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A Corpus-Based Evaluation of Centering Theory

Abstract

Centering Theory has proven a useful conceptual framework for theorizing about
local coherence and salience. Theoretical concepts such as "utterance’, ‘previous ut-
terance’, ‘realization’, and ‘ranking’ have served as the basis for theories of, e.g., (zero)
pronominalization in several languages. But because these concepts were intentionally
left underspecified in the formulation of the theory, the claims made in the framework
have only ever been tested by fixing upon a particular way of instantiating the the-
ory’s ‘parameters’ - e.g., by assuming that ranking is based on grammatical function.
This leaves open the question of whether all the particular choices in a certain study
were optimal. Furthermore, none of the previous corpus-based studies checked that
the annotation only involved notions that could be annotated reliably.

We tested the claims of the theory in a more general way than in these previous
studies, by trying to find the best instantiation for English of the "parameters’ of the
theory among those proposed in the literature, as well as the version of the claims
with the fewest violations. We did this by annotating a corpus of texts from two dis-
tinct domains with information that has been claimed to affect the instantiation of the
parameters of the theory and can be annotated in a reliable fashion. We found, first,
that at least two versions of Rule 1 are verified under most ways of computing the ba-
sic notions of the theory. Second, that the validity of Constraint 1 depends more than
that of Rule 1 on the way parameters of the theory such as utterance and realization are
defined; in particular, if we identify utterances with finite clauses, and only allow for
direct realization, significantly more utterances violate the best-known version of the
constraint than satisfy it. Third, that Rule 2 is very sensitive to the definitions, being
verified only under a very few ways of specifying the parameters. We also found that
it is very difficult to say which is the ‘best” way of specifying these parameters, since
there is a tradeoff between Constraint 1 and Rule 1 - trying to reduce the number of
utterances without a backward-looking center (CB) results in an increased number of
cases in which some discourse entity, but not the CB, gets pronominalized, and vicev-
ersa.

1 MOTIVATIONS

CenteringTheory (Joshiand Weinstein1981; Groszet al. 1983,1995; Walker et al. 1998b)is the
partof GroszandSidners generaltheoryof attentionandcoherencén discoursgGrosz1977;Sid-
ner 1979;Groszand Sidner1986)concernedvith local coherenceindsaliencej.e., coherenceand
saliencewithin discoursesggments.A fundamentatharacteristiof CenteringTheory andakey dif-
ferencefrom earliertheoriesof focusingmore directly concernedvith anaphoraesolutionsuchas
Sidners (1979),is thatit is moreof alinguistictheory- andavery abstracbne- thana computational
theory By this we mean first of all, thatits primaryaim is to make cross-linguisticallyvalid claims
about(certainaspectf) discourseviewed asa linguistic phenomenonsatherthanto provide algo-



rithmsfor anaphoraesolutionor anaphorageneratior(althougha variety of algorithmsbasedon the
theoryhave beenproposedn theliterature).And secondthatthetheoryaimsto specifya’conceptual
vocalulary’ of discoursenotionswhich canbe usedto make suchclaims;this vocalulary is meantto

play arole analogoudo thatplayedin syntaxby notionssuchas’command’or 'specifier’.

Theresultis atheoryvery differentfrom thosetypically proposedn theliteratureon anaphoran
thefields of NaturalLanguagdProcessingndNaturalLanguageGenerationjndeed,onethatleaves
mary computationalinguists disconcerted. Particularly disturbingis the fact that paperssuchas
(Groszetal. 1995)do not specifyalgorithmsfor computingcentralnotionsof thetheorysuchas‘ut-
terance’,previous utterance’,;ranking; and‘realization’. ((Groszetal. 1995)claim thatwhile these
conceptoplay a centralrole in ary theoryof discoursecoherenceandsalience their precisecharac-
terizationshouldbe left for subsequentesearchjndeed,notionssuchasranking might be defined
in a differentway for eachlanguaggWalker et al. 1994).) In fact, differentdefinitionsof the central
notionsof thetheoryhave beenproposedpftenby thesameauthorgcfr., e.g.,thedifferentdefinitions
of CB in (Groszetal. 1983,1995; Gordonet al. 1993). This situationis very similar to the onewe
encountelin syntax,wherenewn definitionsof ‘command’ are continuouslybeing proposed.But it
malkesCenteringratherdifferentfrom thetheoriesmostcommonlyencountereéh computationalin-
guistics,whichtendto involve detailedspecification®f algorithms(Hobbs1978;Sidnerl1979;Carter
1987;LappinandLeassl994;Hardt1997;Mitk ov 1998;VieiraandPoesia2000).

This underspecificatiomloesnt meanhowever that Centeringis merely an attemptat mapping
outafield of researchwithout makingary specificclaims. On the contrary sometimeshe theorys
claimsarestrongerthanthoseof competingtheoriesaswe will seebelow. It doesmeanthoughthat
two theoriesmay both be compatiblewith the frameavork’s centralclaimsyet malke differentpredic-
tions,justasdifferentwaysof specifying'command’mayresultin differentpredictionsaboutbinding
violationsor aboutthe possibledistinct scopalreadingof a sentencéfor examplesof the latter, see,
e.g.,(Reinhart1983;May 1977,1985;Szabolcsil997)). This freedomto ‘fill the gaps’hasproven
inspirationalfor researchersyho have devotedthemselesto provide suchdefinitions,for specific
language®r in general;so muchso thatthe conceptuaframework provided by the earlierpapersn
CenteringTheoryhasbeenthe basisfor mostwork onlocal saliencan computationalinguistics,and
evenin psychologyin thelasttenyears.Butin partbecausef theunderspecificatiorin partbecause
of the existenceof so mary competingversions,mary peoplewonderaboutthe empirical statusof
the theory: i.e., aboutthe extentto which its claimsare supportedoy empirical evidence,andhow
they areaffectedby theway the parametersrespecified.In orderto be meaningful this comparison
shouldbedoneusingthe samedataset.

Thework presentedh this paperadtwo maingoals:to find outthe extentto which’core’ claims
of Centeringsuchas Constraintl, Rule 1, andRule 2 (introducedbelav) are actuallyverified, i.e.,
how mary violationsof theseclaimsoneactuallyencountersynderseveral waysof instantiatingthe
parametersf the framewnork, comparedn the samedata. In doing so, we alsointendedto find out
which of the mary way of specifyingthe ‘parameters'of Centeringwould make theseclaims most
accurateas predictorsof coherenceand pronominalizatiorfor English. We did this by annotatinga
corpusof Englishtexts with the sort of informationrequiredto implementa numberof variantsof
CenteringTheory andusingthis corpusto automaticallycheckthe claimsundera variety of 'param-
eterconfigurations’.Othercorpus-basesdtudiesof Centeringalreadyexist (Walker 1989;Passonneau
1993; Byron and Stent1998; Di Eugenio1998; Kameyamal1998; Strubeand Hahn1999; Tetreault
1999), but they only comparedwo or threeinstantiationsof the Centeringframeawvork; the present
studyis moresystemati¢hantheseearlierstudiesbothin thatit considersaagreatemumberof param-
eters,and more possibleparameteconfigurations;andin that we carefully checled our annotation
techniquego ensurereliability. We alsodevelopedan annotatiormanualthat canbe usedto extend



our analysigto otherdata.

Another differencefrom earlier comparisonsdetweenversionsof CenteringTheoryis that we
wantedto evaluatethe predictionsof the theoryin domainsof interestfor real applications—Natural
Language&Generationin our case.For this reasonwe usedtexts in two genresnot yet studiedin the
Centerinditerature but of interestto developersof NLG systemsinstructionaltexts anddescriptions
of museunobjectsto be displayedon Web pages.

Thepaperis organizedasfollows. Wefirst review thebasicnotionsof thetheory Wethendiscuss
how the corpuswasannotatedandhow the annotatiorwasused. In Section4 we presentour main
results. In Section5 we re-examinea few claims madein the Centeringliterature concerningthe
linguisticimpactof notionsfrom Centering.In thefollowing sectionwe briefly reportasecondseries
of experimentdnvestigatingtheimpactof rhetoricalstructure. Thefinal discussioris in Section6.

2 FUNDAMENTALS OF CENTERING THEORY

Intuitions

CenteringTheoryis simultaneouslya theory of discoursecoherenceand of discoursesalience.As
a theory of coherenceijt attemptsto characteriz& NTITY-COHERENT discourses i.e., discourses
that canbe consideredcoherenton the basisof the way discourseentities(‘topics’) areintroduced
anddiscussed. At the sametime, it is alsointendedto be a theoryof salience i.e., to predictwhich
entitieswill be mostsalientat ary giventime - which makesit alsoatheoryof pronominalizatioras
well, giventhatthe entitiesmostsalientarethosemostlik ely to be pronominalizedGroszetal. 1995;
Gundeletal. 1993).We cant includein this papera full descriptionof, andmotivationfor, the mary
versionsof Centeringproposedn the literature;we simply summarizdn this sectiontheseexisting
proposalsn enoughdetailto allow thereadeto follow thesubsequerdiscussionandreferthereader
to basicreferencesuchas(Groszet al. 1995),the papersn (Walker et al. 1998b),or the discussion
in (PoesioandStevensorpear)?

The main claim of the theoryis that every utterancan a discoursehasa ‘central entity’, called
the ‘Backward-LookingCenter’,or CB. A second,andalmostequallyimportant,claim is thatthe
discourseentities’realized’ by an utterancgmore on the notion of 'realization’ below) areranked
andthe identity of the CB is crucially determinedy this ranking. The primary intuition aboutlocal
coherencéhat Groszet al. attemptto captureis theideathatdiscoursesn which successie 'utter-
ances’keepmentioningthe samediscourseentitiesareperceved as’'more coherent'thandiscourses
in which differententitiesarementionedalreadyadvancedn work suchas(Chafe1976;Kintschand
vanDijk 1978;Givon 1983).0nerole of theCB is, then,to ‘link back’theutterancen whichit occurs
to the previous discourse As far aslocal salienceis concernedCenteringTheorys basiccontention
is thatthe CB is mostlikely to be realizedas a pronounthanotherentities. Theseviews, aswell,
aresharedwith a numberof othertheoriesof discoursewhetherin the psychologicale.g.,(Sanford
andGarrod1981)),computationalAlshawi 1987;Sidner1979)or linguistic literature(Prince1981;

!Entity-based theories of coherence are so-called by contrast with relation-centered theories of coherence,
such as those developed in (Hobbs 1979; Mann and Thompson 1987) and used in (Reichman 1985; Fox 1987;
Lascarides and Asher 1993). The earliest detailed entity-based theory of coherence we are aware of is the one
proposed in Kintsch and van Dijk (1978), who also explicitly mention the need to supplement such theories
with a theory of relational coherence. We return on the topic below; further discussion of ‘entity-centered’ vs.
‘relation-centered’ notions of coherence is in (Knott et al. ress; Stevenson et al. 2000).

?Among the important papers in the field not included in Walker ef al.’s collection we should mention at
least (Kameyama 1985; Brennan et al. 1987; Passonneau 1993; Brennan 1995; Kehler 1997; Strube and Hahn 1999;
Kibble pear).



Givon 1983);the claim thatpronominalizatiorcorrelateswith higherrankingis especiallyexplicit in
(Ariel 1990;Gundeletal. 1993).

Accordingto CenteringTheory the rankingof CFs is determinedby factorssuchasthe gram-
maticalfunction of the NP realizingthe discourseentity, the discoursestatusof the discourseentity
andin particularwhetherit hasbeenpronominalizetefore(Groszetal. 1995,p. 212). (Thefactors
affectingrankingarediscussedbelow.) This claimis motivatedby the contrasbetweerexampledike
(1) and(2)3
(1) a. Somethingnustbewrongwith John.

He hasbeenactingquite odd. (He = John)

He calledup Mik e yesterday

Johnwantedto meethim quite urgently

2) Somethingnustbewrongwith John.

He hasbeenactingquite odd. (He = John).
He calledup Mik e yesterday

d. Hewantedto meethim quite urgently

oo aoogT

Discourseg1) and(2) only differ in their (d) sentencebut, accordingto Groszet al., (1d) is not as
felicitousas(2d). Thereasonthey amgue,is thatafterthe (c) utterancesthe discourseentity Johnis
morehighly rankedthanMike, soit will bethe‘center’ of thenext utteranceprovidedthatit’srealized
in it; andgiventhe preferencédor pronominalizinghe CB, Johnshouldbe pronominalizedf anything
elseis.

In fact, Groszetal. go muchfurtherthanthis, arguing (against(Sidner1979),amongothers)that
only onediscourseentity is the ‘center’ in eachutterance As evidencein supportof this claim, they
note the contrastbetweencontinuationgc)-(f) of the discoursdnitiated by utteranceg¢3a-b) (these
areexampleg(7) through(10), Grosz,JoshiandWeinstein, 1995,p. 211-212).

3) a. Susargave Betsyapethamster

b. Sheremindedherthatsuchhamstersverequiteshy
c. SheasledBetsywhethershelikedtheqgift.
d. Betsytold herthatshereally likedthegift.
e. Susarasledherwhethershelikedthegift.
f.  Shetold Susarthatshereally likedthegift.

Accordingto Groszet al, thereis a marked decreasén acceptabilityfrom (3c) to (3f)), whereasf
both Susanand Betsywere equally highly ranked after utterance(b), all variantswould be equally
acceptable.

Accordingto Groszetal, rankingaffectscoherencaswell, in thesensehatthefewerthechanges
in the ranking of discourseentitiesacrossutterancesthe morea text feels(locally) coherent. This
claim is motivatedby the contrastbetweenexampledlike (4) and(5) (theseareexamples(7) and(8)
from (Groszetal, 1995)):

(4) a. Johnwentto his favorite musicstoreto buy apiano.
b. Hehadfrequentedhestorefor mary years.
c. Hewasexcitedthathecouldfinally buy apiano.
d. Hearrivedjustasthestorewasclosingfor theday

3(1) is GJW’s (15), p. 215; these examples are also discussed by Kehler (1997).
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(®)

a. Johnwentto hisfavorite musicstoreto buy apiano.
b. It wasastoreJohnhadfrequentedor mary years.
c. Hewasexcitedthathecouldfinally buy apiano.

d. It wasclosingjustasJohnarrived.

Accordingto Groszetal., althoughbothdiscoursesxpresghesameanformation,in thefirst discourse
thediscourseentity Johnthe mosthighly rankedin all utterancesthis ‘packaging’of theinformation
(Vallduvi 1990)corveys theimpressiorthatall utterancesire’about’ the samediscourseentity, John
which makesthe discoursehighly coherent.In (5), by contrastutterancgb) and(d) areconstructed
in suchawaythatthestore is ranked morehighly thanJohn althoughin factJohnis still the centerof
every utterancethesecontinuouschangesn rankingsuggesthatthe discoursedoesnot have a clear
center Theresultis thatthe readeffindsthis secondext lesscoherent.

Concepts and Definitions

The fundamentalassumptiorof Centeringis that when processinga discourse a local attentional
state,or LOCAL FOCUS, is continuouslyupdatedthe minimal updateunitis calledthe UTTERANCE.
Thelocal focusconsistsof a setof FORWARD-LOOKING CENTERS (CFs), which might be thought
of asmentionsof discourseentities (Karttunen1976; Webber1978; Heim 1982; Kamp and Reyle
1993)or 'potential discoursdoci’ (Sidnerl979)in a given utterance.Thelocal focusalsocontains
information aboutthe relative prominenceof thesecFrs, someof which are especiallysingledout.
Utterancesupdatethe local focus by replacingthe current(CFs) with new ones. The setof CFs
introducedin the local focus by utterancel; in discoursesegmentDs is indicatedby Cr(U;,Ds),
generallyabbreiatedto CF(U;). Brennanetal. (1987)formalizethe relationshipbetweerutterances
andCFsby meanwf oneof their so-calledConstraints™

Constraint 2: Every elementof thelist of forward centerdor U, CF(U,DS), mustbe REALIZED in
U.

We saw above thatanimportantclaim of thetheoryis thatforward-lookingcentersaareRANKED, and
that becausef this ranking, someCFs acquireparticularprominence.The mosthighly ranked CF
realizedby an utterancgwhenoneexists)is calledthe 'PreferredCenter’,or Cp. Furthermoreand
mostimportantly the notion of rankingis usedto characterizeone of the CFs asthe BACKWARD-
LOOKING CENTER (CB). TheCs is theclosesttonceptin CenteringTheoryto thetraditionalnotion
of "topic’ (Sgall1967;Chafel1976;Givon 1983;Reichmanl985;Vallduvi 1990)andplaysa central
rolein thetheorys claimsaboutbothlocal coherencandlocal saliencgdiscussedbelaw).

Althoughin theoriginal paper(Groszetal. 1983)the CB wasonly characterizeth intuitive terms,
subsequenwork within theframevork hasbeenusuallybasednthefollowing definitionof the CB of
utterancdJ; in termsof ranking,proposedy Groszetal. (1995)andcalled’Constraint3’ by Brennan
etal. (1987):

Constraint 3 CB(U;), the BACKWARD-LOOKING CENTER of utterancel;, is the highestranked
elementbof CF(U;_1) thatis realizedin U;.

4The theory as formulated by Brennan et al includes two more “constraints’, discussed below. It should be
noted that these three Constraints do not all have the same status: while Constraint 2 can be seen as a “filter’
ruling out certain values of CF(U;), Constraint 3 is a definition, and Constraint 1 an empirical claim.



Noticethataccordingo this definitionthe valueof the CB depend®xclusively onrankingand’previ-
ousutterance’thusmakingthe specificatiorof thesenotionscrucialto the predictionsof a particular
implementationof the frameavork. This is in clear contrastwith the view expressedby Sidnerin
herdissertationwheredeterminingthe (discoursefocusinvolved complex computationslsotaking
into account,for example,which entitieshadbeenreferredto, andfor how long. We will consider
competingcharacterizationsf the CB below.

Finally, the intuition that texts are perceved to be (locally) more coherentwhensuccessie ut-
terancesare packagedn sucha way asto be perceved asbeing’about’ the samediscourseentity
hasbeenformalizedin the Centeringmodelasa preferencdor certainways of updatingthe local
focus. This preferencas formulatedin termsof a classificatiorof utterancesccordingto thetype of
TRANSITION (update)they inducein thelocal focus:i.e., whetherthe CB andthe cp change Many
suchclassification®f transitionshave beenproposed(Groszetal. 1995)distinguishedetweerthree
typesof transitions dependingon whetherthe backward looking centerof U; 1 is maintainedor not
in U;, andonwhethercB(U) is alsothe mosthighly ranked entity (CP) of thatutterance:

Center Continuation (CON): CB(U;) = CcB(U;_1), andCB(U;) is the mosthighly ranked CF (CP)
of U; (i.e.,cpr(U;) = CB(U;)

Center Retaining (RET): ¢B(U;) = CB(U;—1), but cr(U;) # CB(U;)
Center Shifting (SHIFT): CB(U;_;) # CB(U;)

We will review afew alternatve classificationdelow.

Main Claims

CenteringTheoryis notsimply aconceptual/ocalulary; the notionsintroducedabove areusedto for-
mulatethethreemainclaimsof thetheory for which we follow againtheterminologyof 'constraints’
and’Rules’ proposedy Brennanretal:

Constraint 1 (Strong): All utterance®f a segmentexceptfor the 1sthave exactly onecs.’
Rule 1: If ary CF is pronominalizedtheCB is.

Rule 2: (Sequencesf) continuationsare preferredover (sequencesf) retains,which are preferred
over (sequencesf) shifts.

Constraintl is, first of all, a claim aboutlocal coherencenamely thatthereis a preferencén dis-
coursedo continuetalking aboutthe sameentities. If oneseesthe notion of CB asa formalization
of theideaof 'topic’ (Gundel1998;Hurewitz 1998; Miltsakaki 1999), the constraintcanbe seenas
aclaimthatthereis exactly one (or no morethanone)’topic’ at eachpoint. (Whereassay Sidners
theorycanbeseenasinvolving two 'topics’, andtheoriessuchas(Givon 1983;Alshawi 1987;Lappin
andLeass1994;Arnold 1998)assumdhatbeinga 'topic’ is only a matterof degree- alternatvely,
thattherecanbe an arbitrary numberof topics.) Constraintl alsomakesa claim aboutsaliencejn
the senseof ‘lik elihoodto be pronominalized- see,e.g.,(Gundelet al. 1993): thatthereis exactly
onemostsaliententity at eachpoint. Rule 1 is the main claim of the theoryaboutpronominaliza-
tion, statinga preferencdor pronominalizingthe CB, if anythingis pronominalizedatall. Rule2 is,

°As we will see below, a weaker variant of this Constraint has also been proposed (Walker et al. 1998a),
according to which all utterances have at most one CB.



again,aclaim aboutcoherenceit statesa preferencdor preservinghe CB over changingit, andfor
preservingt asthe mostsaliententity over changingts relative ranking.

More generally theseclaims expresswhatis perhapsthe mostdistinguishingfeatureof Grosz
and Sidners generaltheory of the attentionalstateas articulated,say in (Groszand Sidner1986):
thatcoherencendsaliencearestronglytied, both atthe globallevel (where,accordingto Groszand
Sidner the attentionalstateis 'parasiticon the intentionallevel’ which ensuregglobal) coherence),
andatthelocallevel, wherethe datastructurewhosevaluesdeterminewhetheratext is perceved as
beingcoherentlsocontrolspronominalization An additional(implicit) assumptioris thatcoherence
within aseggmentis (largely) entitycoherencewhereagylobalcoherencés mainly of theintentional/
rhetorical/ relationalsort(KintschandvanDijk 1978;Stevensonetal. 2000).

Finally, it is importantto stressthat theseclaims are meantto indicate prefeencesratherthan
hard-and-stconstraints.

...the mostfundamentaklaim of CenteringTheory][is] that to the extent a discourse
adhereso Centeringconstraintsits coherencevill increaseandtheinferencdoadplaced
uponthehearewill decrease(Groszetal. 1995,p.210)

The Parameters of Centering Theory

The conceptdntroducedin Centeringto theorizeaboutthe local focus- ‘utterance’,'previous utter
ance’, ‘ranking; and'‘realization’ - wereleft essentiallyundefinedby Grosz,Joshiand Weinstein,
althoughthey suggestedvaysof definingthem. Similarly undefineds the notion of 'pronoun’ gov-
ernedby Rule 1: shouldit includeonly third personsingularpronouns?Or alsoplural ones?What
aboutsecondpersonpronounsaVithout providing full specificationof suchnotionsit is impossible
to evaluatethe claimsabove - just as, say the predictionsof Governmentand Binding theory can-
not be testedwithout giving a fully explicit definition of ‘command’ or 'argument’. As aresult,a
considerableamountof work in the areahasbeenconcernedvith establishinghe best’'parameter
instantiations’:we review someof theseproposalsere?

Utterance and Previous Utterance IntheearlyCenteringpapersutterancesvereimplicitly iden-
tified with 'sentences’ Kameyama(1998), however, notedthat suchidentificationmakesanaphoric
expressiongnuch moreambiguoughanif they wereresohed clauseby clauseand, furthermore,it
leadsto problemswith multiclausalsentencese.g.,grammaticafunction rankingbecomedifficult
to compute asasentencenay have morethanonesubject.Kameyamaproposednsteadhatthelocal
focusis updatedoy eachtensedclause ratherthanby eachsentenceandsheclassifiedfinite clauses
into (i) utteranceunits that constitutea 'permanent’updateof the local focus, suchas coordinated
clausesandadjuncts,and(ii) utteranceaunitsthatresultin temporaryupdateghatarethen‘popped’,
muchasthe informationintroducedinto discourseby subordinatedliscoursesggments.Kameyama
calledunits of this secondype EMBEDDED utteranceunits, andproposedhat clauseghatsene as
adjuncts or ascomplement®f certainverbs,behae this way. For example,Kameyamaproposego
breakup (6) asfollows:

(6) (ul) Her entrancen Scene2 Act 1 broughtsomedisconcertingapplaus€u?2) even beforeshe had
sunga note. (u3) Thereaftetthe audiencevaxed applauseéhapry (u4) but discriminatingoperagoers
resenedjudgment(u5) asher singingshavedsignsof strain

®For more details, and for a discussion of the motivations behind these proposals, see (Poesio and Stevenson
pear).



Experimentdy Pearsoret al. (2000)confirmedthat CFs introducedin main clausesaresignificantly
morelikely to besubsequentlynentionedhancrsintroducedn complementlauseswhich supports
Kameyamas claim that complementshouldbe treatedas embedded.However, a semi-controlled
studyby SuriandMcCoy (1994)led themto proposdhatsometypesof adjuncts—irparticular clauses
headedy afterandbefoe-shouldbetreatedas'embeddedratherthanas‘permanentipdatesassug-
gestedby Kameyama;theseresultswere subsequentlgonfirmedby Cooremarand Sanford(1996).
The statusof othertypesof clauseds lessclear (Kameyamal998)proposesa tentatve analysisof
relative clausesaccordingto which they aretemporarilytreatedas utterancesaand updatethe local
focus,but arethenmeigedwith the embeddingclausethis hypothesisvasnt howvever tested.Other
subordinatelausesandparentheticalsrenotdiscussedy eitherKameyamaor SuriandMcCoy.

Kameyamasidentificationof utterancesvith tensedr finite clauseasrecentlybeenquestioned
in work suchas(StrubeandHahn1998; Miltsakaki 1999). Miltsakaki (1999)amues,on the basisof
cross-linguisticdatafrom Englishand Greek,that utterancesre bestidentified with sentencesand
thatonly the main clauseshouldbe consideredor theranking.

Realization Groszet al. (1995) considertwo possiblewaysin which a discourseentity may be
‘realized’in an utteranceasrequiredby Constraint2. DIRECT realizationis whena nounphrasen
theutteranceefersto thatCk. INDIRECT realizationis whenoneof thenounphrasesn the utterance
is abridgingreferencao thatCr in thesenseof (Clark 1977),i.e.,ananaphoriexpressiorthatrefers
to anobjectwhich wasnt mentionedbeforebut is somehav relatedto anobjectthatalreadyhas.For
example,in thefollowing discourse:

(7) Johnwalkedtowardsthe house. The doorwasopen.

John the houseandthe door aredirectly realizedin the respectie utterancesin addition,the house
canbethoughtasbeingindirectly realizedin the secondutteranceby virtue of beingreferredto by
thebridgingreferencehe door (see.e.g.,thediscussiorin (Groszetal. 1995;Walker etal. 1998b)).

Ranking Perhapshemostdiscussegarametem Centering-atleastin the versionsof thetheory
thataccepthedefinition of CB specifiedoy Constraint3—is ranking.All theoriesbasedn Centering
assumehatseveralfactorsplay arole in determiningtherelative rankingof forwardlooking centers;
in fact, (Walker et al. 1994,1998a)claim that the ranking factorsmay not be the samein all lan-

guages.Neverthelessat leastasfar asEnglishis concernedmostversionsof the theoryever since
(Kameyama 1985, 1986) and (Groszet al. 1986) have assumedhat GRAMMATICAL FUNCTION

playsthe main role in determiningthe orderamongforward looking centers. Specifically (Grosz
etal. 1995)claim thatsubjectsareranked morehighly thanobjects,andtheseareranked morehighly

thanothergrammaticalpositions- summarizechs SUBJ< OBJ < OTHERS (seealso (Kameyama
1986;Hudsonetal. 1986)). Slightly differentrankingfunctionsbasedn grammaticafunctionwhere
proposecdby Brennanet al. (1987) (who madea further distinctionbetweerobjectsandindirect ob-
jects),andby Walker etal. (1994);Turan(1995)for JapanesandTurkish,respectiely. Thereis quite
alot of psychologicakupportfor atleasttheideathatsubjectsaremorehighly ranked (Hudsonet al.

1986;Gordonetal. 1993;Brennanl995;Hudson-D’ZmuraandTanenhau4 998).

In more recentversionsof the theory other factorsaffecting ranking have beenconsideredas
well. Rambav (1993)proposedinaccounbf scramblingn Germarbasedn theideathatrankingis
mainly determinedy surfaceorderof realization.Theideathatorderof mentionaffectsthe salience
of discourseentitiesis quite well-establishedn the psychologicaliterature; experimentsbasedon
probe-vordsleadresearchersuchasCorbettandChang(1983);GernsbacheandHamgreares(1988)



to suggesthatorderof mentionaffectsrecallfrom memory andin particular thatthefirst-mentioned
discourseentityin asentencés themostsalient. Theinteractionof orderof mentionwith grammatical
function hasalso beenstudied- e.g.,by Gordonet al. (1993), who obsered a REPEATED NAME
PENALTY (RNP)’ for CFs in subjectpositionboth whenthe antecedentvasin subjectpositionand
whenit wasthefirst-mentioneckntity in a non-subjecposition(asin In Lisa's opinion, he shouldnt
havedonethat), suggestinghatthefirst mentionedcr is ashighly ranked asthe subject.

Strubeand Hahn (1999) ague that the rank of discourseentitiesis determinedby the position
they holdin Princes (1981;1992)givennessierarchy More specifically StrubeandHahnarguethat
HEARER-OLD entitiesrank higherthan MEDIATED entities; and in turn, theserank higherthan
HEARER-NEWentities®

HEARER-OLD < MEDIATED < HEARER-NEW

This basicranking combineswith order of mention. Among eachcateyory, the entitiesoccurring
earlierin the sentencareranked morehighly.More formally, StrubeandHahncharacterizeanking
asa partialorderrelation<, definedasfollows:

1. If x belongsto OLD andy belongsto MED, x <y
If x belongsto OLD andy belongsto NEW, x < y
If x belongso MED andy belongsto NEW, x <y

If x andy belongto thesameset(OLD, MED, or NEW) andx precedey, X <y

o~ W DN

Otherwisex andy areunordered.

Sidners original hypothesighatrankingdependedn thematicroles,abandoneth the earlyver
sionsof CenteringTheory wasputforwardagainby Cote(1998). This claimis supportedy psycho-
logicalwork on’implicit causality’verbs(Caramazzatal. 1977)aswell aswork by (Stevensoretal.
1994;Pearsoretal. 2001b). In particular thereis evidencethatwith certainverbs,the normalpref-
erencedor subjectgo rank higherthantheir objectsis reversed; andin transfersentencesTHEMES
areranked morehighly thanGOALSs, whichin turn areranked morehighly thanSOURCEsalthough
thesepreferencesremodifiedby otherfactorssuchasorderof mention,the type of connectie, and
animag (Stevensoretal. 1994,2000;Pearsoretal. 2001b,a).

Segmentation and the relationship between global focus and local focus Neither Grosz
et al. (1995) nor Groszand Sidner(1986) give a completelyexplicit accountof the interactionbe-
tweenthe two levels of coherenceand salience(global and local) assumedn the framework, but
subsequengtudieshave addressedomeof theissuegaisedby this assumptionAs far ascoherence
is concernedpneimportantquestionis whetherlocal coherences completelydependenbn global
coherencet.e.,whetherashift attheintentional/ globallevel alwaysresultsin ashift atthelocal/ en-
tity level aswell. A numberof recentstudiesandproposalsuggesthattherelationbetweerthetwo

’Gordon et al. introduced the term ‘Repeated Name Penalty’ to describe the increased reading times they
observed when proper names were used instead of pronouns in these conditions, as in Bruno was the bully of the
neighborhood. Bruno / He often taunted Tommy.

8Strube and Hahn’s HEARER-OLD entities include Prince’s EVOKED (= discourse old) and UNUSED en-
tities, which are entities such as Margaret Thatcher that are supposed to be part of shared knowledge. MEDI-
ATED entities are the entities falling in Prince’s categories INFERRABLE, CONTAINING INFERRABLE, and
ANCHORED BRAND-NEW.



levelsis likely to be morecomple. Studiesincluding (Passonnea®998;Walker 1998)suggesthat
segmentboundarieglo not correlatevery well with transitions,n thatcontinuationcanoften’strad-
dle’ sggmentboundariesandshiftsregularly occurwithin segments.Work suchas(Knott etal. ress)
suggestghatin genressuchasmuseumdescriptionsglobal coherencenay be ensuredoy relations
betweerentities,whereasocal coherencenay be of theintentionaltype.

As far assalienceis concerneda numberof studiesaddressedhe questionof whetherthe dis-
tinction betweenthe two levels resultsin linguistic differencesj.e., whetherpronounsare preferred
for referencesvithin thelocal focuswhereadlefinitedescriptionor full NpPs areusedfor globalfo-
cusreferencgsee,e.g.,“a particularclaim of CenteringTheoryis thatthe resourcedemandf this
inferenceprocessare affectedby the form of expressionof the nounphrase.. ” (Groszet al. 1995,
p.208)aswell as(Gundelet al. 1993)). Onetype of linguistic usagethat blendstheseboundaries
arelong-distanceoronoungFox 1987;HitzemanandPoesiol 998;HahnandStrubel997). Hitzeman
andPoesidoundthatwhile the antecedentsf long distancepronounsarealwayswithin the stack,as
suggestedy (Grosz1977;Fox 1987),not all discourseentitiescould sene asantecedentsherewas
an additionalrequirementhat the antecedenhadto have beena CB (similar findingswerereported
by (lida 1998;Brennan1998)).

A full investigationof theseissueswould requirea corpusannotatedor intentional structure,
which is a problemgiven thatidentifying segmentsis still a bit of a blackart. We discusselov the
heuristicswe adoptedhere;a fuller discussioris in (Poesioand Di Eugenio2001). We will not be
concernederewith studieshatchallengehetheoreticaimodelproposedy GroszandSidner e.g.,
by amuingthatthe stackis notanappropriatanodelof the globalfocus (Walker 1996,1998)or that
global coherencenay be basedon entitiesratherthanintentions(Knott et al. ress).For a discussion
of theseissuessee(PoesioandDi Eugenio2001).

Different definitions of the central notions of Centering

Alternative definitions of CB Constraintl capturesGroszet al's intuition that thereis a sin-
gle 'focus’, motivatedby the contrastsan acceptabilitybetweenthe discoursesabove. In the form
presentedhbove, the constraintalso expressesa strongclaim about'linking’ betweenutterances
namely thateachutterancdan a segmentrealizesat leastone of the CFs realizedin the previous ut-
terance. A wealer form of the constrainthasthereforealso beensuggested(Walker et al. 1998a,
footnote2, p.3)):

Constraint 1 (Weak): All utterance®f ase@mentexceptfor the 1sthave at mostonecCs.

Gordonetal. (1993)proposeto replacethe definition of CB seenabove (Constraint3) with anoper

ationalone: a testthatcanbe usedto identify the CB. More specifically they proposeto identify the
CB with the entity which is subjectto the repeatechamepenaltydiscussedbore (a slover reading
time wheneer a full NP is usedinsteadof a pronoun). Their experimentssuggesthat RNP effects
occurwith subjectgeferringto a subjector first mentionantecedentasaresult,they proposehatthe
CB shouldbeidentifiedwith the subjectif possible’.We interpretthis claim asmeaningthatthe CB

shouldbe identifiedwith the subjectwheneer the subjectdoesreferto a discourseentity in subject
or first-mentionpositionin the previous utteranc€. This new definition createsa conflict between
this versionof CenteringTheoryandthe versionsthatuseConstraint3 to definethe CB; indeed,the

Notice that this claim is different from the claim that the subject is the most highly ranked CF: this latter
claim concerns the identity of the CB in the following utterance, whereas the claim by Gordon et al concerns the
position of the CB in the current utterance.
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experimentgeportedoy Gordonetal. (especiallyexperiment?) shav thatNps thatsatisfyConstraint
3 (accordingto Gordonetal's own definition of ranking)arenot alwayssubjectto the RNP.

An operationaldefinition of the CB wasalsoproposedy Passonnea(1993)on the basisof her
studyof the usesof it andthatin dialogues.Passonneanoticeshow difficult it is to identify the CB
onsemantid pragmatiagroundsand,like Gordonetal., proposedo usepreferredoronominalization
patterngo identify it, usinghoweverthenew term’Local Center’'to denotethis operationallydefined
entity. In particular sheproposed specificlinguistic context asoneof Local CenterEstablishment:

Local Center Establishment Rule :

A. Recognizing a Local Center: Two utterancedJ1 and U2 that are adjacentin their seg-
mentestablisha discourseentity E asa local centeronly if U1 containsa third person,
singular non-demonstrate pronounN1 referringto E, U2 containsa co-specifyingthird
person,singular non-demonstrate pronounN2, and N1 and N2 are both subjectsor
non-subjectsin thatorderof preference.

B. Generating a Local Center: To establishadiscourseentity E asalocal centerin a pair of
adjacentutterancesJ1 and U2, usea third person,singular non-demonstrate pronoun
to referto E in bothutterancesBoth pronounsshouldbe subjectsor non-subjectsin that
orderof preference.

Alternative Claims about Pronominalization Alternative hypothesesaboutthe relation be-
tweenCenteringandpronominalizatiorhave alsobeenadwanced.The original formulationof Rule 1
in (Groszetal. 1983)wasasfollows:

Rule 1 (GJW83): If theCB of thecurrentutterances the sameasthe CB of the previousutterancea
pronounshouldbeused.

This formulationwassubsequentlyvealenedto give the versiondiscusseabaove. Conversely Gor
donetal. (1993)proposelyanevenstrongerformulation:

Rule 1 (Gordon et al): TheCB shouldbe pronominalized.

(Noticethatthedefinitionof CB proposedy Gordonetal. resultsin mary fewer utterancefhaving a
CB.)

One questionthat, asfar aswe know, hasnever beenraisedis what 'pronouns’ exactly should
countas pronouns: only third personsingular pronouns? What aboutplural ones,demonstratie
pronouns first and secondpersonpronouns?We will usethe term R1-PRONOUN to indicatethe
(sub)classof pronounssubjectto Rule 1.

Competing View of Transitions Rule 2 asformulatedby Groszet al. expressegpreferences
amongsequencesf transitions.Several otherversionsof this constrainthave beenproposedaswell
asotherschemedor classifyingtransitions. Someof thesealternatves were motivatedby the goal
of achiving a betteraccountof local (entity-based)oherenceby finding a definition that would
reflectthe actualpreferencesbsenredin texts (e.g.,(StrubeandHahn1999)). Otherproposalsvere
motivated by evidenceaboutthe distribution of NP forms - in particular the distinction between
'weak’ formssuchaspronounsn Englishor zerosin Italian andJapanesdhoughtto be preferredfor
expressingcontinuationsand’strong’ forms, thoughtto be usedto indicateshifts (Di Eugeniol998;
Turan1998).
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Thework just mentionedorovidesoneof the motivationsfor theformulationof Rule 2 asstating
preferencesor certainsequencesf transitions(e.g.,CON-CONover SHIFT-SHIFT) ratherthanfor
certaintransitions.Di Eugenio(1998),for example,found thatthe distribution of pronounsdepends
ontheprevioustransitionaswell: in continuationghatfollow a continuatioror ashift, it is muchmore
likely thatanull pronounwill beused whereasn continuationghatfollow aretainingtransition,both
null andexplicit pronounsareequallylikely. Turan(1995)found similar resultsfor null andexplicit
pronounsn Turkish.

Among the researcherarguing that the inferential load is evaluatedutteranceby utteranceare
Brennanet al. (1987), Walker et al. (1994)and (Walker et al. 1998a). Their versionof Rule 2 is as
follows:

Rule 2 (Single transitions): Transitionstatesareordered.The CON transitionis preferredto the
RET transition,whichis preferredo the SMOOTH-SHIFT transition(SSH),whichis preferred
to the ROUGH-SHIFTtransition(RSH).

This formulationof Rule 2 dependsn a furtherdistinctionbetweenwo typesof SHIFT introduced
by Brennanetal: SMOOTH SHIFT, whencs(U,,) = cp(U,,) andROUGH-SHIFT, whencs(U,,) #
cpr(U,,) Theresultis thattransitionscanbe classifiedalongtwo dimensionsasin thefollowing table:

cB(U,) =cB(U,_1) or cB(U,_1)=NIL ¢B(U,) # CB(U,_1)
CcB(U,) = cr(Uy) CONTINUE SMOOTH-SHIFT
cB(U,) # cpP(U,) RETAIN ROUGH-SHIFT

Furtherrefinement®f the classificatiorschemdor transitionshave to dowith theclassificatiorof
utteranceshatfollow anutterancavithoutaCs, suchasthefirst utterancef aseggment!? Kameyama
(1986)proposedh fourth type of transitionfor thesecasesCENTERESTABLISHMENT; this transi-
tion is usedby (Di Eugeniol998)aswell. Walker etal. (1994)proposednsteacthattheseutterances
shouldbe classifiedascentercontinuationsthe ideabeingthat even the first utteranceof a sgment
doeshave a CB, but this CB is initially underspecifiedandis only determinedvhenthe secondutter
anceis processed.

StrubeandHahn(1999)amyuethatinferentialloadshouldbe evaluatedacrosssequencegairs,in
fact)of transitions put their versionof Rule 2 is basedn a differentway of evaluatingtheinferential
load of utterances Strubeand Hahnarguethat other classificationof utteranceslo not reflectwhat
shouldbe oneof the crucial claimsof thetheory- namely thatthe CP of anutteranceshouldpredict
the B of the next. For this reasonthey introducea distinction betweenCHEAP and EXPENSIVE
transitiong(p.332):

e A transitionpairis CHEAP if the backward-lookingcenterof the currentutterances correctly
predictedby the preferredcenterof the previousutterancei.e.,if CB(U,,) = CP(Up—1);

e A transitionpair is EXPENSIVE if the backward-lookingcenterof the currentutterancds not
correctlypredictedby thepreferreccenterof thepreviousutterancei.e.,if cB(U,) # cr(U,_1);

StrubeandHahnthenproposea hew versionof Rule 2 basecdbn this distinction:

10 According to the strong version of Constraint 1, this is in fact the only utterance that may not have a CB in a
coherent discourse.

"'This proposal is reminiscent of Sidner’s idea that the first utterance only introduces an ‘Expected Discourse
Focus’, to be confirmed later.
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Rule 2 (Strube and Hahn): Cheaptransitionpairsarepreferrecto expensve ones.

Finally, Kibble (pear)arguesthatwe shouldview thetwo dimension®f classificatiorusedoy Brennan
et al - whetherthe CB of the currentutterancds the sameasthe CB of the previous utteranceand
whetherthe CB andthe CP of the currentutterancecoincide- asreflectingrespectiely the degree
to which the currentutteranceis coherentwith the previous utteranceand the degreeto which it
malkesthe CB mostsalient. He thenamguesthatwhile it’s the casethat, given the principlesinspiring
Centeringutteranceshatsatisfybothcriteria- CONs- shouldbe mostpreferred andutteranceshat
satisfy neither- RSHs- mostdispreferredthereisn’t any obvious a priori reasonwhy coherence
shouldbe preferredo saliencej.e., RETto SSH,asarguedby Brennanretal..

As aresult,Kibble proposedo replacethe single Rule 2 of previous versionsof Centeringwith
a collectionof principlesstatingpreferencesandthattheseprinciplesmay conflict with eachother
His form of Rule2 is asfollows:

Rule 2 (Kibble): Continuity: prefertransitionssuchthatCr(U,) N cB(U,_1) # 0.
Salience: prefertransitionssuchthatcs(U,,) = cr(U,,).
Cheapness: prefertransitionssuchthatCcs(U,) = cp(U,_1).
Cohesion: prefertransitionssuchthatcs(U,,) = CB(U,,_1).

Kibble doesnt committo a particularway of resolvingconflictsbetweertheseprinciples,but men-
tions thatoneway would beto treatall principlesasranked equallyandto preferthe interpretation
(or to producethe utterance}hat satisfieghe largestnumberof them,asdonein (Kibble andPawer
2000);a secondvay would beto establistpreferenceamongthemandchooseheinterpretatiorthat
violatesthewealestconstraintsasdonein Optimality Theory!?

Applications

The primary applicationof theoriesof text coherencén NLP hasbeenin the developmentof text
planners.Most of the bestknown suchplannersarebasedon relation-centeretheoriesof coherence
suchasRhetoricalStructuresTheory(rRsT) (MannandThompsonl988)(used,e.g.,in (Hovy 1993;
McKeawvn 1985;Moore1995)). However, ideasfrom the Centeringramenork arefoundincreasingly
usefulto supplemenarelationalnotionof coherencéKibble andPawver 2000;Knott etal. ress).The
ideasaboutsalienceproposedn Centeringhave beenappliedto developalgorithmsfor bothanaphora
resolution(Brennanet al. 1987; Strubeand Hahn 1999; Tetreault1999) andfor sentenceplanning
(Dale1992;Hitzemanetal. 1997;Henschektal. 2000).

3 METHODS

We usedcorpusannotationto comparethe differentversionsof CenteringTheorydiscussedn the
previous sectionand, morein general,to evaluatethe claims of the theory (in its ’best variant’, if
oneexists). In this sectionwe discusshow we setaboutdoing this, the datawe used,our annotation
methodsandhow the annotationwasused.

12Gee (Karamanis 2001) for further discussion and an evaluation of the effect of these two ways of resolving
conflicts.
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Verifying the Claims of a Parametric Theory

Quite a few methodologicalssueshave to be consideredvhentrying to evaluateCenteringTheory

The first problemis to be clear aboutwhat the main claims of the theory are. The development
of a ‘conceptualvocahulary’ for theoriesof local coherenceandlocal salienceis a very significant
contritution, but onethatis very difficult to evaluate.Insteadwe identifiedConstraintl, Rule 1, and
Rule 2 asmain claimsof thetheory Evenso,we hadto take into accountthe factthatthe different
versionsof CenteringTheory sometimesuse different definitionsof the CB and/ormalke different
claimsaboutcoherencendsaliencethereforewe considerednorethanoneversionof them.

In doingso,we have to beclearabouthow theseclaimsshouldbeinterpreted.The proponentof
Centeringhave beemquiteexplicit thatthetheoryshouldnotbeinterpretedasstating'hard’ factsabout
languageij.e., the kind of factswhoseviolation leadsto ungrammaticalitjudgments.Constraintl,
Rule 1, andRule 2 aremeantto be preferencesvhich, whenviolated, make atext hardero read,and
whoseviolation hasthereforeto be signalledin someway. So,the merepresencef afew exceptions
to the claimsshouldnot countasa falsification. Instead we will assumehattheseclaimsshouldbe
verifiablein a statisticalsensethenumberof utteranceshatverify suchclaimsshouldbesignificantly
higherthanthe numberof utteranceghat violate them. (In mostcasesthe signtestwill be usedto
testthis.)

But how canConstraintl, Rule 1 and Rule 2 be evaluated'in a generalway’, whentheir defi-
nitions rely on notionsthat differentauthorsspecifyin differentways? Any attemptat annotatinga
corpusfor ‘utterances’,or their CBs, is boundto force the annotatordo adopta specificsettingof
thesebasicconceptsihe problemis even worsewith psychologicalexperiments. Becauseof this,
previous psychologicalstudiesand corpusinvestigationsof the theory have generallyfocusedon a
specificvariantof thetheory (Byron andStent1998;Di Eugeniol998;Gordonetal. 1993;Gordon
and Scearcel995; Gordonand Chan1995; Gordonet al. 1999; Hudson-D’Zmuraand Tanenhaus
1998; Kameyama1998; Passonnead993; Walker 1989; Walker et al. 1994)13 Yet, differentways
of specifyingthe parametersf Centeringcouldresultin very differenttheories at leastin principle;
and,mostimportantly thesestudiescannottestwhethera differentcombinationof parametesettings
from thoseproposedn the literaturemight leadto betterresults. The only way aroundthis problem
seemgo considemary differentwaysof settingthe parameters;omparehem,find if oneor moreof
theseconfigurationsaresignificantlybetterthantheothers(the’best’ way beingtheonethatresultsin
the fewestviolationsof Constraintl, Rule 1, andRule 2), andusetheseversionsto assesshe claims
of thetheory

This comparisorwould be prohibitively expensve with traditional psychologicalmethods,but
it's not easyto do with corpusanalysis,either Obviously, it cant be doneby directly annotating
‘utterances’or 'CB’ accordingto oneway of fixing the parametersasdonein mostprevious studies
of CenteringTheory(Byron and Stent1998;Di Eugenio1998; Kameyamal998; Passonneat993;
Walker 1989).Instead,we annotateaur corpuswith the primitive conceptaisedby differentversions
of thetheory i.e., informationthathasbeenclaimedby oneor the otherversionof Centeringto play
arole in the definitionsof its basicnotions. This includes,for example,the grammaticalfunction
of an NP, information aboutanaphoricrelations(including information aboutbridging references)
and how sentencedreakup into clausesand subclausalnits. We thenusedthe annotateccorpus
to computeutterancestheir CF ranking, andtheir CB, accordingto a particularway of settingthe
parametersso thatwe could thencountverificationsandviolationsof the threeclaimsaccordingto

BBA few studies compare two versions of the theory: e.g., two or more algorithms for anaphora resolution
(Strube and Hahn 1999; Tetreault 1999), two views of ranking (Strube and Hahn 1999; Prasad and Strube 2000)
or competing theories of transitions (Passonneau 1998; Strube and Hahn 1999; Gordon et al. 1999).
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thatversion.Wethenevaluatedeachof theclaimswith respecto agivenconfigurationandcompared
the configurations.

A final characteristicof this study is that we were interestedin evaluatingthe claims of the
theoryin domainsof interestfor real applications—NaturadlanguageGenerationjn our case. The
genresmostoftenusedto studyCenteringTheoryare’naturalistic’ onessuchasnarratvesor spolen
dialogues.This makesalot of sensdrom ascientificpoint of view, but oneis left wonderingwhether
thepreferenceaboutcoherencandsalienceexpressedy CenteringTheorymight not be overridden
by otherfactorsin differentgenres. Forthisreasonwe usedtextsin two genresiotyetstudiedin the
Centerinditerature but of interestto developersof NLG systemsinstructionaltexts anddescriptions
of museunobjectsto be displayedon Web pages.

The Data

Thedatausedin thiswork aretexts from the GNOME corpus thatcurrentlyincludestexts from three
domains. The museumsubcorpusonsistsof descriptionsof museumobjectsand brief texts about
the artiststhat producedthem!* The pharmaceuticasubcorpuss a selectionof leafletsproviding
the patientswith the legally mandatoryinformation abouttheir medicine!® The tutorial dialogues
subcorpugonsistof asubsebdf theSherlockcorpuscollectedattheUniversityof Pittshurgh (Lesgold
etal. 1992;Di Eugenioetal. 1997). Eachsubcorpusontainsabout6,000NPs; in this studywe used
texts from thefirst two domainsfor atotal of about3,000NPs, including217personabndpossesse
pronouns,and 23 demonstraties. As for utterancesthe corpusincludesabout500 sentencesand
900finite clausesthe actualnumberof utterancesisedin the studyis oneof the parametershatwe
varied,asdiscussedbelow.

Annotation

The previous corpus-basethvestigationsof CenteringTheorywe are aware of (Walker 1989; Pas-
sonneaul993, 1998; Byron and Stent1998; Di Eugenio1998; Hurewitz 1998; Kame/ama1998;
StrubeandHahn1999)wereall carriedout by a singleannotatornnotatingher/hiscorpusaccording
to her/hisown subjectve judgment.Oneof our goalswasto usefor this studyonly informationthat
couldbeannotatedeliably (PassonneaandLitman 1993;Carlettal 996),aswe believe thiswill make
our resultseasierto replicate. The price we paid to achieve replicability is thatwe couldnt testall

proposalsaboutthe computatiorof Centeringparameterproposedn the literature,especiallyabout
seggmentatiorandaboutranking,asdiscussedbelon. Theannotatiorfollowedafairly specificmanual,
availablefrom the GNOME projects homepageat http://www.hcr c. ed. ac.u k/ "gnome; in

thefollowing we briefly discusghe informationthatwe wereableto annotateywhatwe didn’t anno-
tate,andthe problemswe encounteredEight paid annotatorsvereinvolvedin thereliability studies
andtheannotation.

"The museum subcorpus extends the corpus collected to support the ILEX and SOLE projects at the University
of Edinburgh. ILEX generates Web pages describing museum objects on the basis of the perceived status of its
user’s knowledge and of the objects she previously looked at (Oberlander et al. 1998); the latest official Web-
based demo can be seen at http://cirrus.dai.ed.ac.uk:8000/ilex . The SOLE project extended TLEX
with concept-to-speech abilities, using linguistic information to control intonation (Hitzeman et al. 1998).

The leaflets in the pharmaceutical subcorpus are a subset of the collection of all patient leaflets in the UK
which was digitized to support the ICONOCLAST project at the University of Brighton, developing tools to sup-
port multilingual generation (Scott et al. 1998).
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Utterances In orderto evaluatethe definitionsof utteranceproposedn the literature (sentences
versudfinite clauses)aswell asthe differentproposaloncerninghe ‘previous utterancediscussed
above, we marked all spansof texts that we thoughtcould be claimedto updatethe local focus.
This includessentencegdefinedroughly speakingasall units of text endingwith afull stop,a ques-
tion mark, or an exclamationpoint) aswell aswhatwe called (DISCOURSE) UNITS. Unitsinclude
clausegdefinedassequencesf text containingaverbalcomple, all its obligatoryagumentsandall
posterbaladjunctsiaswell asothersentencasubconstituentthatwe felt mightindependentlyipdate
the local focus, suchas parentheticalspreposedrs, and (the secondelementof) coordinatedvrps.
Examplef clausesyerbalandnon-werbalparentheticalgreposedrs, andcoordinated/Ps marked
asunitsfollows; the parenthesemmdicateunit boundaries(Sentencéoundariesrenotindicated.}®

(8) a. clausal unit: (They werefoundedin 1903by JosefHoffmannandKolomanMoser)
b. clausal unit with non-verbal parenthetical: (It'smadein theshapeof arealobject
(—aviolin))

C. clausal unit with preposed PP and embedded relative clauses: ((With the de-
velopmenbf heraldryin thelaterMiddle Agesin Europeasameansof identification),
all (who wereentitled(to beararms))wore signet-ringgengraed with their armorial
bearings))

d. clausal unit with non-finite complement clause and coordinated vr: (Thecen-
ter of the narrav body swells(to allow for the pendulums swing), (andhasa viewing
holeto obsene the movement))

As example(8d) abore illustrates subordinateinits suchasclausalcomplementsindrelative clauses
wereenclosedwithin the superordinateinit. Subordinataunits alsoinclude adjunctclausesheaded
by connectiessuchasbefor, after, becauseandclausesn subjectposition.

Sentenceblave oneattribute, stype, specifyingwhetherthe sentencés declaratie, interrogatve,
imperatve, or exclamatve. Thefollowing attributesof unitsweremarked:

e utype: whetherthe unit is a main clause,a relative clause,appositie, a parentheticaletc.
The possiblevaluesfor this attribute aremain, relative, such-as, appositive, parenthetical,
paren-rel, paren-app, paren-main, subject, complement, adjunct,coord-vp,preposed-pp,
listitem, cleft, title, disc-marker.

e verbed: whethertheunit containsa verbor not.
o finite: for verbedunits,whethertheverbis finite or not.

e subject: for verbedunits, whetherthey have a full subject,anemptysubject(expletive, asin
there sentences)r no subject(e.g.,for infinitival clauses).

Marking up sentencegroved up to be quite easy;markingup units requiredannotatortraining, but
in the endit could be donereliably aswell. The agreemenbn identifying the boundarief units,
usingthe  statisticdiscussedn (Carlettal996),wasx = .9 (for two annotatorand500 units); the
agreementn featureq2 annotatorandat least200 units) wasasfollows:

'®Qur instructions for marking up such elements benefited from the discussion of clauses in (Quirk and Green-
baum 1973) and from Marcu'’s proposals for discourse units annotation (Marcu 1999).
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Attribute | k Value
utype .76
verbed .9
finite .81
subject .86

Themainproblemswe encounteredh markingup unitswereto identify complementsto distinguish
clausaladjunctdrom prepositionaphrasesandhow to markup coordinatedinits. Themainproblem
with complementsvasto distinguishnon-finitecomplementsf verbssuchaswantfrom thenon-finite
partof verbalcomplexescontainingmodalauxiliariessuchasget, let, male, andhave

9 a. (I wouldlike (to beableto travel))
b. (I let him do his homevork)

Oneproblemthatprovedfairly difficult to handle(andwhich, in fact,we couldnt entirely solwe)
was clausalcoordination. The problemwasto presere enoughstructureto be ableto computethe
previous utterancewhile preservingsomebasicintuitions aboutwhat constitutesa clause(roughly
that by andlarge clauseswveretexts spansmarked eitherby the presencef a semanticallyisolated
verb or by punctuation/ layout) which are essentiaffor annotatorsand are neededto specify the
valuesof attributes. This wasrelatively easyto do whentwo mainclausesverecoordinatedsincethe
embeddingentenceouldbeusedto presere theinformationthatthetwo unitsoccurredatthesame
level; coordinatednainclausesveremarkedasin (10a). However, it wasnt completelyobviouswhat
to doin thecaseof coordinationwithin a subordinatelause asin (10b). Becaus¢herewerent mary
suchcasesratherthanusingtheunit elementwith a specialvaluefor utype aswe did for coordinated
NPs (which meantspecifyingall sortsof specialvaluesfor attributes)we useda markupelement
called unit-coordination to maintainthe structure,and then marked up eachclauseseparatelyas
shavn in (10c) (wherethe unit-coordination is markedwith squarebraclets).

(20) a. (The Getty museums microscopestill works,) (and the caseis fitted with a draver
filled with the necessarattachments).

b. (If you have ary questionsor are not sure aboutanything, ask your doctor or your
pharmacist)

c. ((If [(you have ary questions)r (you arenot sureaboutarything)]), askyour doctor
or your pharmacist)

In identifying possibleutterancesve alsoto hadto addresswo problemsraisedby our genresthat,
asfar aswe know, have not beenpreviously discussedn the Centeringliterature. Onesuchproblem
is whatto do with layoutelementssuchastitles andlist elementsyhich canclearly sene asthefirst
introductionof a CF andto move the CB. Oneexampleof title unitis unit (ul)in (11).

(11) (ul) Sideeffects
(u2) Sideeffectsmay occurwhenPRODUCT-Y is appliedto large partsof the body,

We addressedhis problemby marking up theselayout elementsas units, asin (12), but usingthe
specialvaluetitle of the'unit type’ attribute utype (seeabove) sothatwe could testwhetherit was
betterto treatthemasutterance®r not.

(12) (ul)<unit> Sideeffects</unit>
(u2) <p> SideeffectsmayoccurwhenPRODUCT-Y is appliedto large partsof thebody;
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Finally, the elementsof text that we did not mark up asunits include: NPs, post-verbal and post-
nominal PPs, non-\erbal NP modifiers, coordinatedvps in casethe secondconjunctdid not have
amgumentgasin (13a)),andquotedpartsof text, whenthey arenot reportedspeechasin (13b)).

(13) a. (Theoestradiobndnorethisteronacetatereplantdervedandsyntheticallyproduced)
b. (Theinscription' CHNETOC BASHLHKOC CPATHARHC")

Concerningattributes,oneproblemwe had(especiallywith the pharmaceuticakxts) wasinstructions
in theimperatve form, asin (14). The problemwasaddressety markingup finitenessratherthan
tensednesasoriginally proposedy (Kameyamal998),sinceimperatie clausesareconsideredinite

althoughthey arenottensed.

(14) (ul) Gentlyrub the correctamountinto the skin (u2) until it hasall disappeared.

Themostdifficult attribute to markwasutype,andour main problemwasto distinguishbetweerrela-
tive clausesandparentheticalssinceit’ s not alwayseasyto tell whetherarelative clauses restrictve
or non-restrictie (seealso(Chengetal. 2001). In the end,we adoptedulespurely basedon syntax
(the presencer absencef a commaor otherbracleting device). (Seealso(Quirk and Greenbaum
1973).Y

Values of UTYPE:
main 628
complement 162
relatve 136
adjunct 94
preposed-adjunct | 62
Total number of utterances: | 1578 E(r)i[:gSVEd-pp 257)
Values of FINITE: ra-vp
- subject 3
finite-yes 916 :
. parenthetical 98
finite-no 304 e 12
no-finite 358 apposi 62
Values of VERBED: pare”'aﬂp o
verbed-yes 121g| Paren-rel.
paren-main 5
such-as 16
title 69
listitem 86
captionitem 2
disc-marler 2
unsure-utype 7

NPs Ourinstructiondor identifying NP markableslerive from thoseproposedn theMATE scheme
for annotatinganaphoriaelationgPoesicetal. 1999),whichin turnwerederivedfrom thoseproposed
by Passonnea1997)andin MuUcC-7 (Chinchorand Sundheim1995). We annotatedl4 attributes

'7Because of all these issues, although we tried a couple of automatic parsers at the beginning of our anno-
tation effort, we didn’t really feel we could use them to do the markup (more precisely, we found it faster for
a trained annotator to mark up the units by hand rather than to correct the problems with the output of the
parser). Because of the rapid improvements in parsing technology, soon enough it might be worth reconsidering
this decision.
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of NPs specifyingtheir syntactic,semanticand discourseproperties(Poesio2000). Thosethat are
relevantto thework discussedhereinclude:

e TheNpP type,cat. Thisattributecantakethevaluesa-np, another-np, g-np, num-np, meas-np,
that-np, this-np, such-np, wh-np, poss-np, bare-np, pn, the-pn (for definitesthatarereally
disguisedoropernamessuchasthe Beatle$, the-np, pers-pro, poss-pro, refl-pro, rec-pro,
g-pro, wh-pro, this-pro, that-pro, num-ana (for 'numericalanaphorssuchasonein | want
on@, null-ana, gerund (for nominalizedpresenparticiplessuchasveneeringurniture in the
practice of veneeringfurniture), coord-np, andfree-rel (for 'free relatves’ suchaswhatyou
needmostin whatyouneedmostis a goodres).

e A few other'basic’ syntacticfeaturesnum, per, andgen, usedto identify contets in which
theantecedendf a pronouncouldbeidentifiedunambiguously;

e The grammaticalfunction of the NP, gf. Our instructionsfor this featureare derived from
thoseusedin the FRAMENET project((Baker et al. 1998); seealsothe projects Web site at
http://www.icsi .be rk el ey.e du/ *f ra menet/ );thevaluesaresubj, obj, predicate
(usedfor post-\erbalobjectsin copularsentencesuchasThisis (a productionwatcd)), there-obj
(usedfor post-verbalobjectsin there-sentences);omp (for indirectobjects),adjunct (for the
amgumentof Pps modifying vPs), gen (for NPs in determinerpositionin possesse NPs),
np-compl, np-part, np-mod, adj-mod, and no-gf (for NPs occurringby themseles - eg.,
in titles).

Theagreemenvaluesfor therelevantattributesareasfollows:

Attribute | « Value
cat 9
gen .89

of .85
num .84
per 9

Otherattributesof NPswe couldreliably annotaténcludeani (whetherthe objectdenoteds animate
or inanimate) count (whetherthe NP is countableor not), deix (whetherthe objectis avisualdeictic
referenceor not), generic (whetherthe NP denotegyenericallyor not), Iftype (whetherthe NP is the
realizationof a discourseentity, a quantifier or a predicate)|oeb (its functionality or lack of it under
theschemeroposedyy (Loebnerl987)),onto (its ontologicalstatus- denotinga concreteobject,an
event,atime intenal, or anabstracentity), its structure (whetherit denotessetor anatom)(Poesio
2000).

As in the caseof units,the main problemwith markingup NPs wascoordination.Our approach
wasto usea separaténe) elemento mark up the coordinatedvp, with type (cat) valuecoord-np.
We only useda coord-np elementif two determinersvere presentasin ((your doctor) and (your
pharmacist)) This approachwaschoserbecauset limited the numberof spuriouscoordinationsn-
troduced(in casesuchasthisis aninterestingandwell-knownexampleof early Byzantingewellery),
but hasthelimitation thatonly one(ne) is markedin casesuchasYour doctoror pharmacist

We encounteredall sortsof problemswith marking up attributes, even for supposedlyeasy’
informationsuchasnumberandgenderbut especiallysowith semantiattributes(cfr. instructions).
Ultimately however we wereableto mark up the attributesrelevant for this studyin afairly reliable
fashion. However, we haven't so far beenableto reachacceptableagreemenbn a featureof NPs
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oftenclaimedto affect ranking,thematicroles: (Sidner1979;Cote 1998; Stevensonet al. 1994);the
agreemenvaluein this casewasx = .35.

Total number of NPs: 3376

Values of CAT: IndefiniteNPs

Pronouns bare-np 745
pers-pro(1st,2ndand3rd) 324 || a-np 269
poss-pro 208 || num-np(e.g.,threecars) 71
this-pro 21 || meas-nge.g.,threepoundsof X) | 23
g-pro(e.g.,pronominalany, ead) | 18 || anothemp 11
num-ange.g.,l wantthreg 7 Other.

refl-pro 3 g-np 117
null-ana 3 coord-np 114
that-pro 2 gerund 44
DefiniteNPs complementizer 43
the-np 554 || wh-pro 8
the-pn 71 || wh-np 5
pn 320 || such-np 4
poss-np 250 || free-rel 5
this-np 91 || unsure-cat 10
that-np 4

Anaphoric information Finally, in orderto computewhethera CF in an utterancevasrealized
directly or indirectly in the following utterancewe marked up anaphoriaelationsbetween(ne) ele-
ments,againusinga variantof the MATE schemgPoesiocetal. 1999). A special(ante ) elements
usedto mark anaphoriaelations;the (ante ) elementitself specifiegheindex of the anaphoricex-

pressiorandthetype of semantiaelation(e.g.,identity), whereasneor moreembeddedanchor )

elementsndicatepossibleantecedentfthe presencef morethanone (anchor ) elementindicates
thatthe anaphoriexpressions ambiguous)(See(15).)

(15) <unit finite="finite-yes’ id="u227">

<ne id='ne546’ gf="subj’> The drawing of

<ne id='ne547’ gf="np-compl’>the corner cupboard </ne></ne>
<unit  finite="no-finite’ id='u228'>, or more probably

<ne id="ne548’ of="no-gf'> an engraving  of

<ne id='ne549’ gf="np-compl’> it </ne></ne>

</unit>,
</unit>
<ante current="ne549" rel="ident"> <anchor ID="ne547"> </ante>

Work suchas(Sidner1979;StrubeandHahn1999),aswell asour own early experimentswith Cen-
tering,suggestethatindirectrealizationcanplay quiteacrucialrolein maintainingthe Cs. However,
previous work, particularlyin the context of the MUC initiative, suggestedhat while it’s fairly easy
to achieve agreemenbn identity relations, marking up bridging referencess quite hard; this was
confirmedby studiessuchas(PoesioandVieira 1998). For thesereasonsye did annotatehis type
of relations,but to achieve a reasonablegreementandto containsomehw the annotatorswork,
we limited the typesof relationsannotatorsvere supposedo mark up, andwe specifiedpriorities.
Thus,besidesdentity (IDENT) we only marked up threenon-identity(‘bridging’ (Clark 1977))rela-
tions,andonly relationsbetweerobjects(andnot, for example,anaphorigeferenceo propositionsor
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events).Therelationswe markup area subsebf thoseproposedn the‘extendedrelations’versionof
the MATE schemgPoesioet al. 1999) andincludesetmembershifELEMENT, subse{SUBSET,
and ‘generalizedpossession{POSS, which includespart-of relationsas well as more traditional
ownershiprelations. In addition, given the intendeduseof this information,we hadto specifyquite
strictly which antecedenshouldbe marked: whereasn MUC it is perfectlyacceptabléo mark an
‘antecedentwhich follows a given anaphoricexpressionjn orderto computethe CB of anutterance
it is necessaryo identify the closestpreviousantecedent-urthermorewe specifiedpreferenceson-
cerningNPs occurringin predicatve position, so that, for example,in Francois,the Dauphin the
embeddingvP would be marked asanantecedentatherthanthe NP in appositve position.

As expectedwe achieved arathergoodagreemenbnidentity relations.In our mostrecentanaly-
sis(two annotatorsooking attheanaphorigelationsbetweer200NPs)we obsenednorealdisagree-
ments;79.4%of theserelationsweremarked up by bothannotators12.8%by only oneof them;and
in 7.7%of the casespneof theannotatorsnarked up a closerantecedenthanthe other Concerning
bridging referenceslimiting the relationsdid limit the disagreementamongannotatorgonly 4.8%
of therelationsareactuallymarked differently) but only 22% of bridging referencesveremarkedin
the sameway by bothannotators73.17%of relationsaremarked by only oneor the otherannotatar
Soreachingagreemenon thisinformationinvolved severaldiscussiondetweerannotator@ndmore
thanonepassover the corpus(Poesia2000).

Segmentation Although GroszandSidners claimsaboutthe global structureof a discourseand
its segmentatiorare not part of CenteringTheory per se,the theorydoesassumehatdiscoursesire
sgmented.This meanghat, ideally, a corpususedto investigatethe claimsof the theoryshouldbe
seggmented? Theproblemis thatdiscoursesegmentsaredifficult to identify reliably (Passonneaand
Litman 1993;Marcuetal. 1999);our own preliminaryexperimentsdidn’t give goodresults either

Forthisreasonmostpreviousstudiesitherignoredsegmentationpr usedtheheuristicgproposed
by Walker (1989). We did the samehere,andonly usedthe layout structureof the texts asa rough
indicationof discoursestructure Wetestedooth’looser' formsof segmentatiorandmorefine grained
onesbasedon paragraphs.n the museumdomain,the loosersegmentationinvolved treatingeach
objectdescriptionasa separateseggment;in the pharmaceuticalomain,eachsubsectiorof a leaflet
wastreatedasa separatesegment. Thefinergrainedsegmentationvasthe oneproposedoy Walker.
Wethenidentifiedby handthoseviolationsof Constraintl thatappearedo be motivatedby too broad
asegmentatiorof thetext.!

Automatic computation of Centering information

The annotatiorthusproducedvasusedto automaticallycomputeutterancesccordingto the partic-
ular configurationof parameterghosen,andthento computethe Crs andthe CB (if ary) of each
utteranceon the basisof the anaphoridnformationandaccordingto the notion of rankingspecified.
This informationwasthe usedto find violations of Constraintl, Rule 1, and Rule 2 (accordingto

8This has been contested in recent work such as (Di Eugenio 1998; Walker 1998; Strube and Hahn 1999), on
the grounds that it is not entirely clear whether local structure is meant to be entirely embedded within global
structure - i.e., whether the theory’s claims are intended to operate purely within segments - or if in fact the two
structures are independent of each other, with local transitions possibly operating across segment boundaries
(see, e.g., (Walker 1998)).

“Work such as (Moser and Moore 1996b; Marcu et al. 1999) showed that it is indeed possible to achieve good
agreement on discourse segmentation, given intensive training and repeated iterations. We are making use of a
corpus reliably annotated in this way in other work (Poesio and Di Eugenio 2001).
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several versionsof Rule 1 andRule 2). The behaior of the script that computesthis information
depend®nthefollowing parameters:

CBdef : whetherGrosz Joshiand Weinsteins, Gordonet al's, or Passonneag’definition of CB
shouldbeused.

uttdef: whetherutteranceshouldbeidentifiedwith sentencedijnite clausespr verbedclauses.
previous utterance: whetheradjunctclausesshouldbetreatedkameyama-styleor Suri-style?’
neverutt: theclauseghatshouldnever beconsideredsutterancesevenif finite or verbed.

realization: whetheronly directrealizationshouldbeallowed, or alsoindirectrealizationvia bridg-
ing references.

CF-filter: whetherall NPs shouldbe treatedasintroducingCrs, or whethercertainclasseshould
be excluded(currentlythe possibleomissionsnclude secondandfirst personNpPs andNPs in
predicatve position(e.g.,a policemanin Johnis a policemai).

rank: whetherCFsshouldberankedaccordingto grammaticafunction,linearorder a combination
of thetwo assuggestethy Gordonetal., or informationstatusin StrubeandHahns sense.

prodef: whetheronly third personpersonalpronounslike it, they shouldbe countedas pronouns
for the purpose®f Rule 1, or alsodemonstratie pronoundike that, theseand/ or the second
personpronounyou

segmentation: identify sgmentsusingWalker’s heuristics,or with paragraphssectionsor whole
texts.

prepadj: whetherthe computationof the previous utterancefor preposedadjunctclausege.g., if-
clausesasin if X, Y) shouldfollow thelinearorder or the subordinatiororder

bridges_policy: whetherimplicit anaphoricelementssuchasthoseoccurringin tracesshouldbe
countedaspronoundor the purpose®f Rule 1 or not?!

Rule 1

Theway thevariousstatisticsreportedbelov arecomputeds mostlytransparenttheonly aspecthat
needdiscussingarethecomputationgor Rule 1. Thebasiclogic is very simple: for eachutteranceu

1. If uhasnoCs, it isignored;

®In fact, the version we call here 'Kameyama’ treats all types of clauses other than complement clauses —
including, e.g., relative clauses—as not embedded, whereas the version we call 'Suri’ treats all such clauses
as embedded, including clauses that Suri and McCoy didn’t consider themselves; so these names should be
taken with a grain of salt. One case in which these differences matter is the discourse This brooch is made of tita-
nium, which is one of the refractory metals. It was made by Anne-Marie Shillitoe, an Edinburgh jeweller, in 1991.. The
"Kameyama’ version assigns the relative clause which is one of the refractory metals as previous utterance to the
clause It was made by ...; whereas the ‘Suri’ version treats the relative clause as embedded. We return to this issue
below.

IRelative pronouns (implicit and explicit) were only counted as pronouns if not doing so would lead to a
violation of Rule 1.
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2. Else,if CB(u) is realizedat leastonceasa R1-pronoungcountu asaverification(+) for all three
versionsof Rule 1 thatwe areconsidering;

3. Else,

(a) Countu asaviolation (-) of Gordonetal.’s versionof Rule 1;

(b) If cB(u) = CB(u-1), countu asaviolation of theversionof Rule1 from (Groszetal. 1983),
elseasa+;

(c) If atleastoneentity otherthanthe CB is realizedasa R1-pronoungountu asa violation
of theversionof Rule 1 from (Groszetal. 1995),elseasa+.

The one additionalcomplicationare relatve pronouns. As their statusfor the theoryis not clear
we decidedto ignorethemasmuchaspossible,in the following sense:ithe scriptdoesnot countan
utteranceasa violation of Rule 1 from (Groszet al. 1995)if the only ‘pronoun’ realizinga non-CB
is a relative pronoun;andcorversely it doesnot countan utteranceasa verification of that Rule if
theCs is only realizedby arelative pronoun.The mainconsequencis thatthe numberof utterances
takeninto accounffor Rulel is generallylessthanthe numberof utterancesvith acs, aswe will see
shortly

4 MAIN RESULTS

Given that thereare so mary parametersit is difficult, if notimpossible,to evaluateall versions
of thetheory Instead,we beganby identifying a 'vanilla configuration’of the theorybasedon the
mostfamiliar choicesaboutthe parametersandwe testedthe claimsof thetheorygiventhesevalues.
We thenstudiedthe versionsobtainedby varyingthe 'minor’ parametersutterancerealization,and
segmentatiort? After establishinghe 'best’ valuesfor theseparametersye looked at the effect on
theclaimsof alternatve rankingfunctions,andfinally we variedthe definition of CB.

The Vanilla Configuration

Whatwe call 'vanilla’ versionhereis ablendof proposaldrom (Groszetal. 1995)and(Brennaretal.
1987),with additionalsuggestionfrom (Kameyamal998),(Gordonetal. 1999),and(Walker 1998).
It is basedon the definitionof cB from (Groszetal. 1995),and,for ranking,on the proposathatCrs
areranked accordingto grammaticalfunction, asdiscussedhereandin (Brennanet al. 1987) (also
incorporatingthe proposalsconcerningrankingin complex NPs from (Gordonet al. 1999)). As far
asutterancealefinitionis concernedthe vanilla versionincorporateshe hypothesifrom Kameyama
(1998) that utterancesare finite clausesandthe characterizatiorof 'previous utterance’proposed
there??. Concerningealization,only third personNps aretakento introducecrs (notfirst or second
person);anda discourseentity only countsas’realized’in an utterancdf it is explicitly mentioned.
For the purpose®f Rule 1, we consideotha'strict’ definitionof 'pronoun’includingonly personal
andpossesse pronounsanda’broad’ oneincludingalsothedemonstratie pronounghis, that, these
andthose As for relative clauseswe assumehatthey includealink to theembedding\p, possibly

ZWe refer to these parameters as ‘minor’ because they haven’t been the focus of as main research as ranking
and the definition of CB.

We simplified Kameyama’s hypothesis about relative clauses by comparing only a version in which they
were treated as utterances both “locally” and “globally’, and one in which they weren’t.
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not explicitly realized®* For sggmentationwe adoptthe segymentatiorheuristicproposedy Walker
(1989). With the parametersf the theorydefinedthis way, definitions,the numberof utterancesnd

CFsin our corpusis asfollows:

MUSEUM | PHARMA | TOTAL
Numberof utterances 428 577 1005
Numberof CFs: 1723 1308 3031

Constraint 1 Thestatisticsrelevantto Constraintl (thatutterance$iave exactly one/ at mostone
CB) areshavn in thefollowing table:

MUSEUM | PHARMA | TOTAL (PERC)
Numberof timesatleastoneCF(Un)is realizedin Un+1: 197 165 362(36%)
UtteranceghatsatisfyConstraintl (have exactlyoneCB) : 193 160 353(35.12%)
Utteranceghatdo not satisfyC1 but aresggmentboundary: 66 96 162(16.11%)
Utterancesvith zeroCBs: 165 316 481(47.86%)
Utterancesvith morethanoneCB : 4 5 9 (0.8%)

Thesefiguresclearly indicatethat the weak versionof Constraintl, verified by 834 utterances
(82.98%) andviolated by 9 (.8%) (abbreviated henceforthas +834, -9) is likely to hold with the
'Vanilla’ versionof thetheory(a signtestindicateda chancep < 0.001 thatWeakC1 doesnot hold
with othersamples).On the otherhand,the strongversionof C1 —thatevery utterancehasexactly
onecCB)-is notlikely to hold: in our corpus,only 353 utterance®ut of 1005(35.12%)have exactly
onecCB, andevenif we excludethe 162 utteranceshatdo not containreferenceso Crsintroducedn
the previous utterancebut are sgmentboundariesandthereforeare not governedby the Constraint,
therearestill 490 utterancesvith zeroor morethanoneCBs (48.75%). With +353,-490, a signtest
indicateghatthe chanceof errorin rejectingthe null hypothesighat StrongC1 doesnt hold is much
higherthan10%2°

The following exampleillustratesone classof counter@amplesto StrongC1 with the Vanilla
setting.In (16), if we identify utterancesvith finite clausesyl is followed by four utterancesOnly
thelastof thesedirectly refersto the setof egg vasesdntroducedn ul, while they all containimplicit
referencedo theseobjects.In (16a),(entity) coherencaés maintainedby the bridging referencgthe
furniture) ratherthanby directreference.Clearly, therearetwo waysof ‘fixing’ this problemwith
the Vanilla version: eitheridentifying utterancesvith sentencesin which caseutterancegu2)-(u4)
disappearpr allowing for indirect realization,in which case(u2)-(u4)all will have a cB. We will
considemothof thesepossibilitiesbelow.

(16) (ul) These'egg vases'areof exceptionalquality: (u2) basletwork basesupportegg-shaped
bodies(u3) andbundlesof strav form thehandles (u4) while small eggsrestingin strav

nestssene asthefinial for eachlid. (u5) Eachvaseis decoratedvith inlaid decoration.. ..

Perhapsaven moreinterestingis the fact that several utterancesiave more than onecCs - i.e., they
violate WeakC1 aswell. Thisis illustratedby (17), wherewe keptthe XML formatof theannotation
soastheattributesof elementavereincluded.

an <unit finite="finite-yes’ id="u227">
<ne id="ne546’ of="subj’> The drawing of
<ne id="ne547’ gf="np-compl’> the corner cupboard </ne>
</ne>

XThisis a major difference with our previous work (Poesio et al. 2000).
PFurthermore, the figure of 353 utterances verifying Strong C1 includes 71 relative clauses whose only refer-
ence to entities in the embedding clause is their complementizer or a trace.
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<unit  finite="no-finite’ id='u228'>, or more probably
<ne id='ne548 gf="no-gf'> an engraving  of
<ne id='ne549’ gf="np-compl’> it </ne></ne>
</unit>,
must have caught
<ne id="ne550’ gf="obj">

<ne id="ne551’ gf="gen’>Branicki’s </ne> attention</ne>
</unit>
<unit  id="u229" finite="finite-yes">
<ne gf="subj" id="ne552"> Dubois </ne> was commissioned through
<ne gf="adjunct" id="ne553"> a Warsaw dealer </ne>
<unit id="u230" finite="finite-no"> to construct
<ne gf="obj" id="ne554"> the cabinet </ne>
for <ne gf="adjunct" id="ne555"> the Polish aristocrat </ne>
</unit>
</unit>

In this example,two discourseentitiesintroducedin utteranceu227arerealizedin utteranceu2292
the cornercupboad (realizedby ne547andne549)andBranidki (realizedby ne551).As their gram-
matical functions are equivalent underthe ranking proposedby Groszet al., (np-compl, for NP-
complementandgen, for 'genitive’ - seethe annotationmanualfor examples)thesetwo CEs have
thesamerankin u227,sothey arebothCBs of u229. Thesameproblemoccurswith coordinated\ps,
both of which have the samegrammaticafunction.

Salience and Pronominalization The statisticsconcerningpronominalizationand the CB are
shawvn in the following table. R1 pronounsnclude personabronounsandrelative pronound traces;
thefiguresconcerningdemonstratie pronounsarealsolisted.

MUSEUM | PHARMA | TOTAL

Total numberof R1-pronouns: 271 120 391
Numberof personapronouns: 144 73 217
Numberof relative pronouns: 127 a7 174
Numberof demonstratie pronouns: 7 16 23
Utterancesvith a subject: 383 216 599
Numberof personapronounsn subjectposition: 61 34 95
Numberof demonstratie pronounsn subjectposition: 5 11 16
Total numberof realizationsof CBs: 218 166 384
Total numberof CBsrealizedasR1-pronouns: 144 69 213
CBsrealizedaspersonapronouns: 91 49 140
CBsrealizedasrelative pronouns: 53 20 73
CBsrealizedasdemonstratie pronouns: 3 1 4
CBsNOT realizedasR1-pronouns: 74 97 171
Total numberof R1-pronounghatdo not realizeCBs: 53 22 75
Personapronounghatdo notrealizeCBs: 51 20 71
Relative pronounghatdo not realizeCBs: 2 2 4
Demonstratre pronounghatdo notrealizeCBs: 4 15 19

Our corpusincludes217 usesof personabronounghe she it, they, andtheir othermorpholog-
ical forms), 23 demonstraties, and 174 relative pronounsor traces,for a total of 391 R1-pronouns

*Neither u228 nor u230 are treated as utterances as they are not finite.
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(countingrelative pronounsor traces).Of the personabronouns 37 (17%) have their antecedenin

thesameutteranceand28 (13%)in anutterancdurtheraway thanthe previousutteranceThecorpus
containsb9 pronoun-pronourchains(casesn which the antecedenof a pronounis itself realizedas
a pronoun).Of the 353 utterancesvith exactly oneCBs, 72 areignoredby the scriptin thatthe only

realizationof a R1-pronouris donevia arelative pronounor trace,and281 areconsideredsrelevant
for Rule1.?”

The first thing to notice is that unlesswe count relative pronounsand relative tracesas R1-
pronounsaboutasmary - in fact, more- CBs arerealizedasnon-pronounghanaspronouns(140
CBs arerealizedaspersonalpronouns;73 asrelative pronounsor traces;and 171 asnon-pronouns).
What this meansis that the strongerversionof Rule 1 proposedoy Gordonet al. (1993) (always
pronominalizehe CB) only holds(andthenwith a 7% chanceof error)if we countrelative pronouns
asR1-pronoungseealso(Henschektal. 2000)). Onthe otherhand,boththe versionof Rule 1 orig-
inally proposedy (Groszet al. 1983)andthatin (Groszet al. 1995)do hold. The completefigures
concerningsatishictionandviolation of thethreeversionsof Rule1 discussedh Section§2 areshavn
in thefollowing table?®

MUSEUM | PHARMA TOTAL
GJW95 - utteranceshatsatisfy: 135 138 273(97.1%)
GJW95 - utteranceshatviolate: 6 2 8(2.8%)
Gordon- utteranceshatsatisfy: 81 46 127 (45.2%)
Gordon- utteranceshatviolate: 60 94 154 (54.8%)
GJW83- utteranceshatsatisfy: 122 109 231(82.2%)
GJW83- utteranceshatviolate: 19 31 50(17.8%)

Two examplesof utterancesiolating Groszetal.’s versionof Rule 1, whichrequiregheCs to be
pronominalizedf arything elseis, areshavn in (18).

(18) a. (ul) Before 1666 Boulle was awarded the title of master
cabinetmaker;

(u2) in 1672 the king granted him the royal privilege of
lodging in the Palais du Louvre.

(u3) In the same year, he achieved the title of
cabinetmaker  and sculptor  to Louis XIV, king of
France.

b. (ul) Infants and children must not be treated continuously
with  PRODUCT-Xfor long periods

(u2) because it may reduce the activity of the adrenal
glands, and so lower resistance to disease.

(u3) Similar  effects on a baby may occur after extensive
use of PRODUCT-Xby its mother during the Ilast weeks
of pregnancy

(u4) or when she is breastfeeding the baby.

In (18a),the B of u3is Louis XIV, the king, which is however realizedusinga propername,pre-
sumablybecausof the referencdo an official title; the pronounheis usedto realizeBoulle, which,

7See the description of the way the statistics for Rule 1 are computed in Section §3.
*We are using here the ‘narrow’ definition of R1-pronoun, which only includes personal pronouns, and not
demonstrative and relative pronouns.
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while the ‘main character’in the senseof Garrodand Sanfordof this discoursgandthe ‘discourse
focus’ in the senseof Sidner),is not the CB of u3. In otherwords,we canobsenre herea conflict
betweertheideathatpronominalizations usedto realizethe ‘main entity’ of adiscourseirrespectie
of its ranking,andthe ideathat pronominalizatioris usedto realizethe locally mostsaliententity,
asidentified by the CB. (Seealso(Giouli 1996; Byron and Stent1998).) In (18b), the CB of u3is
PRODUCT-X, which, however, is realizedusinga propernoun,whereas possesse pronounis used
to referintrasententiallyto the baby (For a discussiorof the problemof intrasententiapronounsn
CenteringTheory see(Walker 1989; Tetreaultl999;Poesicand Stevensonpear)).

In the pharmaceuticdkafletswe foundanumberof violationsof Rule 1 towardstheendof texts,
whena numberof pronounsare usedto realizethe productdescribedby the leaflet. E.g., it in the
following examplerefersto the cream,not mentionedn ary of the previoustwo utterances.

(29) (ul) A child of 4 yearsneedsaboutathird of theadultamount.(u2) A courseof treatmenfor achild
shouldnot normallylastmorethanfive days(u3) unlessyour doctorhastold you to useit for longer

Thesecasesnay be seenagainasexamplesof the conflict betweerthe’global’ preferenceo realize
the’main characterandthe’local’ preferencdo realizethe mosthighly ranked entity. By the endof
thetext, afterthe producthasbeenmentioneda numberof times, it is salientenoughthatthereis no
needto putit againin thelocal focusby mentioningit explicitly.

The resultschangeonly slightly when a ‘wider’ senseof pronounis adoptedby considering
demonstratie pronounsaswell (but see(Passonnea993)):in this casewe have moreviolationsof
theversionof Rule 1 from (Groszetal. 1995)(10 insteadof 8) but fewer violationsof the versionof
Gordonetal. (150insteadof 154) andof theversionin (Groszetal. 1983)(48 insteadof 50). (In the
restof the paperwe will keepusingthe’narron’ definitionof pronoun.)

MUSEUM | PHARMA | TOTAL
GJW95 - utteranceshatsatisfy: 135 136 271
GJW95 - utteranceshatviolate: 6 4 10
Gordon- utteranceshatsatisfy: 84 47 131
Gordon- utteranceshatviolate: 57 93 150
GJW83 - utteranceshatsatisfy: 124 109 233
GJW83 - utteranceshatviolate: 17 31 48

Oneinterestingeffect of this changeis thatif we countdemonstratie pronounsamongthe pro-
nounsgovernedby Rule 1, we getmorelong-distanceoronoung39) thanintra-utterancenes(37).

Rule 2 Thefiguresconcerningransitionsrelevantfor Brennanet al’s versionof Rule2 areshavn
in thefollowing table.

MUSEUM | PHARMA TOTAL
Establishment 96 95 191(19%)
Continuation: 37 32 69(6.8%)
Retain: 24 17 41 (4%)
SmoothShift : 19 13 32(3.2%)
RoughShift : 21 8 29 (2.9%)
Zero: 86 81 167(16.7%)
Null : 145 331 476(47.4%)
Total: 428 577 1005
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The mostinterestingresulthereis thatthe mostfrequenttransitionby far, with 47% of thetotal,
is onenot mentionedn the Centeringdliterature,theNULL transition,which connectgwo utterances
without a CB. The secondmostcommontransitionis Kameyamas CenterEstablishmentEST (the
transitionbetweenan utterancewithout CB andonewith a CB), followed by its reverse,the ZERO
transitionfrom an utterancewith a CB to one without (also not mentionedin the literature), and
thenby CON, RET, SSH, and RSH. If we ignore NULL transitionsand ZEROs, the preferences
areroughlyaspredicted’ by Brennaretal., especiallyif we meige ESTwith CON assuggestedy
Walkeretal. (1994);thereareaboutthe samenumberof RSHandSSH.(Similarresultswereobtained
by (Passonneali998).) Groszetal.’s formulationof Rule2 in termsof sequencealsoroughlyholds,
exceptthattherearetoo few sequencefor theresultsto bereally useful:

MUSEUM | PHARMA | TOTAL
ContinuationsSequences 10 5 15
EstablishmentContinuation: 16 18 34
RetainSequences 6 3 9
Retain/ SmoothShift : 3 1 4
Retain/ RoughShift : 3 2 5
SmoothShift Sequences 2 1 3
RoughShift Sequences 3 1 4
ZeroSequences 0 0 0
Null Sequences 90 229 319
Other: 227 280 507

(We shouldaddthat we usedthe mostfavourableway of countingsequences—eagdair of repeated
transitionswas countedas a sequencewhich meansthat three CONT in a row countastwo se-
guences.)In our corpusthereseemgo be a preferencdor avoiding repetition,evenin the type of
transitions:e.g.,EST/ CONT sequencearetwice ascommonassequencesf continuations.

Of the otherformulationsof Rule 2, the versionbasedon a preferencdor cheaptransitionpairs
over expensve onesproposeddy StrubeandHahnis not verified with the rankingfunction usedin
the Vanilla version,which is not the oneassumedy Strubeand Hahnthemseles (but seebelow);
this confirmsresultsobtainedfor dialoguesby Byron and Stent(1998). Ignoring the 225 utterances
which are sggmentboundaries? we have 401 pairsof expensve transitions,and 32 pairsof cheap
transitionsasfollows:

MUSEUM | PHARMA | TOTAL
Cheaptransitions: 76 65 141
Expensve transitions: 261 378 639
Cheaptransitionpairs: 18 14 32
Expensie transitionpairs: 161 240 401

Finally, we devisedthefollowing methodto evaluateKibble’'s proposal We countedthetotal number
of utterancewerifying oneof Kibble’'s four constraintswe alsocomputeda ‘Kibble score’for each
utterancedefinedasthe numberof constraintssatisfiedby that utterance With the Vanilla configu-
ration, the averageKibble scoré! comesto about1.06- i.e., eachutterancesatisfiesaboutoneof the
four constraintsThefiguresareasfollows:

#Unfortunately we are not aware of a test that could be used to verify a claim about the ranking of relative
frequencies, like Rule 2.

Y'We will ignore them in the rest of the paper, also when considering Kibble’s version.
31 . Continuous+Salient+Cheap+Cohesive
Defined as Utttotal—SegBoundary :
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MUSEUM | PHARMA | TOTAL
Continuoudransitions: 197 165 362
Salienttransitions 105 108 213
Cheagptransitions. 150 128 278
Cohesie transitions 60 51 111
AverageKibble Score’: 1.52 1.02 1.24

Differences between domains: Broadly speakingthe texts in the museumdomainseemto be
morein agreementvith the predictionsof the theorythanthe texts in the pharmaceuticatlomain.
Thisis especiallythe casefor Rule 1. Countingpersonapronounsonly, therearefewer pronounsn
the pharmaceuticalomain(73 of 1308CFs, or 5%, asopposedo 144 of 1723,8%, for the museum
domain),andwhereasn themuseundomain41.7%(91/218)of CB realizationsaredonevia personal
pronoung(66% if we alsocountrelative pronounsandcomplementizersjn the pharmaceuticatlo-
mainonly 29.5%(49/166)are (41% with relative pronouns).The percentagef utterancesatisfying
the strongversionof Constraintl is muchhigherin the museumdomain(45%, 193/428)thanin the
pharmaceuticadomain(27.7%,160/577) andthe percentagef utterancesvith no CB is muchhigher
in this seconddomain(54%, 316/577)thanin thefirst one(38%, 165/428).Finally, over 71% of ut-
terancesn the pharmaceuticalomainare NULL or ZERO transitions(412/577),whereagust 53%
arein themuseundomain(231/428);the percentagef ESTandCONT is alsoslightly higherin the
museundomain(133/428,31%,versusl27/ 577,22%).

As discussedelaw, thesedifferencesarein part be dueto the large numberof secondperson
pronounsyouin the pharmaceuticalomain,mary of which sene to maintaincoherenceand/ or as
mostsaliententities.

Varying the utterance parameters

In this subsectiorwe considerhow changingthe definition of utteranceand of previous utterance
affectsConstraintl, Rule1 andRule?2.

Treating coordinated VPs as utterances Several researcherstudyingspolen dialogueshave

suggestedhat eachelementof a coordinatedvp shouldbe treatedasa separataitterance:i.e., that
in We shouldsendthe engineto Avonand hookit to thetanker car, the coordinatevre ‘hookit to the

tanker car' is actuallya separataitterance This positionwould be especiallynaturalin grammatical
theoriesin which coordinatedvprs areviewed assentencesith anemptysubject.In the texts in our

corpushowever, treatingcoordinated/Ps asseparateitterancegeadgo slightly worseresultsmainly

becausenoreunitscountasutterance1039vs. 1005with the Vanilla version). The differencesare
significantfor Constraintl (30 additionalviolations)but not for Rule 132 Therelevantfiguresfor

Constraintl areasfollows:

MUSEUM | PHARMA | TOTAL
Numberof timesatleastoneCF(Un)is realizedin Un+1: 201 165 366
UtteranceghatsatisfyConstraintl (have exactly oneCB) : 197 160 357
Utteranceghatdo not satisfyCon 1 but aresggmentboundary: 66 96 162
Utterancesvith zeroCBs: 179 332 511
Utterancesvith morethanoneCB : 4 5 9

*We should however remark that we didn’t treat these coordinated VPs as containing a trace; doing so might
lead to better results.
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whereaghosefor Rule 1 (countingrelative pronounsasR1-pronounsgre:

MUSEUM | PHARMA | TOTAL
GJW95 - utteranceshatsatisfy: 136 139 275
GJW95 - utteranceshatviolate: 8 1 9
Gordon- utteranceshatsatisfy: 83 46 129
Gordon- utteranceshatviolate: 61 94 155
GJW83 - utteranceshatsatisfy: 124 109 233
GJW83 - utteranceshatviolate: 20 31 51

The othersignificantchangeis in the numberof cheapand expensve transitions: treating co-
ordinatedvPs as separatautterancegesultsin mary more utterancedeing classifiedas expensve
(36).

MUSEUM | PHARMA | TOTAL
Cheagptransitions. 73 65 138
Expensve transitions: 282 394 676
Cheaptransitionpairs: 16 13 29
Expensie transitionpairs: 180 253 433

Using all verbed clauses instead of just the finite ones A secondpossibleextensionof the
definition of utterances to treatall clauseswith a verb as utterancesratherthan just thosewith
a finite verh However, with this definition we have mary more utteranceg1266 insteadof 1005)
andsignificantly more violations of the strongversionof Constraintl (685vs. 490). Thereareno
significantdifferencesn the numberof violationsof Rule 1. As for Rule 2, this changeresultsin
mary moreNULL transitionsandin moreEST, aboutthe samenumberof shifts,andfewer CON and
RET, asshawvn by thefollowing table:

MUSEUM | PHARMA | TOTAL
Establishments 141 102 243
Continuations 30 28 58
Retain: 22 12 34
SmoothShift : 31 12 43
RoughsShift : 22 8 30
Zero: 123 88 211
Null : 209 438 647

Treating titles and other layout elements as utterances Our evaluationscripttreatsasan ut-
teranceavery unit which containsNps andis notembeddedn ary otherunit, irrespectie of whether
it is finite or a clause becausetherwisethesenrs would not belongto ary utterance.This feature
of the scriptmakestheresultsfor Constraintl reportedsofar significantlybetterthanthey would be
if we weretruly consideringonly finite clausesor clausesasutterancesbecausén this casea large
numberof titles and otherlayout units would not be treatedasutterancesWhenonly finite clauses
areconsideredthereare moreviolationsof both Constraintl andRule 1, althoughonly in the case
of StrongC1 is the differencesignificant. This is even moretrue of the casediscussedelov when
utterancesreidentifiedwith sentencesTitles aretreatedasutterancesn the configurationsstudied
in therestof the paperevenwhenthey arenotfinite clausewor sentences.
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Other changes to the definition of utterance In generalthe only casein which addingmore
unitsresultsin fewer violationsof Constraintl andRule 1 is with titles. Otherwise the bestresults
(especiallyfor C1) are obtainedby consideringlarger text constituentsas utterancesthusreducing
the numberof utterancesin particular improvementsareobtainedby eliminatingfinite clauseghat
occurasparentheticalsassubjectqasin ThatJohncoulddo this to Mary wasa big surpriseto me),

andasmatrix clauseswith an emptysubject(asin It is likely that Johnwill arrive tomoriow). This
memging of clausesonly reduceshe overall numberof utterancegrom 1005to 971, but the result
is a simultaneougeductionin the numberof violations of StrongC1, from 490 to 464 (which is

significant,while still notenoughfor StrongC1 to beverified by the binomial proportiongest)anda
smallincreasen the numberof utteranceshatsatisfyRule 1 (in theversionfrom (Groszetal. 1995))
to 279, while alsoreducingtheviolationsto 7 (not significant). Therearevirtually no changessfar
asRule 2 is concerned Becausef thesesmallimprovementsjn whatfollows whenwe discusshe
resultswith finite clausesasutterancesve alwaysexcludethesetypesof finite clauses.

Relative Clauses Findingoutthebesttreatmenof relative clausedurnedout to be difficult. The
readermay recall that Kameyamatentatiely proposegwithout empirical verification) that relatve
clauseshave a 'mixed’ status:they shouldbe locally treatedas updatingthe local focus, but at the
global level they shouldbe meilgedwith the embeddingutterance.This proposalhowever seemgo
involve a final stepin which the local focusis updatedwith the contentof certainutterancesome
time afterthey have beenfirst processedwhich a ratherradicalchangeto the basicassumption®f
the framework. Instead,we simply considereda versionof the theoryin which relative clausesare
not treatedas utterancesand comparedt with the versionsdiscussedo far, in which they are. In
addition,we comparedreatingrelative clausesasadjuncts(i.e., asnot embeddedandtreatingthem
ascomplementgembedded}® Thefiguresreportedsofar wereobtainedby treatingrelative clauses
asutterancesandasakinto adjunctsjn addition,we have beenassuminghatrelative clausesontain
a null element/ tracereferringto the entity modified by the relative, so that relative clausesnever
violate C1. This turnsoutto be the worseconfiguration. Not treatingrelative clausesasutterances
resultsin 6% fewer utterance$907insteadbf 971)whichin turnsmeanssignificantlyfewerviolations
of WeakC1, 447 (436 utterancesvithout a CB, 11 with two CBs) insteadof 464 (454 and10). The
numberof violationsof Rule 1 staysthe same,7. Fromthe point of view of Rule 2, alot of relative
clauseseento functionasEST, sincetheir numbergoesdown by almost15% (from 191to 158); we
alsoseea 30%reductionin SSH.Everythingelsestaysthe same.

In purely numericalterms,then, one could argue that not treatingrelative clausesas utterances
would resultin asmallimprovement.On the otherhand,we feel thatexcludingfinite relative clauses
would malke it very difficult to maintainthe principle thatutterancesreidentifiedwith finite clauses.
And aryway, we will seein a momentthatthe additionalviolationsof Constraintl alsodisappeaif
we treatrelative clausesascomplementgatherthanadjuncts,i.e., if we adopta 'generalizedSuri’
notion of previous utteranceratherthana 'generalizedKkameyama'. For thesereasonsjn the runs
discussedn therestof the paperwe continuedo treatrelative clausesasseparateitterances.

Suri and McCoy’s definition of previous utterance As discussedn SectionSection§2, the
experimentsof SuriandMcCoy suggestedhat adjunctclausessuchasafter andbefoe clausese-
haved morelike embeddinglementdi.e., like complements)hanlik e coordinatingones;Cooreman
and Sanfordfound evidencesupportingthis treatmenfor whenclausesaswell. We testeda version

¥The difference matters when the relative clause occurs at the end of an embedding clause, as in John wanted
a photograph of the man that Bill had seen entering the building at night. HE ... .
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of Centeringin which Suri and McCoy’s treatmentis adoptedfor all adjuncts;in this version,for
example,the previous utterancefor (20c) is (20a),whereasn Kameyamas version,it is (20b). We
call this versiongenerlized Suri-McCoy

(20) a. Johnwolke up

b. whenBill rangthedoor
c. Hehadforgottentheappointment

UsingSuri'sdefinitionof previousutterancdor embeddeddjunctclausestathethanKameyamas,
resultsin smallbut significantimprovementsconcerningStrongC1, aswell asin improvementscon-
cerningR1, andin no worseresultsfor Rule 2. First of all we have a significantreductionin the
numberof violationsof Constraintl, althoughnotin all casess thereanimprovement:25 utterances
thatviolate StrongC1 underKameyamas definition satisfyit underSuri’s, but 13 utterancedecome
violations(by the signtest,+25,-13,p < .03). Thisreductionis still not sufficient for StrongC1 to
beverified.

MUSEUM | PHARMA | TOTAL
Numberof timesatleastoneCF(Un)is realizedin Un+1.: 198 170 368
UtteranceghatsatisfyConstraintl (have exactly oneCB): 193 164 357
Utteranceghatdo not satisfyCon 1 but aresggmentboundary: 67 92 159
Utterancesvith zeroCBs: 139 305 444
Utterancesvith morethanoneCB : 5 6 11

The overall figuresfor the different versionsof Constraintl and Rule 1 with Suri's definition of
previous utteranceandthe probabilitiesthat theseprinciplesarefalsifiedaccordingto the signtest,
areasfollows3*

Principle Plus Minus D

CONSTRAINT1(STRONG) | 357 455 p=1.000
CONSTRAINT 1 (WEAK) 801 11  p=0.000
RULE 1 (GJW95) 290 7 p = 0.000
RULE 1 (GORDON) 135 162 p=0.934
RULE 1 (GJW83) 246 51  p=10.000

It shouldbe noted,however, thattheseadifferencesave mostlyto do with theway relative clausesare
handledj.e.,with exampledik e thefollowing.

(21) This broodh is madeof titanium, which is one of the refractory metals. It was madeby

Anne-MarieShillitoe an Edinkurgh jeweller in 1991.

If whatwe call here'generalizedameyama’definitionof previousutteranceas adoptedthe previous

utterancdor the clauselt wasmadeby ... is therelative clausewhich is oneof therefractory metals

this causescausinga violation of StrongC1. The 'Suri’ version,by contrast,the relatve clauseis

treatedasembeddedlf we didn't treatrelative clausessutterancesywe would have anequalnumber
of violationsfor the two versions,althoughabout20 of theseviolationswould be specificto each
version. One examplewherethe differencedoesnt have to do with relative clausesput with the
treatmentof adjuncts,is (22). PRODUCT-Z is not mentionedn the adjunctif-clause andtherefore
aviolation of StrongC1 resultsif (u2) is taken asprevious utterancefor (u3). In this case,Suriand
McCoy’s treatmenbf adjunctdeadsto a betterresultthanKameyamas.

34The reader may have noticed that 297 utterances are considered for the evaluation of Rule 1, rather than
281 for the Vanilla version. This is because of the way the algorithm for counting violations of Rule 1 works:
different numbers of utterances may be considered depending on the presence of relative pronouns.
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(22) (ul) YoushouldnotusePRODUCT-Z

(u2)if you arepregnantof breast-feeding.
(u3) Whilst you arereceving PRODUCT-Z ....

Corversely in thefollowing examplethe adjunctclause as you maydamaye the patd inside intro-
ducesthe entity the patch whichis thenreferredto in (u3), sotreatingthe adjunct(u2) asembedded
leadsto aviolation of C1. In this case Kameyamas hypothesigjivestheright result.

(23) (ul) Do notusescissors

(u2) asyou maydamagehe patchinside.
(u3) Take outthe patch.

Suri’s definition of previous utterance-moreprecisely treatingrelative clausesandall typesof ad-
junctsasembedded-alsoleadsto betterresultsconcerningRule 2: fewer NULL andZERO tran-
sitions, more CenterEstablishmentand CenterContinuationsmore SSH than RSH, more cheap
transitions fewer expensve ones,anda better'’Kibble Score’(1.14insteadof 1.09). Thedifferences
betweenthe 'generalizedSuri’ versionandthe 'generalizedkameyama’ are muchlessif we dont
treatrelative clausesasutteranceshut for Rule 2, unlike Constraintl, generalizeduri still behaes
slightly better

Sentences By far the mostdramaticimprovementasfar as StrongC1 is concernedesultfrom

identifying utterancesvith sentencesn fact, the improvementis suchthatundercertainconditions
StrongC1 becomewerified. If we only countsentenceasutterancesthe numberof utterancegjoes
down quite considerablyby almost50% (from 1005to 535),andthe numberof utterancesvith zero
CBs alsohalves. However, if we solely considersentences humberof CFs would not belongto

ary utterancesincemary CFs areintroducedin titles andotherlayoutelementsvhich do not have a
sententiaformat, suchasChandelieror Sideeffects Justaswe did in the caseof finite clausesthen,
we treatsuchtext constituent@sutterancesaswell; this bringsthetotal numberof utterances$o 668.
Thefiguresrelevantto Constraintl with this definitionof utteranceare:

MUSEUM | PHARMA | TOTAL
Numberof timesatleastoneCF(Un)is realizedin Un+1: 130 147 277
UtteranceghatsatisfyConstraintl (have exactly oneCB) : 126 138 262
Utteranceghatdo not satisfyCon 1 but aresggmentboundary: 65 80 145
Utterancesvith zeroCBs: 75 173 248
Utterancesvith morethanoneCB : 4 9 13

If we only considerthe 535 sentencedyoth StrongandWeak C1 arenow verified (the sign test
givesp < 0.001 for StrongC1). However, StrongC1 is not verified if we considerall 668 segments
of text thatcontainNPs: in this case the numberof utteranceshatsatisfy StrongC1, (264)is almost
identicalwith the numberof thosethatdont (261)3°

Identifying utterancesvith sentencealsohasseveralnegative (if small)effects,however. Thefirst
of theseis thatthenumberof utterancesvith morethanonecCs increasen thisversionby 50%(from
9 in the Vanilla versionto 13). This is becausenary sentencemcludemorethanoneclause which
increaseshe likelihoodthatmorethanonediscourseentity will berealizedin the samegrammatical
function or an equivalent one (remembeitthat the ranking function adoptedin the 'vanilla’ version
of Centeringdoesnot includeary provision for 'tie-brealers’ suchaslinearorder). An exampleof

*This is the case even though many titles are excluded by the count as they are treated as segment boundaries.
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multi-clausalsentencén which morethanoneentity is realizedin the samegrammaticafunctionis
thefollowing discoursewhereboththe famousParisian palace .... andtheKing’'s cousin,... occur
in 'OTHER’ positionin (s73)(in differentclauseslandare subsequentlynentionedn (s74),which
malkesboth of thempotentialCBs:

(24) (s73)Thesefour wall lightsareamongeightmadein 1756for thenewly redecorateéhteriors
of thefamousParisianpalace the Palais-Ryal, whichwastheresidenc®f theking’s cousin,
Louis-Philippe ducd'Orleans

(s74)Shortlyafterinheritingthe building in 1752,hecommissionedhearchitectPierreCon-
tantd’lvry to renovatethe mainrooms.

Identifying utterancesvith sentenceslsohasa a negative effect on Rule 1: again,the number
of violationsgoesup by 50%, from 8 to 12. Becausahe numberof violationsis still quite small,
both the versionof Rule 1 in (Groszet al. 1995) and the original onein (Groszet al. 1983) are
still verified (+252,-12; and+209, -55, respectiely, asopposedo +273,-8 and+231,50 with the
Vanilla version®), althoughGordonet al’s versionstill isn't (+97,-167). The overall statisticsabout
pronominalizatiorfor the versionidentifying utterancesvith sentenceareasfollows:

MUSEUM | PHARMA | TOTAL

Utterancewith a subject: 245 172 417
Total numberof R1-pronounsn subjectposition: 61 34 95
Numberof personapronounsn subjectposition: 61 34 95
Numberof demonstratie pronounsn subjectposition: 5 11 16
Total numberof realizationsf CBs: 183 158 341
Total numberof CBsrealizedasR1-pronouns: 89 41 130
CBsrealizedaspersonapronouns: 89 41 130
CBsrealizedasrelative pronouns: 0 0 0

CBsrealizedasdemonstratie pronouns: 4 2 6

CBsNOT realizedasR1-pronouns: 94 117 211
Total numberof R1-pronounghatdo not realizeCBs: 53 24 77
Personapronounghatdo notrealizeCBs: 53 24 77
Demonstratie pronounghatdo notrealizeCBs: 3 11 14

Whereasthe numbersof violations and verificationsof the variousversionsof Rule 1 are as
follows:

MUSEUM | PHARMA TOTAL
GJIW95 - utteranceshatsatisfy: 119 133 252(95.5%)
GJW95 - utteranceshatviolate: 7 5 12 (4.5%)
Gordon- utteranceshatsatisfy: 62 35 97 (36.7%)
Gordon- utteranceshatviolate: 64 103 167(63.3%)
GJW 83 - utteranceshatsatisfy: 107 103 209(79.2%)
GJW83- utteranceshatviolate: 19 36 55(20.8%)

Theresultsfor Rule2 dependagainonwhetheme only count’pure’ sentencesyr all sgmentsof
text thatcontaina CF. With a’pure’ notionof sentencethenumberof NULL transitionds drastically
reducedto 162),andthe numberof both SSHandRSH increases(In this versionthe total number
of shiftsis greatethanthe numberof RET, andeventhanthenumberof 'pure’ CON.) Thefiguresare
asfollows:

*The reader should keep in mind that the number of utterances to be tested is different depending on whether
utterances are identified with finite clauses (281) or sentences (264).
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MUSEUM | PHARMA | TOTAL
Establishments 49 52 101
Continuations 26 32 58
Retain: 25 31 56
SmoothShift : 10 20 30
RoughsShift : 22 19 41
Zero: 44 43 87
Null : 65 97 162

If we alsoincludelayoutelementsvherenecessaryheresultsaremoresimilarto thoseobtainedwith

finite clausesasfollows:

MUSEUM | PHARMA TOTAL
Establishments 54 68 122(18.3%)
Continuations 28 33 61(9.1%)
Retain: 22 23 45 (6.7%)
SmoothShift : 7 12 19 (2.8%)
RoughsShift : 19 11 30 (4.5%)
Zero: 52 66 118(16.7%)
Null : 88 185 273(40.9%)

Thereare still too few sequenceso truly testthe versionof Rule 2 proposedby Groszet al, but
the preferencesre roughly verified (exceptthat sequencesf NULL transitionsare still the most

common).

Thefiguresfor the sentences-onlyersionareasfollows:

MUSEUM | PHARMA | TOTAL
ContinuationsSequences 10 9 19
EstablishmentContinuation: 11 14 25
RetainSequences 4 5 9
Retain/ SmoothShift : 1 2 3
Retain/ RoughShift : 6 1 7
SmoothShift Sequences 0 1 1
RoughShift Sequences 4 1 5
ZeroSequences 0 0 0
Null Sequences 50 136 186
Other: 176 226 402

As for the versionof Rule 2 proposedby Strubeand Hahn, identifying utteranceswith sentences
reduceghe numberof expensie transitions;but therestill are more expensve-expensve sequences

thancheap-cheapnes.

MUSEUM | PHARMA | TOTAL
Cheaptransitions: 54 44 98
Expensie transitions. 125 220 345
Cheagptransitionpairs: 11 7 18
Expensie transitionpairs: 57 133 190

And finally, the Kibble scoregoesup with this configurationto 1.4.
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MUSEUM | PHARMA | TOTAL
Continuoudransitions: 130 147 277
Salienttransitions 53 87 140
Cheagptransitions. 54 44 98
Cohesie transitions 50 56 106
AverageKibble Score’: 1.60 1.27 1.4

Although the figuresjust discussedndicatethat identifying utteranceswith sentenceseadsto
betterresultsin mary respectsye believe the caseis not completelysettled. This is in partbecause
of theoreticalreasons:e.g.,in othertheoriesof discoursewhere’units’ are assumedsuchasRrsT,
theseunitsaregenerallyfinite clauses Secondlyidentifying utterancesvith sentencekeadsto small,
but significantincreasesn the numberof violationsof Rule 1 (from 8 in the Vanilla version,2.8%,
to 12,4.5%)andin the numberof RoughShifts (from 2.9%to 4.5%). But mostimportantof all, we
will seein amomentthatthereareotherwaysof changinghe Vanilla versionthatalsosatisfy Strong
C1 without identifying utteranceswith finite clausesso adoptingthis definition of utterancess not
strictly necessaryror this reasonn the restof the paperwe will not simply identify utterancesvith
sentenceshut we will alsostudythe effect of the changego the otherparametersn the versionin
which utterancesreidentifiedwith finite clausesFor brevity, we will indicatethe versionsin which
utterancesreidentifiedwith finite clausesasu=f, andthe versionsin which they areidentifiedwith
sentenceasu=s.

Realization

In this sectionwe discusghe effect of change®n thevalueof therealizationparameter

IF: Indirect realization + u=f Examplessuchas(16a)indicatethatanotherway to reducethe
numberof violationsof Constraintl is to allow for indirect realization. And indeed,if we modify
the’best’ amongthe u=f versions-thatusingour generalizatiorof SuriandMcCoy’s proposalsabout
previousutterancesandwhichdoesnotcountcoordinated/psandparentheticals—tallow for indirect
realization we getasignificantimprovementfor Constraintl; somuchsothateventhestrongversion
of the constraints verified by the signtest(+525,-324). The completefiguresfor this versionareas
follows.

MUSEUM | PHARMA | TOTAL
Numberof timesatleastoneCF(Un)is realizedin Un+1: 298 248 546
UtteranceghatsatisfyConstraintl (have exactly oneCB) : 290 235 525
Utteranceghatdo not satisfyCon 1 but aresggmentboundary: 48 74 122
Utteranceshatdo not satisfyCon 1 but arerelative clauses: 0 0 0
Utterancesvith zeroCBs: 58 245 303
Utterancesvith morethanoneCB : 8 13 21

However, allowing for indirectrealizationhasthe samewo negative effectsasthechangdo u=s. The
first is thatthe numberof utterancesvith morethanoneCB doublesfrom 11 to 21; but becauséhe
numberof suchviolationsis still relatively small,StrongC1is still verified. We alsofind a significant
increasdn the numberof violationsof Rule 1, which alsodouble:from 7 with the Suri settingto 14.
But becausenoreutterancefiave a CB with indirectrealization the numberof utteranceshatmatter
for the purpose®f Rule 1 alsoincreasesrom 281to 467, sotherelative percentagedo not change
muchwith respecto the configuratiorwith directrealization(e.g.,now 3% of utterancesiolate Rule
1in the GIJW 95 version,asopposedo 2.3%with generalizedsuri anddirectrealization).Both the
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versionof Rule 1 —from Groszetal. (1995)andBrennaretal.; andfrom (Groszetal. 1983)—arestill
verified,but nottheoneby Gordonetal.. Theoverallstatisticsor pronominalizatiorwith thisversion
andu=f areshawvn in thefollowing table.

MUSEUM | PHARMA | TOTAL
Total numberof realizationsof CBs: 225 174 399
Total numberof CBsrealizedasR1-pronouns: 138 74 212
CBsrealizedaspersonapronouns: 98 55 153
CBsrealizedasrelative pronouns: 40 19 59
CBsrealizedasdemonstratie pronouns: 3 1 4
CBsNOT realizedasR1-pronouns: 87 100 187
Total numberof R1-pronounghatdo notrealizeCBs: 44 15 59
Personapronounghatdo notrealizeCBs: 41 13 54
Relatve pronounghatdo notrealizeCBs: 3 2 5
Demonstratre pronounghatdo notrealizeCBs: 4 15 19

Thefiguresfor validity andviolationsof the differentversionsof Rule 1 areasfollows:

MUSEUM | PHARMA TOTAL
GJW 95 - utteranceshatsatisfy: 239 214 453(97%)
GJIW95 - utteranceshatviolate: 12 2 14 (3%)
Gordon- utteranceshatsatisfy: 87 52 139(29.8%)
Gordon- utteranceshatviolate: 164 164 328(70.2%)
GJW 83 - utteranceshatsatisfy: 172 146 318(68.1%)
GJW83- utteranceshatviolate: 79 70 149(31.9%)

An exampleof pronominalizatiorthatbecomes violation of Rule 1 if we allow for CBs to beindi-

rectly realizedis shavn in (25). The NP Onestandin u42is abridgingreferencdo theCr introduced
by the NP the two standsin u39, which is thereforerealizedin u42, andthusbecomests CB, but is

not pronominalizedonly onestandis. (Of course this pronounwould not countasaviolation if the
non-finiteclausecontainingit werecountedasa separataitterance we sav above however thatthis

move leadsto worseresultsin general.)

(25) (u39) Thetwo standsareof the samedateasthe coffers, but wereoriginally designedo hold
rectangulacabinets.
(u42) Onestandwasadaptedn the late 1700sor early 1800scenturyto make it the same
heightastheother.

The changeto indirectrealizationalsohasanimpacton the statisticsfor transitions.Becausdhese
indirectrealizationslo notoccupy themostsalientgrammaticafunctionsin thenew utteranceadopt-
ing indirectrealizationleadsto alarge increasen the numberof retainingtransitions.The numberof
roughshiftsgreatlyincreasesaswell.

MUSEUM | PHARMA | TOTAL

Establishments 74 95 169
Continuations 50 39 89

Retain: 78 52 130
SmoothShift : 35 23 58

RoughsShift : 61 39 100
Zero: 59 78 137
Null : 47 241 288
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Finally, we find animprovementin the otherversionsof Rule 2: the percentag®f cheaptransitions
increasegfrom 153/ 971,15.7%,to 205/ 971,21.1%,asopposedo 14.7%for theu=sversion)and
theKibble scoreincreasesiswell, from 1.14t0 1.6 (vs. 1.4for theu=sversion).

In whatfollows, wewill indicatetheinstantiation®f thetheorywith u=f (andSuri-styletreatment
of adjunctslanddirectrealizationasDF; thosebasedn indirectrealizationasTr.

IS: Indirect realization + u=s As onemight expect,even betterresultsfor Constraintl are ob-
tainedby combiningindirectrealizationwith the u=sversion.With this configuration(lhenceforthjs)
389 utterancegout of 668) satisfythe strongversionof C1, and176 violate it; this is significantly
betterthanthe u=sversionwith directrealization(henceforthps). Note however thatthe numberof
utterancesvith morethanonecs doublesagainwith respecto the Ds version,to 25 (3.7%).

MUSEUM | PHARMA TOTAL
Numberof timesatleastoneCF(Un)is realizedin Un+1.: 192 222 414(62%)
UtteranceghatsatisfyConstraintl (have exactly oneCB) : 183 206 389(58.2%)
Utteranceghatdo not satisfyCon 1 but aresggmentboundary: 48 55 103(15.4%)
Utterancesvith zeroCBs: 30 121 151(22.6%)
Utterancesvith morethanoneCB : 9 16 25 (3.7%)

Theoverall statisticsaboutpronominalizatiorwith the1s versionareasfollows:

MUSEUM | PHARMA | TOTAL
Total numberof realizationsof CBs: 176 160 336
Total numberof CBsrealizedasR1-pronouns: 88 43 131
CBsrealizedaspersonapronouns: 88 43 131
CBsrealizedasrelative pronouns: 0 0 0
CBsrealizedasdemonstratie pronouns: 4 1 5
CBsNOT realizedasR1-pronouns: 88 117 205
Total numberof R1-pronounghatdo not realizeCBs: 52 19 71
Personapronounghatdo notrealizeCBs: 52 19 71
Relative pronounghatdo notrealizeCBs: 0 0 0
Demonstratie pronounghatdo notrealizeCBs: 3 12 15

The numberof violationsto Rule 1 alsodoublesagainwith respectto the u=s versionwith direct
realization,from 12 to 25 (6.4% of the 389 utteranceswith a CB and a R1-pronoun). While this
numberof violationsisn’'t enoughto castdoubton the validity of Rule1, it is 3 1/2 timesthe number

of violationswith the ‘Vanilla’ version. The completefiguresaboutviolations and verificationsfor
thethreeversionsof Rule 1 areasfollows.

MUSEUM | PHARMA TOTAL
GJW95 - utteranceshatsatisfy: 166 198 364(93.6%)
GJW95 - utteranceshatviolate: 17 8 25 (6.4%)
Gordon- utteranceshatsatisfy: 61 37 98 (25.2%)
Gordon- utteranceshatviolate: 122 169 291(74.8%)
GJW83 - utteranceshatsatisfy: 132 132 264(67.9%)
GJW83 - utteranceshatviolate: 51 74 125(32.1%)

(Notice thatif we wereto assumdhatRule 1 appliesto demonstratie pronounsaswell the results
would be significantlyworse,as 75% of demonstratie pronounsdo not realizeCBs, confirmingthe
findings,e.q.,of (Passonnea993).)

The resultsconcerningRule 2 with the 1s versionare comparabldo thoseobtainedwith the 1F
version;in particular we geta large numberof retainingtransitions(115)andRSH (97) (aswell as
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104EST, 64 CON, 34 SSH,98 ZERO, and156 NULL). Cheaptransitionsare135/ 668,20% of the
total (asopposedo 14.7%with directrealizationand21.1%with 1F), whereast6.1%of transitions
areexpensve. TheKibble scoreis 1.95,muchbetterthanwith u=sanddirectrealization(1.4) and1r

(1.6).

Treating bridging references as containing null traces It mightbethoughtthatsomeof these
additionalviolationsof Rule 1 in versionsF andis (suchastheonein example(25)) shouldnt really
be countedasviolationsof Rule 1, becausdridging referencesuchasonestandcontainanimplicit
referenceo thetwo standsi.e., aresemanticallyequivalentto oneof thetwo stands® thesemplicit
anaphorgnight satisfy Rule 1. (Notice that's what at stale hereis not the underlyingsemanticsof
bridging references—wagreewith this view of their semantics—it whethertheseimplicit anaphors
areR1-pronouns.l.e., theissueis the sameraisedby relative traces.) However, treatingthesenull
anaphorsaas R1-pronounsactually resultsin moreviolationsof the rule, eventhoughRule 1 is still
verified: from 14 to 23 with 1F, andfrom 25 to 30 with 1S. This is becausealthoughmostbridging
referencesloreferto theCBs (seealso(Sidnerl1979;Poesicetal. 1998)),notall do,andeverybridging
referencenotreferringto the CB becomes potentialviolation. In (26), for example,the CB of this
utterance Rocester is referredto by a propername;if we assumehat a few madeof bronze an
(intrasententialpridging referenceto two shalebracelets containsa (null) pronoun,the utterance
becomesviolation of Rule 1.

(26) Two shalebraceletaverefoundat Rocesteraswell asa few madeof bronze

Onthe positive side, this is the first parameterconfigurationamongthosediscussedhat verifiesthe
versionof Rule 1 proposeddy (Gordonet al. 1993),bothin the 1F version(+345,-140,p < .01 by
thesigntest)andin theis version(+253,-128,p < .01).

Treatingthe implicit referencesn bridgesas R1-pronouns hence,as CFs - also hasneyative
effectsfor StrongC1 andRule 2, in thatit leadsto a dramaticincreasdan the numberof utterances
with morethanonecCs (from 21to 94 (9.7%)with 1F, from 25to 87 (13%)with 1s), aswell asin the
numberof RoughShifts (from 100to 181 (18.6%)with 1F, from 97 to 154 (23%)with 1s). All in all,
theseresultsdo not encourageisto adoptthis proposaf®

Second Person CFs It hasbeensuggestedhat secondoersonpronounghenceforth:PRO2s)in-
troduceCrFs, especiallyin dialogue(Byron and Stent1998)¥ In the pharmaceuticatiomain, in
particular PRO2s are very numerous and often seemto play animportantrole in maintainingthe
coherencef the discourse.In our corpus,allowing PRO2sto introduceCrs reduceghe numberof
violationsof StrongC1 both with the u=f andthe u=s instantiationsof the theory both with direct
andwith indirectrealization.Evenwith DF (andthe Suri/ McCoy configuration)f we allow second
personentitiesto countasCFs the statisticsfor the museumdomainarenot affected,but in the phar
maceuticadomainthe numberof utteranceshatsatisfyStrongC1increase$rom 164to 273,sothat
in total 466 utterancesatisfyC1 and364violateit, which meanghatthe constrainis verified by the
signtest(p < .03).(Theimprovementis alsosignificant: with 96 former violationsbeingeliminated
andonly 5 new onesp < 0.01.) With Ds, 331 utteranceserify thestrongversionof Constraintl, and

¥Such treatments of bridging references have been proposed, e.g., in (Barker 1991; Poesio 1994).

3 As we saw above, the same question comes up with traces in relative clauses, especially reduced relatives,
which may also be argued to contain “implicit’ elements. In that case, as well, we find that it’s best not to treat
implicit anaphors as R1-pronouns.

PWalker also observed that in Japanese, zero pronouns-often taken as referring to the CB—are allowed to refer
to second person entities (p.c.).
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214violateit (asopposedo +264,-259whensecondiersorentitiesarenottreatedascrs). Allowing
for indirect realizationwe get even betterresultsfor StrongC1: with IF, we get+623and-241, a
significantimprovementevenover theversionwith directrealizationandPRO2s;with 1s, +437,-145.

The resultsconcerningRule 2 arealsoimproved by treatingPRO2sasCFs. The percentagef
NULL transitionsis greatly reduced(for DF, down to 35% (from 47.7%); for DS, to 30% (from
40.9%); for 1F, to 18.3%(29.7%); for 1s, to 15.2% (from 23.3%)). As a result, the percentagef
continuoudransitiongn Kibble's sens€EST, CONT, RET, SSH,RSH)increasesalthoughRSHand
SSHincreaseaswell asESTandCONT. (In fact,in the IS version,RSHis now, with RET, the most
frequenttransition,at 18.3%each.) The overall figuresfor transitionsin the1r versionareshavn in
thefollowing table.

MUSEUM | PHARMA | TOTAL

Establishments 74 121 195
Continuations 50 77 127
Retain: 78 62 140
SmoothShift : 35 36 71

RoughShift : 61 58 119
Zero: 59 82 141
Null : 47 131 178

whereador thels versionare;

MUSEUM | PHARMA | TOTAL

Establishments 45 52 97
Continuations 28 63 91
Retain: 53 69 122
SmoothShift : 9 34 43
RoughShift : 57 65 122
Zero: 41 50 91
Null : 37 65 102

Finally, the Kibble coeficientincreasedor all versions:1.51for DF (vs. 1.14),1.81for Ds (vs. 1.4),
1.95for 1F (vs. 1.6),and2.3for 1s (vs. 1.95).

TheresultsconcerningRule 1 crucially dependon whetherwe considersecondpersonpronouns
asR1-pronounsor not. Whetheror not we do, letting secondpersonentitiesintroduceCrs results
in moreviolationsof Rule 1 (we concentratédhereon the versionfrom (Groszet al. 1995)),bothin
absoluteandin relative terms,becauseanore utterancedave a CB andthereforecountasviolations
or verificationsof the rule. But if we don't considerPRO2s as R1-pronounsthenthe increasen
violationsis small: for DF, from 7 (2%) to 11 (2.7%); for Ds, from 12 (4.5%)to 17 (5.1%); for
IF, from 14 (3%) to 18 (3.2%); andfor 1s, from 25 (6.4%)to 30 (6.9%). If we do treatPRO2sas
R1-pronounshowever, we find thatthe percentag®f violationsof Rule 1 almosttriplesfor the u=f
versionsanddoublesfor the u=sones:we now have 30 violationsfor DF (7.3%),38 for Ds (11.5%),
49for 1F (8.6%),and66 for 15 (15.1%).(Of course Rule 1 still remainsverifiedin a statisticalsense
in all of thesecases.)The reasonfor this is that PRO2sdo not seemto be very goodindicatorsof
the CB: aboutasmary, or fewer, PRO2soccurascBs asdo not (for DF, 154 PRO2sreferto the CB,
whereasl46do not; for 15, 126 PRO2sreferto the CB, whereasl41 do not).

In the restof the paperwe will assumethat secondpersonentitiesintroduceCFs, but are not
R1-pronouns.

40



Predicative NPs Thetwo changego the definition of realizationseensofar both hadto do with
increasinghenumberof CFs. Whatif wewereto attemptto reduceghenumberof NrsinsteadPrima
facie onewouldimaginethistype of modificationto have anegative impacton C1, but perhapsome
of theviolationsof R1 might disappear

Amongthe NPs thatmight be thoughtnot to introduceCFs, an obvious candidatearepredicatve
NPS, i.e., NPs like a policemanin Johnis a policemanthat play the role of predicatesn thelogical
form of anutteranceBut in fact,becaus@ur annotatorsvereinstructedto markup Johnratherthan
a policemanasantecedendf subsequenanaphoriaelationsin theseexamples filtering away such
NPsdid nothave ary positve resultatall; onthecontrary it did have a significantnegative impacton
StrongC1*° becausén somecaseghe annotatorsiadbeenforcedto mark up anNP in predicatve
positionasthe antecedendf ananaphoriexpressioragainstheinstructions.Two suchexamplesare
listedbelov. Especiallyin the secondcase,t is not clearhow elsethe annotatorsould have marked
the antecedenof Bjorg.!

(27) a. Animportantartistin makingtheselinks hasbeenYasukiHiramatsu His knovledge
of metalcraftallows him to pushandplay againstthe boundarieof whatthe material
canphysicallydo.

b. Two suchjewellersareToril Bjorg from Norway andJacquelindVina from England.it
maybeunsurprisinghatBjorg, asa Scandingian, shouldchoosesilver ashermaterial.

In thefollowing we will treatpredicatve NPs asintroducingCFs*?

Segmentation

As mentionedabove, in the experimentsdiscussedn this paperwe didn't really study the effect
of alternatve claims aboutsegmentatiort> What we did comparewere alternatve heuristicsfor
sgmentingthe text. Specifically we looked at the differencesthat would resultfrom having no
sgmentatiorat all, usingmajorsectionf atext asroughsegmentsandtreatingevery paragraplas
aseparatsgment.(Seebelown, however,)

The basic(andobvious) resultis thatthe smallerthe sgment,the betterthe resultsfor C1, since
utterancesitsggmentboundariegrenotcountedasviolations. Thenumberof violationsof StrongC1
increaseprogressiely assggmentsizeincreasesandthe constraintremainsvalid until the version
in which sectionsaretreatedas segments.Whenan entiretext is treatedas single sggments,Strong
C1 only holdsfor 1F and1s. Rule 2 in Groszet al. versionis unafectedby changesn segment
granularity but larger segmentslead to worse resultsboth with Strubeand Hahn’s version (most
segmentboundariedecomeexpensve transitions)andKibble's version-e.g.,whenentiretexts are
treatedas single sggments,the Kibble Scoregoesdown to 1.83for 1s (from 2.3) andto 1.6 for 1F
(from 1.95). R1is unafectedby the size of the segment,of course,sinceall that mattersis which
entity is the CB, andsggmentatiordoesnt affect that.

More specifically treatingevery paragraplasa separatesegment,ratherthanonly if it doesnot
containapronourreferringto anentityin thepreviousparagraptiWalker’s proposedeuristic)turned

“The difference is significantly worse for all the versions not treating PRO2s as CFs; worse, but not signifi-
cantly so, if PRO2s are treated as CFs.

#This problem is tied with the issue of whether copular clauses should be uniformly viewed as asserting a
predication, or if in some cases they can be viewed as stating an equality.

“The impact on R1 is also negative, but generally not significantly so.

#Such as, say, (Walker 1998)’s proposal to replace Grosz and Sidner’s focus space stack segments with a
“cache’, or (Knott et al. ress)’s claim that (in certain genres, at least) segmentation is not entirely dependent on
intentional structure.
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out notto make ary difference,sinceno paragraphin our corpuscontainsa pronounreferringto an
entity introducedn a previous paragraphTreatingeachsectionof a text asa separatsegmentleads
to significantlyworseresultsfor DF (for StrongC1,we have +466,-405 (notsignificant);for theweak
version,+856,-15,decreaset+23,-64.),Ds, andiF. Therewasno differencewith theis configuration
(+20,-20, thedifferencefrom the versionusingWalker’s heuristicis not significant).

The resultswith no segmentationat all were significantlyworsefor all versions;the increases
in violations go from 89 additionalviolations for the DF version,to -39 for the 1S version. As a
consequencestrongClis not verifiedfor the DF version,andit’s only supportedat the .04 level for
DS.

Ranking Variants

Grammatical Function + Linear Disambiguation Becausg@rammaticafunctiondoesnotuniquely
specifyamosthighly ranked CFr, someutterancegndup having morethanoneCs, which causeshe
violationsof theweakversionof Constraintl seenabove. However, this problemcanbe easilyfixed

by addinga tie-breakingfactor The mostohlvious choicefor this, given, e.g.,theresultsof Gerns-
bacherand Hargreares (1988); Gordonet al. (1993),is linear order: so we might choosee.g.,the
leftmostCF betweentwo equallyranked CFs ashaving the highestrank. (We sav in Section§2 that
linear orderwasalreadyusedby (Strubeand Hahn 1999)to resol\e tie-breaks althoughthey used

a differentrankingfunction.) It turnsout that the resultscanalso be slightly improved by ranking
post-copulaNPsin there-sentencege.g.,someonén Theeis someoneat thedoor) assubjectgather
thanobjects.

Theresultingrankingfunction—hencefolt abbreiatedto GFTHERELIN—makedetterpredictions
concerningocal coherencasspecifiedby StrongC1, irrespectie of whetherwe identify utterances
with finite clausesor sentencesandboth with directandindirectrealization. With the DF configu-
rationwe have 481 utterancewerifying StrongC1, and 349violations(significantlybetter);with IF,
+652,-212. Theimprovementsaremostsignificantfor the u=sversionssincein sentenced’s fairly
commonfor morethanonecF to berealizedin the samegrammaticaposition. Theresultsfor Strong
C1with GFTHERELIN andtheDs configuratiorare+351,-1942 with 1s, +475,-107 (37 utterances
hadmorethanoneCB usingnormalgrammaticafunction). ThecompleteStrongC1 figuresfor is are
shavn in thefollowing Table.

MUSEUM | PHARMA TOTAL
Numberof timesatleastoneCF(Un)is realizedin Un+1.: 192 283 475(71.1%)
UtteranceghatsatisfyConstraintl (have exactly oneCB) : 192 283 475(71.1%)
Utteranceghatdo not satisfyCon 1 but aresggmentboundary: 48 38 86 (12.9%)
Utterancesvith zeroCBs: 30 77 107(16%)
Utterancesvith morethanoneCB : 0 0 0

As in all previous caseshetterresultswith StrongC1 arecounterbalancely worseresultsfor Rule
1-although,again,not so muchworseto resultin R1 not beingverified. The resultswith the DF
configurationarent significantlyworse: +412,-12 for the strongversion(asopposedo +398,-11).
The completeresultsfor all versionsof Rule 1 with the DF configuratiorandGFHTERELIN arelisted
in thefollowing table.

*These are the figures for the version including layout elements when necessary.
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MUSEUM | PHARMA TOTAL
GJW95 - utteranceshatsatisfy: 150 262 412(97.2%)
GJW95 - utteranceshatviolate: 7 5 12(2.8%)
Gordon- utteranceshatsatisfy: 87 50 137(32.3%)
Gordon- utteranceshatviolate: 70 217 287(67.7%)
GJW83- utteranceshatsatisfy: 134 182 316(74.5%)
GJW 83 - utteranceshatviolate: 23 85 108(25.5%)

Theresultsfor R1aresignificantlyworsewith the Ds configuration:+329(93.7%),-22 (6.3%)(versus
+314(94.9%),-17 (5.1%)with 'normal’ grammaticafunctionranking). In two of theadditionalfive
violationsof Rule 1, however, the problemis simply thatby addinga disambiguatiorelementwve turn

utterancesvhosecs is undefinedbecausenorethanoneCr is equallyranked) into utterancesvith

aCB. Onesuchexampleis (28).

(28) (s7) Intendedto hold jewels or small preciousitems, the interiorsof this pair of coffersare
lined with tortoiseshelandbrassor pewter, with secretcompartmentin the base.

(s8) Thecoffers are eachdecoratedisingtechniqguesknown as premiee partie marquetry
a patternof brass andpewter on atortoiseshelground,andits reverse,contrepartie ator-
toiseshellpatternon a backgroundf pewvterandbrass.

With the 1F configurationthe resultsare non-significantlyworse,andarematchedby anincreasean
the utteranceghat satisfy R1 (+577 (96.6%),-20 (3.4%) vs. +550 (96.8%),-18 (3.2%)). The full
resultsfor thethreeversionsof Rule 1 undertheir configurationareasfollows:

MUSEUM | PHARMA TOTAL
GJW95 - utteranceshatsatisfy: 245 332 577(96.6%)
GJW95 - utteranceshatviolate: 14 6 20(3.3%)
Gordon- utteranceshatsatisfy: 90 53 143(24%)
Gordon- utteranceshatviolate: 169 285 454(76%)
GJW83- utteranceshatsatisfy: 175 213 388(65%)
GJW83 - utteranceshatviolate: 84 125 209(35%)

Finally, theresultswith the1s configuratiorarealsosignificantlyworseatthe.0llevel (+439(92.4%),
-36 (7.6%)versus+407(93.1%),-30 (6.9%)for the versionwith normalgrammaticafunctionrank-
ing - a negative differenceof 6). The overall figuresfor all threeversionsof Rule 1 underthe 1s
configurationareshowvn in thefollowing table.

MUSEUM | PHARMA TOTAL
GJW95 - utteranceshatsatisfy: 173 263 436(92.4%)
GJW95 - utteranceshatviolate: 19 17 36(7.6%)
Gordon- utteranceshatsatisfy: 63 36 99(21%)
Gordon- utteranceshatviolate: 129 244 373(79%)
GJW83- utteranceshatsatisfy: 138 162 300(63.5%)
GJW 83 - utteranceshatviolate: 54 118 172(36.5%)

In the caseof Rule 2, the mainchangewith GFTHERELIN is a strongreductionin the numberof
RoughsShifts, with all configurationgfrom 40-4.1%-t029-3%-for DF; from 56 - 8.3%-t044-6.6%-
with Ds; from 119-12.2%-t®8-10%-withir; andfrom 122-18.3%-t0l01-15%-withis). With DF,
we alsoobsere minor increasesn CON and a reductionin RET. The completefigureswith this
configurationareasfollows:
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MUSEUM | PHARMA | TOTAL
Establishments 96 132 228
Continuations 43 74 117
Retain: 25 30 55
SmoothShift : 19 33 52
RoughShift : 15 14 29
Zero: 66 84 150
Null : 140 200 340

Theresultsfor the DS configuratioraresimilar: again,we find asmallincreasen CONandRET, and
an even biggerdecreasén RSH (from 56 to 44). With the 1F configuration,againwe have a small
increasan CON anda decreasén RSH, but alsoa smalldecreasén RET. The overall figuresfor I1F
areasfollows:

MUSEUM | PHARMA TOTAL
Establishments 74 121 195(20%)
Continuations 52 81 133(13.7%)
Retain: 83 67 150(15.4%)
SmoothShift : 36 40 76 (7.8%)
RoughShift : 53 45 98 (10%)
Zero: 59 82 141(14.5%)
Null : 47 131 178(18.3%)

Finally, for theis configurationwe getagainalmostthe sameresultsconcerningransitions put with
anincreasan SmoothShifts. The completestatisticsabouttransitionsfor 1s areasfollows:

MUSEUM | PHARMA TOTAL
Establishments 45 52 97 (10%)
Continuations 30 67 97 (10%)
Retain: 56 73 129(13.3%)
SmoothShift : 10 41 51(5.2%)
RoughShift : 51 50 101(10.4%)
Zero: 41 50 91(9.4%)
Null : 37 65 102(10.5%)

Thechangdo GFTHERELIN hardlyaffectstherelative percentagesf cheapandexpensie transitions;
asfor theKibble score|it is increasedinderall configurationsbut by avery smallamount(e.g.,from
1.95to 1.99for 1F with PRO2sascFs, andfrom 2.3to 2.38for 1s).

IF andis with GFTHERELIN rankingareclearly the bestconfigurationaisinggrammaticafunc-
tion asthebasisfor ranking;we will comparehe configurationdasedn otherapproacheto ranking
below to thesetwo.

Linear Order Amongthe forms of rankingalternatve to grammaticafunction, perhapshe sim-
plestis the onethat rankscFs in the orderof occurrencen the utterancefrom left to right. This
rankingfunctionwasexplicitly proposedy Rambav (1993)to accountor factsaboutscramblingn
Germanandeffectsof orderof mentionwererepeatedlyobseredin the literatureby, amongothers,
(GernsbacheandHamreares1988;Gordonet al. 1993;Stevensonetal. 1994).

It turnsout thatusingthis rankingfunctioninsteadof GFTHERELIN doesnt resultin significant
differences. This is easyto understandn the caseof Constraintl, sinceall that mattersfor the
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constraintto be verified is whetherdiscourseentities are mentionedin successie utterancesand
whethertherankingfunctionalwaysresultsin asinglemosthighly ranked entity. However, we didn'’t
obsere ary significantdifferencesasfar asRule 1 is concernedeither althoughthe versionusing
linearorderastherankingfunctionconsistentlyperformsslightly worsethanits correspondingersion
with GFTHERELIN. With DF, we find two additionalviolationswhenusinglinearorderasaranking
function, but one of the previous violationsdisappearswhich we summarizeas+1, -2. With Ds,
theresultsof the comparisorare+2, -3; with 1F, +1, -3; andwith 1S, theresultswith linearorderare
exactly equivalentto thosewith GFTHERELIN andwe have atie - +4, -4.

Linearorderalsoresultsin slightly worseresultsasfarasRule2 is concernedin thatafew moves
previously classifiedascontinuationdecomeretains(2 with DF andDs, 6 with 1F andis) anda few
SmoothShifts becomeRoughShifts (again2 with DF andDs, 1 with 1F andis). TheKibble score
alsogetsvery slightly lower throughout(e.g.,for 1s, from 2.38with GFTHERELIN to 2.36with linear
order).All in all, theseresultsdo not suggesthatlinearorderis a betterrankingthanGFTHERELIN;
however, it might be ad\antageouin somecasessinceit is easierfor applicationgo compute®

Combining Grammatical Function and Linear Order Theexperimentdy Gordonetal.(1993)
suggesthat subjecthoodandfirst-mentionhoodesultin equalrankingfor Crs. We tried thereforea
ranking functionin which the first mentionedentity andthe subjectare equallyranked, thenevery-
thing elseis ranked accordingto grammaticafunction; andone in which the first-mentionedentity
is alwaysranked mosthighly, thenthe subjecttheneverythingelse.With theserankingfunctionswe
obtainresultscomparablao thoseobtainedwith simplegrammaticaffunction andwith GFTHERE-

LIN; which is not terribly surprising,giventhatwe just saw thatin our corpustheresultswith linear
orderand grammaticalfunction are pretty similar. We concentratdnereon the unambiguougorm

of this rankingfunction,in which first-mentionecdentitiesareranked higherthansubjects.Again, no
differenceswere obsered (or expected)for StrongC1. Small but not significantdifferenceswere
obsered with R1, andgenerallyin favour of the Gordonet al. proposal. The one examplewhich
resultedin a violation of Rule 1 with the DF configurationandranking=GFTHERELIN, but not with

the combinedranking,is thefollowing, in which SiebefFuchsis pronominalizedn (u2).

(29) (ul) For SiebefFuchs,old pill packagingsweetwrappersor photographidilm (5), create
rich possibilitiesof colourandtexture,

(u2) andshewearestheseunlikely materialsnto bold andexotic jewellery:

(Notice that SiebefFuchs is the CB in this casebecausef the addedorderbaseddisambiguation.)
Theresultsfor R1 with the four configurationsareasfollows: with DF, +413,-11 (+1); DS, +329,
-22,+1, -1; 1F, +578,-19, +1; 1S, +436,-36 (identical). The resultsconcerningRule 2 with this
configuratiorareagainpretty similar to thoseobtainedwith GFTHERELIN; but, asin thecaseof pure
linearorder every metricis very slightly worse. A few transitionsclassifiedasCONT becomeRET,
anda few otherschangefrom SSHto RSH. With the DF configurationwe only have a changefrom
CONto RET: CON=1120utof 971,11.5%(insteadof 117with GFTHERELIN) andRET=61(instead
of 55). With Ds we seethe samechange but alsoonefrom SSH (34 vs. 40) to RSH (47 vs. 44).
IF is like DF: CON=124(133with GFTHERELIN), RET=158(was 150), SSHand RSHremainthe
same.With 1s, CON goesfrom 97/ 668 (14.5%)to 91 (13.6%),RET=134(was129), SSH=46(vas
51),RSH=107(was101). TheKibble scoresareall very slightly lower: KS=1.51for DF (down from

**On the other hand, a series of results by Gordon and collaborators (e.g., (Gordon et al. 1993, 1999)) suggest
that position in the syntactic tree is a better predictor of salience than linear order. Prasad and Strube (2000) also
found that in Hindi, linear order doesn’t seem to have an effect on ranking.
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1.54),KS=1.84for Ds (1.86),KS=1.95for 1F, KS=2.35for 1s. The percentag®ef cheapransitionss
alsolower throughout—e.gwith 1S we have Cheap=171Expensie=272(vs. 175and268).

Informational Structure Wedidn't expecttheresultsfor StrongC1to changey replacingGFTHERE-
LIN with therankingfunction basedon informationstructureproposeddy StrubeandHahn(1999),
for the samereasonsaswe didn't expectthemwith linearorder andindeedwe didn't find ary. Less
expectedwasthefactthatwe didn't find ary significantdifferencesasfar asRule 1 is concernedei-
ther(again justasin the caseof linearorder).(We only discussheretheresultswith theversionfrom
Groszetal. (1995).)With the DF configurationwe have 414 utteranceserifying R1 and13 violating
it: 2 violationswith GFTHERELIN now verify the rule, and1 new violation. (This differenceis not
significant.)With DS, we have +332,-19vs. +329,-22 with GFTHERELIN (+5, -2, againnot signifi-
cant.) Ontheotherhand,with IF we getworseresultsfor Rule 1 thanwith GFTHERELIN, although
againthesedifferencesarenotsignificant: +577,-23vs. +577,-20 (+1,-4). Finally, with 1s we have
quite a lot of differencesput the overall resultsareidenticalto thoseobtainedwith GFTHERELIN:
436 utterancewerify therule, 36 violateit.

The oneclaim of CenteringTheorywherewe canfind a differencebetweerthe rankingfunction
proposediy StrubeandHahnandGFTHERELIN is Rule2. Althoughwe do not know of statistical
teststhatcanbackupthisimpressionwith all four configurationsve have beenconsideringreplacing
GFTHERELIN with the Strube-Hahmankingfunctionresultsin morecontinuationsandfewer retains,
moresmoothshiftsandfewerroughshifts(althoughNULL, ZERO andESTremainthemostcommon
transitions) morecheagptransitions andfewer expensve ones(althoughwe still have moreexpensve
than cheaptransitionswith all configurations);and higher Kibble scores. With DF, we still have
NULL, EST, andZERO asthe threemostfrequenttransitions,andin aboutthe sameproportionsas
with GFTHERELIN (35%, 23.5%, 15.4%); but we also have more continuationg CON=141/ 971,
14.5%(vs 117 with GFTHERELIN)) andfewer Retains(RET=33,3.4% (55)); more SmoothShifts
(SSH=56,5.7% (52)), and fewer Rough Shifts, RSH=23,2.4% (29). We still find more expensve
transitionsthancheapones(EXP=518,CHP=228) but the percentagef cheaptransitionss slightly
better(23.5%vs. 21.3%);andtheKibble scoreis higher KS=1.65(vs. 1.54).

Thesamehappensvith theotherthreeconfigurationsWith DS, we have asimilarreversebetween
continuationsaandretains(CON=123,18.4%(94) andRET=32(58)), but with Strube/ Hahnranking,
unlike with GFTHERELIN, we alsohave moreSSH(56,8.3%(40)thanRSH(25, 3.7%(44)). We have
thesameslightimprovementin the numberof cheaptransitionsaswith DF (CHP=153 EXP=290s.
137and306) anda higherKibble score, KS=2.08(vs. 1.86). With 1F, we still have more SSHthan
RSH (SSH=82(76) RSH=79(98))and, in addition, we also have more CON thanRET. CON=160
(133), RET=136(150).And again,we have a small improvementin the relatve numbersof cheap
transitionsandin the Kibble score(CHP=288 EXP=458;KS=2.13(vs. 1.99)). And finally, with 15—
which is the closestconfigurationto the oneproposedy StrubeandHahn,apartfrom our inclusion
of secondbersonentities,we have CON=125,12.8%(97) andRET=112(129); aboutthe sameSSH
andRSH,SSH=69(51), RSH=72(101)the higherpercentag®f cheaptransitions(CHP=203,30%,
and EXP=240);andthe highestKibble scoreobtainedby arny configuration,2.62 (vs. 2.38). Note
howeverthatevenin the’best’ version,it’s still the casethatwe have moreexpensve transitionshan
cheapones,andmoreEXP-EXPthanCHP-CHPsequencegontraryto StrubeandHahn’s versionof
Rule2: 79vs. 108with 1S, the configurationclosesto the onestudiedby StrubeandHahn6

*Tn (Poesio et al. 2000) only Constraint 1 and Rule 1 were studied, and therefore the ranking function proposed
by Strube and Hahn was found to be equivalent to GFTHERELIN. The new results suggest that the S&H ranking
function leads to results more agreement with the various versions of Rule 2 than GFTHERELIN, although it’s not
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Other definitions of CB

Gordon et al, 1993 Thedefinitionof CB proposedy Gordonetal. (1993)is perhapgshe onethat
malesthetrade-of betweenStrongC1l andR1 mostevident. With this definitionwe find a dramatic
increasein the numberof utteranceswithout CB; but also a dramaticreductionin the numberof
violationsto R1.

With the DF configuration,using Gordonet al.’s definition of CB andthe rankingfunction they
proposdan thatpaperthereare147 moreviolationsof StrongC1; however, the numberof violations
of R1 goesdown from 12 to 5, alsoa significantimprovement(-8, +1, p < 0.02). Most of theseare
simply utteranceshatdo not have a CB accordingto thedefinitionof Gordonetal.; however, in three
caseswve seea genuineimprovement. One of thesecasess (29), alreadyseenabore, whereshein
(u2) is now the CcB. Anothercaseis (30). Becauseahe CB hasto be the subject,the factthat’Louis
XIV' hadhigherrankingin the previous utterancedoesnt matter;the only possiblecB is he*”

(29) (ul) For SiebefFuchs, old pill packaging sweetwrappersor photographidilm (5) , create
rich possibilitiesof colourandtexture,

(u2) andsheweavestheseunlikely materialsnto bold andexotic jewellery .
(30) (u306)In 1672,theking grantechim theroyal privilege of lodgingin the Palaisdu Louvre.

(u307) In the sameyear he achieved the title of cabinetma&r and sculptorto Louis XIV,
King of France.

Onthe otherhand,the utterancewhich immediatelyfollows (u307)in the sametext as(30), (u311)
(belaw) illustratesthe factthateventhis new definitiondoesnt alwaysresultin pronoungeferringto
theCB. Thisnew title is theCB in (u311),but it’s not pronominalized.

(31D (u311) This new title allowed him to producefurniture aswell asworksin gilt bronzesuch
aschandelierswall lights,andmounts.

This lastexampleis a very clearillustration of the phenomenombsered, e.g.,by Brennan(1995):
in somecasesjt appearghata discoursesntity hasto be movedinto a more salientpositionbefore
it canbe pronominalizedsimply beingthe only entity from the previous utterancementionedn the
currentonedoesnt appeato besuficient.

TheT1r configurationillustratesanothercharacteristiof this configuration:usingGordonetal.’s
definition of CB resultsin a virtual elimination of all typesof transitionsapartfrom continuations
andestablishmentsWe find 5 RET, 20 SSH,andonly 1 RSH-thisis the versionthat resultsin the
fewest’incoherent’transitions. The reductionin the numberof violationsof Rule 1 is even greater
for the u=s configurations.With DS we have only 8 violations, 11 fewer thanthe versionusingthe
‘vanilla’ definitionof CB. Evenlargerreductionsn the numberof violationsof R1 arefoundwith the
1s configurationdown to 8, from 36 with the ‘classic’ definitionin Constraint3 andGFTHERELIN.

Passonneau We testedtwo versionsof Passonneas’proposal: onein which the CB is only es-
tablishedif we have strongparallelismbetweenthe two pronouns- i.e., they have the exact same
grammaticafunction—andonein which only two typesof positionare considered:SUBJECT’ and
'OTHER'. The resultswith this configurationcan be summarizedas follows: very few utterances

clear to us whether these results are significant.

¥ As discussed above, one might argue that in the second utterance ‘Louis XIV, king of France’ is not really
used to refer to the individual, but is part of the title. It's not clear however whether such distinctions should be
made in Centering Theory and / or whether our annotators would be able to make them.
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end up having a CB (more precisely a Local Center);but onceit is establishednothing elsegets
pronominalized.

With the DF configurationand GFTHERELIN for ranking, for example,only 20 utterancedave
a CB, but we have no Rule 1 violationsat all, for ary of the versionsof R1 thatwe considered. An
examplein whichthe CB / Local Centerdoesgetestablishedin (u64))is thefollowing:

(32) (u62) The fleur-de-lis on the top two draversindicatethat the cabinetwasmadefor Louis
XIV.

(u63)As it doesnotappeaiin theinventoriesof his possessions,
(u64)it mayhave senedasaroyal gift.

On the otherhand,the link betweenpronominalizatiorand’center’ seemgo be completelylostin
this version.While it is truethat23 out of 24 realizationsof a CB in this casearedonevia pronouns,
it is alsotruethat 194 personapronounsarenotrealizationf CB; soaseparatestorywill beneeded
to accountfor the casegqthe greatmajority) of pronounsotreferringto the Local Center

In termsof transitions,we have 19 establishments]l continuation,16 zero, 935 nulls, and 0
everythingelse:i.e.,no shifts,andnoretains.

The samepatternis encounteredvith the otherutterance realizationconfigurations.With Ds,
only 18 utterancefiave a CB, andall satisfyR1 (this is 22 fewer violationsof R1). We only have 34
realizationsof a CB, of which 27 donevia pronouns;190 pronounsarenot realizationsof CBs. With
1s, 18 utterance$iave a CB, 427 don't have one,sothe comparisoron C1 with the versionusingC3
asdefinition of CB is +0, -316. On the otherhand,on R1 we have 36 fewer violations,andno new
ones.

As it turnsout, the resultsare slightly betterif we allow for a loosernotion of parallelism,but
not dramaticallyso. We still don't have ary violations of R1 underary of the definitionswe are
consideringandafew moreutterancenave a CB, but the differenceis not significant(e.g.,23 instead
of 20for DF, and22 insteadof 18 for Ds). Bothwith DF andDs around90% of pronounsstill do not
referto the Local Center

5 OTHER CLAIMS ABOUT DISCOURSE CAST IN TERMS OF
CENTERING

Theclaimsof Centeringlheoryanalyzedsofar, andespeciallyConstraintl, andRule2, areprimarily
claimsaboutthe ‘building blocks’ of the theory Already Rule 1 is moreof a ‘linguistic’ claim, in
that notionsof the theoryareusedto predicta linguistic phenomenorfthe form of an NP); andwe
sav in Section§?2 thatthe conceptof CenteringTheoryhave beenusedto malke otherclaimsof this
kind—e.g. abotthecorrelationbetweercenteringransitionsandtheform of thesubject,or thetype of
discourseentitiesthatmay sene asthe antecedentfor long-distancgpronouns.Thesedatacanalso
bevery usefulto identify the‘best’ parameteconfiguration;presumablythe ‘best’ configurationwill

bethe onewhich makesmoreusefulpredictions.In this sectionwe returnto theseclaimsin thelight
of theresultsjust presentedoncerninghe ‘best’ waysof settingthe parametersf Centering.

Type of Transition vs Form of Subject

Kameyama(1986);Di Eugenio(1998); Turan(1995)arguedthatin languagesvith botha’weak’ and
a‘strong’ pronominaform, theform of the subjectof anutterancaes affectedby thetype of transition
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(CON, RET, etc.) thatthat utterancerealizes. Typically, it wasargued,weak pronominalforms are
preferredwith centercontinuationswhereasstrongpronominalforms are preferredfor centershifts
andcenterretains. In thecaseof English,Passonneaandothersfounda similar correlationbetween
CON andpersonapronounswhereathertransitionscorrelatednorewith demonstratie pronouns.
In this sectionwe discussour resultsconcerningthesecorrelationswith the ‘best’ configurations
identified abore. However, becauseof the low frequeng of someevents*® our resultsshouldbe
consideredspreliminary

IS, GFTHERELIN: The full contingeng table for the configurationis, with ranking function
GFTHERELIN, is asfollows:

PERSPRONOUN | DEM PRONOUN | FULL NP
EST 7 1 79
CON 21 2 62
RET 2 3 94
SSH 11 0 33
RSH 3 3 84
ZERO 1 2 50
NULL 1 1 49
TOTALS: 46 12 451

This contingeny table cannotbe usedfor a x? test,becausef the low or zerocountsin some
of thecells; we needto collapsesomeof the distinctionsbetweertransitions.An obvious possibility
is to collapsethe SSHandRSH cells; anotheris to collapsedemonstratie NPs with full NPs. We
thenobtainthe following contingenyg table,with 5 degreesof freedom,andwith no cells with zero

elements:

PRONOUN | FULL NP | TOTAL
EST 7 80 87
CON 21 64 85
RET 2 97 99
RSH-SSH 14 120 134
ZERO 1 52 53
NULL 1 50 51
TOTAL 46 463 509

For this table, x> = 38.1,p < 0.001, a possiblysignificantresult; but this table still contains
cellswith valuesunder5, which tendto increasehe y? value,somoredrasticcollapsesarerequired.
Onepossibilityis to meige CON andRET (both of which continuethe samecB) andRSH-SSHwith
ZERO (bothof whichleadto achangen CB). Theresultingcontingeng tableis asfollows:

PRONOUN | FULL NP | TOTAL
EST 7 80 87
CON-RET 23 161 184
RSH-SSH-ZE® 15 172 187
NULL 1 50 51
TOTAL 46 463 509

“Not all cells of our contingency table contain at least 5 elements, which increases the chances of a Type 1

error (Woods et al. 1986), so we consider various ways of reducing its dimensionality.
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Thisdistribution howeveris notsignificant:with 3df, we havex2 = 6.13, whereador significance
atthe.05level, we needy? > 7.82. Perhapsnixing CON andRET is notagoodidea,asindeedone
might suspecfrom the factthatwhereasl in 4 CON is signalledby a pronoun,the percentagédor
RET is muchlower (almost2 in 100). Anotherway of eliminatingthe low countsis to simply drop
RET andNULL, while maintainingthe meige of ZERO andSSH-RSH:

PRONOUN | FULL NP | TOTAL
EST 7 80 87
CON 21 64 85
RSH-SSH-ZE® 15 172 187
TOTAL 43 316 359

This new tablealsodoesnt have low countcells, andthe distribution this time is highly significant:
x? = 17.1,p < 0.001. An alternatve way to getrid of the low countsis to just ignore ZERO and
NULLSs, keepingRET distinctfrom CON:

PRONOUN | FULL NP | TOTAL
EST 7 80 87
CON 21 64 85
RET 2 97 99
RSH-SSH 14 120 134
TOTAL 44 361 405

With this contingeng table,aswell, the dependencef the two variablesis quite strong: with 3df,
x? = 25.6,p < 3210~°. However, becausghis tablecontainsonelow countcell, the solutionabore
looksmorepreferrable.

Giventhat (Walker etal. 1994)amguethat EST and CON arethe sametransition,onemight also
think of collapsingtogetherthe EST and CON rows, ratherthan CON andRET. On the otherhand,
this mege doesnotlook very promising,sincedifferenttypesof NPs maybeusedto turnadiscourse
entity into the CB andto continuethe currentCB. This skepticismseemsto be confirmedby our
results.Thecontingenyg tableis asfollows:

PRONOUN | FULL NP | TOTAL
EST/ CON 28 144 172
RET 2 97 99
SH 14 120 134
TOTAL 44 361 405

With thistable,if we collapseESTandCON we still getadependencbetweerthetwo variables put
lower: with 2df, x? = 13.2,p < 0.002. And significancecompletelydisappear# we eliminatethe
low-countRET line:

PRONOUN | FULL NP | TOTAL
EST/ CON 28 144 172
SH 14 120 134
TOTAL 42 264 306
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Now x? = 2.16,p < 1, whereaswith 1df, x? shouldbe greaterthan3.84 for significanceat the .05
level.

Finally, onemightthink of anevensimplertwo-way distinction,betweercontinuationandshifts,
treatingEST asa type of SHIFT. The resultingdistribution is shavn in the following contingeng
table:

PRONOUN | FULL NP | TOTAL
CON 21 64 85
RSH-SSH-ZER®-EST 22 252 274
TOTAL 43 316 359

This distribution is againhighly significant(1df, x> = 17.1, p < .001), aboutasmuchasthe onewith
athree-vay distinctionbetweerEST, CON andRSH-SSH-ZER. But again,thealternatve meging
of CON andRET, asin thecontingeng tablebelow, is not significant:

PRONOUN | FULL NP | TOTAL
CON-RET 23 161 184
RSH-SSH-ZER®-EST 22 252 274
TOTAL 45 413 458

Finally, meiging CON with EST resultsin a distribution thatis still significant,but only at the .05

level:

PRONOUN | FULL NP | TOTAL
CON-EST 28 144 172
RSH-SSH-ZE® 15 172 187
TOTAL 43 316 359

IF, GFTHERELIN:

following contingenyg table:

If we considerinsteadthelr configuratiorandGFTHERELIN ranking,we getthe

PERSPRONOUN | DEM PRONOUN | FULL NP
EST 21 1 131
CON 40 2 76
RET 0 0 109
SSH 18 0 23
RSH 5 6 75
ZERO 1 3 89
NULL 5 3 82
TOTALS: 90 15 585

CollapsingRSHandSSH,andthe two columnsDEM andFULL, is againnot enoughto completely
eliminatethelow counts:
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PRONOUN | FULL NP | TOTAL

EST 21 132 153
CON 40 78 118
RET 0 109 109
RSH-SSH 23 104 127
ZERO 1 92 93

NULL 5 85 90

TOTAL 90 600 690

Thehigh x? = 80.7 (with 5df, p < 0.001) for this distribution is thereforeratherdubious.Elim-
inating RET, andmeging ZERO with the shifts (no needto eliminateNULLS in this case)we geta
contingenyg tablewith suficient countsin all cells:

PRONOUN | FULL NP | TOTAL
EST 21 132 153
CON 40 78 118
RSH-SSH-ZER 24 196 220
NULL 5 85 90
TOTAL 90 491 581

For this table, xy? =

41.2, which with 3df is highly significant.
distribution with the same.001degreeof significanceasthe equivalentonewith 1s (x? = 30.4):

Eliminating NULLs we geta

PRONOUN | FULL NP | TOTAL
EST 21 132 153
CON 40 78 118
RSH-SSH-ZE® 24 196 220
TOTAL 85 406 491

IS, STRUBE-HAHN: With therankingfunctionproposedy StrubeandHahn,we getthefollow-

ing contingeny table:

PERSPRONOUN | DEM PRONOUN | FULL NP
EST 7 1 79
CON 22 5 87
RET 1 1 78
SSH 13 1 48
RSH 1 1 60
ZERO 1 2 50
NULL 1 1 49
TOTALS: 46 12 451

CollapsingRSHandSSH,andthe columnsDEM andFULL, but keepingZEROsandNULLs, again
it's not sufficient to completelyeliminatelow countcells:
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PRONOUN | FULL NP | TOTAL
EST 7 80 87
CON 22 92 114
RET 1 79 80
RSH-SSH 14 110 124
ZERO 1 52 53
NULL 1 50 51
TOTAL 46 463 509

Soagainwe dropRET andNULL, andmeige RSH,SSH,andZERO:

PRONOUN | FULL NP | TOTAL
EST 7 80 87
CON 22 92 114
RSH-SSH-ZER® 15 162 177
TOTAL 44 334 378

This distribution is significantatthe .01 level (x? = 9.32).

STRUBE-HAHN, IF: Thefull contingenyg tablefor this configurationis asfollows:

Collapsingasabave, we getthefollowing distribution, significantatthe.001level (x? = 19.8).

PERSPRONOUN | DEM PRONOUN | FULL NP
EST 21 1 131
CON 40 2 99
RET 1 1 94
SSH 20 1 37
RSH 2 4 53
ZERO 1 3 89
NULL 5 3 82
TOTALS: 90 15 585

PRONOUN | FULL NP | TOTAL
EST 21 132 153
CON 40 101 141
RSH-SSH-ZER 23 187 210
TOTAL 84 420 504

Summary We obsenred a dependenc betweenthe three-vay distinction betweentypesof tran-
sition ( EST/ CON/ RSH-SSH-ZER) andthe form of subjectNP (pronounor full NP, counting
demonstratie pronounsamongthe full NPs). The dependengis significantfor all four configura-
tions shawn to be ‘best’ by the analysesn Section§4. We shouldnote however thatthe correlation
suggestedby the x? testis only a tendeny, so our resultsdont necessarilftranslatein goodalgo-
rithms for decidingthe form of NP to be usedin subjectposition dependingon the transition; this
point is illustratedmore concretelybelov whendiscussingthe correlationbetweentransitionsand
sggmentboundaries.
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Ourresultsalsosuggesthatatleastfor the purposeof predictingtheform of thesubject,t’snota
goodideato view establishmentasatype of continuationassuggestedh (Walker etal. 1994);from
this point of view, establishmentseemto patternmorewith shifts. Establishmentarebestgrouped
with shiftsthanwith continuationsalsowhenatwo-way classificatioris considered.

The correlation between transitions and segment boundaries

Anotheruseof notionsfrom Centeringtheoryto analyze(discourse)inguistic behaior wasconsid-
eredin (Walker 1998;Passonneali998),who studiedwhethertransitiongredictsggmentboundaries,
i.e., whetherestablishmentandshifts occurmore at segmentboundariesand continuationgprevail
within a segment. Thesestudiesdidn't find muchof a correlation,but only consideredneconfigu-
ration of the theory;sowe tried to seeif we could geta betterresultusingthe ‘best’ configurations
identifiedabove. Again, readershouldkeepin mind thatour analysiscanonly beviewedasindica-
tive, themoresogiventhatour corpuswasnt properlyannotatedor sggments.

IF, GFTHERELIN: Therelationbetweerntransitionsandboundariesvith this configurationis shavn
in the contingenyg tablebelow:

NOT BOUNDARY | BOUNDARY | TOTALS:

EST 140 55 195
CON 115 18 133
RET 129 21 150
SSH 65 11 76

RSH 85 13 98

ZERO 91 50 141
NULL 121 57 178
TOTALS: 746 225 971

It is obviousfrom thetablethatthe correlationbetweencB continuatiorandsegmentcontinuationss
imperfectat best;thereis, however, a certaintendeng, confirmedby theresultsof the X2 test,which
give very high results—with6df, x? = 45.22, p < .001.

An obviousobserationaboutthetableabore is thatCON andRET arelessfrequentlyboundaries
thanSSH,RSHandZERO. Naticealsothatin this casejustasin the caseof the correlationbetween
transitionandsubjecttype, establishmentareratherdifferentfrom continuations:about1/4 of EST
areboundarieswhereasonly 1/10 of CON are. The othertransitionthat correlatesrelatively more
highly with boundariess NULL (1/3 of NULL areboundaries).In fact, ESTandNULL aremore
frequentlyboundarieshatthe shiftsor ZERO. This suggestsollapsingthe catayoriesasfollows:

NOT BOUNDARY | BOUNDARY | TOTALS
CON+RET 244 39 282
SSH+RSH+ZER+EST+NULL 502 186 689
TOTALS: 746 225 971

Thistablemakesthecorrelationvery obvious: boundariegre14%of thetotal numberof CON+RET
transitions but asfrequentwith the otherclassof transitions.This is confirmedby the resultsfor the
x? test(with 1df, % = 19.78,p < 0.001).
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NOT BOUNDARY | BOUNDARY | TOTALS
EST 56 41 97
CON 73 24 97
RET 98 31 129
SSH 34 17 51
RSH 75 26 101
ZERO 49 42 91
NULL 58 44 102
TOTALS: 443 225 668

IS, GFTHERELIN: Theresultswith this configurationare similar to thosejust seenwith 1F andare
summarizedy thefollowing table:

Again, we have the interesting(althoughnot altogethersurprising)resultthat EST are muchmore
frequentlyboundarieshanCON,andNULL aremorefrequentboundarieshanthetwo typesof shift.
And again,the distribution is alreadysignificantfor the tablejust seen(with 6df, x? = 25.32,p =
3210~%). A collapsedtable again makes the correlationsmore obvious (boundariesare 24% of
CON+RET, but 38%of therest)althoughthe x? value,13.3,is lower thanwith IF.

NOT BOUNDARY | BOUNDARY | TOTALS
CON+RET 171 55 226
EST+SSH+RSH+ZER+NULL 272 170 447
TOTALS: 443 225 668

IF, STRUBE-HAHN: Theresultswith theseparametesettingsare not very differentfrom those

obtainedwith GFTHERELIN. Theoverall distribution is asfollows:

NOT BOUNDARY | BOUNDARY | TOTALS
EST 140 55 195
CON 139 21 160
RET 115 21 136
SSH 71 11 82
RSH 69 10 79
ZERO 91 50 141
NULL 121 57 178
TOTALS: 746 225 971

This distribution is highly unlikely to be dueto chancejust like the onewith GFTHERELIN: x? =
45.49. p < 0.001. The‘collapsed’distribution is asfollows:

NOT BOUNDARY | BOUNDARY | TOTALS
CON+RET 254 42 296
EST+SSH+RSH+ZER+NULL 492 183 675
TOTALS: 746 225 971

Again, giventhis contingenyg tableit is highly unlikely thatthe two variablesareindependenty? =
19.3,p < 0.001. Both of thesey? valuesarevirtually identicalto thoseobtainedwith GFTHERELIN.
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STRUBE-HAHN, IS: Again,theresultsaresimilarto thoseobtainedwith theis parametesetting
andGFTHERELIN, exceptthatthevaluesof x?, while still significant,arelower. Thefull contingeng
tableis asfollows:

NOT BOUNDARY | BOUNDARY | TOTALS
EST 56 41 97
CON 94 31 125
RET 82 30 112
SSH 52 17 69
RSH 52 20 72
ZERO 49 42 91
NULL 58 44 102
TOTALS: 443 225 668

Thistablehasy? = 24.07, p < 0.001. Thecollapsedableis asfollows:

NOT BOUNDARY | BOUNDARY | TOTALS
CON+RET 176 61 237
EST+SSH+RSH+ZER+NULL 267 164 431
TOTALS: 443 225 668

The x? valuefor thistable,10.37,is still significantbut only atthe 1% level.

Summary Oury? testsindicatethatit is very unlikely thatthevariablesSTRANSITION andBOUND-
ARY areindependentThis doesnot meanhowever, thattransitionsarea very goodcuefor detecting
sementboundaries.This canbe seenby usingthe techniqueproposedy Passonneain her study
(1998). Passonneameasureshe usefulnessf transitionsascuesfor sggmentationn termsof pre-
cision,recall,andERROR RATE. Sheusestwo classificatiorsystemdor transitions:the onedueto
(Groszet al. 1995)thatdividestheminto CON, RET and SHIFT, andoneproposedn (Kameyama
etal. 1993)thatclassifiegsheminto RET1 (= CON+RET),EST (our EST),andNULL (our NULL).
Defining errorrate E=(CON at boundary+ SHIFT at nonboundary)/tota), Passonneagetsthe fol-
lowing values:for SHIFT aspredictorof boundaryR=.78,P=.25,E=.41;for NULL, R=.86,P=.26,
E=.40.

Usingthe'best’ configurationsandthecollapsedlassesliscussedbore (CON+RET EST+ZERO
+SSH+RSH+NULL)we getresultscomparabld¢o Passonneas: With 1F settingsandGFTHERELIN
ranking (the configurationthatresultsin the highesty? valuefor the correlationbetweertransitions
andboundaries)andusingthe classEST+SSH+RSH-ZERO+NULL to predictboundarieswe get
R=.83,P=.27,E=39+502/97% .55. Using CON+RETto predictnonboundaryR=.33,P=.86andE
staysthesame We getslightly worseresultsusingStrube-Hahmankingandis: usingeST+SSH+RSH
+ZERO+NULL to predictboundarywe have R=.73,P=.38;usingCON+RETto predictnon-boundary
R=.39,P=.74.In otherwords,evenby usingthe ‘best’ configurationsaandby collapsingtransitionsn
the bestway (which s slightly differentfrom Passonneas in particular becausd=ST is joinedwith
SHIFT) we getmoreor lessthe resultsthat Passonneagets,andthe predictive power of transitions
is notvery high.
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Long Distance Pronouns

Hitzemanand Poesio(1998) claimedthat it is not suficient for an antecedento be available on
the stackfor the useof along distancepronoun(a pronounwhoseantecedenis notin the previous
utterance}o belicensed;t is necessaryor the entity to have beena CB. We testedthis claim using
our dataandthe bestconfigurations?

The first, perhapsobvious, finding is that the importanceof this issuegreatly dependson the
definitionof utteranceHitzemanandPoesicassumedhateachfinite clausewvasa separateitterance,
assuggestedby Kameyama;if we adoptthis definition, thenabout18 pronounsout of 217 arelong
distancewhich is the samepercentag€8%) foundin the corpususedby HitzemanandPoesio? If
we identify utterancesvith sentencesyowever, we only get8 long-distanceronouns’!

HitzemanandPoesias claim is verifiedin our corpusaswell, both for the 1F configurationand
for the1s configuration.With 1%, 15 long distancepronounsout of 18 hadbeencss and 3 hadnot,
p < .04 bothwith GFTHERELIN rankingandwith Strube/ Hahnranking. With 1s, we find +6, -2
with GFTHERELIN ranking,and+7, -1 with Strube/ Hahnranking,but thereis not enoughdatafor
a significancetest. An evenbetterresultwasfound howvever with the1r configurationby wealening
the licensingconditionto having beena CP ratherthana CB: in this case with 1F we have +17,-1,
p < .01 by the signtest,with both GFTHERELIN andStrube-Hahmranking. (With 1s, theresultsare
thesameasfor the casein which thediscourseentity hadoccurredasa cp.)

Fronted Clauses: Subordination vs. Linearization

We concludethis sectionby examininga further variantin the definition of previous utterance.As

discusseabove, SuriandMcCoy proposedhatanadjunctclauseat the endof a sentences treated
asembeddedi.e., it is 'passedover’ whenlooking for the previous utteranceof a following clause,
muchlike Kameyamaproposest's the casefor complementlauses.SuriandMcCay however do

not discusghe casein which the subordinateadijunctis the first clausein the sentencewhich hap-
pens.e.g.,with conditionalclauseqIf Johnwantsto havedinner he'd betterget homequidkly). The

resultswe have discussedofarwereobtainedby treatingsuchclausesKkameyama-like’: e.g.,in the

following example,(ul) would betreatedasprevious utterancdor (u2), but then(u2) ratherthan(ul)

would betheprevious utterancdor (u3).

(33) (ul) Thisleafletis a summaryof theimportantinformationaboutProductA.
(u2) If youhave ary questionor arenot sureaboutarnything to do with your treatment,
(u3) askyour doctoror your pharmacist.

Thereare51 suchclausesn our corpus.We consideredvhatwould happerby treatingsuchclauses
asembeddedaswell (i.e., by viewing (ul) as previous utterancefor (u3), insteadof (u2)). With
GFTHERELIN rankingandIF setting,the resultsare clearly worse,especiallyfor C1: we now find
249 violations to the strongversionof the constraint(+615, -249), as opposedo just 212 for the
'linearized’ version;the differenceis significant. We do have 2 fewer violationsof Rule 1, but this
differenceis not significant. Thereareno differenceshetweenGFTHERELIN and STRUBE-HAHN
ranking;andof coursethereareno differenceswith theis setting.

“There is no overlap between the texts used in this study and the texts used for the Hitzeman / Poesio study,
which were spoken dialogues.

%00verall, with this definition of utterance, 1158 anaphoric expressions have their antecedents in the current
or previous utterance, and 455 at a distance 2-6; none if farther away.

>'With this definition, 1242 have their antecedent in the same of previous utterance; for 385 is further away.
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6 CENTERING THEORY AND RHETORICAL STRUCTURE
Theexperimentseportedabore couldnt studytheimpactof two factors:

e discoursesggmentationwe only did a basicsegmentatiorof thetexts basedn layout;

e subordination:the syntacticannotationof clausesusedfor the annotationcould be usedto
classifythe becauseclauseas subordinatén (34), but notin (35), wherethe sameunderlying
semanticsubordinatioris not syntacticallyrealized:

(34) Johnfell becauseMax pushechim. He wasdrunkasusual.
(35) Johnfell. Max pushechim. He wasdrunkasusual.

In subsequenwork, we addressethesdimitationsusinga corpuspreviously annotatecccording
tO RELATIONAL DISCOURSE ANALYSIS (RDA) (MooreandPollack1992;MoserandMoore1996b),
a theory of discoursestructurethat synthesizesdeasfrom Groszand Sidners theory (Groszand
Sidner1986)with ideasfrom RHETORICAL STRUCTURES THEORY (Mannand Thompson1988).
This corpuswas further annotatedor anaphoricinformation and other propertiesof noun phrases
accordingto the schemeusedfor the restof the corpus. In this sectionwe briefly discussthese
experiments.

Relational Discourse Analysis (RDA)

RelationalDiscourseAnalysis (RDA) (Moore and Pollack1992; Moserand Moore 1996b)owesto
Groszand Sidnerthe ideathat discourses hierarchicallystructured,andthat discoursestructureis
determinedby intentionalstructure;eachRDA-segmentoriginateswith an intentionof the spealer.
Butin RDA sggmentshave additionalinternalstructure:eachsegmentconsistof oneCORE, i.e., that
elementhatmostdirectly expresseshe spealkr’s intention,andary numberof CONTRIBUTORS, the
remainingconstituentsn the sggment,eachof which playsarole in servingthe purposeexpressed
by the core. The notionsof core and contritutor derive of coursefrom the notionsof nucleusand
satellitein RhetoricalStructureTheory(rRST) (MannandThompsonl988),which claimsthatin each
“segment” (text span.for RST) onecomponenshouldbeidentifiedasthe’main’ one,andthe others
assecondaryHowever, in RST thereis adistinctionbetweemucleusandsatellitefor (almost)all RST
relations,whereasn RDA a coreandcontritutorsareonly identifiedif a segmentpurposehasbeen
recognized.

In RDA, segmentconstituentamay in turn be otherembeddedsaements,or simplerfunctional
elements:itheseelementanay be eitherbasicUNITS, which are descriptionsof domainactionsand
statespr relationalCLUSTERS. Clustersarespanghatonly involve constituentdinked by informa-
tional relations.

Unlike G&S's theoryandlike RST, RDA is basedon a fixed numberof relations;in particular
RDA assumedour intentionalrelations— convince, enable, concede, joint-anda larger set of
informationalrelations;this latter setis expectedio be domaindependentln the Sherlockcorpus,23
informationalrelationsareused,of which 13 pertainto causality(they expressrelationsbetweerntwo
actions,or betweeractionsandtheir conditionsor effects)(Moseretal. 1996).

Figure 1 shavs a small excerptfrom one of the dialoguesin the Sherlockcorpus,andits cor
respondingRDA analysis. The text is broken into clauses(UUT is “Unit undertest”, TP is “test
package”). The analysisshavs the text to be analyzedas an intentionalsegmentwhosecore spans
1.1and1.2. This sggmenthastwo contritutors, spanning2.1 and2.2, and 3.1 and 3.2 respeciiely.
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1.1 Before troubleshooting inside the test station,

1.2 itis always best to eliminate both the UUT and TP.

2.1 Since the test package is moved frequently,

2.2 itis prone to damage.

3.1 Also, testing the test package is much easier and faster
3.2 than opening up test station drawers.

Convince

Convince
Act:Reason

Act:Reason

stepl:step2 Enable prescribed-act:
Cause:effect wrong-act
11 1.2 2.1 a1

2.2 3.2

Figure 1: A tutorial excerpt and its RDA analysis

Graphically the coreis at the end of the arrav whoseorigin is the contritutor; morewer, the link

is marked by two relations,intentional(in bold), andinformational. In this specificcase,the two

contributors carry the sameintentionalandinformationalrelationsto the core,but this doesnt need
to bethe case.The coreandthetwo contritutorsarefurtheranalyzed.The coreandthe secondcon-
tributor areanalyzedasinformationalclusters,whereaghe first contributor is recognizedashaving

its own intentionalstructure.Clustersaremarked by oneinformationalrelation,but not by intentional
relations.

The Sherlock Corpus

The corpuswe usedfor this studyis a collectionof tutorial dialoguesbetweena studentanda tutor,
collectedwithin the Sherlockproject(Lesgoldetal. 1992). The corpusincludesserenteendialogues
betweerindividual studentsandoneof 3 experthumantutors,for atotal of 313turns(aboutl18turns
perdialogue),and1333clausesThestudenisolvesanelectronictroubleshootingrobleminteracting
with the Sherlocksystem;then, Sherlockreplaysthe students solution stepby step,schematically
criticising eachstep.As Sherlockreplayseachstep,the studentcanaskthe humantutorsfor expla-
nations. The studentand tutor communicaten written form. Becausemostof the discoursesare
explanationswe expectedrelation-basedtoherenceo play animportantrole in this corpus.

The Sherlockcorpuswaspreviously annotatedisingRDA to studycuephrasegeneratior(Di Eu-
genioetal. 1997). Theresearclgroupwhich proposedkDA discusseshefollowing reliability results
(MoserandMoore 1996a).25% of the corpuswasdoubly coded,andthe « coeficient of agreement
was computedon segmentationin a stepwisefashion. First, x was computedon agreemenat the
highestlevel of sggmentation.After x wascomputedat level 1, the codersresoled their disagree-
ments thusdetermininganagreeduponanalysisatlevel 1. Thecodershenindependentlyproceeded
to determinghe subsgmentsatlevel 2, andsoon. Thedeepestevel of sggmentationvaslevel 5; the
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k valueswere.90,.86,.83,1, and1 respectiely (from level 1 to 5).

Annotation Methodology

We annotatedabouthalf of the Sherlockcorpusfor anaphoridnformation, usinga muchsimplified

versionof the annotationschemeusedin the previous experiments. More specifically we marked

eachNP in the corpus,specifiedits NP type (propername,pronoun,the-np,indefinite NP, etc) and
grammaticafunction (subject,object,etc.);andthenwe marked all ‘direct’ anaphordetweernthese
NPs. We annotateda total of 1549 Nps, 507 of which wereanaphoric;336 NPs were pronouns of

which48werethird-personA crucialdifferencebetweerthis studyandthe onesdiscussegreviously

isthatwe did notannotatebridging’ information,becausevithouttheoriginal dravingsof thecircuits
it wasvery difficult to determinewith certaintywhich objectswerepartsof otherobjects.

Computing Violations

Theannotatiorthusproducedvasusedto automaticallyjcomputeutterancesandthento computethe
crsandthecs (if ary) of eachutteranceon the basisof the anaphoridnformationandaccordingto
the notion of rankingspecified.(We only consideredankingbasedon grammaticafunction.) This
informationwasthenusedto find violationsof StrongC1, Rule 1, andRule 2.

The mainissuewe hadto considerin this work washow to userhetoricalinformationto charac-
terizeutterancesndprevious utterancesall previous studiesrelied on purely syntacticdefinitions.

e As farassgymentations concernedye countedasa seggmentevery RDA-segment,i.e., every
spanof text for which anintentional‘core’ hadbeenrecognized.This way of computingsey-
mentsis fairly generougi.e., it might resultin way too mary segments),so shouldgive us a
lower boundon the numberof violationsof Constr 1.

e We treatedeachbasicunit of the RDA annotation(actionsand states,aswell as‘matrices’ -
i.e., verbswith a clausalcomplementgsa distinctutterance (Notethatthesearenotall finite
clauses.)n total, 784 utterances.

e In clusters(blocks of utterancesonnectednly by informationalrelations),we usedthe im-
mediatelyprecedingunit asprevious utterance E.g.,in Figurel, 1.1 wascountedasprevious
utterancdor 1.2,and3.1aspreviousutterancedor 3.2.

¢ In s@gments,we consideredwo possiblechoicesof previous utterance,on the basisof the
suggestion®of Kamegyamaand Suri and McCoy. A unit like 3.1 in Figure 1 could have as
previous utteranceeither(the lastunit of) theimmediatelyprecedingconstituen((i.e., 2.2), or
(thelastunit of) thedominatingelementthe core(1.2).

Noticethatbecause¢he corpusdoesnot containsubordinationnformationin thecaseof informational
relations,we couldonly exploreasubsebf all caseof semanticsubordination.

Main Results

In this study we were only really concernedvith one parameterthe choice of the previous utter
ance;but we could alsolook at whetheranimproved form of text segmentationchangedhe results
concerningConstraintl discussedn the restof the report. The metric we usedto evaluatea partic-
ular parameteconfigurationwasthe numberof violationsof the constraints.The resultsconcerning
StrongC1 aresummarizedn thefollowing table:
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CB | Segment Initial | NO CB | Total Number
Sherlock | 76 247 461 784

We found no violations of the versionsof Rule 1 proposedn (Groszet al. 1995)and (Groszet al.
1983).0f the48 pronouns29wereCBs,19werent; of thesel9, 4 werereferenceso actions,8 were
long-distanceg intrasentential. Most CBs (47) were not pronominalized.Finally, we evaluatedthe
versionof Rule2 from (Groszetal. 1995)andfrom (Brennaretal. 1987).: theonediscussegbrevi-
ouslyandmakingclaimsaboutsequencesf transitions andonewhich simply saysthatcontinuations
arepreferredoverretainswhichin turnarepreferredover shifts(see e.g.,theintroductionto (Walker
et al. 1998b). The figuresconcerningsingle transitionsare asfollows (wherewe have classifiedas
Zero eachtransitionfrom anutterancewith aCB to onewithout,andasNull eachtransitionbetween
two utterancesioneof which hada CB):

Establishment 61
Continuation 5
Retain 5
Smooth Shift 4
Rough Shift 1
Zero 39
Null 669

Thereareno sequencesf continuationsroughshifts,andof retainfollowedby ary shift; 5 establish-
ment/ continuationsequencesgnd491 sequencesf null transitions.

Discussion

This experimentconfirmsone of the findings of the other experiments: even when using a more
accurateannotationfor sgmentationi|t is still the casethat with direct realizationmostutterances
have no CB—in only 76 caseq10% of the total) an entity introducedin one utterances mentioned
againin the next utterance.What doeschangeis the numberof sggmentboundariesmuch higher
thanin the experimentdiscussedn Section§4. Thefactthatonly 10% of utterancedhiare aCB isin
partdueto the factthatwe did not annotatefor bridging referencesbut alsoto the factthatin this
domainrelationalcoherenceplaysa moreimportantrole thanit did in the othertwo domains. For
example,utterances. andb. belonv do not referto the sameobjects(if perhapsvery indirectly), but
coherencas neverthelessachiered becausehe first one expressesnformationthatis necessaryo
supportthe second.The sameis true of c. andb.

(36) a. Youknow thatoneof the measurememiathsis bad.
b. Shawving the UUT, TP andmeasuremergectionasunknawvn is correct
c. becausavhenyou getyourfail you know thatsomethings wrong.

Our secondmainresultis thatusingrhetoricalunitsto defineutterancesandsemanticsubordination
insteadof syntacticsubordinationto define‘previous utterance’,also doesnot seemto changethe
resultthatthe two notionsof ‘previous utterance’proposedn the literatureare not significantly dif-
ferent.In fact,we foundthatblurring the distinctionbetweerfinite andnon-finiteclausess probably
not a goodidea. However, we couldonly testa subsebf the possiblecasef subordinatiorwith the
presentorpus.
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7 DISCUSSION

A comparison between different versions of the theory

Oneof our goalswasto comparethe mary differentways of instantiatingCenteringTheory on a
single dataset. The first resultof this analysisis thatin whatwe calledthe 'vanilla’ versiononly
Rule 1 is verified (exceptfor the versionof the Rule proposediy Gordonetal.). Thestrongversion
of Constraintl clearlyisn’t verified; asfor Rule 2, the storyis complicated put onecould certainly
find the presenceof somary NULL transitionssurprising,aswell asthe factthatif we countSSH
andRSHtogethertherearemoreshiftsthanretains,andasmary astherearecontinuationsAnother
unexpectedpropertyof this versionis the existenceof utterancesvith morethanonecCs.

On the otherhand,we sav thatthereare seseral ways of fixing the parametersf the theoryso
that StrongC1 s satisfied. The two choicesof parametersvith the mostdramaticimpacton Strong
Clareallowing for indirectrealizationandidentifying utterancesvith sentenceskitheroneof these
changedy itselfis sufiicientfor StrongC1to beverified. If in additionwe usearankingfunctionwith
adisambiguatiorcomponent|ike GFTHERELIN, the multiple CB casesareeliminated,aswell. The
resultingconfigurationswhich we have calledir andis, verify both StrongC1 andthe two ‘basic’
versionsof R1. With thesetwo configurationshowever, we find more Rough Shifts than Smooth
Shifts, and more Retainsthan’pure’ Continuationgi.e., without counting Establishmentswe sav
while discussinghe correlationbetweertransitionsandthe form of NP why this mightnotbeagood
idea);aswell asin mary moreexpensve transitionshancheapones.

Changingthe ranking function from GFTHERELIN to Strube-Hahndoesnot affect the results
for StrongC1 or R1 at all, but it doesresultin a distribution of transitionswhich is closerto what
one would expecton the basisof mostversionsof Rule 2; in particular we get more SSH than
RSH. So, if we werelooking for the best‘all-rounder’ configuration,that would be either1r or 1s
with Strube-Hahrranking (andtreatingsecondpersonNrs asintroducingCrs). Unfortunatelyit’s
not clearwhetherthe differencesconcerningRule 2 are significant;andit would be nice to seethe
positive corpus-basedesultsobtainedwith this type of rankingsupportedy psychologicaresearch
in theway grammaticafunctionrankinghasbeen(Hudsonetal. 1986;Gordonet al. 1993;Brennan
1995). Also, we shouldpoint outthateventheseconfigurationglon't supportStrubeandHahns own
versionof Rule 2, but only thoseproposedyy Brennanret al. andby Kibble.

We shouldalsoremembetthat a third major resultof this work is that at leastwith our corpus,
talking of a’best’ versionis not completelycorrect,becausemprovementsin onedirectiontendto
leadto worseresultsin the other In particular we sav thatthereis a cleartradeof betweenStrong
C1 andR1: reducingthe numberof violations of Constraintl, whetherby identifying utterances
with sentencespr by allowing indirect realization,resultsin significantincreasesn the numberof
violationsto Rule 1, althoughat leasttwo of theversionsof the Rulearesorobustthatthey still hold
evenin theseversions.(Yet, in theis version,7% of the utteranceshatcontaina pronounviolate the
principle.) Perhapghe mostspectaculademonstratiorof this tradeof arethe versionsof thetheory
thatadoptthedefinitionsof CB proposedy Gordonetal. (1993)andPassonnea(l1993).By adopting
aparticularrestrictve definitionof CB, theseversionssucceedn reducing(indeed eliminating,in the
caseof Passonneauthe numberof violationsof R1 - but the price is that only very few utterances
have aCB.

Thesechangeslsoaffect R2. Both the identificationof utterancesvith sentencesndindirect
realizationresultin agreatincreasan thenumberof RSH,thatbecomemorecommonthanSSH;we
alsofind moreRET than’pure’ CON.

Both ‘utterance’and‘realization’ areclearlykey parametersf thetheory whosedefinitionhasto
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be consideredrery carefully;in neithercasethe choiceshouldbeled only by the desireto minimize
the violationsto the claims. In partthis is becausef the tradeof just discussedIn the caseof the
definitionof utterancetherearesomereasondor preferringclausego sentencese.g.,mostanalysis
of discourse(e.g., Rhetorical StructuresTheory (Mann and Thompson1988)) view clausesasthe
basicunit of discourseOurresultsdo however supportKameyamas ideathatif clausesareviewedas
theunit of local focusupdate pnly finite onesshouldbe consideredtreatingall clausesasutterances
resultsin significantlyworseresults.

Otheralternatve definitionsof the parametersf thetheorydo not make muchdifferenceor have
a neggative impact. Especiallysurprising,given the importancegiven to theissuein the literatureon
Centeringjs thefactthatalternatve rankingfunctions—lineaorder or acombinationof grammatical
functionandlinearorder-did notresultin significantdifferencesEventherankingfunctionproposed
by Strubeand Hahnonly affectsthe classificationof transitions,an aspectof the theorywhich has
yet to prove of empirical significance(seethe discussionin Section§5). Changesn the definition
of previous utterancealso have limited impact. Adopting a ‘Suri-like’ notion of which utterance
shouldbe chosemas previousin casesf adjunctclausegesultsin fewer violationsof C1 thanwith
Kameyamas, but not so mary thatC1is verified,andonly if we treatrelatve clausesasutterances.
And in casgheadjunctclausecomesatthe baginningof asentenceasin if-clausesit is bestto follow
thelinearsequenceatherthantreatingit asembedded.

We shouldnote however that someof the alternatve definitionsof the parametersare supported
by empiricalevidencesuchaspsychologicafresults,that shouldsupplemenbur results. In the case
of the definition of previous utterancewe sav that psychologicakexperimentssupporta 'Suri-like’
approachat leastwhenthe syntacticallyembeddedlauseis at the end of the sentencCooreman
andSanford1996;Pearsoretal. 2000).1n the caseof ranking,whereaggrammaticafunctionranking
and linear orderleadsto undistinguishableesultsfor English, Prasadand Strubes work on Hindi
(2000)indicateghatin morefree-ordeidanguageshedifferencemaybesignificant;sodo Strubeand
Hahn’ resultsconcerninggrammaticafunction vs informationalstructurein German. (It would be
interestingto compareSTRUBE-HAHN with GFTHERELIN in Hindi.)

We alsosav thatsomechoicesnot seriouslydiscussedn the literatureturnedout to have a sig-
nificantimpact. One suchissueis the definition of 'R1-pronoun’: i.e., whetherwe shouldconsider
tracesin relative clausesthe implicit anaphoricelementsof bridging referencespr demonstratie
pronounsamongthe’pronouns’to which Rule 1 applies,or not. Anotherimportantissueis thetreat-
ment of secondpersonentities. Our resultsindicatethat if we do not treat secondpersonentities
asintroducingCF, or we treatPRO2sasR1-pronounsthereare mary moreviolationsto StrongC1
andR1, respectiely (althoughthe principlesarestill verified). Justasin the caseof relative clauses,
we have a dilemma: whetherto just consistentlychoosethe versionthat resultsin fewer violations
of the claims, possiblyat the costof adoptingdubioustheoreticalpositions;or if insteadsometimes
we shouldacceptmoreviolations,andleave the taskof accountingor suchcasego otheraspectof
discourseTwo othersuchcasesarethe choicebetweerfinite clausesandsentenceasutterancesand
thetreatmenbf nounphrasesn non-referringpositions.

Is Centering Theory verified or not?

A morefundamentatjuestionraddresseth thiswork is whetheratleastoneamongthe variantsof the
theorywe discusseds suchthatthe claimsof CenteringTheoryareverified. In orderto answerthis
guestionhowever, we have to decidehow theseclaimsshouldbeinterpreted.

If we wereto interpretthemasstrict rulesthat admit no exceptions,in the mannerof linguistic
claimssuchasthe Conserativity principlefor quantifieryKeenarandWestersihl 1997)or Principle
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A of the binding theory thenwe would have to concludethat noneof the claims of the theoryis
verified, aswe found exceptionsto all of them. This is not, however, how claimssuchasConstraint
1 or Rule 1 weremeantto beinterpreted;ather they areclearly statedas preferencesvhich, when
satisfied,male discourse®asierno read. Therefore we testedtheseclaimsin a statisticalsenseby
meanf significanceests.We have seerthanwhenthetheorys claimsareinterpretedn thisway it
is possiblgo settheparametersf thetheoryin suchawaythatatleastClandR1areclearlyverified,
andpossiblyR2 aswell, althoughwe alsosav thatR2 is wealer. We discusseachprinciplein turn.

CT as a theory of pronominalization (and salience) The morerobust of the theorys claims
arethoseaboutpronominalizatiorandsalience gxpressedy Rule 1. We saw thatat leasttwo of the
versionsof R1 proposedn theliteratureareverified underpretty muchall parameteconfigurations,
andin a very corvincing way: of the variantsin which both C1 andR1 areverified, the utterances
violating R1 arebetweer3% of thetotal for the directrealizationversionsand8% for the oneswith
indirectrealization.

Ontheotherhand,R1is a very weakclaim, thatcouldnt really be usedasthe basisfor atheory
of pronominalizatio(Henschektal. 2000).All it saysis thatif we decideto pronominalizethenwe
shouldpronominalizethe CB —but this formulationdoesnt addresshereal problemfor NLG systems
or for theoriesof productionwhichis to find whenis it thatoneshouldpronominalize The statistics
aboutpronominalizatiorpresentedn the paperaswell asthe poorshaving of Gordonetal.’s version
of Rulel, atleastwith thevariantsthatalsoverify Constraintl, indicatequiteclearlythatCss arenot
pronominalizedsfrequentlyasonewouldimagine:lessthanhalf of CB realizationsarevia pronouns.
Theopposites alsotrue: e.g.,in the1s versionwith GFTHERELIN ranking,86 outof 217third person
personalpronounsrefer to nonCBs. Exampleslike (19) illustrate one reasorwhy this happens:a
discourseentity maybe suficiently salientto justify pronominalizatiorby having beerreferredin the
text often. This discrepang betweenthe theorys predictionsandour datais analyzedoy Henschel
etal. (2000),who proposeanalgorithmfor pronominalizatiorthattakesinto accounfactorssuchas
the presencef distractoramatchingthe CB’s agreementeatureshatmayleadto the decisionnot to
pronominalizeaswell asfactorsthatmayresultin the pronominalizatiorof anon-CB. Thealgorithm
achieresanaccurayg of 87.8%on the museundomain.

CT as a theory of coherence: Constraint 1 Oneof the mainresultsof this work is thatthe va-
lidity of Centerings claimsconcerningocal coherencaelependgo a significantextenton the choice
of the parametersnuchmoresothanin the caseof the claimsaboutlocal salienceandpronominal-
ization. This appliesfor both Constraintl andRule 2. Specifically StrongC1 doesnot hold for what
we calledthe 'vanilla’ versionof the theory While it is true that this parameteiconfigurationis a
bit of a strav manin thatit hasnever beenexplicitly proposedn this form, we do believe thatthe
choicesadoptedn this versionarethosemostresearchersutsidethe areawould associatevith the
theory StrongC1 doeshowever hold for ary versionwhich eitheridentifiesutterancesvith sentences
or allows for indirect realization. (While the wealestversionof C1l-onlyrequiringthatthereis at
mostone mostsaliententity per utterance-doeshold even for the vanilla version,it’s not quite as
interestingasa claim aboutcoherence And arnyway, we found quite a few countergamplesto this
version,aswell.)

Evenin the bestcase thereare mary more exceptionsto StrongC1 thanwe found for Rule 1
(between20 and 25% of the total numberof utterancesgven when adoptinga pretty fine-grained
notionof segment. Assumingthatourtexts werecoherentthis suggestso usthattheremustbe other
ways of achieving local coherenceapartfrom what we have beencalling here’entity coherence’.
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An obvious candidatearerhetoricalrelations;indeed,sincethe very beginning of discourseanalysis
(KintschandvanDijk 1978;Hobbs1979)therehasbeenafeelingthat’entity’ coherenc&eedgo be
supplementetdy 'relational’ coherenceThis hypothesiss supportedy ananalysisof our data.

Onecaseof violationsto Constraintl in the museumdomainare utteranceshat do not referto
ary of the previous CFs becausdhey expressgenericstatementsboutthe classof objectsof which
the objectunderdiscussioris aninstance por viceversautteranceshat make a genericpoint thatwill
thenbe illustratedby a specificobject. In (37), (u2) givesbackgrouncconcerningthe decorationof
acabinet.In (38), utterancegu2)-(u5)give informationabouta particularclassof ringsto which the
objectsunderdiscussiorbelong.Notethatwhereasn the caseof (ul)-(u2)onemayconcevably treat
poligonal openworkrings as a bridging referenceto two gold finger-rings, in the caseof (u3) it is
moredifficult to find a clearbridgingreference?

(37) (ul) Onthe drawer abore the door, gilt-bronzemilitary trophiesflank a medallionportrait of Louis
XIV. (u2)In theDutchWarsof 1672- 1678,Francefoughtsimultaneoushagainsthe Dutch,Spanish,
andImperialarmies,defeatingthemall. (u3) This cabinetcelebrateshe Treatyof Nijmegen,which
concludedhewar.

(38) (ul)<title>  Two goldfingerringsfrom RomanBritain ( 2nd- 3rd centuryAD). </title> (u2)
Polygonalopenwork ringsincorporatinganinscription are a distinctive type found throughoutthe
Empire.(u3) The piercedtechniquas especiallytypical of late Antiquejewelry, (u4) but this classof ring
appearso havecomeinto usein the2ndcenturyAD. (u5) In mary caseshemottoesonthepanelsare
in Greek:Thaton 602 (left), from Corbridge Northumberlandreads:’thelove-tokenof Polemios’.

While it is truethatsomeof theseviolationscould befixed by adoptinga broademotion of bridging
reference—e.gin (37) we might treatFranceasa bridging referenceo Louis XIV—we are skeptical
thatthis wider notionof bridgecanbe annotatedeliably.

The pharmaceuticaleafletscontainmary examplesin which the connectiorbetweenclausess
explicitly indicatedby connecties,asin (39), repeatecere:

(39) (ul) Thisleafletis a summaryof theimportantinformationaboutProductA.
(u2) If youhave ary questionor arenot sureaboutarnything to do with your treatment,
(u3) askyour doctoror your pharmacist.

In mary suchcasesletting secondoersorpronounsntroducediscourseentitiesresultsin thembeing
classifiedas’entity-coherent’even thoughone may think thatthe coherences actuallyachiered by
way of theexplicit indicationof therhetoricalrelation. Oneexampleis (40).

(40) Are you sensitve or allergic to any oestrogensAre you sensitve or allergic to ary of the inactive
ingredients?Are you pregnant,planninga pregnang or think you may be pregnant. Are you breast
feeding?Do you have, or have you ever had,cancerof the breastor uterus?Have you experienced
ary unusualaginalbleedingrecently?

In fact,somemightarguethatwe don't really needanotionof 'entity coherence’sincein anrsT-style
analysisof atext every discourseunit is connectedy at leastonerhetoricallink to at leastanother
discourseunit. Butin fact,thisis oftenachiezedby introducingrelationssuchas’Elaboration’,which,
whenlooked at closely turn out to be really attemptso capturea notion of entity coherencg¢Knott
et al. ress). Recentwork on rhetoricalrelationsis comingto the symmetricalpositionto ours—that

>20f course, identifying utterances with sentences ensures the presence of a link by merging together several
clauses.
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a purely relationalaccountis not sufficient, and a separatéheory of entity coherences necessary
(Knott etal. ress)??

Topic continuity: Rule 2 Theotherclaimaboutentity conerenceRule 2—statinga preferencenot
just to keeptalking aboutthe sameobjects,but to presere their relative ranking—wasnot testedin a
statisticalsensebut seemganuchlessrobust,irrespectie of its formulation.

The first point of interestaboutthis aspectof the theory concernsthe notion of transitionthat
underliesit. With pretty muchall parameteconfigurationghat we testedtwo of the mostcommon
transitions(if not the two mostcommon)weretwo transitionsnot consideredn the literature: the
NULL transitionbetweentwo utteranceseitherof which hasa CB, andthe ZERO transitionfrom
anutterancewith a CB to onewithout. The questionto be addresseiks whetherthe theoryhasto be
extendedto cover suchcasespr whetherthey have to be accountedor by othercomponentof an
overalltheoryof discoursgseebelaw).

The versionof Rule 2 formulatedin termsof sequencesandstatinga preferencdor sequences
of CON over sequencesf RET over sequencesf SHIFT, suffersfrom the problemthatevenin the
‘best’ versionamorethantwo-thirdsof sequencemvolve two differenttransitions E.g.,in thevariant
whichyieldsthe bestresultsasfar asRule 2 is concernedir with secondpersonpronounsandusing
StrubeandHahns ranking,we find 143 CON-CON/ RET-RET / SH-SHsequences}7 ESTCON,
54 RET-SHIFT, 90 NULL-NULL, and608sequencesf othertypes.Keepingthis problemin mind,
we dofind in this versionthatthe numberof CON-CONsequenceexceedghe numberof RET-RET,
which in turn exceedsthe numberof SH-SH. This doesnt hold with GFTHERELIN ranking, where
RET-RET exceedsCON-CONunlesswe countEST-CON; nor for ary of theotherversions.

Theformulationsof Rule 2 basedon singletransitions suchasBrennanetal., accounfor larger
percentagesf the total. However, we notedthat a transitionnot discussedn theseproposalsthe
NULL transition, is the most commontransitionin all but a few configurations(suchas 1r with
GFTHERELIN, wherethe mostcommontransitionis EST). Also, thattherearemoreRSHthanSSH
in mostversiongn which utteranceareidentifiedwith sentencesr allowing with indirectrealization,
the only exceptionbeingIF usingtherankingproposedy StrubeandHahn. Finally, the preference
for CON very muchdependson whetherwe classifyestablishmentasCON or not. If we do, CON
is the mostfrequenttransitionin all of the’best’ versions.However, we obseredwhendiscussingn
Section§5 ourresultsconcerninghelinguistic predictionsbasedn transitionghatthesecorrelations
only hold, or aremuchstrongerif EST and CON are not conflated. For example,we sav thatthe
hypothesighatpronounsn subjectpositionsomeha suggestacontinuatioronly holdsif we consider
ESTasatype of shift ratherthanasa continuation.

As for the otherversionsof the Rule,we sav that StrubeandHahn’s preferencdor sequencesef
cheaptransitionsover sequencesver expensve onesisn't verified by ary of the configurationsve
testedindeed,n all configurationave looked at we found moreexpensve thancheaptransitions.

Kibble's 'decompositionbf Rule 2 is agoodway of looking atwhich of its underlying'cohesve
principles’is verified mostfrequently As we saw, the 'Kibble score’changegatherdramatically
from versionto version,to reachits highestvalue(2.62)with indirectrealization u=s,treatingsecond
persorentitiesasCFs, andStrubeandHahnranking.In this version,morethan2 / 3 of utterancesre
continuouspn the otherhand,only slightly morethan2 / 7 arecheap salientor cohesie >*

*Other sources of coherence are possible as well. E.g., Karamanis (2001) examines the possibility that TEMPO-
RAL FOCUSING (Webber 1988; Kameyama et al. 1993) may be the main source of coherence in certain texts, such
as narratives.

**Karamanis (2001) argues that the four principles proposed by Kibble should not be seen as additive, but as
‘weighted” in the sense of Optimality Theory.
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Theoretical Proposals

To proposea new versionof Centeringis beyond the scopeof this paper but therearethreebroad
theoreticalconclusionghat are suggestedrom theseresults,and shouldbe further examinedwith
psychologicatechniques.

Thefirst conclusioris thatentity-basedccount®f coherencdave to beintegratedwith accounts
of othercoherence-inducgifactors.This couldbedonein two ways. We couldbemoreexplicit about
thescopeof CenteringTheory andview it notasacomprehensie accounbf 'local coherence’but of
the contritution of entity coherencéo local coherenceAlternatively, we couldgive a’'decomposed’
formulationof Constraintl, abit like Kibble proposedor Rule2. Thatis, we couldlist thefactorsthat
canlink anutterancdo thecontet, andproposehatin orderfor anutteranceo be’locally coherent’,
atleastoneof thesdinks mustexist.>®

The secondconclusionis that perhapsGroszand Sidners ideathat a single notion—-theCB—is
sufficient to accountfor bothlocal salienceand coherenceés only an approximation.We may need
separateonceptuatools: say a CENTER OF COHERENCE to formulateConstraintl (andperhaps
Rule2) anda CENTER OF SALIENCE for Rule1. Thetwo centeramight andoftenwill beidentical,
but notatall times.In otherwords,it maybe agoodideato reconsideSidners 'two foci’ idea.

Thethird conclusionis thatensuringvARIETY seemgo be asimportanta principlein discourse
productionasmaintainingcoherenceThisis suggestethy thefactthatCcss arehardlyever continued
for morethan2-3 utterancesthatit is very unusuafor the samediscourseentity to berealizedby the
sametype of NP twice in arow (evenwith pronounswe only have 58 pronoun-pronousequences
- 26% of thetotal); andthat2/3 of all transitionsequencesgwolve two differenttransitions.In fact,
we hypothesizdéhatthe RepeatedNamePenaltyobsered by Gordonet al.— roughly thefinding that
usinga propernamein subjectpositionto referto anentity alsorealizedby a propernamein subject
positionin theprevioussentenceesultsin slower readingtimes—isbut aninstanceof thismoregeneral
phenomenon.

Definitional Issues raised by this study

Our experimentgaiseda numberof questionsaboutthe definitionsof theconceptaisedin Centering
thatwe did notfind mentionedn theliterature,or wereonly discussedn passing.

A veryimportantproblemis the needto provide a definition of the notion of R1-pronoun:which
anaphoricexpressionsare meantto be governedby Rule 1. Our provisional suggestioris thatim-
plicit anaphorssuchastracesshouldnot be included; nor shouldsecondpersonpronouns. A sec-
ond questionis whethersecondpersonentitiesshouldbe treatedas Crs. The third questionaffects
the theoriesin which rankingis basedon grammaticalfunction, and concerngthe exact specifica-
tion of grammaticalfunction beyond the simplestcases. For example, should postcopulamPs in
there-clausesbe treatedas subjectsor objects? (Our resultssuggesthe former) And, how should
nominal modifiersbe ranked? (We treatedthemasadjuncts.) Finally, thereis the questionof how
to determinethe previous utterancewhen the embeddedinite clauseis in the middle of another
finite clause,ratherthanat the end; this is very commonwith relative clausesasin But Hutchin-
son,whoappointedRanierilast seasontodaysaidthat he spent30 minuteswith theltalian afterthe
Bladkburn matd andthatresignatiorwasnever anissue

»This would be a pretty weak formulation. We may propose a stronger one, requiring the existence of a
‘strong link” - either an explicit anaphoric reference with a limited range of relations, or an explicit rhetorical
connective.
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Limitations of this study

We concludeby listing a few shortcomingf this work thatwe would like to be addressedh future
investigations.

Other domains Themajorlimitation of this studyis thatit concentratedn 'non-naturalistic’gen-
res. It would be usefulto includein the corpustexts from the genresmoretypically studiedin Cen-
tering Theory suchasnarratves anddialogues.This said,we would like to emphasizehat at least
oneof thedomainsunderstudy thatof museundescriptionspughtto beideally suitedfor atheory
of entity coherencein thatmosttexts areaboutobjectsandtheir relationshipgo otherobjects.

Semantic structuring A secondimitation of thiswork is thatit concentratedn the effect of syn-
tacticfactorson saliencejt would be usefulto studytheimpactof semantidactorssuchasthematic
roles,whenwe know how to annotatehemreliably. The studyof theimpactof rhetoricalstructurein

Sectiong6 is afirst stepin this direction.

Bridging It is obviously the casethatwith a morethoroughannotatiorof bridgingreference®ne
would getfewer violationsof C1. Thedifficult questionis whetherit is possibleto do soin areliable
fashion.
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