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Discourse Structure and Anaphora: an
Empirical Study

Abstract

One of the main motivationsfor studyingdiscoursestructureis its effect on the searchfor
the antecedentsof anaphoricexpressions.We testedthe predictionsin this regardof theories
assumingthat the structureof a discoursedependson its intentionalstructure,suchasGrosz
andSidner’s theory. Weusedacorpusof tutorial dialoguesindependentlyannotatedaccording
to RelationalDiscourseAnalysis (RDA), a theoryof discoursestructuremerging ideasfrom
GroszandSidner’s theorywith proposalsfrom RhetoricalStructureTheory(RST). Usingasour
metricstheaccessibilityof anaphoricantecedentsandthereductionin ambiguitybroughtabout
by a particulartheory, we foundsupportfor MoserandMoore’s proposalthatamongtheunits
of discourseassumedby anRST-like theory, only thoseexpressinganintentional‘core’ (in the
RDA sense)shouldbeviewedasconstrainingthesearchfor antecedents;unitsonly expressing
informationalrelationsshouldnot introduceseparatefocusspaces.Wealsofoundthatthebest
compromisebetweenaccessibilityandambiguity(’perplexity’) reductionis a modelin which
the focus spacesassociatedwith embeddedcoresand embeddedcontributors remainon the
stackuntil theRDA-segmentin which they occuris completed,anddiscusstheimplicationsof
this finding for a stack-basedtheory.

1 Introduction

Oneof the main motivationsfor studyingdiscoursestructureis its effect on the searchfor the an-
tecedentsof anaphoricexpressions.Therecentdevelopmentof morereliableannotationtechniques,
andtheincreasedavailability of corporaannotatedfor discoursestructure(Carlettaetal. 1997;Moser
etal. 1996;Marcu1999),havemadeit possibleto subjecttheclaimsof seminaltheoriesabouttheim-
pactof discoursestructureon anaphorasuchas(Reichman1985;GroszandSidner1986;Fox 1987)
to rigorousempirical testing. Quite a lot of this work hasfocusedon studyingthe claimsof theo-
riesbasedonRhetoricalStructureTheory(RST) (MannandThompson1988)–see,e.g.,(Cristeaetal.
1998,2000;Ide andCristea2000)).1 Our aim in this work wasto studythe claimsof theoriesthat
hypothesizea tight connectionbetweenthespaceof anaphoricantecedentsandintentionalstructure,
thebestknown amongwhichbeingthetheoryproposedby GroszandSidner(1986).

EvaluatingGroszandSidner’s theoryusedto bea problem,becausealthoughit hasoriginateda
codingmanual(Nakataniet al. 1995)thathasbeenusedat leastonce(Nakatani1996),asfar aswe
know thereis no sizeablecorpuscodedaccordingly. However, recentproposalsconcerningthemap-
pingbetweenrhetoricalstructureandintentionalstructure(MoserandMoore1996b)have resultedin
thedevelopmentof RelationalDiscourseAnalysis(RDA) (MooreandPollack1992;MoserandMoore
1996b),a theoryof discoursestructuremerging ideasfrom RST with ideasfrom GroszandSidner’s
theory. This theoryhasservedasthebasisfor a codingschemewhich hasbeenusedto producecor-
poracontainingtexts annotatedwith their intentionalstructure,aswell asotherstructuralproperties
of the type hypothesizedin RST. Thesecorporacanbe usedto investigatethe claimsof Groszand

1Theclassicstudyby Fox (1987)alsousedRST to analyzethestructureof written texts, but Fox couldn’t make useat
thetime of standardresourcesannotatedin a reliableway.
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Sidner’s theory, aswell astherelationbetweentheir view of theconnectionbetweendiscoursestruc-
tureandanaphoraandviews basedon RST, suchasFox’s or VeinsTheory. TheSherlockcorpusof
tutorial dialoguescollectedat theUniversity of Pittsburgh andsubsequentlyannotatedaccordingto
RDA is particularlywell suitedfor thesepurposes.

In thispaper, wefirst briefly review GroszandSidner’s theoryandRDA, anddiscusshow anRDA

analysiscanbe usedto analyzeclaimsaboutanaphora.We thendiscusshow we investigatedsuch
claims: our evaluationmetrics,our corpus,our annotationmethods,andhow we usedtheannotated
corpusto computingthe metrics. In the next sectionof the paper, we discussfirst of all the results
we obtainedby assumingthesimplestview of themappingbetweenintentionalstructurein thesense
of RDA andfocusstackoperations;in particular, we discusstheconsequencesof themoredistinctive
aspectof RDA, thedistinctionbetweenintentionalandinformationalrelations.Wethenexaminelook
atmorecomplex waysof mappingintentionalcoresinto GroszandSidner’s DSPs –in particular, how
embeddedsegmentsof differenttypesshouldbetreated.

2 Background

2.1 Grosz and Sidner’s Theory

As GroszandSidner’s (G& S) theoryis well-known, we only give a quick summaryof its mainideas
here.Accordingto G& S, thestructureof a discourseis determinedby the intentionsthat thepeople
producingit intendto convey, or DISCOURSE SEGMENT PURPOSES (DSPs).2 In acoherentdiscourse,
all of theseDSPs arerelatedto form an INTENTIONAL STRUCTURE by eitherdominance relations
(in casea particular DSP is interpretedas contributing to the satisfaction of anotherintention) or
satisfaction-precedes relations(whenthesatisfactionof an intentionis a preconditionfor thesatis-
factionof asecondone).

Anaphoricaccessibilityof entitiesin a discourseis modeledby its ATTENTIONAL STRUCTURE,
which,accordingto GroszandSidner, is astackof FOCUS SPACES. G& S proposethatwhenasegment
is open,its correspondingfocusspace,which includesthediscourseentitiesintroducedin that seg-
ment,is pushedontothefocusstack;whenthesegmentis closed,thefocusspaceis popped,andthe
discourseentitiesassociatedwith thatfocusspacearenotaccessibleany more.A furtherhypothesisof
G& S is thatthepushingandpoppingof focusspaceson thestackreflectstheintentionalstructure,in
thesensethatanew focusspaceis pushedon thestackwhenever thediscourseintroducesa new DSP

subordinateto thepresentone,andthefocusspaceof thecurrentis poppedwhenever theassociated
DSP is satisfied.

Thisclaimaboutanaphoricaccessibilitywasillustratedin theoriginalpaperwith afew examples;
however, asfar aswe know, it hasnot beenempirically tested. Part of theproblemis that thereare
no guidelinesabouthow to identify theDSPs in adiscourse.Our purposeis thereforetwofold: to test
G& S’s claims(with respectto a certaingenreanddomain),but alsoto usethe insightsgainedfrom
work on RDA to clarify thenotionof DSP.

2.2 Relational Discourse Analysis

RelationalDiscourseAnalysis(RDA) (MooreandPollack1992;MoserandMoore1996b)is asynthe-
sisof ideasfrom GroszandSidner’s theory(GroszandSidner1986)andRhetoricalStructureTheory

2Thereasonfor thenameis thatGroszandSidnerproposethat the ‘discoursesegments’of discourseanalysisarebest
seenastheportionsof a discourseconcernedwith thesatisfactionof a givenintention.
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(RST) (Mann andThompson1988). RDA inheritsfrom GroszandSidner’s work the ideathat dis-
coursestructureis determinedby intentionalstructure:eachRDA-segmentoriginateswith anintention
of thespeaker. But RDA-segmentsarealsolike RST spans,in that they have additionalstructure,in
two respects:they aregenerallyassociatedwith relations;andtheir constituentshave differentstatus.

Accordingto RDA, all constituentsof a discourseareconnectedby relations,of which thereare
two types: INFORMATIONAL relationsthat expressa connectionbetweenfactsand events’in the
world’ (suchascausalandtemporalrelations)and INTENTIONAL onesthat expressa discoursein-
tention(suchasevidenceor concession).While a similardistinctionis alreadymadein RST between
SUBJECT-MATTER andPRESENTATIONAL relations((MannandThompson1988),p. 18), in RDA the
distinctionhasfurther significanceit that only spansof discoursetied by intentionalrelationsform
properRDA-SEGMENTs (in thesensethat they restrictanaphoricaccessibility).3 Eachsuchsegment
consistsof oneCORE, i.e., thatconstituentthatmostdirectly expressesthespeaker’s intention,4 and
any numberof CONTRIBUTORS, the remainingconstituentsin the segment,eachof which playsa
role in servingthepurposeexpressedby thecore(e.g.,they mayconvey informationmeantto support
thepropositionexpressedby thecore).Thedistinctionbetweencoreandcontributor is of coursere-
latedto thedistinctionbetweennucleusandsatellitein RhetoricalStructureTheory(RST) (Mannand
Thompson1988),accordingto which in each“segment” (‘text span,’ in RST) onecomponentshould
beidentifiedasthe’main’ one,andtheothersassecondary. However, in RST thereis adistinctionbe-
tweennucleusandsatellitefor all RST subordinatingrelations,whereasin RDA acoreandcontributors
areonly identifiedif asegmentpurposehasbeenrecognized–i.e.,only for RDA-segments.

A distinguishfeatureof RDA is thatin RDA-segments,eachcontributor is linkedto thecoreby one
intentionalrelationandoneinformationalrelation,aswe will seein a moment.This is unlike RST,
in which only a singlerelationcanobtainbetweennucleusandsatellite;this changewasproposedin
(MooreandPollack1992).MooreandPollackarguethatin exampleslike (1):

(1) a. GeorgeBushsupportsbig business.

b. He’ssureto vetoHousebill 1711.

the two units canbe viewed asbeingrelatedby both an intentionalevidence relation(with b asa
nucleus,andaasasatellite)andaninformationalvolitional cause one.Furthermore,they arguedthat
whereasMannandThompsonclaimedthatonly onerelationhadto bechosenin suchcases(which
they observed),preservingbothrelationswasin factnotonly usefulto avoid conflicts,but necessary,
to accountfor theflow of inferencebothfrom aninterpretationandfrom agenerationpointof view.5

In RDA, segmentconstituentsmayin turn beotherembeddedsegments,or simplerfunctionalel-
ements.TheseelementsmaybeeitheratomicUNITS, i.e., descriptionsof domainactionsandstates,
or CLUSTERS. Clustersarespansthatonly involve constituentslinkedby informationalrelations;no
core:contributor structureexists, but they canthemselvesbe embedded.Note, however, that when
the intentionalstructureends– ie, the innermostsegmentis identified— the text maystill analyzed

3A similardistinctionis alsomadein ‘structured’versionsof DiscourseRepresentationTheorysuchasCRT (Poesioand
Traum1997),in which temporalandcausalrelationsbetweeneventsarepartof thepropositionsexpressedby speechacts,
whereasa secondcategory of relationsrelatesthespeechactsto eachother.

4Thecoremaybeimplicit: thecoreof ananswer, for example,oftenturnsout to bethepresuppositionof thequestion.
5It might bearguedthatoncetheunitsof discourseareanalyzedin greaterdepth,distinguishingbetweentheir proposi-

tional contentandtheir force, informationalrelationsandintentionalrelationsmaybeseenasrelatingentitiesat different
levels of analysis(e.g.,describedeventsvs. propositionsvs. speechacts). Keepin mind however that we areprimarily
concernedherein RDA asatool for corpusanalysis;andfrom anannotationperspective,it is oftenagoodideanotto attempt
distinctionsbetweenentitiessuchasevents,propositions,andspeechacts.As aresult,markingbothinformationalrelations
andintentionalrelationsasrelationsbetweendiscourseunitscanbeviewedasa usefulway of simplifying theannotator’s
task.
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1.1 Beforetroubleshootinginsidetheteststation,
1.2 it is alwaysbestto eliminateboththeUUT andTP.
2.1 Sincethetestpackageis movedfrequently,
2.2 it is proneto damage.
3.1 Also, testingthetestpackageis mucheasierandfaster
3.2 thanopeningup teststationdrawers.

1.1 1.2 2.1 2.2 3.1 3.2

step1:step2
Cause:effect

prescribed-act:
wrong-act

Enable

Act:Reason
Act:Reason

Convince
Convince

Figure1: A tutorial excerptandits RDA analysis

in termsof embeddedclusters,but no clustercanbesuperordinateto anintentionalsegment.Unlike
G& S’s theory, 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 bedomaindependent.In theSherlockcorpus,23 informationalrelations
areused,of which 13 pertainto causality(they expressrelationsbetweentwo actions,or between
actionsandtheir conditionsor effects)(Moseretal. 1996).

Figure1 shows a smallexcerptfrom oneof thedialoguesin theSherlockcorpus(UUT is “Unit
undertest”, TP is “test package”),andits RDA analysis. The analysischaracterizesthe text asan
RDA-segmentwhosecorespans1.1and1.2.Thissegmenthastwo contributors,spanning2.1and2.2,
and3.1and3.2,respectively. (Graphically, thecoreis signaledastheelementat theendof thearrow
whoseorigin is thecontributor; moreover, the link is marked by two relations,intentional(in bold),
and informational.) In this case,the two contributors carry the sameintentionaland informational
relationsto the core,but this doesn’t needto be the case.The coreandthe secondcontributor are
further analyzedas informationalclusters,whereasthe first contributor is recognizedashaving its
own intentionalstructure.6 Clustersaremarkedby oneinformationalrelation,but not by intentional
relations.( In RST, thestructurewould presumablybethesame,althoughno doublerelationswould
exist, and every relation would have directionality: i.e., for every relation one relatumwould be
consideredasthenucleus,theother(s)asits satellites.We will comebackto theanalysisof the text
accordingto G& S in thenext section.)

6Accordingto themanualusedfor theannotation(Moseret al. 1996),anenable relationholds“if thecontributor [2.1]
providesinformationintendedto increasethehearer’sunderstandingof thematerialpresentedin thecore,or to increasethe
hearer’s ability to performtheactionpresentedin thecore.” (p. 6).
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2.1

2.2

1.1

1.2

3.1

3.2

Figure2: G& S analysisfor thetext in Fig. 1 on thebasisof theproposedmappingof RDA-segments
into G& S segments.

3 Questions Addressed in This Study

3.1 Using an RDA-annotated corpus to evaluate intentional theories

In order to usean annotationbasedon RDA to evaluateGroszandSidner’s claimsaboutthe effect
of discoursestructureon the searchfor anaphoricantecedents(Moser and Moore do not propose
modificationsto GroszandSidner’s theory in this respect)we have to specify how RDA structure
drivesfocusstackconstruction.In GroszandSidner’s theory, thepushingandpoppingof focusspaces
is drivenby theintentionalstructure:anew focusspaceis pushedonthestackwhenever thediscourse
introducesa new DiscourseSegmentPurpose(DSP) subordinateto the presentone,andthe current
focusspaceis poppedwhentheassociatedDSP is satisfied.BecauseRDA analysesof adiscourseinto
segmentsarealsobasedonanotionof intentionderivedfrom GroszandSidner, averysimple(in fact,
possiblytoo simple)way of specifyingfocusspaceupdatein termsof RDA structurecanbederived
from the following partial mappingbetweenRDA notionsandG& S’s intentionalstructureproposed
by MoserandMoore:

1. We only have a DSP whenwe encounteran intentionalsubstructure:i.e., every DSP mustbe
associatedwith acore.

2. Constituentsof the RDA structurethatdo not includecores- i.e., clusters(seeabove) - do not
introduceDSPs.

Thefirst principlemeansthata new focusspaceshouldonly bepushedon thestackwhena coreis
recognized;i.e., only RDA-segments(discoursespansexpressingan intentionalrelationwith a core
andoneor morecontributors)arealsosegmentsin the G& S sense.Thesecondprinciplestatesthat
discoursespansonly connectedby informationalrelations(clusters)donotaffect theattentionalstate.

Thesegmentstructurethatwewouldderive from theRDA analysisin Figure1 by following these
principleswould be as in Figure2. Becauseinformationalrelationsby themselves don’t give rise
to intentionalsegments,the informationalclusters1.1-1.2and3.1-3.2arenot identifiedassegments
in the senseof GroszandSidner: i.e., no new focusspaceis pushedon the stackin this case. In
particular, theunembeddedcorein 1.1-1.2is not treatedasaseparatefocusspaceevenif it constitutes
acluster, sinceit expresses(partof) theDSP associatedwith theoverall RDA-segment.

The claim that only intentionalrelationsresult in new focusspacesbeingpushedon the stack
alreadyresultsin differentpredictionsconcerningthesearchfor anaphoricantecedentsthananalyses
similarly basedon RST-like repertoiresof relations,but in which all subordinatingRST relationsare
takento limit accessibility. This is thereforethefirst interestingclaim to test.
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3.2 Embedded Segments and The Relation between G& S’s Theory and Other Theories
of Anaphoric Accessibility

An RDA-styleanalysisassignsto a discoursea muchmoredetailedstructurethantheonewe would
expect to seeon the basisof GroszandSidner’ ideas. In RDA, eachclauseis treatedasa distinct
discourseunit, whereasin a G& S-styleanalysis,multiple sentencesareoftenchunked togetherwith-
out any specificrelationsbetweenthem. Furthermore,G& S make no distinctionbetweencoresand
contributors,andonly allow two intentionalrelations,whereasin RDA many typesof intentionalre-
lationsarepossible.This wealthof informationis botha problemandanopportunity. A problemin
that even if we only considerRDA segmentsascandidatesfor segmentsin the G& S sense,we still
have a numberof possiblecandidatesfor DSP statusto choosefrom. (NoticethatMoserandMoore’s
principlesleave openthe possibility that not all RDA segmentsareassociatedwith a distinct DSPs,
hencethat themappingfrom G& S-segmentsto RDA-segmentsis not 1:1.) An opportunityin thatwe
cancompareGroszandSidner’s claimswith claimsmadewithin theRST framework, asalreadyseen
above.

Theissuewefocusedonin thisstudyareembeddedsegments.MoserandMoorethemselvesraise
thequestionof how to treatembeddedcores– spansof text that,while expressingtheDSP of anRDA-
segment,have in turn the complex structureof an RDA-segment. MoserandMoore do not analyze
this problemin detail; but severalexamplesin which theantecedentof a pronounis containedin an
embeddednucleus,andthisnucleusexpressesanintentionalrelation,arediscussedby Fox (1987)(p.
101), andin practice,we found a numberof suchcasesin the Sherlockcorpus. A relatedissue,
not raisedbeforein the RDA literature,is how embeddedandnot embeddedcontributors shouldbe
treatedTheissueof embeddedsegmentsis of interestfrom thepointof view of G& S’s theory, bothin
that it canshedsomelight on thenotionof DSP, andbecauseit raisessomequestionsaboutwhether
theattentionalstatereallyworksasastack.

The issueof embeddedsegmentsis also interestingasa way of comparingG& S’s claimswith
Fox’sclaimthatit is entitiesin ‘active’ or ‘controlling’ propositionsthatareaccessiblefor pronominal
reference.7 Thisclaimcanbereformulatedin focusstacktermsassuggestingthatsubordinatedfocus
spacesassociatedwith thecontributors in an RDA-segmentarenot immediatelypopped,but stayon
thestackuntil the RDA segmentof which they area part is completed.(For example,in thecasein
Figure1 and2, shouldsegment2.1-2.2bepoppedassoonaswe aredoneprocessingit, or shouldit
remainon thestackuntil thewhole RDA-segmentis over, given that it participatesin the intentional
relationthatdeterminesthesuperordinatesegment?)

Embeddedcoresarealsoa goodtopic of comparisonbetweenG& S’s theoryandVeinsTheory.
AlthoughVT is formulatedin RST terms,it canbeinterpretedasstatingthattheantecedentsintroduced
in RDA segmentsthatarethemselvescoresof superordinatesegmentsremainon thestackevenafter
the RDA-segmentof which they area part is completed.So,for example,theantecedentsassociated
with the main RDA segmentin Figure1–thoseintroducedin discourseunits 1.1, 1.2, 3.1, and3.2–
would remainon thestackif this segmentwasin turn thecoreof anembeddingsegment.

3.3 Stacks Versus Caches

A further reasonwhy theissueof embeddedsegmentsis interestingis thatwhile Fox’s hypothesisis
not entirely incompatiblewith G& S’s views (embeddedcontributorscould be seenasbeingrelated
by a satisfaction-precedes relation) it doesstretchthe sensein which the attentionalstatecanbe

7A propositionis ACTIVE if it’ spartof thesameRST schemeasthepropositionin which thepronounoccurs;whereasa
propositionis CONTROLLING if it’ spartof a schemewhich dominatestheschemein which thepronounoccurs.
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interpretedasa ‘stack’. In a discoursewith the structurein Figure1, for example,in orderfor the
contributor 2.1-2.2to stayon thestackwhile processing3.1-3.2,while at thesametimeensuringthat
thematerialin 3.1-3.2updatestheappropriatefocusspace(theonewhichwasintroducedto storethe
materialin 1.1-1.2–seeFigure2), we needto assumefairly complex sequencesof stackoperations.
Moreprecisely, weneedto hypothesizethatwhensegment2.1-2.2is completed,theorderonthestack
of thefocusspacesfor 1.1-1.2and2.1-2.2is temporarilyreversed,which requirestwo popsandtwo
pushes.While G& S themselvesassumeauxiliarystacksandthelike, it is clearthatthemorecomplex
theoperations,thelessattractive themodel.

Theobviousquestionis whethertheseproblemsdisappearwhenthestackis replacedwith amodel
of theattentionalstatelike thatproposedin (Walker 1996,1998). Walker claimsthat theattentional
stateis bestviewedasacacheratherthanasastack.Herproposalis motivatedby threeproblemswith
thestackmodel. First of all, sheargues,thestackmodelcannotexplain why the sizeof embedded
segmentsappearsto affect theaccessibilityof antecedentson thestack.Sheexemplifiesthispoint by
meansof thecontrastbetween(2) and(3) . ((Walker1996),p. 256,DialoguesA andB.) In (2) (which
is part of the transcriptof a call to a radio show aboutfinancial advice(Pollack, Hirschberg, and
Webber, 1982),theinterruptionin b.-d. by theradioshow host(H) doesn’t seemto make theprevious
segmentinaccessible:caller C canrefer in e. to an entity (the daughter)introducedjust beforethe
interruptionwith apronoun.However, thelessacceptable(3) seemsto indicatethatthefelicitousness
of suchcontinuationsdependson the lengthof the interveningsegment. In this modificationof the
previousexample,whereafurtherquestion/answerpairhasbeenadded,thecontinuationis muchless
felicitous,whereasaccordingto thestackmodel,theattentionalstatewhile processing(3g)is identical
with theattentionalstatewhile processing(2e).

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

b. H: I missedyourname.

c. C: Hank.

d. H: Go aheadHank

e. C: aswell asherhusband

f. They have a child

g. andthey bring thechild to usevery dayfor babysitting.

(3) a. C: Ok Harry, I’m have a problemthat uh my-with today’s economymy daughteris
working,

b. H: I missedyourname.

c. C: Hank.

d. H: Is thatH A N K?

e. C: Yes.

f. H: Go aheadHank

g. C: aswell asherhusband

h. They have a child

i. andthey bring thechild to usevery dayfor babysitting.

The secondphenomenonthat,accordingto Walker, is not easyto explain with a stackmodelis the
functionof Informationallyredundantutterances(IRUs). Theseareutterancesthat”... realizepropo-
sitionsalreadyestablishedasmutuallybelieved in thediscourse”(Walker 1996,p. 257). According
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to Walker, the fact that they arereintroducedmeansthat they arenot in factaccessible;the function
of IRUs, then,is to put themback(on thecache).

Walker’s third pieceof evidenceagainstthestackmodelis thefactthatCFsareoften’carriedover’
segmentboundaries:this suggeststhat the antecedentsintroducedin a segmentdo not immediately
disappearwhenthatsegmentis concluded,aswewouldexpectif thecorrespondingfocusspacewere
popped,but stayon until they have beenreplaced,asit happensin acache.

In (Walker 1996),it’s not clearwhatshouldbethecontentsof cacheelements;in (Walker 1998),
however, it is suggestedthat thecacheshouldcontainthe b discourseentitieswhich hasbeenmen-
tionedmorefrequentlyrecently.

4 Methods

4.1 Evaluation Metrics

As saidabove, the reasonwhy modelsof discoursestructurehave beenstudiedin connectionwith
anaphoraresolution(andgeneration)is thatthey claimto restrictthesearchfor anaphoricantecedents.
The‘goodness’of aparticularmodeldependsthereforeon two measures:

c accessibility:whethertheantecedentof ananaphoricexpressionis on thestackat themoment
theanaphoricexpressionis encountered;

c ambiguity:how many distractorsareon thestackat themomentthatexpressionis encountered
- i.e.,how restrictive thefocusstackupdatemechanismis.

Theseis an obvious tensionbetweenthe two measures:we canmake all antecedentsaccessibleby
leaving themall on thestack,andwe canmake ananaphoricexpressioncompletelyunambiguousby
not keepinganything in thestack.The’best’ modelwill be thereforetheonewith thebesttrade-off
betweenthesetwo measures.In orderto evaluatetheextentto which thedatasupporta theoryof the
attentionalstatelike thefocusstacktheory, we needto computebothof thesemeasures.

Theaccessibilityof ananaphoricantecedentis simpleto measure.Our measureof theambiguity
of ananaphoricexpressiond is morecomplex, anddependsonboththenumberof entitiesonthestack
thatmatchit, andthe(inverseof) thedistancebetweentheseentitiesandtheanaphoricexpression(a
matchingantecedentfurtheraway will be lessof a distractor, sinceaccordingto GroszandSidner, a
closerantecedentwill bepreferred).Wecall thismeasurePERPLEXITY:

e�fVg(h[ijfVk[lnmIoqp dsrSt�u1vxw p b�yzdsr p {|�}�~n��� v����z��v%� �(� r
where b is the numberof elementson the stack; w p b�yzd�r = 1 if discourseentity b matchesd (see
below), and0 otherwise;and � l��Lm d	b�� f	p b�yzd�r = 1 if discourseentity is in thesamefocusspaceas d , 2
if in thepreviousfocusspace,etc.

4.2 The Corpus

Whatwe call theSherlockcorpusis a collectionof tutorial dialoguesbetweena studentanda tutor,
collectedwithin theSherlockproject(Lesgoldet al. 1992).Thecorpusincludesseventeendialogues
betweenindividual studentsandoneof 3 experthumantutors,for a totalof 313turns(about18 turns
perdialogue),and1333clauses.Thestudentsolvesanelectronictroubleshootingprobleminteracting
with theSherlocksystem;then,Sherlockreplaysthestudent’s solutionstepby step, criticising each
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step.As Sherlockreplayseachstep,thestudentscanaskthehumantutorsfor explanations.Student
andtutorcommunicatein written form.

TheSherlockcorpuswaspreviouslyannotatedusingRDA to studycuephrasesgeneration(Moser
andMoore 1996a;Di Eugenioet al. 1997). The researchgroupwhich proposedRDA discussesthe
following reliability results(MoserandMoore 1996a). 25% of the corpuswasdoubly coded,and
the � coefficient of agreementwascomputedon segmentationin a stepwisefashion.8 First, � was
computedon agreementat the highestlevel of segmentation.After � wascomputedat level 1, the
codersresolvedtheir disagreements,thusdetermininganagreeduponanalysisat level 1. Thecoders
thenindependentlyproceedto determinethesubsegmentsat level 2, andsoon. Thedeepestlevel of
segmentationwas5; the � valueswere.90,.86,.83,1, and1 respectively (from level 1 to 5).

The Sherlockcorpuswasconvertedinto an XML format for the presenttests. A portion of the
annotationof theexamplein Figure1 is shown below.

<rda-relation id="jg1-06-04-09-g" type="intentional">
<core id="jg1-06-04-05-g" type="seGment">
<rda-relation id="jg1-06-04-05-g-dupl" type="cluster">

<cue id="jg1-06-04-c" type="temporal">Before</cue>
<first id="first_jg1-06-04-05-r">
<action id="jg1-06-04-a">

troubleshooting inside the test stations</action>
</first>
<second id="jg1-06-04-05-r" info-rel="step2-step1">
<matrix id="jg1-06-05-m">
it is always best

<action id="jg1-06-05-a">to eliminate both the UUT and
TP</action>

</matrix>
</second>

</rda-relation>
</core>
<contributor id="jg1-06-04-07-r" inten-rel="convince"

info-rel="act-reason">
<rda-relation id="jg1-06-06-07-g" type="intentional">

.....
</rda-relation>

</contributor>
<cue id="jg1-06-08-c" type="sequence">Also</cue>
<contributor id="jg1-06-04-09-r" inten-rel="convince"
info-rel="act-reason">
<rda-relation id="jg1-06-08-09-g" type="cluster">

....
</rda-relation>

</contributor>
</rda-relation>

Figure3: A portionof theannotationof theexampleFig. 1

4.3 Anaphora Annotation

We annotatedabouthalf of theSherlockcorpusfor anaphoricinformation,usinga muchsimplified
versionof the annotationschemedevelopedby the GNOME project(Poesio2000b),which is based
on the MATE meta-scheme(Poesioet al. 1999). More specifically, we marked eachNP in the cor-
pus, specifiedits NP type (propername,pronoun,the-np, indefinite NP, etc) and its grammatical
features(person,gender, number),andthenwe markedall ‘direct’ anaphorsbetweentheseNPs (i.e.,

8It is unknown to uswhether� wasalsocomputedonclusters,andon thespecificinformationalrelationsused.
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no bridges).This schemehasgoodresultsfor agreement(Poesio2000a)andhasalreadybeenused
for studyinganaphoricaccessibility(Poesioet al. 2000). We annotateda total of 1549NPs, 507 of
whichwereanaphoric.

Oneproblemwehadtoaddresswasthatin theRDA annotation,only tutorturnshadbeenannotated
(becausethestudents’questionsarevery short),but many of theantecedentsof anaphoricreferences
in the corpuswerediscourseentitiesintroducedin the precedingstudentturn askingthe question.
Following Fox, we includedthefirst elementsof suchadjacency pairs(thestudentturns)apartof the
accessibilityspacefor anaphoricexpressionsin thetutorturnTodothis,weenclosedeachstudentturn
in aspecialstudent-turn element,markedtheNPs it contained,andmadethisturnby associating
with thestudentturnaspecialfocusspacewhichwouldbeonthestackwhenprocessingthetutorturn.
The antecedentsintroducedin turnsfurtheraway–e.g.,in ‘tied’ adjacency pairs(Fox 1987)–arenot
available;wecountedtheanaphoricexpressionswhoseantecedentwasunaccessiblefor thesereasons
andfactoredthemout.

A largeproportionof theanaphoricexpressionswhoseantecedentis not on thestackareproper
names.Becausetheseexpressionscanbearguednot to accessthestackto find their antecedent,we
alsocountedthemseparately.

4.4 Computing Accessibility and Perplexity

We evaluatedthedifferentproposalsconcerningtheextractionof availableantecedentsfrom anRDA

structureby runningascriptover theannotatedcorpusthatsimulatesfocusspaceconstructionaccord-
ing to eachhypothesis(we discusstheinterpretationof themethodsin thefollowing section).When
theevaluationscriptencountersananaphoricexpression,it attemptsto find its annotatedantecedent
in thefocusspacesthatareon thestackaccordingto thechosenstackupdatemethod.

In order to measureperplexity, the script also attemptsto find all antecedentsthat matchthe
anaphoricexpression(DISTRACTORS). The searchfor distractorsdependson the type of anaphoric
expressionandis basedonheuristics.If theanaphoricexpressionis apronoun,anantecedentmatches
countsasa distractorif it grammaticallyagreeswith theanaphor. If its a description,thescriptfinds
theheadnounof bothanaphorandantecedent(usingheuristicsbasedonthePOS tagsof thecontentof
thenounphrases),andthenattemptsto matchthem(becausewe areworking with a limited domain,
it waspossibleto hand-codethebasiclexical relationsamongnouns).Thesearchfor distractorshas
precisionandrecallof 88%.

4.5 Extracting Focus Space Updates from RDA Structures

We comparedvariouswaysof extractingfocusspacesfrom RDA structureby letting the evaluation
script take a parameterspecifyinghow RDA structuresshouldmapinto focusstackoperations.The
possiblevaluesof thisparameter(andthecorrespondingbehaviors of thescript)areasfollows.

1. All: Pusha new focusspaceon thestackwhenever a non-atomicRDA unit (both intentionalsegments
andinformationalclusters)is encountered,andpopthis focusspacewhentheconstituentends.

E.g., in Figure1, pusha new focusspacefor all threeconstituentsof thetop segment:1.1-1.2,2.1-2.2,
and3.1-3.2.

2. Intentional Only / Imm Pop: Only pushanew focusspacewhenanintentionalsegmentis encountered;
pop it assoonasthe segmentis completed.This is the simplestmappingfrom RDA into focusstack
operations.

E.g.,in Figure1, only pusha new focusspacefor segment2.1-2.2,andpopit assoonasthatsegmentis
completed.1.1,1.2,3.1,and3.2arejust addedto thetop focusspace.
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3. Intentional Only / Delay pop of cores: Only pusha new focusspacewhenan intentionalsegmentis
encountered.Popfocusspacesintroducedfor contributor segmentsimmediately;but keepon thestack
the focusspaceassociatedwith a coresub-segmentfor as long asits embeddingsegmentstaysthere.
This solutionis reminiscentof theideaof ‘core percolation’in VeinsTheory.

4. Intentional Only / Partial delay pop of tribs Treatembeddedcoresasin thepreviousversion,but in
addition,keepfocusspaceintroducedfor contributorsonthestackuntil thesegmentin which they occur
is completed;i.e.,aslongasthey are‘active’ in Fox’ssense.

E.g.,in Figure1, do not popthefocusspacefor segment2.1-2.2beforeprocessing3.1-3.2.

5 Results

5.1 The Distinction between Intentional and Informational Relations

We look first at the impact of the distinction betweenintentionaland informationalrelations,and
GroszandSidner’s claim thatdiscoursestructureis only affectedby intentionalinformation.

The following tableshows the impactof the distinctionon accessibility, i.e., the percentageof
anaphoricantecedentswhich can be found on the stack in eachcase. The line indicatedas ‘All’
shows the percentageof antecedentswhich areaccessiblewhenboth informationaland intentional
relationspushnew focusspaceson the stack: ’OK’ indicatesthe numberof anaphoricantecedents
whichareaccessible,’NO’ indicatesthenumberof antecedentswhicharenotaccessible,‘Out of AP’
thecasesin whichtheantecedentis notaccessiblebecauseit’soutsidethecurrentAdjacency Pair, and
’PN’ thenumberof casesin which theantecedentis not accessiblebut theanaphoricexpressionis a
propername(andcanaccessits denotationthroughlong termmemoryratherthanthestack).Theline
’Intentional Only’ indicatesthepercentagesfor the casewhenonly RDA-segmentsresult in a focus
spacebeingpushed.

OK NO Out of AP PN
All: 199 74 63 158
Intentional only: 280 20 63 131

The tableshows thatseparatingintentionalsegments(that introducenew focusspaces)from in-
formationalclusters(thatdon’t) makesmoreantecedentsaccessible;theresultis highly significantby
the ��� Test( ����t)�������	�	y h��P� � ���s  ).

Theresultjustshown is expected:creatingmorefocusspaces(whichwill thenbepopped)makes
moreentitiesinaccessible.Thequestionis whethertheincreasedaccessibilitymakesthesearchmore
difficult by leaving toomany distractorsonthestack.This is measuredby oursecondmetric,perplex-
ity. In the following table,Baseline is themodelin which no focusspaceis ever popped;theother
modelsareasabove.

Perplexity
Baseline 3.25
All 1.22
Imm pop of emb core and trib 1.81

Both focusstackmodelsreducethe perplexity with respectto the baseline;andcrucially, both
the model in which all spansareassociatedwith a focusspace,and that in which only intentional
segmentsare,bring theperplexity under2 –i.e.,with any of thesemodels,anaphoricexpressionsare
on averageunambiguous.
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5.2 Different Treatments of Embedded Segments

Let usconsidernext the treatmentof embeddedcoressuggestedby VeinsTheory, andthe treatment
of embeddedcontributorsderived from Fox’s hypothesis.Thefirst line in thetablebelow shows the
percentageof antecedentswhich areaccessibleif we treatbothembeddedcoresandembeddedcon-
tributorsasdistinctDSPs / separatefocusspaces,which areclosedoff assoonasthey arecompleted.
Thesecondline shows whathappensif we keepembeddedcoreson thestackaslong asthesegment
of which they areconstituentsremainson thestack,asdonein VeinsTheory. Thethird line, finally,
theresultsif we treatembeddedcontributorswithin an RDA-segmentasremainingon thestackuntil
thesegmentis closedoff–i.e.,aslongasthey are’active’ in Fox’ssense.In this tablewehave ignored
bothcasesin which theantecedentis inaccessiblebut theanaphoricexpressionis a propername,and
the63 casesin which theantecedentis inaccessiblebecauseit’s not in thesameadjacency pair (see
discussionabove).

OK NO
Imm pop of emb core and trib 280 20
Delay pop of emb cores 287 16
Delay pop of emb trib 310 8

Thedifferencesarenot solargein thiscase,but thecorrelationis still significant( � � t)¡�� � ��y h7�� � �£¢ ) andin particularthereis a highly significantdifferencebetweenthesimplestmethodfor focus
stackupdate(immediatelypop embeddedsegments)and the methodin which the poppingof em-
beddedcontributors is temporarilydelayed,andembeddedcoresremainon the stack(the ’active’
model).

The tablebelow shows the impactof thesetwo changesto the treatmentof embeddedsegments
on perplexity.

Perplexity
Imm pop of emb core and trib 1.81
Delay pop of emb cores 1.82
Delay pop of emb trib 1.89

As we cansee,neitherof thesetreatmentsresultsin a significantdifferencefrom the simplest
modelin whichembeddedsegmentsareimmediatelypopped.

5.3 A Simple Cache Model

Wealsoconsideredasimpleversionof thecachemodelproposedin (Walker 1998).This modelsim-
ply keepsthe latest b discourseentitiesin thecache;whenever anentity is referredto anaphorically,
it takestheplacein thecacheof theoldestelementthere.

We tried several cachesizes(6, 10, 12, 18), but got worsebalancebetweenaccessibilityand
perplexity thanwith thestackmodelspreviouslydiscussed.With acacheof size6 wegetaverygood
perplexity of 1.79,but lessthanhalf theaccessibilityof thebestfocusstackmodel;whereaswith a
cacheof size18 we getgoodaccessibility, but with aperplexity of 2.47(above 2).

6 Discussion and Conclusions

We candivide theconcernsaddressedin this work in two groups:which way of usinganRDA anno-
tationto testG& S’s theoryof theglobalfocusworksbest,andhow well thepredictionsof thetheory
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areverified.A subtopicof thefirst is whetherwecanuseideasfrom RDA to make G& S’s theory–and
in particular, thenotionof DSP–morespecific.Weconsiderthesequestionsin turn.

6.1 RDA Analysis and Focus Stack Updates

GroszandSidner’spaperdoesnot tell ushow wecanidentify theDSPs in adiscourse.In this respect,
ourfirst interestingresultis thatwegetasignificantlybettercharacterizationof theattentionalstateif
we only associateDSPs with cores:i.e., if new focusspacesareonly pushedon thestackwhenanin-
tentionalrelationin theRDA senseis observed,andnot if only informationalrelationsare.This result
in asensevalidatesthedistinctionintroducedby MoserandMoore,andis especiallyinterestingwhen
comparedwith Fox’s proposals(Fox 1987).Accordingto Fox, informationalrelationsaffectaccessi-
bility aswell (althoughFox’sstudyis notconcernedwith accessibilitybut with pronominalization,as
discussedshortly). It is alsointerestingto contrastthis resultwith thoseobtainedwith VeinsTheory
(IdeandCristea2000),wherewe alsodo notfind adistinctionbetweeninformationalandintentional
relations(althoughnucleiareassigneda specialrolenotunlike thatof coreshere).

6.2 Evaluating Grosz and Sidner’s Theory

If we usethe RDA annotationschemeasa guideto identifying DSPs in the sensejust discussed,all
focusstackupdatemethodsweconsideredclearlyreducetheperplexity of anaphoricexpressions,and
evenwith theversionwhich keepsembeddedcontributorson thestackuntil the intentionassociated
with the core is achieved, we still find a perplexity lower than 2. And even the simplestway of
usingRDA segmentsto drive focusstackupdate(immediatepop)leadsto aversionwith a reasonable
performancefrom the point of view of accessibilityaswell: just 20 anaphoricantecedentsout of
stack,andaperplexity of 1.81.

However, thebestcompromisebetweenaccessibilityandperplexity is obtainedwhenembedded
coresstayon thestack,andembeddedcontributorsareonly poppedwhenanRDA-segmentis closed.
If we adopttheversionof themappingaccordingto which embeddedcontributors stayon thestack
until the RDA-segmentto which they belongis completed,only 8 anaphoricexpressionshave their
antecedentoutsidethe currentlyopenfocusspaces.Of these,five arecasesof definitedescriptions
that might be viewed as referring deictically to partsof the circuit, one is a cataphoricdiscourse
deixis,oneis a temporaldeixis (at this point), andoneis anexpressionwhoseinterpretationis very
ambiguous.In otherwords,adoptingtheserulesfor openingandclosingfocusspaces,virtually all
anaphoricantecedentsareaccessible.

Theproblemis thatthismethodfor focusstackupdate,inspiredby Fox’snotionof ’active’ propo-
sition andby VeinsTheory’s view of ‘core percolation,’ canonly with difficulty be reconciledwith
theideathat thefocusspaceis a stack. Leaving thesefocusspacesopenmeansthat theattentional
statecannotbe properlyseenasa stackanymore,but hasto be seenasa sort of list, sincethereis
no guaranteethat thefocusspaceassociatedwith thecorewill bethe lastelementon thestack.Fig-
ure4 showsanexamplein whichit is necessaryto leave theembeddedcontributor24.13-24.14onthe
stack,in orderto solve the“other” voltage to someothervoltage; at theendof thesegment,this focus
spacehasto beremovedwhile leaving thefocusspacefor thecoreon top of thestack.Furthermore,
assaidearlier, in thecaseof Figure1 we needeitherseriesof popsandpushes,or a ‘discontinuous
focusspace’to make theembeddedcontributor accessiblewithout eliminatingtheprinciplethatnew
entitiesareaddedto thefocusspaceon topof thestack.
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24.13a SinceS52putsa return(0 VDC) on it’s outputs
24.13b whenthey areactive,
24.14 theinactive statemustbesomeothervoltage.
24.15 Soeventhoughyoumaynot know whatthe”other” voltageis,
24.16 youcantestto ensurethat
24.17a theactive pinsare0 VDC
24.17b andall theinactive pinsarenot0 VDC.

Enable

effect:cause

24.13a 24.13b

Enable

24.14

cause:mental-effect

Concede

criterion:act

24.15 24.16

24.17a 24.17b

contrast1:
contrast2

criterion:act

Figure4: A contributor thatprecedesthecore

6.3 A Cache Model?

As saidabove,thecomplicationsabovesuggestthatacachemightbeamorenaturalmodelof theway
accessibilityworks. However, we alsosaw thatif we replacethefocusstackwith a cachecontaining
discourseentities,as in the modelproposedby (Walker 1998),we get worseresultsthanwith the
stackmodels.Weareexperimentingwith modelsin whichtheelementsof thecachearefocusspaces,
which is alsocompatiblewith theideasdiscussedin (Walker 1996).

7 Related Work

7.1 Fox

Fox (1987),althoughonly concernedwith referencesto singularandhumanantecedents,is perhaps
themostextensive studyof theeffectsof discoursestructureon anaphorain bothspokenandwritten
discourses.Fox usesdifferentmethodsfor analyzingthetwo genres:sheusesconceptsfrom Conver-
sationAnalysis,andin particularthenotionof Adjacency Pair, for spokenconversations,andRST to
analyzewritten texts. Hermainproposalaboutwritten texts is asfollows:

A pronounis usedto refer to a personif thereis a previous mentionof thatpersonin a
propositionthatis ACTIVE or CONTROLLING; otherwisea full NP is used.

(Wherea propositionis ACTIVE if it’s partof thesameRST schemeasthepropositionin which the
pronounoccurs;whereasapropositionis CONTROLLING if it’spartof aschemewhichdominatesthe
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schemein which thepronounoccurs.)
Fox’s proposalsconcerningpronominalizationapply lesswell to referencesto objects(andeven

in her corpustherearemany referencesfor which the hypothesisabove would licencethe useof a
pronounareactuallyrealizedby adefiniteNP, whichsheexplainsby arguingthattheprincipleabove
is only oneof many interactingprinciplesthat determinethe realizationof a NP); nevertheless,she
makesa lot of compellingpointsaboutstructure. In particular, shemakes it very clear that active
propositionsshouldbeaccessiblefor aslong astheschemeis open;andproducesseveralexamples
showing thatmaterialintroducedin active embeddednuclei is accessible.Fox didn’t find references
insideactive embeddedsatellites(but thenagainnoneof theseis madevia a pronounin our corpus).
In addition,our studysuggeststhatpropernamesbehave differentlyfrom definitedescriptionsin that
theformeraremuchlesssensitive to discoursestructurethanthelatter, sothetwo classesshouldnot
beconflatedlike Fox does;andnot separatinginformationalrelationsfrom intentionalonesrestricts
too muchtherangeof accessibleantecedents,evenif it maybecorrectasfar aspronominalizationis
concerned.

7.2 Veins Theory

VeinsTheory (VT) (Cristeaet al. 1998,2000; Ide andCristea2000) is a recentlyproposedtheory
of theeffect of discoursestructureon anaphoricaccessibility, which relieson RST for its definition
of discoursestructure,and whosepredictionshave beentestedusing an RST annotatedcorpusof
newspapertexts (Cristeaet al. 2000). The propositionsaccessibleto an anaphoricexpressionsare
computedby analgorithmthatoperatesdirectlyoveranRST treeandinvolvestwo steps:abottomup
stepin whichthe‘heads’of eachnodein thetreearecomputed(wheretheheadof anon-terminalnode
is theconcatenationof theheadsof its nucleardaughters)followedby a top-down computationof the
VEIN EXPRESSIONS. Thecrucial ideaof VT is thatmaterialintroducedin nuclearnodes‘percolates
up’ veins,whereveinsarepathsin thetreeall of whosearcsconnectnuclearnodes;theantecedents
introducedin any nodealongthevein areaccessiblefrom all thenodesof thesubtreewhich hasthe
topof theveinto whichthatnodebelongsasits root. Thesecondideaof thetheoryis thatantecedents
introducedin asatellitenodeto theleft of anucleusremainaccessibleto all nodescontrolled(in Fox’s
sense)by thatnucleus.

In somerespects,theproposalpresentedherecanbeviewedasa generalizationof theproposals
of VT: thematerialintroducedin coreconstituentspercolatesup in a similar way, but we alsoallow
antecedentsintroducedby embeddedcontributorsto the right of thenucleusto beaccessibleaslong
asthesecontributorsareactive (in VT, only binarytreesareconsidered).

Theonepoint of contrastbetweenthetwo theoriesis that in our proposal,we do not considerall
nuclei,butonly thenucleiof intentionalrelations.Wehaveseenthattreatinginformationalrelationsas
introducingfocusspacesmakesa big differencein termsof accessibility;thedifferenceis significant
evenif we allow theseadditionalrelationsto remainopenaslong asthedominatingrelationis open.
Thecrucialcasedistinguishingthetwo theoriesaretreeswith thestructurein Fig 5: in our theoryX
wouldbeavailableasanantecedentof Y, whereasin VeinsTheoryit wouldn’t.
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