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Discour se Structure and Anaphora: an
Empirical Study

Abstract

One of the main motivationsfor studyingdiscoursestructureis its effect on the searchfor
the antecedentsf anaphoricexpressions.We testedthe predictionsin this regard of theories
assuminghat the structureof a discoursedependn its intentionalstructure,suchas Grosz
andSidners theory We useda corpusof tutorial dialoguesndependentlyannotatecccording
to RelationalDiscourseAnalysis (RDA), a theory of discoursestructuremeiging ideasfrom
GroszandSidnerstheorywith proposaldrom RhetoricalStructureTheory(RsT). Usingasour
metricstheaccessibilityof anaphori@antecedentandthereductionin ambiguitybroughtabout
by a particulartheory we found supportfor MoserandMoore’s proposathatamongthe units
of discourseassumedby anRsT-like theory only thoseexpressinganintentional‘core’ (in the
RDA senselhouldbeviewedasconstraininghe searchfor antecedentsajnits only expressing
informationalrelationsshouldnotintroduceseparatdocusspacesWe alsofoundthatthe best
compromisebetweenaccessibilityandambiguity ('perplexity’) reductionis a modelin which
the focus spacesassociatedvith embeddedcoresand embeddedtontritutors remainon the
stackuntil the RDA-segmentin which they occuris completedanddiscusghe implicationsof
thisfinding for a stack-basetheory

1 Introduction

One of the main motivationsfor studyingdiscoursestructureis its effect on the searchfor the an-
tecedent®f anaphoricexpressions.The recentdevelopmentof morereliableannotatiortechniques,
andtheincreaseawailability of corporaannotatedor discoursestructure(Carlettaetal. 1997;Moser
etal. 1996;Marcu1999),have madeit possibleo subjecttheclaimsof seminattheoriesabouttheim-
pactof discoursestructureon anaphorauchas(Reichmanl985;GroszandSidner1986;Fox 1987)
to rigorousempiricaltesting. Quite a lot of this work hasfocusedon studyingthe claims of theo-
riesbasedn RhetoricalStructureTheory(RsT) (MannandThompsonl988)—seee.g.,(Cristeaetal.
1998,2000; Ide and Cristea2000))! Our aim in this work wasto studythe claimsof theoriesthat
hypothesize tight connectiorbetweerthe spaceof anaphoricantecedentandintentionalstructure,
the bestknowvn amongwhich beingthetheoryproposedy GroszandSidner(1986).
EvaluatingGroszandSidners theoryusedto be a problem,becausalthoughit hasoriginateda
codingmanual(Nakataniet al. 1995)thathasbeenusedat leastonce(Nakatanil996),asfar aswe
know thereis no sizeablecorpuscodedaccordingly However, recentproposalsoncerninghe map-
ping betweerrhetoricalstructureandintentionalstructure(MoserandMoore 1996b)have resultedn
thedevelopmenbf RelationalDiscourseAnalysis(RDA) (MooreandPollack1992;MoserandMoore
1996Db),a theoryof discoursestructuremeiging ideasfrom RsT with ideasfrom Groszand Sidners
theory Thistheoryhassened asthe basisfor a codingschemewhich hasbeenusedto producecor
poracontainingtexts annotatedvith their intentionalstructure aswell asotherstructuralproperties
of thetype hypothesizedn RST. Thesecorporacanbe usedto investigatethe claimsof Groszand

The classicstudyby Fox (1987)alsousedrsT to analyzethe structureof written texts, but Fox couldnt malke useat
thetime of standardesourcesnnotatedn areliableway.



Sidners theory aswell astherelationbetweertheir view of the connectiorbetweerdiscoursestruc-
tureandanaphorandviews basedon RsT, suchasFox’s or VeinsTheory The Sherlockcorpusof
tutorial dialoguescollectedat the University of Pittshurgh and subsequentiannotatedaccordingto
RDA is particularlywell suitedfor thesepurposes.

In this paperwe first briefly review GroszandSidners theoryandrDA, anddiscusshow anRDA
analysiscanbe usedto analyzeclaimsaboutanaphora.We thendiscusshowv we investigatedsuch
claims: our evaluationmetrics,our corpus,our annotatiormethods andhow we usedthe annotated
corpusto computingthe metrics. In the next sectionof the paper we discussfirst of all the results
we obtainedoy assuminghe simplestview of the mappingbetweerintentionalstructurein the sense
of RDA andfocusstackoperationsjn particular we discusghe consequencesf the moredistinctive
aspecbf RDA, thedistinctionbetweerintentionalandinformationalrelations.We thenexaminelook
atmorecomplex waysof mappingintentionalcoresinto GroszandSidners bsps —in particular how
embeddedegmentsof differenttypesshouldbetreated.

2 Background

2.1 Grosz and Sidner’s Theory

As GroszandSidners (G& S) theoryis well-known, we only give a quick summaryof its mainideas
here. Accordingto G& s, the structureof a discoursds determinedby the intentionsthatthe people
producingit intendto convey, or DISCOURSE SEGMENT PURPOSES (DSPs)? In acoherentiscourse,
all of theseDpsps arerelatedto form an INTENTIONAL STRUCTURE by eitherdominance relations
(in casea particularpsp is interpretedas contrituting to the satishction of anotherintention) or
satisfaction-precedes relations(whenthe satishctionof anintentionis a preconditionfor the satis-
factionof aseconcdne).

Anaphoricaccessibilityof entitiesin a discoursds modeledby its ATTENTIONAL STRUCTURE,
which,accordingo GroszandSidner is astackof FOCUS SPACES. G& S proposdhatwhenasegment
is open,its correspondindocus space which includesthe discourseentitiesintroducedin that sey-
ment,is pushedonto the focusstack;whenthe segmentis closed the focusspacds poppedandthe
discourseentitiesassociatewvith thatfocusspacearenotaccessiblany more.A furtherhypothesiof
G& s is thatthe pushingandpoppingof focusspace®n the stackreflectstheintentionalstructurejn
thesensdhata new focusspaces pushedon the stackwheneaer thediscoursantroducesa nev bsp
subordinatedo the presenbne,andthefocusspaceof the currentis poppedwheneer the associated
DSP is satisfied.

Thisclaimaboutanaphoriaccessibilitywasillustratedin the original papemwith afew examples;
however, asfar aswe know, it hasnotbeenempiricallytested. Partof the problemis thatthereare
no guidelinesabouthow to identify the bsps in adiscourse Our purposéds thereforetwofold: to test
G& S's claims(with respecto a certaingenreanddomain),but alsoto usethe insightsgainedfrom
work on RDA to clarify thenotionof bsp.

2.2 Relational Discourse Analysis

RelationalDiscourseAnalysis(RDA) (MooreandPollack1992;MoserandMoore 1996b)is asynthe-
sisof ideasfrom GroszandSidners theory(GroszandSidnerl986)andRhetoricalStructureTheory

2Thereasorfor the nameis that Groszand Sidnerproposethatthe ‘discoursesegments’of discourseanalysisarebest
seerastheportionsof a discourseconcernedvith the satishctionof a givenintention.



(RsT) (Mann and Thompsonl1988). RDA inheritsfrom Groszand Sidners work the ideathat dis-
coursestructurds determinedy intentionalstructure:eachrRDA-segmentoriginateswith anintention
of the speakr. But RDA-seggmentsarealsolike RST spans;n thatthey have additionalstructure,in
two respectsthey aregenerallyassociatedavith relations;andtheir constituenthave differentstatus.

Accordingto RDA, all constituentf a discourseare connectedy relations,of which thereare
two types: INFORMATIONAL relationsthat expressa connectionbetweenfactsand events’in the
world’ (suchascausalandtemporalrelations)and INTENTIONAL onesthat expressa discoursen-
tention(suchasevidenceor concession)While a similar distinctionis alreadymadein RST between
SUBJECT-MATTER andPRESENTATIONAL relations((MannandThompsonl988),p. 18),in RDA the
distinction hasfurther significanceit that only spansof discoursetied by intentionalrelationsform
properrRDA-SEGMENTS (in the sensethatthey restrictanaphoricaccessibility} Eachsuchsegment
consistsof one CoRE, i.e., thatconstituenthat mostdirectly expresseshe spealker’s intention? and
arny numberof CONTRIBUTORS, the remainingconstituentsn the segment,eachof which playsa
rolein servingthe purposeaxpressedy the core(e.g.,they mayconvey informationmeantto support
the propositionexpressedy the core). The distinctionbetweerncoreandcontrikutor is of coursere-
latedto thedistinctionbetweemucleusandsatellitein RhetoricalStructureTheory(RsT) (Mannand
Thompsonl988),accordingto which in each*segment” (‘text spari, in RST) onecomponenshould
beidentifiedasthe’main’ one,andthe othersassecondaryHowever, in RST thereis adistinctionbe-
tweennucleusandsatellitefor all RST subordinatingelationswhereasn RDA acoreandcontritutors
areonly identifiedif a segmentpurposehasbeenrecognized-i.e.,only for RDA-sggments.

A distinguishfeatureof RDA is thatin RDA-segmentsgachcontrikutoris linkedto thecoreby one
intentionalrelationandoneinformationalrelation,aswe will seein amoment. This is unlike RsT,
in which only a singlerelationcanobtainbetweemucleusandsatellite;this changenvasproposedn
(MooreandPollack1992).Moore andPollackamguethatin exampledike (1):

1) a. GeogeBushsupportsig business.
b. He’ssuretovetoHousebill 1711.

the two units can be viewed as beingrelatedby both an intentionalevidence relation (with b asa
nucleusandaasasatellite)andaninformationalvolitional cause one.Furthermorethey arguedthat
whereasMannand Thompsonclaimedthatonly onerelationhadto be chosenin suchcasegwhich
they obsered), preservingbothrelationswasin factnot only usefulto avoid conflicts,but necessary
to accountfor theflow of inferencebothfrom aninterpretatiorandfrom a generatiorpoint of view.>
In RDA, sggmentconstituentsnayin turn be otherembeddedeagments,or simplerfunctionalel-
ements.Theseelementsnay be eitheratomicUNITS, i.e., descriptionof domainactionsandstates,
or CLUSTERS. Clustersarespanghatonly involve constituentdinked by informationalrelations;no
core:contrikutor structureexists, but they canthemseles be embedded.Note, however, thatwhen
the intentionalstructureends— ie, theinnermostsegmentis identified— the text may still analyzed

3A similardistinctionis alsomadein ‘structured’versionsof DiscourseRepresentatioltheorysuchascrT (Poesioand
Traum1997),in which temporalandcausarelationsbetweereventsarepartof the propositionsexpressedy speeclacts,
whereasa seconctateyory of relationsrelatesthe speectactsto eachother

“Thecoremaybeimplicit: thecoreof anansweyfor example,oftenturnsoutto bethe presuppositiomf the question.

51t might be arguedthatoncethe units of discourseareanalyzedn greaterdepth,distinguishingoetweertheir proposi-
tional contentandtheir force, informationalrelationsandintentionalrelationsmay be seenasrelatingentitiesat different
levels of analysis(e.g.,describedeventsvs. propositionsvs. speechacts). Keepin mind however that we are primarily
concernedherein RDA asatool for corpusanalysisandfrom anannotatiorperspectie, it is oftenagoodideanotto attempt
distinctionsbetweerentitiessuchasevents,propositionsandspeechacts.As aresult,markingbothinformationalrelations
andintentionalrelationsasrelationsbetweendiscourseunits canbe viewed asa usefulway of simplifying the annotatos
task.



1.1 Beforetroubleshootingnsidetheteststation,

1.2 it is alwaysbestto eliminateboththeUUT andTP.

2.1 Sincethetestpackagéas movedfrequently

2.2 it is proneto damage.

3.1 Also, testingthetestpackagds mucheasierandfaster
3.2 thanopeningupteststationdravers.

Convince

Act:Reason

Convince
Act:Reason
stepl:step2 Enable prescribed-act:
Cause:effect wrong-act
1.1 1.2 2.1 31

2.2 3.2

Figurel: A tutorial excerptandits RDA analysis

in termsof embeddedlusters but no clustercanbe superordinatéo anintentionalsegment. Unlike
G& S'stheory but asin RST, RDA is basedon afixednumberof relations;in particular RDA assumes
four intentionalrelations— convince, enable, concede, joint—anda larger setof informationalrela-
tions, which is expectedto be domaindependentin the Sherlockcorpus,23 informationalrelations
are used,of which 13 pertainto causality(they expressrelationsbetweentwo actions,or between
actionsandtheir conditionsor effects)(Moseretal. 1996).

Figurel shawvs a smallexcerptfrom one of the dialoguesn the Sherlockcorpus(UUT is “Unit
undertest”, TP is “test package”),andits RDA analysis. The analysischaracterizeshe text asan
RDA-s@gmentwhosecorespansl.1andl.2. This sgmenthastwo contritutors,spanning2.1and2.2,
and3.1and3.2,respectrely. (Graphically thecoreis signaledasthe elementatthe endof thearrow
whoseorigin is the contritutor; morewer, thelink is marked by two relations,intentional(in bold),
andinformational.) In this case,the two contrilutors carry the sameintentionaland informational
relationsto the core, but this doesnt needto be the case. The coreandthe secondcontributor are
further analyzedasinformationalclusters,whereashe first contrikutor is recognizedas having its
own intentionalstructureé® Clustersaremarked by oneinformationalrelation,but not by intentional
relations.( In RsST, the structurewould presumablybe the same althoughno doublerelationswould
exist, and every relation would have directionality: i.e., for every relation one relatumwould be
consideredasthe nucleus the other(s)asits satellites.We will comebackto the analysisof the text
accordingto G& s in thenext section.)

Accordingto the manualusedfor the annotation(Moseretal. 1996),anenable relationholds*if the contritutor[2.1]
providesinformationintendedo increasehehearers understandingf the materialpresentedh thecore,or to increasehe
hearers ability to performthe actionpresentedn thecore’ (p. 6).



Figure2: c& s analysisfor thetext in Fig. 1 on the basisof the proposednappingof RDA-segments
into G& s segments.

3 Questions Addressed in This Study

3.1 Using an RDA-annotated corpusto evaluate intentional theories

In orderto usean annotationbasedon RDA to evaluateGroszand Sidners claims aboutthe effect
of discoursestructureon the searchfor anaphoricantecedentgMoser and Moore do not propose
modificationsto Groszand Sidners theoryin this respect)we have to specify how RDA structure
drivesfocusstackconstructionln GroszandSidnerstheory thepushingandpoppingof focusspaces
is drivenby theintentionalstructure:anew focusspaces pushednthestackwhenaerthediscourse
introducesa new DiscourseSegmentPurposgDsP) subordinateo the presentone,andthe current
focusspacds poppedwhentheassociatedsp is satisfied Because&RDA analyse®f adiscourseanto
sgmentsarealsobasedn anotionof intentionderivedfrom GroszandSidner avery simple(in fact,
possiblytoo simple)way of specifyingfocusspaceupdatein termsof RDA structurecanbe derived
from the following partial mappingbetweenrRDA notionsand G& S's intentionalstructureproposed
by MoserandMoore:

1. We only have a bsp whenwe encounteran intentionalsubstructurei.e., every bsp mustbe
associateavith acore.

2. Constituentf the RDA structurethatdo notincludecores- i.e., clusters(seeabore) - do not
introduceDsPs.

Thefirst principle meansthat a new focus spaceshouldonly be pushedon the stackwhena coreis
recognizedij.e., only RDA-segments(discoursespansexpressingan intentionalrelationwith a core
andoneor morecontrikutors) arealsosggmentsin the G& s sense.The secondprinciple stateshat
discoursespannly connectedyy informationalrelations(clusters)o not affect theattentionaktate.

The sggmentstructurethatwe would derive from the RDA analysisin Figurel by following these
principleswould be asin Figure2. Becauseanformationalrelationsby themselesdont give rise
to intentionalsegments the informationalclustersl.1-1.2and3.1-3.2arenot identifiedassegments
in the senseof Groszand Sidner: i.e., no new focus spaceis pushedon the stackin this case. In
particular theunembeddedorein 1.1-1.2is nottreatedasa separatéocusspaceavenif it constitutes
acluster sinceit expressegpartof) the Dsp associateavith the overall RDA-segment.

The claim that only intentionalrelationsresultin nen focus spaceseing pushedon the stack
alreadyresultsin differentpredictionsconcerninghe searchfor anaphoricantecedentthananalyses
similarly basedon rRsT-like repertoiref relations,but in which all subordinatingrsT relationsare
takento limit accessibility Thisis thereforethefirst interestingclaimto test.



3.2 Embedded Segmentsand The Relation between G& s's Theory and Other Theories
of Anaphoric Accessibility

An RDA-style analysisassigngo a discoursea muchmoredetailedstructurethanthe onewe would

expectto seeon the basisof Groszand Sidner’ ideas. In RDA, eachclauseis treatedas a distinct
discourseunit, whereasn a G& s-style analysismultiple sentenceareoften chunled togetherwith-

out ary specificrelationsbetweenthem. Furthermore G& s make no distinctionbetweencoresand
contrikutors,andonly allow two intentionalrelations,whereasn RDA mary typesof intentionalre-
lationsare possible.This wealthof informationis botha problemandan opportunity A problemin

thatevenif we only considerRDA segmentsas candidategor segmentsin the G& s sensewe still

have anumberof possiblecandidategor Dsp statusto choosdrom. (NoticethatMoserandMoore’s
principlesleave openthe possibility that not all RDA segmentsare associatedvith a distinct DsPs,

hencethatthe mappingfrom G& s-segmentsto RDA-seggmentsis not 1:1.) An opportunityin thatwe
cancompareGroszandSidners claimswith claimsmadewithin the RST frameawvork, asalreadyseen
above.

Theissuewe focusedonin this studyareembeddedegments.MoserandMoorethemselesraise
the questionof how to treatembeddedores- spansof text that,while expressinghe bsp of anRDA-
segment,have in turn the complex structureof an RDA-sggment. Moserand Moore do not analyze
this problemin detail; but several examplesin which the antecedenbf a pronounis containedn an
embeddeahucleusandthis nucleusexpressesnintentionalrelation,arediscussedby Fox (1987)(p.
101), andin practice,we found a numberof suchcasesn the Sherlockcorpus. A relatedissue,
not raisedbeforein the RDA literature,is how embeddedindnot embeddedtontributors shouldbe
treatedTheissueof embeddedegmentss of interestfrom the point of view of G& s'stheory bothin
thatit canshedsomelight on the notion of bsp, andbecausét raisessomequestionsaaboutwhether
theattentionaktatereally worksasa stack.

The issueof embeddedsegmentsis alsointerestingas a way of comparingG& s's claims with
Fox’sclaimthatit is entitiesin ‘active’ or ‘controlling’ propositionghatareaccessibléor pronominal
reference. This claim canbereformulatedn focusstacktermsassuggestinghatsubordinatedocus
spacesssociatedvith the contritutorsin an RDA-sggmentarenotimmediatelypopped but stayon
the stackuntil the RDA segmentof which they area partis completed.(For example,in the casein
Figurel and2, shouldsegment2.1-2.2be poppedassoonaswe aredoneprocessingt, or shouldit
remainon the stackuntil the whole RDA-segmentis over, giventhatit participatesn theintentional
relationthatdetermineshe superordinatseggment?)

Embeddedcoresarealsoa goodtopic of comparisorbetweenc& s's theoryand Veins Theory
Althoughv T is formulatedin RST terms,it canbeinterpretedasstatingthattheantecedentimtroduced
in RDA sggmentsthatarethemselescoresof superordinatsggmentsremainon the stackeven after
the RDA-s@gmentof which they area partis completed.So, for example,the antecedentassociated
with the main RDA segmentin Figure 1-thoseintroducedin discourseunits 1.1, 1.2, 3.1, and 3.2—
would remainon the stackif this segmentwasin turnthe coreof anembeddingsggment.

3.3 StacksVersus Caches

A furtherreasonwhy theissueof embeddedeymentsis interestingis thatwhile Fox’s hypothesiss
not entirely incompatiblewith c& s's views (embeddedontrikutors could be seenasbeing related
by a satisfaction-precedes relation) it doesstretchthe sensein which the attentionalstatecan be

A propositionis ACTIVE if it's partof the samersT schemeasthe propositionin which the pronounoccurswhereasa
propositionis CONTROLLING if it's partof a schemewnhich dominateghe schemen which the pronounoccurs.



interpretedasa ‘stack’. In a discoursewith the structurein Figurel, for example,in orderfor the
contrikutor 2.1-2.2to stayon the stackwhile processing.1-3.2,while at the sametime ensuringthat
thematerialin 3.1-3.2updateshe appropriatdocusspacgthe onewhich wasintroducedo storethe
materialin 1.1-1.2—sed igure 2), we needto assumdairly comple sequencesf stackoperations.
More preciselywe needo hypothesizeéhatwhenseggment2.1-2.2is completedtheorderonthestack
of thefocusspacedor 1.1-1.2and2.1-2.2is temporarilyreversed which requirestwo popsandtwo
pushesWhile G& s themselesassumeauxiliary stacksandthelike, it is clearthatthe morecomple
the operationsthelessattractive the model.

Theohlviousquestionis whethertheseproblemsdisappeawhenthestackis replacedvith amodel
of the attentionalstatelik e that proposedn (Walker 1996,1998). Walker claimsthatthe attentional
stateis bestviewedasa cacheratherthanasa stack.Herproposals motivatedby threeproblemswith
the stackmodel. First of all, sheargues,the stackmodelcannotexplain why the size of embedded
segmentsappeardo affect the accessibilityof antecedenten the stack. Sheexemplifiesthis point by
meanf thecontrasbetween(2) and(3) . ((Walker 1996),p. 256,DialoguesA andB.) In (2) (which
is part of the transcriptof a call to a radio shawv aboutfinancial advice (Pollack, Hirschbeg, and
Webbey 1982),theinterruptionin b.-d. by theradioshav host(H) doesnt seento make the previous
sgmentinaccessiblecaller C canreferin e. to an entity (the daughter)introducedjust beforethe
interruptionwith a pronoun.However, thelessacceptabl€3) seemgo indicatethatthefelicitousness
of suchcontinuationgdepend®on the lengthof the intervening segment. In this modificationof the
previousexample whereafurtherquestion/answepair hasbeenaddedthe continuations muchless
felicitous,whereasccordingo thestackmodel,theattentionaktatewhile processing3g)is identical
with the attentionalstatewhile processind2e).

(2) a. C: Ok Harry, I'm have a problemthat uh my-with todays economymy daughteris
working,

H: | missedyour name.

C: Hank.

H: GoaheadHank

C: aswell asherhusband

They have a child

andthey bring thechild to usevery dayfor babysitting.

P @ "0 oo0p

C: Ok Harry, I'm have a problemthat uh my-with todays economymy daughteris
working,

H: | missedyour name.

C: Hank.

H: IsthatH A N K?

C: Yes.

H: GoaheadHank

C: aswell asherhusband

They have a child

i.  andthey bringthechild to usevery dayfor babysitting.

®3)

Te@ e a0

The secondphenomenorthat, accordingto Walker, is not easyto explain with a stackmodelis the
functionof Informationallyredundantutteranceg¢lRUs). Theseareutteranceshat”... realizepropo-
sitionsalreadyestablishedismutually believed in the discourse”(Walker 1996,p. 257). According



to Walker, thefactthatthey arereintroducedmeanshatthey arenotin factaccessiblethe function
of IRUs, then,is to putthemback(onthe cache).

Walker’sthird pieceof evidenceagainsthestackmodelis thefactthatCFsareoften’carriedover’
sementboundariesthis suggestshat the antecedentstroducedin a segmentdo notimmediately
disappeawhenthatsegmentis concludedaswe would expectif thecorrespondindocusspacewere
poppedhput stayon until they have beenreplacedasit happensn acache.

In (Walker 1996),it’s not clearwhatshouldbe the contentsof cacheelementsijn (Walker 1998),
however, it is suggestedhatthe cacheshouldcontainthe n discourseentitieswhich hasbeenmen-
tionedmorefrequentlyrecently

4 Methods

4.1 Evaluation Metrics

As saidabore, the reasorwhy modelsof discoursestructurehave beenstudiedin connectionwith
anaphoraesolution(andgeneration)s thatthey claimto restrictthesearctfor anaphori@antecedents.
The'goodnessiof a particularmodeldependshereforeontwo measures:

e accessibility:whetherthe antecedendf an anaphoriaxpressions on the stackat the moment
theanaphoriexpressionis encountered,;

e ambiguity: how mary distractorsareon the stackatthe momentthatexpressioris encountered
- i.e., how restrictive thefocusstackupdatemechanisnis.

Theseis an obvious tensionbetweenthe two measureswe canmale all antecedentaccessibldy
leaving themall on the stack,andwe canmake ananaphoriexpressiorcompletelyunambiguoudy
not keepingarything in the stack. The 'best’ modelwill bethereforethe onewith the besttrade-of
betweerthesetwo measuresln orderto evaluatethe extentto which the datasupporta theoryof the
attentionaktatelik e the focusstacktheory we needto computeboth of thesemeasures.

Theaccessibilityof ananaphoricantecedenis simpleto measureOur measuref the ambiguity
of ananaphorie@xpressioru is morecomple, anddepend®nboththenumberof entitiesonthestack
thatmatchit, andthe (inverseof) the distancebetweertheseentitiesandthe anaphoricexpression(a
matchingantecedenturther away will belessof a distractoy sinceaccordingto GroszandSidner a
closerantecedenwill be preferred)We call thismeasureERPLEXITY:

Perplezity(a) = X" m(n, a)(m)

wheren is the numberof elementson the stack; m(n,a) = 1 if discourseentity n matchesu (see
below), and0 otherwise;anddistance(n, a) = 1 if discourseentityis in the samefocusspaceasa, 2
if in the previousfocusspaceetc.

4.2 TheCorpus

Whatwe call the Sherlockcorpusis a collectionof tutorial dialoguesetweena studentanda tutor,

collectedwithin the Sherlockproject(Lesgoldetal. 1992). The corpusincludesserenteendialogues
betweernindividual studentsandoneof 3 experthumantutors,for atotal of 313turns(aboutl18turns
perdialogue),and1333clausesThestudenisolvesanelectronictroubleshootingrobleminteracting
with the Sherlocksystem;then, Sherlockreplaysthe student solutionstepby step, criticising each

8



step.As Sherlockreplayseachstep,the studentanaskthe humantutorsfor explanations.Student
andtutor communicaten written form.

The Sherlockcorpuswaspreviously annotatedisingRDA to studycuephrasegeneratior(Moser
andMoore 1996a;Di Eugenioet al. 1997). The researclgroupwhich proposedRDA discusseshe
following reliability results(Moserand Moore 1996a). 25% of the corpuswas doubly coded,and
the x coeficient of agreementvas computedon segmentationin a stepwisefashion® First, x was
computedon agreementt the highestlevel of sgmentation. After x wascomputedat level 1, the
codersresohedtheir disagreementshusdetermininganagreeduponanalysisatlevel 1. The coders
thenindependentlyproceedo determinethe subsgmentsat level 2, andsoon. The deepestevel of
sementatiorwasb; the x valueswere.90,.86,.83,1, and1 respectiely (fromlevel 1 to 5).

The Sherlockcorpuswas corvertedinto an XML format for the presentests. A portion of the
annotatiorof theexamplein Figurel is shavn below.

<rda-rel ation id="jgl-06-04-09-g" type="intentional">
<core id="jgl-06-04-05-g" type="seGrent">
<rda-relation id="jgl-06-04-05-g-dupl"” type="cluster">
<cue id="jgl-06-04-c" type="tenporal">Before</cue>
<first id="first_jgl-06-04-05-r">
<action id="jgl-06-04-a">
troubl eshooting inside the test stations</action>
</[first>
<second id="jgl-06-04-05-r" info-rel ="step2-stepl">
<matrix id="jgl-06-05-nt>
it is always best
<action id="jgl-06-05-a">to elimnate both the UUT and
TP</ acti on>
</ matrix>
</ second>
</rda-rel ation>
</ core>
<contributor id="jgl-06-04-07-r" inten-rel="convince"
info-rel ="act-reason">
<rda-relation id="jgl-06-06-07-g" type="intentional">
</rda-rel ation>
</contri butor>
<cue id="jgl-06-08-c" type="sequence">Al so</cue>
<contributor id="jgl-06-04-09-r" inten-rel="convince"
info-rel ="act-reason">
<rda-relation id="jgl-06-08-09-g" type="cluster">

</rda-rel ati on>
</contri butor>
</rda-rel ation>

Figure3: A portionof theannotatiorof theexampleFig. 1

4.3 Anaphora Annotation

We annotatedabouthalf of the Sherlockcorpusfor anaphoridnformation, usinga muchsimplified
versionof the annotationschemedevelopedby the GNOME project(Poesio2000b),which is based
on the MATE meta-scheméPoesioet al. 1999). More specifically we marked eachNP in the cor
pus, specifiedits NP type (propername,pronoun,the-np, indefinite NP, etc) and its grammatical
featureqpersongender number),andthenwe markedall ‘direct’ anaphordbetweenthesenrps (i.e.,

81t is unknawn to uswhetherx wasalsocomputecbn clusters andon the specificinformationalrelationsused.



no bridges). This schemehasgoodresultsfor agreemen{Poesio2000a)and hasalreadybeenused
for studyinganaphoricaccessibility(Poesioet al. 2000). We annotatedh total of 1549 Nps, 507 of
whichwereanaphoric.

Oneproblemwe hadto addressvasthatin therRDA annotationpnly tutorturnshadbeenannotated
(becausehe students’questionsarevery short),but mary of the antecedentsf anaphoriaeferences
in the corpuswere discourseentitiesintroducedin the precedingstudentturn askingthe question.
Following Fox, we includedthefirst elementf suchadjaceng pairs(the studenturns)a partof the
accessibilityspacdor anaphoriexpressiongn thetutorturn To dothis, we enclosedachstudenturn
in aspecialst udent - t ur n elementmarkedthenpsit containedandmadethisturnby associating
with thestudenturn aspeciafocusspacevhichwould be onthestackwhenprocessinghetutorturn.
The antecedentgtroducedin turnsfurtheraway—e.g.,in ‘tied’ adjaceng pairs (Fox 1987)—arenot
available;we countedheanaphoriexpressionsvhoseantecedenivasunaccessibléor thesereasons
andfactoredthemout.

A large proportionof the anaphoricexpressionsvhoseantecedenis not on the stackare proper
names.Becausdheseexpressioncanbe amguednot to accesshe stackto find their antecedentyve
alsocountedthemseparately

4.4 Computing Accessibility and Perplexity

We evaluatedthe differentproposalsoncerninghe extractionof availableantecedentdom anRDA
structureby runningascriptovertheannotateatorpusthatsimulatedocusspaceconstructioraccord-
ing to eachhypothesigwe discusgheinterpretatiorof the methodsn thefollowing section).When
the evaluationscriptencountersan anaphoricexpressionjt attemptgo find its annotatedantecedent
in thefocusspaceghatareon the stackaccordingto the choserstackupdatemethod.

In orderto measureperpleity, the script also attemptsto find all antecedentshat matchthe
anaphoricexpression(DISTRACTORS). The searchfor distractorsdependsn the type of anaphoric
expressiorandis basedn heuristics If theanaphoriexpressioris apronounanantecedentnatches
countsasadistractorif it grammaticallyagreeswith the anapharf its a descriptionthe scriptfinds
theheadnounof bothanaphorandantecedenfusingheuristicshasednthe Pos tagsof thecontentof
the nounphrases)andthenattemptgdo matchthem(becauseave areworking with alimited domain,
it waspossibleto hand-codehe basiclexical relationsamongnouns). The searchfor distractorshas
precisionandrecall of 88%.

4.5 Extracting Focus Space Updates from RDA Structures

We comparedvariousways of extractingfocusspacedrom RDA structureby letting the evaluation
scripttake a parametespecifyinghow RDA structuresshouldmapinto focusstackoperations.The
possiblevaluesof this parametefandthe correspondindpehaiors of the script) areasfollows.

1. All: Pushanew focusspaceon the stackwhene&/er a non-atomicRDA unit (bothintentionalsegments
andinformationalclusters)s encounteredandpopthis focusspacenvhenthe constituenends.
E.g.,in Figurel, pusha new focusspacefor all threeconstituentof thetop segment: 1.1-1.2,2.1-2.2,
and3.1-3.2.

2. Intentional Only / Imm Pop: Only pushanew focusspacenvhenanintentionalsegmentis encountered;
pop it assoonasthe seggmentis completed. This is the simplestmappingfrom RDA into focus stack
operations.

E.g.,in Figurel, only pusha new focusspaceor sggment2.1-2.2 andpopit assoonasthatsegmentis
completedl.1,1.2,3.1,and3.2 arejust addedo thetop focusspace.
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3. Intentional Only / Delay pop of cores: Only pusha new focusspacewhenanintentionalsegmentis
encounteredPopfocusspacesntroducedfor contributor ssgmentsimmediately;but keepon the stack
the focus spaceassociatedvith a core sub-sgmentfor aslong asits embeddingsegmentstaysthere.
This solutionis reminiscenof theideaof ‘core percolation’in VeinsTheory

4. Intentional Only / Partial delay pop of tribs Treatembeddedoresasin the previousversion,but in
addition,keepfocusspacentroducedor contributorsonthe stackuntil the segmentin whichthey occur
is completedj.e.,aslong asthey are‘active’ in Fox's sense.

E.g.,in Figurel, do not popthe focusspacdor segment2.1-2.2beforeprocessing.1-3.2.

5 Results

5.1 TheDistinction between I ntentional and I nformational Relations

We look first at the impact of the distinction betweenintentionaland informationalrelations,and
GroszandSidners claim thatdiscoursestructures only affectedby intentionalinformation.

The following table shavs the impactof the distinction on accessibilityi.e., the percentagef
anaphoricantecedentsvhich can be found on the stackin eachcase. The line indicatedas ‘All’
shaws the percentagef antecedentsvhich are accessiblavhenboth informationalandintentional
relationspushnew focusspaceson the stack: 'OK’ indicatesthe numberof anaphoricantecedents
whichareaccessibleNO’ indicateshe numberof antecedenta/hich arenotaccessibleOut of AP’
thecasesn whichtheantecedens notaccessibldecauséd’s outsidethecurrentAdjaceng Pair, and
‘PN’ the numberof casesn which the antecedenis not accessibldut the anaphoricexpressionis a
propername(andcanaccessts denotatiorthroughlongtermmemoryratherthanthe stack).Theline
‘Intentional Only’ indicatesthe percentagefor the casewhenonly RDA-segmentsresultin a focus
spacebeingpushed.

OK [ NO [ Outof AP | PN
All: 199 | 74 63 158
Intentional only: | 280 | 20 63 131

The table shavs that separatingntentionalsegments(that introducenew focusspacesfrom in-

formationalclustergthatdont) makesmoreantecedentaccessibletheresultis highly significantby

the x? Test(x? = 29.47,p < 0.001).

Theresultjustshavn is expected.creatingmorefocusspacegwhich will thenbe poppedmakes
moreentitiesinaccessibleThe questionis whethertheincreasedccessibilitynalkesthe searchmore
difficult by leaving too mary distractoroonthestack.Thisis measuredby our secondnetric, perple-
ity. In thefollowing table, Baseline is the modelin which no focusspaceis ever popped;the other
modelsareasabore.

Perpleity
Baseline 3.25
All 1.22
Imm pop of emb coreand trib 1.81

Both focus stackmodelsreducethe perpl«ity with respectto the baseline;and crucially, both
the modelin which all spansare associatedvith a focus space,andthatin which only intentional
segmentsare,bring the perplity under2 —i.e.,with ary of thesemodels,anaphoriexpressionsare
on averageunambiguous.
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5.2 Different Treatments of Embedded Segments

Let us considemext the treatmenbf embeddedtoressuggestedby VeinsTheory andthe treatment
of embeddeatontritutorsderived from Fox’s hypothesis.Thefirst line in the tablebelowv shavs the
percentag®f antecedents/hich areaccessibléf we treatbothembeddedoresandembeddedon-
tributorsasdistinct Dsps / separatéocusspaceswyhich areclosedoff assoonasthey arecompleted.
The secondine shavs whathappensf we keepembeddedoreson the stackaslong asthe sgment
of which they areconstituentsemainson the stack,asdonein VeinsTheory Thethird line, finally,
theresultsif we treatembeddedontributorswithin an RDA-sggmentasremainingon the stackuntil
thesegmentis closedoff—i.e., aslong asthey are’active’ in Fox’s senseln thistablewe have ignored
both casesn which the antecedenis inaccessibldut the anaphoriexpressioris a propername,and
the 63 casesn which the antecedenis inaccessibldecausét’s notin the sameadjaceng pair (see
discussiorabove).

OK | NO
Imm pop of emb coreand trib | 280 | 20
Delay pop of emb cores 287 | 16
Delay pop of emb trib 310| 8

Thedifferencesarenot solargein this case put the correlationis still significant(y? = 6.09,p <
0.05) andin particularthereis a highly significantdifferencebetweerthe simplestmethodfor focus
stackupdate(immediatelypop embeddedegments)and the methodin which the poppingof em-
beddedcontritutorsis temporarilydelayed,and embeddedtoresremainon the stack(the 'active’
model).

Thetablebelowv shavs the impactof thesetwo changedo the treatmentof embeddedements
on perpleity.

Perpleity
Imm pop of emb coreand trib 1.81
Delay pop of emb cores 1.82
Delay pop of emb trib 1.89

As we cansee,neitherof thesetreatmentgesultsin a significantdifferencefrom the simplest
modelin which embeddedementsareimmediatelypopped.

5.3 A Simple Cache Model

We alsoconsideredh simpleversionof the cachemodelproposedn (Walker 1998). This modelsim-
ply keepsthe latestrn, discourseentitiesin the cachewhen&er anentity is referredto anaphorically
it takesthe placein the cacheof the oldestelementthere.

We tried several cachesizes(6, 10, 12, 18), but got worse balancebetweenaccessibilityand
perplity thanwith the stackmodelspreviously discussedWith a cacheof size6 we getavery good
perplity of 1.79, but lessthanhalf the accessibilityof the bestfocusstackmodel; whereaswith a
cacheof size18 we getgoodaccessibilitybut with a perpleity of 2.47 (above 2).

6 Discussion and Conclusions

We candivide the concernsaddresseth this work in two groups:which way of usingan RDA anno-
tationto testG& s's theoryof the globalfocusworksbest,andhow well the predictionsof thetheory
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areverified. A subtopicof thefirst is whetherwe canuseideasfrom RDA to make G& S's theory—and
in particular the notion of bsP—morespecific.We considerthesequestionsn turn.

6.1 RDA Analysisand Focus Stack Updates

GroszandSidners paperdoesnottell ushow we canidentify thebsps in adiscourse. In thisrespect,
ourfirstinterestingresultis thatwe getasignificantlybettercharacterizationf the attentionaktateif
we only associat@®sps with cores:i.e., if new focusspacesreonly pushedn the stackwhenanin-
tentionalrelationin the RDA sensds obsered,andnotif only informationalrelationsare. Thisresult
in asensevalidateghedistinctionintroducedby MoserandMoore,andis especiallyinterestingvhen
comparedvith Fox’s proposalgFox 1987). Accordingto Fox, informationalrelationsaffect accessi-
bility aswell (althoughFox’s studyis notconcernedvith accessibilitybut with pronominalizationas
discussedashortly). It is alsointerestingto contrastthis resultwith thoseobtainedwith VeinsTheory
(Ide andCristea2000),wherewe alsodo notfind a distinctionbetweerinformationalandintentional
relations(althoughnucleiareassigned specialrole not unlike thatof coreshere).

6.2 Evaluating Grosz and Sidner’s Theory

If we usethe RDA annotationschemeasa guideto identifying bsps in the sensgust discussedall
focusstackupdatemethodswve considereatlearlyreducehe perpleity of anaphoriexpressionsand
evenwith the versionwhich keepsembeddedaontributors on the stackuntil the intentionassociated
with the coreis achiered, we still find a perplity lower than2. And even the simplestway of
usingRDA segmentsto drive focusstackupdate(immediatepop)leadsto a versionwith areasonable
performancerom the point of view of accessibilityaswell: just 20 anaphoricantecedentsut of
stack,andaperpleity of 1.81.

However, the bestcompromisebetweenaccessibilityandperpleity is obtainedwhenembedded
coresstayon the stack,andembeddeaontritutorsareonly poppedvhenan RDA-segmentis closed.
If we adoptthe versionof the mappingaccordingto which embeddedontritutors stayon the stack
until the RDA-segmentto which they belongis completed,only 8 anaphoricexpressionshave their
antecedenbutsidethe currently openfocus spaces.Of these five are casesf definite descriptions
that might be viewed as referring deictically to partsof the circuit, oneis a cataphoricdiscourse
deixis, oneis a temporaldeixis (at this point), andoneis an expressiorwhoseinterpretations very
ambiguous.In otherwords, adoptingtheserulesfor openingand closingfocusspacesyirtually all
anaphoria@antecedentareaccessible.

Theproblemis thatthis methodfor focusstackupdatejnspiredby Fox’s notionof 'active’ propo-
sition and by Veins Theorys view of ‘core percolatiori, canonly with difficulty be reconciledwith
theideathatthefocusspacds astack. Leaving thesefocusspace®penmeanghatthe attentional
statecannotbe properly seenasa stackarymore, but hasto be seenasa sort of list, sincethereis
no guaranteehatthe focusspaceassociatedavith the corewill bethelastelementon the stack. Fig-
ure4 shavs anexamplein whichit is necessaryo leave theembeddedontritutor 24.13-24.1%knthe
stack,in orderto solvethe“other” voltage to someothervoltage; attheendof theseggment thisfocus
spacehasto beremoved while leaving the focusspacefor the coreon top of the stack. Furthermore,
assaidearlier in the caseof Figure 1 we needeitherseriesof popsandpushespr a ‘discontinuous
focusspace’to make the embeddedontritutor accessiblavithout eliminatingthe principle thatnew
entitiesareaddedo thefocusspaceon top of the stack.
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24.13a SinceS52putsareturn(0 VDC) onit’s outputs

24.13b whenthey areactive,

24.14 theinactive statemustbe someothervoltage.

24.15 Soeventhoughyou maynotknow whatthe”other” voltageis,
24.16 youcantestto ensurehat

24.17a theactve pinsare0 VDC

24.17b andall theinactive pinsarenot0 VDC.

Enable
criterion:act

Enable Concede
criterion:act
cause:mental-effect

24.14 24.15 24.16

/ \effecl:cause
24.13a 24.13b
contrastl:
contrast2

24.17a 24.17b

Figure4: A contrikutor thatprecedeshecore

6.3 A CacheModd?

As saidabove, thecomplicationsabore suggesthata cachemightbea morenaturalmodelof theway

accessibilityworks. However, we alsosaw thatif we replacethe focusstackwith a cachecontaining
discourseentities,asin the model proposedoy (Walker 1998), we get worseresultsthan with the

stackmodels.We areexperimentingwith modelsin whichtheelementof thecachearefocusspaces,
whichis alsocompatiblewith theideasdiscussedn (Walker 1996).

7 Related Work

7.1 Fox

Fox (1987),althoughonly concernedvith referenceso singularandhumanantecedentds perhaps
the mostextensie studyof the effectsof discoursestructureon anaphoran bothspolenandwritten
discourseskFox usedifferentmethoddor analyzingthetwo genres:sheusesconceptdsrom Corver
sationAnalysis,andin particularthe notionof Adjaceng Pair, for spolen corversationsandRsT to
analyzewritten texts. Her mainproposakboutwritten texts is asfollows:

A pronounis usedto referto a personif thereis a previous mentionof thatpersonin a
propositionthatis ACTIVE or CONTROLLING; otherwiseafull NP is used.

(Wherea propositionis ACTIVE if it's part of the sameRrsT schemeasthe propositionin which the
pronounoccurs;whereas propositionis CONTROLLING if it's partof a schemevhich dominateghe
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schemeén whichthe pronounoccurs.)

Fox's proposalsoncerningoronominalizatiorapply lesswell to referenceso objects(andeven
in her corpusthereare mary referencegor which the hypothesisabose would licencethe useof a
pronounareactuallyrealizedby a definiteNP, which sheexplainsby arguingthatthe principleabove
is only one of mary interactingprinciplesthat determinethe realizationof a NP); neverthelessshe
makes a lot of compellingpointsaboutstructure. In particular shemakesit very clearthat active
propositionsshouldbe accessibldor aslong asthe schemds open;andproducessereral examples
shawving that materialintroducedin active embeddedhucleiis accessibleFox didn't find references
insideactve embeddedatellites(but thenagainnoneof theseis madevia a pronounin our corpus).
In addition,our studysuggestshatpropernameshehae differentlyfrom definitedescriptionsn that
theformeraremuchlesssensitve to discoursestructurethanthe latter, sothetwo classeshouldnot
be conflatedik e Fox does;andnot separatingnformationalrelationsfrom intentionalonesrestricts
too muchtherangeof accessiblantecedentsvenif it maybe correctasfaraspronominalizatioris
concerned.

7.2 VensTheory

Veins Theory (vT) (Cristeaet al. 1998, 2000; Ide and Cristea2000) is a recentlyproposedheory
of the effect of discoursestructureon anaphoricaccessibility which relieson RsT for its definition
of discoursestructure,and whosepredictionshave beentestedusing an RST annotatedcorpusof
newspaperexts (Cristeaet al. 2000). The propositionsaccessibldo an anaphoricexpressionsare
computeddy analgorithmthatoperateslirectly overanRsT treeandinvolvestwo steps:a bottomup
stepin whichthe'heads’of eachnodein thetreearecomputedwheretheheadof anon-terminahode
is theconcatenationf the headf its nucleardaughtersjollowed by atop-davn computatiorof the
VEIN EXPRESSIONS. Thecrucialideaof vT is thatmaterialintroducedin nuclearnodespercolates
up’ veins,whereveinsarepathsin thetreeall of whosearcsconnectnuclearnodesithe antecedents
introducedin ary nodealongthe vein areaccessibldrom all the nodesof the subtreewhich hasthe
top of theveinto whichthatnodebelongsasits root. Theseconddeaof thetheoryis thatantecedents
introducedn asatellitenodeto theleft of anucleusemainaccessibléo all nodescontrolled(in Fox’s
sensehy thatnucleus.

In somerespectsthe proposalpresentedherecanbe viewed asa generalizatiorof the proposals
of vT: thematerialintroducedn coreconstituentgpercolatesip in a similar way, but we alsoallow
antecedentmtroducedby embeddedaontritutorsto the right of the nucleusto be accessiblaslong
asthesecontrikutorsareactive (in vT, only binarytreesareconsidered).

The onepoint of contrastbetweerthe two theoriesis thatin our proposalwe do not considerall
nuclei,but only thenucleiof intentionalrelations.We have seernthattreatinginformationalrelationsas
introducingfocusspacesnakesa big differencein termsof accessibility the differenceis significant
evenif we allow theseadditionalrelationsto remainopenaslong asthe dominatingrelationis open.
The crucial casedistinguishingthetwo theoriesaretreeswith the structurein Fig 5: in ourtheoryX
would be availableasanantecedentf Y, whereasn VeinsTheoryit wouldnt.
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