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Abstract

Centeringwasformulatedasamodelof therelationshipbetweenattentional

state,theform of referringexpressions,andthecoherenceof anutterancewithin

a discoursesegment. In thispaper, I arguethattherestrictionof centeringto op-

eratingwithin a discoursesegmentshouldbe abandonedin order to integrate

centeringwith a modelof global discoursestructure.The within-segmentre-

strictioncausesthreeproblems.Thefirst problemis thatcentersareoftencontin-

uedover discoursesegmentboundarieswith pronominalreferringexpressions

whoseform is identical to thosethat occur within a discoursesegment.The
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secondproblemis that recentwork hasshown that listenersperceive segment

boundariesatvariouslevelsof granularity. If centeringmodelshumandiscourse

processing,it is implausiblethateachlisteneris usinga differentcenteringal-

gorithm.Thethird issueis thatevenfor utteranceswithin a discoursesegment,

therearestrongcontrastsbetweenutteranceswhoseadjacentutterancewithin

a segmentis hierarchicallyrecentandthosewhoseadjacentutterancewithin a

segmentis linearly recent.This paperarguesthat theseproblemscanbeelimi-

natedby replacingGroszandSidner’s stackmodelof attentionalstatewith an

alternatemodel,the cachemodel.I show how the cachemodel is easily inte-

gratedwith thecenteringalgorithm,andprovideevidencefrom naturallyoccur-

ring discoursesthatsupporttheproposedintegratedmodel.

1 Intr oduction

Centeringis formulatedasa theorythatrelatesfocusofattention,choiceof referringexpression,and

perceivedcoherenceof utterances,within a discoursesegment[Groszet al., 1995], p. 204.In this

paper, I arguethattherestrictionof centeringto utteranceswithin thesamediscoursesegmentposes

threeproblemsfor thetheorythatcanbeeliminatedby abandoningthis restriction,andintegrating

centeringwith thecachemodelof attentionalstate[Walker, 1996].

Thefirst problemis thatcentersareoftencontinuedoverdiscoursesegmentboundarieswith pronom-

inal referringexpressionswhoseform is identicalto thosethat occurwithin a discoursesegment.

For example,considerdiscourseA, a naturallyoccurringdiscourseexcerpt from the Pear Stories

[Chafe,1980;Passonneau,1995]:

2



(A) (29) andhe� ’sgoingto takea pearor two, andthen..goonhisway

(30) umbut thelittle boy� comes,

(31) anduhhe� doesn’t wantjusta pear,

(32) he� wantsa wholebasket.

(33) Sohe� putsthebicycle down,

(34) andhe� ...

In anexperimentwherenaive subjectscodeddiscoursesfor segmentstructure[Passonneau,1995],

a majority of subjectsplaceda discoursesegmentboundarybetweenutterances(32) and(33). If

utterances(32)and(33)weresubjectedtoacenteringanalysis(cf. [Walkeretal., 1998], (33)realizes

a CONTINUE transition,indicatingthatutterance(33) is highly coherentin thecontext of utterance

(32). It seemsimplausiblethata differentprocessthancenteringwould be requiredto explain the

relationshipbetweenutterances(32) and (33), simply becausetheseutterancesspana discourse

segmentboundary.

The secondproblemis that listenersperceive segmentboundariesat variouslevels of granularity

[PassonneauandLitman, 1993;Hearst,1994;FlammiaandZue,1995;Hirschberg andNakatani,

1996], andsomesegmentboundariesare’fuzzy’ [PassonneauandLitman, 1996]. For examplein

discourseA above, 5 out of 7 subjectsplaceda segmentboundarybetweenutterances29 and30,

while 4 out of 7 subjectsplaceda segmentboundarybetweenutterances32 and33 [Passonneau,

1995]. If centeringmodelsdiscourseprocessing,it is implausiblethat thesubjectsthatplacea seg-

mentboundaryin theselocationsdon’t usecenteringto processthe referringexpressionsin the

discourse,while thesubjectswho didn’t placea segmentboundarydo usecenteringfor discourse

processing.

The third issueis that even for utteranceswithin a discoursesegment,therearestrongcontrasts

betweenutteranceswhoseadjacentutterancewithin a segmentis hierarchicallyrecentand those
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whoseadjacentutterancewithin a segment is linearly recent.Briefly, an utterance
� � is linearly

recentfor a subsequentutterance
� ����� if

� � occurredwithin the last few utterances.An utterance

� � is hierarchicallyrecentfor a subsequentutterance
� ����� if

� ����� canbecomeadjacentto
� � asa

resultof GroszandSidner’sstackmechanism[GroszandSidner, 1986;Walker, 1996]. For example

considerthecontrastbetweendiscoursesB andC below, whereC is a constructedvariationof B: �

(B) (4) C: Ok Harry, I have a problemthat uh my - with today’s economymy daughteris

working,

(5) H: I missedyourname.

(6) C: Hank.

(7) H: GoaheadHank

(8a)C: aswell asheruhhusband.

(8b) They have a child.

(8c)andthey bring thechild to usevery dayfor babysitting.

(C) (4) C: Ok Harry, I have a problemthat uh my - with today’s economymy daughteris

working,

(5) H: I missedyourname.

(6) C: Hank.

H: I’m sorry, I can’t hearyou.

C: Hank.

H: Is thatH A N K?

C: Yes.

(7) H: GoaheadHank.

�
This dialogueis from a corpusof naturallyoccurringfinancialadvicedialogues[Pol-

lack et al., 1982] thatwereoriginally tapedfrom a live radiobroadcastandtranscribedby
MarthaPollackandJulia Hirschberg. I am gratefulto Julia Hirschberg for providing me
with audiotapesof thesedialogues.
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(8a)C: aswell asheruhhusband.

(8b) They have a child.

(8c)andthey bring thechild to usevery dayfor babysitting.

In utterance5 of dialogueB, the talk show host,H, interruptsthecallerC to askfor his name.In

utterance8a,thecallerC continuestheproblemstatementthathebeganwith utterance4 asthough

utterance4 hadjustbeensaid,andsoutterance8ais partof thesamediscoursesegmentasutterance

4. Thestructureof DialogueC is identicalto thatof B.

But if utterance8a is in the samesegmentas utterance4 in both dialogueB andC, thereis an

unexpecteddifferencein the coherenceof the utterance.The anaphoricreferringexpression,her

husbandis clearlymoredifficult to interpretin C. Thushierarchicalrecency, asoperationalizedby

thestackmodel,doesnotpredictwhenpreviouscentersareaccessible.

I will arguethatit is possibleto simultaneouslyaddresstheseproblemsandintegratecenteringwith

a modelof globaldiscoursestructureby replacingGroszandSidner’s stackmodelof global focus

with thecachemodelof attentionalstate[Walker, 1996]. � In theresultingintegratedmodel:

1. Centersareelementsof thecacheandthecachemodelmediatestheaccessibilityof centers.

2. Centersarecarriedover segmentboundariesby default.

3. Processingdifficultiesarepredictedfor the interpretationof centerswhoseco-specifiersare

not linearly recent,asin thecaseof DialogueC.

4. Granularityof discoursesegmentation(discourseintentions)hasnoeffecton themodel.

Thestructureof thepaperis asfollows.Section2 presentsthecachemodelandbriefly describeshow

the centeringalgorithm[Brennanet al., 1987] is integratedwith the cachemodel[Walker, 1998].

	
The cachemodel is an extensionof the AWM model in [Walker, 1993;Jordanand

Walker, 1996].
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Then,threetypesof evidenceareusedto supporttheproposedintegratedmodel.First,Section3.1

discussquantitativeevidenceshowing thatcentersarefrequentlycarriedover segmentboundaries.

Next, section3.2 discussa numberof naturallyoccurringexamplesthat illustratethat the form in

whichcentersarerealizedacrossdiscoursesegmentboundariesis notdeterminedby boundarytype.

Then,Section3.3 presentsevidencethat the cachemodelcanhandle’focus pops’, a phenomena

thatwasbelieved to provide strongsupportfor GroszandSidner’s stackmodel.Finally, section4

summarizesthediscussionandoutlinesfuturework.

2 The CacheModel of Attentional State

A cacheis an easilyaccessibletemporarylocationusedfor storing information that is currently

beingusedby a computationalprocedure[Stone,1987]. The fundamentalideaof thecachemodel

is thatthefunctioningof thecachewhenprocessingdiscourseis analogousto thatof a cachewhen

executinga programon a computer. Justasdiscoursesmay bestructuredinto goalsandsubgoals

which contribute to achieving the purposeof the discourse,a computerprogramis hierarchically

structuredinto routinesandsubroutineswhich contribute to completingthe routine.Thusa cache

canbeusedto modelattentionalstatewhenintentionsarehierarchicallystructured,just asa cache

canbeusedfor processingthereferencesandoperationsof a hierarchicallystructuredprogram.

In thecachemodeltherearetwo typesof memory:MAIN MEMORY representslong-termmemory

andtheCACHE representsworkingmemory[Baddeley, 1986]. Mainmemoryis muchlargerthanthe

cache,but is slower to access[Hintzman,1988;Gillund andSchiffrin, 1984]. Thecacheis a limited

capacity, almost instantaneouslyaccessible,memorystore.
 The size of the cacheis a working

�
[Cornish,1999] suggeststhatthefunctionalityof thecacheasdescribedhereis similar

to SanfordandGarrod’s EXPLICIT FOCUS [SanfordandGarrod,1981;Garrod,1995], and
KintschandVanDijk’ sSHORT TERM MEMORY BUFFER[KintschandDijk, 1978].
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assumptionbasedon thefindingsof previouswork [Kintsch,1988;Miller, 1956;Alshawi, 1987]:

CACHE SIZE ASSUMPTION: Thecacheis limited to 2 or 3 sentences,or approximately

7 propositions.

Givena particularcachesizeassumption,the definitionof linear recency, discussedbriefly above,

canbemademoreprecise,by settingthenumberof linearly adjacentutterancesto beequalto the

cachesizeparameter.

An utteranceU � is linearlyrecentfor utteranceU� whenit occurredwithin thepastthree

linearlyadjacentutterances.

Therearethreeoperationsinvolving thecacheandmainmemory. Itemsin thecachecanbepreferen-

tially RETAINED anditemsin mainmemorycanbeRETRIEVED to thecache.Itemsin thecachecan

alsobeSTORED to mainmemory. Whennew itemsareretrievedfrom mainmemoryto thecache,or

enterthecachedirectly dueto eventsin theworld, otheritemsmaybedisplacedto mainmemory,

becausethecachehaslimited capacity.

Thedeterminationof which itemsto displaceis handledby a CACHE REPLACEMENT POLICY. In

thecachemodel,thecachereplacementpolicy is a workingassumption,basedonpreviouswork on

theeffectsof distanceon anaphoricprocessing[Clark andSengul,1979;Hobbs,1976;Hankamer

andSag,1976] inter alia:

CACHE REPLACEMENT POLICY ASSUMPTION: Theleastrecentlyaccesseditemsin the

cachearedisplacedto main memory, with the exceptionof thoseitemspreferentially

retained.

The cachemodelincludesspecificassumptionsaboutprocessing.Discourseprocessesexecuteon

elementsthat arein the cache.All of the premisesfor an inferencemustbesimultaneouslyin the
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cachefor the inferenceto be made[McKoon andRatcliff, 1992;Goldman,1986]. If a discourse

relationis to beinferredbetweentwo separatesegments,a representationof bothsegmentsmustbe

simultaneouslyin thecache[Malt, 1984;Fletcheretal., 1990;Walker, 1993]. Thecospecifierof an

anaphormustbe in thecachefor automaticinterpretationor bestrategically retrievedto thecache

in orderto interprettheanaphor[Tyler andMarslen-Wilson,1982;Greeneet al., 1992]. Thuswhat

is containedin thecacheatany onetime is a WORKING SET consistingof discourseentitiessuchas

entities,propertiesandrelationsthatarecurrentlybeingusedfor someprocess.

Theintegrationof centeringwith thecachemodelis simple[Walker, 1998]. Centersarea subsetof

entitiesin thecache,andthecontentsof thecachechangeincrementallyasdiscourseis processed

utteranceby utterance,so by defaultcentersarecarriedover from one segmentto another. The

centeringforward looking centerslist for an utteranceis a subsetof the entitiesin the cache,and

centeringrulesandconstraintsapplyasusual,with theorderingof theCf list providing anadditional

finer level of salienceorderingfor entitieswithin thecache.

ThecachemodelmaintainsGroszandSidner’s distinctionbetweenintentionalstructureandatten-

tionalstate.Thisdistinctionis critical.However thecachemodeldoesnotpositthatattentionalstate

is isomorphicto intentionalstructure.For example,whena new intentionis recognizedthat is sub-

ordinateto thecurrentintention,new entitiesmaybecreatedin thecacheor beretrievedto thecache

from mainmemory[Ratcliff andMcKoon,1988], however old entitiescurrentlyin thecachewill

remainuntil they aredisplaced.Thuscentersfrom thepreviousintentionarecarriedoverby default

until they aredisplaced.Whena new intentionthatis subordinateto a prior intentionis recognized,

entitiesrelatedto theprior intentionmustberetrievedto thecache,unlessthey werenot displaced

by the interveningdiscourse.In otherwords,the cachemodelcastsattentionalstatein discourse

processingasa gradient phenomenon,andpredictsa loosercouplingof intentionalstructureand

attentionalstate.A changeof intentionaffectswhat is in the cache,but the contentsof the cache

changeincrementally, insteadof changinginstantaneouslywith onestackoperationasthey doin the
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stackmodel.

Thecachemodelprovidesanaturalexplanationfor thedifferencein thecoherencebetweendialogue

B anddialogueC. The CACHE SIZE ASSUMPTION in thecachemodelpredictsthatprocessingthe

longerinterruptionin C usesall of thecachecapacity;thusreturningto theprior discussionrequires

a retrieval from mainmemory. The successof this retrieval dependson two requirements:(1) the

speakermustprovideanadequateretrieval cue[McKoonandRatcliff, 1992;Ratcliff andMcKoon,

1988]; and (2) the requiredinformation musthave beenstoredin main memory. In the caseof

dialogueC, eitherrequirement(1) or (2) maynotbesatisfied.

Thedifferencesbetweenthetwo modelsaresummarizedbelow:

� New intentionsubordinateto currentintention:

– Stack:Pushnew focusspace

– Cache:New entitiesretrievedto cacherelatedto new intention,old entitiesremainuntil

displaced

� Completionof intentionagreedby conversantsexplicitly or implicitly

– Stack:Pop focusspacefor intention from stack,entitiesin focusspaceareno longer

accessible

– Cache:Don’t retainentitiesfor completedintention,but they remainaccessibleby virtue

of beingin thecacheuntil they aredisplaced

� New intentionssubordinateto prior intention

– Stack:Popfocusspacesfor interveningsegments,focusspacefor prior intentionacces-

sibleafterpop

– Cache:Entitiesrelatedto prior intentionmustberetrievedfrom mainmemoryto cache,

unlessretainedin thecache

� Returningfrom interruption
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– Stack:Lengthanddepthof interruptionandtheprocessingrequiredis irrelevant

– Cache:Lengthof interruptionor the processingrequiredpredictsretrievals from main

memory

� Centering

– Stack:No clearrelationshipbetweenthe focusstackmechanismandcentering[Grosz

andSidner, 1998].

– Cache:Centersarea subsetof the elementsin the cacheandcenteringprovidesa finer

level of salienceorderingfor entitiesin thecache.

3 Evidencefor the proposedintegrated model

Centeringwasformulatedasa processthatoperateson two utteranceU  andU  � � , within a dis-

coursesegmentD, which attemptsto explain the relationshipbetweenthe form of referring ex-

pressionsandunderlyingdiscourseprocesses[JoshiandKuhn, 1979;JoshiandWeinstein,1981;

Groszet al., 1986;Brennanet al., 1987;Groszet al., 1995;Walkeret al., 1998]. The hypothesis

consideredhereis thatthewithin-segmentconstraintshouldbeabandoned.Furthermore,in thepro-

posedintegratedmodel,thecachecontents,ratherthandiscoursesegmentstructure,determinesthe

accessibilityof centers.

To supporttheproposedintegratedmodel,this sectionpresentsthreetypesof evidence.Section3.1

discussquantitativeevidenceshowing thatcentersarefrequentlycarriedover segmentboundaries.

Section3.2 discussa numberof naturallyoccurringexamplesthat illustratethat theform in which

centersarerealizedacrossdiscoursesegmentboundariesis not determinedby boundarytype.Sec-

tion 3.3 presentsevidencethat the cachemodelcanhandle’focus pops’,which werebelieved to

providestrongsupportfor GroszandSidner’sstackmodel.
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3.1 Distributionof CenteringTransitionsin SegmentInitial Utterances

Continue Retain Smooth-Shift No Cb

Segmentinitial nowsentences 2 % 20% 39% 39%
OtherSentences 43% 9 % 27% 21%

Figure1: Distribution of CenteringTransitionsin 98 discourse-segmentinitial Now sentencesas
comparedwith a controlgroupof Othersentencesfrom (Hurewitz, 1998)

Onewayto seewhetherdiscoursesegmentstructureshaveadirecteffectoncenteringdatastructures

is by examiningdifferencesin thecenteringtransitionsacrossdiscoursesegmentboundaries,which

indicateswhethercentersarecarriedover utterancepairsthatspandiscoursesegmentboundaries.

Thecachemodelpredictsthatcentersarecarriedover segmentboundariesby defaultbecausethey

areelementsof thecache,but thattherecognitionof anew intentionmayhaveaneffectoncentering

becauseit mayresultin a retrieval of new informationto thecache.It alsopredictsthat thedegree

to which centersarecarriedover or retaineddependsdirectly on whetherthey continueto beused

in thenew segment(becausethecachereplacementpolicy is to replacethe leastrecentlyaccessed

(used)discourseentities).This meansthatdiscoursesegmentationshouldhave a gradienteffect on

centering.

Figure 1 shows centeringtransitionsin 98 segment initial utterances,wherediscoursesegment

boundarieswereidentifiedby the useof the cueword now [Hirschberg andLitman, 1987].� Now

indicatesa new segmentthat is a furtherdevelopmentof a topic, andindicatesa pushin the stack

model[GroszandSidner, 1986;Reichman,1985;Hirschberg andLitman, 1993]. This meansthat

discoursesegmentsthatareinitiatedwith utterancesmarkedby thecueword nowareeithersister

segmentsor subordinatedsegments.

�
See[Walkeret al., 1998] for thedefinitionof thecenteringtransitionsof CONTINUE,

RETAIN, SMOOTH-SHIFT, ROUGH-SHIFT andNO CB. In thedatahere,no rough-shifttran-
sitionswerefound.
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Thefigureshowsthatcenteringtransitionsdistributedifferentlyfor thistypeof segmentinitial utter-

ancethanthey dofor utterancesin general.A similardistributionaldifferencein centeringtransitions

is reportedin [Passonneau,1995]. TheNoCbcasesin Figure4 indicatethattherearesomenew seg-

mentswherecentersarenot carriedover, but notethatevenwithin adiscoursesegment,centersmay

not becarriedover from oneutteranceto the next. In addition,in abouttwo thirds of thesegment

initial utterances,centersare carriedover discoursesegmentboundaries,so thatthereis a gradient

effect of discoursesegmentboundariesoncentering.

Thesedistributionalfactsdemonstratetheneedfor a modelof global focusthat is integratedwith

centering,andprovidessupportfor theproposedcachemodelsincecentersareclearlycarriedover

segmentboundaries,andsincethereis a gradienteffectof segmentationoncenteringtransitions.

3.2 DiscourseConfigurationsandCenteringDataStructures

This sectionpresentsdatashowing thatdiscoursesegmentstructuredoesnot determinetheacces-

sibility of centers.It is well known thataccessibilityof discourseentitiesis reflectedby linguistic

form [Gundeletal., 1993;Prince,1981;Prince,1992;Brennan,1995]. Furthermore,psychological

studiesof centeringhave shown thata processingpenaltyis associatedwith realizingtheCb by a

full nounphrase[Hudson-D’ZmuraandTanenhaus,1998]. Thusbelow the realizationof the Cb

(linguistic form) is usedasan indicatorof whetherdiscoursesegmentationhasa direct effect on

accessibility.

In orderto show thatdiscoursesegmentstructuredoesn’t determineaccessibility, wemustexamine

the linguistic form of centersacrossall potentialdiscoursesegmentstructureconfigurations.This

meanswe mustdefineall potentialdiscoursestructureconfigurations.Figure2 illustratesdifferent

discoursestructuresin GroszandSidner’s theoryandshows how segmentsconsistof groupingsof

utteranceswhichcanbeembeddedwithin oneanother. Thesediscoursestructureconfigurationsvary
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B1
B2

SEGMENT A

SEGMENT B

A4

B3

A3
E2

A2
A1

SEGMENT C
C1

D2
D3

D1
SEGMENT D

SEGMENT E

E1

Figure2: Two abstracthierarchicaldiscoursestructures.Thefirst hastwo discoursesegmentsA and
B whereB is embeddedwithin A, andthe secondhasthreesegmentsC, D, E whereD andE are
sistersegmentscontributingto thepurposeof segmentC. UtterancesarerepresentedasA1, A2 etc.

in termsof whethertwo utterancescanbeconsideredto belinearly recentor hierarchicallyrecent.

In Figure 2, utteranceA1 is both linearly and hierarchicallyrecentfor A2. Sincethe utterances

beforeandaftersegmentB arebothpartof segmentA, utteranceA2 is hierarchicallyrecentwhen

A3 is interpreted,althoughit is not linearly recent.UtteranceB3 is linearly recentwhen A3 is

interpreted,but not hierarchicallyrecent.Similarly B3 is not hierarchicallyrecentfor A4. In the

seconddiscourse,C1 is hierarchicallyrecentfor both D1 andE1, but only linearly recentfor D1.

UtteranceD3 is linearly recentfor E1,but not hierarchicallyrecent.

Linearrecency approximateswhatis in thecachebecauseif somethinghasbeenrecentlydiscussed,

it wasrecentlyin thecache,andthusis is morelikely to still bein thecachethanotheritems.Linear

recency ignorestheeffectsof preferentiallyretainingitemsin thecache,andretrieving itemsfrom

mainmemoryto the cache.However linear recency is morereliableasa codingcategory sinceit

only reliesonwhatis indicatedin surfacestructuresin thediscourse.

Given theseterms,Figure 3 enumeratesall the relevant discoursestructureconfigurations.The

columnsof Figure3 arethe typesof discoursesegmentboundariesthat two utterancesU �� � and

U  canspanin termsof intentionalstructureand linear andhierarchicalrecency. The rows enu-

meratedifferencesin linguistic form thatareknown to indicatecenteraccessibility, i.e.whetherthe
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Center Sister Subordinate FocusPop FocusPop
realization intention intention Hierarchical, Linear,

overU ��� � , U � OverD3,E1 Over C1,D1 OverA2,A3 OverB3,A3
over C1,E1

Cb � PRONOUN Type1 Type3 Type5 Type7
Cb � FULL NP Type2 Type4 Type6 Type8

Figure3: CenteringandDiscourseSegmentationPossibilities

Cb(U�� � ) is realizedin U  asa pronounor asaFull NP. Thecombinationof thesetwo dimensions

defineseightdiscoursesituations.

Types1 and2 areutterancepairs that are linearly recentbut not hierarchicallyrecentbecausea

relatedsistersegment,e.g.segmentD, hasalreadybeenpoppedoff the stack.Types3 and4 are

utterancepairs that areboth linearly andhierarchicallyrecent.Types5 and6 areutterancepairs

whereU �� � is hierarchicallyrecentbut not linearly recent.Types7 and8 areutterancepairswhere

U �� � is linearly recentbut not hierarchicallyrecent,becauseanunrelatedinterruptingsegmenthas

beenpoppedoff thestack.

To test the hypothesisthat segmentstructuredoesnot determineaccessibility, we mustexamine

naturally occurringtext or dialogueexcerptsthat exemplify eachconfiguration.� The remaining

sectionseachdiscusstwo of thediscoursetypesfrom Figure3 usingexcerptsfrom theHarryGross

corpus[Pollacket al., 1982;Walker, 1993], theSwitchBoardCorpusfrom theLDC, Phil Cohen’s

corpusof telephone-baseddialoguesbetweenan expert andan apprenticewho mustput together

a plasticwaterpump[Cohen,1984], andexcerptsfrom thePearStoriesCorpusfrom [Passonneau

andLitman, 1993;PassonneauandLitman, 1996]. Centersare indicatedby italics anddiscourse

segmentstructuresaremarkedby horizontallinesin thetranscriptsof thediscourse.�

�
See[Walker, 1998] for a specificationof criteriausedto identify relevantexamples.�
Theremaybeadditionalsegmentstructurebeyondwhatis indicated.
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3.2.1 Type1 and2: Sisterintention

Seg� U �

6 28 And youthink “Wow,
this little boy’s� probablygoingto comeandseethepears,

29a andhe� ’sgoingto takeapearor two,
29b andthengoonhis� way.”

7 30 umbut thelittle boy� comes,(CONTINUE)
31 anduhhe� doesn’t wantjustapear,
32 he� wantsa wholebasket.

8 33 Sohe� putsthebicycledown, (CONTINUE)
34 andhe� .. you wonderhow he� ’sgoingto takeit with this.

Figure4: Excerptfrom (PassonneauandLitman, 1994) illustratingType 1 andType 2. Eachline
indicatesanempiricallyverifieddiscoursesegment.

A sisterintentiondiscourseconfigurationis shown in Figure2 for segmentsD andE; E is asisterto

D. ThePearStoriesnarrative in Figure4 from [PassonneauandLitman,1996] illustratestwo sister

intentiondiscoursesegments,with the segmentboundariesmarkedbetweenutterances29 and30,

andbetweenutterances32and33.�

Considerthesegmentboundaryspannedby utterance29bandutterance30.In segment7, utterance

30, the full nounphrasethe little boy realizestheCb of utterance30 [Passonneau,1995]. Thedis-

courseentity for the little boy is alsothe Cb of utterance29b andthe Cp of utterance30, so the

centeringtransitionis a CONTINUE. Thus,this is anexampleof Type2 in Figure3: theCb(U�� � ) is

realizedasa full NPacrossa segmentboundaryfor two sistersegments.

Now, considerthe relation betweenutterance32 and utterance33 spanningthe secondsegment

boundary. Utterance33 is alsosegmentinitial, andthediscourseentity for the little boy is theCb,

but in this casethisentity is cospecifiedby thereferringexpressionhe. Here,asin utterance30,the

�
Boundariesarethosemarkedby a significantnumberof naive subjectsin Passonneau

andLitman’sexperiments.
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discourseentity for thelittle boy is theCbof thepreviousutterance,utterance32,andtheCpof the

currentutterance,utterance33,defininga CONTINUE transition.Thus,this is anexampleof Type1

in Figure3: theCbof 32 is realizedasapronounacrossa segmentboundary.

Clearly, bothType 1 andType2 can occurandtheCb of anutterancecanbecontinuedby means

of a pronounin the initial utteranceof a sistersegment.Becausea pronouncan be usedin this

configuration,thereis little motivationfor introducinganadditionalmechanismbesidescenteringto

explain theaccessibilityof thecenterover sistersegmentboundaries.Theuseof thepronounhere

canbeexplainedquitenaturallyby assumingthatcenteringoperatesover sistersegmentutterances,

representedabstractlyin Figure5 by D3 andE1.

3.2.2 Type3 and4: New subordinatedintention

Seg� U � Speaker�

N (32) H: If you’d like acopyof thatlittle article
just sendmeanote.
I only haveonecopy.
I’d begladto sendit to you.

N+1 (33) C: Wheredid it appear?(CONTINUE)
(34) H: it- I - to tell you thetruth
(35) C: It wasn’t in thenewsp–
(36) H: I don’t rememberwhere,

whatpublicationit was.
It wasnota generallypublic thing like a newspaper...

Figure5: Excerptfrom theFinancialAdviceCorpusillustratingType3. Thediscoursesegmentation
is basedonassumptionsaboutthestructureof clarifications[Litman,1985].

A new subordinatedintentiondefinesa new discoursesegmentembeddedwithin the immediately

precedingsegment,assegmentD is embeddedwithin segmentC in Figure2. Figure5 consistsof

an excerptfrom the financialadvicedialoguecorpus[Pollacket al., 1982], showing onesegment

boundary. This segmentboundaryis basedon the assumptionthata clarifying questioninitiatesa
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new discoursesegment[Litman,1985]. Utterance33 is a segmentinitial utterancethatrefersto the

Cb of utterance32 with the referringexpressionit.� Sincethis is the only centeron the Cf, it is

alsotheCb, resultingin a CONTINUE centeringtransition.Thus,Figure5 is anexampleof Type3:

utterance33showsthataCbcanbecontinuedwith apronounacrossasegmentboundarywherethe

secondsegmentis embeddedwithin thefirst.

Seg� U � Speaker�

N 1 Expert: Now takethebluecapwith thetwo prongsstickingout
2 Expert: andfit thelittle pieceof pink plasticon it. Ok?
3 Apprentice: Ok.

N+1 4 Expert: Inserttherubberring into thatbluecap. (RETAIN)

Figure6: Excerptfrom PumpDialogueCorpus(Cohen,1984) illustrating Type 4. The discourse
segmentationis basedon thetaskstructure(Grosz,1977;Sibun,1991).

Figure6 is anexcerptfrom Cohen’scorpusof task-relateddialoguesabouttheconstructionof a toy

waterpump[Cohen,1984], with onesegmentboundaryindicated.Here,the segmentboundaryis

basedon theassumptionthata new subtaskinitiatesa subordinatedsegment[Grosz,1977].  This

is anexampleof Type4 becausetheCb of utterance3 is cospecifiedby a deicticNP, thatbluecap,

in utterance4. In this case,thepreviousCb is not predictedto betheCb of thefollowing utterance

sincethe centeringtransitionis a RETAIN, andthis may beonefactor involved in the choiceof a

deicticNPfor thereferringexpression.

ClearlybothType3 andType4 can occur. Thesetypesrealizeutterancepairsthatarebothlinearly

andhierarchicallyrecent,andshow that the Cb of the initial utteranceof a subordinatedsegment

canbeexpressedwith eithera full NPor apronoun.Thus,it is plausiblethatcenteringoperatesover

!
Modulo the assumptionthat the article anda copy of the article arebeingtreatedas

coreferential."
In this partof thedialogue,thegoalis to put thebluecapandits subcomponentsonto

themainpumpbody. Therubberring is a subcomponentof thebluecap.Thusputtingthe
rubberring into thebluecapis a subgoalof addingthebluecapto themainpumpbody.
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segmentboundariesfor subordinatedsegments,representedabstractlyby the relationbetweenC1

andD1 in Figure2.

3.2.3 Type5 and6: FocusPopwith Hierarchical Recency

Seg� U �

14 1 a-ndhis bicyclehitsa rock.
2 Becausehe� ’s looking at thegirl.
3 ZERO-PRONOUN� falls over,

15 4 uh there’snoconversationin thismovie.
5 There’ssounds,
6 you know,
7 like thebirdsandstuff,
8 but there..thehumansbeingsin it don’t sayanything.

16 9 He� falls over,
10 andthenthesethreeotherlittle kidsabouthis

sameagecomewalkingby.

Figure7: An excerpt from the PearCorpusillustrating Type 5. Segmentboundariesfrom human
judgementstakenfrom PassonneauandLitman,1994

Focus Popsare discussedin more detail in Section3.3. Here we are interestedin determining

whetherthe relevant structuresfor centeringaredeterminedby hierarchicalrecency or by linear

recency of adjacentutterances.Thus,whena focuspop occursthereare two logical choicesfor

selectingU �� � for the purposesof centering,onechoicedefinedby linear recency andthe other

definedby hierarchicalrecency. Types5 and6 selectU �� � by hierarchicalrecency. In Figure2, the

relevantexamplesof hierarchicallyrecentutterancesdefinedby focuspopslet A2 beU �� � for A3

andlet C1beU �� � for E1.

Figure 7 is from the PearStoriescorpus,with discoursesegmentboundariesmarkedby human

judges[PassonneauandLitman,1996]. Thisis anaturallyoccurringexemplarof thefirstdiscoursein

Figure2;segment15is aninterruptionandsegment16is acontinuationof segment14.Thisanalysis
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is alsosupportedby: (1) theobviouschangein contentandlexical selection[Morris andHirst,1991;

Hearst,1994]; and(2) thefactthatutterance9 is anINFORMATIONALLY REDUNDANT UTTERANCE,

IRU, whichre-realizesthecontentof utterance3, andreintroducesits contentin thecurrentcontext

[Walker, 1993;Walker, 1996]. Thus,usinghierarchicalrecency to determineU �� � for thepurposes

of centering,U  is utterance9 at the beginningof segment16 andU �� � is utterance3 at theend

of segment14.Then,Figure7 is anexampleof Type5 becausea pronounis usedin utterance9 to

realizetheCbof utterance3, despitetheinterveningsegment15.

Figure8 is anexcerptfrom theSwitchboardcorpusin which thetopic of thediscussionwasFamily

Life. The discoursesegmentboundariesshown herewere identifiedon the basisof the claim that

thecuewordanywaymarksa focusstackpopto anearliersegment[Polanyi andScha,1984;Grosz

andSidner, 1986;Reichman,1985]. Utterance5 in segment3 startswith thecuewordanywayand

returnsto thediscussionof whichsportsthespeaker’soldestsonlikes,afterabrief digressionabout

thespeaker’s little girl. Figure8 is anexampleof Type6 becausethis focuspoprealizestheCb of

utterance3 with afull NP, myoldestson. Notethatnoothermaleentityhasbeenintroducedinto the

conversation,soon thebasisof informationaladequacy alone,thepronounhewould have sufficed

[Passonneau,1996].

Seg� U � Speaker�

1 1 A: Whataresomeof thethingsthatyou dowith them?
2 B: Well, my oldestsonis eleven,
3 andhe is really into sports.

2 4 And my little girl just startedsports.

3 5 Anyway, myoldestson, heplaysbaseballright now,
6 andhe’sapitcheronhis team,
7 andhe’sdoingreallywell.

Figure8: An excerptfrom theSwitchboardcorpusillustratingType6. Thetopic of discussionwas
Family Life., Segmentboundariesbasedon thecuewordanyway
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Types5 and6 areutterancepairswhereU �� � is hierarchicallyrecent,but not linearly recent.The

existenceof Types5 and6 shows thattheCb of anutterancein a prior discoursesegment(A2) can

be referredto by eithera pronounor a full NP in the initial utteranceof a return(A3). Sinceboth

Type 5 andType6 can occur, it would seemthatpoppingalonedoesnot makestrongpredictions

abouttherealizationof theCb.

3.2.4 Type7 and8: FocusPopwith LinearRecency

Seg� U� Speaker�

1 1 A: Well, whatdoyou know aboutLatin Americanpolicies?
2 B: Well, I think they’rekind of ambivalent,really.......

(23 interveningutterancesaboutUS supportetc)
25a A: Yep,that’saboutthelumpsumof it.

2 25b Well, um,I wasspeakingwith a,awomanfrom,
I believeshewasfrom theHondurasor Guatemala,
or somewherein there,

25c No, shewasfrom El Salvador–
26 B: Yeah.
27a A: – and,uh,shewasfrom a relatively wealthyfamily,
27b andwhen,uh,theContrascameinto power, of coursewith, uh,

3 27c oh,goshdarn,what’shis face,
he’s in, in Floridajail now, Marcos–

28 B: Yeah,yeah.
29 A: – uh,no,he’s,Marcosis Philippines,
30 B: Yeah,um,well, I’m blank[laughter]on it.
31 A: Well, youknow whoI’m talkingabout.
32 B: I canseehis face(( )) forgethis name[laughter].
33a A: Yeah,I, I know it, uh,

4 33b Anyway, whenhecameinto power,
hebasicallyjust tookeverybody’sproperty, you know,
justassignedit to himself.

34 B: Yeah,kind of nationalizedit –

Figure9: An excerptfrom theSwitchboardcorpusillustratingType7. Thetopic of discussionwas
Latin America.Segmentboundariesareidentifiedbasedon thecueword anyway, INFORMATION-
ALLY REDUNDANT UTTERANCES, andtensechangesfrom simplepastto present.
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In section3.2.3,weexaminedfocuspopswhereU �� � for thepurposesof centeringwasdefinedby

hierarchicalrecency. In Types7 and8, utteranceU �� � for the purposeof centeringis definedby

linearrecency, whereU �� � belongsto a segmentthatis poppedoff thestackbefore,or at thetime

that,U  is processed.The linearly recentutteranceis analogousto letting B3 be U �� � for A3 in

Figure2.

Thesegmentstructuresfor bothFigures9 and10, illustratingTypes7 and8,aredefinedonthebasis

that thecueword anywaymarksa pop to a previousdiscoursesegment,aspositedby [Reichman,

1985;GroszandSidner, 1986]. Thusin Figure9, utterance33bbeginsa new segmentandin Fig-

ure10, utterance7 begins a new segment.However, in orderto examinetheeffect of hierarchical

recency, thebeginningof theinterveningsegmentthatis to bepoppedmustbeidentified.In Figure

9, utterance27ain segment2 is assumedto behierarchicallyrecentfor utterance33bin segment4

basedon theIRU whenX cameinto powerin utterance33b[Walker, 1993]. In Figure10, thetense

changefrom pastto pastimperfectbetweenutterances3a and3b is usedto identify a discourse

segmentboundary[Webber, 1988b], sothatsegment3 is hierarchicallyadjacentto segment1.

Figure9 shows a conversationfrom the SwitchBoardcorpusin which two subjectsarediscussing

thetopic Latin America, asseenin A’s conversationalopenerin utterance1. Thesegmentboundary

of interestis thatbetweenutterance33aand33b. Segment3, from utterances27c to 33a,is about

trying to rememberthenameof theleaderof theContras,andestablishescentersfor boththeContra

leaderandfor the discourseentity representinghis name.Establishinghis nameis a minimal part

of thestory thatspeakerA is trying to tell. Segment4 continuesthe Cb of the Contraleader, and

continuesthestorybegun in utterance27a,asshown by theparaphraseof Whenthecontrascame

into powerwith (theContra leader). Clearlysegment4 continuestheintentioninitiatedin utterance

27b. Thusthefocusspacestackfor segment3 shouldbepoppedfrom thestackby theuseof thecue

wordanyway. However, theuseof thepronounhe to referto theContraleaderin 33bwouldnot be

supportedby thefocusspacefor segment2 thatwouldbeonthetopof thestackafterthepop,since
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segment3 actuallyestablishedthisdiscourseentityasa center.

Figure10is alsoanexcerptfromtheSwitchboardcorpus.In thiscase,thetopicof thediscussionwas

homedecorating. In utterance7, speakerA marksa focuspopwith thecuewordanyway. But what

intentionis segment3 relatedto?I identifiedutterance3aasthelastutteranceof thehierarchically

adjacentsegmentbecausethepastimperfecttenseis usedin utterance3b whenthesimplepastwas

usedfor utterance3a[Webber, 1988a]. In addition,it is plausiblethatonsemanticgroundssegment

2 providesbackgroundfor segment3 [Hobbs,1985], andthusthattheintentionof segment2 must

berealizedbeforethatof segment3.�$# Then,this is anexampleof Type8 becausethephrasethat

color in utterance7 refersto theCbof utterance5 fromsegment2,whenthefocusspacefor segment

2 shouldbepoppedoff thestack.

Seg� U � Speaker�
1 1 A: Well, I wasjust lookingaroundmy house

andthinkingaboutthepaintingthatI’ve done.
2 B: Uh-huh.
3a A: And thelasttime that,um,we tackledit, I did thekitchen.

2 3b And I hadgonethroughaperiodof depressionatonetime
andpaintedeverythinga dark,it wascalledasassafras,
it waskind of anorangishbrown.

4 B: Okay.
5 A: It wasnot realpretty.
6 B: Yeah.

3 7 A: Anyway, sothekitchenwasoneof theroomsthatgot hit
with that color.

8 B: Uh-huh,I see.
9 A: [Laughter]SoI tried to cover it with white....

Figure10: An excerptfrom theSwitchboardCorpusillustratingType 8. The discussiontopic was
homedecorating.Segment boundariesidentified by the use of the cue word anywayand tense
changes.

Types7 and8 areutterancepairswhereU �� � is linearlyrecentbut nothierarchicallyrecent,because

�$%
Thusit maysatisfaction-precedeit in theterminologyof [GroszandSidner, 1986].
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theinterruptingsegmenthasbeenpoppedoff thestack.Theexistenceof Types7 and8 illustratethat

theCb of anutterancein a ’popped’segment(B3) canbereferredto by eithera pronounor a full

NPin theinitial utteranceof anew ’pushed’segment(A3). SincebothType7 andType8 canoccur,

thereseemsto be no basisfor assumingthat the centeringdatastructuresaredirectly affectedby

poppingto aprior focusspaceonthestack.Theoccurrenceof Type7 is strongsupportfor thecache

modelsincethereis clearlya changeof intentionbetweenutterances33aand33b,but centersas

part of attentionalstatearecarriedover and realizedwith pronominalforms that clearly indicate

theiraccessibility.

3.3 ModelingFocusPopswith TheCacheModel

Sometimesin a discourse,the conversantsreturnto the discussionof a prior topic or continuean

intentionsuspendedin prior discourse.Thesereturnshave beencalled RETURN POPS or FOCUS

POPS, in referenceto thestackmechanismwhichpopsinterveningfocusspaces[Polanyi andScha,

1984;Reichman,1985;GroszandSidner, 1986]. WhatcharacterizesFOCUS POPS is theoccurrence

of apronounin anutterance,wheretheantecedentfor thepronounis in thefocusspacerepresenting

the prior discourse,that is hierarchicallyrecent.Thus it is commonlybelieved that this provides

strongmotivationfor theroleof hierarchicalrecency, andthusfor GroszandSidner’sstackmodel.

In thestackmodel,any of the focusspaceson thestackcanbereturnedto, andtheantecedentfor

a pronouncanbe in any of thesefocusspaces.As a potentialalternative to the stackmodel,the

cachemodelappearsto beunableto handlefocuspopssincea previousstateof thecachecan’t be

poppedto. Sincefocuspopsarea primarymotivationfor the stackmodel,I re-examineall of the

naturally-occurringfocuspopsthat I wasableto find in the literature[Grosz,1977;Sidner, 1979;

Reichman,1985;Fox, 1987;PassonneauandLitman, 1996]. �&� Thereare21 of them.I arguethat

�'�
Fox providessomequantitative dataon focuspopswith andwithout pronouns,that
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focuspopsarecued retrieval fr om main memory, that the cuesreflect the context of the pop,

that thecuesareusedto reinstantiatetherelevantcachecontents,andthus,that focuspopsarenot

problematicfor thecachemodel.

As anexampleof a focuspop,considerdialogueE [PassonneauandLitman,1996](figure9):

(E) 21.1Threeboyscameout,

21.2helpedhim� pick himselfup,

21.3pick uphis� bike,

21.4pick up thepears,

21.5oneof themhada toy,

21.6whichwaslike a clapper.

22.1And I don’t know whatyou call it excepta paddlewith a ball suspendedona string.

23.1Soyou couldhearhim� playingwith that.

24.1And thenhe� rodeoff.

In dialogueE, the sequencefrom 21.5 to 23.1 is an embeddedsegment.Accordingto the cache

model,thecacheis not automaticallyresetto containtheinformationfrom theinterruptedsegment

after the final utteranceof an embeddedsegment.Thus either that information mustbe retained

becausethereis an expectationthat it will be returnedto, or at somepoint after utterance23.1,

perhapsasa resultof processing24.1,thehearermustretrievethenecessaryinformationfrom main

memoryto thecachein orderto reinstantiateit in thecacheandinterpretthepronounin 24.1.

In thecachemodel,thereareatleastthreepossibilitiesfor how thecontext is createdsothatpronouns

in FOCUS POPS canbeinterpreted:(1) Thepronounalonefunctionsasa retrieval cue[Greeneetal.,

1992]; or (2) Thecontentof thefirst utterancein areturnindicateswhatinformationto retrievefrom

show thatfocuspopswith pronounsin written texts arevirtually nonexistent[Fox, 1987].
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mainmemoryto thecache,which impliesthat the interpretationof thepronounis delayed;(3) The

sharedknowledgeof theconversantscreatesexpectationsthatdetermineswhatis in thecache,e.g.

sharedknowledgeof thetaskstructure.I leave this lastpossibilityasidefor now.

Let usconsiderthefirst possibility.Theview thatpronounsmustbeableto functionasretrieval cues

is contraryto the classicview that pronounsindicateentitiesthat arecurrentlysalient,i.e. in the

hearer’s consciousness[Chafe,1976;Gundeletal., 1993;Prince,1981]. However, therearecertain

caseswherea pronounaloneis a goodretrieval cue,suchaswhenonly onereferentof a particular

genderhasbeendiscussedin theconversation.With COMPETING ANTECEDENT definedasonethat

matchesthegenderandnumberof thepronoun[Fox, 1987], Figure2 shows thedistributionof the

21 focuspopsfound in the literatureaccordingto whethercompetingantecedentsfor the pronoun

areelementsof thediscoursemodel.

CompetingReferent No CompetingReferent
11 10

Figure11:Numberof Popswith PotentiallyAmbiguousPronouns

While it wouldbeprematureto draw final conclusionsfrom sucha smallsamplesize,thenumbers

suggestthatin abouthalf thecaseswecouldexpectthepronounto functionasanadequateretrieval

cuebasedongenderandnumbercuesalone.

However, sincerepresentations(referencemarkers)for centersin the centeringalgorithminclude

selectionalrestrictionsfrom theverb’s subcategorizationframe,we might reasonablydefineCOM -

PETING ANTECEDENT to reflectthefact thatthecenter’s representationincludesselectionalrestric-

tions[Di Eugenio,1990;Levin, 1993;Cornish,1999;Di Eugenio,1998]. �(� Furthermore,weexpect

thattheseselectionalrestrictionsareusedasretrieval cues.

Of theeleventokenswith competingreferentsin Figure11,five tokenshave nocompetingreferent

�)	
In fact in languageswith zeropronounslike Japanese,all theinformationis contained

in theverbsubcategorizationframe[Iida, 1992;Walkeretal., 1994].
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if selectionalrestrictionsarealsoapplied.For example,in thedialoguesaboutequipmentassembly

from [Deutsch,1974], only someentitiescanbebolted,loosened,or madeto work.Furthermore,if

a selectionalconstraintcanarisefrom thedialogue,thenonly 4 pronounsof the21 focuspopshave

competingreferents.For example,theverbride in dialogueE eliminatesotherantecedentsbecause

only oneof themalediscourseentitiesunderdiscussionhas,andhasbeenriding,abike[Passonneau

andLitman,1996]. �*
 Thusin 17cases,anadequateretrieval cueis constructedfrom processingthe

pronounandthematrixverb[Di Eugenio,1990].

Thesecondhypothesisis that thecontentof the returnutteranceindicateswhat informationto re-

trieve from mainmemoryto the cache.The occurrenceof INFORMATIONALLY REDUNDANT UT-

TERANCES (IRUs) is onewayof doingthis [Walker, 1993;Walker, 1996]. For example,in dialogue

F [PassonneauandLitman,1996], utterances4 to 8 constitutea separatesegment,andutterance9,

which is thebeginning of a focuspop,is alsoan IRU, realizingthesamepropositionalcontentas

utterance3.

(F) (1) a-ndhisbicycle hitsa rock.

(2) Becausehe� ’s looking at thegirl.

(3) ZERO-PRONOUN� falls over,

(4) uh there’snoconversationin thismovie.

(5) There’s sounds,

(6) you know,

(7) like thebirdsandstuff,

(8) but there..thehumansbeingsin it don’t sayanything.

(9) He� falls over,

(10) andthenthesethreeotherlittle kids abouthissameagecomewalkingby.

�$�
Fox proposesthat lexical repetitionis usedasa signalof whereto popto [Fox, 1987],

pps.31,54.
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IRUs at the locus of a return can: (1) reinstantiaterequiredinformation in the cacheso that no

retrieval is necessary;(2) function asexcellentretrieval cuesfor informationfrom main memory.

Figure12 shows thedistributionof IRUs in the21 focuspopsfoundin the literature.Thefact that

IRUsoccurin 6 casesshowsthatIRUs areoftenusedto recreatetherelevantcontext. IRUs in com-

binationwith selectionalrestrictionsleave only 2 casesof pronounsin focuspopswith competing

antecedents.

with IRU without IRU
6 15

Figure12:Numberof Popswith Pronounswith andwithout IRUs

In theremaining2 cases,thecompetingantecedentis notandwasnever prominentin thediscourse,

i.e. it wasnever thediscoursecenter[Iida,1998]. This lackof prominencesuggeststhatit maynever

competewith theothercospecifier.

Thus,while moreevidenceis needed,it is plausiblethatthecachemodelcanhandlefocuspops,by

positingthata focuspopis a cuedretrieval fr om main memory andthat focuspopsnever occur

withoutanadequateretrieval cuefor reinstantiatingtherequiredentities,propertiesandrelationsin

thecache.

4 Discussion

Centeringis formulatedasa theorythat relatesfocusof attention,choiceof referringexpression,

andperceivedcoherenceof utterances,within a discoursesegment[Groszet al., 1995], p. 204.In

thispaperI arguethatthewithin-segmentrestrictionof centeringmustbeabandonedin orderto in-

tegratecenteringwith a modelof globaldiscoursestructure.I have discussedseveralproblemsthat

this restrictioncauses.Thefirst problemis thatcentersareoftencontinuedover discoursesegment

boundarieswith pronominalreferringexpressionswhoseform is identicalto thosethatoccurwithin
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a discoursesegment.Thesecondproblemis thatrecentwork hasshown thatlistenersperceive seg-

mentboundariesat variouslevels of granularityand that segmentboundariesareoften fuzzy. If

centeringmodelsdiscourseprocessing,it seemsimplausiblethateachlistener’scenteringalgorithm

differsaccordingto whetherthey perceived a segmentboundaryor not, especiallyas thereis ev-

idencethat centeringis a fairly automaticprocess[Hudson-D’ZmuraandTanenhaus,1998]. The

third issueis thatevenfor utteranceswithin a discoursesegment,therearestrongcontrastsbetween

utterancesthatareadjacentwithin a segmentbecausethey arehierarchicallyrecentandutterances

thatareadjacentwithin a segmentandalsolinearly recent.

This paperarguesthatanintegratedmodelof centeringandglobal focuscanbedefinedthatelimi-

natestheseproblemsby replacingGroszandSidner’sstackmodelof attentionalstate,with analter-

natemodel,thecachemodel[Walker, 1996;Walker, 1993]. In thecachemodel,centeringappliesto

discourseentitiesin thecache,andthecontentsof thecachecanbeaffectedby therecognitionof

intention.However centersarecarriedover segmentboundariesby default,andareonly displaced

from the cachewhen they arenot being accessed.When a digressionrequiresthe useof all the

cache,a returnrequiresa retrieval from mainmemoryto reinstantiaterelevantdiscourseentitiesin

thecache.Sincethis retrieval hassomeprocessingcosts,thecachemodelpredictsa role for linear

recency which is not predictedby the stackmodel.The proposedmodelintegratescenteringwith

discoursestructuredefinedby relationsbetweenspeakerintentions.

To providesupportfor theproposedintegratedmodel,I provide threetypesof evidence.First, I ex-

aminethedistributionof centeringtransitionsin 98segmentinitial utterances.I show that thatcen-

teringtransitionsdistributedifferentlyin segmentinitial utterances,andin particularthatCONTINUE

transitionsarelessfrequent.However it is clearthatcentersarecarriedover segmentboundaries,as

thecachemodelwouldpredict.

Second,section3.2examinesevery typeof discoursestructureconfigurationin orderto explorethe
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relationshipbetweencenteringandhierarchicalintentionalstructure.Thedatasuggeststhat inten-

tionalstructuredoesnotdefinearulethatdirectlypredictswhetheradiscourseentitywill berealized

asafull NPor asapronounacrossasegmentboundary. Figure9 showsthatevensegmentsthathave

beenpoppedfrom thestackcanprovidea centeracrossa discoursesegmentboundary.

Third, I show that’focuspops’canbehandledby thecachemodelby positingthatthey correspond

to cuedretrieval from mainmemory. I show how featuresof theutterancein which the focuspop

occursprovide informationthatfunctionsasanadequateretrieval cuefrom mainmemory.

Thesefindingsprovidesupportfor thecachemodel.Sincecentersarein thecache,they arecarried

oversegmentboundariesby default.In contrast,in thestackmodel,thefocusspacewherethecenter

wasestablishedhasbeenpoppedoff the stack.The cachemodelpredictsa statisticalcorrelation

betweenintentionalstructureandchangesin intentionalstate,which would arisebecausea change

of intentioncantriggera retrieval of informationto thecache,asin thecaseof ‘focus pops’.But in

orderfor hearersto retrievethecorrectinformationto thecache,eitherautomaticallyor strategically,

the utterancemustprovide an adequateretrieval cue [Ratcliff andMcKoon, 1988;McKoon and

Ratcliff, 1992].

The cachemodel is alsoconsistentwith resultsof otherwork, andwith psychologicalmodelsof

humanworking memory [Kintsch and Dijk, 1978; Sanfordand Garrod,1981; Baddeley, 1986;

Cornish,1999]. For exampleDavis andHirschberg proposedthatrulesfor synthesizingdirections

in text-to-speechmusttreatpoppedentitiesasaccessibleandde-accentthem[Davis andHirschberg,

1988]. Huangproposedthatrulesfor theform of referringexpressionsin argumentative texts must

treattheconclusionsof poppedsistersassalient[Huang,1994]. Walkerarguedthatthecachemodel

explainsthe occurrenceof INFORMATIONALLY REDUNDANT UTTERANCES, IRUs, suchasutter-

ance9 in Figure7, asa wayof providing anadequateretrieval cuefor reinstantiatingrelevantinfor-

mationin thecache[Walker, 1996].
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However a numberof openissuesremain.First, while previouswork hasshown thata processing

penaltyis associatedwith theuseof a full NP to continuethecurrentCb [Hudson-D’Zmura,1988;

Hudson-D’ZmuraandTanenhaus,1998], a full NP is usedto continuethe Cb in the examplesof

Types2 and6 (Figures2 and5).�+� Why doesthisoccur?

Onepossibilityis thattheuseof theFull NPis oneof anumberof potentiallyredundantcuesthatthe

speakerhasavailablefor signallingintentionalstructure,sothatthechoiceof aFull NPor apronoun

is not determinedsolelyby thecurrentattentionalstate[Fox, 1987;Yeh,1995;Passonneau,1996].

A secondpossibility is theFull NP is usedto signaltherhetoricalrelationof contrast[Fox, 1987;

MannandThompson,1987;Hobbs,1985]. This would explain theuseof a Full NP for bothType

2 (Figure4) andType6 (Figure8), andunify thesetwo caseswith observationsby [Fox, 1987] and

by [Di Eugenio,1998]. In Figure4, a contrastiverelationbetweenutterances29and30 is indicated

by but. Thesesegmentscontrastwith oneanotherby presentingalternatepossibleworldsof what

might havehappenedwith whatdid happen.In Figure4, theNPmyoldestsonis anexampleof Left-

Dislocation[Prince,1985], i.e thediscourseentity realizedasmyoldestsonis realizedin aninitial

phrase,andthenagainby thepronounhe in subjectposition.Onefunctionof Left-Dislocationis to

markanentity asalreadyevokedin the discourseor in a salientsetrelationto somethingevoked,

andcontrastis inferredfrom themarkingof asalientsetrelation[Prince,1986]. Notethatif contrast

is determiningtheuseof thefull NP, weexpectoverspecifiedNPsto occurjustasfrequentlywithin

discoursesegmentsasin segmentinitial utterances.

Finally, futurework shouldinvestigatewhatconstitutesanadequateretrieval cuefor focuspopsand

how a speaker’s choicesabouttheformsof referringexpressionsinteractswith otherretrieval cues,

suchaspropositionalinformation.In orderto do this, it would beusefulto have a largecorpusof

datataggedfor intentionalor rhetoricalstructure.

�$�
In theothercasesa full NP is usedin a RETAIN transition.
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A largertaggedcorpuswouldalsoallow usto go beyondthestudyhere,whichsimply showedthat

intentionalstructuresdonotappearto definearulethatdeterminestheaccessibilityof centers.More

dataon thefr equencywith whichvariousformsof referringexpressionsarechosenin differentsit-

uationswould beuseful.[WalkerandWhittaker, 1990] showed that in mixed-initiative dialogues,

pronominalformsweremorelikely to crossdiscoursesegmentboundarieswhenonespeakerinter-

ruptedtheotherthanwhentransitionsbetweensegmentswerenegotiatedbetweentheconversants.

[Passonneau,1995] discussesthe frequency with which Full NPsareusedto realizeentitiescur-

rently salientin thediscourse.[Brennan,1998] shows thatspeakersareabouttwice aslikely to use

a full NP ratherthana pronounif anutteranceintervenesbetweenthe pronounandits antecedent

in thediscourse,andthatpronounsandfull NPsareequallylikely in thesamesituationwhenthere

is no interveningutterance.More dataof this type would be useful in definingalgorithmsfor the

generationof referringexpressions,andfor determiningadditionalfactorsinvolvedin thereferring

expressionchoice.

In conclusion,thispaperpresentsamodelthatintegratescenteringwith hierarchicaldiscoursestruc-

turesdefinedby speakerintention.The importantfeaturesof the integratedmodelare that it: (1)

explainsthedifferencesin felicity betweenDialoguesB andC; (2) predictsthatcentersarecarried

over discoursesegmentboundariesby default;(3) predictsa gradienteffect of discoursesegment

structureoncenteringasweseein Figure1; (4) predictsthatgranularityof intention-basedsegmen-

tationhasno effect on centering;(5) predictsan increasein processingload for pronounsin focus

pops;and(6) is consistentwith psychologicalmodelsof humansentenceanddiscourseprocessing.
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