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ABSTRACT. We evaluatedthe predictionsof GroszandSidner’s theoryof anaphoricaccessi-
bility usinga corpusof tutorial dialogueswhosediscoursestructurewasannotatedaccordingto
RelationalDiscourse(RDA) Analysis. We found supportfor MoserandMoore’s proposalthat
only segmentswith an intentionalcoreshouldbe viewed asintroducingnew focusspaces;we
alsofoundthatbothembeddedcoresandembeddedcontributorsshouldremainopenaslong as
the RDA-segmentin which they occur is open,anddiscussthe implicationsof this finding for
GroszandSidner’s theory.

1 Introduction

In this paper, we presentthe resultsof anempiricalstudyof therelationbetween
discoursestructureandanaphoricaccessibility. Seminaltheoriessuchas(Reich-
man 1985; Groszand Sidner1986; Fox 1987) have beenaroundfor aboutfif-
teenyears. However, only now is it possibleto subjectthemto rigorousempiri-
cal testingbecauseof therecentimprovementsin annotationmethodologyleading
to morereliableannotationtechniques,andthe resultingincreasedavailability of
corporaannotatedfor discoursestructure(Carletta,Isard,Isard,Kowtko, Doherty-
Sneddon,andAnderson1997;Moser, Moore,andGlendening1996;Marcu1999).

Much of this recenteffort on discoursestructureannotationhasbeenbased
on RhetoricalStructureTheory(RST) (Mann andThompson1988)or on similar
theoriesthat restrict the rangeof possiblestructures. One reasonfor this is
that (eachversionof) RST specifiesa fixed (althoughfairly large) repertoireof
intentionsto choosefrom. While it is still anopenquestionwhetherit is possible
to comeupwith anexhaustive list of discourseintentions(GroszandSidner1986),
in orderto achieve reliableannotationit is essentialto do so.

As a result,however, thecorporaannotatedin thisway have mainlybeenused
to testnew theoriesof anaphoricaccessibilitythatbuild directly on RST, suchas

129

Paperpresentedat theESSLLI2001Workshopon
InformationStructure, DiscourseStructure andDiscourseSemantics
Editedby IvanaKruijf f-Korbayová andMark Steedman.



the recentlyproposedVeinsTheory (Cristea,Ide, andRomary1998). Our own
aim,at leastat this stage,is not to developanew theoryof anaphoricaccessibility,
but to studythe empiricalvalidity of existing theoriesof anaphoricaccessibility,
andspecificallyof thebest-known amongthese,GroszandSidner’s theory(1986).
This usedto bea problembecausealthoughGroszandSidner’s theoryhasorigi-
natedacodingmanual(Nakatani,Grosz,Ahn, andHirschberg 1995)thathasbeen
usedat leastonce(Nakatani1996),asfar aswe know thereis no sizablecorpus
codedaccordingly. However, recentproposalsconcerningthe mappingbetween
rhetoricalstructureand intentionalstructuresuchas (Moser and Moore 1996b)
producedannotatedcorporathat canbe usedto investigatethe predictionsof the
theory.

TheSherlockcorpuscollectedat theUniversityof Pittsburgh is acasein point.
This corpusis a collectionof tutorial dialoguesannotatedaccordingto Relational
DiscourseAnalysis(RDA), a theoryof discoursestructurethatattemptsto merge
RST with Groszand Sidner’s theory. One of the featuresof RDA is to distin-
guish rhetoricalrelationsinto intentionaland informational(Moore andPollack
1992;MoserandMoore1996b):intentionalrelationspertainto theeffectsthatthe
speaker intendshis discourseactionsto have on thehearer, whereasinformational
relationspertainto domainrelationsbetweentheentitiesbeingtalked about. For
example,amongRST relations,evidence is intentional,whereascause is informa-
tional (MooreandPollack1992;MoserandMoore1996b).

In this paper, we reporton theresultsof a studyof anaphoricaccessibilityus-
ing this corpus.We first briefly review bothGroszandSidner’s focus-spacebased
theoryof theattentionalstateandRDA. We thendiscusshow RDA structurescan
be usedto specifyopeningandclosingoperationson focusspaces.In theevalu-
ationpartof thepaper, we presentfirst of all our resultsconcerningtheeffect on
anaphoricaccessibilityof the moredistinctive aspectof RDA, the distinctionbe-
tweenintentionalandinformationalrelations,andof MoserandMoore’s proposal
that only the former expressDSPs. We thenlook at a few aspectsof the relation
betweenGroszandSidner’s theoryand RDA left openby MoserandMoore, in
particular, how embeddedsegmentsof differenttypesshouldbe treated.Finally,
we analyzetheresultsandevaluateGroszandSidner’s proposal.

2 Background

2.1 Grosz and Sidner’s Theory

Accordingto GroszandSidner(G& S), thestructureof a discourseis determined
by the intentionsthat the peopleproducingit intend to convey, or DISCOURSE

SEGMENT PURPOSES (DSPs). In acoherentdiscourse,theDSPsarerelatedto form
an INTENTIONAL STRUCTURE by either dominance relations(in casea DSP is
interpretedascontributing to thesatisfactionof anotherintention)or satisfaction-
precedes relations(whenthesatisfactionof an intentionis a preconditionfor the
satisfactionof asecondone).
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Anaphoricaccessibilityof entitiesin a discourseis modeledby its ATTEN-
TIONAL STRUCTURE, which, accordingto GroszandSidner, is a stackof FOCUS

SPACES. G& S proposethatwhenasegmentis open,its correspondingfocusspace,
whichincludesthediscourseentitiesintroducedin thatsegment,is pushedontothe
focusstack;whenthe segmentis closed,the focusspaceis popped,andthe dis-
courseentitiesassociatedwith that focusspacearenot accessibleany more. G& S

alsoarguethat the pushingandpoppingof focusspaceson the stackreflectsthe
intentionalstructure,in the sensethat a new focusspaceis pushedon the stack
whenever thediscourseintroducesa new DSP subordinateto thepresentone,and
thefocusspaceof thecurrentis poppedwhenever theassociatedDSP is satisfied.

This claim aboutanaphoricaccessibilitywasillustratedin the original paper
with a few examples;however, as far as we know, it hasnot beenempirically
tested.Thereareno sizablecorporaannotatedaccordingto both G& S’s treatment
of discoursestructureandanaphora. More in general,thereareno guidelines
abouthow to identify the DSPs in a discourse.Our purposeis thereforetwofold:
to useRDA to makemorespecificclaimsabouttheDSPs in discourses(of acertain
genreandin agivendomain),andthento testG& S’s claims(within thisgenre).

2.2 Relational Discourse Analysis (RDA)

RelationalDiscourseAnalysis(RDA) (MooreandPollack1992;MoserandMoore
1996b)synthesizesGroszand Sidner’s approachand RST. RDA owes to Grosz
andSidnerthe ideathat discourseis hierarchicallystructured,andthat discourse
structureis determinedby intentionalstructure;eachRDA-segmentoriginateswith
an intentionof the speaker. But in RDA segmentshave additionalinternalstruc-
ture: eachsegmentconsistsof oneCORE, i.e., thatelementthatmostdirectly ex-
pressesthespeaker’s intention,andany numberof CONTRIBUTORS, theremaining
constituentsin thesegment,eachof which playsa role in servingthepurposeex-
pressedby the core. The notionsof coreandcontributor derive of coursefrom
the notionsof nucleusandsatellitein RhetoricalStructureTheory (RST) (Mann
andThompson1988),which claimsthat in each“segment” (text span,for RST)
onecomponentshouldbeidentifiedasthe’main’ one,andtheothersassecondary.
However, in RST thereis a distinctionbetweennucleusandsatellitefor (almost)
all RST relations,whereasin RDA core and contributors are only identified if a
segmentpurposehasbeenrecognized.In this case,eachcontributor is linked to
thecoreby oneintentionalrelation,andoneinformationalrelation.This is unlike
RST, in which only a singlerelationcanobtainbetweennucleusandsatellite—
see(MooreandPollack1992).

In RDA, segmentconstituentsmay in turn be other embeddedsegments,or
simplerfunctionalelements:theseelementsmay be eitherbasicUNITS, i.e., de-
scriptionsof actionsandstates,or relationalCLUSTERS. Clustersarespansthat
only involve constituentslinked by informationalrelations;no core:contributor
structureexists,but they canthemselvesbeembedded.

Unlike G& S’s theoryandlike RST, RDA is basedonafixednumberof relations;
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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

Figure14.1:A tutorial excerptandits RDA analysis

in particular, RDA assumesfour intentionalrelations– convince, enable, concede,
joint–anda larger setof informationalrelations;this latter set is expectedto be
domaindependent.In the Sherlockcorpus,23 informationalrelationsareused,
of which 13 pertainto causality(they expressrelationsbetweentwo actions,or
betweenactionsandtheir conditionsor effects)(Moser, Moore, andGlendening
1996).

Figure14.1shows a small excerptfrom oneof the dialoguesin the Sherlock
corpus,andits correspondingRDA analysis.Thetext is broken into clauses(UUT
is “Unit under test”, TP is “test package”). The analysisshows the text to be
analyzedasanintentionalsegmentwhosecorespans1.1and1.2.Thissegmenthas
two contributors,spanning2.1and2.2,and3.1and3.2 respectively. Graphically,
thecoreis at theendof the arrow whoseorigin is thecontributor; moreover, the
link is marked by two relations,intentional(in bold), and informational. In this
specificcase,the two contributors carry the sameintentionaland informational
relationsto the core,but this doesn’t needto be the case. The coreandthe two
contributorsarefurtheranalyzed.Thecoreandthesecondcontributorareanalyzed
asinformationalclusters,whereasthefirst contributor is recognizedashaving its
own intentionalstructure.1 Clustersaremarkedby oneinformationalrelation,but

1According to the manualusedfor the annotation(Moser, Moore, andGlendening1996), an
enable relationholds“if thecontributor [2.1] providesinformationintendedto increasethehearer’s
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notby intentionalrelations.
We will comeback to the analysisof the text accordingto G& S in the next

section.As regardstheanalysisof the text accordingto RST, thestructurewould
presumablybe thesame,althoughno doublerelationswould exist, andfor every
relationonerelatumwould beconsideredasthenucleus,theother(s)asits satel-
lites.

3 Anaphoric Accessibility in RDA

In orderto useanannotationbasedon RDA to testGroszandSidner’s claimsabout
anaphoricaccessibilitywe have to specify a mappingfrom an RDA structureto
focus spaces:which RDA constituentscorrespondto separatefocus spaces,and
which focusspacesshouldbeopenwhena givenanaphoricexpressionis encoun-
tered. This mappingis not entirely trivial, becausethe structureof a discourse
accordingto RDA is muchmoredetailedthanthestructurethatwould beassigned
to thatdiscourseby GroszandSidner. In RDA, eachclauseis treatedasa distinct
constituent,whereasin a G& S-style analysis,multiple sentencescanbe consid-
ereda singleconstituent. Furthermore,G& S make no distinctionbetweencores
andcontributors,andonly allow two relationsbetweenintentions,whereasin RDA

many typesof intentionalrelationsarepossible.
Moser andMoore partially specify a mappingbetweenRDA notionsand an

intentionalstructurein theG& S sensebasedon thefollowing principles:

� Every DSP mustbeassociatedwith acore.

� Constituentsof theRDA structurethatdonot includecores- i.e.,clusters(see
above) - do not introduceDSPs.

In termsof segments/ focusspaces,theseprinciplesmean,first of all, thata seg-
ment in the G& S senseshouldalwaysbe a segmentin the RDA sense(an RDA-
SEGMENT): an elementwith a coreandoneor morecontributors. I.e., no focus
spaceshouldbepushedonthestackunlessacoreis recognized.(MoserandMoore
leave openthe questionof whetherthe reverseshouldalsobe true, i.e., whether
thereshouldbea 1:1 mappingfrom G& S-segmentsto RDA-segments.)Secondly,
informationalrelationsdo not affect the attentionalstate,unlessassociatedwith
intentionalrelations.

Thesegmentstructurethat–accordingto whatwe have seensofar–wecande-
rive from theRDA analysisin Figure14.1shouldthenbeasin Figure14.2.Notice
that becauseinformationalrelationsdon’t give rise to intentionalsegments,the
informationalclusters1.1-1.2and3.1-3.2arenot assignedseparatesegments.In
particular, theunembeddedcorein 1.1-1.2is not assigneda separatefocusspace,
sinceit expresses(partof) theDSP associatedwith theoverall RDA-segment.

understandingof thematerialpresentedin thecore,or to increasethehearer’s ability to performthe
actionpresentedin thecore.” (p. 6).
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2.1

2.2

1.1

1.2

3.1

3.2

Figure14.2:A G& S-styleanalysisfor thetext in Fig. 14.1

Even thesefirst simplemappingprinciplesalreadyresult in differentpredic-
tions concerningaccessibilitythanonewould get from a pure RST analysis. In
Fox’s analysis,for example(seebelow), even if theconstituentspanning2.1 and
2.2 werea cluster, not an intentionalsegment,no antecedentintroducedin these
propositionswould be accessiblefrom 3.1 and3.2. This is thefirst claim whose
correctnesswehave to test.

However, theprinciplesproposedby MoserandMoore leave a numberof as-
pectsof the mappingopen. OnequestionMoserandMoore themselves raiseis
whetherembeddedcores,i.e., coresthat are themselves RDA-segments(whose
possibility they consider, but do not analyzein detail) shouldbe treatedasem-
beddedG& S-segmentsor aspart of the sameG& S-segmentas their embedding
RDA-segment. (Examplesin which the antecedentof a pronounis containedin
anembeddednucleusarediscussedby (Fox), p. 101.) A secondquestionis how
shouldembeddedandnot embeddedcontributorsbe treated:whetherall of them
shouldcountasseparateG& S-segments,or only theembeddedones.

Third, evenif (some)contributorspushfocusspaces,whenshouldthesefocus
spacesbe popped? Immediately, or only when the intentionalrelation is com-
pleted?E.g., in theexamplein Figures14.1and14.2,shouldsegment2.1-2.2be
poppedassoonaswe aredoneprocessingit, or shouldit remainon thestackun-
til the whole segmentis over, given that it participatesin the intentionalrelation
that determinesthe superordinatesegment? Fox’s dataseemto suggestthat an-
tecedentsintroducedby ‘active’ non-embeddedsatellitesshouldbeaccessible;but
evenantecedentsintroducedby active embeddedcontributorsmight.

4 The Study

We testedall of thesepossiblewaysof usingan RDA structureto guidethe focus
spaceconstructionmechanismusingthe Sherlockcorpus. Our resultsshow that
the versionin which both embeddedcoreandembeddedcontributors remainon
stackhastheleastnumberof referenceviolations.
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4.1 Existing Data

The corpuswe usedis a collectionof tutorial dialoguesbetweena studentanda
tutor, collectedwithin the Sherlockproject (Lesgold,Lajoie, Bunzo,andEggan
1992). Thecorpusincludesseventeendialoguesbetweenindividual studentsand
oneof 3 experthumantutors,for a totalof 313turns(about18 turnsperdialogue),
and1333clauses.The studentsolves an electronictroubleshootingproblemin-
teractingwith the Sherlocksystem;then,Sherlockreplaysthe student’s solution
stepby step,schematicallycriticisingeachstep.As Sherlockreplayseachstep,the
studentscanaskthehumantutorsfor explanations.Thestudentandtutor commu-
nicatein written form.

The Sherlockcorpushadbeenpreviously annotatedusing RDA to studycue
phrasesgeneration(MoserandMoore 1996a;Di Eugenio,Moore, andPaolucci
1997). Theresearchgroupwhich proposedRDA discussesthefollowing reliabil-
ity results(MoserandMoore1996a).25%of thecorpuswasdoublycoded,andthe
κ coefficient of agreementwascomputedon segmentationin a stepwisefashion.2

First,agreementat thehighestlevel of segmentationwascomputed.After comput-
ing agreementat level 1, thecodersresolvedtheirdisagreements,thusdetermining
anagreeduponanalysisat level 1. Thecodersthenindependentlyproceedto de-
terminethesubsegmentsat level 2, andsoon. Thedeepestlevel of segmentation
waslevel 5; theκ valueswere.90, .86, .83,1, and1 respectively (from level 1 to
5).

4.2 Our Methods

We annotatedabouthalf of the Sherlockcorpusfor anaphoricinformation, us-
ing a muchsimplifiedversionof theannotationschemedevelopedby the GNOME

project(Poesio2000b).Morespecifically, wemarkedeachNP in thecorpus,spec-
ified its NP type (propername,pronoun,the-np,indefinite NP, etc) and thenwe
markedall ‘direct’ anaphorsbetweentheseNPs (i.e.,nobridges).Thisschemehas
goodresultsfor agreement(Poesio2000a)andhasalreadybeenusedfor studying
anaphoricaccessibility(Poesio,Cheng,Henschel,Hitzeman,Kibble, andSteven-
son2000).Weannotateda totalof 1549NPs,507of whichwereanaphoric.

Oneproblemwehadto addresswasthatin theRDA annotation,only tutorturns
hadbeenannotated(becausethestudents’questionsarevery short),but many of
the antecedentsof anaphoricreferenceswerediscourseentitiesintroducedin the
precedingstudentturn askingthequestion. We followed Fox andmadethefirst
elementsof adjacency pairs part of the accessibilityspaceof anaphoricexpres-
sionsin the secondpart. To do this, we enclosedeachstudentturn in a special
student-turn element,markedtheNPs it contained,andmadethis turn aspecial
focusspaceaccessiblefromtheentitiesin thetutorturn. Wedealtwith antecedents
containedin ‘tied’ adjacency pairs(Fox 1987),i.e., in turnsfurtheraway, by count-

2It is unknown to uswhetherκ wasalsocomputedon clusters,andon thespecificinformational
relationsused.
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ing theanaphoricexpressionswhoseantecedentwasunaccessiblefor thesereasons
andfactoringthemout.

A secondproblemto solvewasthefactthata largeproportionof theanaphoric
expressionswhoseantecedentis noton thestackarepropernames.Becauseit can
be arguedthat theseexpressionsdo not accessthe stackto find their antecedent,
we alsocountedthemseparately.

We rana scriptover theannotatedcorpusthatsimulatesfocusspaceconstruc-
tion undertheseveralpossiblewaysof mappingRDA structuresinto focusspaces
thatweconsidered,andattemptsto find theantecedentfor ananaphorin thefocus
spacestackaccessibleto theanaphoraccordingto eachof thesepossibilities.The
variantsconsideredare:

1. All: Pusha new focusspaceon the stackwhenever a non-atomicRDA unit (both
intentionalsegmentsandinformationalclusters)is encountered,andpopthis focus
spacewhentheconstituentends.(E.g., in Figure14.1,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 pusha new focusspacewhenan intentional
segmentis encountered;popit assoonasthesegmentis completed.(E.g.,in Figure
14.1,only pusha new focusspacefor segment2.1-2.2,andpop it assoonasthat
segmentis completed.1.1,1.2,3.1,and3.2arejustaddedto thetop focusspace.)

3. Intentional Only / Delay pop of cores: Only pusha new focus spacewhen an
intentionalsegment is encountered.Pop focus spacesintroducedfor contributor
segmentsimmediately;but only popthefocusspaceintroducedfor a coresegment
whenpoppingthewholesegment.

4. Intentional Only / Partial delay pop of tribs Like the previous version,but in
additionkeepa focusspaceintroducedfor a contributor on thestackaslong asthe
segmentin which it occursis still on. (E.g., in Figure14.1,do not pop the focus
spacefor segment2.1-2.2beforeprocessing3.1-3.2.)

5 Results

Table14.1 illustratesthe impacton anaphoricaccessibilityof the distinctionbe-
tweenintentionalandinformationalrelationsbyshowing thepercentageof anaphoric
antecedentswhich areon thestackaccordingto thefirst two variantsof themap-
ping algorithm. The line indicatedas ‘All’ shows the resultsobtainedby treat-
ing both informationalandintentionalrelationsasintroducingnew focusspaces:
’OK’ indicatesthenumberof anaphoricantecedentswhichareaccessible,’NO’ in-
dicatesthenumberof antecedentswhich arenot accessible,‘Out of AP’ thecases
in whichtheantecedentis notaccessiblebecauseit’soutsidethecurrentAdjacency
Pair, and’PN’ the numberof casesin which the antecedentis not accessiblebut
theanaphoricexpressionis apropername(which,presumably, canaccessit deno-
tation throughlong termmemoryratherthanthroughthestack).Thetableshows
that separatingintentionalconstituents(which introducenew focusspaces)from
informationalclusters(thatdon’t) makesmoreantecedentsaccessible;theresultis
highly significantby theχ2 Test(χ2 � 29� 47� p

�
0 � 001).
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OK NO Out of 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 core and trib 280 20
Int. only / Delay pop of emb cores 287 16
Int. only / Delay pop of emb trib 310 8

Table14.2:Effectof thedifferencesin popping.

Table14.2showsthedifferencesamongthedifferentwaysof fixing theoptions
left openby MoserandMoore(variants2-4above). Thefirst line shows theresults
obtainedif both embeddedcoresand embeddedcontributors were to pushnew
focusspaces,poppedassoonastheseembeddedconstituentsarecompleted;the
secondline theresultsif we keepembeddedcoresopenuntil theendof the RDA-
segment; the third line the resultsif we treat embeddedcontributors within an
RDA-segmentas remainingon the stackuntil the segmentis closedoff. In this
tablewe have ignoredboth casesin which the antecedentis inaccessiblebut the
anaphoricexpressionis apropername,andthe63casesin which theantecedentis
inaccessiblebecauseit’snot in thesameadjacency pair(seediscussionabove). The
differencesarenot sogreatin thiscase,but thecorrelationis still significant(χ2 �

6 � 09� p
�

0 � 05) andin particularthereis a clearly significantdifferencebetween
the simplestpossibletreatmentof embeddedintentionalrelations,in which they
arealwayspopped,andthelastmodel.

6 Discussion

As saidabove, we studiedtwo separateissues:how bestto useideasfrom RDA

to make G& S’s theorymorespecific,andto evaluateG& S’s proposalsconcerning
anaphoricaccessibilityunderthismapping.

6.1 Mapping RDA into Focus Spaces

Thefirst goalof our work is to useRDA structuresto gaina moredetailedunder-
standingof whenfocusspacesshouldbeopenedandclosed. In this respect,our
first resultis a significantlybettercharacterizationof anaphoricaccessibilityif we
assumethatnew focusspacesareonly pushedon thestackwhencoresarerecog-
nized,asopposedto alsobeingpushedwhena purely informationalstructureis
observed. This resultis especiallyinterestingwhencomparedwith Fox’s proposal
(discussedbelow). Accordingto Fox, informationalrelationsalsoaffectaccessibil-
ity. It is alsointerestingto contrastthis resultwith theproposalsof VeinsTheory,
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whichalsomakesno distinctionbetweeninformationalandintentionalrelations.
Thesecondinterestingfinding in this respectis thatthebestresultsconcerning

accessibilityareobtainedwhenembeddedcontributors,aswell, areonly popped
whenan RDA-segmentis closed. This is not somethingthat would be predicted
on the basisof eitherFox’s work, or any obvious interpretationof the notion of
RDA-segment;in fact,aswe will seeshortly, it’s not immediatelyobvioushow to
accountfor this resultin termsof GroszandSidner’s theory, either.

6.2 An Evaluation of Grosz and Sidner’s Theory

If we assumethat contributors stayon the stackuntil the RDA-segmentis com-
pleted,only 8 anaphoricantecedentsareoutsidethecurrentlyopenfocusspaces.
Of these,5 arecasesof definitedescriptionsthatmight beviewedasreferringde-
ictically to partsof thecircuit, 1 is acataphoricdiscoursedeixis,oneis a temporal
deixis (at this point), andonea bit unclear. In otherwords,underthe suggested
rulesfor openingandclosingfocusspaces,virtually all anaphoricantecedentsare
accessible.

The questionthenis whethertheserulesareconsistentwith the G& S frame-
work: the answer, we think, is that while the simplesttreatmentsof contributors
andcoresprobablyare,themostcomplex onesprobablyaren’t. In fact,we didn’t
even testwhat somepeoplemight think of as the mostnaturalmapping- make
theunembeddedcoreof anRDA segmentpartof thefocusspacefor thatsegment,
but treatunembeddedcontributorsasintroducingsubordinatefocusspaces- since
this would violate one of MoserandMoore’s basichypotheses(that only RDA-
segmentsresult in G& S-segments). The approachof leaving unembeddedcores
andcontributorson thestack,but poppingall embeddedRDA-segments,canprob-
ably be still viewed asconsistentwith the theory;3 but delayingthe poppingof
embeddedcoresandcontributorson thestackmaybeconsideredbeyond its lim-
its, whetherwe view the problemin algorithmictermsor in termsof intentional
structure.Leaving thesefocusspacesopenmeansthat theattentionalstatecannot
beproperlyseenasa stackanymore,but hasto beseenasa list, sincethereis no
guaranteethat thefocusspaceassociatedwith thecorewill bethelastelementon
thestack. Figure14.3shows anexamplein which it is necessaryto leave theem-
beddedcontributor 24.13-24.14on thestack,in orderto solve the“other” voltage
to someothervoltage; attheendof thesegment,this focusspacehasto beremoved
while leaving the focusspacefor thecoreon top of thestack. Furthermore,note
that in thecaseof Figure14.1we needa ‘discontinuousfocusspace’to make the
embeddedcontributoraccessiblewithouteliminatingtheprinciplethatnew entities
arealwaysaddedto thefocusspaceon topof thestack.

Looking at theproblemfrom thepoint of view of intentionalstructure,these
casesof accessibilitycanonly behandledwithin theG& S framework by hypothe-

3This however meansthat the intentional relationscontainedin the segment- e.g., convince
in Figure14.1–shouldbecomepart of the DSP for that segment,which againmay or may not be
consistentwith G& S’s ideas.
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24.13a SinceS52putsa return(0 VDC) on it’soutputs
24.13b whenthey areactive,
24.14 theinactive statemustbesomeothervoltage.
24.15 So even thoughyou maynot know what the ”other” voltage
is,
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

Figure14.3:A contributor thatprecedesthecore

sizingthattheDSPsassociatedwith embeddedcoresandcontributorssatisfaction-
precede thecoreandtheothercontributors. More in general,onehasto wonder
whetherFox’s (and beforethat, Reichman’s) suggestionthat the material intro-
ducedby ‘active’ propositions(i.e., theotherconstituentsof a rhetoricalscheme)
remainsaccessiblecanreally beformulatedin termsof GroszandSidner’s inten-
tional structure.

6.3 Open Issues

Keepingmoreentitieson the stackis obviously going to increasethe likelihood
thatanantecedentwill befoundon thestack,but we have to becarefulnot to lose
thecrucialpropertyof theattentionalstate,reducingsearchambiguity(otherwise,
wecouldjustmakeeverydiscourseentityaccessibleatall times).In orderto prop-
erly comparemodelsof anaphoricaccessibilityit is necessaryto computewhatwe
might call their ‘perplexity’; unfortunately, in orderto properlydo this it is nec-
essaryto have ananaphoricresolutionmechanism. We planto do this evaluation
next.

A major problemwith any attemptat looking at the empirical import of dis-
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coursestructureis thatit’s very hardto getresearchersto agreeon whatthestruc-
tureof agivendiscourseis. Work suchasMarcu’shasshown thatin generalwecan
expectpeopleto roughlyagreeon themainsegmentsof adiscourse,but it is much
harderto getagreementontherelative importanceof theconstituentsegments,and
evenharderto getagreementon theparticularrelations.At themoment,theonly
way to achieve a reliableannotationis by extensive training anddiscussions,as
donewhenconstructingtheSherlockcorpus.So,we do not expecteverybodyto
agreeon theparticularanalysesproposedhere;we would want to point out how-
everthattheseannotationsdohaveacertainamountof objectivity in thatthey were
notproducedby us.

7 Related Work

7.1 Fox

(Fox),althoughonly concernedwith referencesto singularandhumanantecedents,
is perhapsthemostextensivestudyof theeffectsof discoursestructureonanaphora
in both spoken andwritten discourses.Fox usesdifferentmethodsfor analyzing
the two genres:sheusesconceptsfrom ConversationAnalysis,andin particular
thenotionof Adjacency Pair, for spokenconversations,andRST to analyzewritten
texts. Hermainproposalaboutwritten texts is asfollows:

A pronounis usedto referto a personif thereis a previousmentionof
that personin a propositionthat is ACTIVE or CONTROLLING; other-
wisea full NP is used.

(Wherea propositionis ACTIVE if it’s partof thesameRST schemeasthepropo-
sition in which thepronounoccurs;whereasapropositionis CONTROLLING if it’s
partof a schemewhichdominatestheschemein which thepronounoccurs.)

Fox’s proposalsconcerningpronominalizationapplylesswell to referencesto
objects(andevenin hercorpustherearemany referencesfor which thehypothesis
above would licencethe useof a pronounareactuallyrealizedby a definite NP,
which sheexplainsby arguing that theprincipleabove is only oneof many inter-
actingprinciplesthat determinethe realizationof a NP); nevertheless,shemakes
a lot of compellingpointsaboutstructure. In particular, shemakes it very clear
thatactivepropositionsshouldbeaccessiblefor aslongastheschemeis open;and
producesseveral examplesshowing that materialintroducedin active embedded
nuclei is accessible.Fox didn’t find referencesinsideactive embeddedsatellites
(but thenagainnoneof theseis madevia a pronounin our corpus). In addition,
our studysuggeststhatpropernamesbehave differentlyfrom definitedescriptions
in that the formeraremuchlesssensitive to discoursestructurethanthe latter, so
the two classesshouldnot be conflatedlike Fox does;andnot separatinginfor-
mationalrelationsfrom intentionalonesrestrictstoo muchtherangeof accessible
antecedents,evenif it maybecorrectasfar aspronominalizationis concerned.
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Figure14.4: A treedistinguishingVeinsTheoryfrom the proposalsdiscussedin
thispaper

7.2 Veins Theory

VeinsTheory(VT) (Cristea,Ide,andRomary1998;Cristea,Ide,Marcu,andTablan
2000;IdeandCristea2000)is a recentlyproposedtheoryof theeffectof discourse
structureon anaphoricaccessibility, which relieson RST for its definition of dis-
coursestructure,andwhosepredictionshave beentestedusingan RST annotated
corpusof newspapertexts (Cristea,Ide, Marcu, andTablan2000). The proposi-
tions accessibleto an anaphoricexpressionsarecomputedby an algorithm that
operatesdirectly over an RST tree and involves two steps: a bottom up stepin
which the‘heads’of eachnodein thetreearecomputed(wheretheheadof anon-
terminalnodeis theconcatenationof theheadsof its nucleardaughters)followed
by a top-down computationof the VEIN EXPRESSIONS. The crucial ideaof VT

is thatmaterialintroducedin nuclearnodes‘percolatesup’ veins,whereveinsare
pathsin the treeall of whosearcsconnectnuclearnodes;the antecedentsintro-
ducedin any nodealongthevein areaccessiblefrom all thenodesof thesubtree
which hasthetop of thevein to which thatnodebelongsasits root. Thesecond
ideaof the theoryis thatantecedentsintroducedin a satellitenodeto the left of a
nucleusremainaccessibleto all nodescontrolled(in Fox’ssense)by thatnucleus.

In somerespects,theproposalpresentedherecanbeviewedasageneralization
of theproposalsof VT: thematerialintroducedin coreconstituentspercolatesupin
asimilarway, but we alsoallow antecedentsintroducedby embeddedcontributors
to the right of thenucleusto beaccessibleaslong asthesecontributorsareactive
(in VT, only binarytreesareconsidered).

Theonepoint of contrastbetweenthetwo theoriesis that in our proposal,we
do not considerall nuclei, but only the nuclei of intentionalrelations. We have
seenthat treatinginformationalrelationsasintroducingfocusspacesmakesa big
differencein termsof accessibility;the differenceis significanteven if we allow
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theseadditionalrelationsto remainopenaslongasthedominatingrelationis open.
Thecrucialcasedistinguishingthetwo theoriesaretreeswith thestructurein Fig
14.4: in our theoryX would beavailableasanantecedentof Y, whereasin Veins
Theoryit wouldn’t.
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