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ABSTRACT. We evaluatedthe predictionsof Groszand Sidners theory of anaphoricaccessi-
bility usinga corpusof tutorial dialoguesvhosediscoursestructurewas annotatedaccordingto
RelationalDiscourse(RDA) Analysis. We found supportfor Moserand Moore’s proposalthat
only sggmentswith an intentionalcore shouldbe viewed asintroducingnen focus spaceswe
alsofoundthatbothembeddedoresandembeddedontributors shouldremainopenaslong as
the RDA-s@gmentin which they occuris open,anddiscussthe implicationsof this finding for
GroszandSidners theory

1 Introduction

In this paper we presenthe resultsof an empiricalstudyof therelationbetween
discoursestructureand anaphoricaccessibility Seminaltheoriessuchas (Reich-
man 1985; Groszand Sidner 1986; Fox 1987) have beenaroundfor aboutfif-
teenyears. However, only now is it possibleto subjectthemto rigorousempiri-
caltestingbecaus®f therecentimprovementsn annotatiormethodologyeading
to morereliableannotationtechniquesandthe resultingincreasedavailability of
corporaannotatedor discoursestructure(Carletta,lsard,lsard,Kowtko, Doherty-
SneddonandAndersonl997;Moser Moore,andGlendeningl996;Marcu1999).

Much of this recenteffort on discoursestructureannotationhasbeenbased
on RhetoricalStructureTheory (RST) (Mann and Thompson1988)or on similar
theoriesthat restrict the range of possiblestructures. One reasonfor this is
that (eachversionof) RST specifiesa fixed (althoughfairly large) repertoireof
intentionsto choosefrom. While it is still anopenquestionwhetherit is possible
to comeupwith anexhaustve list of discoursantentions(GroszandSidner1986),
in orderto achieve reliableannotationt is essentiato do so.

As aresult,however, the corporaannotatedn this way have mainly beenused
to testnew theoriesof anaphoricaccessibilitythat build directly on RST, suchas
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the recently proposedveins Theory (Cristea,lde, and Romary1998). Our own

aim, atleastatthis stagejs notto developanew theoryof anaphoriaccessibility
but to studythe empirical validity of existing theoriesof anaphoricaccessibility
andspecificallyof the best-knavn amongthese GroszandSidners theory(1986).
This usedto be a problembecausealthoughGroszand Sidners theoryhasorigi-

nateda codingmanual(Nakatani,Grosz,Ahn, andHirschbeg 1995)thathasbeen
usedat leastonce(Nakatanil996),asfar aswe know thereis no sizablecorpus
codedaccordingly However, recentproposalsconcerningthe mappingbetween
rhetorical structureand intentional structuresuch as (Moser and Moore 1996b)
producedannotatectorporathat canbe usedto investigatethe predictionsof the
theory

The Sherlockcorpuscollectedatthe University of Pittsturgh is acasen point.
This corpusis a collectionof tutorial dialoguesannotatedaccordingto Relational
DiscourseAnalysis (RDA), a theoryof discoursestructurethat attemptsto meige
RST with Groszand Sidners theory One of the featuresof RDA is to distin-
guishrhetoricalrelationsinto intentionaland informational (Moore and Pollack
1992;MoserandMoore 1996b):intentionalrelationspertainto the effectsthatthe
speakr intendshis discourseactionsto have on the hearerwhereasnformational
relationspertainto domainrelationsbetweenthe entitiesbeingtalked about. For
example,amongRrsT relations,evidence is intentional,whereasause is informa-
tional (MooreandPollack1992;MoserandMoore 1996b).

In this paper we reporton the resultsof a studyof anaphoricaccessibilityus-
ing this corpus.We first briefly review both GroszandSidners focus-spacdased
theoryof the attentionalstateandRDA. We thendiscusshow RDA structurescan
be usedto specify openingand closingoperationson focusspaces.In the evalu-
ation part of the paper we presenffirst of all our resultsconcerningthe effect on
anaphoricaccessibilityof the more distinctive aspectof RDA, the distinction be-
tweenintentionalandinformationalrelations,andof MoserandMoore’s proposal
thatonly the former expressbsps. We thenlook at a few aspectf the relation
betweenGroszand Sidners theory and RDA left openby Moserand Moore, in
particular how embeddedsegmentsof differenttypesshouldbe treated. Finally,
we analyzetheresultsandevaluateGroszandSidners proposal.

2 Background

2.1 Groszand Sidner’s Theory

Accordingto Groszand Sidner(G& s), the structureof a discourses determined
by the intentionsthat the peopleproducingit intendto cornvey, or DISCOURSE
SEGMENT PURPOSES (DSPS). In acoherendiscoursethe Dsps arerelatedto form
an INTENTIONAL STRUCTURE by eitherdominance relations(in casea DSP is
interpretedascontrituting to the satishctionof anotherintention)or satisfaction-
precedes relations(whenthe satishction of anintentionis a preconditionfor the
satishctionof asecondne).
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Anaphoricaccessibilityof entitiesin a discourseis modeledby its ATTEN-
TIONAL STRUCTURE, which, accordingto GroszandSidner is a stackof Focus
SPACES. G& S proposehatwhenasegmentis open,its correspondindocusspace,
whichincludesthediscourseentitiesintroducedn thatsegment,is pushedntothe
focusstack;whenthe sggmentis closed,the focus spaceis popped,andthe dis-
courseentitiesassociatedavith thatfocusspacearenot accessiblery more. G& s
alsoamguethat the pushingand poppingof focus spacesn the stackreflectsthe
intentionalstructure,in the sensethat a newv focus spaceis pushedon the stack
wheneer the discoursantroducesa nev DsP subordinatdo the presenione,and
thefocusspaceof the currentis poppedwhenaer theassociate@sp is satisfied.

This claim aboutanaphoricaccessibilitywasillustratedin the original paper
with a few examples;however, asfar as we know, it hasnot beenempirically
tested.Thereareno sizablecorporaannotatedaccordingto both G& s's treatment
of discoursestructureandanaphora. More in generalthereareno guidelines
abouthow to identify the bsps in a discourse.Our purposes thereforetwofold:
to useRDA to make morespecificclaimsaboutthe Dspsin discoursegof a certain
genreandin agivendomain),andthento testc& s's claims(within this genre).

2.2 Relational Discourse Analysis (RDA)

RelationalDiscourseAnalysis(RDA) (MooreandPollack1992;MoserandMoore
1996b)synthesizessroszand Sidners approachand RST. RDA owesto Grosz
and Sidnerthe ideathat discoursds hierarchicallystructured andthat discourse
structures determinedy intentionalstructure eachrRDA-segmentoriginateswith
anintentionof the spealr. But in RDA sggmentshave additionalinternal struc-
ture: eachsegmentconsistsof one CORE, i.e., thatelementthat mostdirectly ex-
presseshespeakr’s intention,andarny numberof CONTRIBUTORS, theremaining
constituentsn the segment,eachof which playsarole in servingthe purposeex-
pressedoy the core. The notionsof core and contritutor derive of coursefrom
the notionsof nucleusand satellitein RhetoricalStructureTheory (RST) (Mann
and Thompson1988), which claimsthatin each“segment” (text span,for RST)
onecomponenshouldbeidentifiedasthe’'main’ one,andtheothersassecondary
However, in RST thereis a distinction betweemucleusand satellitefor (almost)
all rRsT relations,whereasin RDA core and contritutors are only identified if a
sgmentpurposehasbeenrecognized.In this case,eachcontrikutor is linked to
the coreby oneintentionalrelation,andoneinformationalrelation. This is unlike
RST, in which only a single relation can obtain betweennucleusand satellite—
see(MooreandPollack1992).

In RDA, sggmentconstituentsmay in turn be other embeddedsegments,or
simplerfunctional elements:theseelementsmay be eitherbasicuNITs, i.e., de-
scriptionsof actionsand states,or relationalCLUSTERS. Clustersare spansthat
only involve constituentdinked by informationalrelations; no core:contritutor
structureexists, but they canthemselesbe embedded.

Unlike G& s'stheoryandlike RST, RDA is basednafixednumberof relations;
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1.1 Beforetroubleshootindnsidetheteststation,

1.2 itis alwaysbestto eliminateboththeUUT andTP.

2.1 Sincethetestpackagdas movedfrequently

2.2 it is proneto damage.

3.1 Also, testingthetestpackages mucheasierandfaster
3.2 thanopeningupteststationdrawvers.

Convince

Convince
Act:Reason

Act:Reason

steplistep2 Enable prescribed-act:
Cause:effect wrong-act
11 1.2 21

22 31 32

Figurel4.1: A tutorial excerptandits RDA analysis

in particular RDA assumesour intentionalrelations— convince, enable, concede,

joint—anda larger setof informationalrelations;this latter setis expectedto be
domaindependent.In the Sherlockcorpus,23 informationalrelationsare used,
of which 13 pertainto causality(they expressrelationsbetweentwo actions,or

betweenactionsand their conditionsor effects) (Moser Moore, and Glendening
1996).

Figure14.1shawvs a small excerptfrom one of the dialoguesin the Sherlock
corpus,andits correspondingRDA analysis.Thetext is brokeninto clauseqUUT
is “Unit undertest”, TP is “test package”). The analysisshavs the text to be
analyzedasanintentionalsegmentwhosecorespansl.1andl.2. Thissegmenthas
two contritutors, spanning2.1and2.2,and3.1and3.2 respecirely. Graphically
the coreis at the endof the arrav whoseorigin is the contrikutor; morewer, the
link is marked by two relations,intentional(in bold), andinformational. In this
specificcase,the two contrikutors carry the sameintentionaland informational
relationsto the core, but this doesnt needto be the case. The core andthe two
contritutorsarefurtheranalyzed Thecoreandthesecondcontritutor areanalyzed
asinformationalclusters whereaghe first contrikutor is recognizedas having its
own intentionalstructure! Clustersaremarked by oneinformationalrelation,but

1According to the manualusedfor the annotation(Moset Moore, and Glendening1996), an
enable relationholds"if the contritutor[2.1] providesinformationintendedo increasehehearers
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not by intentionalrelations.

We will comebackto the analysisof the text accordingto G& s in the next
section. As regardsthe analysisof the text accordingto RST, the structurewould
presumablybe the same althoughno doublerelationswould exist, andfor every
relationonerelatumwould be consideredasthe nucleus the other(s)asits satel-
lites.

3 Anaphoric Accessibility in RDA

In orderto useanannotatiorbasedn RDA to testGroszandSidners claimsabout
anaphoricaccessibilitywe have to specify a mappingfrom an RDA structureto
focus spaces:which RDA constituentcorrespondo separatdocus spacesand
which focusspaceshouldbe openwhena given anaphoricexpressions encoun-
tered. This mappingis not entirely trivial, becausehe structureof a discourse
accordingto RDA is muchmoredetailedthanthe structurethatwould be assigned
to thatdiscourseby GroszandSidner In RDA, eachclauseis treatedasa distinct
constituentwhereasin a G& s-style analysis,multiple sentencegan be consid-
ereda singleconstituent. FurthermoreG& s make no distinctionbetweencores
andcontritutors,andonly allow two relationsbetweerintentions whereasn RDA
mary typesof intentionalrelationsarepossible.

Moser and Moore partially specify a mappingbetweenrRDA notionsand an
intentionalstructurein the G& s senseéasedon thefollowing principles:

e EveryDsSp mustbeassociateavith acore.

e Constituent®f theRDA structurehatdonotincludecores- i.e.,clustergsee
above) - do notintroduceDsps.

In termsof sggments/ focusspacestheseprinciplesmean first of all, thata sey-
mentin the G& s senseshouldalways be a sgmentin the RDA sense(an RDA-
SEGMENT): an elementwith a coreandoneor more contritutors. l.e., no focus
spaceshouldbepushednthestackunlessacoreis recognized(MoserandMoore
leave openthe questionof whetherthe reverseshouldalsobe true, i.e., whether
thereshouldbe a 1.1 mappingfrom G& s-segmentsto RDA-segments.)Secondly
informationalrelationsdo not affect the attentionalstate,unlessassociatedvith
intentionalrelations.

The sgmentstructurethat—accordingo whatwe have seensofarwe cande-
rive from the RDA analysisin Figure14.1shouldthenbeasin Figurel4.2.Notice
that becausdnformationalrelationsdon't give rise to intentional sgments,the
informationalclustersl.1-1.2and3.1-3.2arenot assignedseparatesegments. In
particular the unembeddedorein 1.1-1.2is not assigneda separatdocusspace,
sinceit expressegpartof) the bsp associatedavith the overall RDA-segment.

understandin@f the materialpresentedin the core,or to increasehe hearers ability to performthe
actionpresentedh thecore’ (p. 6).
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Figurel4.2: A G& s-styleanalysisfor thetext in Fig. 14.1

Even thesefirst simple mappingprinciplesalreadyresultin differentpredic-
tions concerningaccessibilitythan one would get from a pure RST analysis. In
Fox’'s analysis for example(seebelaw), evenif the constituentspanning?2.1 and
2.2 werea cluster not an intentionalsegment,no antecedenintroducedin these
propositionswvould be accessibldrom 3.1 and3.2. This is thefirst claim whose
correctnessve have to test.

However, the principlesproposecy MoserandMoore leave a numberof as-
pectsof the mappingopen. One questionMoserand Moore themselesraiseis
whetherembeddedcores,i.e., coresthat are themseles RDA-segments(whose
possibility they consider but do not analyzein detail) shouldbe treatedas em-
beddedc& s-segmentsor as part of the sameG& s-segmentas their embedding
RDA-sggment. (Examplesin which the antecedentf a pronounis containedin
an embeddedhucleusarediscussedy (Fox), p. 101.) A secondquestionis how
shouldembeddedndnot embeddedontritutors be treated:whetherall of them
shouldcountasseparates& s-segmentsor only theembeddeanes.

Third, evenif (some)contrilutorspushfocusspaceswhenshouldthesefocus
spacesbe popped? Immediately or only when the intentionalrelationis com-
pleted?E.g.,in the examplein Figuresl4.1and14.2,shouldsegment2.1-2.2be
poppedassoonaswe aredoneprocessingt, or shouldit remainon the stackun-
til the whole sggmentis over, giventhatit participatesn the intentionalrelation
that determineghe superordinatssegment? Fox’s dataseemto suggesthat an-
tecedenténtroducedby ‘active’ non-embeddedatellitesshouldbe accessiblebut
evenantecedentsitroducedby actve embeddeaontributorsmight.

4 The Study

We testedall of thesepossiblewaysof usingan RDA structureto guidethe focus
spaceconstructionmechanismusing the Sherlockcorpus. Our resultsshav that
the versionin which both embeddedore and embeddedontrikutors remainon
stackhasthe leastnumberof referenceviolations.
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4.1 Existing Data

The corpuswe usedis a collectionof tutorial dialoguesbetweena studentanda
tutor, collectedwithin the Sherlockproject (Lesgold,Lajoie, Bunzo,and Eggan
1992). The corpusincludesseventeendialoguesbetweenindividual studentsand
oneof 3 experthumantutors,for atotal of 313turns(aboutl8turnsperdialogue),
and 1333 clauses. The studentsolves an electronictroubleshootingoroblemin-

teractingwith the Sherlocksystem;then, Sherlockreplaysthe students solution
stepby step,schematicallycriticising eachstep.As Sherlockreplayseachstep the
studentanaskthe humantutorsfor explanations.The studentandtutor commu-
nicatein written form.

The Sherlockcorpushad beenpreviously annotatedising RDA to study cue
phrasegyenerationMoserand Moore 1996a;Di Eugenio,Moore, and Paolucci
1997). Theresearchgroupwhich proposedRDA discusseshefollowing reliabil-
ity resultstMoserandMoore1996a).25%of thecorpuswasdoublycodedandthe
k coeficient of agreementvascomputedon seggmentationin a stepwisefashior?
First,agreemenatthe highestevel of segmentatiorwascomputed After comput-
ing agreemenatlevel 1, thecodergesohedtheir disagreementshusdetermining
anagreeduponanalysisat level 1. The codersthenindependentlyproceedo de-
terminethe subsgmentsat level 2, andsoon. The deepestevel of sggmentation
waslevel 5; thek valueswere .90, .86,.83,1, and1 respectrely (from level 1 to
5).

4.2 Our Methods

We annotatedabouthalf of the Sherlockcorpusfor anaphoricinformation, us-
ing a muchsimplified versionof the annotatiorschemedevelopedby the GNOME
project(Poesio2000b).More specifically we marked eachnp in the corpus spec-
ified its NP type (propername,pronoun,the-np,indefinite NP, etc) andthenwe
markedall ‘direct’ anaphordbetweernthesenps (i.e., no bridges).This scheméhas
goodresultsfor agreemen{Poesic2000a)andhasalreadybeenusedfor studying
anaphoricaccessibility(Poesio,Cheng,HenschelHitzeman Kibble, and Steven-
son2000).We annotatedh total of 1549Nps, 507 of whichwereanaphoric.
Oneproblemwe hadto addressvasthatin theRDA annotationpnly tutorturns
hadbeenannotatedbecausédhe students’questionsare very short),but mary of
the antecedentsf anaphoriceferencesvere discourseentitiesintroducedin the
precedingstudentturn askingthe question. We followed Fox and madethefirst
elementsof adjaceng pairs part of the accessibilityspaceof anaphoricexpres-
sionsin the secondpart. To do this, we enclosedeachstudentturn in a special
st udent - t ur n elementmarkedtheNnpsit containedandmadethisturn aspecial
focusspaceccessiblérom theentitiesin thetutorturn. We dealtwith antecedents
containedn ‘tied’ adjaceng pairs(Fox 1987),i.e.,in turnsfurtheraway, by count-

2|t is unknavn to uswhetherk wasalsocomputedon clusters andon the specificinformational
relationsused.
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ing theanaphoriexpressionsvhoseantecedenwasunaccessibléor thesereasons
andfactoringthemout.

A secondproblemto solve wasthefactthatalarge proportionof theanaphoric
expressionsvhoseantecederis noton the stackarepropernamesBecauset can
be arguedthat theseexpressionslo not accesghe stackto find their antecedent,
we alsocountedthemseparately

We rana scriptover the annotatedorpusthat simulatesocusspaceconstruc-
tion underthe several possiblewaysof mappingrDA structuresnto focusspaces
thatwe consideredandattemptdo find theantecedentor ananaphotin thefocus
spacestackaccessibléo the anaphoraccordingto eachof thesepossibilities. The
variantsconsideredre:

1. All: Pusha new focusspaceon the stackwheneer a non-atomicrRDA unit (both
intentionalsegmentsandinformationalclusters)is encounteredandpop this focus
spacewhenthe constituenends. (E.g.,in Figure14.1, pusha new focusspacefor
all threeconstituent®f thetop sggment:1.1-1.2,2.1-2.2,and3.1-3.2.)

2. Intentional Only / Imm Pop: Only pusha new focus spacewhenan intentional
segmentis encounteredpopit assoonasthesegmentis completed(E.g.,in Figure
14.1,only pusha new focus spacefor segment2.1-2.2,and pop it assoonasthat
segmentis completedl.1,1.2,3.1,and3.2 arejustaddedto thetop focusspace.)

3. Intentional Only / Delay pop of cores: Only pusha new focus spacewhenan
intentional segmentis encountered.Pop focus spacesintroducedfor contributor
segmentsimmediately;but only popthe focusspacentroducedfor a coresegment
whenpoppingthewhole sggment.

4. Intentional Only / Partial delay pop of tribs Like the previous version, but in
additionkeepa focusspaceintroducedfor a contributor on the stackaslong asthe
segmentin which it occursis still on. (E.g.,in Figure 14.1, do not pop the focus
spacdor sggment2.1-2.2beforeprocessing.1-3.2.)

5 Resaults

Table 14.1illustratesthe impacton anaphoricaccessibilityof the distinction be-
tweenintentionalandinformationalrelationsby shawing thepercentagef anaphoric
antecedentwhich areon the stackaccordingto thefirst two variantsof the map-
ping algorithm. The line indicatedas‘All'’ shaws the resultsobtainedby treat-
ing both informationalandintentionalrelationsasintroducingnew focusspaces:
'OK’ indicateghenumberof anaphori@antecedentahich areaccessibleNO’ in-
dicatesthe numberof antecedent&/hich arenot accessible’‘Out of AP’ thecases
in whichtheantecederis notaccessibldecausé’ s outsidethecurrentAdjaceny
Pair, and’PN’ the numberof casesn which the antecedenis not accessibldut
theanaphoriexpressions a propername(which, presumablycanaccesst deno-
tation throughlong term memoryratherthanthroughthe stack). The tableshavs
that separatingntentionalconstituentgwhich introducenew focusspacesfrom
informationalclustergthatdont) makesmoreantecedentaccessibletheresultis
highly significantby thex? Test(x? = 29.47, p < 0.001).
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OK | NO | Outof AP | PN
All: 199 | 74 63 158
Intentional only / Imm Pop: | 280 | 20 63 131

Table14.1: Theinformational/ intentionaldistinctionandaccessibility

OK [ NO |
Int. only / Imm pop of emb coreand trib | 280 | 20
Int. only / Delay pop of emb cores 287 | 16
Int. only / Delay pop of emb trib 310 | 8

Table14.2: Effect of the differencesn popping.

Table14.2shavsthedifferencesamongthedifferentwaysof fixing theoptions
left openby MoserandMoore (variants2-4 above). Thefirst line shaws theresults
obtainedif both embeddecdcoresand embeddectontritutors were to push new
focusspacespoppedassoonastheseembeddedonstituentsare completedithe
secondine theresultsif we keepembeddeaoresopenuntil the endof the RDA-
sgment; the third line the resultsif we treat embeddedcontritutors within an
RDA-sggmentas remainingon the stackuntil the segmentis closedoff. In this
table we have ignoredboth casesn which the antecedenis inaccessibldéut the
anaphoriexpressioris a propername,andthe 63 casesn whichtheantecedenis
inaccessibldecaus@’ snotin thesameadjaceny pair (seediscussiorabove). The
differencesarenot sogreatin this case put the correlationis still significant(x? =
6.09, p < 0.05) andin particularthereis a clearly significantdifferencebetween
the simplestpossibletreatmentof embeddedntentionalrelations,in which they
arealwayspoppedandthelastmodel.

6 Discussion

As saidabore, we studiedtwo separatdssues:howv bestto useideasfrom RDA
to make G& s's theorymorespecific,andto evaluateG& S's proposalsoncerning
anaphoriaccessibilityunderthis mapping.

6.1 Mapping RDA into Focus Spaces

Thefirst goal of our work is to useRDA structuredo gaina moredetailedunder
standingof whenfocusspaceshouldbe openedandclosed. In this respectpur
first resultis a significantlybettercharacterizatiof anaphoricaccessibilityif we
assumehatnew focusspacesareonly pushedon the stackwhencoresarerecog-
nized, asopposedo alsobeing pushedwhen a purely informationalstructureis
obsered. Thisresultis especiallyinterestingvhencomparedvith Fox’s proposal
(discussetbelaw). Accordingto Fox, informationalrelationsalsoaffectaccessibil-
ity. It is alsointerestingto contrastthis resultwith the proposalf VeinsTheory
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which alsomakesno distinctionbetweerinformationalandintentionalrelations.

Thesecondnterestingfinding in this respects thatthe bestresultsconcerning
accessibilityare obtainedwhen embeddedontrilkutors, aswell, are only popped
whenan RDA-sggmentis closed. This is not somethingthat would be predicted
on the basisof either Fox’s work, or ary obvious interpretationof the notion of
RDA-sggment;in fact,aswe will seeshortly it's notimmediatelyobvioushow to
accounftfor thisresultin termsof GroszandSidners theory either

6.2 An Evaluation of Grosz and Sidner’s Theory

If we assumethat contritutors stayon the stackuntil the RDA-segmentis com-
pleted,only 8 anaphoricantecedentare outsidethe currentlyopenfocusspaces.
Of these 5 arecasesf definitedescriptionghat might be viewed asreferringde-
ictically to partsof thecircuit, 1 is a cataphorialiscoursedeixis,oneis atemporal
deixis (at this poinf), andonea bit unclear In otherwords, underthe suggested
rulesfor openingandclosingfocusspacesyirtually all anaphoricantecedentare
accessible.

The questionthenis whethertheserules are consistentwith the G& s frame-
work: the answey we think, is that while the simplesttreatmentf contrikutors
andcoresprobablyare,the mostcomplex onesprobablyarent. In fact,we didn’t
even testwhat somepeoplemight think of asthe mostnaturalmapping- make
theunembeddedoreof anRDA segmentpartof thefocusspaceor thatsegment,
but treatunembeddedontritutorsasintroducingsubordinatdocusspaces since
this would violate one of Moserand Moore’s basichypothesegthat only RDA-
sggmentsresultin G& s-segments). The approachof leaving unembeddedores
andcontritutorson the stack,but poppingall embeddedkDA-segments canprob-
ably be still viewed as consistenwith the theory? but delayingthe poppingof
embeddecatoresandcontritutors on the stackmay be consideredeyondits lim-
its, whetherwe view the problemin algorithmictermsor in termsof intentional
structure.Leaving thesefocusspace®penmeanghatthe attentionalstatecannot
be properlyseenasa stackanymore, but hasto be seenasal list, sincethereis no
guarante¢hatthefocusspaceassociatedvith the corewill bethelastelementon
thestack. Figure14.3shavs anexamplein whichit is necessaryo leave theem-
beddedcontritutor 24.13-24.1%4n the stack,in orderto solve the “other” voltage
to someothervoltage; attheendof thesegment thisfocusspacéehasto beremoved
while leaving the focus spacefor the coreon top of the stack. Furthermorenote
thatin the caseof Figure14.1we needa ‘discontinuoudocusspace’to make the
embeddedontrikutor accessiblavithout eliminatingtheprinciplethatnew entities
arealwaysaddedo thefocusspaceon top of the stack.

Looking at the problemfrom the point of view of intentionalstructure these
casedf accessibilitycanonly be handledwithin the G& s framework by hypothe-

3This however meansthat the intentional relationscontainedin the sgment- e.g., convince
in Figure 14.1-shouldbecomepart of the bsp for that segment, which againmay or may not be
consistentvith G& S'sideas.
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24.13a SinceS52putsareturn(0 VDC) onit’s outputs

24.13b whenthey areactive,

24.14 theinactive statemustbe someothervoltage.

24.15 Soeventhoughyou may not know whatthe "other” voltage
is,

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
24.15 24.16

24.14

/ wt;cause
24.13a 24.13b
contrastl:
contrast2

24.17a 24.17b

Figure14.3: A contrilutor thatprecedeshe core

sizingthatthe bsps associateavith embeddedoresandcontritutorssatisfaction-
precede the coreandthe othercontributors. More in general,one hasto wonder
whetherFox’s (and beforethat, Reichmars) suggestiorthat the material intro-
ducedby ‘active’ propositiong(i.e., the otherconstituentof a rhetoricalscheme)
remainsaccessibleanreally be formulatedin termsof Groszand Sidners inten-
tional structure.

6.3 Open Issues

Keepingmore entitieson the stackis obviously going to increasethe likelihood
thatanantecedenwill befoundon the stack,but we have to be carefulnotto lose
the crucial propertyof the attentionalkstate reducingsearchambiguity (otherwise,
we couldjustmale every discourseentity accessiblatall times).In orderto prop-
erly comparemodelsof anaphoriaccessibilityit is necessaryo computewhatwe
might call their ‘perplexity’; unfortunatelyin orderto properlydo this it is nec-
essaryto have ananaphoriaesolutionmechanism We planto do this evaluation
next.

A major problemwith ary attemptat looking at the empiricalimport of dis-
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coursestructureis thatit’s very hardto getresearchers agreeon whatthe struc-
tureof agivendiscoursas. Work suchasMarcu’s hasshavn thatin generalve can
expectpeopleto roughlyagreeon the mainseggmentsof adiscoursebut it is much
harderto getagreemenbntherelatve importanceof theconstituenseggmentsand
evenharderto getagreemenbn the particularrelations. At the moment,the only
way to achieve a reliable annotationis by extensie training and discussionsas
donewhenconstructingthe Sherlockcorpus. So, we do not expecteverybodyto
agreeon the particularanalysegproposechere;we would wantto point out how-
everthattheseannotationslo have acertainamountof objectvity in thatthey were
notproduceday us.

7 Related Work

7.1 Fox

(Fox), althoughonly concernedvith referenceso singularandhumanantecedents,
is perhapshemostextensve studyof theeffectsof discoursestructureonanaphora
in both spolen andwritten discourses.Fox usesdifferentmethodsfor analyzing
the two genres:sheusesconcepts§rom CornversationAnalysis,andin particular
thenotionof Adjaceny Pair, for spolencornversationsandRsT to analyzewritten
texts. Her main proposakboutwritten texts is asfollows:

A pronounis usedto referto a personf thereis a previous mentionof
that personin a propositionthatis ACTIVE or CONTROLLING; other
wiseafull NPisused.

(Wherea propositionis ACTIVE if it's partof the sameRsT schemeasthe propo-
sitionin which the pronounoccurs;whereas propositionis CONTROLLING if it's
partof a schemewvhich dominateghe schemen which the pronounoccurs.)

Fox’s proposalsoncerningoronominalizatiorapply lesswell to referenceso
objects(andevenin hercorpustherearemary referencesor which thehypothesis
above would licencethe useof a pronounare actually realizedby a definite NP,
which sheexplainsby arguing thatthe principle above is only oneof mary inter
acting principlesthat determinethe realizationof a NP); neverthelessshemalkes
alot of compellingpointsaboutstructure. In particular shemakesit very clear
thatactive propositionsshouldbe accessibléor aslongasthe schemas open;and
producesseveral examplesshaving that materialintroducedin actve embedded
nucleiis accessible.Fox didn't find referencesnside actve embeddedsatellites
(but thenagainnoneof theseis madevia a pronounin our corpus). In addition,
our studysuggestshatpropernamesehae differently from definitedescriptions
in thatthe formeraremuchlesssensitve to discoursestructurethanthe latter, so
the two classesshouldnot be conflatedlike Fox does;and not separatingnfor-
mationalrelationsfrom intentionalonesrestrictstoo muchtherangeof accessible
antecedentsvenif it maybecorrectasfar aspronominalizatioris concerned.
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Figure14.4: A treedistinguishingVeins Theoryfrom the proposalsdiscussedn
this paper

7.2 VeinsTheory

VeinsTheory(vT) (Cristealde,andRomary1998;Cristeade,Marcu,andTablan
2000;Ide andCristea2000)is arecentlyproposedheoryof theeffect of discourse
structureon anaphoricaccessibility which relieson RsT for its definition of dis-
coursestructure,andwhosepredictionshave beentestedusingan RST annotated
corpusof newspapertexts (Cristea,lde, Marcu, and Tablan2000). The proposi-
tions accessibldo an anaphoricexpressionsare computedby an algorithm that
operatedirectly over an RST tree and involves two steps: a bottom up stepin
which the‘heads’of eachnodein thetreearecomputedwherethe headof anon-
terminalnodeis the concatenatiomf the headsof its nucleardaughtersjollowed
by a top-dawn computationof the VEIN EXPRESSIONS. The crucial ideaof vT
is thatmaterialintroducedin nuclearnodespercolatesup’ veins,whereveinsare
pathsin the tree all of whosearcsconnectnuclearnodes;the antecedentitro-
ducedin ary nodealongthe vein areaccessibldrom all the nodesof the subtree
which hasthe top of the vein to which thatnodebelongsasits root. Thesecond
ideaof thetheoryis thatantecedentmtroducedin a satellitenodeto theleft of a
nucleusremainaccessibléo all nodescontrolled(in Fox's sense)y thatnucleus.

In somerespectsthe proposabresentetherecanbeviewedasageneralization
of theproposal®f vT: thematerialintroducedn coreconstituentpercolatesipin
asimilarway, but we alsoallow antecedentmtroducedby embeddedontritutors
to theright of the nucleusto be accessibleaslong asthesecontritutorsareactive
(in vT, only binarytreesareconsidered).

The onepoint of contrastbetweenthe two theoriesis thatin our proposalwe
do not considerall nuclei, but only the nuclei of intentionalrelations. We have
seenthattreatinginformationalrelationsasintroducingfocusspacesnakesa big
differencein termsof accessibility;the differenceis significantevenif we allow
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theseadditionalrelationsto remainopenaslongasthedominatingrelationis open.
The crucial casedistinguishingthe two theoriesaretreeswith the structurein Fig
14.4:in our theory X would be availableasan antecedenof Y, whereadn Veins
Theoryit wouldnt.
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