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Abstract

This paperintroducesa new evaluationmethodfor the coreferenceesolutiontask. Consideringhat coreferenceesolutionis a matter
of linking expressiongo discourseaeferentswe setour evaluationcriteronin termsof an evaluationof the denotationgssignedo the
expressions.This criterion requiresthatthe coreferencehainsidentifiedin oneannotationstandin a one-to-onecorrespondenceith
the coreferenceshainsin the other To determinethis correspondencandwith a view to keepcloserto what humaninterpretationof
the coreferencehainswould be, we takeinto accounthe fact that, in a coreferencehain,someexpressionsaremore specificto their
referentthanothers.With this obsenationin mind, we measurehe similarity betweerthechainsin oneannotatiorandthe chainsin the
other andthencomputeheoptimalsimilarity betweerthetwo annotationsEvaluationthenconsistdn checkingwhethetthedenotations
assignedo the expressiongrecorrector not. New measure$o analyseerrorsarealsointroduced A comparisorwith othermethodss

givenattheendof the paper

Identifying expressionswhich, in a text, denotethe
samediscourseeferentis usuallyconsidered key process
in automaticinformation extraction. However, the ques-
tion of how to evaluatecoreferenceesolutionsystemshas
sometimesbeenan issue: after the publicationby Vilain
etal. (1995)of a new evaluationscoringschemefor the
MessagdJnderstandingonferences?opescu-Belligt al.
(1998) andBaggaet al. (1998)eachproposedchew eval-
uationmethods.In this paper we, in turn, proposea nev
evaluationmethodfor the coreferenceesolutiontask.

A coreferencechainis definedby the propertythe ex-
pressiondt containshave to denotea specific discourse
referent(1). Our evaluation methodso aims at evaluat-
ing coreferenceresolutionwith respectto this property
the problembeingto evaluatewhetherthe discourseref-
erentsassociatedavith the expressionsarethe correctones
(2). Fromthis settingof coreferenceesolutionevaluation
in termsof denotationassignmentpne derivessomecon-
straintson the way two annotationshouldcorrespondijn
particular we obsene thatthefactthatsomeexpressionsn
a coreferencehainare morespecificto their referentthan
othershasto be takeninto account(3). The implementa-
tion of our evaluationmethodmeetsour requirementdy
computingthe optimal similarity betweenthe coreference
chainsin two annotationsusing a linear combinationof
Dice coeficients over somesubsetf coreferencehains
(4). Therecallandprecisionmeasurethenexpressa com-
parisonof two setsof denotatiomssignmentsThreecom-
plementarymeasuresor errorsanalysisarealsoproposed
(5). Finally, we shov how our evaluationmethodrelates
with existing ones(6).

1. Definitions

We call “referential chains” the sets of expressions
which, in a text, denotethe samediscourseaeferent.Given

atext T, the relation betweenreferentialchainsand dis-
coursereferentss suchthatfor eachreferentialchain RC',
thereexistsa uniquediscourseeferentD R, suchthat:

RC = {z|z is an expression denoting DR in T'}

A referentiathainmaybeasingleton.In thesentencdohn
lovesMary, for instancetheset{ John} (thesetof expres-
sionsdenoting‘John”in thistext) is areferentialchain.

Given a text, the coreferencaesolutiontask consists
in identifying the referentialchainswhich containsat least
two elementsWe call suchsets‘coreferencechains”.

Let ususeasametalanguagt designataliscourseef-
erentsa systemof index of the form oi, with i a different
numberfor differentdiscourseeferents. In thefollowing
text, expressionswvhich belongto a coreferencechainare
surroundedvith squarebracketsandfollowedby anindex
which representshe discourseeferentdenotedoy the ex-
pression.

During a joint news conferencewith Mandela,
[Clinton],; defended [his],; decision not to
makea direct apologyto African Americansfor
[slavery],2, even though [he],; cameclose to
apologizingto Africansfor [it] ,.

Figurel: Exampletext.

This text containstwo coreferencechains. Let us usese-
guencef theform A,,, with A an uppercaseletter, to
referto thereferentialchaindenotingthe discourseeferent
o;. For our exampletext, let K,; and K,, be the coref-

Thestring oi standsfor “objecti”, i.e. a particularobjectin
therealor possibleworld denotedby thetext.



erencechainscontainingthe expressionavhich denotethe
discourseaeferents1 ando?2, respeciiely.

K, = {Clinton, his, he}
Ko = {slavery, it}

Incidentally onemayalsoremarkthattheexampletext also
containsa numberof singletonreferentialchains;the set
{Mandela}, for instancejs oneof them.

2. Evaluation criterion

It is importantto notethatwhendealingwith corefer
encechainswe areconcernedvith “the relationshipwhich
holdsbetweena text andthe world it denotes® As it ap-
pearsn ourdefinitionof areferentiakchain,whatcharacter
izesthe expressionsn a coreferencehainis their property
to denoteaspecificdiscourseeferent.For instancethetwo
coreferencehainsin ourexampletext arecharacterizety
thefollowing five statements:

Clinton denotes1
his denotes1

he denote1
slavery denotes)2
it denotes?2

Consideringhatthecrucialpointin coreferenceesolution
is the propertythat expressionshave to denotea specific
referent,we proposean evaluationschemewhich will aim
at evaluatingwhetherexpressionsave beengiventhe cor
rectdenotationor not. The problemwill be,for every ex-
pressione in a coreferencechain,to find out whetherthe
statement e denoteshe discoursereferentoi” is correct.
We will call a statemenbf this form a “denotationassign-
ment”.

Mappingexpressiongo discourseeferentqi.e. assign-
ing adenotatiorto them)is, we believe, theexpectedresult
of the whole coreferenceesolutionprocessfrom which
oneexpectsto beableto collecttheinformationgivenabout
eachdiscourseeferentin variouspiecesof thetext.

3. Correspondencdetweenkey
and response

In the generalcase the practicalissueof evaluationin
linguisticsis the comparisorof two annotationof a text.
Oneof thetwo annotationsgs consideredo be correct(the
“key”); thecorrectnessf theotherannotatior(the“respon-
se”) is to be evaluatedagainsthekey.

In our case key andresponseachcontaina setof de-
notationassignmentsiVe will saythata denotatiorassign-
ment“e; denotes1” in theresponsas correctif the key
containghedenotatiorassignmente; denotes2” andol
ando2 pointto the samediscourseaeferent. The problem,
now, is to saywhetherol and o2 are the same: given a
setof discourseeferentan thekey anda setof discourse
referentsin the responsewe have to tell which discourse
referentof the key correspond$o which discourseeferent
of theresponseandvice-\versa.

2K standgor “key”, aswe will considetthis interpretatiorof
thetext asthekey againswhich aresponseR will beevaluated.
3We areparaphrasin@owty (1981).

In orderto figureout whatthe correspondencleetween
the discoursereferentsof the key andthe discourserefer
entsof the responsas, we will take advantageof the fact
thatdiscoursaeferentoriginatein discoursdtself. How-
ever, beforewe cometo thatpoint, let usseta constrainbn
thecorrespondence.

3.1. One-to-onecorrespondence

Fromthe settingof our evaluationcriterionin termsof
an evaluationof denotationassignmentspne may derive
thefollowing obsenration:

Observation1. Givene; andes two expressions
in atext 7" andgiven A and B two coreference
chainannotation®f 7', if e; andey belongto the
samereferentialchain(i.e. a coreferencechain)
in oneannotatiorande; andes belongto two dis-
tinct referentialchains(of ary kind) in the other,
thene; ande, cannotbothhave beenassigned
correctdenotatiorin thetwo annotations.

Let us supposeannotationA containsthe following
coreferencehain(with integersreferringto expressions):

Ay ={1,2,3,4,5,6,7}

andtheexpressionsn A,; appeato belongtothreedistinct
chainsin annotationB:

By, =1{1,2}
Byor = {3,4}
BOS’ = {51617}

If thekey annotatioris A, thenthe seven expressionhave
thecommonpropertyof denotinga specificdiscourseefer
ent. Amongthedenotatiorassignmentmadein annotation
B, wehave:

e 1denotes1’
e 3denote?’
¢ 5denotes’’

If oneconsideroneof thesestatement$o be correctthen
onehasto considetthe othertwo to bewrong. More gener
ally, in this casethedenotatiorassignmentsanbe correct
for the expressionf oneandonly onecoreferencehain
in B, i.e. only oneof thethreediscourseeferents1’, 02,
03’ maycorrespondo ol.

Cornverselyif B is thekey, the denotatiorassignments
for the expressionsn A,; canonly be correctfor the ex-
pressionsn oneandonly oneof the threesubsetf A,;
correspondingespectiely to B,1:, Bya:, Boa:, i.e. either
ol correspond#o ol’, orto 02’, orto 03’, exclusively.

In otherwords,we considerasdo Pospecu-Belligt al.
(1998)in their “Exclusive Core-MRs"methodandcontrary
to Vilain etal. (1995),that,in the casewhen A is thekey,
thesysterrhasidentifiedthreereferentsvhenit shouldhave
identified oneandthat the expressionof two of the three
coreferencehainshave not beenassignedhe correctde-
notation. In the casewhen B is the key, the systemhas
identified only onediscourseeferentwhenit shouldhave
identifiedthreeandthe expressionsvhichshouldhave been
linked to the two unidentifiedreferentshave not beenas-
signedthe correctdenotation.



To sumup, our evaluationcriterion requiresa one-to-
onecorrespondencketweerthe discourseeferentsn the
key andthediscourseeferentsn theresponse.

3.2. Descriptive specificity

Up to now, we have beentalking aboutdiscourseref-
erentsasif we did have directaccesdo thesehypothetical
entitiesin our two annotationshut discourseeferentonly
exist insofarasthe humanannotatoisaysthey exist. Given
a text, the humanannotatorassociategxpressiongo dis-
coursereferentsandthusidentifiesreferentialchains; but
we areleft with only theresultof the processpamelysets
of expressionsHowever, onemay considerthatthe result
itself may in turn be interpretedby the humanannotatoy
i.e. givencoreferencehains,a humanbeingwill be able
to associateliscourseeferentdo them.As interpretingthe
resultof a processs preciselythe goal of evaluation,we
have to considerhow this resultwould beinterpretedby a
humaninterpretor

Supposea human obsenator is given a coreference
chainandaskedo tell whatthis referents, for instance:

Ao1 = {US President Bill Clinton, his,
the president, he}

This obsenatorwill unambiguouslyecognizen1, describ-
ing it assomethindike “Bill Clinton,the manwhois cur
rently presidenof the United States”.

From this example,one may obsere thatthe different
expressiondn a coreferencechain contribute in different
waysto the identificationof the referent. The expression
USPresidentBill Clintonin itself would have beenenough
to identify the referent,while, on the contrary given just
the expressionghe president his and he, identifying the
referentisimpossible:in orderto beinterpretedthesehree
expressiongieedto berelatedto a context by ananaphoric
relation.

As anotherexample, let us assumehat somecorefer
enceresolutionalgorithmidentifiesthe following corefer
encechainin theFigurel exampletext:

R,1» = {Mandela, his, he}

Giventhis chain,onewould saythattheseexpressiongie-
note “Mandela”, whereasthe expressionsn K,; denote
“Clinton”. As aconsequencaye will saythatthetwo pro-
nounshis andhe have notbeenassignedhe correctdeno-
tation.

It must be notedthat we do not considerthat Man-
delahasbeenassignednincorrectdenotation Ratheywe
would saythat R,;: correspondso thesingletorreferential
chain {Mandela} in thekey. In orderto associate dis-
coursereferentto a referentialchain,we needto interpret
atleastoneexpressiorof thechain. It is clearthat,for that
expression the denotationassignments trivial andit fol-
lows thatfor areferentialchain RC' of cardinalityz, there
arer — 1 denotatiomssignmentto evaluate.Thisnumber
correspondso the minimal numberof “coreferencdinks”
whichareneededo build thereferentialchain?

“Notethatin thecaseof asingletorreferentiathain,thisnum-
beris 0. Thereis nothingto evaluate.

Being moregeneral we considerthat expressionsn a
coreferencechain may be — at leastpartially — organized
into a hierarchydependingon their descriptve specificity
with respectto the discoursereferentthey denote. As a
rule, the most specificexpressionsn a coreferencechain
will be the oneswhich will allow the identificationof the
discoursereferentdenotedby the chain. So, with a view
to getcloserto what a humaninterpretationof the result
would be,werequirethatcoreferenceesolutionevaluation
takeinto accountthe descriptie specificity of expressions
with respecto their referentavhenit comesgo building the
correspondencketweerthe discoursaeferentsof the key
andthoseof theresponse.

4. Computing the correspondence

Our methodfor comparingthe coreferencechainsof
two annotationss divided up into two main steps:in the
first step,we look for the optimal (in a sensalescribede-
low) correspondendeetweerthecoreferencehainsin one
annotatiorandthe coreferencehainsin theother Thecor
respondencee arelooking for is, we insist,theonewhich
will allow usto considethattwo coreferencehainsin cor-
respondencmaybesafelyinterpretecasdenotingghesame
discoursereferent— from which onewill be ableto eval-
uatethe denotationassignmentproposedn the response
againstheonesgivenin thekey.

4.1. Similarity betweenCoreferenceChains

To establishanoptimal correspondenckeetweercoref-
erencechainsin two annotationsye needto definea sim-
ilarity measurebetweenthem. Following obsenation 1
above, sucha similarity shouldbe basedeventhoughpar
tially, on the numberof expressionsghe coreferencehains
have in common. However, sinceall the expressionsn
a coreferencechain do not contribute in the sameway to
the identificationof the referent,we introducea hierarchy
onthe expressionaccordingo their descriptie specificity
by partitioningeachcoreferencechain S into subsets.In
this article, andfor the sakeof simplicity, we assumehat
thetaskis restrictedto coreferencdetweemounphrases,
andconsideia partitioninto threesubsetsnamely fromthe
mostto thelessspecific thesetof propemamesPN(S) the
setof nounphrasesvith alexical head NP(S) andthesetof
pronounsandpossessies,PRO(S) However, our approach
andour systemarenotrestrictedo specificexpressionsind
partitions®

Giventwo coreferencehains,A,; andB,,, werequire
our similarity measurgo comply to the following condi-
tions:

i. if A,, andB,, areidentical,thentheir similarity is 1.
If they have no elemenin commonthentheir similar-
ity isO

ii. thesimilarity betweenA,; andB,; shouldbenormal-
ized by thelength(i.e. the numberof expressionspf
A, andB,,

5Actually, upto five categyoriesmay beusedin the currentim-
plementatiorof our system.



iii. the similarity betweenA,, and B,; should be pri-
marily basedon the similarity betweenPN(A,,) and
PN(B,,), then on the similarity betweenNP(4,,)
and NP(B,,), and finally on the similarity between
PRO(A,,) andPRO(B,,)

Condition(i) is astandardequirementor asimilarity mea-
sure. Condition(ii) is oftenusedin the designof a sucha
measurelt allows oneto avoid giving preferenceo large,
generallynoisy, setsover smaller hopefully moreprecise,
ones.Lastly, condition(iii) reflectgheusewewantto make
of therelative descriptve specificityof expressions.

A simple and widely used measurewhich meetsall
theseconditionsis alinearcombinatiorof Dice coeficients
computedbetweenPN(A,;) and PN(B,;), NP(4,,) and
NP(B,;), and PRO(4,,) and PRO(B,,), andis given by
thefollowing formula:

sim(A,,, B,,) =

2x|PN(A, )NPN(B,))|

@ X TPN(A, )I+IPN(Bo, |

2x|NP(A,,)NNP(B,)|

+b x [NP(A,,)TNP(B,, |

2x|PRO(A, )NPRO(B., )|

te X [PRO(A4,,)+PRO(B,, |

where|.A| denoteghe cardinalnumberof .4, anda, 4, and
¢ areweightssatisfyingtheconstraintsa + b + ¢ = 1 and
a > b > ¢, thusensuringthat all conditionsare verified.
Furthermorein orderto have a strongreadingof condition
(i), we alsoimpose:a > b + c.

To setthevaluesfor a, b ande, we built atestsetwith
obsered and manuallybuilt examples,the latter so asto
seethe behaior of ourmeasuren extremecasesWe then
arbitrarily chose:a = 0.6, b = 0.3 ande = 0.1, whichled
usto the expectedresults. Otherchoicesare possible but
we believe that, on real examples,ary settingfor a, b and
¢ within the spacedefinedby the constraintsprovidedthe
valuesfor a, b ande arenottoo closeto eachother should
leadto thesameresults.

The reademay have noticedan hiddenassumptiorin
theabove formula,namelythatwe know thetype (PN, NP,
PRO) of the expressions.This knowledgecanconfidently
be provided by lexical look-upsin dictionariesandnamed
entity recognizersandwe assumehatwe disposeof this
informationat leastfor the key. If this informationis not
provided for the responsewe usea variantof the above
formula,replacingPN(R) NP(R)andPRO(R)with R.

4.2. CorrespondencéetweenCoreferenceChains

Oncethe similarities betweencoreferencehainshave
beencomputedywe searchfor the optimal correspondence,
i.e. thecorrespondencehich maximizesthe overall sim-
ilarity betweenthe two annotations. Sincewe are inter-
estedin a one-to-onecorrespondenceetweercoreference
chainswe arelooking for the correspondencé verifying:

2

(Ao, B, )€EC

max

sim(A,,, B,,)

Several algorithmscanbe usedto find the maximalcorre-
spondencer anapproximatiorof it. A widely usedheuris-
tic consistsin sortingthe pair (A,,, B,,) in decreasingr-
der of their similarity score,and iteratively selectingthe
bestpair, addingit to the correspondencand remorving
from thelist of remainingpairsthe oneswhich containone
of the elementof the selectedestpair. If theannotations
containrelationsbetweerdiscoursereferentssuchaspart
of, memberof, we canrefinethe stratgy by selecting,in
caseof equalsimilarity scoresthe pair for which related
discourseeferentshave alreadybeenaligned,thusensur
ing abettercoherencén the setof correspondences.

Theabove optimizationproblemcanaryway beformu-
latedasa bipartiteweightedmatchingproblem,seefor ex-
ample(Ahujaetal., 1993),andtheoptimalcorrespondence
canbefoundin thisframevork. Severaloptionsarethusat
our disposahere,which call for someremarks:

o we have obsered no differencebetweenthe solution
givenby theheuristicandthe expectedsolutionon our
testset

¢ the solution with bipartite graphsrequiresa slight
modificationof the similarity measuréetweercoref-
erencechains,if we wantto makeuseof relationsbe-
tweendiscourseeferents

e somecasesve encountereguggesthatwe maywant
to breakthe one-to-onecorrespondencee imposed,
andratherlook for correspondences differentlevels
of granularity by consideringfor example,groupsof
coreferencechainsin additionto coreferencechains
themseles. We have ervisageddifferentcorrespon-
dencesusingflow networksan extensionof bipartite
graphs.However, we do not have strongevidenceyet
thatsuchanextensionis mandatory

5. Evaluation Measures

Oncetheoptimal correspondenckasbeenestablished,
the denotationassignmentsf the two annotationanbe
comparedndevaluationmeasuresbtained.In theremain-
derof thepapeywe noteC(K,, ) thecoreferencehainR,,
associatedvith i ,, in the maximumcorrespondencée-
ciprocally, C(R,,) = K,,).

In additionto the usualrecall and precisionmeasures,
we usethree measuredor error analysis: the “overgen-
eration”, “undelgeneration”and “substitution” measures,
which we adaptedrom the measureslefinedfor theMUC
NamedEntity Task(Chinchor 1995).

To illustrate how the evaluation measuresare deter
mined,we will considerthefollowing responséor ourtext
in examplel:

During a joint news conferencewith [Mande-
la],1/, Clinton defendedhis],;- decisionnot to
makea directapologyto [African Americans)z
for slavery, even though [he],;; camecloseto
apologizingto [Africans],: for it.

Figure2: Responséor exampletext.



Onenotesthattwo coreferencehainshave beendentified:

Ro1r = {Mandela, his, he}

Roor = {AfricanAmericans, Africans}

The correspondencbetweerthis responseandthe key is

givenin Figure3 below. For eachpairof coreferencehains
in correspondenceyeselectanexpressiorbelongingo the
two setsto representheircommonreferent.We alsoselect
a representate expressionfor eachchainassociatedvith

theemptyset. All theserepresentate expressiongin ital-

ics) correspondo thetrivial denotatiorassignmenévoked
earlier(section3).

Key Response
{Mandelg < {Mandelghis, he}
{Clinton, his,he} <«— {Clinton}
{Afr. American$ <= {Afr. Am, Africans}
{slaveryit} = {slavery}
{Africans} =
0 = {it}

Figure3: Correspondencexample

Fromthis correspondencenederivesthefollowing deno-
tationassignmentdn the key:

e hisdenotesClinton”
e hedenotesClinton”
¢ it denotesslavery”

andin theresponse:

¢ hisdenotesMandela”
e hedenotesMandela”
o AfricansdenotesAfrican Americans”

leaving asidetrivial denotationassignmentsuchas Man-
deladenotesMandela”.

5.1. Recalland precision

Thedenominatoin therecallmeasurés thetotal num-
ber of denotationassignmentin the key (possible). The
denominatotin the precisionmeasurds the total number
of denotatiorassignments theresponséactual). As for
agivenreferentialchain A,,, thenumberof denotatioras-
signments |A,,| — 1, we have:

possible = Zol( —1)
actual = Zoj(|R0j| - 1)

K,

It is possiblethatthe maximumcorrespondenc@apssome
coreferencehainsin the key and/orin the responsdo an
empty set. The empty setis not a referentialchain: both
thesumfor possible andactual arebasednly onthedis-
coursereferentsassociatedbo thereferentialchainsof each
of thetwo annotationgn turn.
Recallandprecisionarethendefinedin astandardvay:

20, ([Fo, NC(K,,)| — 1)
20, ([Koi| = 1)

recall =

¥, (IRo, NC(R,)| = 1)
ZOj(lROjl - 1)

precision =

Even thoughwritten differently, the numeratorsn there-
call and precisionmeasuregorrespondo the samenum-
ber, namelythe numberof correctdenotatiorassignments.
A denotatiorassignmenD A in theresponsés correctif it
exists in thekey. Thereis no suchdenotationassignment
in our example,so both recall and precisionare equalto:
0/3 = 0. This scorereflectstheideathatthe two pronouns
his andhe do not referto Mandelaand African Americans
and Africans are not the samepeople;in all aspectsthe
respons@nnotatioris wrong.

5.2. Substitution, over- and undergeneration

Onemaywantto analysefurtherthe errorsin ananno-
tation, which canbe donein our systemusingthreemea-
suresinspiredby the onesdevelopedfor the MUC Named
Entity Task (Chinchor 1995): “overgeneration”,“under
generation”and “substitution”. To obtainthesemeasures,
we countthenumberof incorrect, spurious andmissing
denotatiorassignments.

A denotatiorassignmernte; denotes;” in theresponse
is incorrect if thereexists in the key a denotationassign-
ment“e; denotes;” ando; is differentfrom o;. The ex-
pressionhadto be includedin a coreferencechain, but it
hasnot beenincludedin the correct one. In our example,
thedenotatiomssignments

¢ hisdenotesMandela”
¢ hedenotesMandela”

areincorrect.Thetwo pronounsshouldhave beenincluded
in thereferentialchaindenoting“Clinton”.

A denotatiorassignmernte; denotes;” in theresponse
is spuriousif thereis no denotatiorassignmento e; in the
key. The expressiorhasbeentakenby the correspondence
mechanismas the representate expressionof a key ref-
erentialchainwhich is mappedio the emptysetin there-
sponse.To a spuriousdenotationassignmentorresponds
thefailure to identify a discourseeferent.In our example,
thedenotatiorassignmenin theresponse

o AfricansdenotesAfrican Americans”

is spurious.As a consequencef this spuriouscoreference
link, the discoursereferentdenotedoy Africansin the key
is notidentifiedin theresponse.

A denotationassignmente; denotes;” in the key is
missingin the responséf thereis no denotationassign-
mentto e; in theresponseThe expressionhasbeentaken
by the correspondencmechanisnasthe representate ex-
pressionof a responseaeferentialchainwhich is mapped
to the emptyset. To a missingdenotatiorassignmentor
respondghe identificationin the responseof a discourse
referentwhich doesnot exist in the key. In our example,
thedenotatiomssignmenin the key

¢ it denotesslavery”



is missingin theresponseAs a consequencef this miss-
ing coreferencdink, the responsestatesthatit denotesa
discourseeferentwhich doesnot exist in the key.

The sumof incorrect,spuriousand missingdenotation
assignmentsonstituteghetotal numberof errorsk’:

FE = incorrect + spurious + missing

This numberis the denominatorin the substitution over
generatiorandundegeneratiormeasuresThe numbersof
incorrect,spuriousandmissingdenotatiorassignmentare
the numeratorin the substitution overgenerationand un-
delgeneratiormeasuregespectiely. For our example,we
obtainthefollowing values:

substitution = incorrect/E = 2/4 = 0.5
overgeneration = spurious/E = 1/4 = 0.25
undergeneration = missing/E = 1/4=0.25

As awhole,thesehreemeasureaimatgiving information
aboutthe capacitya systemhasto identify the expressions
which shouldbeincludedin acoreferencehain,regardless
of which coreferencehainthey shouldbe in. High over-
generationindicatesa tendeng to includein coreference
chainsaxpressionsvhichshouldnot. High undegeneration
indicatesa tendeng not to include in coreferencechains
expressionavhich should. High substitutionindicatesthat
the expressionswhich shouldbe includedin coreference
chainsare well identified, but are includedin the wrong
coreferencehains.

6. Discussion

Having detailedour evaluationmethodfor the corefer
enceresolutiontask, we now compareit with threeexist-
ing methods: the scoringschemedevelopedby Vilain et
al. (1995)for the MUC-6 coreferenceask,Popescu-Bellis
etal’s “Exclusive CoreMR” method(1998)andBaggaet
al’s B-CUBED algorithm(1998).

6.1. Toyexamples

In orderto better understandhe different evaluation
methodsjt will be usefulto have the scoreshey produce
on some(fictitious) examples:first, our exampletext (Fig-
urel) andthecorrespondingesponséFigure2), thenfour
differentresponsescenariosfor the MUC-6 walkthrough
article®

The MUC-6 walkthrougharticleis a Wall StreetJour
nal text for which a key annotationof coreferencechains
is supplied. The key annotationcontains15 coreference
chainswith atotal of 147 expressions50 of thesel47 ex-
pressionsare pronouns;theseare spreadout into 5 of the
15 coreferencehains. We will assumehe following four
situations:

1. eachofthel47expressiondelongto asingletorrefer
entialchainin theresponséno coreferenceesolution
is done);

5Someof thesescenariohave originally been proposedby
Popescu-Belligtal. (1998).

2. thel47expressions@aregroupednto auniquecorefer
encechainR,/ in theresponse;

3. the97 non-pronominaéxpressiongrecorrectlygrou-
pedinto 15 coreferencechainswhich correspondo
the 15 chainsin the key and the 50 pronounsare
groupednto anextra 16thcoreferencehainR,16/;

4. the97 non-pronominaéxpressionsarecorrectlygrou-
pedinto 15 coreferencechainswhich correspondo
the 15 chainsin the key but the systemdoesnot at-
tempt to interpretthe 50 pronouns,so that eachof
thembelongdo singletorreferentialchain.

The recall andprecisionmeasuresutputby eachmethod
for eachof thesesituationsaregivenin Tablel. Integersin
thefirst columnreferto thefive situationg(0 for our exam-
ple text, 1 to 4 for thefour walkthrougharticle situations).
The next four columnsgive the recall and precisionmea-
sures(left andright, respectiely) for eachmethod! The
lastcolumngivesthe undegenerationpvergeneratiorand
substitutionrmeasuresutputby our system.n somecases,
we are unableto provide the valuesfor XC-MR and B-3.
The symbol“~" indicatesthatthe denominatoof the pre-
cisionmeasures 0.

6.2. Vilain etal.

The scoringschemedevelopedby Vilain et al. (1995)
for theMUC-6 coreferenceaskis groundedn the ideaof
coreferencdinks. A coreferencechain 4,, is anequia-
lencesetdefinedby | A,,| — 1 coreferencdinks. Thebasic
ideais to countaserrorsonly the minimal numberof links
to be addedbetweencoreferencehainsin eachof the an-
notationsin orderto makethemidentical. Let us assume
we have two coreferencehainannotationsd and B, con-
tainingthefollowing coreferencehains respectiely:

A, ={1,2,3,4,5}
B,, ={1,2,3}
B,,, = {4,5}

The coreferencehain A,, is definedby four coreference
links andthetwo coreferencehainsB, , andB,,, by two
andonelink, respectiely. In orderto have thetwo anno-
tationscorrespondpnewould justneedto addonecorefer
encelink between, , and B,,, : this missinglink consti-
tutetheonly erroraccordingo Vilain etal’s schemeThis
erroris arecallerrorif A isthekey andaprecisionerrorif
B isthekey.

TheVilain etal. scoringschemein our view, mixesup
two differentaspectof coreferenceesolution:theidenti-
fication of the expressionswvhich shouldbe includedin a
coreferencechain, on the one hand, and the inclusion of
theseexpressionsn the propercoreferencehains. This is
apparentn the differencebetweerthe scoregproducedor
situations3 and4: whenthe systemgroupstogetherthe 50
pronoung(3) insteadof leaving themassingletong4), the
MUC scoresignificantlyincrease$othin recallandpreci-
sion,while in our systempnly precisionis affected.

"XC-MR refersto the “Exclusive Core-MR” methoddefined
by Popescu-Bellistal.; DA (for “denotatiorassignments™efers
to our method.



sit. | MUC XC-MR | B-3 DA u-g o0-g sub
0 |.33 .33 0 - 1].25 .25 .50
110 -1].10 1 ].10 1 0o -1 0 0
2|1 931 31| 1 .19}.27 24| 0 .13 .87
3196 97|69 84| .63 .78 .62 63|.02 O .98
4 162 1 49 1 || .62 1 1 0 0

Tablel: Recallandprecisionscoresaccordingo differentmethods

In otherwords,the MUC scoringschemegives some
creditto the fact that the expressionavhich shouldbe in-
cludedin acoreferencehainhave beerrecognizedregard-
lessof whatdiscourseaeferentghe expressionsaresaidto
denote. Our evaluationmethoddistinguisheghe two as-
pects: the capacitya systemhasto recognizethe expres-
sionswhich shouldbe includedin coreferencechainsis
capturedoy thethreeerroranalysisneasuresAs arule, as
texts often containsomelarge coreferencechains,to high
valuesfor the substitutionmeasurewill correspondairly
highscoreawvith theMUC methodthisis themostmanifest
in situation2).

Wewouldarguethatthe MUC scoringschemaes biased
by afocusonthecoreferenceesolutionprocesgatherthan
on the coreferenceesolutionresult In particular “the re-
call (resp. precision)error termsare found by calculating
the leastnumberof links that needto be addedto the re-
sponse(resp. the key) in orderto have the [coreference
chains]align? Theevaluationin MUC soappeargo be set
in termsof “what do| needto doin orderto getthecorrect
result?”,andnot in termsof “is theresultl obtaincorrect
or not?”. It might very well be the casethat on someoc-
casiondittle would have to be donein orderto changethe
resultfrom quitewrongto fairly correct,but this shouldbe
a distinctissue. We believe thatthe evaluationmethodwe
proposeallow this distinction: recall and precisionanaly-
sestheresultandthreeseparateneasureareusedfor error
analysis.

Onemay addthat our methodalsoavoids a shortcom-
ing of the MUC scoringschemepointedout by Baggaet
al. (1998),namelythat this scheme‘penalizesthe preci-
sion numbersequallyfor all type of errors”. As we rely
on aone-to-oneorrespondencanerrantcoreferencdink
whichgrouptogethettwo largecoreferencehainswill lead
to lower scoresthanan errantlink betweena large anda
smallcoreferencehain.

6.3. Popescu-Bellisetal.

Popescu-Belliet al. (1998), arguing that the results
outputby Vilain et al’s methodmay be “counterintuitive”
in somecasesproposedthreenen methoddor evaluating
referencaesolution”,amongwhich the secondone,called
“Exclusive Core-MRs”,bearsstrongsimilaritieswith ours.
The authorsdeterminea one-to-onecorrespondencée-
tweenthe coreferencechainsof the two annotationsand
countarecallerrorif anexpressiorbelongingto K,, does
notbelongto C(K,,) in theresponseanda precisionerror
if anexpressiorbelongingto R,; in theresponse&loesnot
belongto C(R,; ).

Themethodusedby Popescu-Belligtal. to derive their

correspondenaceanbeseerasaspeciakcaseof ourmethod:
by settinga = b = ¢ = 1 andremwing the denomina-
torsin our similarity measureand by usingthe heuristic
presentedabove, one arrives at the samecorrespondence.
In this respectour methodpresentghe advantageof for-
malizing an optimal correspondencketweenannotations.
Moreover, we makeuseof descriptve specificityto find the
optimal correspondencehus ensuringthat chainsin cor
respondencean be interpretedas denotingthe samedis-
coursereferent. This propertyis not necessarilytrue for
other correspondencesFor example, given the response
proposedor our exampletext (Figure 2), the methodde-
signedby Popescu-Belligt al. will identify the following
correspondencér the chainscontainingthe expressions
ClintonandMandelain thetwo annotations:

Key Response
{Mandelg = 0
{Clinton,his,he} <= {Mandelahis, he}
= {Clinton}

Figure4: Exclusive Core-MRCorrespondence

It appearghatthe “Exclusive Core-MR” methoddoesnot
guarantee,contrary to our descriptve specificity based
method, that the chainsin correspondencean be inter-
pretedasdenotingthe samediscourseeferent.

Onemayalsonotethat, while we determinghenumber
of denotationassignment$o be evaluatedas the cardinal
numberof a coreferencehainminusone,thusdiscarding
trivial denotationassignmentsPopescu-Belli®t al. does
give somecredit to theseassignmentsso that the recall
scorein his schemecannotbe 08 This explains the dif-
ferencedetweernthe XC-MR andDA scoresin situations
1and3 eventhoughbothsystemyield thesamecorrespon-
dence.

6.4. Baggaetal.

In orderto correctthe shortcomingmentionedabore,
in the scoringschemedevelopedby Vilain et al. (1995),
Baggaetal. (1998)proposedh measurecalledB-CUBED,
whichintegrateswo new ideas:

1. eachexpressiornrecevesa scorefor recallandpreci-
sion

2. theoverall recalland precisionscoresare basedon a
weightedaverageof scoredor eachexpressiorand/or
eachclass.

8Thisis alsothe casein Baggaetal!s method.



Thefirst point allows to consideran expressiorwithin the

coreferencechainit is placedin asa whole, andthusto

normalizeits contribution with respecto thelengthof the

chain. This hasthe effect of differentiatingdifferenterror
typesin termsof precision.The secondoint, on the other
hand,is barelymentionedy the authorswho seemnto re-

tain a schemeassigningequalweightsto eachexpression
and/orcoreferencehain.

It is certainly possibleto makeuseof the relative de-
scriptive specificity of expressionswithin B-CUBED, by
assigninghemdifferentweightsin the computatiorof the
overall recall and precision. Thus, links betweennoun
phrasespropernamesandpronounscanbe treateddiffer-
ently, andthe emphasicanbe put on a certaintype of ex-
pressiondor a particulartask. However, B-CUBED still
aims at evaluatingcoreferencdinks betweenexpressions,
regardlessof the discoursereferentthey denote,andthus
suffersfrom the sameweaknesseasVilain etal’s scoring
scheme.

7. Conclusion

In this paper we have introduceda new evaluation
schemefor coreferenceesolution,which, ratherthan set-
ting the problemin termsof linking expressiongogether
setsit in termsof assigninga denotatiorto expressionsin
orderto keepcloserto whathumaninterpretatiorof there-
sultswould be, we takeinto accountthe descriptve speci-
ficity of expressionsthusproviding ourseheswith anac-
cesgo discourseeferentsHaving thisaccesdo discourse
referentswe arethenableto determinghecorrespondence
betweentwo coreferencehainannotationsvith respecto
their denotationfrom which the correctnessf thedenota-
tions assignedo expressiongamay thenbe evaluated. We
would arguethat this method,contraryto previously pro-
posedmethodspffersa cleareristinctionbetweeraneval-
uation with respectof the expectedresult of coreference
resolution(recall and precision)and an evaluation of the
coreferenceesolutionprocesgerroranalysisneasures).

In ary caseour propositionmayillustratethe fact that
whenadifferentlight is caston a particularobject,this ob-
jectmightlook different.

8. Acknowledgements

Thanksto Pierrelsabellefor very usefulcommenton
this paper F. Trouilleux’ s work is partly supportecby a
grantfrom the Associationnationalede la rechercheaech-
niqgue(CIFRE050/98).

9. References

Ahuja, R. K., T. L. Magnanti, and J. B. Orlin, 1993.
NetworkFlows - Theory Algorithms,and Applications
PrenticeHall.

Bagga,A. and B. Baldwin, 1998. Algorithms for scor
ing coreferencehains. In Proceedingf the LREC'98
Workshopon Linguistic Corefeence GranadasSpain.

Chinchor N. andG. Dunga,1995. Four scorersandseren
yearsago.The scoringmethodfor MUC-6. In Proceed-
ings of the Sixth MessageUnderstandingConfeence
(MUC-6). SanFranciscoMorganKaufmann.

Dowty, D., R. Wall, and S. Peters,1981. Introductionto
MontagueSemantics Dordrecht,Holland: D. Reidel
PublishingCompau.

Grishman,R. andB. Sundheim(eds.),1995. Proceedings
of the SixthMessagdJnderstandingConfeence(MUC-
6). SanFranciscoMorganKaufmann.

Hirshman, L. and N. Chinchor 1998. MUC-7 corefer
encetaskdefinition. version3.0. In Proceedingf the
SerenthMessagdJnderstandingConfeence(MUC-7).
http://www.muc.saic.com/ScienceApplications Inter
nationalCorporation.

PassoneauR., 1997. Applying reliability metricsto co-
referenceannotation. TechnicalReport CUCS-017-97,
ColumbiaUniversity, Departmenbf ComputerScience.

Popescu-BellisA., 1999a. Evaluation nunmérique de la
résolutionde la référence: critiques et propositions.
TraitementAutomatiquedesLangues40(2):117-142.

Popescu-BellisA., 1999b. L’ éwvaluationen génie linguis-
tique: unmodkle pourvérifierla corerencedesmesures.
Langues: Cahiers d’étudeset de recherche franco-
phones2:151-162.

Popescu-BellisA. andl. Robba1998. Threenen methods
for evaluatingreferenceesolution.In Proceeding®fthe
LREC'98Wbrkshopon LinguisticCorefeence Granada,
Spain.

Vilain, M., J.Burger, J. AberdeenD. Connolly, andL. Hir-
shman,1995. A model-theoreticcoreferencescoring
scheme. In Proceedingsof the Sixth MessageUnder
standingConfeence(MUC-6). SanFrancisco:Morgan
Kaufmann.



