallybuilt examples,the latter so as to
seethebehavior of ourmeasureonextremecases.Wethen
arbitrarily chose:M
���(��` , � ���!��] and

� ���!��@ , which led
us to the expectedresults.Otherchoicesarepossible,but
we believe that,on realexamples,any settingfor M , � and�

within thespacedefinedby theconstraints,providedthe
valuesfor M , � and

�
arenot too closeto eachother, should

leadto thesameresults.
The readermay have noticedan hiddenassumptionin

theabove formula,namelythatweknow thetype(PN, NP,
PRO) of theexpressions.This knowledgecanconfidently
beprovidedby lexical look-upsin dictionariesandnamed
entity recognizers,andwe assumethat we disposeof this
informationat leastfor the key. If this informationis not
provided for the response,we usea variantof the above
formula,replacingPN(R), NP(R)andPRO(R)with R.

4.2. CorrespondencebetweenCoreferenceChains

Oncethe similaritiesbetweencoreferencechainshave
beencomputed,wesearchfor theoptimalcorrespondence,
i.e. thecorrespondencewhich maximizestheoverall sim-
ilarity betweenthe two annotations. Sincewe are inter-
estedin a one-to-onecorrespondencebetweencoreference
chains,wearelooking for thecorrespondence� verifying:

� �=�� ���� � ;e� � � u��D� � JQ5DvxwD: 6 ;�G8[ 6 uQy

Several algorithmscanbeusedto find themaximalcorre-
spondenceor anapproximationof it. A widely usedheuris-
tic consistsin sortingthepair wC:�68;FG8[h6iuQy in decreasingor-
der of their similarity score,and iteratively selectingthe
bestpair, adding it to the correspondenceand removing
from thelist of remainingpairstheoneswhichcontainone
of theelementsof theselectedbestpair. If theannotations
containrelationsbetweendiscoursereferents,suchaspart
of, memberof, we canrefinethe strategy by selecting,in
caseof equalsimilarity scores,the pair for which related
discoursereferentshave alreadybeenaligned,thusensur-
ing a bettercoherencein thesetof correspondences.

Theaboveoptimizationproblemcananywaybeformu-
latedasa bipartiteweightedmatchingproblem,seefor ex-
ample(Ahujaetal., 1993),andtheoptimalcorrespondence
canbefoundin this framework. Severaloptionsarethusat
ourdisposalhere,whichcall for someremarks:

X we have observedno differencebetweenthesolution
givenby theheuristicandtheexpectedsolutiononour
testset

X the solution with bipartite graphsrequiresa slight
modificationof thesimilarity measurebetweencoref-
erencechains,if we wantto makeuseof relationsbe-
tweendiscoursereferents

X somecasesweencounteredsuggestthatwemaywant
to breakthe one-to-onecorrespondencewe imposed,
andratherlook for correspondencesatdifferentlevels
of granularity, by considering,for example,groupsof
coreferencechainsin addition to coreferencechains
themselves. We have envisageddifferentcorrespon-
dences,usingflow networks,anextensionof bipartite
graphs.However, we donot have strongevidenceyet
thatsuchanextensionis mandatory.

5. Evaluation Measures
Oncetheoptimalcorrespondencehasbeenestablished,

the denotationassignmentsof the two annotationscanbe
comparedandevaluationmeasuresobtained.In theremain-
derof thepaper, wenote �0we> 6 ;"y thecoreferencechain � 6 u
associatedwith > 6 ; in the maximumcorrespondence(re-
ciprocally, �0we� 6 uQy��
> 6 ; ).

In additionto the usualrecall andprecisionmeasures,
we use threemeasuresfor error analysis: the “overgen-
eration”, “undergeneration”and “substitution” measures,
which weadaptedfrom themeasuresdefinedfor theMUC
NamedEntity Task(Chinchor, 1995).

To illustrate how the evaluation measuresare deter-
mined,wewill considerthefollowing responsefor our text
in example1:

During a joint news conferencewith [Mande-
la] 6�7 b , Clinton defended[his] 6�7 b decisionnot to
makea directapologyto [African Americans]6"9 b
for slavery, even though [he]6�7 b cameclose to
apologizingto [Africans]6"9 b for it.

Figure2: Responsefor exampletext.



Onenotesthattwo coreferencechainshavebeenidentified:

��687 b �
��T�MO2WV'KgBCMIGF1I5DJ%G813KL-��6"9 b �
�=:� IP�5 � M'2I:�v¡K=P�5 � M'2WJ*G":� 3P�5 � M'2WJL-
The correspondencebetweenthis responseandthe key is
givenin Figure3 below. For eachpairof coreferencechains
in correspondence,weselectanexpressionbelongingto the
two setsto representtheircommonreferent.Wealsoselect
a representative expressionfor eachchainassociatedwith
theemptyset.All theserepresentative expressions(in ital-
ics) correspondto thetrivial denotationassignmentevoked
earlier(section3).

Key Response� Mandela- ¢
£ � Mandela, his,he-� Clinton, his,he- ¢
£ � Clinton -� Afr. Americans- ¢
£ � Afr. Am., Africans-� slavery, it - ¢
£ � slavery-� Africans- ¢
£ ¤¤ ¢
£ � it -
Figure3: Correspondenceexample

Fromthiscorrespondence,onederivesthefollowing deno-
tationassignments.In thekey:

X hisdenotes“Clinton”X hedenotes“Clinton”X it denotes“slavery”

andin theresponse:

X hisdenotes“Mandela”X hedenotes“Mandela”X Africansdenotes“African Americans”

leaving asidetrivial denotationassignmentssuchasMan-
deladenotes“Mandela”.

5.1. Recalland precision

Thedenominatorin therecallmeasureis thetotalnum-
ber of denotationassignmentsin the key (qI/�JQJ=5 � BCK ). The
denominatorin the precisionmeasureis the total number
of denotationassignmentsin theresponse( M � EF¥IM*B ). As for
a givenreferentialchain :�68; , thenumberof denotationas-
signmentis � :�6�;F�=rt@ , wehave:

q3/�J=J=5 � BDK��
¦ 68; w�� > 6 ;F�=r,@Qy
M � EF¥IM%B0� ¦ 6iu w�� � 6 u%�=rt@=y

It is possiblethatthemaximumcorrespondencemapssome
coreferencechainsin thekey and/orin the responseto an
emptyset. The emptyset is not a referentialchain: both
thesumfor qI/�JQJ=5 � BCK and M � EF¥3M*B arebasedonly on thedis-
coursereferentsassociatedto thereferentialchainsof each
of thetwo annotationsin turn.

Recallandprecisionarethendefinedin astandardway:

P�K � M*BpB0� ¦ 6 ; w�� > 6 ;3§¨�4w�> 6 ;�yQ�Urt@Qy
¦ 6�; w�� >
68;��grt@Qy

q3P�K � 5CJ=5D/�2©� ¦ 6 u w�� ��6iuª§¨�4w���6eu=yQ�grt@Qy
¦ 6 u w�� ��6euO�grt@=y

Even thoughwritten differently, the numeratorsin the re-
call andprecisionmeasurescorrespondto the samenum-
ber, namelythenumberof correctdenotationassignments.
A denotationassignment	s: in theresponseis correctif it
exists in the key. Thereis no suchdenotationassignment
in our example,so both recall andprecisionareequalto:
0/3 = 0. This scorereflectstheideathat the two pronouns
his andhedo not refer to MandelaandAfrican Americans
and Africansare not the samepeople; in all aspects,the
responseannotationis wrong.

5.2. Substitution, over- and undergeneration

Onemaywantto analysefurthertheerrorsin ananno-
tation,which canbedonein our systemusingthreemea-
suresinspiredby theonesdevelopedfor theMUC Named
Entity Task (Chinchor, 1995): “overgeneration”,“under-
generation”and“substitution”. To obtainthesemeasures,
wecountthenumberof 5C2 � /�P�P�K � E , J"qI¥3P�5D/�¥3J and v¡5DJQJ=5C2!«
denotationassignments.

A denotationassignment“ K < denotes/ < ” in theresponse
is incorrect if thereexists in the key a denotationassign-
ment“ K < denotes/8¬ ” and /8¬ is differentfrom / < . Theex-
pressionhad to be includedin a coreferencechain,but it
hasnot beenincludedin the correct one. In our example,
thedenotationassignments

X hisdenotes“Mandela”X hedenotes“Mandela”

areincorrect.Thetwo pronounsshouldhave beenincluded
in thereferentialchaindenoting“Clinton”.

A denotationassignment“ K < denotes/ < ” in theresponse
is spuriousif thereis no denotationassignmentto K < in the
key. Theexpressionhasbeentakenby thecorrespondence
mechanismas the representative expressionof a key ref-
erentialchainwhich is mappedto theemptysetin the re-
sponse.To a spuriousdenotationassignmentcorresponds
thefailure to identify a discoursereferent.In ourexample,
thedenotationassignmentin theresponse

X Africansdenotes“African Americans”

is spurious.As a consequenceof this spuriouscoreference
link, thediscoursereferentdenotedby Africansin thekey
is not identifiedin theresponse.

A denotationassignment“ K < denotes/ < ” in the key is
missingin the responseif there is no denotationassign-
mentto K < in theresponse.Theexpressionhasbeentaken
by thecorrespondencemechanismastherepresentativeex-
pressionof a responsereferentialchainwhich is mapped
to theemptyset. To a missingdenotationassignmentcor-
respondsthe identificationin the responseof a discourse
referentwhich doesnot exist in the key. In our example,
thedenotationassignmentin thekey

X it denotes“slavery”



is missingin theresponse.As a consequenceof this miss-
ing coreferencelink, the responsestatesthat it denotesa
discoursereferentwhichdoesnot exist in thekey.

Thesumof incorrect,spuriousandmissingdenotation
assignmentsconstitutesthetotalnumberof errors­ :

­��
5C2 � /�P�P�K � E � J"qI¥3P�5D/�¥3J � v¨5CJ=J=5C2!«
This numberis the denominatorin the substitution, over-
generationandundergenerationmeasures.Thenumbersof
incorrect,spuriousandmissingdenotationassignmentsare
the numeratorin the substitution, overgenerationand un-
dergenerationmeasures,respectively. For ourexample,we
obtainthefollowingvalues:

J=¥ � J�EF5SEF¥'EF5D/�2©�
5C2 � /�P�P�K � EF®*­¯�
A%®L^°�
�(��_
/�N%K=Pg«�K=2WK=P�M�EF5D/�2±�¯J#q3¥IP�5C/�¥IJ=®%­���@=®�^��¯�!��A%_
¥I2WVOK=Pg«�K=2WK=P�M�EF5D/�2x�¯v¨5CJ=J=5C2!«(®%­²��@=®�^��¯�!� A*_

As awhole,thesethreemeasuresaimatgiving information
aboutthecapacitya systemhasto identify theexpressions
whichshouldbeincludedin acoreferencechain,regardless
of which coreferencechainthey shouldbe in. High over-
generationindicatesa tendency to include in coreference
chainsexpressionswhichshouldnot. Highundergeneration
indicatesa tendency not to include in coreferencechains
expressionswhich should.High substitutionindicatesthat
the expressionswhich shouldbe included in coreference
chainsare well identified, but are includedin the wrong
coreferencechains.

6. Discussion
Having detailedour evaluationmethodfor thecorefer-

enceresolutiontask,we now compareit with threeexist-
ing methods: the scoringschemedevelopedby Vilain et
al. (1995)for theMUC-6 coreferencetask,Popescu-Bellis
et al.’s “Exclusive CoreMR” method(1998)andBaggaet
al.’s B-CUBEDalgorithm(1998).

6.1. Toy examples

In order to better understandthe different evaluation
methods,it will beusefulto have the scoresthey produce
on some(fictitious)examples:first, our exampletext (Fig-
ure1) andthecorrespondingresponse(Figure2), thenfour
different responsescenariosfor the MUC-6 walkthrough
article.6

The MUC-6 walkthrougharticle is a Wall StreetJour-
nal text for which a key annotationof coreferencechains
is supplied. The key annotationcontains15 coreference
chainswith a total of 147expressions.50 of these147ex-
pressionsarepronouns;thesearespreadout into 5 of the
15 coreferencechains.We will assumethe following four
situations:

1. eachof the147expressionsbelongtoasingletonrefer-
entialchainin theresponse(nocoreferenceresolution
is done);

6Someof thesescenariohave originally beenproposedby
Popescu-Bellisetal. (1998).

2. the147expressionsaregroupedinto auniquecorefer-
encechain ��687 b in theresponse;

3. the97non-pronominalexpressionsarecorrectlygrou-
ped into 15 coreferencechainswhich correspondto
the 15 chains in the key and the 50 pronounsare
groupedinto anextra 16thcoreferencechain � 687"³ b ;

4. the97non-pronominalexpressionsarecorrectlygrou-
ped into 15 coreferencechainswhich correspondto
the 15 chainsin the key but the systemdoesnot at-
tempt to interpret the 50 pronouns,so that eachof
thembelongsto singletonreferentialchain.

The recall andprecisionmeasuresoutputby eachmethod
for eachof thesesituationsaregivenin Table1. Integersin
thefirst columnreferto thefive situations(0 for ourexam-
ple text, 1 to 4 for thefour walkthrougharticlesituations).
The next four columnsgive the recall andprecisionmea-
sures(left andright, respectively) for eachmethod.7 The
lastcolumngivestheundergeneration,overgenerationand
substitutionmeasuresoutputby oursystem.In somecases,
we areunableto provide the valuesfor XC-MR andB-3.
Thesymbol“–” indicatesthat thedenominatorof thepre-
cisionmeasureis 0.

6.2. Vilain et al.
The scoringschemedevelopedby Vilain et al. (1995)

for theMUC-6 coreferencetaskis groundedon theideaof
coreferencelinks. A coreferencechain : 6 ; is an equiva-
lencesetdefinedby � : 6 ;F�=rt@ coreferencelinks. Thebasic
ideais to countaserrorsonly theminimal numberof links
to beaddedbetweencoreferencechainsin eachof thean-
notationsin order to makethemidentical. Let us assume
we have two coreferencechainannotations: and [ , con-
tainingthefollowing coreferencechains,respectively:

:�68´j�µ�O@%G8A(G8](G#^3G8_'-[c6 ´ b ���'@%G8A(G8]'-[c6"¶ b ���=^3G8_'-
The coreferencechain :�6�´ is definedby four coreference
links andthetwo coreferencechains[ 6 ´ b and [ 6#¶ b by two
andonelink, respectively. In orderto have the two anno-
tationscorrespond,onewould justneedto addonecorefer-
encelink between[ 6 ´ b and [ 6"¶ b : this missinglink consti-
tutetheonly erroraccordingto Vilain et al.’sscheme.This
error is a recallerrorif : is thekey anda precisionerrorif[ is thekey.

TheVilain etal. scoringscheme,in ourview, mixesup
two differentaspectsof coreferenceresolution:the identi-
fication of the expressionswhich shouldbe includedin a
coreferencechain, on the onehand,and the inclusion of
theseexpressionsin thepropercoreferencechains.This is
apparentin thedifferencebetweenthescoresproducedfor
situations3 and4: whenthesystemgroupstogetherthe50
pronouns(3) insteadof leaving themassingletons(4), the
MUC scoresignificantlyincreasesbothin recallandpreci-
sion,while in oursystem,only precisionis affected.

7XC-MR refersto the “Exclusive Core-MR” methoddefined
by Popescu-Bellisetal.;DA (for “denotationassignments”)refers
to ourmethod.



sit. MUC XC-MR B-3 DA u-g o-g sub
0 .33 .33 0 – .25 .25 .50
1 0 – .10 1 .10 1 0 – 1 0 0
2 1 .90 .31 .31 1 .19 .27 .24 0 .13 .87
3 .96 .97 .69 .84 .63 .78 .62 .63 .02 0 .98
4 .62 1 .49 1 .62 1 1 0 0

Table1: Recallandprecisionscoresaccordingto differentmethods

In other words, the MUC scoringschemegivessome
credit to the fact that the expressionswhich shouldbe in-
cludedin acoreferencechainhavebeenrecognized,regard-
lessof whatdiscoursereferentstheexpressionsaresaidto
denote. Our evaluationmethoddistinguishesthe two as-
pects: the capacitya systemhasto recognizethe expres-
sionswhich shouldbe included in coreferencechainsis
capturedby thethreeerroranalysismeasures.As a rule,as
texts often containsomelargecoreferencechains,to high
valuesfor the substitutionmeasure,will correspondfairly
highscoreswith theMUC method(thisis themostmanifest
in situation2).

WewouldarguethattheMUC scoringschemeis biased
by afocusonthecoreferenceresolutionprocessratherthan
on thecoreferenceresolutionresult. In particular, “the re-
call (resp. precision)error termsarefoundby calculating
the leastnumberof links that needto be addedto the re-
sponse(resp. the key) in order to have the [coreference
chains]align.” Theevaluationin MUC soappearsto beset
in termsof “what doI needto do in orderto getthecorrect
result?”,andnot in termsof “is theresult I obtaincorrect
or not?”. It might very well be the casethat on someoc-
casionslittle would have to bedonein orderto changethe
resultfrom quitewrongto fairly correct,but thisshouldbe
a distinct issue.We believe that theevaluationmethodwe
proposeallow this distinction: recall andprecisionanaly-
sestheresultandthreeseparatemeasuresareusedfor error
analysis.

Onemay addthatour methodalsoavoidsa shortcom-
ing of the MUC scoringschemepointedout by Baggaet
al. (1998),namelythat this scheme“penalizesthe preci-
sion numbersequally for all type of errors”. As we rely
ona one-to-onecorrespondence,anerrantcoreferencelink
whichgrouptogethertwo largecoreferencechainswill lead
to lower scoresthanan errantlink betweena large anda
smallcoreferencechain.

6.3. Popescu-Belliset al.

Popescu-Belliset al. (1998), arguing that the results
outputby Vilain et al.’s methodmaybe “counterintuitive”
in somecases,proposed“threenew methodsfor evaluating
referenceresolution”,amongwhich thesecondone,called
“Exclusive Core-MRs”,bearsstrongsimilaritieswith ours.
The authorsdeterminea one-to-onecorrespondencebe-
tweenthe coreferencechainsof the two annotationsand
counta recallerror if anexpressionbelongingto > 6 ; does
not belongto �4w�> 6 ;�y in theresponse,anda precisionerror
if anexpressionbelongingto � 6 u in theresponsedoesnot
belongto �4w���6eu=y .

Themethodusedby Popescu-Bellisetal. to derivetheir

correspondencecanbeseenasaspecialcaseof ourmethod:
by setting M·� � � � �¸@ andremoving the denomina-
tors in our similarity measure,andby using the heuristic
presentedabove, onearrivesat the samecorrespondence.
In this respect,our methodpresentsthe advantageof for-
malizing anoptimal correspondencebetweenannotations.
Moreover, wemakeuseof descriptivespecificityto find the
optimal correspondence,thusensuringthat chainsin cor-
respondencecanbe interpretedasdenotingthe samedis-
coursereferent. This propertyis not necessarilytrue for
other correspondences.For example,given the response
proposedfor our exampletext (Figure2), the methodde-
signedby Popescu-Belliset al. will identify the following
correspondencefor the chainscontainingthe expressions
ClintonandMandelain thetwo annotations:

Key Response� Mandela- ¢
£ ¤� Clinton,his,he- ¢
£ � Mandela,his,he-¤ ¢
£ � Clinton -
Figure4: ExclusiveCore-MRCorrespondence

It appearsthat the“Exclusive Core-MR” methoddoesnot
guarantee,contrary to our descriptive specificity based
method, that the chainsin correspondencecan be inter-
pretedasdenotingthesamediscoursereferent.

Onemayalsonotethat,while wedeterminethenumber
of denotationassignmentsto be evaluatedas the cardinal
numberof a coreferencechainminusone,thusdiscarding
trivial denotationassignments,Popescu-Belliset al. does
give somecredit to theseassignments,so that the recall
scorein his schemecannotbe 0.8 This explains the dif-
ferencesbetweenthe XC-MR andDA scoresin situations
1 and3 eventhoughbothsystemsyield thesamecorrespon-
dence.

6.4. Baggaetal.

In orderto correctthe shortcoming,mentionedabove,
in the scoringschemedevelopedby Vilain et al. (1995),
Baggaetal. (1998)proposedameasure,calledB-CUBED,
which integratestwo new ideas:

1. eachexpressionreceivesa scorefor recall andpreci-
sion

2. the overall recall andprecisionscoresarebasedon a
weightedaverageof scoresfor eachexpressionand/or
eachclass.

8This is alsothecasein Baggaetal.’s method.



Thefirst point allows to consideranexpressionwithin the
coreferencechain it is placedin as a whole, and thus to
normalizeits contribution with respectto the lengthof the
chain. This hasthe effect of differentiatingdifferenterror
typesin termsof precision.Thesecondpoint,on theother
hand,is barelymentionedby theauthors,who seemto re-
tain a schemeassigningequalweightsto eachexpression
and/orcoreferencechain.

It is certainlypossibleto makeuseof the relative de-
scriptive specificityof expressions,within B-CUBED, by
assigningthemdifferentweightsin thecomputationof the
overall recall and precision. Thus, links betweennoun
phrases,propernamesandpronounscanbe treateddiffer-
ently, andtheemphasiscanbeput on a certaintypeof ex-
pressionsfor a particulartask. However, B-CUBED still
aimsat evaluatingcoreferencelinks betweenexpressions,
regardlessof the discoursereferentthey denote,and thus
suffers from thesameweaknessesasVilain et al.’s scoring
scheme.

7. Conclusion
In this paper, we have introduceda new evaluation

schemefor coreferenceresolution,which, ratherthanset-
ting the problemin termsof linking expressionstogether,
setsit in termsof assigninga denotationto expressions.In
orderto keepcloserto whathumaninterpretationof there-
sultswould be,we takeinto accountthedescriptive speci-
ficity of expressions,thusproviding ourselveswith anac-
cessto discoursereferents.Having thisaccessto discourse
referents,wearethenableto determinethecorrespondence
betweentwo coreferencechainannotationswith respectto
their denotation,from which thecorrectnessof thedenota-
tions assignedto expressionsmay thenbe evaluated. We
would arguethat this method,contraryto previously pro-
posedmethods,offersaclearerdistinctionbetweenaneval-
uation with respectof the expectedresult of coreference
resolution(recall andprecision)and an evaluationof the
coreferenceresolutionprocess(erroranalysismeasures).

In any case,our propositionmayillustratethe fact that
whenadifferentlight is castona particularobject,this ob-
ject might look different.
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