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A Corpus-Based Evaluation of Centering Theory

Abstract«
KNh5dfKN`bOvh5{1¬kl5KTIL`­a7liW�M®HJ`mILg,KNh¯WqYJM�KN°fYJt�XrILh5XrKTHJdfYJW�t�°f`bW�_\KN±²IL`bZB°fIL`�dfliKNIL`bOv��OPhi{�W�sLILYJdtPILXrW�t�XrILliKN`mKNhiXrK²W�h5j�M(W�tPOvKNhiXrK,U+¬kl5KNIL`�KNdfOvXrW�t³XrILh5XrKNHJdfM�M(YJXrl7W�Mµ´ YJdfdfKT`­W�hiXrK,´ ¶¸· HJ`mKNg,OvILYJM�YJdfudfKN`bW�h5XrK,´ ¶&· `mKTW�tPOv��W�dfOvILh�´ ¶wW�hij7· `bW�h5Z,Ovh5{�´rl5W�g,K�M�KN`bg,KNj²W�M�dfliK�sLW�M�OvM¹°fIL`ºdfliKNIL`bOPKTM³IL°f¶NK,U {ºU ¶L»¼��KN`�IL½HJ`mILh5IL_\Ovh5W�tvOv��W�dfOvILh¾Ovh
M(KNg,KN`bW�tNtvW�h5{,YJW�{,KNMwUÀ¿kYJdesLKTXrW�YJM�K>dfliKNM�K¹XrILh5XrKTHJdfM�±²KN`mK�Ovh5dfKNhidfOvILh5W�tvtvatPKT°fdiYJhij�KT`­M(HJKNXrOvÁJKNj²OPh®dfliK�°fIL`b_\YJtPW�dfOvILh®IL°&dfl5K�dfliKNIL`baÂ¶Àdfl5K�XrtvW�Ov_\M>_\W�jkK�Ovh®dfl5K�°f`bW�_\KN±²IL`bZl5W�g,K²ILh5tvaÃKTg&KT`RsLKNKThÄdfKNM�dfKNj7sLaÅÁJS%OPhi{ÃYJHJILhÆW£HJW�`bdfOvXrYJtvW�`#±²W�aÆIL°¹Ovh5M�dfW�hidfOvW�dfOPhi{ÆdfliK¾dfl5KNuIL`­a�´ M�´ HJW�`bW�_\KNdfKN`bMw´Nu�K,U {�U ¶ÇsLaµW�M�M(YJ_\OPhi{£dfliW�dk`­W�hiZ,OPhi{µOvM�sLW�M�KNjÅILhÈ{,`bW�_\_\W�dfOPXrW�tJ°fYJhiXrdfOvILh�U¬�liOvMRtvKNW�g,KNM�ILHJKNh\dfl5K�É,YJKNM�dfOvILhÈIL°³±²liKNdfl5KN`�W�tvtkdfl5KÊHJW�`bdfOPXrYJtvW�`�Xrl5ILOvXrKNM�OvhqW¾XrKN`bdfW�OvhÃM�dfYJjka±�KT`mK+ILHJdfOv_\W�tËU¸Ì,YJ`­dfliKN`b_\IL`mKN¶&h5ILhiK
IL°³dfliK+HJ`mKTg&OvILYJM�XrIL`bHJYJM�ufsLW�M�KNjÄM(dfYJj�OvKNM�XrliKNXrZ,KNjÄdfl5W�ddfl5K�W�h5hiILdfW�dfOPILh®ILhitva¾Ovh5g,ILtvg&KTjÈh5ILdfOvILh5M�dfliW�d5XrILYJtvjµsLK�W�h5hiILdfW�dfKNj�`mKNtvOvW�sLtPa	UÍ K¾dfKNM�dfKNjÆdfl5K®XrtvW�Ov_\M�IL°¹dfliK¾dfl5KNIL`baqOvhÄW�_\IL`mK¾{,KNh5KT`­W�t�±²W�aÃdfliW�hÄOvhÄdfl5KTM�K+HJ`mKTg&OvILYJMM�dfYJjkOPKTM�¶5sLa\df`ba,Ovh5{\dfIÈÁJhij7dfl5K+sLKTM�dºOvh5M(dfW�h5dfOvW�dfOvILhÆ°fIL`�Îkh5{,tvOPM(lÃIL°³dfliK\´ HJW�`bW�_\KNdfKN`bMw´%IL°�dfl5Kdfl5KNIL`baÄW�_\ILhi{7dfl5ILM�K�HJ`mILHJILM�KNjBOvh�dfliK£tvOvdfKN`bW�dfYJ`mKN¶�W�M
±�KTtPt¹W�M
dfl5Kµg,KN`bM�OvILhBIL°�dfl5K�XrtvW�Ov_\M±�Ovdfl\dfliK�°fKN±²KNM�dJg,OvILtPW�dfOvILhiMwU Í K�jkOvjÃdfliOvM�sLa�W�h5hiILdfW�dfOvh5{µW�XrIL`bHJYJM�IL°�dfKTS	dfM�°f`�IL_Ïdf±²I²j�OvM�udfOPhiXrdJjkIL_\W�OPhiM¸±²Ovdfl£Ovhi°fIL`­_\W�dfOvILh�dfl5W�dVliW�M¸sLKNKTh£XrtvW�Ov_\KNjqdfI¾W�°Ð°fKTXrdJdfl5K�OPhiM�dfW�h5dfOvW�dfOvILh�IL°Jdfl5KHJW�`­W�_\KTdfKN`bMRIL°�dfl5K�dfl5KNIL`baµW�hijÄXrW�hÆsLK�W�h5hiILdfW�dfKNjÆOvhÅW¾`mKNtvOvW�sLtvK¾°fW�M�liOPILh³U Í K�°fILYJh5jk¶&ÁJ`bM�df¶dfl5W�d5W�ditvKNW�M�d5df±²I�g,KN`bM�OvILh5M¹IL° ^ YJtvK¾Ñ¹W�`mK�g&KT`­OvÁJKNjµYJh5jkKN`º_\ILM(di±²W�a,M¹IL°5XrIL_\HJYJdfOvh5{¾dfliK�sLW�uM�OvX�hiILdfOvILh5M¸IL°kdfliK#dfl5KTIL`­a	ULceKNXrILhijk¶edfl5W�dJdfliK#g,W�tvOvj�Ovdfa£IL°

«
ILh5M�df`bW�Ovh5d�Ñ�jkKNHJKNhijkM>_\IL`mK#dfl5W�hdfl5W�dÇIL° ^ YJtvK�Ñ�ILh
dfliK>±²W�a�HJW�`bW�_\KNdfKN`bM�IL°Çdfl5K�dfl5KNIL`baÒM(YJXrl
W�M�YJdfdfKN`bW�h5XrK�W�h5j®`mKNW�tvOv��W�dfOvILh+W�`mKj�KTÁJh5KNjkÓÇOvh\HJW�`bdfOvXrYJtPW�`Ð¶&Ov°�±²KÒOvj�KTh5dfOv°fa£YJdfdfKT`­W�hiXrKNM�±²OvdflÈÁJh5OvdfKÒXrtvW�YJM�KTM�¶LW�h5jÅILh5tva�W�tPtvIL±A°fIL`j�Ov`mKTXrd�`mKTW�tPOv��W�dfOvILh5¶iM�Ov{,h5OvÁJXrW�h5dftvaµ_\IL`�K�YJdfdfKT`­W�hiXrKNM�g,OvILtPW�dfK�dfl5K�sLKTM�dfufZ,h5IL±²hµg,KN`bM�OvILh\IL°�dfl5KXrILh5M�df`bW�Ovh5d�dfl5W�h\M�W�dfOvM�°faÈOvd­U³¬kl5Ov`mjk¶&dfl5W�d ^ YJtvKÊÔ+OvM�g&KT`­a£M�KNhiM�OvdfOPg,KÊdfI�dfl5KÊjkKNÁJh5OvdfOvILh5M�¶,sLKNOvhi{g&KT`­OvÁJKNj\ILhitva¾YJh5jkKN`³W#g&KT`­a+°fKN±�±²W�a&M�IL°VM�HJKTXrOP°fa,Ovh5{+dfl5K�HJW�`­W�_\KTdfKN`bMwU Í KRW�tvM�I¾°fILYJhijÈdfl5W�dOPd�OvM�g,KN`ba�jkOP°ÕÁJXrYJtvdºdfI�M�W�a£±²liOPXrlqOvM�dfl5K�´ sLKNM(d­´w±²W�aµIL°�M�HJKNXrOv°fa,Ovh5{£dfl5KNM�K#HJW�`­W�_\KTdfKN`bM�¶LM�Ovh5XrKdfl5KN`mK�OvM#W®df`bW�jkKNIL°Ð°ºsLKNdf±²KNKNh

«
ILhiM�df`bW�OPhid�ÑRW�hij ^ YJtvKÈÑ#u³df`ba&Ovhi{ÈdfIÈ`mKNjkYJXrK�dfl5K�h5YJ_\sLKN`�IL°YJdfdfKN`bW�h5XrKNM�±²Ovdfl5ILYJdkW+sLW�XrZ,±²W�`mjkuftvILILZ,OPhi{µXrKNhidfKN`#»×ÖkØÀ½³`mKNM(YJtPdfM�Ovh\W�hqOvh5Xr`mKTW�M�KNjÆhiYJ_\sLKN`¸IL°XrW�M�KNM�Ovhµ±²liOPXrl£M�IL_\K#jkOvM�XrILYJ`bM�K�KNh5dfOvdfay¶%sLYJdVh5ILdVdfliK+ÖkØT¶e{&KTdfM>HJ`mILhiIL_\Ovh5W�tvOv��KNjk¶ÇW�h5j\g,OvXrKNg,uKN`bM�W&U

Ù ÚÜÛ�Ý\Þ%ßµàÅÝ\Þ	Û §�¥
CenteringTheory (JoshiandWeinstein1981;Groszet al. 1983,1995;Walker et al. 1998b)is the
partof GroszandSidner’s generaltheoryof attentionandcoherencein discourse(Grosz1977;Sid-
ner1979;GroszandSidner1986)concernedwith local coherenceandsalience,i.e., coherenceand
saliencewithin discoursesegments.A fundamentalcharacteristicof CenteringTheory, andakey dif-
ferencefrom earlier theoriesof focusingmoredirectly concernedwith anaphoraresolutionsuchas
Sidner’s (1979),is thatit is moreof a linguistic theory- andaveryabstractone- thanacomputational
theory. By this we mean,first of all, that its primaryaim is to make cross-linguisticallyvalid claims
about(certainaspectsof) discourseviewedasa linguistic phenomenon,ratherthanto provide algo-

Ñ



rithmsfor anaphoraresolutionor anaphorageneration(althougha varietyof algorithmsbasedon the
theoryhavebeenproposedin theliterature).And second,thatthetheoryaimsto specifya’conceptual
vocabulary’ of discoursenotionswhich canbeusedto make suchclaims;this vocabulary is meantto
playa roleanalogousto thatplayedin syntaxby notionssuchas’command’or ’specifier’.

Theresultis a theoryverydifferentfrom thosetypically proposedin theliteratureon anaphorain
thefieldsof NaturalLanguageProcessingandNaturalLanguageGeneration;indeed,onethat leaves
many computationallinguists disconcerted.Particularly disturbingis the fact that paperssuchas
(Groszet al. 1995)do not specifyalgorithmsfor computingcentralnotionsof thetheorysuchas‘ut-
terance’,‘previousutterance’,‘ranking,’ and‘realization’. ((Groszet al. 1995)claim thatwhile these
conceptsplay a centralrole in any theoryof discoursecoherenceandsalience,their precisecharac-
terizationshouldbe left for subsequentresearch;indeed,notionssuchasrankingmight be defined
in a differentway for eachlanguage(Walker et al. 1994).) In fact,differentdefinitionsof thecentral
notionsof thetheoryhavebeenproposed,oftenby thesameauthors(cfr., e.g.,thedifferentdefinitions
of ÖkØ in (Groszet al. 1983,1995;Gordonet al. 1993). This situationis very similar to theonewe
encounterin syntax,wherenew definitionsof ’command’arecontinuouslybeingproposed.But it
makesCenteringratherdifferentfrom thetheoriesmostcommonlyencounteredin computationallin-
guistics,whichtendto involvedetailedspecificationsof algorithms(Hobbs1978;Sidner1979;Carter
1987;LappinandLeass1994;Hardt1997;Mitkov 1998;VieiraandPoesio2000).

This underspecificationdoesn’t meanhowever that Centeringis merelyan attemptat mapping
out a field of research,without makingany specificclaims. On thecontrary, sometimesthetheory’s
claimsarestrongerthanthoseof competingtheories,aswe will seebelow. It doesmeanthoughthat
two theoriesmaybothbecompatiblewith theframework’s centralclaimsyet make differentpredic-
tions,justasdifferentwaysof specifying’command’mayresultin differentpredictionsaboutbinding
violationsor aboutthepossibledistinctscopalreadingsof a sentence(for examplesof thelatter, see,
e.g.,(Reinhart1983;May 1977,1985;Szabolcsi1997)). This freedomto ‘fill thegaps’hasproven
inspirationalfor researchers,who have devoted themselves to provide suchdefinitions,for specific
languagesor in general;somuchsothat theconceptualframework providedby theearlierpapersin
CenteringTheoryhasbeenthebasisfor mostwork on localsaliencein computationallinguistics,and
evenin psychology, in thelasttenyears.But in partbecauseof theunderspecification,in partbecause
of the existenceof so many competingversions,many peoplewonderabouttheempiricalstatusof
the theory: i.e., aboutthe extent to which its claimsaresupportedby empiricalevidence,andhow
they areaffectedby theway theparametersarespecified.In orderto bemeaningful,this comparison
shouldbedoneusingthesamedataset.

Thework presentedin thispaperhadtwo maingoals:to find out theextentto which ’core’ claims
of CenteringsuchasConstraint1, Rule 1, andRule 2 (introducedbelow) areactuallyverified, i.e.,
how many violationsof theseclaimsoneactuallyencounters,underseveralwaysof instantiatingthe
parametersof the framework, comparedon thesamedata. In doingso,we alsointendedto find out
which of themany way of specifyingthe ‘parameters’of Centeringwould make theseclaimsmost
accurateaspredictorsof coherenceandpronominalizationfor English. We did this by annotatinga
corpusof Englishtexts with the sort of informationrequiredto implementa numberof variantsof
CenteringTheory, andusingthis corpusto automaticallychecktheclaimsundera varietyof ’param-
eterconfigurations’.Othercorpus-basedstudiesof Centeringalreadyexist (Walker1989;Passonneau
1993;Byron andStent1998;Di Eugenio1998;Kameyama1998;StrubeandHahn1999;Tetreault
1999),but they only comparedtwo or threeinstantiationsof the Centeringframework; the present
studyis moresystematicthantheseearlierstudiesbothin thatit considersagreaternumberof param-
eters,andmorepossibleparameterconfigurations;andin that we carefully checked our annotation
techniquesto ensurereliability. We alsodevelopedanannotationmanualthatcanbeusedto extend

Ô



ouranalysisto otherdata.
Anotherdifferencefrom earlier comparisonsbetweenversionsof CenteringTheory is that we

wantedto evaluatethepredictionsof the theoryin domainsof interestfor realapplications–Natural
LanguageGeneration,in our case.For this reason,we usedtexts in two genresnot yet studiedin the
Centeringliterature,but of interestto developersof á�â	ã systems:instructionaltextsanddescriptions
of museumobjectsto bedisplayedonWebpages.

Thepaperis organizedasfollows. Wefirst review thebasicnotionsof thetheory. Wethendiscuss
how thecorpuswasannotated,andhow theannotationwasused.In Section4 we presentour main
results. In Section5 we re-examinea few claimsmadein the Centeringliteratureconcerningthe
linguistic impactof notionsfrom Centering.In thefollowing sectionwebriefly reportasecondseries
of experimentsinvestigatingtheimpactof rhetoricalstructure.Thefinal discussionis in Section6.

ä å �!§�� àGÚ �+§ ÝÒà ¨+¥ Û å ¢B�
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CenteringTheory is simultaneouslya theoryof discoursecoherenceandof discoursesalience.As
a theoryof coherence,it attemptsto characterizeðeá¸ñÇò×ñÇó uôÖkõ¹ö ðe÷iðeá�ñ discourses- i.e., discourses
that canbe consideredcoherenton the basisof the way discourseentities(‘topics’) are introduced
anddiscussed.ø At thesametime, it is alsointendedto bea theoryof salience: i.e., to predictwhich
entitieswill bemostsalientat any giventime - which makesit alsoa theoryof pronominalizationas
well, giventhattheentitiesmostsalientarethosemostlikely to bepronominalized(Groszetal. 1995;
Gundeletal. 1993).Wecan’t includein this papera full descriptionof, andmotivationfor, themany
versionsof Centeringproposedin the literature;we simply summarizein this sectiontheseexisting
proposalsin enoughdetailto allow thereaderto follow thesubsequentdiscussion,andreferthereader
to basicreferencessuchas(Groszet al. 1995),thepapersin (Walker et al. 1998b),or thediscussion
in (PoesioandStevensonpear).ù

The main claim of the theoryis that every utterancein a discoursehasa ‘central entity’, called
the ‘Backward-LookingCenter’,or ÖkØ . A second,andalmostequally important,claim is that the
discourseentities’realized’by an utterance(moreon the notion of ’realization’below) are ranked,
andthe identity of the ÖkØ is crucially determinedby this ranking. Theprimary intuition aboutlocal
coherencethatGroszet al. attemptto captureis the ideathatdiscoursesin which successive ’utter-
ances’keepmentioningthesamediscourseentitiesareperceivedas’more coherent’thandiscourses
in whichdifferententitiesarementioned,alreadyadvancedin work suchas(Chafe1976;Kintschand
vanDijk 1978;Givon1983).Oneroleof the Ö�Ø is, then,to ‘link back’ theutterancein whichit occurs
to thepreviousdiscourse.As far aslocal salienceis concerned,CenteringTheory’s basiccontention
is that the ÖkØ is most likely to be realizedasa pronounthanotherentities. Theseviews, aswell,
aresharedwith a numberof othertheoriesof discourse,whetherin thepsychological(e.g.,(Sanford
andGarrod1981)),computational(Alshawi 1987;Sidner1979)or linguistic literature(Prince1981;úüûwýTþ¼ÿ þ ��� �����
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Givon 1983);theclaim thatpronominalizationcorrelateswith higherrankingis especiallyexplicit in
(Ariel 1990;Gundeletal. 1993).

According to CenteringTheory, the rankingof Örq s is determinedby factorssuchasthe gram-
maticalfunctionof the á�s realizingthediscourseentity, thediscoursestatusof thediscourseentity
andin particularwhetherit hasbeenpronominalizedbefore(Groszet al. 1995,p. 212). (Thefactors
affectingrankingarediscussedbelow.) Thisclaimis motivatedby thecontrastbetweenexampleslike
(1) and(2).t
(1) a. Somethingmustbewrongwith John.

b. He hasbeenactingquiteodd.(He= John)

c. He calledupMike yesterday.

d. Johnwantedto meethim quiteurgently.

(2) a. Somethingmustbewrongwith John.

b. He hasbeenactingquiteodd.(He= John).

c. He calledupMike yesterday.

d. He wantedto meethim quiteurgently.

Discourses(1) and(2) only differ in their (d) sentence,but, accordingto Groszet al., (1d) is not as
felicitousas(2d). Thereason,they argue,is thatafter the(c) utterances,thediscourseentity John is
morehighly rankedthanMike, soit will bethe‘center’of thenext utteranceprovidedthatit’s realized
in it; andgiventhepreferencefor pronominalizingthe ÖkØ , Johnshouldbepronominalizedif 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
notethe contrastbetweencontinuations(c)-(f) of the discourseinitiated by utterances(3a-b)(these
areexamples(7) through(10),Grosz,JoshiandWeinstein,1995,p. 211-212).

(3) a. Susangave Betsyapethamster.

b. Sheremindedherthatsuchhamsterswerequiteshy.

c. SheaskedBetsywhethershelikedthegift.

d. Betsytold herthatshereally likedthegift.

e. Susanaskedherwhethershelikedthegift.

f. Shetold Susanthatshereally likedthegift.

Accordingto Groszet al, thereis a marked decreasein acceptabilityfrom (3c) to (3f)), whereasif
both SusanandBetsywereequallyhighly ranked after utterance(b), all variantswould be equally
acceptable.

Accordingto Groszetal, rankingaffectscoherenceaswell, in thesensethatthefewerthechanges
in the rankingof discourseentitiesacrossutterances,the morea text feels(locally) coherent.This
claim is motivatedby thecontrastbetweenexampleslike (4) and(5) (theseareexamples(7) and(8)
from (Groszetal, 1995)):

(4) a. Johnwentto his favorite musicstoreto buy apiano.

b. He hadfrequentedthestorefor many years.

c. He wasexcitedthathecouldfinally buy apiano.

d. He arrivedjustasthestorewasclosingfor theday.u , 0�; ÿ �wv\x
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(5) a. Johnwentto his favorite musicstoreto buy apiano.

b. It wasastoreJohnhadfrequentedfor many years.

c. He wasexcitedthathecouldfinally buy apiano.

d. It wasclosingjustasJohnarrived.

Accordingto Groszetal., althoughbothdiscoursesexpressthesameinformation,in thefirst discourse
thediscourseentity Johnthemosthighly rankedin all utterances;this ‘packaging’of theinformation
(Vallduvi 1990)conveys theimpressionthatall utterancesare’about’ thesamediscourseentity, John,
which makesthediscoursehighly coherent.In (5), by contrast,utterance(b) and(d) areconstructed
in suchawaythatthestore is rankedmorehighly thanJohn; althoughin factJohn is still thecenterof
every utterance,thesecontinuouschangesin rankingsuggestthat thediscoursedoesnot have a clear
center. Theresultis thatthereaderfindsthis secondtext lesscoherent.

| îeê(}w~]��ë�ï-�Tê�����~]�¹ê¹í�ë�í�îeêRï
The fundamentalassumptionof Centeringis that when processinga discourse,a local attentional
state,or â õ¹Öz� â qTõ�Öz��� , is continuouslyupdated;theminimalupdateunit is calledthe � ñeñÇðe÷ � á Ö ð .
The local focusconsistsof a setof qTõ ÷w� � ÷�� u â õ¹õ(� ò×á�ã Ö ðeá�ñeðe÷ � ( Özq s), which might be thought
of asmentionsof discourseentities(Karttunen1976;Webber1978;Heim 1982;Kamp andReyle
1993)or ’potentialdiscoursefoci’ (Sidner1979)in a givenutterance.The local focusalsocontains
informationaboutthe relative prominenceof theseÖrq s, someof which areespeciallysingledout.
Utterancesupdatethe local focus by replacingthe current( Özq s) with new ones. The set of Özq s
introducedin the local focus by utteranceU � in discoursesegment � � is indicatedby Özq (U � , � � ),
generallyabbreviatedto Özq (U � ). Brennanet al. (1987)formalizetherelationshipbetweenutterances
andCFsby meansof oneof their so-called‘Constraints’:�
�9�\�r���"�_�'�"�z���'�

Every elementof thelist of forwardcentersfor U, Özq (U,DS),mustbe ÷5ð � â	ò��5ð�� in
U.

Wesaw above thatanimportantclaimof thetheoryis thatforward-lookingcentersare ÷ � á � ðY� , and
that becauseof this ranking,some Özq s acquireparticularprominence.The mosthighly ranked Özq
realizedby anutterance(whenoneexists) is calledthe ’PreferredCenter’,or Ö s . Furthermore,and
most importantly, the notion of rankingis usedto characterizeoneof the Özq s asthe Ø��¹Ör� � � ÷E� uâ õ¹õ�� ò×á¸ã Ö ðeá¸ñÇðe÷ ( ÖkØ ). The ÖkØ is theclosestconceptin CenteringTheoryto thetraditionalnotion
of ’topic’ (Sgall1967;Chafe1976;Givon 1983;Reichman1985;Vallduvi 1990)andplaysa central
role in thetheory’s claimsaboutbothlocal coherenceandlocal salience(discussedbelow).

Althoughin theoriginalpaper(Groszetal. 1983)the ÖkØ wasonly characterizedin intuitive terms,
subsequentwork within theframework hasbeenusuallybasedonthefollowing definitionof the Ö�Ø of
utteranceU � in termsof ranking,proposedby Groszetal. (1995)andcalled’Constraint3’ by Brennan
etal. (1987):

�9�\�r���"�_�'�"�z��� ÖkØ (U � ), the ØY�¹Öz� � � ÷E� u â õ¹õ�� ò×á�ã Ö ðeá�ñeðe÷ of utteranceU � , is the highestranked
elementof Özq (U �J�l� ) thatis realizedin U � .� 7 
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Noticethataccordingto thisdefinitionthevalueof the ÖkØ dependsexclusively onrankingand’previ-
ousutterance’,thusmakingthespecificationof thesenotionscrucialto thepredictionsof aparticular
implementationof the framework. This is in clear contrastwith the view expressedby Sidnerin
herdissertation,wheredeterminingthe(discourse)focusinvolvedcomplex computationsalsotaking
into account,for example,which entitieshadbeenreferredto, andfor how long. We will consider
competingcharacterizationsof the ÖkØ below.

Finally, the intuition that texts areperceived to be (locally) morecoherentwhensuccessive ut-
terancesarepackagedin sucha way as to be perceived asbeing ’about’ the samediscourseentity
hasbeenformalizedin the Centeringmodelasa preferencefor certainwaysof updatingthe local
focus.Thispreferenceis formulatedin termsof aclassificationof utterancesaccordingto thetypeofñÇ÷ � á � ò×ñÇò õ á (update)they inducein thelocal focus: i.e.,whetherthe ÖkØ andthe Ö s change.Many
suchclassificationsof transitionshavebeenproposed.(Groszetal. 1995)distinguishedbetweenthree
typesof transitions,dependingon whetherthebackwardlooking centerof U �J�l� is maintainedor not
in U � , andonwhetherÖkØ (U) is alsothemosthighly rankedentity ( Ö s ) of thatutterance:

�9¨'�z�"¨'�1�9�\�r�"�"�z©z�'�"�"�\�«ª$�9¬®­®¯"� ÖkØ (U � ) = ÖkØ (U �J�l� ), and ÖkØ (U � ) is themosthighly ranked Özq ( Ö s )
of U � (i.e., Ö s (U � ) = Ö�Ø (U � )

�9¨'�z�"¨'�1°9¨'�"�'�"�z�"�r±²ª$°S³z´�¯"� ÖkØ (U � ) = ÖkØ (U �J�l� ), but Ö s (U � ) µ¶ ÖkØ (U � )
�9¨'�z�"¨'�1·z¸z�"¹_�"�"�r±²ª$·rº®»_¼\´�¯"� ÖkØ (U �½�l� ) µ¶ ÖkØ (U � )
Wewill review a few alternative classificationsbelow.

¾¿�Tí�ê | À �Tí�Á�ï
CenteringTheoryis notsimplyaconceptualvocabulary; thenotionsintroducedaboveareusedto for-
mulatethethreemainclaimsof thetheory, for whichwefollow againtheterminologyof ’constraints’
and’Rules’ proposedby Brennanetal:

�9�\�r���"�_�'�"�z��Âyª$·z�"�_�\�r±\¯"�
All utterancesof asegmentexceptfor the1sthave exactlyone ÖkØ .Ã

°9©zÄ"¨QÂ'�
If any Özq is pronominalized,the ÖkØ is.

°9©zÄ"¨Q�'�
(Sequencesof) continuationsarepreferredover (sequencesof) retains,which arepreferred

over (sequencesof) shifts.

Constraint1 is, first of all, a claim aboutlocal coherence:namely, that thereis a preferencein dis-
coursesto continuetalking aboutthe sameentities. If oneseesthe notion of ÖkØ asa formalization
of theideaof ’topic’ (Gundel1998;Hurewitz 1998;Miltsakaki 1999), theconstraintcanbeseenas
a claim that thereis exactly one(or no morethanone)’topic’ at eachpoint. (Whereas,say, Sidner’s
theorycanbeseenasinvolving two ’topics’,andtheoriessuchas(Givon1983;Alshawi 1987;Lappin
andLeass1994;Arnold 1998)assumethatbeinga ’topic’ is only a matterof degree- alternatively,
that therecanbean arbitrarynumberof topics.) Constraint1 alsomakesa claim aboutsalience,in
thesenseof ‘lik elihoodto bepronominalized’- see,e.g.,(Gundelet al. 1993): that thereis exactly
onemostsaliententity at eachpoint. Rule 1 is the main claim of the theoryaboutpronominaliza-
tion, statinga preferencefor pronominalizingthe ÖkØ , if anything is pronominalizedat all. Rule2 is,Å CD� # 	 #�ÿ ���w�
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again,a claim aboutcoherence:it statesa preferencefor preservingthe ÖkØ over changingit, andfor
preservingit asthemostsaliententityover changingits relative ranking.

More generally, theseclaimsexpresswhat is perhapsthe mostdistinguishingfeatureof Grosz
andSidner’s generaltheoryof the attentionalstateasarticulated,say, in (GroszandSidner1986):
thatcoherenceandsaliencearestronglytied,bothat theglobal level (where,accordingto Groszand
Sidner, theattentionalstateis ’parasiticon the intentionallevel’ which ensures(global) coherence),
andat thelocal level, wherethedatastructurewhosevaluesdeterminewhethera text is perceivedas
beingcoherentalsocontrolspronominalization.An additional(implicit) assumptionis thatcoherence
within asegmentis (largely) entitycoherence,whereasglobalcoherenceis mainlyof theintentional/
rhetorical/ relationalsort(KintschandvanDijk 1978;Stevensonetal. 2000).

Finally, it is importantto stressthat theseclaimsaremeantto indicatepreferencesratherthan
hard-and-fastconstraints.

. . . the most fundamentalclaim of CenteringTheory [is] that to the extent a discourse
adheresto Centeringconstraints,its coherencewill increaseandtheinferenceloadplaced
uponthehearerwill decrease.(Groszetal. 1995,p.210)

Ì9Í�~yÎ(�]Ï'�]ÁÐ~Të�~]ÏwïRîYÑ | ~Tê�ëR~]Ï�í�ê�Ò�Ì9Í�~LîYÏRÓ
Theconceptsintroducedin Centeringto theorizeaboutthe local focus- ‘utterance’,‘previousutter-
ance’, ‘ranking,’ and ‘realization’ - were left essentiallyundefinedby Grosz,JoshiandWeinstein,
althoughthey suggestedwaysof definingthem. Similarly undefinedis thenotionof ’pronoun’ gov-
ernedby Rule1: shouldit includeonly third personsingularpronouns?Or alsoplural ones?What
aboutsecondpersonpronouns?Without providing full specificationsof suchnotionsit is impossible
to evaluatethe claimsabove - just as,say, the predictionsof GovernmentandBinding theorycan-
not be testedwithout giving a fully explicit definition of ’command’or ’argument’. As a result,a
considerableamountof work in the areahasbeenconcernedwith establishingthe best’parameter
instantiations’:wereview someof theseproposalshere.Ô
Õ �"�"¨'�_�'�zÖ�¨e�'�z×ÙØz�_¨'Ú\�"�W©z� Õ �"�"¨'�_�'�zÖ�¨

In theearlyCenteringpapers,utteranceswereimplicitly iden-
tified with ’sentences’.Kameyama(1998),however, notedthat suchidentificationmakesanaphoric
expressionsmuchmoreambiguousthanif they wereresolved clauseby clauseand,furthermore,it
leadsto problemswith multiclausalsentences:e.g.,grammaticalfunction rankingbecomesdifficult
to compute,asasentencemayhavemorethanonesubject.Kameyamaproposedinsteadthatthelocal
focusis updatedby eachtensedclause,ratherthanby eachsentence;andsheclassifiedfinite clauses
into (i) utteranceunits that constitutea ’permanent’updateof the local focus,suchascoordinated
clausesandadjuncts,and(ii) utteranceunits that resultin temporaryupdatesthatarethen‘popped’,
muchasthe informationintroducedinto discourseby subordinateddiscoursesegments.Kameyama
calledunitsof this secondtype ðYÛ Ø ðY�H��ð�� utteranceunits,andproposedthat clausesthat serve as
adjuncts,or ascomplementsof certainverbs,behave this way. For example,Kameyamaproposesto
breakup(6) asfollows:

(6) (u1) Ü-Ý�Þ entrancein Scene2 Act 1 broughtsomedisconcertingapplause(u2) evenbefore ß�à\Ý had
sunga note. (u3) Thereaftertheaudiencewaxedapplausehappy (u4) but discriminatingoperagoers
reservedjudgment(u5)as à\ÝIÞ singingshowedsignsof strainá >�����89����	W�A	 þ � ÿ ���
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Experimentsby Pearsonet al. (2000)confirmedthat Özq s introducedin mainclausesaresignificantly
morelikely to besubsequentlymentionedthan Özq sintroducedin complementclauses,whichsupports
Kameyama’s claim that complementsshouldbe treatedasembedded.However, a semi-controlled
studyby SuriandMcCoy (1994)ledthemto proposethatsometypesof adjuncts–inparticular, clauses
headedby afterandbefore–shouldbetreatedas‘embedded’ratherthanas‘permanentupdates’assug-
gestedby Kameyama;theseresultsweresubsequentlyconfirmedby CooremanandSanford(1996).
Thestatusof othertypesof clausesis lessclear. (Kameyama1998)proposesa tentative analysisof
relative clauses,accordingto which they are temporarilytreatedasutterancesandupdatethe local
focus,but arethenmergedwith theembeddingclause;this hypothesiswasn’t however tested.Other
subordinateclausesandparentheticalsarenotdiscussedby eitherKameyamaor Suri andMcCoy.

Kameyama’s identificationof utteranceswith tensedor finite clauseshasrecentlybeenquestioned
in work suchas(StrubeandHahn1998;Miltsakaki 1999).Miltsakaki (1999)argues,on thebasisof
cross-linguisticdatafrom EnglishandGreek,that utterancesarebestidentifiedwith sentences,and
thatonly themainclauseshouldbeconsideredfor theranking.

°9¨'�'Ä"�"ã'�'�"�"�\�
Groszet al. (1995)considertwo possibleways in which a discourseentity may be

’realized’in anutteranceasrequiredby Constraint2. ��ò×÷ið Ö ñ realizationis whena nounphrasein
theutterancerefersto that Özq . ò×áe��òÐ÷5ð Ö ñ realizationis whenoneof thenounphrasesin theutterance
is abridgingreferenceto that Özq in thesenseof (Clark1977),i.e.,ananaphoricexpressionthatrefers
to anobjectwhichwasn’t mentionedbeforebut is somehow relatedto anobjectthatalreadyhas.For
example,in thefollowing discourse:

(7) Johnwalkedtowardsthehouse.Thedoorwasopen.

John, thehouseandthedoor aredirectly realizedin therespective utterances;in addition,thehouse
canbe thoughtasbeingindirectly realizedin thesecondutteranceby virtue of beingreferredto by
thebridgingreferencethedoor (see,e.g.,thediscussionin (Groszet al. 1995;Walker etal. 1998b)).

°9�'�zär�"�z±
Perhapsthemostdiscussedparameterin Centering–atleastin theversionsof thetheory

thatacceptthedefinitionof Ö�Ø specifiedby Constraint3– is ranking.All theoriesbasedonCentering
assumethatseveralfactorsplay a role in determiningtherelative rankingof forwardlookingcenters;
in fact, (Walker et al. 1994,1998a)claim that the ranking factorsmay not be the samein all lan-
guages.Nevertheless,at leastasfar asEnglishis concerned,mostversionsof the theoryever since
(Kameyama1985,1986) and (Groszet al. 1986)have assumedthat ã³÷ � ÛåÛ � ñÇò Öz� â qV� á Ö ñÇò õ á
plays the main role in determiningthe orderamongforward looking centers. Specifically, (Grosz
etal. 1995)claim thatsubjectsarerankedmorehighly thanobjects,andthesearerankedmorehighly
thanothergrammaticalpositions- summarizedasSUBJ æ OBJ æ OTHERS(seealso(Kameyama
1986;Hudsonetal. 1986)).Slightly differentrankingfunctionsbasedongrammaticalfunctionwhere
proposedby Brennanet al. (1987)(who madea furtherdistinctionbetweenobjectsandindirectob-
jects),andby Walkeretal. (1994);Turan(1995)for JapaneseandTurkish,respectively. Thereis quite
a lot of psychologicalsupportfor at leasttheideathatsubjectsaremorehighly ranked(Hudsonet al.
1986;Gordonet al. 1993;Brennan1995;Hudson-D’ZmuraandTanenhaus1998).

In more recentversionsof the theory, other factorsaffecting ranking have beenconsideredas
well. Rambow (1993)proposedanaccountof scramblingin Germanbasedon theideathatrankingis
mainlydeterminedby surfaceorderof realization.Theideathatorderof mentionaffectsthesalience
of discourseentitiesis quite well-establishedin the psychologicalliterature;experimentsbasedon
probe-wordsleadresearcherssuchasCorbettandChang(1983);GernsbacherandHargreaves(1988)
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to suggestthatorderof mentionaffectsrecallfrom memory, andin particular, thatthefirst-mentioned
discourseentityin asentenceis themostsalient.Theinteractionof orderof mentionwith grammatical
function hasalsobeenstudied- e.g.,by Gordonet al. (1993),who observed a ÷iðYs	ð � ñÇðY��á � Û
ð
seðeá � âÀñÇó ( ÷iáes ) è for Örq s in subjectpositionboth whentheantecedentwasin subjectpositionand
whenit wasthefirst-mentionedentity in a non-subjectposition(asin In Lisa’s opinion,heshouldn’t
havedonethat), suggestingthatthefirst mentionedÖzq is ashighly rankedasthesubject.

StrubeandHahn(1999)argue that the rank of discourseentitiesis determinedby the position
they hold in Prince’s (1981;1992)givennesshierarchy. Morespecifically, StrubeandHahnarguethat
HEARER-OLD entitiesrank higher thanMEDIATED entities;and in turn, theserank higher than
HEARER-NEWentities.é

HEARER-OLD æ MEDIATED æ HEARER-NEW.

This basicranking combineswith order of mention. Among eachcategory, the entitiesoccurring
earlierin thesentenceareranked morehighly.More formally, StrubeandHahncharacterizeranking
asa partialorderrelation æ , definedasfollows:

1. If x belongsto OLD andy belongsto MED, x æ y

2. If x belongsto OLD andy belongsto NEW, x æ y

3. If x belongsto MED andy belongsto NEW, x æ y

4. If x andy belongto thesameset(OLD, MED, or NEW) andx precedesy, x æ y

5. Otherwise,x andy areunordered.

Sidner’s original hypothesisthatrankingdependedon thematicroles,abandonedin theearlyver-
sionsof CenteringTheory, wasput forwardagainby Cote(1998).Thisclaim is supportedby psycho-
logicalwork on ’implicit causality’verbs(Caramazzaetal. 1977)aswell aswork by (Stevensonetal.
1994;Pearsonet al. 2001b). In particular, thereis evidencethatwith certainverbs,thenormalpref-
erencefor subjectsto rankhigherthantheir objectsis reversed; andin transfersentences,THEMEs
arerankedmorehighly thanGOALs, which in turnarerankedmorehighly thanSOURCEs,although
thesepreferencesaremodifiedby otherfactorssuchasorderof mention,thetypeof connective, and
animacy (Stevensonet al. 1994,2000;Pearsonetal. 2001b,a).
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NeitherGrosz

et al. (1995)nor GroszandSidner(1986)give a completelyexplicit accountof the interactionbe-
tweenthe two levels of coherenceand salience(global and local) assumedin the framework, but
subsequentstudieshave addressedsomeof theissuesraisedby this assumption.As far ascoherence
is concerned,oneimportantquestionis whetherlocal coherenceis completelydependenton global
coherence:i.e.,whetherashift at theintentional/ globallevel alwaysresultsin ashift at thelocal / en-
tity level aswell. A numberof recentstudiesandproposalssuggestthattherelationbetweenthetwoò vr�����)� ý f�gwh�iZj ÿ ýÀþ �����)&'��	�� þ�
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levels is likely to bemorecomplex. Studiesincluding(Passonneau1998;Walker 1998)suggestthat
segmentboundariesdo not correlatevery well with transitions,in thatcontinuationscanoften’strad-
dle’ segmentboundaries,andshiftsregularly occurwithin segments.Work suchas(Knott et al. ress)
suggeststhat in genressuchasmuseumdescriptions,globalcoherencemaybeensuredby relations
betweenentities,whereaslocal coherencemaybeof theintentionaltype.

As far assalienceis concerned,a numberof studiesaddressedthe questionof whetherthe dis-
tinction betweenthe two levels resultsin linguistic differences,i.e., whetherpronounsarepreferred
for referenceswithin thelocal focuswhereasdefinitedescriptionsor full áes s areusedfor global fo-
cusreference(see,e.g.,“a particularclaim of CenteringTheoryis that theresourcedemandsof this
inferenceprocessareaffectedby the form of expressionof thenounphrase.. ” (Groszet al. 1995,
p.208)aswell as(Gundelet al. 1993)). Onetype of linguistic usagethat blendstheseboundaries
arelong-distancepronouns(Fox 1987;HitzemanandPoesio1998;HahnandStrube1997).Hitzeman
andPoesiofoundthatwhile theantecedentsof longdistancepronounsarealwayswithin thestack,as
suggestedby (Grosz1977;Fox 1987),notall discourseentitiescouldserve asantecedents;therewas
anadditionalrequirementthat theantecedenthadto have beena ÖkØ (similar findingswerereported
by (Iida 1998;Brennan1998)).

A full investigationof theseissueswould requirea corpusannotatedfor intentionalstructure,
which is a problemgiventhat identifying segmentsis still a bit of a blackart. We discussbelow the
heuristicswe adoptedhere;a fuller discussionis in (PoesioandDi Eugenio2001). We will not be
concernedherewith studiesthatchallengethetheoreticalmodelproposedby GroszandSidner, e.g.,
by arguingthat thestackis not anappropriatemodelof theglobalfocus(Walker 1996,1998)or that
globalcoherencemaybebasedon entitiesratherthanintentions(Knott et al. ress).For a discussion
of theseissues,see(PoesioandDi Eugenio2001).
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Constraint1 capturesGroszet al’s intuition that thereis a sin-
gle ’focus’, motivatedby the contrastsin acceptabilitybetweenthe discoursesabove. In the form
presentedabove, the constraintalsoexpressesa strongclaim about‘linking’ betweenutterances-
namely, thateachutterancein a segmentrealizesat leastoneof the Örq s realizedin theprevious ut-
terance.A weaker form of the constrainthasthereforealsobeensuggested((Walker et al. 1998a,
footnote2, p.3)):

�9�\�r���"�_�'�"�z��Âyª�� ¨'�'äz¯"�
All utterancesof asegmentexceptfor the1sthave at mostone ÖkØ .

Gordonet al. (1993)proposeto replacethedefinitionof Ö�Ø seenabove (Constraint3) with anoper-
ationalone:a testthatcanbeusedto identify the ÖkØ . More specifically, they proposeto identify theÖ�Ø with theentity which is subjectto the repeatednamepenaltydiscussedabove (a slower reading
time whenever a full áes is usedinsteadof a pronoun). Their experimentssuggestthat ÷5áes effects
occurwith subjectsreferringto asubjector first mentionantecedent;asaresult,they proposethattheÖ�Ø shouldbeidentifiedwith thesubject’if possible’.We interpretthis claim asmeaningthat the Ö�Ø
shouldbe identifiedwith thesubjectwhenever thesubjectdoesrefer to a discourseentity in subject
or first-mentionposition in the previous utterance.� This new definition createsa conflict between
this versionof CenteringTheoryandtheversionsthatuseConstraint3 to definethe ÖkØ ; indeed,the� ô(� þ ÿ ��	 þ�
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experimentsreportedby Gordonetal. (especiallyexperiment2) show that áes s thatsatisfyConstraint
3 (accordingto Gordonetal’s own definitionof ranking)arenotalwayssubjectto the ÷iáes .

An operationaldefinitionof the ÖkØ wasalsoproposedby Passonneau(1993)on thebasisof her
studyof theusesof it andthat in dialogues.Passonneaunoticeshow difficult it is to identify the Ö�Ø
onsemantic/ pragmaticgrounds,and,likeGordonetal., proposedto usepreferredpronominalization
patternsto identify it, usinghowever thenew term’Local Center’to denotethisoperationallydefined
entity. In particular, sheproposedaspecificlinguistic context asoneof Local CenterEstablishment:
� �\Ö��'ÄE�9¨'�z�"¨'�1³z���"�'îzÄ"�"��¸rê ¨'�z�B°9©zÄ"¨

:
��� °9¨'Ö��\±\�z�"ã'�"�r±å� � �\Ö��'Ä��9¨'�z�"¨'�_�

Two utterancesU1 andU2 that areadjacentin their seg-
mentestablisha discourseentity E asa local centeronly if U1 containsa third person,
singular, non-demonstrative pronounN1 referringto E, U2 containsaco-specifyingthird
person,singular, non-demonstrative pronounN2, and N1 and N2 are both subjectsor
non-subjects,in thatorderof preference.� �� ¨'�z¨'�_�'�"�"�z±y� � �\Ö��'ÄE�9¨'�z�"¨'�_�

To establishadiscourseentity E asa local centerin apairof
adjacentutterancesU1 andU2, usea third person,singular, non-demonstrative pronoun
to referto E in bothutterances.Both pronounsshouldbesubjectsor non-subjects,in that
orderof preference.

� Ä"�"¨'�_�z�'�"�"ÚW¨ �9Ä"�'�"êë� �'îz�\©r�9Øz�_�\�z�Wê �"�z�'Ä"�"ã'�'�"�"�\�
Alternative hypothesesabout the relation be-

tweenCenteringandpronominalizationhave alsobeenadvanced.Theoriginal formulationof Rule1
in (Groszetal. 1983)wasasfollows:

°9©zÄ"¨QÂyª  "! �$#'�'¯"�
If the ÖkØ of thecurrentutteranceis thesameasthe ÖkØ of thepreviousutterance,a

pronounshouldbeused.

This formulationwassubsequentlyweakenedto give theversiondiscussedabove. Conversely, Gor-
donetal. (1993)proposelyanevenstrongerformulation:

°9©zÄ"¨QÂyª  �\�_×z�\� ¨'�B�'Ä"¯"�
The ÖkØ shouldbepronominalized.

(Noticethatthedefinitionof ÖkØ proposedby Gordonet al. resultsin many fewerutteranceshaving aÖ�Ø .)
Onequestionthat, as far aswe know, hasnever beenraisedis what ’pronouns’exactly should

count as pronouns: only third personsingularpronouns? What aboutplural ones,demonstrative
pronouns,first andsecondpersonpronouns?We will usethe term ÷ ÑÀu se÷ õ á õ�� á to indicatethe
(sub)classof pronounssubjectto Rule1.

�9�\êëíz¨'�"�"�z±&%9�"¨'ð �\¹Q´\�_�'�z���"�"�"�\�z�
Rule 2 as formulatedby Groszet al. expressespreferences

amongsequencesof transitions.Severalotherversionsof this constrainthave beenproposed,aswell
asotherschemesfor classifyingtransitions.Someof thesealternativesweremotivatedby the goal
of achieving a betteraccountof local (entity-based)coherence,by finding a definition that would
reflecttheactualpreferencesobserved in texts (e.g.,(StrubeandHahn1999)).Otherproposalswere
motivatedby evidenceabout the distribution of áes forms - in particular, the distinction between
’weak’ formssuchaspronounsin Englishor zerosin ItalianandJapanese,thoughtto bepreferredfor
expressingcontinuations,and’strong’ forms,thoughtto beusedto indicateshifts(Di Eugenio1998;
Turan1998).

ÑrÑ



Thework just mentionedprovidesoneof themotivationsfor theformulationof Rule2 asstating
preferencesfor certainsequencesof transitions(e.g.,CON-CONover SHIFT-SHIFT) ratherthanfor
certaintransitions.Di Eugenio(1998),for example,foundthat thedistribution of pronounsdepends
ontheprevioustransitionaswell: in continuationsthatfollow acontinuationor ashift, it is muchmore
likely thatanull pronounwill beused,whereasin continuationsthatfollow aretainingtransition,both
null andexplicit pronounsareequallylikely. Turan(1995)foundsimilar resultsfor null andexplicit
pronounsin Turkish.

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

°9©zÄ"¨Q�yª$·z�"�z±\Ä"¨��"�_�'�z���"�"�"�\�z��¯"�
Transitionstatesareordered.TheCON transitionis preferredto the

RETtransition,whichis preferredto theSMOOTH-SHIFTtransition(SSH),whichis preferred
to theROUGH-SHIFTtransition(RSH).

This formulationof Rule2 dependson a furtherdistinctionbetweentwo typesof SHIFT introduced
by Brennanet al: SMOOTH SHIFT, when ÖkØ (U ' ) = Ö s (U ' ) andROUGH-SHIFT, when Ö�Ø (U ' ) µ¶Ö s (U ' ) Theresultis thattransitionscanbeclassifiedalongtwo dimensions,asin thefollowing table:

ÖkØÇ»�( ' ½*)®Ö�ØÇ»�( ' �l� ½iIL`¸Ö�ØÇ»�( ' �l� ½+)�,"-/. Ö�ØÇ»�( ' ½ µ¶ Ö�ØÇ»�( ' �l� ½Ö�ØÇ»�( ' ½+)�Ö s »�( ' ½
«
0 ,²¬1-/,2(ÊÎ c43 050 ¬16²ufc46"- Ì,¬Ö�ØÇ»�( ' ½ µ¶ Ö s »�( ' ½ ^ Îk¬875-/, ^ 0 (59:6²ufc46"- Ì,¬

Furtherrefinementsof theclassificationschemefor transitionshaveto dowith theclassificationof
utterancesthatfollow anutterancewithouta ÖkØ , suchasthefirst utteranceof asegment.ø<; Kameyama
(1986)proposeda fourth typeof transitionfor thesecases,CENTERESTABLISHMENT; this transi-
tion is usedby (Di Eugenio1998)aswell. Walker etal. (1994)proposedinsteadthattheseutterances
shouldbeclassifiedascentercontinuations,the ideabeingthateven thefirst utteranceof a segment
doeshave a ÖkØ , but this ÖkØ is initially underspecified,andis only determinedwhenthesecondutter-
anceis processed.ø×ø

StrubeandHahn(1999)arguethatinferentialloadshouldbeevaluatedacrosssequences(pairs,in
fact)of transitions,but theirversionof Rule2 is basedonadifferentwayof evaluatingtheinferential
loadof utterances.StrubeandHahnarguethat otherclassificationof utterancesdo not reflectwhat
shouldbeoneof thecrucialclaimsof thetheory- namely, that the Ö s of anutteranceshouldpredict
the ÖkØ of the next. For this reason,they introducea distinctionbetweenÖkö ð � s and ð4=�seð	á � ò?>�ð
transitions(p.332):

@ A transitionpair is Ökö ð � s if thebackward-lookingcenterof thecurrentutteranceis correctly
predictedby thepreferredcenterof thepreviousutterance,i.e., if ÖkØ (U ' ) = Ö s (U ' �l� );

@ A transitionpair is ð4=Es	ðeá � òA>�ð if thebackward-lookingcenterof thecurrentutteranceis not
correctlypredictedby thepreferredcenterof thepreviousutterance,i.e.,if ÖkØ (U ' ) µ¶ Ö s (U ' �l� );

StrubeandHahnthenproposeanew versionof Rule2 basedon thisdistinction:ú�B CD��������� ÿ ý]c�þ � þ$
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°9©zÄ"¨Q�yª$·z�"�_©zîz¨Q�'�z× º®�'¸z�z¯"�
Cheaptransitionpairsarepreferredto expensive ones.

Finally, Kibble (pear)arguesthatweshouldview thetwodimensionsof classificationusedbyBrennan
et al - whetherthe ÖkØ of the currentutteranceis the sameasthe ÖkØ of the previous utterance,and
whetherthe ÖkØ andthe Ö s of the currentutterancecoincide- asreflectingrespectively the degree
to which the currentutteranceis coherentwith the previous utterance,and the degreeto which it
makesthe ÖkØ mostsalient.He thenarguesthatwhile it’s thecasethat,giventheprinciplesinspiring
Centering,utterancesthatsatisfybothcriteria- CONs- shouldbemostpreferred,andutterancesthat
satisfyneither- RSHs- most dispreferred,thereisn’t any obvious a priori reasonwhy coherence
shouldbepreferredto salience,i.e.,RET to SSH,asarguedby Brennanet al..

As a result,Kibble proposesto replacethesingleRule2 of previous versionsof Centeringwith
a collectionof principlesstatingpreferences;andthat theseprinciplesmayconflict with eachother.
His form of Rule2 is asfollows:

°9©zÄ"¨Q�yª�CN�"îzîzÄ"¨'¯"�Q�9�\�z�"�"�r©z�"�ED\�
prefertransitionssuchthat Özq (U ' ) F Ö�Ø (U ' �l� ) µ¶HG .·r�'Ä"�"¨'�zÖ�¨'�

prefertransitionssuchthat ÖkØ (U ' ) = Ö s (U ' ).�S¸z¨'�'íz�z¨'�����
prefertransitionssuchthat Ö�Ø (U ' ) = Ö s (U ' �l� ).�S�\¸z¨'���"�\�z�

prefertransitionssuchthat ÖkØ (U ' ) = ÖkØ (U ' �l� ).
Kibble doesn’t commit to a particularway of resolvingconflictsbetweentheseprinciples,but men-
tions thatoneway would be to treatall principlesasranked equallyandto preferthe interpretation
(or to producetheutterance)thatsatisfiesthe largestnumberof them,asdonein (Kibble andPower
2000);asecondwaywouldbeto establishpreferencesamongthemandchoosetheinterpretationthat
violatestheweakestconstraints,asdonein OptimalityTheory.øvù
I ��� À í�}\�Të�í�îeêRï
The primary applicationof theoriesof text coherencein á¸âYs hasbeenin the developmentof text
planners.Most of thebestknown suchplannersarebasedon relation-centeredtheoriesof coherence
suchasRhetoricalStructuresTheory( ÷ � ñ ) (MannandThompson1988)(used,e.g.,in (Hovy 1993;
McKeown 1985;Moore1995)).However, ideasfrom theCenteringframework arefoundincreasingly
usefulto supplementa relationalnotionof coherence(Kibble andPower2000;Knott etal. ress).The
ideasaboutsalienceproposedin Centeringhavebeenappliedto developalgorithmsfor bothanaphora
resolution(Brennanet al. 1987;StrubeandHahn1999;Tetreault1999)andfor sentenceplanning
(Dale1992;Hitzemanetal. 1997;Henscheletal. 2000).

J Ú � Ý\ç�Û ��¥
We usedcorpusannotationto comparethe differentversionsof CenteringTheorydiscussedin the
previous sectionand,more in general,to evaluatethe claimsof the theory (in its ’best variant’, if
oneexists). In this sectionwe discusshow we setaboutdoingthis, thedatawe used,our annotation
methods,andhow theannotationwasused.ú�b ^R	�	 ,�K ���"��89� ýÀÿ �l`�a�a�0�;U��������&'� þ�
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Quitea few methodologicalissueshave to beconsideredwhentrying to evaluateCenteringTheory.
The first problemis to be clear aboutwhat the main claims of the theory are. The development
of a ‘conceptualvocabulary’ for theoriesof local coherenceandlocal salienceis a very significant
contribution,but onethatis verydifficult to evaluate.Instead,we identifiedConstraint1, Rule1, and
Rule2 asmainclaimsof the theory. Evenso,we hadto take into accountthe fact that thedifferent
versionsof CenteringTheory sometimesusedifferent definitionsof the ÖkØ and/ormake different
claimsaboutcoherenceandsalience;therefore,we consideredmorethanoneversionof them.

In doingso,we have to beclearabouthow theseclaimsshouldbeinterpreted.Theproponentsof
Centeringhavebeenquiteexplicit thatthetheoryshouldnotbeinterpretedasstating‘hard’ factsabout
language,i.e., thekind of factswhoseviolation leadsto ungrammaticalityjudgments.Constraint1,
Rule1, andRule2 aremeantto bepreferenceswhich,whenviolated,make a text harderto read,and
whoseviolationhasthereforeto besignalledin someway. So,themerepresenceof a few exceptions
to theclaimsshouldnot countasa falsification.Instead,we will assumethat theseclaimsshouldbe
verifiablein astatisticalsense:thenumberof utterancesthatverify suchclaimsshouldbesignificantly
higherthanthenumberof utterancesthat violate them. (In mostcases,thesign testwill beusedto
testthis.)

But how canConstraint1, Rule 1 andRule 2 be evaluated‘in a generalway’, whentheir defi-
nitions rely on notionsthatdifferentauthorsspecifyin differentways?Any attemptat annotatinga
corpusfor ‘utterances’,or their ÖkØ s, is boundto force the annotatorsto adopta specificsettingof
thesebasicconcepts;the problemis even worsewith psychologicalexperiments.Becauseof this,
previous psychologicalstudiesandcorpusinvestigationsof the theoryhave generallyfocusedon a
specificvariantof thetheory (Byron andStent1998;Di Eugenio1998;Gordonet al. 1993;Gordon
and Scearce1995; Gordonand Chan1995; Gordonet al. 1999;Hudson-D’Zmuraand Tanenhaus
1998;Kameyama1998;Passonneau1993;Walker 1989;Walker et al. 1994).ø t Yet, differentways
of specifyingtheparametersof Centeringcouldresultin very differenttheories,at leastin principle;
and,mostimportantly, thesestudiescannottestwhetheradifferentcombinationof parametersettings
from thoseproposedin the literaturemight leadto betterresults.Theonly way aroundthis problem
seemsto considermany differentwaysof settingtheparameters,comparethem,find if oneor moreof
theseconfigurationsaresignificantlybetterthantheothers(the’best’ waybeingtheonethatresultsin
thefewestviolationsof Constraint1, Rule1, andRule2), andusetheseversionsto assesstheclaims
of thetheory.

This comparisonwould be prohibitively expensive with traditionalpsychologicalmethods,but
it’s not easyto do with corpusanalysis,either. Obviously, it can’t be doneby directly annotating
’utterances’or ’ ÖkØ ’ accordingto oneway of fixing theparameters,asdonein mostpreviousstudies
of CenteringTheory(Byron andStent1998;Di Eugenio1998;Kameyama1998;Passonneau1993;
Walker1989).Instead,weannotatedourcorpuswith theprimitiveconceptsusedby differentversions
of thetheory, i.e., informationthathasbeenclaimedby oneor theotherversionof Centeringto play
a role in the definitionsof its basicnotions. This includes,for example,the grammaticalfunction
of an á�s , informationaboutanaphoricrelations(including informationaboutbridging references)
andhow sentencesbreakup into clausesandsubclausalunits. We thenusedthe annotatedcorpus
to computeutterances,their Özq ranking,andtheir ÖkØ , accordingto a particularway of settingthe
parameters;so thatwe could thencountverificationsandviolationsof thethreeclaimsaccordingtoú�u C ��	 # � þ &'� ÿ 	��D����89+'����	 þ�# ��*�	��"� ÿ � ý �r��� þ$
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thatversion.Wethenevaluatedeachof theclaimswith respectto agivenconfiguration,andcompared
theconfigurations.

A final characteristicsof this study is that we were interestedin evaluating the claims of the
theory in domainsof interestfor real applications–NaturalLanguageGeneration,in our case. The
genresmostoftenusedto studyCenteringTheoryare’naturalistic’ onessuchasnarrativesor spoken
dialogues.Thismakesa lot of sensefrom ascientificpointof view, but oneis left wonderingwhether
thepreferencesaboutcoherenceandsalienceexpressedby CenteringTheorymightnotbeoverridden
by otherfactorsin differentgenres. For thisreason,weusedtexts in two genresnotyetstudiedin the
Centeringliterature,but of interestto developersof á�â	ã systems:instructionaltextsanddescriptions
of museumobjectsto bedisplayedonWebpages.

Ì9Í�~Q���Të��
Thedatausedin thiswork aretexts from the ã³á õ Û+ð corpus,thatcurrentlyincludestexts from three
domains.The museumsubcorpusconsistsof descriptionsof museumobjectsandbrief texts about
the artiststhat producedthem.ø � The pharmaceuticalsubcorpusis a selectionof leafletsproviding
the patientswith the legally mandatoryinformationabouttheir medicine.ø Ã The tutorial dialogues
subcorpusconsistsof asubsetof theSherlockcorpuscollectedattheUniversityof Pittsburgh(Lesgold
et al. 1992;Di Eugenioet al. 1997).Eachsubcorpuscontainsabout6,000 áes s; in this studywe used
texts from thefirst two domains,for a totalof about3,000 áes s, including217personalandpossessive
pronouns,and23 demonstratives. As for utterances,the corpusincludesabout500 sentences,and
900finite clauses;theactualnumberof utterancesusedin thestudyis oneof theparametersthatwe
varied,asdiscussedbelow.

I ê¹êRîeë��TëËírîeê
The previous corpus-basedinvestigationsof CenteringTheorywe areawareof (Walker 1989;Pas-
sonneau1993,1998; Byron and Stent1998; Di Eugenio1998; Hurewitz 1998; Kameyama1998;
StrubeandHahn1999)wereall carriedoutby asingleannotatorannotatingher/hiscorpusaccording
to her/hisown subjective judgment.Oneof our goalswasto usefor this studyonly informationthat
couldbeannotatedreliably(PassonneauandLitman1993;Carletta1996),aswebelievethiswill make
our resultseasierto replicate. The price we paid to achieve replicability is that we couldn’t testall
proposalsaboutthecomputationof Centeringparametersproposedin theliterature,especiallyabout
segmentationandaboutranking,asdiscussedbelow. Theannotationfollowedafairly specificmanual,
availablefrom the ã³á õ Û
ð project’s homepageat http://www.hcr c. ed. ac .u k/ N gnome; in
thefollowing we briefly discusstheinformationthatwe wereableto annotate,whatwe didn’t anno-
tate,andtheproblemswe encountered.Eight paidannotatorswereinvolved in thereliability studies
andtheannotation.ú�� 7 
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Õ �"�"¨'�_�'�zÖ�¨'�
In order to evaluatethe definitionsof utteranceproposedin the literature(sentences

versusfinite clauses),aswell asthedifferentproposalsconcerningthe‘previousutterance’discussed
above, we marked all spansof texts that we thoughtcould be claimedto updatethe local focus.
This includessentences(definedroughlyspeakingasall unitsof text endingwith a full stop,a ques-
tion mark,or anexclamationpoint) aswell aswhatwe called » ��ò �ÀÖkõ�� ÷ � ð ½!� á�ò×ñ � . Units include
clauses(definedassequencesof text containingaverbalcomplex, all its obligatoryarguments,andall
postverbaladjuncts)aswell asothersentencesubconstituentsthatwefelt might independentlyupdate
the local focus,suchasparentheticals,preposedsYs s, and(the secondelementof) coordinated>rs s.
Examplesof clauses,verbalandnon-verbalparentheticals,preposedsYs s,andcoordinated>Ds smarked
asunitsfollows; theparenthesesindicateunit boundaries.(Sentenceboundariesarenot indicated.)ø Ô
(8) a.

Ö�Ä"�'©r���'Äl©z�z�"�
: (They werefoundedin 1903by JosefHoffmannandKolomanMoser)

b.
Ö�Ä"�'©r���'Ä\©z�z�"�Uð®�"�"¸®�r�\�1c"Ú\¨'�_îz�'ÄUíz�'�_¨'�r�"¸z¨'�"�"Ö��'Ä

: (It’smadein theshapeof arealobject
(– aviolin))

c.
Ö�Ä"�'©r���'Ä1©r�z�"�rð®�"�"¸ íz�_¨'ír�\��¨'× s�s �'�r× ¨'ê îr¨'×z×z¨'× �_¨'Ä"�'�"�"Ú\¨LÖ�Ä"�'©z��¨'� : ((With thede-
velopmentof heraldryin thelaterMiddle Agesin Europeasameansof identification),
all (who wereentitled(to beararms))woresignet-rings(engraved with their armorial
bearings))

d.
Ö�Ä"�'©r���'Ä\©z�z�"�Uð®�"�"¸y�z�W�1cE�z�z�"�"¨�Ö��\ê ízÄ"¨'êë¨'�z�wÖ�Ä"�'©z��¨ �'�z×yÖ��\�W�_×z�"�z�'�"¨'× >Ds : (Thecen-
ter of thenarrow bodyswells(to allow for thependulum’s swing),(andhasa viewing
holeto observe themovement))

As example(8d)above illustrates,subordinateunitssuchasclausalcomplementsandrelativeclauses
wereenclosedwithin thesuperordinateunit. Subordinateunits alsoincludeadjunctclausesheaded
by connectivessuchasbefore, after, becauseandclausesin subjectposition.

Sentenceshave oneattribute,stype, specifyingwhetherthesentenceis declarative, interrogative,
imperative,or exclamative. Thefollowing attributesof unitsweremarked:

@ utype: whetherthe unit is a main clause,a relative clause,appositive, a parenthetical,etc.
Thepossiblevaluesfor this attributearemain, relative, such-as, appositive, parenthetical,
paren-rel, paren-app, paren-main, subject, complement, adjunct,coord-vp,preposed-pp,
listitem, cleft, title, disc-marker.

@ verbed: whethertheunit containsaverbor not.

@ finite: for verbedunits,whethertheverbis finite or not.

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

Marking up sentencesproved up to be quiteeasy;markingup units requiredannotatortraining,but
in the endit could be donereliably aswell. The agreementon identifying the boundariesof units,
usingthe d statisticdiscussedin (Carletta1996),was d ¶fehg (for two annotatorsand500units); the
agreementon features(2 annotatorsandat least200units)wasasfollows:ú�á ��&'� ÿ ý � þ ��&'� þ ÿ � ý �Y�����V89��� PÀÿ ý]c &'+H��&'� 
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jlk?k Þ<monZp k Ý qlr1sut?p\Ý
utype .76

verbed .9
finite .81

subject .86

Themainproblemsweencounteredin markingupunitswereto identify complements,to distinguish
clausaladjunctsfrom prepositionalphrases,andhow to markupcoordinatedunits.Themainproblem
with complementswasto distinguishnon-finitecomplementsof verbssuchaswantfrom thenon-finite
partof verbalcomplexescontainingmodalauxiliariessuchasget, let, make, andhave:

(9) a. (I would like (to beableto travel))

b. (I let him do his homework)

Oneproblemthatprovedfairly difficult to handle(andwhich, in fact,we couldn’t entirelysolve)
wasclausalcoordination.The problemwasto preserve enoughstructureto be ableto computethe
previous utterance,while preservingsomebasicintuitions aboutwhatconstitutesa clause(roughly,
that by andlarge clausesweretexts spansmarked eitherby the presenceof a semanticallyisolated
verb or by punctuation/ layout) which are essentialfor annotatorsand are neededto specify the
valuesof attributes.Thiswasrelatively easyto dowhentwo mainclauseswerecoordinated,sincethe
embeddingsentencecouldbeusedto preserve theinformationthatthetwo unitsoccurredat thesame
level; coordinatedmainclausesweremarkedasin (10a).However, it wasn’t completelyobviouswhat
to do in thecaseof coordinationwithin asubordinateclause,asin (10b).Becausethereweren’t many
suchcases,ratherthanusingtheunit elementwith aspecialvaluefor utype aswedid for coordinatedáes s (which meantspecifyingall sortsof specialvaluesfor attributes)we useda markupelement
called unit-coordination to maintainthe structure,and then marked up eachclauseseparately, as
shown in (10c)(wheretheunit-coordination is markedwith squarebrackets).

(10) a. (The Getty museum’s microscopestill works,) (and the caseis fitted with a drawer
filled with thenecessaryattachments).

b. (If you have any questionsor are not sureaboutanything, ask your doctor or your
pharmacist)

c. ((If [(you have any questions)or (you arenot sureaboutanything)]), askyour doctor
or yourpharmacist)

In identifying possibleutteranceswe alsoto hadto addresstwo problemsraisedby our genresthat,
asfar aswe know, have not beenpreviously discussedin theCenteringliterature.Onesuchproblem
is whatto do with layoutelementssuchastitles andlist elements,whichcanclearlyserve asthefirst
introductionof a Özq andto move the ÖkØ . Oneexampleof title unit is unit (u1) in (11).

(11) (u1)Sideeffects

(u2)SideeffectsmayoccurwhenPRODUCT-Y is appliedto largepartsof thebody,

We addressedthis problemby markingup theselayout elementsasunits, as in (12), but usingthe
specialvaluetitle of the ’unit type’ attribute utype (seeabove) so thatwe could testwhetherit was
betterto treatthemasutterancesor not.

(12) (u1)<unit> Sideeffects</unit>

(u2)<p> SideeffectsmayoccurwhenPRODUCT-Y is appliedto largepartsof thebody,
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Finally, the elementsof text that we did not mark up asunits include: áes s, post-verbal andpost-
nominal s�s s, non-verbal áes modifiers,coordinated>rs s in casethe secondconjunctdid not have
arguments(asin (13a)),andquotedpartsof text, whenthey arenot reportedspeech(asin (13b)).

(13) a. (Theoestradiolandnorethisteroneacetateareplantderivedandsyntheticallyproduced)

b. (Theinscription’CHNETOCBASHLHKOCCPATHARHC’)

Concerningattributes,oneproblemwehad(especiallywith thepharmaceuticaltexts)wasinstructions
in the imperative form, asin (14). Theproblemwasaddressedby markingup finiteness,ratherthan
tensednessasoriginally proposedby (Kameyama1998),sinceimperativeclausesareconsideredfinite
althoughthey arenot tensed.

(14) (u1)Gentlyrub thecorrectamountinto theskin (u2)until it hasall disappeared.

Themostdifficult attributeto markwasutype,andourmainproblemwasto distinguishbetweenrela-
tiveclausesandparentheticals,sinceit’snotalwayseasyto tell whethera relative clauseis restrictive
or non-restrictive (seealso(Chenget al. 2001). In theend,we adoptedrulespurelybasedon syntax
(thepresenceor absenceof a commaor otherbracketing device). (Seealso(Quirk andGreenbaum
1973).)ø è

´W�\�"�'Ä��r©zê îz¨'�D�\¹r©z�"�"¨'�_�'�rÖ�¨'���
1578%(�'Ä"©z¨'���W¹D¼\»_­ »_´�³z�

finite-yes 916
finite-no 304
no-finite 358%(�'Ä"©z¨'���W¹v%N³r°w��³1x®�
verbed-yes 1218

%(�'Ä"©z¨'�e�\¹ Õ ´zy�Øz³z�
main 628
complement 162
relative 136
adjunct 94
preposed-adjunct 62
preposed-pp 47
coord-vp 49
subject 3
parenthetical 98
appositive 12
paren-app 62
paren-rel 38
paren-main 5
such-as 16
title 69
listitem 86
captionitem 2
disc-marker 2
unsure-utype 7

­®Øz�
Ourinstructionsfor identifying áes markablesderivefrom thoseproposedin the Û � ñÇð scheme

for annotatinganaphoricrelations(Poesioetal.1999),whichin turnwerederivedfromthoseproposed
by Passonneau(1997)and in Û �¹Ö -7 (ChinchorandSundheim1995). We annotated14 attributesú�ò m)	�����&'��	1���Y����� þ�
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of á�s s specifyingtheir syntactic,semanticanddiscourseproperties(Poesio2000). Thosethat are
relevantto thework discussedhereinclude:

@ The á�s type,cat. Thisattributecantakethevaluesa-np, another-np, q-np, num-np, meas-np,
that-np, this-np, such-np, wh-np, poss-np, bare-np, pn, the-pn (for definitesthatarereally
disguisedpropernames,suchastheBeatles), the-np, pers-pro, poss-pro, refl-pro, rec-pro,
q-pro, wh-pro, this-pro, that-pro, num-ana (for ’numericalanaphors’suchasone in I want
one), null-ana, gerund (for nominalizedpresentparticiplessuchasveneeringfurniture in the
practiceof veneeringfurniture), coord-np, andfree-rel (for ’free relatives’ suchaswhatyou
needmostin whatyouneedmostis a goodrest).

@ A few other‘basic’ syntacticfeatures,num, per, andgen, usedto identify contexts in which
theantecedentof apronouncouldbeidentifiedunambiguously;

@ The grammaticalfunction of the á�s , gf. Our instructionsfor this featureare derived from
thoseusedin the q ÷ � Û+ðeá¸ðeñ project ((Baker et al. 1998); seealso the project’s Web site at
http://www.icsi .be rk el ey .e du/ ˜f ra menet/ ); thevaluesaresubj, obj, predicate
(usedfor post-verbalobjectsin copularsentences,suchasThisis (aproductionwatch)), there-obj
(usedfor post-verbalobjectsin there-sentences),comp (for indirectobjects),adjunct (for the
argumentof sYs s modifying >rs s), gen (for áes s in determinerposition in possessive áes s),
np-compl, np-part, np-mod, adj-mod, and no-gf (for áes s occurringby themselves - eg.,
in titles).

Theagreementvaluesfor therelevantattributesareasfollows:

jlk?k Þ<monZp k Ý qlr1sut?p\Ý
cat .9
gen .89
gf .85

num .84
per .9

Otherattributesof á�s swe couldreliablyannotateincludeani (whethertheobjectdenotedis animate
or inanimate),count (whetherthe áes is countableor not),deix (whethertheobjectis avisualdeictic
referenceor not),generic (whetherthe áes denotesgenericallyor not), lftype (whetherthe áes is the
realizationof adiscourseentity, aquantifier, or apredicate),loeb (its functionalityor lackof it under
theschemeproposedby (Loebner1987)),onto (its ontologicalstatus- denotingaconcreteobject,an
event,a time interval, or anabstractentity), its structure (whetherit denotesasetor anatom)(Poesio
2000).

As in thecaseof units, themainproblemwith markingup áes s wascoordination.Our approach
wasto usea separate{ ne | elementto markup thecoordinatedáes , with type(cat) valuecoord-np.
We only useda coord-np elementif two determinerswerepresent,as in ((your doctor) and (your
pharmacist)). This approachwaschosenbecauseit limited thenumberof spuriouscoordinationsin-
troduced(in casessuchasthis is aninterestingandwell-knownexampleof earlyByzantinejewellery),
but hasthelimitation thatonly one { ne | is markedin casessuchasYour doctoror pharmacist.

We encounteredall sortsof problemswith marking up attributes, even for supposedly’easy’
informationsuchasnumberandgender, but especiallysowith semanticattributes(cfr. instructions).
Ultimately however we wereableto markup theattributesrelevant for this studyin a fairly reliable
fashion. However, we haven’t so far beenable to reachacceptableagreementon a featureof á�s s
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oftenclaimedto affect ranking,thematicroles: (Sidner1979;Cote1998;Stevensonet al. 1994);the
agreementvaluein thiscasewas d ¶}eh~�� .´\�W�"�'Ä��z©rê îz¨'�r�W¹r­®Øz���

3376%��'Ä"©r¨'���\¹1� � ´B�
Pronouns:
pers-pro(1st,2ndand3rd) 324
poss-pro 208
this-pro 21
q-pro(e.g.,pronominalany, each) 18
num-ana(e.g.,I wantthree) 7
refl-pro 3
null-ana 3
that-pro 2
DefiniteNPs:
the-np 554
the-pn 71
pn 320
poss-np 250
this-np 91
that-np 4

IndefiniteNPs:
bare-np 745
a-np 269
num-np(e.g.,threecars) 71
meas-np(e.g.,threepoundsof X) 23
another-np 11
Other:
q-np 117
coord-np 114
gerund 44
complementizer 43
wh-pro 8
wh-np 5
such-np 4
free-rel 5
unsure-cat 10

� �z�'ír¸z�\�_�"ÖQ�"�z¹_�\�_ê �'�"�"�\�
Finally, in orderto computewhethera Özq in an utterancewasrealized

directly or indirectly in thefollowing utterance,we markedup anaphoricrelationsbetween{ ne | ele-
ments,againusinga variantof the Û � ñÇð scheme(Poesioet al. 1999). A special { ante | elementis
usedto markanaphoricrelations;the { ante | elementitself specifiesthe index of theanaphoricex-
pressionandthetypeof semanticrelation(e.g.,identity),whereasoneor moreembedded{ anchor |
elementsindicatepossibleantecedents(thepresenceof morethanone { anchor | elementindicates
thattheanaphoricexpressionis 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’ gf=’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 earlyexperimentswith Cen-
tering,suggestedthatindirectrealizationcanplayquiteacrucialrolein maintainingthe ÖkØ . However,
previous work, particularlyin thecontext of the Û �¹Ö initiative, suggestedthatwhile it’s fairly easy
to achieve agreementon identity relations,marking up bridging referencesis quite hard; this was
confirmedby studiessuchas(PoesioandVieira 1998). For thesereasons,we did annotatethis type
of relations,but to achieve a reasonableagreement,andto containsomehow the annotators’work,
we limited the typesof relationsannotatorsweresupposedto mark up, andwe specifiedpriorities.
Thus,besidesidentity (IDENT) we only markedup threenon-identity(‘bridging’ (Clark1977))rela-
tions,andonly relationsbetweenobjects(andnot,for example,anaphoricreferenceto propositionsor
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events).Therelationswemarkupareasubsetof thoseproposedin the‘extendedrelations’versionof
the Û � ñÇð scheme(Poesioet al. 1999) andincludesetmembership(ELEMENT), subset(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 antecedentshouldbe marked: whereasin Û ��Ö it is perfectlyacceptableto mark an
‘antecedent’which followsa givenanaphoricexpression,in orderto computethe Ö�Ø of anutterance
it is necessaryto identify theclosestpreviousantecedent.Furthermore,wespecifiedpreferencescon-
cerning áes s occurringin predicative position, so that, for example,in Francois,the Dauphin, the
embeddingáes wouldbemarkedasanantecedent,ratherthanthe áes in appositive position.

As expected,weachievedarathergoodagreementon identityrelations.In ourmostrecentanaly-
sis(two annotatorslookingattheanaphoricrelationsbetween200NPs)weobservednorealdisagree-
ments;79.4%of theserelationsweremarkedup by bothannotators;12.8%by only oneof them;and
in 7.7%of thecases,oneof theannotatorsmarkedup a closerantecedentthantheother. Concerning
bridging references,limiting the relationsdid limit thedisagreementsamongannotators(only 4.8%
of therelationsareactuallymarkeddifferently)but only 22%of bridgingreferencesweremarkedin
thesameway by bothannotators;73.17%of relationsaremarkedby only oneor theotherannotator.
Soreachingagreementonthis informationinvolvedseveraldiscussionsbetweenannotatorsandmore
thanonepassover thecorpus(Poesio2000).

·z¨'±\êë¨'�z�"�'�"�"�\�
AlthoughGroszandSidner’s claimsabouttheglobal structureof a discourseand

its segmentationarenot partof CenteringTheoryperse,the theorydoesassumethatdiscoursesare
segmented.This meansthat, ideally, a corpususedto investigatetheclaimsof the theoryshouldbe
segmented.ø�é Theproblemis thatdiscoursesegmentsaredifficult to identify reliably(Passonneauand
Litman1993;Marcuet al. 1999);ourown preliminaryexperimentsdidn’t give goodresults,either.

For thisreason,mostpreviousstudieseitherignoredsegmentation,or usedtheheuristicsproposed
by Walker (1989). We did thesamehere,andonly usedthe layout structureof the texts asa rough
indicationof discoursestructure.Wetestedboth’ looser’formsof segmentationandmorefinegrained
onesbasedon paragraphs.In the museumdomain,the loosersegmentationinvolved treatingeach
objectdescriptionasa separatesegment;in thepharmaceuticaldomain,eachsubsectionof a leaflet
wastreatedasa separatesegment.Thefiner-grainedsegmentationwastheoneproposedby Walker.
Wethenidentifiedby handthoseviolationsof Constraint1 thatappearedto bemotivatedby toobroad
asegmentationof thetext.ø �
I ì¹ë�îYÁÐ�Të�í�}-},îYÁ �¹ì¹ë��TëËírîeêGîYÑ | ~Tê�ëR~]Ï�í�ê�Ò\íËê(Ñ�îYÏRÁÐ�Të�í�îeê
Theannotationthusproducedwasusedto automaticallycomputeutterancesaccordingto thepartic-
ular configurationof parameterschosen,and thento computethe Örq s and the ÖkØ (if any) of each
utteranceon thebasisof theanaphoricinformationandaccordingto thenotionof rankingspecified.
This informationwasthe usedto find violationsof Constraint1, Rule 1, andRule 2 (accordingtoú�� 7 
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several versionsof Rule 1 andRule 2). The behavior of the script that computesthis information
dependson thefollowing parameters:

�w��×r¨'¹
: whetherGroszJoshiand Weinstein’s, Gordonet al’s, or Passonneau’s definition of Ö�Ø

shouldbeused.
©z�"�"×z¨'¹_�

whetherutterancesshouldbeidentifiedwith sentences,finite clauses,or verbedclauses.
íz�_¨'Ú\�"�W©z�(©z�"�"¨'�_�'�rÖ�¨'�

whetheradjunctclausesshouldbetreatedKameyama-styleor Suri-style.ù�;
�z¨'Ú\¨'�_©r�"�"�

theclausesthatshouldnever beconsideredasutterances,evenif finite or verbed.
�_¨'�'Ä"�"ã'�'�"�"�\�z�

whetheronly directrealizationshouldbeallowed,or alsoindirectrealizationvia bridg-
ing references.

�9¼ZcE�rÄ"�"¨'�_�
whetherall áes s shouldbe treatedasintroducing Özq s, or whethercertainclassesshould

beexcluded(currentlythepossibleomissionsincludesecondandfirst personá�s s and áes s in
predicative position(e.g.,a policemanin Johnis a policeman).

�_�'�zäz�
whetherCFsshouldberankedaccordingto grammaticalfunction,linearorder, acombination

of thetwo assuggestedby Gordonetal., or informationstatusin StrubeandHahn’s sense.
íz�_�\×r¨'¹_�

whetheronly third personpersonalpronounslike it, they shouldbe countedas pronouns
for thepurposesof Rule1, or alsodemonstrative pronounslike that, theseand/ or thesecond
personpronounyou.

��¨'±\ê ¨'�r�"�'�"�"�\�z�
identify segmentsusingWalker’s heuristics,or with paragraphs,sections,or whole

texts.
íz�_¨'íz�'×��"�

whetherthe computationof the previous utterancefor preposedadjunctclauses(e.g., if-
clauses,asin if X, Y) shouldfollow thelinearorder, or thesubordinationorder.

îz�_�"×z±W¨'� íz�WÄ"�"Ö�D\�
whetherimplicit anaphoricelementssuchas thoseoccurringin tracesshouldbe

countedaspronounsfor thepurposesof Rule1 or not.ù�ø
�l�z���[�
Theway thevariousstatisticsreportedbelow arecomputedis mostlytransparent;theonly aspectthat
needsdiscussingarethecomputationsfor Rule1. Thebasiclogic is verysimple:for eachutteranceu

1. If u hasno �1� , it is ignored;���/���5�������R�8�������u���E�<�h�T�¡ ¢�¢����£]£
�L���?�¢¤¦¥���§w��¨u��§���¤8�R�?�����R�ª©<«¦«8�R¨u¬����ª�T���<£]��­��®���ª�u�������v�������¯���T§w¬�£h��§w�����Z�<£]��­��<����°�h����£h­�±_�]�L²L�P��³ ²u³ �Z�A��£]���R�h�L�w��£h��­��<����°´���µ�L�u����§+¶���±
±_��±_�� z�����A�����¢�������L���E�®�]�T�· z�w����£]£�¤h¸�­��E�]¤Z�R�A�����R�µ��£h£��®­����¹�<£]��­��<������+��§*¶���±_±_��±_�
�]�L��£h­�±_�]�L²:��£h�º­��®���+�R�L�º��¸�­��E�8����±·»5��¼��T¨[±_�]±_�L¤h�Z�<�u�L�<�h±_����������§w�<��£h�L���®½
�<�¾�R�����®�µ����§w���*�<�L�u­�£h±�¶���R��¿L���� z�h�R�l�ª²u�E�º�h���T���®�º£h�R³4Àª���������<���]�µ ¢�L�]�<�l�R�����®�v±_�h�R�����A���������
§w���R�R���Z�]�P�R���v±_�]�®���T­��E�®��Á
Â�Ã¦Ä8ÅYÆ?Ç<Ç�ÈEÂ+Ã¦Ä8Év©�Ê�ËZÇÍÌ�Î�Ã¦Î�©�Ï
Ð ÃhÑuÉªÒTÓ�Â�Ã¦ÈEÂ*Ã¦ÄPÇ Ð ËPÇÍÌ1Î�ÂºËPÆ?Ë ÌYÆ?©�ÈEÎ�Ç�ÆhÔ�ÉªËAÎ�©<«hÄ?Õ^Ö�Î
Ó�©�ÄZÉª©<ÊºËPÅ?Ô*× ÐuÐ Ë?Ï ØÙ©<ÆAÃ¦Ë
ÚLÂ�Ã¦«¦«hÃ¦Î�Ç<ËAÒT© Ð�Û Ê�Ã Ð ÅYÑuÆhÜ�ÂPÝoËAÓ�ËA«¦«¦ËAÆ]ÒLÃ Ð�Þ�ßºß�Þ ÕÍ³�à_���¤¦¥���§���¨u�º§w��¤��L���E�®�]�T���º�®�®�]²u�����R�L�W�A��£]���R�h�L�*�<£]��­��<�+Ó^ÂºÃ¦ÈEÂzÃhÄ�Ç Ð Ë^Ç ÌªÎ�ÂºË�ÆoË ÌáÆA©�ÈEÎ�Ç<Æ]Ô[ÉªËAÎ�©<«hÄ^�º�1¬��A���u�]�T­���­��R�����E�����<�W�R�l�R�����£h��­��<�^Ö�ÎuÓ�©<Ä�Év©�Ê�Ë�Å?ÔzÕ Õ ÕÍ½� ¢�L���?�����8�R�L��¤¦¸�­��E�]¤��u���E�®�h�u�*���A���º�R�
�������A��£h�º���]�u�^�<£]��­��<�^�º�8��§+¶���±
±_��±_³Tâ[�^�?����­��E�*�R�+�R�L�]�
�h�<�®­��¶���£]�T �³��ã/ä
��£h�º�R�h�u�¢¬��A�T�L�u­��L�vå��h§w¬�£]�h���h�8����±���æ�¬�£]�h���h�Rç8 z���A�W�T��£h¨¾�<�u­��L�R��±è���ª¬��?�u�L�T­����1�]�Z�L�u�
±_�T�h��²��<�w z�u­�£h±5£]����±5�R�¾��u�]�T£h�º�R�h�T�¢�T�Lä
­�£]��é�³
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2. Else,if �1� (u) is realizedat leastonceasaR1-pronoun,countu asaverification(+) for all three
versionsof Rule1 thatwe areconsidering;

3. Else,

(a) Countu asaviolation (-) of Gordonet al.’s versionof Rule1;

(b) If �1� (u) = �1� (u-1), countu asaviolationof theversionof Rule1 from (Groszetal. 1983),
elseasa+;

(c) If at leastoneentity otherthanthe ��� is realizedasa R1-pronoun,countu asa violation
of theversionof Rule1 from (Groszet al. 1995),elseasa+.

The oneadditionalcomplicationare relative pronouns. As their statusfor the theory is not clear,
we decidedto ignorethemasmuchaspossible,in the following sense:thescriptdoesnot countan
utteranceasa violation of Rule 1 from (Groszet al. 1995)if theonly ‘pronoun’ realizinga non-�1�
is a relative pronoun;andconversely, it doesnot countan utteranceasa verificationof that Rule if
the ��� is only realizedby a relative pronoun.Themainconsequenceis thatthenumberof utterances
takeninto accountfor Rule1 is generallylessthanthenumberof utteranceswith a ��� , aswewill see
shortly.

ë ìîíðï�ñ òôóèõ¯öø÷µùúõ

Given that thereare so many parameters,it is difficult, if not impossible,to evaluateall versions
of the theory. Instead,we beganby identifying a ’vanilla configuration’of the theorybasedon the
mostfamiliarchoicesabouttheparameters,andwetestedtheclaimsof thetheorygiventhesevalues.
We thenstudiedtheversionsobtainedby varyingthe’minor’ parameters:utterance,realization,and
segmentation.û<û After establishingthe ’best’ valuesfor theseparameters,we looked at theeffect on
theclaimsof alternative rankingfunctions,andfinally wevariedthedefinitionof �1� .
üwý¾�[þ·ÿ������<��ÿ�������	�
�����ÿ�
������
Whatwecall ’vanilla’ versionhereis ablendof proposalsfrom (Groszetal. 1995)and(Brennanetal.
1987),with additionalsuggestionsfrom (Kameyama1998),(Gordonetal. 1999),and(Walker1998).
It is basedon thedefinitionof ��� from (Groszet al. 1995),and,for ranking,on theproposalthat ��� s
areranked accordingto grammaticalfunction,asdiscussedthereandin (Brennanet al. 1987)(also
incorporatingtheproposalsconcerningrankingin complex ��� s from (Gordonet al. 1999)). As far
asutterancedefinitionis concerned,thevanilla versionincorporatesthehypothesisfrom Kameyama
(1998) that utterancesarefinite clauses,and the characterizationof ’previous utterance’proposed
there;û�� . Concerningrealization,only third person��� s aretakento introduce��� s (not first or second
person);anda discourseentity only countsas’realized’in anutteranceif it is explicitly mentioned.
For thepurposesof Rule1, weconsiderbotha ’strict’ definitionof ’pronoun’ includingonly personal
andpossessivepronouns,anda’broad’ oneincludingalsothedemonstrative pronounsthis, that, these
andthose. As for relative clauses,we assumethat they includea link to theembedding��� , possibly��� â¾���?�������8���z�������<�1¬����E�º§w���R���E�P�º�P¤¦§��h���T��¤�¶�������­��<�1�R�L��¨¢�����L���L¤h��¶��������R�L�v���T��­��Z�T�����^§w�º�h�µ�?���®���º�?���z�º�P�E�º�L¿L�h��²����±l�R�L��±
�����L�]�R�h�T�¢�T������³��� â¾�¢�®�]§w¬�£h������±:¥^�º§w��¨L��§w�º¤¦�v��¨u¬��u�������<�h���/¶��T­��
�A��£]���R�h�L�W�<£]��­��<���
¶�¨¾�<�u§w¬����E�]�L²¾�T�L£]¨��µ�u���E�<�h�T�¾�h�: z���h���¡�R�L��¨ z���?���R�A�����R��±��º�Z­��R�����E�����<����¶��T�R�¢¤h£h�T����£]£h¨u¤�����±l¤¦²L£h�á¶��º£h£]¨u¤¦���º�L±l�u�L���]�z z���h���z�R����¨W ¢���A���L¤h��³
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not explicitly realized.û�" For segmentation,we adoptthesegmentationheuristicproposedby Walker
(1989).With theparametersof thetheorydefinedthis way, definitions,thenumberof utterancesand
�#� s in ourcorpusis asfollows:

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

$&%('#)�*,+.-!/,'�*10
Thestatisticsrelevant to Constraint1 (thatutteranceshave exactly one/ at mostone

��� ) areshown in thefollowing table:
MUSEUM PHARMA TOTAL (PERC)

Numberof timesat leastoneCF(Un)is realizedin Un+1: 197 165 362(36%)
UtterancesthatsatisfyConstraint1 (have exactlyoneCB) : 193 160 353(35.12%)
UtterancesthatdonotsatisfyC1 but aresegmentboundary: 66 96 162(16.11%)
Utteranceswith zeroCBs: 165 316 481(47.86%)
Utteranceswith morethanoneCB : 4 5 9 (0.8%)

Thesefiguresclearly indicatethat the weakversionof Constraint1, 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 chance243658795!5;: thatWeakC1 doesnot hold
with othersamples).On the otherhand,the strongversionof C1 –thatevery utterancehasexactly
one �1� )–is not likely to hold: in our corpus,only 353utterancesout of 1005(35.12%)have exactly
one �1� , andevenif weexcludethe162utterancesthatdo notcontainreferencesto ��� s introducedin
theprevious utterancebut aresegmentboundariesandthereforearenot governedby theConstraint,
therearestill 490utteranceswith zeroor morethanone �1� (48.75%).With +353,-490,a sign test
indicatesthatthechanceof errorin rejectingthenull hypothesisthatStrongC1 doesn’t hold is much
higherthan10%.û=<

The following exampleillustratesone classof counterexamplesto StrongC1 with the Vanilla
setting.In (16), if we identify utteranceswith finite clauses,u1 is followedby four utterances.Only
thelastof thesedirectly refersto thesetof egg vasesintroducedin u1,while they all containimplicit
referencesto theseobjects.In (16a),(entity) coherenceis maintainedby thebridgingreference(the
furniture) ratherthanby direct reference.Clearly, therearetwo waysof ’fixing’ this problemwith
the Vanilla version: eitheridentifying utteranceswith sentences,in which caseutterances(u2)-(u4)
disappear;or allowing for indirect realization,in which case(u2)-(u4)all will have a �1� . We will
considerbothof thesepossibilitiesbelow.

(16) (u1)These“egg vases”areof exceptionalquality: (u2)basketwork basessupportegg-shaped
bodies(u3) andbundlesof straw form thehandles, (u4) while small eggsrestingin straw
nestsserve asthefinial for eachlid. (u5)Eachvaseis decoratedwith inlaid decoration:. . .

Perhapseven moreinterestingis the fact that several utteranceshave more than one �1� - i.e., they
violateWeakC1 aswell. This is illustratedby (17),wherewe keptthe >@?BA formatof theannotation
soastheattributesof elementswereincluded.

(17) <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>��C à_���h�Z�]�
�1§w�,DR�T�8±_�h�R�����A�������� ¢�h�R�z�T­��4¬��A���u�]�T­��8 z�T�E¿*å�E��u���®�]�ª���u��£]³GFGHIHGH�ç�³��JLKu­��E�R�����E§w�T�A���º�����#��²L­��A�^�u�!MINIMª­��R�R���E�����<���P�u���E�h��¨u�]�L²*¸��R�A�T��²z¼^é��h����£h­�±_���PO�éª�?��£h���R�]�u����£h��­��<���Z ¢�L�T�<�1�T��£h¨W�A�������RQ�����<���R�*�����R�h�R�h���
�h�z�R���1��§+¶4��±_±_�]�L²+��£h��­��<���h�
�R�����h�4�<�u§w¬�£h��§����L�R��S����4�T�4���R�E������³

ê!T



<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 utteranceu229:û�U
thecornercupboard (realizedby ne547andne549)andBranicki (realizedby ne551).As their gram-
matical functionsare equivalent underthe ranking proposedby Groszet al., (np-compl, for ��� -
complement,andgen, for ’genitive’ - seetheannotationmanualfor examples),thesetwo ��� s have
thesamerankin u227,sothey areboth ��� sof u229.Thesameproblemoccurswith coordinated��� s,
bothof whichhave thesamegrammaticalfunction.

V�-!W,/,X!'�Y�XZ-!'�[]\�+.%P'�%(^_/,'�-!W,/,`!-!*,/,%P'
The statisticsconcerningpronominalizationand the �1� are

shown in thefollowing table.R1 pronounsincludepersonalpronounsandrelative pronouns/ traces;
thefiguresconcerningdemonstrative pronounsarealsolisted.

MUSEUM PHARMA TOTAL
Total numberof R1-pronouns: 271 120 391
Numberof personalpronouns: 144 73 217
Numberof relativepronouns: 127 47 174
Numberof demonstrativepronouns: 7 16 23
Utteranceswith asubject: 383 216 599
Numberof personalpronounsin subjectposition: 61 34 95
Numberof demonstrativepronounsin subjectposition: 5 11 16
Total numberof realizationsof CBs: 218 166 384
Total numberof CBsrealizedasR1-pronouns: 144 69 213
CBsrealizedaspersonalpronouns: 91 49 140
CBsrealizedasrelativepronouns: 53 20 73
CBsrealizedasdemonstrativepronouns: 3 1 4
CBsNOT realizedasR1-pronouns: 74 97 171
Total numberof R1-pronounsthatdonot realizeCBs: 53 22 75
Personalpronounsthatdo not realizeCBs: 51 20 71
Relative pronounsthatdonot realizeCBs: 2 2 4
Demonstrativepronounsthatdonot realizeCBs: 4 15 19

Our corpusincludes217usesof personalpronouns(he, she, it, they, andtheir othermorpholog-
ical forms), 23 demonstratives,and174 relative pronounsor traces,for a total of 391 R1-pronouns��aLb ���]�R�L���8­!FGFIc����T�4­!FIMGH����A���R�A�����R��±����P­����R���E�º�L�����Z�º�Z�R�L��¨W���A���L�u�d�����h�R��³
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(countingrelative pronounsor traces).Of thepersonalpronouns,37 (17%)have their antecedentin
thesameutterance,and28(13%)in anutterancefurtherawaythanthepreviousutterance.Thecorpus
contains59 pronoun-pronounchains(casesin which theantecedentof a pronounis itself realizedas
a pronoun).Of the353utteranceswith exactly one �1� , 72 areignoredby thescript in that theonly
realizationof aR1-pronounis donevia arelativepronounor trace,and281areconsideredasrelevant
for Rule1.û�f

The first thing to notice is that unlesswe count relative pronounsand relative tracesas R1-
pronouns,aboutasmany - in fact, more- �1� s arerealizedasnon-pronounsthanaspronouns(140
��� s arerealizedaspersonalpronouns;73 asrelative pronounsor traces;and171asnon-pronouns).
What this meansis that the strongerversionof Rule 1 proposedby Gordonet al. (1993) (always
pronominalizethe �1� ) only holds(andthenwith a 7%chanceof error) if we countrelative pronouns
asR1-pronouns(seealso(Henschelet al. 2000)).On theotherhand,boththeversionof Rule1 orig-
inally proposedby (Groszet al. 1983)andthat in (Groszet al. 1995)do hold. Thecompletefigures
concerningsatisfactionandviolationof thethreeversionsof Rule1 discussedin Sectiong 2 areshown
in thefollowing table.ûih

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

Two examplesof utterancesviolatingGroszetal.’sversionof Rule1, whichrequiresthe �1� to be
pronominalizedif anythingelseis, areshown in (18).

(18) a. (u1) 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. (u1) 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 last weeks
of pregnancy

(u4) or when she is breastfeeding the baby.

In (18a),the �1� of u3 is Louis XIV, the king, which is however realizedusinga propername,pre-
sumablybecauseof thereferenceto anofficial title; thepronounhe is usedto realizeBoulle, which,��j ¸������R�L��±_���®���E�h¬��R�h�T�z�T�L�R���� z�º¨W�R�L�1�<�R���R�h�<���]�<�P���T�
ä
­�£]��é1���A���<�u§w¬�­��R��±��h�z¸������R�h�T�&kLM�³��l/â¾�ª���A�v­��®�h��²µ�L���A�v�����+¤¦�����E�A�T z¤L±_�������h�R�h�u�l�T�
ä
éGQ�¬��?�u�L�T­����T ¢�L�]�<�w�u�L£]¨¢�]�L��£h­�±_����¬����E�<�T����£�¬��?�u�L�T­����®�u����±¾���T�±_��§��T�L�<�R�E���R�h�L�^�º�L±��?��£h���R�]�u�^¬��?�u�L�T­����®³
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while the ‘main character’in thesenseof GarrodandSanfordof this discourse(andthe ‘discourse
focus’ in the senseof Sidner),is not the ��� of u3. In otherwords,we canobserve herea conflict
betweentheideathatpronominalizationis usedto realizethe‘main entity’ of adiscourse,irrespective
of its ranking,andthe ideathat pronominalizationis usedto realizethe locally mostsaliententity,
asidentifiedby the �1� . (Seealso(Giouli 1996;Byron andStent1998).) In (18b), the �1� of u3 is
PRODUCT-X, which,however, is realizedusingapropernoun,whereasapossessive pronounis used
to refer intrasententiallyto thebaby(For a discussionof theproblemof intrasententialpronounsin
CenteringTheory, see(Walker 1989;Tetreault1999;PoesioandStevensonpear)).

In thepharmaceuticalleafletswe foundanumberof violationsof Rule1 towardstheendof texts,
whena numberof pronounsareusedto realizethe productdescribedby the leaflet. E.g., it in the
following examplerefersto thecream,notmentionedin any of theprevioustwo utterances.

(19) (u1)A child of 4 yearsneedsabouta third of theadultamount.(u2)A courseof treatmentfor achild
shouldnot normallylastmorethanfivedays(u3)unlessyourdoctorhastold you to useit for longer.

Thesecasesmaybeseenagainasexamplesof theconflict betweenthe’global’ preferenceto realize
the’main character’andthe’ local’ preferenceto realizethemosthighly rankedentity. By theendof
thetext, after theproducthasbeenmentioneda numberof times,it is salientenoughthat thereis no
needto put it againin thelocal focusby mentioningit explicitly.

The resultschangeonly slightly when a ‘wider’ senseof pronounis adoptedby considering
demonstrative pronounsaswell (but see(Passonneau1993)): in this case,wehavemoreviolationsof
theversionof Rule1 from (Groszet al. 1995)(10 insteadof 8) but fewer violationsof theversionof
Gordonet al. (150insteadof 154)andof theversionin (Groszet al. 1983)(48 insteadof 50). (In the
restof thepaperwe will keepusingthe’narrow’ definitionof pronoun.)

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

Oneinterestingeffect of this changeis that if we countdemonstrative pronounsamongthepro-
nounsgovernedby Rule1, we getmorelong-distancepronouns(39) thanintra-utteranceones(37).

n&o W,Xqp
Thefiguresconcerningtransitionsrelevant for Brennanet al’s versionof Rule2 areshown

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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Themostinterestingresulthereis that themostfrequenttransitionby far, with 47%of thetotal,
is onenotmentionedin theCenteringliterature,theNULL transition,whichconnectstwo utterances
without a �1� . The secondmostcommontransitionis Kameyama’s CenterEstablishment,EST (the
transitionbetweenan utterancewithout �1� andonewith a �1� ), followed by its reverse,the ZERO
transitionfrom an utterancewith a �1� to one without (also not mentionedin the literature),and
then by CON, RET, SSH, and RSH. If we ignore NULL transitionsand ZEROs, the preferences
areroughlyaspredictedûis by Brennanet al., especiallyif we mergeESTwith CON assuggestedby
Walkeretal. (1994);thereareaboutthesamenumberof RSHandSSH.(Similarresultswereobtained
by (Passonneau1998).)Groszetal.’s formulationof Rule2 in termsof sequencesalsoroughlyholds,
exceptthattherearetoo few sequencesfor theresultsto bereally useful:

MUSEUM PHARMA TOTAL
ContinuationsSequences: 10 5 15
Establishment/Continuation: 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 usedthemostfavourableway of countingsequences–eachpair of repeated
transitionswas countedas a sequence,which meansthat threeCONT in a row count as two se-
quences.)In our corpusthereseemsto be a preferencefor avoiding repetition,even in the type of
transitions:e.g.,EST/ CONT sequencesaretwiceascommonassequencesof continuations.

Of theotherformulationsof Rule2, theversionbasedon a preferencefor cheaptransitionpairs
over expensive onesproposedby StrubeandHahnis not verified with the rankingfunction usedin
the Vanilla version,which is not the oneassumedby StrubeandHahnthemselves(but seebelow);
this confirmsresultsobtainedfor dialoguesby Byron andStent(1998). Ignoring the225utterances
which aresegmentboundaries,��t we have 401 pairsof expensive transitions,and32 pairsof cheap
transitions,asfollows:

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

Finally, wedevisedthefollowing methodto evaluateKibble’s proposal.Wecountedthetotalnumber
of utterancesverifying oneof Kibble’s four constraints;we alsocomputeda ‘Kibble score’for each
utterance,definedasthenumberof constraintssatisfiedby thatutterance.With theVanilla configu-
ration,theaverageKibble score�iu comesto about1.06- i.e.,eachutterancesatisfiesaboutoneof the
four constraints.Thefiguresareasfollows:��vLw �����T�E�R­������R��£h¨l ¢�+���A�v���T���� z�º�A�v�T���*�R���®���������4���T­�£h±W¶��+­��®��±¾�����L���E�h��¨µ�*�<£]���]§ �/¶��T­��4�����+�E����¿u�]�L²��T���?��£h���R�]�u����A��xu­����L���h���<��£h�]¿u�^ä
­�£h�yF�³���/â¾�� ¢�h£]£��h²u���T�A�^������§ô�]�W�R�L���?���®�T�T�´�R����¬���¬����R���º£h�<�* z�����z���T���®�h±
���E�h��²*¥�� ¶T¶�£]��¤¦�
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MUSEUM PHARMA TOTAL
Continuoustransitions: 197 165 362
Salienttransitions: 105 108 213
Cheaptransitions: 150 128 278
Cohesive transitions: 60 51 111
Average‘Kibble Score’: 1.52 1.02 1.24

� /,���.X!+.X!'�Y�X!)���X!*,� X!X!'¡[�%(^_-!/,'�)�¢
Broadly speaking,the texts in themuseumdomainseemto be

more in agreementwith the predictionsof the theory than the texts in the pharmaceuticaldomain.
This is especiallythecasefor Rule1. Countingpersonalpronounsonly, therearefewer pronounsin
thepharmaceuticaldomain(73 of 1308 �#� s, or 5%,asopposedto 144of 1723,8%, for themuseum
domain),andwhereasin themuseumdomain41.7%(91/218)of �1� realizationsaredonevia personal
pronouns(66%if we alsocountrelative pronounsandcomplementizers),in thepharmaceuticaldo-
mainonly 29.5%(49/166)are(41%with relative pronouns).Thepercentageof utterancessatisfying
thestrongversionof Constraint1 is muchhigherin themuseumdomain(45%,193/428)thanin the
pharmaceuticaldomain(27.7%,160/577),andthepercentageof utteranceswith no �1� is muchhigher
in this seconddomain(54%,316/577)thanin thefirst one(38%,165/428).Finally, over 71%of ut-
terancesin thepharmaceuticaldomainareNULL or ZERO transitions(412/577),whereasjust 53%
arein themuseumdomain(231/428);thepercentageof ESTandCONT is alsoslightly higherin the
museumdomain(133/ 428,31%,versus127/ 577,22%).

As discussedbelow, thesedifferencesare in part be due to the large numberof secondperson
pronounsyou in thepharmaceuticaldomain,many of which serve to maintaincoherenceand/ or as
mostsaliententities.
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In this subsectionwe considerhow changingthe definition of utteranceandof previous utterance
affectsConstraint1, Rule1 andRule2.

ª +.X!-!*,/,'�«¬Y�%(%(+.[#/,'�-!*,X![®­ � )¯-!) o *,*,X!+.-!'�Y�X!) Several researchersstudyingspoken dialogueshave
suggestedthat eachelementof a coordinated

­ � shouldbe treatedasa separateutterance:i.e., that
in We shouldsendtheengineto Avonandhookit to thetanker car, thecoordinate

­ � ‘hookit to the
tanker car’ is actuallya separateutterance.This positionwould beespeciallynaturalin grammatical
theoriesin which coordinated

­ � s areviewedassentenceswith anemptysubject.In thetexts in our
corpus,however, treatingcoordinated

­ � sasseparateutterancesleadsto slightly worseresults,mainly
becausemoreunitscountasutterances(1039vs. 1005with theVanilla version).Thedifferencesare
significantfor Constraint1 (30 additionalviolations)but not for Rule1.��û Therelevant figuresfor
Constraint1 areasfollows:

MUSEUM PHARMA TOTAL
Numberof timesat leastoneCF(Un)is realizedin Un+1: 201 165 366
UtterancesthatsatisfyConstraint1 (have exactly oneCB) : 197 160 357
UtterancesthatdonotsatisfyCon1 but aresegmentboundary: 66 96 162
Utteranceswith zeroCBs: 179 332 511
Utteranceswith morethanoneCB : 4 5 9��� â¾���<�L�u­�£h±��L�u z���L�����A��§����E¿+�R�L�º�� ¢��±_�h±
�L¤¦�L�R�?�����u�R�����®�����T�T�A±_�]�L�º�R��±�°�±L�8���Z���T���R���h���h��²z�����E�º�<��½�±_�T�]�L²*�<�+§w�h²L�L�£h����±��R�^¶����R�R���8�?���®­�£h�R�<³
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whereasthosefor Rule1 (countingrelative pronounsasR1-pronouns)are:

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

The other significantchangeis in the numberof cheapandexpensive transitions: treatingco-
ordinated

­ � s asseparateutterancesresultsin many moreutterancesbeingclassifiedasexpensive
(36).

MUSEUM PHARMA TOTAL
Cheaptransitions: 73 65 138
Expensive transitions: 282 394 676
Cheaptransitionpairs: 16 13 29
Expensive transitionpairs: 180 253 433

³ )�/,'�«¤-!W,Wµ´PX!+.��X![¡Y�W,- o )�X!)�/,'�)�*,X!-![4%(��¶ o )�*µ*,·�X¹¸�'�/,*,X�%('#X!)
A secondpossibleextensionof the

definition of utteranceis to treat all clauseswith a verb as utterances,ratherthan just thosewith
a finite verb. However, with this definition we have many moreutterances(1266insteadof 1005)
andsignificantlymoreviolationsof the strongversionof Constraint1 (685 vs. 490). Thereareno
significantdifferencesin the numberof violationsof Rule 1. As for Rule 2, this changeresultsin
many moreNULL transitionsandin moreEST, aboutthesamenumberof shifts,andfewerCONand
RET, asshown by thefollowing table:

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

ª +.X!-!*,/,'�«¯*,/,*,W,X!)§-!'#[º%(*,·�X!+�W,-!»(% o *1X!W,X!^_X!'#*,)§-!) o *,*,X!+.-!'�Y�X!)
Our evaluationscript treatsasanut-

teranceevery unit whichcontains��� s andis not embeddedin any otherunit, irrespective of whether
it is finite or a clause,becauseotherwisethese��� s would not belongto any utterance.This feature
of thescriptmakestheresultsfor Constraint1 reportedsofar significantlybetterthanthey would be
if we weretruly consideringonly finite clausesor clausesasutterances,becausein this casea large
numberof titles andotherlayoutunitswould not be treatedasutterances.Whenonly finite clauses
areconsidered,therearemoreviolationsof bothConstraint1 andRule1, althoughonly in thecase
of StrongC1 is thedifferencesignificant. This is evenmoretrueof thecasediscussedbelow when
utterancesareidentifiedwith sentences.Titles aretreatedasutterancesin theconfigurationsstudied
in therestof thepaper, evenwhenthey arenot finite clausesor sentences.
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In general,theonly casein which addingmore

units resultsin fewer violationsof Constraint1 andRule1 is with titles. Otherwise,thebestresults
(especiallyfor C1) areobtainedby consideringlarger text constituentsasutterances,thusreducing
thenumberof utterances.In particular, improvementsareobtainedby eliminatingfinite clausesthat
occurasparentheticals,assubjects(asin ThatJohncoulddo this to Mary wasa big surpriseto me),
andasmatrix clauseswith anemptysubject(asin It is likely that Johnwill arrive tomorrow). This
merging of clausesonly reducesthe overall numberof utterancesfrom 1005to 971, but the result
is a simultaneousreductionin the numberof violations of StrongC1, from 490 to 464 (which is
significant,while still notenoughfor StrongC1 to beverifiedby thebinomialproportionstest)anda
smallincreasein thenumberof utterancesthatsatisfyRule1 (in theversionfrom (Groszetal. 1995))
to 279,while alsoreducingtheviolationsto 7 (not significant).Therearevirtually no changesasfar
asRule2 is concerned.Becauseof thesesmall improvements,in what follows whenwe discussthe
resultswith finite clausesasutteranceswe alwaysexcludethesetypesof finite clauses.

n X!W,-!*,/,´(X�$&W,- o )�X!)
Findingout thebesttreatmentof relative clausesturnedout to bedifficult. The

readermay recall that Kameyamatentatively proposes(without empiricalverification) that relative
clauseshave a ’mixed’ status:they shouldbe locally treatedasupdatingthe local focus,but at the
global level they shouldbe mergedwith theembeddingutterance.This proposalhowever seemsto
involve a final stepin which the local focusis updatedwith the contentof certainutterancessome
time after they have beenfirst processed,which a ratherradicalchangeto thebasicassumptionsof
the framework. Instead,we simply considereda versionof the theoryin which relative clausesare
not treatedasutterances,andcomparedit with the versionsdiscussedso far, in which they are. In
addition,we comparedtreatingrelative clausesasadjuncts(i.e., asnot embedded)andtreatingthem
ascomplements(embedded).�=� Thefiguresreportedsofar wereobtainedby treatingrelative clauses
asutterances,andasakin to adjuncts;in addition,wehavebeenassumingthatrelativeclausescontain
a null element/ tracereferring to the entity modifiedby the relative, so that relative clausesnever
violate C1. This turnsout to be the worseconfiguration.Not treatingrelative clausesasutterances
resultsin 6%fewerutterances(907insteadof 971)whichin turnsmeanssignificantlyfewerviolations
of WeakC1, 447(436utteranceswithout a �1� , 11 with two ��� s) insteadof 464 (454and10). The
numberof violationsof Rule1 staysthesame,7. Fromthepoint of view of Rule2, a lot of relative
clausesseemto functionasEST, sincetheirnumbergoesdown by almost15%(from 191to 158);we
alsoseea30%reductionin SSH.Everythingelsestaysthesame.

In purely numericalterms,then,onecould arguethat not treatingrelative clausesasutterances
would resultin asmall improvement.On theotherhand,we feel thatexcludingfinite relative clauses
wouldmake it very difficult to maintaintheprinciplethatutterancesareidentifiedwith finite clauses.
And anyway, we will seein a momentthat theadditionalviolationsof Constraint1 alsodisappearif
we treatrelative clausesascomplementsratherthanadjuncts,i.e., if we adopta ’generalizedSuri’
notion of previous utteranceratherthana ’generalizedKameyama’. For thesereasons,in the runs
discussedin therestof thepaperwe continuedto treatrelative clausesasseparateutterances.

V o +./µ-!'#[ÂÁ]Y�$&%(»PÃ�)q[�X!¸�'�/,*,/,%('¡%P�ÅÄ�+.X!´(/,% o ) o *,*,X!+.-!'�Y�X
As discussedin SectionSection g 2, the

experimentsof Suri andMcCoy suggestedthat adjunctclausessuchasafter andbefore clausesbe-
havedmorelike embeddingelements(i.e., like complements)thanlike coordinatingones;Cooreman
andSanfordfoundevidencesupportingthis treatmentfor whenclauses,aswell. We testeda version��� à_���1±_�h�R�����A�������^§����R�R���E�P ¢�L�����R���1�A��£h�º���]�u����£h�º­��®�1�T����­��E�Z���´�R�L�v����±l�T�����µ��§+¶���±_±_�h��²W��£h�º­��®�������P�h��Æ®Ç<Â Ð Ó�© Ð Î�ËAÊ©PÇºÂ�Ç�Î�Ç Ü´ÆA©=ÇºÂvÇÍÌ�Î�Â�Ë4Év© Ð Î�Â�©�ÎÉÈ_Ã¦«¦«�Âº©<Ê1ÄAËAË Ð Ë Ð Î�ËAÆAÃ Ð ÜzÎ�ÂºË�ÅYÑLÃ¦«¦ÊºÃ Ð ÜW©�Î Ð Ã Ü�ÂºÎ�ÕËÊ Û Õ Õ Õu³
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of Centeringin which Suri andMcCoy’s treatmentis adoptedfor all adjuncts;in this version,for
example,theprevious utterancefor (20c) is (20a),whereasin Kameyama’s version,it is (20b). We
call this versiongeneralizedSuri-McCoy.

(20) a. Johnwoke up

b. whenBill rangthedoor.

c. He hadforgottentheappointment

UsingSuri’sdefinitionof previousutterancefor embeddedadjunctclauses,ratherthanKameyama’s,
resultsin smallbut significantimprovementsconcerningStrongC1,aswell asin improvementscon-
cerningR1, and in no worseresultsfor Rule 2. First of all we have a significantreductionin the
numberof violationsof Constraint1, althoughnot in all casesis thereanimprovement:25utterances
thatviolateStrongC1 underKameyama’s definitionsatisfyit underSuri’s,but 13 utterancesbecome
violations(by thesigntest,+25, -13, 2¬3Í795�Î ). This reductionis still not sufficient for StrongC1 to
beverified.

MUSEUM PHARMA TOTAL
Numberof timesat leastoneCF(Un)is realizedin Un+1: 198 170 368
UtterancesthatsatisfyConstraint1 (have exactly oneCB): 193 164 357
UtterancesthatdonotsatisfyCon1 but aresegmentboundary: 67 92 159
Utteranceswith zeroCBs: 139 305 444
Utteranceswith morethanoneCB : 5 6 11

The overall figuresfor the different versionsof Constraint1 and Rule 1 with Suri’s definition of
previous utterance,andtheprobabilitiesthat theseprinciplesarefalsifiedaccordingto thesign test,
areasfollows:��" Ï Ð�ÑRÒ(ÓIÑRÔ(ÕRÖ Plus Minus ×

CONSTRAINT1 (STRONG) 357 455 ×BØ]Ù�Ú Û�Û�Û
CONSTRAINT1 (WEAK) 801 11 ×BØ4Û�Ú Û�Û�Û
RULE 1 (GJW95) 290 7 ×BØ4Û�Ú Û�Û�Û
RULE 1 (GORDON) 135 162 ×BØ4Û�Ú Ü�ÝËÞ
RULE 1 (GJW83) 246 51 ×BØ4Û�Ú Û�Û�Û

It shouldbenoted,however, thatthesedifferenceshavemostlyto dowith theway relative clausesare
handled,i.e.,with exampleslike thefollowing.

(21) This brooch is madeof titanium, which is one of the refractory metals. It was madeby
Anne-MarieShillitoe, anEdinburgh jeweller, in 1991.

If whatwecall here’generalizedKameyama’definitionof previousutteranceis adopted,theprevious
utterancefor theclauseIt wasmadeby ... is therelative clausewhich is oneof therefractorymetals;
this causescausinga violation of StrongC1. The ’Suri’ version,by contrast,the relative clauseis
treatedasembedded.If wedidn’t treatrelativeclausesasutterances,wewouldhaveanequalnumber
of violations for the two versions,althoughabout20 of theseviolationswould be specificto each
version. One examplewherethe differencedoesn’t have to do with relative clauses,but with the
treatmentof adjuncts,is (22). PRODUCT-Z is not mentionedin theadjunctif-clause,andtherefore
a violation of StrongC1 resultsif (u2) is taken aspreviousutterancefor (u3). In this case,Suri and
McCoy’s treatmentof adjunctsleadsto a betterresultthanKameyama’s.��C à_���z�A����±
����§w��¨[�L�º�u�¢�L�T�R�]�<��±è�R�L�º�(FIßGOµ­��R�R���E�º�L�����ª���A�W���T�L�<�h±_���?��±[���u�������z���u��£]­����R�h�u�¡�T�
ä
­�£h�Wéº�
�E�º���������R�����FIcºéz���T���R����à
�º�L�]£h£h�¢�u���E�<�h�T��³ªà_�L�]�1�h�4¶4���<�º­��®�W�u�4�R���W z�º¨w�R�L�z��£h²L�T�E�h�R��§ ���T���<�u­��L�R�h��²��L�h�T£]���R�h�u�L�1�u�4ä
­�£]�*éW z�u�E¿u��á±_�]�������?���L�T��­�§+¶����E�Z�T��­����R���E�º�L�����Z§���¨�¶������T���®�]±_���A��±z±
��¬�����±_�h��²*�T�z�R����¬��A���®�������^�u�L�A��£]���R�h�L�^¬��A�T���T­����®³
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(22) (u1)You shouldnotusePRODUCT-Z

(u2) if youarepregnantof breast-feeding.

(u3)Whilst you arereceiving PRODUCT-Z ....

Conversely, in thefollowing exampletheadjunctclause,asyoumaydamage thepatch inside, intro-
ducestheentity thepatch which is thenreferredto in (u3), sotreatingtheadjunct(u2) asembedded
leadsto aviolationof C1. In thiscase,Kameyama’s hypothesisgivestheright result.

(23) (u1)Do notusescissors

(u2)asyoumaydamagethepatchinside.

(u3)Take out thepatch.

Suri’s definition of previous utterance–moreprecisely, treatingrelative clausesandall typesof ad-
junctsasembedded–alsoleadsto betterresultsconcerningRule 2: fewer NULL andZERO tran-
sitions, more CenterEstablishmentsand CenterContinuations,more SSH than RSH, more cheap
transitions,fewer expensive ones,anda better’Kibble Score’(1.14insteadof 1.09).Thedifferences
betweenthe ’generalizedSuri’ versionandthe ’generalizedKameyama’ aremuchlessif we don’t
treatrelative clausesasutterances,but for Rule2, unlike Constraint1, generalizedSuri still behaves
slightly better.

V�X!'�*,X!'#Y�X!)
By far the most dramaticimprovementas far as StrongC1 is concernedresult from

identifying utteranceswith sentences;in fact, the improvementis suchthatundercertainconditions
StrongC1 becomesverified. If we only countsentencesasutterances,thenumberof utterancesgoes
down quiteconsiderably, by almost50%(from 1005to 535),andthenumberof utteranceswith zero
��� s alsohalves. However, if we solely considersentencesa numberof �#� s would not belongto
any utterance,sincemany �#� s areintroducedin titles andotherlayoutelementswhich do not have a
sententialformat,suchasChandelieror Sideeffects. Justaswe did in thecaseof finite clauses,then,
wetreatsuchtext constituentsasutterances,aswell; thisbringsthetotalnumberof utterancesto 668.
Thefiguresrelevantto Constraint1 with thisdefinitionof utteranceare:

MUSEUM PHARMA TOTAL
Numberof timesat leastoneCF(Un)is realizedin Un+1: 130 147 277
UtterancesthatsatisfyConstraint1 (have exactly oneCB) : 126 138 262
UtterancesthatdonotsatisfyCon1 but aresegmentboundary: 65 80 145
Utteranceswith zeroCBs: 75 173 248
Utteranceswith morethanoneCB : 4 9 13

If we only considerthe535sentences,bothStrongandWeakC1 arenow verified (thesign test
gives 2â3®58795!5;: for StrongC1). However, StrongC1 is not verifiedif we considerall 668segments
of text thatcontain ��� s: in thiscase,thenumberof utterancesthatsatisfyStrongC1, (264)is almost
identicalwith thenumberof thosethatdon’t (261).�=<

Identifyingutteranceswith sentencesalsohasseveralnegative(if small)effects,however. Thefirst
of theseis thatthenumberof utteranceswith morethanone �1� increasesin thisversionby 50%(from
9 in theVanilla versionto 13). This is becausemany sentencesincludemorethanoneclause,which
increasesthelikelihoodthatmorethanonediscourseentity will berealizedin thesamegrammatical
function or an equivalent one(rememberthat the ranking function adoptedin the ’vanilla’ version
of Centeringdoesnot includeany provision for ’tie-breakers’ suchaslinear order). An exampleof��J à_���h�4�h�
�R���P�����<�P���L���+�����T­�²L�ª§�����¨v�R�h�R£]���
�º�?�P��æ��<£]­�±_��±^¶�¨ª�R�L���<�T­����T�º�
�R�L��¨v�º�?�P���A���º�R��±W���4�®��²u§w�����<¶��T­���±_���E�]���®³
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multi-clausalsentencein which morethanoneentity is realizedin thesamegrammaticalfunctionis
thefollowing discourse,whereboth thefamousParisianpalace, .... andtheKing’s cousin,... occur
in ’OTHER’ positionin (s73)(in differentclauses)andaresubsequentlymentionedin (s74),which
makesbothof thempotential �1� s:

(24) (s73)Thesefour wall lightsareamongeightmadein 1756for thenewly redecoratedinteriors
of thefamousParisianpalace,thePalais-Royal,whichwastheresidenceof theking’s cousin,
Louis-Philippe,ducd’Orleans.

(s74)Shortlyafterinheritingthebuilding in 1752,hecommissionedthearchitectPierreCon-
tantd’Ivry to renovatethemainrooms.

Identifying utteranceswith sentencesalsohasa a negative effect on Rule 1: again,the number
of violationsgoesup by 50%, from 8 to 12. Becausethe numberof violations is still quite small,
both the versionof Rule 1 in (Groszet al. 1995) and the original one in (Groszet al. 1983) are
still verified (+252,-12; and+209,-55, respectively, asopposedto +273,-8 and+231,50 with the
Vanilla version��U ), althoughGordonet al’s versionstill isn’t (+97, -167). Theoverall statisticsabout
pronominalizationfor theversionidentifying utteranceswith sentencesareasfollows:

MUSEUM PHARMA TOTAL
Utteranceswith a subject: 245 172 417
Totalnumberof R1-pronounsin subjectposition: 61 34 95
Numberof personalpronounsin subjectposition: 61 34 95
Numberof demonstrative pronounsin subjectposition: 5 11 16
Totalnumberof realizationsof CBs: 183 158 341
Totalnumberof CBsrealizedasR1-pronouns: 89 41 130
CBsrealizedaspersonalpronouns: 89 41 130
CBsrealizedasrelative pronouns: 0 0 0
CBsrealizedasdemonstrative pronouns: 4 2 6
CBsNOT realizedasR1-pronouns: 94 117 211
Totalnumberof R1-pronounsthatdonot realizeCBs: 53 24 77
Personalpronounsthatdonot realizeCBs: 53 24 77
Demonstrative pronounsthatdo not realizeCBs: 3 11 14

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

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

Theresultsfor Rule2 dependagainonwhetherweonly count’pure’ sentences,or all segmentsof
text thatcontaina ��� . With a ’pure’ notionof sentence,thenumberof NULL transitionsis drastically
reduced(to 162),andthenumberof bothSSHandRSHincreases.(In this versionthetotal number
of shiftsis greaterthanthenumberof RET, andeventhanthenumberof ’pure’ CON.)Thefiguresare
asfollows:��a/à_���P�A����±
���´�®���T­�£h±W¿L����¬*�]�v§w�]�L±¢�R�L�º�T�R�L���L­�§+¶4���_�T��­��R�R���E�����������R�Z¶��P�R���<����±W�h��±_�h�R�����A�����º±
��¬�����±_�h��²1�T�+ z�����R�����­��R�R���E�����<���Z���A���h±_���L�R������±µ ¢�h�R�����L�]������£h�º­��®���
å�FGc�éºç��T���<���������L�����Zå�FGã,ä�ç�³
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MUSEUM PHARMA TOTAL
Establishments: 49 52 101
Continuations: 26 32 58
Retain: 25 31 56
SmoothShift : 10 20 30
RoughShift : 22 19 41
Zero: 44 43 87
Null : 65 97 162

If wealsoincludelayoutelementswherenecessary, theresultsaremoresimilar to thoseobtainedwith
finite clauses,asfollows:

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%)
RoughShift : 19 11 30 (4.5%)
Zero: 52 66 118(16.7%)
Null : 88 185 273(40.9%)

Thereare still too few sequencesto truly test the versionof Rule 2 proposedby Groszet al, but
the preferencesare roughly verified (except that sequencesof NULL transitionsarestill the most
common).

Thefiguresfor thesentences-onlyversionareasfollows:

MUSEUM PHARMA TOTAL
ContinuationsSequences: 10 9 19
Establishment/Continuation: 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
reducesthenumberof expensive transitions;but therestill aremoreexpensive-expensive sequences
thancheap-cheapones.

MUSEUM PHARMA TOTAL
Cheaptransitions: 54 44 98
Expensive transitions: 125 220 345
Cheaptransitionpairs: 11 7 18
Expensive transitionpairs: 57 133 190

And finally, theKibble scoregoesup with thisconfiguration,to 1.4.
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MUSEUM PHARMA TOTAL
Continuoustransitions: 130 147 277
Salienttransitions: 53 87 140
Cheaptransitions: 54 44 98
Cohesive transitions: 50 56 106
Average‘Kibble Score’: 1.60 1.27 1.4

Although the figuresjust discussedindicatethat identifying utteranceswith sentencesleadsto
betterresultsin many respects,we believe thecaseis not completelysettled.This is in partbecause
of theoreticalreasons:e.g., in other theoriesof discoursewhere’units’ areassumed,suchas åçædè ,
theseunitsaregenerallyfinite clauses.Secondly, identifyingutteranceswith sentencesleadsto small,
but significantincreasesin thenumberof violationsof Rule1 (from 8 in theVanilla version,2.8%,
to 12,4.5%)andin thenumberof RoughShifts(from 2.9%to 4.5%). But mostimportantof all, we
will seein amomentthatthereareotherwaysof changingtheVanillaversionthatalsosatisfyStrong
C1 without identifying utteranceswith finite clauses,soadoptingthis definition of utterancesis not
strictly necessary. For this reasonin therestof thepaperwe will not simply identify utteranceswith
sentences,but we will alsostudytheeffect of thechangesto theotherparameterson theversionin
which utterancesareidentifiedwith finite clauses.For brevity, we will indicatetheversionsin which
utterancesareidentifiedwith finite clausesasu=f, andtheversionsin which they areidentifiedwith
sentencesasu=s.

���
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In this sectionwe discusstheeffectof changeson thevalueof therealizationparameter.
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Examplessuchas(16a) indicatethat anotherway to reducethe

numberof violationsof Constraint1 is to allow for indirect realization. And indeed,if we modify
the’best’ amongtheu=f versions–thatusingourgeneralizationof SuriandMcCoy’sproposalsabout
previousutterances,andwhichdoesnotcountcoordinated

­ � sandparentheticals–toallow for indirect
realization,wegetasignificantimprovementfor Constraint1; somuchsothateventhestrongversion
of theconstraintis verifiedby thesigntest(+525,-324). Thecompletefiguresfor this versionareas
follows.

MUSEUM PHARMA TOTAL
Numberof timesat leastoneCF(Un)is realizedin Un+1: 298 248 546
UtterancesthatsatisfyConstraint1 (have exactly oneCB) : 290 235 525
UtterancesthatdonotsatisfyCon1 but aresegmentboundary: 48 74 122
UtterancesthatdonotsatisfyCon1 but arerelative clauses: 0 0 0
Utteranceswith zeroCBs: 58 245 303
Utteranceswith morethanoneCB : 8 13 21

However, allowing for indirectrealizationhasthesametwo negativeeffectsasthechangeto u=s.The
first is that thenumberof utteranceswith morethanone ��� doubles,from 11 to 21; but becausethe
numberof suchviolationsis still relatively small,StrongC1is still verified.Wealsofind asignificant
increasein thenumberof violationsof Rule1, which alsodouble:from 7 with theSuri settingto 14.
But becausemoreutteranceshave a �1� with indirectrealization,thenumberof utterancesthatmatter
for thepurposesof Rule1 alsoincreasesfrom 281to 467,sotherelative percentagesdo not change
muchwith respectto theconfigurationwith directrealization(e.g.,now 3%of utterancesviolateRule
1 in theGJW95 version,asopposedto 2.3%with generalizedSuri anddirect realization).Both the
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versionof Rule1 –from Groszet al. (1995)andBrennanet al.; andfrom (Groszet al. 1983)–arestill
verified,but nottheoneby Gordonetal.. Theoverallstatisticsfor pronominalizationwith thisversion
andu=f areshown in thefollowing table.

MUSEUM PHARMA TOTAL
Totalnumberof realizationsof CBs: 225 174 399
Totalnumberof CBsrealizedasR1-pronouns: 138 74 212
CBsrealizedaspersonalpronouns: 98 55 153
CBsrealizedasrelativepronouns: 40 19 59
CBsrealizedasdemonstrativepronouns: 3 1 4
CBsNOT realizedasR1-pronouns: 87 100 187
Totalnumberof R1-pronounsthatdo not realizeCBs: 44 15 59
Personalpronounsthatdo not realizeCBs: 41 13 54
Relativepronounsthatdonot realizeCBs: 3 2 5
Demonstrativepronounsthatdo not realizeCBs: 4 15 19

Thefiguresfor validity andviolationsof thedifferentversionsof Rule1 areasfollows:

MUSEUM PHARMA TOTAL
GJW95- utterancesthatsatisfy: 239 214 453(97%)
GJW95- utterancesthatviolate: 12 2 14 (3%)
Gordon- utterancesthatsatisfy: 87 52 139(29.8%)
Gordon- utterancesthatviolate: 164 164 328(70.2%)
GJW83- utterancesthatsatisfy: 172 146 318(68.1%)
GJW83- utterancesthatviolate: 79 70 149(31.9%)

An exampleof pronominalizationthatbecomesa violation of Rule1 if we allow for �1� s to be indi-
rectly realizedis shown in (25). The ��� Onestandin u42is abridgingreferenceto the ��� introduced
by the ��� the two standsin u39,which is thereforerealizedin u42,andthusbecomesits �1� , but is
not pronominalized:only onestandis. (Of course,this pronounwould not countasa violation if the
non-finiteclausecontainingit werecountedasa separateutterance- we saw above however that this
move leadsto worseresultsin general.)

(25) (u39)Thetwostandsareof thesamedateasthecoffers,but wereoriginally designedto hold
rectangularcabinets.
(u42) Onestandwasadaptedin the late 1700sor early 1800scenturyto make it the same
heightastheother.

Thechangeto indirect realizationalsohasan impacton thestatisticsfor transitions.Becausethese
indirectrealizationsdonotoccupy themostsalientgrammaticalfunctionsin thenew utterance,adopt-
ing indirectrealizationleadsto a largeincreasein thenumberof retainingtransitions.Thenumberof
roughshiftsgreatlyincreases,aswell.

MUSEUM PHARMA TOTAL
Establishments: 74 95 169
Continuations: 50 39 89
Retain: 78 52 130
SmoothShift : 35 23 58
RoughShift : 61 39 100
Zero: 59 78 137
Null : 47 241 288
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Finally, we find an improvementin theotherversionsof Rule2: thepercentageof cheaptransitions
increases(from 153/ 971,15.7%,to 205/ 971,21.1%,asopposedto 14.7%for theu=sversion)and
theKibble scoreincreasesaswell, from 1.14to 1.6(vs. 1.4for theu=sversion).

In whatfollows,wewill indicatetheinstantiationsof thetheorywith u=f (andSuri-styletreatment
of adjuncts)anddirectrealizationas ðµ� ; thosebasedon indirectrealizationas ñ�� .
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As onemight expect,evenbetterresultsfor Constraint1 areob-
tainedby combiningindirectrealizationwith theu=sversion.With thisconfiguration(henceforth,ñ�æ )
389 utterances(out of 668) satisfythe strongversionof C1, and176 violate it; this is significantly
betterthantheu=sversionwith directrealization(henceforth,ðµæ ). Notehowever that thenumberof
utteranceswith morethanone �1� doublesagainwith respectto the ðµæ version,to 25 (3.7%).

MUSEUM PHARMA TOTAL
Numberof timesat leastoneCF(Un)is realizedin Un+1: 192 222 414(62%)
UtterancesthatsatisfyConstraint1 (have exactly oneCB) : 183 206 389(58.2%)
UtterancesthatdonotsatisfyCon1 but aresegmentboundary: 48 55 103(15.4%)
Utteranceswith zeroCBs: 30 121 151(22.6%)
Utteranceswith morethanoneCB : 9 16 25 (3.7%)

Theoverall statisticsaboutpronominalizationwith the ñ�æ versionareasfollows:

MUSEUM PHARMA TOTAL
Total numberof realizationsof CBs: 176 160 336
Total numberof CBsrealizedasR1-pronouns: 88 43 131
CBsrealizedaspersonalpronouns: 88 43 131
CBsrealizedasrelativepronouns: 0 0 0
CBsrealizedasdemonstrative pronouns: 4 1 5
CBsNOT realizedasR1-pronouns: 88 117 205
Total numberof R1-pronounsthatdonot realizeCBs: 52 19 71
Personalpronounsthatdonot realizeCBs: 52 19 71
Relative pronounsthatdo not realizeCBs: 0 0 0
Demonstrative pronounsthatdo not realizeCBs: 3 12 15

The numberof violations to Rule 1 alsodoublesagainwith respectto the u=s versionwith direct
realization,from 12 to 25 (6.4% of the 389 utteranceswith a �1� and a R1-pronoun). While this
numberof violationsisn’t enoughto castdoubton thevalidity of Rule1, it is 3 1/2 timesthenumber
of violationswith the ‘Vanilla’ version. The completefiguresaboutviolationsandverificationsfor
thethreeversionsof Rule1 areasfollows.

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

(Notice that if we wereto assumethatRule 1 appliesto demonstrative pronounsaswell the results
would besignificantlyworse,as75%of demonstrative pronounsdo not realize �1� s, confirmingthe
findings,e.g.,of (Passonneau1993).)

The resultsconcerningRule 2 with the ñ�æ versionarecomparableto thoseobtainedwith the ñR�
version;in particular, we geta largenumberof retainingtransitions(115)andRSH(97) (aswell as
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104EST, 64 CON,34 SSH,98 ZERO, and156NULL). Cheaptransitionsare135/ 668,20%of the
total (asopposedto 14.7%with direct realizationand21.1%with ñ�� ), whereas46.1%of transitions
areexpensive. TheKibble scoreis 1.95,muchbetterthanwith u=sanddirectrealization(1.4)and ñR�
(1.6).
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It mightbethoughtthatsomeof these

additionalviolationsof Rule1 in versionsñ�� and ñ�æ (suchastheonein example(25)) shouldn’t really
becountedasviolationsof Rule1, becausebridgingreferencessuchasonestandcontainanimplicit
referenceto thetwo stands, i.e.,aresemanticallyequivalentto oneof thetwo stands:��f theseimplicit
anaphorsmight satisfyRule 1. (Notice that’s what at stake hereis not the underlyingsemanticsof
bridging references–weagreewith this view of their semantics–but whethertheseimplicit anaphors
areR1-pronouns.I.e., the issueis the sameraisedby relative traces.)However, treatingthesenull
anaphorsasR1-pronounsactuallyresultsin moreviolationsof the rule, even thoughRule 1 is still
verified: from 14 to 23 with ñ�� , andfrom 25 to 30 with ñ�æ . This is becausealthoughmostbridging
referencesdoreferto the �1� (seealso(Sidner1979;Poesioetal.1998)),notall do,andeverybridging
referencenot referringto the �1� becomesa potentialviolation. In (26), for example,the �1� of this
utterance,Rocester, is referredto by a propername;if we assumethat a few madeof bronze, an
(intrasentential)bridging referenceto two shalebracelets, containsa (null) pronoun,the utterance
becomesaviolationof Rule1.

(26) Two shalebraceletswerefoundatRocester, aswell asa few madeof bronze

On thepositive side,this is thefirst parameterconfigurationamongthosediscussedthat verifiesthe
versionof Rule1 proposedby (Gordonet al. 1993),both in the ñ�� version(+345,-140, 2î3ó795;: by
thesigntest)andin the ñ�æ version(+253,-128, 2Z3ô795;: ).

Treatingthe implicit referencesin bridgesasR1-pronouns- hence,as ��� s - alsohasnegative
effectsfor StrongC1 andRule 2, in that it leadsto a dramaticincreasein thenumberof utterances
with morethanone �1� (from 21 to 94 (9.7%)with ñ�� , from 25 to 87 (13%)with ñ�æ ), aswell asin the
numberof RoughShifts(from 100to 181(18.6%)with ñ�� , from 97 to 154(23%)with ñ�æ ). All in all,
theseresultsdonotencourageusto adoptthisproposal.��h
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It hasbeensuggestedthat secondpersonpronouns(henceforth:PRO2s)in-
troduce ��� s, especiallyin dialogue(Byron and Stent1998).�is In the pharmaceuticaldomain, in
particular, PRO2sarevery numerous,andoften seemto play an importantrole in maintainingthe
coherenceof thediscourse.In our corpus,allowing PRO2sto introduce ��� s reducesthenumberof
violationsof StrongC1 both with the u=f andthe u=s instantiationsof the theory, both with direct
andwith indirectrealization.Evenwith ðµ� (andtheSuri / McCoy configuration),if we allow second
personentitiesto countas �#� s thestatisticsfor themuseumdomainarenot affected,but in thephar-
maceuticaldomainthenumberof utterancesthatsatisfyStrongC1 increasesfrom 164to 273,sothat
in total 466utterancessatisfyC1and364violateit, whichmeansthattheconstraintis verifiedby the
signtest(2¬3ö795�Î ).(Theimprovementis alsosignificant:with 96 formerviolationsbeingeliminated
andonly 5 new ones,2Z3î58795;: .) With ðµæ , 331utterancesverify thestrongversionof Constraint1,and��j/¸�­��<�µ�R�?�����R§w�����R�Z�T��¶��E�h±_²L�h��²*�A�������A�����<���4�����u�
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214violateit (asopposedto +264,-259whensecondpersonentitiesarenot treatedas ��� s). Allowing
for indirect realizationwe get even betterresultsfor StrongC1: with ñ�� , we get +623 and-241, a
significantimprovementevenover theversionwith directrealizationandPRO2s;with ñ�æ , +437,-145.

The resultsconcerningRule 2 arealsoimproved by treatingPRO2sas ��� s. The percentageof
NULL transitionsis greatly reduced(for ðµ� , down to 35% (from 47.7%); for ðµæ , to 30% (from
40.9%); for ñ�� , to 18.3%(29.7%); for ñ�æ , to 15.2%(from 23.3%)). As a result, the percentageof
continuoustransitionsin Kibble’s sense(EST, CONT, RET, SSH,RSH)increases,althoughRSHand
SSHincreaseaswell asESTandCONT. (In fact,in theIS version,RSHis now, with RET, themost
frequenttransition,at 18.3%each.) Theoverall figuresfor transitionsin the ñ�� versionareshown 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

whereasfor the ñ�æ 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, theKibble coefficient increasesfor all versions:1.51for ðµ� (vs. 1.14),1.81for ðµæ (vs. 1.4),
1.95for ñR� (vs. 1.6),and2.3for ñ�æ (vs. 1.95).

TheresultsconcerningRule1 crucially dependon whetherwe considersecondpersonpronouns
asR1-pronounsor not. Whetheror not we do, letting secondpersonentitiesintroduce ��� s results
in moreviolationsof Rule 1 (we concentratehereon the versionfrom (Groszet al. 1995)),both in
absoluteandin relative terms,becausemoreutteranceshave a �1� andthereforecountasviolations
or verificationsof the rule. But if we don’t considerPRO2sasR1-pronouns,then the increasein
violations is small: for ðµ� , from 7 (2%) to 11 (2.7%); for ðµæ , from 12 (4.5%) to 17 (5.1%); forñ�� , from 14 (3%) to 18 (3.2%); andfor ñ�æ , from 25 (6.4%) to 30 (6.9%). If we do treatPRO2sas
R1-pronouns,however, we find that thepercentageof violationsof Rule1 almosttriples for theu=f
versionsanddoublesfor theu=sones:we now have 30 violationsfor ðµ� (7.3%),38 for ðµæ (11.5%),
49 for ñ�� (8.6%),and66 for ñ�æ (15.1%).(Of course,Rule1 still remainsverifiedin a statisticalsense
in all of thesecases.)The reasonfor this is that PRO2sdo not seemto be very goodindicatorsof
the �1� : aboutasmany, or fewer, PRO2soccuras �1� s asdo not (for ðµ� , 154PRO2srefer to the �1� ,
whereas146donot; for ñRæ , 126PRO2sreferto the �1� , whereas141donot).

In the rest of the paperwe will assumethat secondpersonentitiesintroduce ��� s, but are not
R1-pronouns.
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Thetwo changesto thedefinitionof realizationseensofar bothhadto do with

increasingthenumberof ��� s. Whatif wewereto attemptto reducethenumberof ��� sinstead?Prima
facie, onewould imaginethis typeof modificationto haveanegative impactonC1,but perhapssome
of theviolationsof R1 might disappear.

Amongthe ��� s thatmight bethoughtnot to introduce��� s, anobviouscandidatearepredicative��� s, i.e., ��� s like a policemanin John is a policemanthatplay the role of predicatesin the logical
form of anutterance.But in fact,becauseour annotatorswereinstructedto markup Johnratherthan
a policemanasantecedentof subsequentanaphoricrelationsin theseexamples,filtering away such��� sdid nothaveany positive resultatall; on thecontrary, it did haveasignificantnegative impacton
StrongC1"�t becausein somecasestheannotatorshadbeenforcedto markup an ��� in predicative
positionastheantecedentof ananaphoricexpressionagainsttheinstructions.Two suchexamplesare
listedbelow. Especiallyin thesecondcase,it is not clearhow elsetheannotatorscouldhave marked
theantecedentof Bjorg."�u
(27) a. An importantartist in makingtheselinks hasbeenYasukiHiramatsu. His knowledge

of metalcraftallows him to pushandplay againsttheboundariesof what thematerial
canphysicallydo.

b. Two suchjewellersareToril Bjorg from NorwayandJacquelineMina from England.It
maybeunsurprisingthatBjorg, asaScandinavian,shouldchoosesilverashermaterial.

In thefollowing we will treatpredicative ��� s asintroducing��� s."�û
ü ��
1¨ ����
�ÿ�
=�����
As mentionedabove, in the experimentsdiscussedin this paperwe didn’t really study the effect
of alternative claims aboutsegmentation."�� What we did comparewere alternative heuristicsfor
segmentingthe text. Specifically, we looked at the differencesthat would result from having no
segmentationat all, usingmajorsectionsof a text asroughsegments,andtreatingevery paragraphas
aseparatesegment.(Seebelow, however.)

Thebasic(andobvious) resultis that thesmallerthesegment,thebettertheresultsfor C1, since
utterancesatsegmentboundariesarenotcountedasviolations.Thenumberof violationsof StrongC1
increasesprogressively assegmentsizeincreases,andthe constraintremainsvalid until the version
in which sectionsaretreatedassegments.Whenanentiretext is treatedassinglesegments,Strong
C1 only holds for ñ�� and ñ�æ . Rule 2 in Groszet al. versionis unaffectedby changesin segment
granularity, but larger segmentslead to worseresultsboth with Strubeand Hahn’s version(most
segmentboundariesbecomeexpensive transitions)andKibble’s version-e.g.,whenentiretexts are
treatedassinglesegments,the Kibble Scoregoesdown to 1.83 for ñRæ (from 2.3) andto 1.6 for ñR�
(from 1.95). R1 is unaffectedby the sizeof the segment,of course,sinceall that mattersis which
entity is the �1� , andsegmentationdoesn’t affect that.

More specifically, treatingevery paragraphasa separatesegment,ratherthanonly if it doesnot
containapronounreferringto anentity in thepreviousparagraph(Walker’sproposedheuristic)turnedC�� à_���W±_�h�R�����A���������h���®�h²L�L�����<�º�L�R£]¨w z�T�E�<�+���T���º£h£_�R���*�u���E�<�h�T�������T�8���A���º�R�h��²&E�ä
ÀýF������y��þ��<½� z�T�E�<����¶4­��4���T�8�®�]²u�����!Q��������£]¨W�®�u���h��E�ä
ÀýF��Z�º�A�^�R�A���º����±µ�º����þ��®³C�ã à_���h�1¬��A�á¶�£]��§ �h���R�h��±: ¢�h�R���R���W�h�<�®­��ª�T�� ¢�L�������������T¬�­�£h�º�^��£h�º­��®�����<�L�u­�£h±z¶��*­��L�]���T�E§w£]¨µ�L�h�� ¢��±:���1�º�®�<���E�R�h��²l�¬��A��±_�]�<�º���]�T�����T�4�h���h�¢�®�T§w�������<���
�R�L��¨z�<�º�1¶����L�h�� ¢��±l���
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�T��h���R�������]�T����£u�<�R�?­����R­��A��³
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out not to make any difference,sinceno paragraphin our corpuscontainsa pronounreferringto an
entity introducedin a previousparagraph.Treatingeachsectionof a text asa separatesegmentleads
to significantlyworseresultsfor ðµ� (for StrongC1,wehave+466,-405(notsignificant);for theweak
version,+856,-15,decrease:+23,-64.), ðµæ , and ñ�� . Therewasnodifferencewith the ñ�æ configuration
(+20,-20, thedifferencefrom theversionusingWalker’s heuristicis not significant).

The resultswith no segmentationat all weresignificantlyworsefor all versions;the increases
in violations go from 89 additionalviolations for the ðµ� version,to -39 for the ñ�æ version. As a
consequence,StrongC1 is not verifiedfor the ðµ� version,andit’s only supportedat the.04 level forðµæ .
��ÿ������=��
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Becausegrammaticalfunctiondoesnotuniquely
specifyamosthighly ranked ��� , someutterancesendup having morethanone �1� , which causesthe
violationsof theweakversionof Constraint1 seenabove. However, this problemcanbeeasilyfixed
by addinga tie-breakingfactor. The mostobvious choicefor this, given, e.g.,the resultsof Gerns-
bacherandHargreaves (1988);Gordonet al. (1993), is linear order: so we might choose,e.g., the
leftmost ��� betweentwo equallyranked ��� s ashaving thehighestrank. (We saw in Section g 2 that
linear orderwasalreadyusedby (StrubeandHahn1999)to resolve tie-breaks,althoughthey used
a different rankingfunction.) It turnsout that the resultscanalsobe slightly improved by ranking
post-copular��� s in there-sentences(e.g.,someonein There is someoneat thedoor) assubjectsrather
thanobjects.

Theresultingrankingfunction–henceforth abbreviatedto �ý�Éè��	��å
��A�ñ�� –makesbetterpredictions
concerninglocal coherenceasspecifiedby StrongC1, irrespective of whetherwe identify utterances
with finite clausesor sentences,andboth with direct andindirect realization.With the ðµ� configu-
rationwe have 481utterancesverifying StrongC1,and349violations(significantlybetter);with ñ�� ,
+652,-212. Theimprovementsaremostsignificantfor theu=sversions,sincein sentencesit’s fairly
commonfor morethanone ��� to berealizedin thesamegrammaticalposition.Theresultsfor Strong
C1with �ý��è��	��å���A�ñR� andthe ðµæ configurationare+351,-194;"=" with ñ�æ , +475,-107 (37utterances
hadmorethanone �1� usingnormalgrammaticalfunction).ThecompleteStrongC1figuresfor ñRæ are
shown in thefollowing Table.

MUSEUM PHARMA TOTAL
Numberof timesat leastoneCF(Un)is realizedin Un+1: 192 283 475(71.1%)
UtterancesthatsatisfyConstraint1 (have exactly oneCB) : 192 283 475(71.1%)
UtterancesthatdonotsatisfyCon1 but aresegmentboundary: 48 38 86(12.9%)
Utteranceswith zeroCBs: 30 77 107(16%)
Utteranceswith morethanoneCB : 0 0 0

As in all previouscases,betterresultswith StrongC1 arecounterbalancedby worseresultsfor Rule
1–although,again,not so much worseto result in R1 not beingverified. The resultswith the ðµ�
configurationaren’t significantlyworse:+412,-12 for thestrongversion(asopposedto +398,-11).
Thecompleteresultsfor all versionsof Rule1 with the ðµ� configurationand �ý�
�Åè���å
��A�ñ�� arelisted
in thefollowing table.C�C à_�����®���º�?���R���1��²u­��A���8���T�4�������u���E�®�h�u�W�h���<£]­�±_�h��²W£]��¨u�u­��u��£]��§w�����R�
 z�����¢���������®�<���E¨á³
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MUSEUM PHARMA TOTAL
GJW95- utterancesthatsatisfy: 150 262 412(97.2%)
GJW95- utterancesthatviolate: 7 5 12(2.8%)
Gordon- utterancesthatsatisfy: 87 50 137(32.3%)
Gordon- utterancesthatviolate: 70 217 287(67.7%)
GJW83- utterancesthatsatisfy: 134 182 316(74.5%)
GJW83- utterancesthatviolate: 23 85 108(25.5%)

Theresultsfor R1aresignificantlyworsewith the ðµæ configuration:+329(93.7%),-22(6.3%)(versus
+314(94.9%),-17 (5.1%)with ’normal’ grammaticalfunctionranking).In two of theadditionalfive
violationsof Rule1, however, theproblemis simply thatby addingadisambiguationelementweturn
utteranceswhose�1� is undefined(becausemorethanone �#� is equallyranked) into utteranceswith
a �1� . Onesuchexampleis (28).

(28) (s7) Intendedto hold jewelsor smallpreciousitems,the interiorsof this pair of coffersare
lined with tortoiseshellandbrassor pewter, with secretcompartmentsin thebase.

(s8) Thecoffers areeachdecoratedusingtechniquesknown aspremiere partie marquetry,
a patternof brass andpewter on a tortoiseshellground,andits reverse,contrepartie, a tor-
toiseshellpatternon abackgroundof pewterandbrass.

With the ñ�� configuration,the resultsarenon-significantlyworse,andarematchedby an increasein
the utterancesthat satisfyR1 (+577 (96.6%),-20 (3.4%) vs. +550 (96.8%),-18 (3.2%)). The full
resultsfor thethreeversionsof Rule1 underthe ñR� configurationareasfollows:

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

Finally, theresultswith the ñ�æ configurationarealsosignificantlyworseatthe.01level (+439(92.4%),
-36 (7.6%)versus+407(93.1%),-30 (6.9%)for theversionwith normalgrammaticalfunctionrank-
ing - a negative differenceof 6). The overall figuresfor all threeversionsof Rule 1 underthe ñ�æ
configurationareshown in thefollowing table.

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

In thecaseof Rule2, themainchangewith �ý�Éè��	��å
��A�ñ�� is a strongreductionin thenumberof
RoughShifts,with all configurations(from 40-4.1%-to29-3%-for ðµ� ; from 56 - 8.3%-to44-6.6%-
with ðµæ ; from 119-12.2%-to98-10%-with ñ�� ; andfrom 122-18.3%-to101-15%-with ñRæ ). With ðµ� ,
we also observe minor increasesin 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 ðµæ configurationaresimilar: again,wefind asmallincreasein CONandRET, and
an even biggerdecreasein RSH (from 56 to 44). With the ñR� configuration,againwe have a small
increasein CON anda decreasein RSH,but alsoa smalldecreasein RET. Theoverall figuresfor ñR�
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 the ñ�æ configuration,we getagainalmostthesameresultsconcerningtransitions,but with
anincreasein SmoothShifts.Thecompletestatisticsabouttransitionsfor ñ�æ 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%)

Thechangeto �ý�Éè��	��å
��A�ñ�� hardlyaffectstherelativepercentagesof cheapandexpensivetransitions;
asfor theKibble score,it is increasedunderall configurations,but by averysmallamount(e.g.,from
1.95to 1.99for ñR� with PRO2sas ��� s,andfrom 2.3 to 2.38for ñ�æ ).ñR� and ñRæ with �ý�Éè��	��å
��A�ñ�� rankingareclearly thebestconfigurationsusinggrammaticalfunc-
tion asthebasisfor ranking;wewill comparetheconfigurationsbasedonotherapproachesto ranking
below to thesetwo.

��/,'�X!-!+�½¾+.[�X!+
Among the forms of rankingalternative to grammaticalfunction,perhapsthesim-

plest is the one that ranks ��� s in the orderof occurrencein the utterance,from left to right. This
rankingfunctionwasexplicitly proposedby Rambow (1993)to accountfor factsaboutscramblingin
German,andeffectsof orderof mentionwererepeatedlyobserved in theliteratureby, amongothers,
(GernsbacherandHargreaves1988;Gordonet al. 1993;Stevensonetal. 1994).

It turnsout thatusingthis rankingfunction insteadof �ý�Éè��	��å
��A�ñ�� doesn’t resultin significant
differences. This is easyto understandin the caseof Constraint1, sinceall that mattersfor the
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constraintto be verified is whetherdiscourseentitiesare mentionedin successive utterances,and
whethertherankingfunctionalwaysresultsin asinglemosthighly rankedentity. However, wedidn’t
observe any significantdifferencesasfar asRule 1 is concerned,either, althoughthe versionusing
linearorderastherankingfunctionconsistentlyperformsslightly worsethanitscorrespondingversion
with �ò�Éè��	��å���A�ñ�� . With ðµ� , we find two additionalviolationswhenusinglinearorderasa ranking
function, but oneof the previous violationsdisappears,which we summarizeas+1, -2. With ðµæ ,
theresultsof thecomparisonare+2, -3; with ñR� , +1, -3; andwith ñ�æ , theresultswith linearorderare
exactlyequivalentto thosewith �ý�Éè��	��å
��A�ñ�� andwehave a tie - +4, -4.

Linearorderalsoresultsin slightly worseresultsasfarasRule2 is concerned,in thatafew moves
previously classifiedascontinuationsbecomeretains(2 with ðµ� and ðµæ , 6 with ñ�� and ñ�æ ) anda few
SmoothShiftsbecomeRoughShifts (again2 with ðµ� and ðµæ , 1 with ñR� and ñ�æ ). TheKibble score
alsogetsveryslightly lower throughout(e.g.,for ñRæ , from 2.38with �ò�Éè��	��å���A�ñ�� to 2.36with linear
order).All in all, theseresultsdo not suggestthat linearorderis a betterrankingthan �ý��è��	��å���A�ñR� ;
however, it might beadvantageousin somecases,sinceit is easierfor applicationsto compute."�<
$&%(^º��/,'�/,'�«�� +.-!^_^_-!*,/,Y�-!W ë(o '#Y�*,/,%('�-!'�[���/,'�X!-!+@½¾+.[�X!+

Theexperimentsby Gordonetal. (1993)
suggestthatsubjecthoodandfirst-mentionhoodresultin equalrankingfor �#� s. We tried thereforea
rankingfunction in which thefirst mentionedentity andthesubjectareequallyranked, thenevery-
thing elseis ranked accordingto grammaticalfunction; andone in which thefirst-mentionedentity
is alwaysrankedmosthighly, thenthesubject,theneverythingelse.With theserankingfunctionswe
obtainresultscomparableto thoseobtainedwith simplegrammaticalfunction andwith �ý�Éè��	��å
���A�ñ�� ; which is not terribly surprising,giventhatwe just saw that in our corpustheresultswith linear
orderandgrammaticalfunction arepretty similar. We concentratehereon the unambiguousform
of this rankingfunction,in which first-mentionedentitiesarerankedhigherthansubjects.Again,no
differenceswereobserved (or expected)for StrongC1. Small but not significantdifferenceswere
observed with R1, andgenerallyin favour of the Gordonet al. proposal.The oneexamplewhich
resultedin a violation of Rule1 with the ðµ� configurationandranking=�ý��è��	��å��8A8ñ�� , but not with
thecombinedranking,is thefollowing, in whichSieber-Fuchs is pronominalizedin (u2).

(29) (u1) For Sieber-Fuchs,old pill packaging,sweetwrappersor photographicfilm (5), create
rich possibilitiesof colourandtexture,

(u2)andsheweavestheseunlikely materialsinto boldandexotic jewellery.

(Notice that Sieber-Fuchs is the �1� in this casebecauseof the addedorder-baseddisambiguation.)
The resultsfor R1 with the four configurationsareasfollows: with ðµ� , +413, -11 (+1); ðµæ , +329,
-22, +1, -1; ñ�� , +578, -19, +1; ñ�æ , +436, -36 (identical). The resultsconcerningRule 2 with this
configurationareagainprettysimilar to thoseobtainedwith �ý�Éè��	��å
��A�ñ�� ; but, asin thecaseof pure
linearorder, every metric is very slightly worse.A few transitionsclassifiedasCONT becomeRET,
anda few otherschangefrom SSHto RSH.With the ðµ� configurationwe only have a changefrom
CONto RET: CON=112outof 971,11.5%(insteadof 117with �ò�Éè��	��å���A�ñ�� ) andRET=61(instead
of 55). With ðµæ we seethe samechange,but alsoonefrom SSH(34 vs. 40) to RSH (47 vs. 44).ñ�� is like ðµ� : CON=124(133 with �ý�Éè��	��å
��A�ñ�� ), RET=158(was150),SSHandRSH remainthe
same.With ñ�æ , CON goesfrom 97 / 668(14.5%)to 91 (13.6%),RET=134(was129),SSH=46(was
51),RSH=107(was101).TheKibble scoresareall very slightly lower: KS=1.51for ðµ� (down fromC�J/À+�µ�R���v�u�������
������±_�T�ª�®���E�]���Z�T���A���<­�£h�R�´¶�¨�ÿ��u�?±
�T�¢�º�L±¾�<�u£h£h�/¶��T�E�º���u�E�På���³ ²u³ ��å�ÿ��T�A±_�u�z�����º£h³�éIßGßIMº��éIßIßGß�ç�ç��®­�²u²L���®��R�L�º�´¬��T�®�]���]�T�*�h�¢�R�L���<¨u�����º�<�R�]�P�R�A�����]�8�8¶����R�R���4¬��?��±_�h���R�T�_�T���®�º£h�h���L�����������µ£h�]�L�����4�T�A±_���R³�E��E���<��±�����±�¸��R�A­�¶���å�FGHIHIHºç´��£h�<����T­���±l�R�L�º���]���¢�h��±_�h�º£h�h�����º���T�A±_���
±_�T���®��¤¦�u�<����§ �R�*�L�º�u�����µ���R�������u�T�¢�E����¿u�]�L²L³
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1.54),KS=1.84for ðµæ (1.86),KS=1.95for ñR� , KS=2.35for ñ�æ . Thepercentageof cheaptransitionsis
alsolower throughout–e.g.,with ñ�æ wehave Cheap=171,Expensive=272(vs. 175and268).

ê '��.%(+.^º-!*,/,%('�-!W�V�*,+ o Y�* o +.X
Wedidn’t expecttheresultsfor StrongC1tochangeby replacing�ò�Éè��	��å����A�ñ�� with the rankingfunctionbasedon informationstructureproposedby StrubeandHahn(1999),

for thesamereasonsaswe didn’t expectthemwith linear-order, andindeedwe didn’t find any. Less
expectedwasthefactthatwe didn’t find any significantdifferencesasfar asRule1 is concerned,ei-
ther(again,justasin thecaseof linearorder).(Weonly discussheretheresultswith theversionfrom
Groszetal. (1995).)With the ðµ� configurationwe have 414utterancesverifying R1 and13 violating
it: 2 violationswith �ý��è��	��å���A�ñR� now verify the rule, and1 new violation. (This differenceis not
significant.)With ðµæ , we have +332,-19 vs. +329,-22 with �ý��è��	��å���A�ñR� (+5, -2, againnot signifi-
cant.) On theotherhand,with ñ�� we getworseresultsfor Rule1 thanwith �ò�Éè��	��å���A�ñ�� , although
againthesedifferencesarenot significant:+577,-23vs. +577,-20 (+1, -4). Finally, with ñ�æ we have
quite a lot of differences,but the overall resultsare identicalto thoseobtainedwith �ý��è��	��å���A�ñR� :
436utterancesverify therule,36 violateit.

Theoneclaim of CenteringTheorywherewe canfind a differencebetweentherankingfunction
proposedby StrubeandHahnand �ý��è��	��å���A�ñR� is Rule2. Althoughwe do not know of statistical
teststhatcanbackupthisimpression,with all four configurationswehavebeenconsidering,replacing
�ý�Éè��	��å
��A�ñ�� with theStrube-Hahnrankingfunctionresultsin morecontinuationsandfewer retains,
moresmoothshiftsandfewerroughshifts(althoughNULL, ZEROandESTremainthemostcommon
transitions);morecheaptransitions,andfewerexpensiveones(althoughwestill havemoreexpensive
than cheaptransitionswith all configurations);and higher Kibble scores. With ðµ� , we still have
NULL, EST, andZERO asthethreemostfrequenttransitions,andin aboutthesameproportionsas
with �ý�Éè��	��å
��A�ñ�� (35%, 23.5%,15.4%); but we alsohave morecontinuations(CON=141/ 971,
14.5%(vs 117 with �ò�Éè��	��å���A�ñ�� )) andfewer Retains(RET=33,3.4% (55)); moreSmoothShifts
(SSH=56,5.7% (52)), andfewer RoughShifts, RSH=23,2.4% (29). We still find moreexpensive
transitionsthancheapones(EXP=518,CHP=228),but thepercentageof cheaptransitionsis slightly
better(23.5%vs. 21.3%);andtheKibble scoreis higher, KS=1.65(vs. 1.54).

Thesamehappenswith theotherthreeconfigurations.With ðµæ , wehaveasimilarreversebetween
continuationsandretains(CON=123,18.4%(94)andRET=32(58)),but with Strube/ Hahnranking,
unlikewith �ò�Éè��	��å���A�ñ�� , wealsohavemoreSSH(56,8.3%(40)thanRSH(25,3.7%(44)). Wehave
thesameslight improvementin thenumberof cheaptransitionsaswith ðµ� (CHP=153,EXP=290,vs.
137and306)anda higherKibble score,KS=2.08(vs. 1.86). With ñ�� , we still have moreSSHthan
RSH (SSH=82(76),RSH=79(98))and, in addition,we alsohave moreCON thanRET: CON=160
(133), RET=136(150).And again,we have a small improvementin the relative numbersof cheap
transitionsandin theKibble score(CHP=288,EXP=458;KS=2.13(vs. 1.99)).And finally, with ñ�æ –
which is theclosestconfigurationto theoneproposedby StrubeandHahn,apartfrom our inclusion
of secondpersonentities,we have CON=125,12.8%(97) andRET=112(129);aboutthesameSSH
andRSH,SSH=69(51), RSH=72(101);thehigherpercentageof cheaptransitions(CHP=203,30%,
andEXP=240);andthehighestKibble scoreobtainedby any configuration,2.62(vs. 2.38). Note
however thatevenin the’best’ version,it’s still thecasethatwe havemoreexpensive transitionsthan
cheapones,andmoreEXP-EXPthanCHP-CHPsequences,contraryto StrubeandHahn’s versionof
Rule2: 79 vs. 108with ñ�æ , theconfigurationclosestto theonestudiedby StrubeandHahn."iUC�a ���+å�E��T���®�]��������£h³�FIHGHIHºçT�T��£h¨1¼^�T���®�R�E���]�L��éP�º�L±zä
­�£h�
éZ ¢���A�
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Thedefinitionof �1� proposedby Gordonet al. (1993)is perhapstheonethat
makesthetrade-off betweenStrongC1 andR1 mostevident. With this definitionwe find a dramatic
increasein the numberof utteranceswithout ��� ; but also a dramaticreductionin the numberof
violationsto R1.

With the ðµ� configuration,usingGordonet al.’s definition of �1� andthe rankingfunction they
proposein thatpaper, thereare147moreviolationsof StrongC1; however, thenumberof violations
of R1 goesdown from 12 to 5, alsoa significantimprovement(-8, +1, 2â3®58795,+ ). Most of theseare
simplyutterancesthatdonothavea �1� accordingto thedefinitionof Gordonetal.; however, in three
caseswe seea genuineimprovement. Oneof thesecasesis (29), alreadyseenabove, whereshein
(u2) is now the �1� . Anothercaseis (30). Becausethe ��� hasto be thesubject,the fact that ’Louis
XIV’ hadhigherrankingin thepreviousutterancedoesn’t matter;theonly possible�1� is he."if
(29) (u1)For Sieber-Fuchs, old pill packaging, sweetwrappersor photographicfilm (5) , create

rich possibilitiesof colourandtexture,

(u2)andsheweavestheseunlikely materialsinto boldandexotic jewellery .

(30) (u306)In 1672,theking grantedhim theroyal privilegeof lodgingin thePalaisdu Louvre.

(u307) In the sameyear, he achieved the title of cabinetmaker andsculptorto Louis XIV,
King of France.

On theotherhand,theutterancewhich immediatelyfollows (u307)in thesametext as(30), (u311)
(below) illustratesthefactthateventhisnew definitiondoesn’t alwaysresultin pronounsreferringto
the �1� . Thisnew title is the �1� in (u311),but it’s notpronominalized.

(31) (u311)This new title allowedhim to producefurnitureaswell asworksin gilt bronzesuch
aschandeliers,wall lights,andmounts.

This lastexampleis a very clearillustration of thephenomenonobserved, e.g.,by Brennan(1995):
in somecases,it appearsthata discourseentity hasto bemoved into a moresalientpositionbefore
it canbepronominalized;simply beingtheonly entity from thepreviousutterancementionedin the
currentonedoesn’t appearto besufficient.

The ñ�� configurationillustratesanothercharacteristicof this configuration:usingGordonet al.’s
definition of �1� resultsin a virtual eliminationof all typesof transitionsapartfrom continuations
andestablishments.We find 5 RET, 20 SSH,andonly 1 RSH–thisis theversionthat resultsin the
fewest’incoherent’ transitions.The reductionin thenumberof violationsof Rule 1 is even greater
for the u=sconfigurations.With ðµæ we have only 8 violations,11 fewer thanthe versionusingthe
‘vanilla’ definitionof �1� . Evenlargerreductionsin thenumberof violationsof R1arefoundwith theñ�æ configuration,down to 8, from 36 with the‘classic’definitionin Constraint3 and �ý��è��	��å���A�ñR� .

\�-!)�)�%('#'�X!- o
We testedtwo versionsof Passonneau’s proposal:one in which the �1� is only es-

tablishedif we have strongparallelismbetweenthe two pronouns- i.e., they have the exact same
grammaticalfunction–andonein which only two typesof positionareconsidered:‘SUBJECT’ and
’OTHER’. The resultswith this configurationcan be summarizedas follows: very few utterances��£h���º���R�*­��Z ¢�L���R�����8�R�L���<���A���®­�£]���8�º�?���<�h²u�������������R³C�j ø ��±_�h�<�<­��<�®��±¾�E¶��T�L���´�T���ª§��h²u���4���A²u­��ª�R�L�º�4�]���R���*�®�����T��±¾­��R�R���E�������W¤.-_�T­��]�0/
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endup having a �1� (moreprecisely, a Local Center);but onceit is established,nothing elsegets
pronominalized.

With the ðµ� configurationand �ý��è��	��å���A�ñR� for ranking,for example,only 20 utteranceshave
a �1� , but we have no Rule 1 violationsat all, for any of theversionsof R1 thatwe considered.An
examplein which the �1� / Local Centerdoesgetestablished(in (u64))is thefollowing:

(32) (u62) Thefleur-de-lis on the top two drawersindicatethat thecabinetwasmadefor Louis
XIV.

(u63)As it doesnotappearin theinventoriesof his possessions,

(u64)it mayhave servedasa royal gift.

On the otherhand,the link betweenpronominalizationand’center’ seemsto be completelylost in
this version.While it is truethat23 out of 24 realizationsof a �1� in this casearedonevia pronouns,
it is alsotruethat194personalpronounsarenot realizationsof ��� ; soaseparatestorywill beneeded
to accountfor thecases(thegreatmajority)of pronounsnot referringto theLocal Center.

In termsof transitions,we have 19 establishments,1 continuation,16 zero, 935 nulls, and 0
everythingelse:i.e.,no shifts,andno retains.

The samepatternis encounteredwith the otherutterance/ realizationconfigurations.With ðµæ ,
only 18 utteranceshave a �1� , andall satisfyR1 (this is 22 fewer violationsof R1). We only have 34
realizationsof a ��� , of which 27 donevia pronouns;190pronounsarenot realizationsof �1� s. Withñ�æ , 18 utteranceshave a �1� , 427don’t have one,sothecomparisonon C1 with theversionusingC3
asdefinition of �1� is +0, -316. On theotherhand,on R1 we have 36 fewer violations,andno new
ones.

As it turnsout, the resultsareslightly betterif we allow for a loosernotion of parallelism,but
not dramaticallyso. We still don’t have any violations of R1 underany of the definitionswe are
considering;anda few moreutterancehave a �1� , but thedifferenceis not significant(e.g.,23 instead
of 20 for ðµ� , and22 insteadof 18 for ðµæ ). Bothwith ðµ� and ðµæ around90%of pronounsstill do not
referto theLocalCenter.
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Theclaimsof CenteringTheoryanalyzedsofar, andespeciallyConstraint1, andRule2,areprimarily
claimsaboutthe ‘building blocks’ of the theory. Already Rule 1 is moreof a ‘linguistic’ claim, in
that notionsof the theoryareusedto predicta linguistic phenomenon(the form of an ��� ); andwe
saw in Section g 2 that theconceptsof CenteringTheoryhave beenusedto make otherclaimsof this
kind–e.g.,abotthecorrelationbetweencenteringtransitionsandtheform of thesubject,or thetypeof
discourseentitiesthatmayserve astheantecedentsfor long-distancepronouns.Thesedatacanalso
beveryusefulto identify the‘best’ parameterconfiguration:presumably, the‘best’ configurationwill
betheonewhich makesmoreusefulpredictions.In thissectionwe returnto theseclaimsin thelight
of theresultsjustpresentedconcerningthe‘best’ waysof settingtheparametersof Centering.

ü#£1¦[�¹��%lü1��ÿ�� ©I��
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Kameyama(1986);Di Eugenio(1998);Turan(1995)arguedthatin languageswith botha ’weak’ and
a‘strong’ pronominalform, theform of thesubjectof anutteranceis affectedby thetypeof transition
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(CON, RET, etc.) that thatutterancerealizes.Typically, it wasargued,weakpronominalforms are
preferredwith centercontinuations,whereasstrongpronominalformsarepreferredfor centershifts
andcenterretains. In thecaseof English,Passonneauandothersfoundasimilar correlationbetween
CONandpersonalpronouns,whereasothertransitionscorrelatedmorewith demonstrative pronouns.
In this sectionwe discussour resultsconcerningthesecorrelationswith the ‘best’ configurations
identified above. However, becauseof the low frequency of someevents,"�h our resultsshouldbe
consideredaspreliminary.

ê VF'�� ëPªDGIH�n�H � ê û¾¢
The full contingency table for the configuration ñ�æ , with ranking function

�ý�Éè��	��å
��A�ñ�� , 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 contingency tablecannotbe usedfor a J�K test,becauseof the low or zerocountsin some
of thecells;we needto collapsesomeof thedistinctionsbetweentransitions.An obviouspossibility
is to collapsethe SSHandRSH cells; anotheris to collapsedemonstrative ��� s with full ��� s. We
thenobtainthe following contingency table,with 5 degreesof freedom,andwith no cellswith 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, J KML Î�N�7 :
O�2Í3 58795!5;: , a possiblysignificantresult; but this tablestill contains
cellswith valuesunder5, which tendto increasethe J�K value,somoredrasticcollapsesarerequired.
Onepossibilityis to mergeCON andRET (bothof whichcontinuethesame�1� ) andRSH-SSHwith
ZERO (bothof which leadto achangein �1� ). Theresultingcontingency tableis asfollows:

PRONOUN FULL NP TOTAL
EST 7 80 87
CON-RET 23 161 184
RSH-SSH-ZERO 15 172 187
NULL 1 50 51
TOTAL 46 463 509C�l b �T�8�º£h£
����£]£h�1�T�8�T­������T�����]�L²L�����<¨¾���/¶�£h�z�<�T���R���]�[�º�
£h���º�®��Nz��£]��§w�����R�®�� ¢�L�]�<�:�h�����?�����®���������z���������<���v�T�
�zà�¨L¬��*é���E�A�T�_å�â[�T�T±
�
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Thisdistributionhoweveris notsignificant:with 3df,wehave J KPLRQ 7 :ËÎ , whereasfor significance
at the.05 level, we needJ�K$S8T�7UN�+ . Perhapsmixing CON andRET is not agoodidea,asindeedone
might suspectfrom the fact that whereas1 in 4 CON is signalledby a pronoun,the percentagefor
RET is muchlower (almost2 in 100). Anotherway of eliminatingthe low countsis to simply drop
RETandNULL, while maintainingthemergeof ZERO andSSH-RSH:

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

This new tablealsodoesn’t have low countcells,andthedistribution this time is highly significant:
J�K L :!T�7 :
O�2®3 58795!5;: . An alternative way to get rid of the low countsis to just ignoreZERO and
NULLs, keepingRETdistinctfrom 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 contingency table,aswell, the dependenceof the two variablesis quite strong: with 3df,
J�K L +�V�7 Q O�243 ÎXWù:�5�Y[Z . However, becausethis tablecontainsonelow countcell, thesolutionabove
looksmorepreferrable.

Giventhat (Walker et al. 1994)arguethatESTandCON arethesametransition,onemight also
think of collapsingtogethertheESTandCON rows, ratherthanCON andRET. On theotherhand,
thismergedoesnot look verypromising,sincedifferenttypesof ��� smaybeusedto turnadiscourse
entity into the �1� and to continuethe current �1� . This skepticismseemsto be confirmedby our
results.Thecontingency tableis asfollows:

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

With this table,if wecollapseESTandCONwestill getadependency betweenthetwo variables,but
lower: with 2df, J�K L :ËÎ�7U+�O�2 3 58795!5,+ . And significancecompletelydisappearsif 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 J K�L +�7 : Q O�2]3 : , whereaswith 1df, J K shouldbegreaterthan3.84for significanceat the.05
level.

Finally, onemight think of anevensimplertwo-waydistinction,betweencontinuationsandshifts,
treatingEST asa type of SHIFT. The resultingdistribution is shown in the following contingency
table:

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

Thisdistribution is againhighly significant(1df, J KPL :!T�7 :
O�2¡3ô795!5;: ), aboutasmuchastheonewith
a three-way distinctionbetweenEST, CON andRSH-SSH-ZERO. But again,thealternative merging
of CON andRET, asin thecontingency tablebelow, is not significant:

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

Finally, merging CON with EST resultsin a distribution that is still significant,but only at the .05
level:

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

ê.ë ' �ý�Éè��	��å
��A�ñ�� ¢ If weconsiderinsteadthe ñ�� configurationand �ý�Éè��	��å
��A�ñ�� ranking,wegetthe
following contingency table:

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,andthetwo 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 J�K L NÉ587\T (with 5df, 2¡3ô58795!5;: ) for this distribution is thereforeratherdubious.Elim-
inatingRET, andmerging ZERO with theshifts(no needto eliminateNULLs in this case),we geta
contingency tablewith sufficient countsin all cells:

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

For this table, J K]L;^ :É7U+ , which with 3df is highly significant. Eliminating NULLs we get a
distribution with thesame.001degreeof significanceastheequivalentonewith ñRæ ( J KPL ÎÉ587 ^ ):

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

ê VF'ÉV ª�n ³$_DHF`(GIabG û¾¢
With therankingfunctionproposedby StrubeandHahn,wegetthefollow-

ing contingency 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,andthecolumnsDEM 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 dropRETandNULL, andmergeRSH,SSH,andZERO:

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

Thisdistribution is significantat the.01level ( J KPLRc 7�Î�+ ).

V ª�n ³$_DHF`(GIabG ûI' ê.ë ¢
Thefull contingency tablefor this configurationis asfollows:

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

Collapsingasabove,we getthefollowing distribution, significantat the.001level ( J K�L : c 7UN ).

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

V o ^º^_-!+.»
We observed a dependency betweenthe three-way distinctionbetweentypesof tran-

sition ( EST / CON / RSH-SSH-ZERO) andthe form of subject ��� (pronounor full ��� , counting
demonstrative pronounsamongthe full ��� s). The dependency is significantfor all four configura-
tionsshown to be ‘best’ by theanalysesin Section g 4. We shouldnotehowever that thecorrelation
suggestedby the J K test is only a tendency, so our resultsdon’t necessarilytranslatein goodalgo-
rithms for decidingthe form of ��� to be usedin subjectpositiondependingon the transition;this
point is illustratedmoreconcretelybelow whendiscussingthe correlationbetweentransitionsand
segmentboundaries.
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Ourresultsalsosuggestthatat leastfor thepurposeof predictingtheform of thesubject,it’snota
goodideato view establishmentsasa typeof continuation,assuggestedin (Walker etal. 1994);from
this point of view, establishmentsseemto patternmorewith shifts. Establishmentsarebestgrouped
with shiftsthanwith continuationsalsowhena two-way classificationis considered.
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Anotheruseof notionsfrom Centeringtheoryto analyze(discourse)linguistic behavior wasconsid-
eredin (Walker1998;Passonneau1998),whostudiedwhethertransitionspredictsegmentboundaries,
i.e., whetherestablishmentsandshifts occurmoreat segmentboundaries,andcontinuationsprevail
within a segment.Thesestudiesdidn’t find muchof a correlation,but only consideredoneconfigu-
rationof the theory;so we tried to seeif we couldgeta betterresultusingthe ‘best’ configurations
identifiedabove. Again, readersshouldkeepin mind thatour analysiscanonly beviewedasindica-
tive, themoresogiventhatourcorpuswasn’t properlyannotatedfor segments.

ê.ë ' �ò�Éè��	��å���A�ñ�� ¢ Therelationbetweentransitionsandboundarieswith thisconfigurationis shown
in thecontingency 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 thetablethatthecorrelationbetween��� continuationandsegmentcontinuationsis
imperfectat best;thereis, however, a certaintendency, confirmedby theresultsof the J K test,which
give very high results–with6df, J�K Lg^ V�7U+�+�O�2Â36795!5;: .

An obviousobservationaboutthetableabove is thatCONandRETarelessfrequentlyboundaries
thanSSH,RSHandZERO. Noticealsothatin thiscase,justasin thecaseof thecorrelationbetween
transitionandsubjecttype,establishmentsareratherdifferentfrom continuations:about1/4 of EST
areboundaries,whereasonly 1/10 of CON are. The other transitionthat correlatesrelatively more
highly with boundariesis NULL (1/3 of NULL areboundaries).In fact, EST andNULL aremore
frequentlyboundariesthattheshiftsor ZERO. This suggestscollapsingthecategoriesasfollows:

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

This tablemakesthecorrelationveryobvious: boundariesare14%of thetotalnumberof CON+RET
transitions,but asfrequentwith theotherclassof transitions.This is confirmedby theresultsfor the
J�K test(with 1df, J�K L : c 7\T
N�O�2¡3]58795!5;: ).
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ê VF' �ý�Éè��	��å
��A�ñ�� ¢ Theresultswith this configurationaresimilar to thosejust seenwith ñ�� andare
summarizedby thefollowing table:

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

Again, we have the interesting(althoughnot altogethersurprising)result that EST aremuchmore
frequentlyboundariesthanCON,andNULL aremorefrequentboundariesthanthetwo typesof shift.
And again,the distribution is alreadysignificantfor the tablejust seen(with 6df, J�K L +�V�7�Î�+�O�2 LÎXWù:�5 Yih ). A collapsedtable againmakes the correlationsmore obvious (boundariesare 24% of
CON+RET, but 38%of therest)althoughthe J�K value,13.3,is lower thanwith ñ�� .

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

ê.ë ';V ª�n&³$_DHF`(Gja$G û¾¢
The resultswith theseparametersettingsarenot very differentfrom those

obtainedwith �ý�Éè��	��å
��A�ñ�� . 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 chance,just like theonewith �ò�Éè��	��å���A�ñ�� : J�K L
^ V�7 ^kc O�2¡3]58795!5;: . The‘collapsed’distribution is asfollows:

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

Again,giventhis contingency tableit is highly unlikely thatthetwo variablesareindependent,J KfL: c 7�Î�O�2¡3]58795!5;: . Bothof theseJ K valuesarevirtually identicalto thoseobtainedwith �ý�Éè��	��å
��A�ñ�� .
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Again,theresultsaresimilar to thoseobtainedwith the ñRæ parametersetting

and �ý��è��	��å���A�ñR� , exceptthatthevaluesof J�K , while still significant,arelower. Thefull contingency
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

This tablehasJ K�L + ^ 795kTlO�2Â3]58795!5;: . Thecollapsedtableis asfollows:

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

The J K valuefor this table,10.37,is still significantbut only at the1%level.

V o ^º^_-!+.»
Our J K testsindicatethatit is veryunlikely thatthevariablesTRANSITIONandBOUND-

ARY areindependent.Thisdoesnotmean,however, thattransitionsareaverygoodcuefor detecting
segmentboundaries.This canbe seenby usingthe techniqueproposedby Passonneauin herstudy
(1998). Passonneaumeasurestheusefulnessof transitionsascuesfor segmentationin termsof pre-
cision, recall,and ��å@å�m�åZå�n#è�� . Sheusestwo classificationsystemsfor transitions:theonedueto
(Groszet al. 1995)thatdividestheminto CON, RET andSHIFT, andoneproposedin (Kameyama
et al. 1993)thatclassifiestheminto RET1(= CON+RET),EST(our EST),andNULL (our NULL).
Definingerror rateE=(CONat boundary+ SHIFT at nonboundary)/total ), Passonneaugetsthe fol-
lowing values:for SHIFT aspredictorof boundary, R=.78,P=.25,E=.41;for NULL, R=.86,P=.26,
E=.40.

Usingthe‘best’ configurationsandthecollapsedclassesdiscussedabove(CON+RET, EST+ZERO
+SSH+RSH+NULL)we getresultscomparableto Passonneau’s. With ñR� settingsand �ý��è��	��å���A�ñR�
ranking(theconfigurationthat resultsin thehighestJ K valuefor thecorrelationbetweentransitions
andboundaries),andusingtheclassEST+SSH+RSH+ZERO+NULL to predictboundaries,we get
R=.83,P=.27,E=39+502/971= .55. UsingCON+RETto predictnonboundary, R=.33,P=.86,andE
staysthesame.WegetslightlyworseresultsusingStrube-Hahnrankingand ñRæ : usingEST+SSH+RSH
+ZERO+NULL topredictboundary, wehaveR=.73,P=.38;usingCON+RETtopredictnon-boundary,
R=.39,P=.74.In otherwords,evenby usingthe‘best’ configurationsandby collapsingtransitionsin
thebestway (which is slightly differentfrom Passonneau– in particular, becauseESTis joinedwith
SHIFT) we getmoreor lesstheresultsthatPassonneaugets,andthepredictive power of transitions
is not very high.
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Hitzemanand Poesio(1998) claimedthat it is not sufficient for an antecedentto be available on
thestackfor theuseof a long distancepronoun(a pronounwhoseantecedentis not in theprevious
utterance)to belicensed;it is necessaryfor theentity to have beena ��� . We testedthis claim using
ourdataandthebestconfigurations."is

The first, perhapsobvious, finding is that the importanceof this issuegreatly dependson the
definitionof utterance.HitzemanandPoesioassumedthateachfinite clausewasaseparateutterance,
assuggestedby Kameyama;if we adoptthis definition, thenabout18 pronounsout of 217arelong
distance,which is thesamepercentage(8%) found in thecorpususedby HitzemanandPoesio.<�t If
we identify utteranceswith sentences,however, weonly get8 long-distancepronouns.<iu

HitzemanandPoesio’s claim is verified in our corpusaswell, both for the ñ�� configurationand
for the ñ�æ configuration.With ñ�� , 15 long distancepronounsout of 18 hadbeen�1� s and3 hadnot,263 795 ^ both with �ý��è��	��å���A�ñR� rankingandwith Strube/ Hahnranking. With ñ�æ , we find +6, -2
with �ý�Éè��	��å
��A�ñ�� ranking,and+7, -1 with Strube/ Hahnranking,but thereis not enoughdatafor
a significancetest. An evenbetterresultwasfoundhowever with the ñ�� configurationby weakening
the licensingconditionto having beena �#� ratherthana �1� : in this case,with ñ�� we have +17, -1,243ö795;: by thesigntest,with both �ý�Éè��	��å
��A�ñ�� andStrube-Hahnranking. (With ñRæ , theresultsare
thesameasfor thecasein which thediscourseentity hadoccurredasa ��� .)
A1������
��r#Â�l��ÿ��§©´�;©
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We concludethis sectionby examininga further variant in the definition of previous utterance.As
discussedabove, Suri andMcCoy proposedthatanadjunctclauseat theendof a sentenceis treated
asembedded,i.e., it is ’passedover’ whenlooking for theprevious utteranceof a following clause,
muchlike Kameyamaproposesit’s the casefor complementclauses.Suri andMcCoy however do
not discussthecasein which thesubordinatedadjunctis thefirst clausein thesentence,which hap-
pens,e.g.,with conditionalclauses(If Johnwantsto havedinner, he’d betterget homequickly). The
resultswe have discussedsofarwereobtainedby treatingsuchclauses’Kameyama-like’: e.g.,in the
following example,(u1)wouldbetreatedaspreviousutterancefor (u2),but then(u2)ratherthan(u1)
wouldbethepreviousutterancefor (u3).

(33) (u1)This leafletis asummaryof theimportantinformationaboutProductA.

(u2) If youhave any questionsor arenot sureaboutanything to dowith your treatment,

(u3)askyour doctoror yourpharmacist.

Thereare51 suchclausesin our corpus.We consideredwhatwould happenby treatingsuchclauses
as embedded,as well (i.e., by viewing (u1) asprevious utterancefor (u3), insteadof (u2)). With
�ý�Éè��	��å
��A�ñ�� rankingand ñ�� setting,the resultsareclearly worse,especiallyfor C1: we now find
249 violations to the strongversionof the constraint(+615, -249), as opposedto just 212 for the
’ linearized’version;thedifferenceis significant. We do have 2 fewer violationsof Rule 1, but this
differenceis not significant. Thereareno differencesbetween�ò�Éè��	��å���A�ñ�� andSTRUBE-HAHN
ranking;andof coursethereareno differenceswith the ñ�æ setting.C�v/à_�����A�^�]�8�L�+�T�L���E£h�º¬1¶����� ¢�����¢�������R��æ����
­��<��±µ�h�z�R���h�
�<��­�±
¨ª�º�L±l�R�����R��æ����8­��<��±����T�
�R���w�z�h��Sº��§w���x1ìE��u���®�]�v�<��­�±
¨�� z���h���µ z���A���®¬��T¿L���W±_�]��£]�T²u­����<³J��/À+�u���E�º£h£h�u z�h�R�w�R���h��±_�I���L�]���]�T�l�T��­����R���E�º�L�����Lé<éGNIcW�º�L�º¬��L�T�E�]�1��æ�¬��A���®�<�h�T���Z�����L�ª�R�����h�������R���<��±_���������]�w�R�L�ª��­��E�?���L��T�4¬��A���u�]�T­��8­����R���E�º�L����������±òä�NGN����´�1±
�h�®�R�º�L���1FIQ�ãº½º���T�����h�������E�R�L���4�º z�º¨�³J�ã â5�h�R�¢�����h�P±_�������h�R�h�T����éIF,äÉF������L�1�R�L���]���º�L�R������±_���L�´�h�¢�R�L���<��§w���T��¬��A���u�]�T­��8­��R�����E�����<��½����T��MIcGN��h�
��­��E�R�����4�� z�º¨á³
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Theexperimentsreportedabove couldn’t studytheimpactof two factors:

| discoursesegmentation:we only did abasicsegmentationof thetexts basedon layout;

| subordination:the syntacticannotationof clausesusedfor the annotationcould be usedto
classifythebecauseclauseassubordinatein (34), but not in (35), wherethesameunderlying
semanticsubordinationis not syntacticallyrealized:

(34) Johnfell becauseMax pushedhim. He wasdrunkasusual.

(35) Johnfell. Maxpushedhim. Hewasdrunkasusual.

In subsequentwork,weaddressedtheselimitationsusingacorpuspreviouslyannotatedaccording
to å
��A�n�è8ñ}m��~n�A�ðµñ�æu�vmD��å@æ!�$n��~n�A!�çædñRæ ( å@ð�n ) (MooreandPollack1992;MoserandMoore1996b),
a theory of discoursestructurethat synthesizesideasfrom Groszand Sidner’s theory (Groszand
Sidner1986)with ideasfrom å��	��èlm�åçñA�Fn�Aºæ�è8å��z��è���å���æ¹è��	�lm�år� (Mann andThompson1988).
This corpuswas further annotatedfor anaphoricinformationandotherpropertiesof nounphrases
accordingto the schemeusedfor the rest of the corpus. In this sectionwe briefly discussthese
experiments.

������ÿ�
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RelationalDiscourseAnalysis( å@ð�n ) (Moore andPollack1992;MoserandMoore 1996b)owesto
GroszandSidnerthe ideathat discourseis hierarchicallystructured,andthat discoursestructureis
determinedby intentionalstructure;each å@ð�n -segmentoriginateswith an intentionof the speaker.
But in åçð�n segmentshaveadditionalinternalstructure:eachsegmentconsistsof one �Fm�å�� , i.e., that
elementthatmostdirectlyexpressesthespeaker’s intention,andany numberof �Fm���è8åçñA����èlm�åçæ , the
remainingconstituentsin the segment,eachof which playsa role in servingthe purposeexpressed
by the core. The notionsof coreandcontributor derive of coursefrom the notionsof nucleusand
satellitein RhetoricalStructureTheory( å@æ�è ) (MannandThompson1988),whichclaimsthatin each
“segment” (text span,for å@æ�è ) onecomponentshouldbeidentifiedasthe’main’ one,andtheothers
assecondary. However, in å@æ�è thereis adistinctionbetweennucleusandsatellitefor (almost)all å@æ�è
relations,whereasin åçð�n a coreandcontributorsareonly identifiedif a segmentpurposehasbeen
recognized.

In å@ð�n , segmentconstituentsmay in turn be otherembeddedsegments,or simpler functional
elements:theseelementsmay beeitherbasic ����ñ�è8æ , which aredescriptionsof domainactionsand
states,or relational �#Al��ædè���å@æ . Clustersarespansthatonly involve constituentslinked by informa-
tional relations.

Unlike �x��æ ’s theoryandlike å@æ�è , å@ð�n is basedon a fixed numberof relations;in particular,å@ð�n assumesfour intentionalrelations–
Y�%('�´P/,'�Y�X

,
X!'�-!��W,X

,
Y�%('#Y�X![�X

,
¶,%(/,'�*

–anda larger set of
informationalrelations;this lattersetis expectedto bedomaindependent.In theSherlockcorpus,23
informationalrelationsareused,of which13 pertainto causality(they expressrelationsbetweentwo
actions,or betweenactionsandtheir conditionsor effects)(Moseretal. 1996).

Figure1 shows a small excerpt from oneof the dialoguesin the Sherlockcorpus,and its cor-
respondingå@ð�n analysis. The text is broken into clauses(UUT is “Unit undertest”, TP is “test
package”).The analysisshows the text to be analyzedasan intentionalsegmentwhosecorespans
1.1 and1.2. This segmenthastwo contributors,spanning2.1 and2.2, and3.1 and3.2 respectively.
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1.1 1.2 2.1 2.2 3.1 3.2

step1:step2
Cause:effect

prescribed-act:
wrong-act

Enable

Act:Reason
Act:Reason

Convince
Convince

¶i·�¸i¹wº¼»BÌ�½
¾g¿(¹w¿(ÀrºÁ·ÃÂ�Ä�»
ÅkÆ�»
ºÁÇw¿iÂ�È
É{·Ã¿(ÊDËDÌª¾ÍÂ�È
Â�ÄÃÎiÊÏ·ÃÊ

Graphically, the core is at the endof the arrow whoseorigin is the contributor; moreover, the link
is marked by two relations,intentional(in bold), and informational. In this specificcase,the two
contributorscarry thesameintentionalandinformationalrelationsto thecore,but this doesn’t need
to bethecase.Thecoreandthetwo contributorsarefurtheranalyzed.Thecoreandthesecondcon-
tributor areanalyzedasinformationalclusters,whereasthefirst contributor is recognizedashaving
its own intentionalstructure.Clustersaremarkedby oneinformationalrelation,but notby intentional
relations.

üwý¾� ü ý¾�����i��¥
� �B����¦z�§©
Thecorpuswe usedfor this studyis a collectionof tutorial dialoguesbetweena studentanda tutor,
collectedwithin theSherlockproject(Lesgoldet al. 1992).Thecorpusincludesseventeendialogues
betweenindividual studentsandoneof 3 experthumantutors,for a totalof 313turns(about18 turns
perdialogue),and1333clauses.Thestudentsolvesanelectronictroubleshootingprobleminteracting
with the Sherlocksystem;then,Sherlockreplaysthe student’s solutionstepby step,schematically
criticising eachstep.As Sherlockreplayseachstep,thestudentscanaskthehumantutorsfor expla-
nations. The studentandtutor communicatein written form. Becausemostof the discoursesare
explanations,weexpected‘relation-based’coherenceto playanimportantrole in thiscorpus.

TheSherlockcorpuswaspreviouslyannotatedusing å@ð�n to studycuephrasesgeneration(Di Eu-
genioetal. 1997).Theresearchgroupwhichproposedåçð�n discussesthefollowing reliability results
(MoserandMoore1996a).25%of thecorpuswasdoublycoded,andthe Ð coefficient of agreement
wascomputedon segmentationin a stepwisefashion. First, Ð wascomputedon agreementat the
highestlevel of segmentation.After Ð wascomputedat level 1, the codersresolved their disagree-
ments,thusdetermininganagreeduponanalysisat level 1. Thecodersthenindependentlyproceeded
to determinethesubsegmentsat level 2, andsoon. Thedeepestlevel of segmentationwaslevel 5; the
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Ð valueswere.90,.86,.83,1, and1 respectively (from level 1 to 5).
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We annotatedabouthalf of theSherlockcorpusfor anaphoricinformation,usinga muchsimplified
versionof the annotationschemeusedin theprevious experiments. More specifically, we marked
each ��� in thecorpus,specifiedits ��� type (propername,pronoun,the-np,indefinite ��� , etc) and
grammaticalfunction(subject,object,etc.);andthenwe markedall ‘direct’ anaphorsbetweenthese��� s. We annotateda total of 1549 ��� s, 507 of which wereanaphoric;336 ��� s werepronouns,of
which48werethird-person.A crucialdifferencebetweenthisstudyandtheonesdiscussedpreviously
is thatwedid notannotate‘bridging’ information,becausewithouttheoriginaldrawingsof thecircuits
it wasvery difficult to determinewith certaintywhichobjectswerepartsof otherobjects.

����¨ ¦W��
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Theannotationthusproducedwasusedto automaticallycomputeutterances,andthento computethe
�#� s andthe �1� (if any) of eachutteranceon thebasisof theanaphoricinformationandaccordingto
thenotionof rankingspecified.(We only consideredrankingbasedon grammaticalfunction.) This
informationwasthenusedto find violationsof StrongC1,Rule1, andRule2.

Themain issuewe hadto considerin this work washow to userhetoricalinformationto charac-
terizeutterancesandpreviousutterances;all previousstudiesreliedon purelysyntacticdefinitions.

| As far assegmentationis concerned,we countedasa segmentevery åçð�n -segment,i.e., every
spanof text for which an intentional‘core’ hadbeenrecognized.This way of computingseg-
mentsis fairly generous(i.e., it might result in way too many segments),so shouldgive us a
lower boundon thenumberof violationsof Constr. 1.

| We treatedeachbasicunit of the å@ð�n annotation(actionsandstates,aswell as ‘matrices’ -
i.e., verbswith a clausalcomplement)asa distinctutterance.(Notethat thesearenot all finite
clauses.)In total,784utterances.

| In clusters(blocksof utterancesconnectedonly by informationalrelations),we usedthe im-
mediatelyprecedingunit aspreviousutterance.E.g., in Figure1, 1.1wascountedasprevious
utterancefor 1.2,and3.1aspreviousutterancefor 3.2.

| In segments,we consideredtwo possiblechoicesof previous utterance,on the basisof the
suggestionsof Kameyamaand Suri and McCoy. A unit like 3.1 in Figure 1 could have as
previousutteranceeither(the lastunit of) theimmediatelyprecedingconstituent(i.e., 2.2 ), or
(thelastunit of) thedominatingelement,thecore(1.2).

Noticethatbecausethecorpusdoesnotcontainsubordinationinformationin thecaseof informational
relations,wecouldonly exploreasubsetof all casesof semanticsubordination.

Ñ ÿ���� ���;©º�W��
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In this study we wereonly really concernedwith oneparameter, the choiceof the previous utter-
ance;but we couldalsolook at whetheran improved form of text segmentationchangedthe results
concerningConstraint1 discussedin the restof the report. Themetricwe usedto evaluatea partic-
ular parameterconfigurationwasthenumberof violationsof theconstraints.Theresultsconcerning
StrongC1 aresummarizedin thefollowing table:
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ÒlÓ Ô�Õ�Ö ×�Õ�Ø�Ù�Ú ØlÛ Ù}ÛUÜ�Ý Þwß�ÒlÓ àXáâÙ�Ü�Ý,Þ�ã�×�älÕÃå
Sherlock 76 247 461 784

We found no violationsof the versionsof Rule 1 proposedin (Groszet al. 1995)and(Groszet al.
1983).Of the48pronouns,29wereCBs,19weren’t; of these19,4 werereferencesto actions,8 were
long-distance,6 intrasentential.Most ��� s (47) werenot pronominalized.Finally, we evaluatedthe
versionsof Rule2 from (Groszetal. 1995)andfrom (Brennanetal. 1987).: theonediscussedprevi-
ouslyandmakingclaimsaboutsequencesof transitions,andonewhichsimplysaysthatcontinuations
arepreferredoverretains,which in turnarepreferredovershifts(see,e.g.,theintroductionto (Walker
et al. 1998b). The figuresconcerningsingletransitionsareasfollows (wherewe have classifiedasæ X!+.%

eachtransitionfrom anutterancewith a çFè to onewithout,andas éIêFë(ë eachtransitionbetween
two utterancesnoneof whichhada çFè ):

ì�í\î�ï�ð�ñ}òUí\ó�ô�õÃö!î
61÷�ø ö�î}ò ö�ùlï�î�ò ø ö
5ú�õÃî}ï�ò ö
5û ô ø ø îUó û ólòUüýî
4ú ø ù�þ�ó û ólò\ü î
1ÿiõ�� ø
39��ù�ñ\ñ
669

Therearenosequencesof continuations,roughshifts,andof retainfollowedby any shift; 5 establish-
ment/ continuationsequences;and491sequencesof null transitions.

�����	��
����	��
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This experimentconfirmsone of the findings of the other experiments:even when using a more
accurateannotationfor segmentation,it is still the casethat with direct realizationmostutterances
have no çvè –in only 76 cases(10% of the total) an entity introducedin oneutteranceis mentioned
againin the next utterance.What doeschangeis the numberof segmentboundaries,muchhigher
thanin theexperimentsdiscussedin Section� 4. Thefact thatonly 10%of utteranceshave a çFè is in
part dueto the fact that we did not annotatefor bridging references,but alsoto the fact that in this
domainrelationalcoherenceplaysa moreimportantrole thanit did in the othertwo domains.For
example,utterancesa. andb. below do not refer to thesameobjects(if perhapsvery indirectly), but
coherenceis neverthelessachieved becausethe first oneexpressesinformation that is necessaryto
supportthesecond.Thesameis trueof c. andb.

(36) a. Youknow thatoneof themeasurementpathsis bad.

b. Showing theUUT, TP andmeasurementsectionasunknown is correct

c. becausewhenyougetyour fail you know thatsomethingis wrong.

Our secondmainresultis thatusingrhetoricalunitsto defineutterances,andsemanticsubordination
insteadof syntacticsubordinationto define‘previous utterance’,alsodoesnot seemto changethe
resultthat the two notionsof ‘previousutterance’proposedin the literaturearenot significantlydif-
ferent.In fact,we foundthatblurring thedistinctionbetweenfinite andnon-finiteclausesis probably
not agoodidea.However, we couldonly testa subsetof thepossiblecasesof subordinationwith the
presentcorpus.
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Oneof our goalswas to comparethe many different waysof instantiatingCenteringTheoryon a
singledataset. The first resultof this analysisis that in what we calledthe ’vanilla’ versiononly
Rule1 is verified(exceptfor theversionof theRuleproposedby Gordonet al.). Thestrongversion
of Constraint1 clearly isn’t verified; asfor Rule2, thestory is complicated,but onecouldcertainly
find the presenceof so many NULL transitionssurprising,aswell asthe fact that if we countSSH
andRSHtogether, therearemoreshiftsthanretains,andasmany astherearecontinuations.Another
unexpectedpropertyof this versionis theexistenceof utteranceswith morethanone çFè .

On theotherhand,we saw that thereareseveral waysof fixing the parametersof the theoryso
thatStrongC1 is satisfied.The two choicesof parameterswith themostdramaticimpacton Strong
C1 areallowing for indirectrealizationandidentifying utteranceswith sentences.Eitheroneof these
changesby itself is sufficient for StrongC1to beverified.If in additionweusearankingfunctionwith
a disambiguationcomponent,like CED�F�GIH�JKHML�NPO , themultiple çFè casesareeliminated,aswell. The
resultingconfigurations,which we have called NPD and NPQ , verify both StrongC1 andthe two ‘basic’
versionsof R1. With thesetwo configurations,however, we find moreRoughShifts thanSmooth
Shifts, andmoreRetainsthan’pure’ Continuations(i.e., without countingEstablishments–we saw
while discussingthecorrelationbetweentransitionsandtheform of O>R why thismight notbeagood
idea);aswell asin many moreexpensive transitionsthancheapones.

Changingthe ranking function from CED)FSGIH�JTH�L�NUO to Strube-Hahndoesnot affect the results
for StrongC1 or R1 at all, but it doesresult in a distribution of transitionswhich is closerto what
one would expect on the basisof most versionsof Rule 2; in particular, we get more SSH than
RSH. So, if we were looking for the best‘all-rounder’ configuration,that would be either NPD or NPQ
with Strube-Hahnranking(andtreatingsecondpersonO>R s asintroducing çVD s). Unfortunatelyit’s
not clearwhetherthe differencesconcerningRule 2 aresignificant;andit would be nice to seethe
positive corpus-basedresultsobtainedwith this typeof rankingsupportedby psychologicalresearch
in theway grammaticalfunctionrankinghasbeen(Hudsonet al. 1986;Gordonet al. 1993;Brennan
1995).Also, weshouldpointout thateventheseconfigurationsdon’t supportStrubeandHahn’s own
versionof Rule2, but only thoseproposedby Brennanet al. andby Kibble.

We shouldalsorememberthat a third major resultof this work is that at leastwith our corpus,
talking of a ’best’ versionis not completelycorrect,becauseimprovementsin onedirectiontendto
leadto worseresultsin theother. In particular, we saw that thereis a cleartradeoff betweenStrong
C1 and R1: reducingthe numberof violations of Constraint1, whetherby identifying utterances
with sentences,or by allowing indirect realization,resultsin significantincreasesin the numberof
violationsto Rule1, althoughat leasttwo of theversionsof theRulearesorobust thatthey still hold
evenin theseversions.(Yet, in the NUQ version,7% of theutterancesthatcontaina pronounviolatethe
principle.) Perhapsthemostspectaculardemonstrationof this tradeoff aretheversionsof thetheory
thatadoptthedefinitionsof çFè proposedby Gordonetal. (1993)andPassonneau(1993).By adopting
aparticularrestrictive definitionof çFè , theseversionssucceedin reducing(indeed,eliminating,in the
caseof Passonneau)the numberof violationsof R1 - but the price is that only very few utterances
have a çFè .

Thesechangesalsoaffect R2. Both the identificationof utteranceswith sentencesandindirect
realizationresultin agreatincreasein thenumberof RSH,thatbecomemorecommonthanSSH;we
alsofind moreRETthan’pure’ CON.

Both ‘utterance’and‘realization’areclearlykey parametersof thetheory, whosedefinitionhasto

�<W



beconsideredvery carefully; in neithercasethechoiceshouldbeled only by thedesireto minimize
theviolationsto theclaims. In part this is becauseof the tradeoff just discussed.In thecaseof the
definitionof utterance,therearesomereasonsfor preferringclausesto sentences:e.g.,mostanalysis
of discourse(e.g., RhetoricalStructuresTheory (Mann andThompson1988)) view clausesas the
basicunit of discourse.OurresultsdohoweversupportKameyama’s ideathatif clausesareviewedas
theunit of local focusupdate,only finite onesshouldbeconsidered;treatingall clausesasutterances
resultsin significantlyworseresults.

Otheralternative definitionsof theparametersof thetheorydonotmakemuchdifference,or have
a negative impact. Especiallysurprising,given the importancegiven to the issuein the literatureon
Centering,is thefactthatalternative rankingfunctions–linearorder, or acombinationof grammatical
functionandlinearorder–did not resultin significantdifferences.Eventherankingfunctionproposed
by StrubeandHahnonly affects the classificationof transitions,an aspectof the theorywhich has
yet to prove of empiricalsignificance(seethe discussionin Section � 5). Changesin the definition
of previous utterancealso have limited impact. Adopting a ‘Suri-like’ notion of which utterance
shouldbechosenasprevious in casesof adjunctclausesresultsin fewer violationsof C1 thanwith
Kameyama’s, but not somany thatC1 is verified,andonly if we treatrelative clausesasutterances.
And in casetheadjunctclausecomesatthebeginningof asentence,asin if-clauses,it is bestto follow
thelinearsequenceratherthantreatingit asembedded.

We shouldnotehowever thatsomeof thealternative definitionsof theparametersaresupported
by empiricalevidencesuchaspsychologicalresults,thatshouldsupplementour results.In thecase
of thedefinition of previous utterance,we saw that psychologicalexperimentssupporta ’Suri-like’
approach,at leastwhenthe syntacticallyembeddedclauseis at the endof the sentence(Cooreman
andSanford1996;Pearsonetal. 2000).In thecaseof ranking,whereasgrammaticalfunctionranking
and linear order leadsto undistinguishableresultsfor English,PrasadandStrube’s work on Hindi
(2000)indicatesthatin morefree-orderlanguagesthedifferencemaybesignificant;sodoStrubeand
Hahn’s resultsconcerninggrammaticalfunctionvs informationalstructurein German.(It would be
interestingto compareSTRUBE-HAHN with CXD�FSGIH�JTH�LMNPO in Hindi.)

We alsosaw thatsomechoicesnot seriouslydiscussedin the literatureturnedout to have a sig-
nificant impact. Onesuchissueis the definition of ’R1-pronoun’: i.e., whetherwe shouldconsider
tracesin relative clauses,the implicit anaphoricelementsof bridging references,or demonstrative
pronouns,amongthe’pronouns’to whichRule1 applies,or not. Anotherimportantissueis thetreat-
mentof secondpersonentities. Our resultsindicatethat if we do not treatsecondpersonentities
asintroducing çVD , or we treatPRO2sasR1-pronouns,therearemany moreviolationsto StrongC1
andR1, respectively (althoughtheprinciplesarestill verified). Justasin thecaseof relative clauses,
we have a dilemma: whetherto just consistentlychoosethe versionthat resultsin fewer violations
of theclaims,possiblyat thecostof adoptingdubioustheoreticalpositions;or if insteadsometimes
we shouldacceptmoreviolations,andleave thetaskof accountingfor suchcasesto otheraspectsof
discourse.Two othersuchcasesarethechoicebetweenfinite clausesandsentencesasutterances,and
thetreatmentof nounphrasesin non-referringpositions.

Y��[Z\-)�8.*-)(��@�8]_^`?�-1
�(�B_9;-)(a�0b�-12�
�(>��
�.*c
A morefundamentalquestionaddressedin thiswork is whetherat leastoneamongthevariantsof the
theorywe discussedis suchthat theclaimsof CenteringTheoryareverified. In orderto answerthis
question,however, we have to decidehow theseclaimsshouldbeinterpreted.

If we wereto interpretthemasstrict rulesthat admit no exceptions,in the mannerof linguistic
claimssuchastheConservativity principlefor quantifiers(KeenanandWesterst̊ahl1997)or Principle
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A of the binding theory, thenwe would have to concludethat noneof the claimsof the theory is
verified,aswe foundexceptionsto all of them. This is not, however, how claimssuchasConstraint
1 or Rule1 weremeantto be interpreted;rather, they areclearlystatedaspreferenceswhich, when
satisfied,make discourseseasierto read. Therefore,we testedtheseclaimsin a statisticalsense,by
meansof significancetests.Wehave seenthanwhenthetheory’s claimsareinterpretedin thisway, it
is possibleto settheparametersof thetheoryin suchawaythatat leastC1andR1areclearlyverified,
andpossiblyR2 aswell, althoughwe alsosaw thatR2 is weaker. Wediscusseachprinciplein turn.

egf&h<i=hkjmlVn<o#prqso#t>uVpro#vwo#xzymvVh ë ym{<h<jmymo#v3|}h<vw~�i*h ë ymn<vw�*n<� The morerobust of the theory’s claims
arethoseaboutpronominalizationandsalience,expressedby Rule1. We saw thatat leasttwo of the
versionsof R1 proposedin theliteratureareverifiedunderprettymuchall parameterconfigurations,
andin a very convincing way: of the variantsin which both C1 andR1 areverified, the utterances
violating R1 arebetween3% of thetotal for thedirect realizationversionsand8% for theoneswith
indirectrealization.

On theotherhand,R1 is a very weakclaim, thatcouldn’t really beusedasthebasisfor a theory
of pronominalization(Henscheletal. 2000).All it saysis that if wedecideto pronominalize,thenwe
shouldpronominalizethe çFè –but this formulationdoesn’t addresstherealproblemfor O�L�C systems
or for theoriesof production,which is to find whenis it thatoneshouldpronominalize.Thestatistics
aboutpronominalizationpresentedin thepaper, aswell asthepoorshowing of Gordonetal.’sversion
of Rule1, at leastwith thevariantsthatalsoverify Constraint1, indicatequiteclearlythat çvè sarenot
pronominalizedasfrequentlyasonewouldimagine:lessthanhalf of çFè realizationsarevia pronouns.
Theoppositeis alsotrue:e.g.,in the NPQ versionwith CED)FSGIH�JTH�L�NUO ranking,86outof 217third person
personalpronounsrefer to non-çFè s. Exampleslike (19) illustrateonereasonwhy this happens:a
discourseentitymaybesufficiently salientto justify pronominalizationby having beenreferredin the
text often. This discrepancy betweenthe theory’s predictionsandour datais analyzedby Henschel
et al. (2000),who proposeanalgorithmfor pronominalizationthat takesinto accountfactorssuchas
thepresenceof distractorsmatchingthe çFè ’s agreementfeaturesthatmayleadto thedecisionnot to
pronominalize,aswell asfactorsthatmayresultin thepronominalizationof anon-çFè . Thealgorithm
achievesanaccuracy of 87.8%on themuseumdomain.

egf�h<i�h\jmlVn<o�prq�o#t8�*o�lVn<prn<vV�*n<�Eego#vVi*jmprh<ymvwjV�
Oneof themainresultsof this work is that theva-

lidity of Centering’s claimsconcerninglocal coherencedependsto a significantextenton thechoice
of theparameters,muchmoresothanin thecaseof theclaimsaboutlocal salienceandpronominal-
ization.Thisappliesfor bothConstraint1 andRule2. Specifically, StrongC1 doesnothold for what
we calledthe ’vanilla’ versionof the theory. While it is true that this parameterconfigurationis a
bit of a straw manin that it hasnever beenexplicitly proposedin this form, we do believe that the
choicesadoptedin this versionarethosemostresearchersoutsidetheareawould associatewith the
theory. StrongC1doeshoweverhold for any versionwhicheitheridentifiesutteranceswith sentences
or allows for indirect realization. (While the weakestversionof C1–onlyrequiringthat thereis at
mostonemostsaliententity per utterance–doeshold even for the vanilla version,it’s not quite as
interestingasa claim aboutcoherence.And anyway, we foundquitea few counterexamplesto this
version,aswell.)

Even in the bestcase,therearemany moreexceptionsto StrongC1 thanwe found for Rule 1
(between20 and25% of the total numberof utterances)even whenadoptinga pretty fine-grained
notionof segment. Assumingthatour textswerecoherent,thissuggeststo usthattheremustbeother
waysof achieving local coherence,apartfrom what we have beencalling here’entity coherence’.
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An obviouscandidatearerhetoricalrelations;indeed,sincethevery beginningof discourseanalysis
(KintschandvanDijk 1978;Hobbs1979)therehasbeena feelingthat’entity’ coherenceneedsto be
supplementedby ’relational’coherence.Thishypothesisis supportedby ananalysisof ourdata.

Onecaseof violationsto Constraint1 in themuseumdomainareutterancesthatdo not refer to
any of theprevious çVD s becausethey expressgenericstatementsabouttheclassof objectsof which
theobjectunderdiscussionis aninstance,or viceversautterancesthatmake a genericpoint thatwill
thenbe illustratedby a specificobject. In (37), (u2) givesbackgroundconcerningthedecorationof
a cabinet.In (38),utterances(u2)-(u5)give informationabouta particularclassof ringsto which the
objectsunderdiscussionbelong.Notethatwhereasin thecaseof (u1)-(u2)onemayconceivably treat
poligonal openworkrings asa bridging referenceto two gold finger-rings, in the caseof (u3) it is
moredifficult to find aclearbridgingreference.�0�
(37) (u1) On the drawer above the door, gilt-bronzemilitary trophiesflank a medallionportraitof Louis

XIV. (u2)In theDutchWarsof 1672- 1678,FrancefoughtsimultaneouslyagainsttheDutch,Spanish,
andImperialarmies,defeatingthemall. (u3) This cabinetcelebratestheTreatyof Nijmegen,which
concludedthewar.

(38) (u1)<title> Two goldfinger-ringsfrom RomanBritain ( 2nd- 3rdcenturyAD). </title> (u2)
Polygonalopenwork ringsincorporatinganinscription are a distinctive type found throughoutthe
Empire.(u3)Thepiercedtechniqueisespeciallytypicalof lateAntiquejewelry, (u4)but this classof ring
appearsto havecomeinto usein the2ndcenturyAD. (u5)In many casesthemottoesonthepanelsare
in Greek:Thaton 602(left), from Corbridge,Northumberland, reads:’ thelove-tokenof Polemios’.

While it is truethatsomeof theseviolationscouldbefixedby adoptinga broadernotionof bridging
reference–e.g.,in (37) we might treatFranceasa bridging referenceto Louis XIV–weareskeptical
thatthiswider notionof bridgecanbeannotatedreliably.

The pharmaceuticalleafletscontainmany examplesin which the connectionbetweenclausesis
explicitly indicatedby connectives,asin (39), repeatedhere:

(39) (u1)This leafletis asummaryof theimportantinformationaboutProductA.

(u2) If youhave any questionsor arenot sureaboutanything to dowith your treatment,

(u3)askyour doctoror yourpharmacist.

In many suchcases,lettingsecondpersonpronounsintroducediscourseentitiesresultsin thembeing
classifiedas’entity-coherent’even thoughonemaythink that thecoherenceis actuallyachieved by
wayof theexplicit indicationof therhetoricalrelation.Oneexampleis (40).

(40) Are you sensitive or allergic to any oestrogens?Are you sensitive or allergic to any of the inactive
ingredients?Are you pregnant,planninga pregnancy or think you maybepregnant.Are you breast
feeding?Do you have, or have you ever had,cancerof thebreastor uterus?Have you experienced
any unusualvaginalbleedingrecently?

In fact,somemightarguethatwedon’t reallyneedanotionof ’entity coherence’,sincein an JKQ�F -style
analysisof a text every discourseunit is connectedby at leastonerhetoricallink to at leastanother
discourseunit. But in fact,this is oftenachievedby introducingrelationssuchas’Elaboration’,which,
whenlooked at closely, turn out to be really attemptsto capturea notionof entity coherence(Knott
et al. ress). Recentwork on rhetoricalrelationsis comingto the symmetricalpositionto ours–that�����E�<�@���<�m�@���a���7���)�����������) 8�<���}�6�m¡6�)�@���K¢;�£��¤��@���)�}�6���0���K�����@�<�P���1��¤��:¥<�U�6�¦���)�@�§���<¡w¨��£��©VªM�;«`���P ����) ¬���� ��6�}¤)���1�@��­����m¡	¨�0¨�¡6�<�@���¦®
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a purely relationalaccountis not sufficient, anda separatetheoryof entity coherenceis necessary
(Knott etal. ress).�@°
f#o#uwym�8�*o#vVjmymv ê ymjmq#�S± êFë n`² Theotherclaimaboutentitycoherence,Rule2–statingapreferencenot
just to keeptalking aboutthesameobjects,but to preserve their relative ranking–wasnot testedin a
statisticalsensebut seemsmuchlessrobust,irrespective of its formulation.

The first point of interestaboutthis aspectof the theoryconcernsthe notion of transitionthat
underliesit. With prettymuchall parameterconfigurationsthatwe tested,two of themostcommon
transitions(if not the two mostcommon)weretwo transitionsnot consideredin the literature: the
NULL transitionbetweentwo utterancesneitherof which hasa çFè , andthe ZERO transitionfrom
anutterancewith a çvè to onewithout. Thequestionto beaddressedis whetherthetheoryhasto be
extendedto cover suchcases,or whetherthey have to be accountedfor by othercomponentsof an
overall theoryof discourse(seebelow).

The versionof Rule 2 formulatedin termsof sequences,andstatinga preferencefor sequences
of CON over sequencesof RET over sequencesof SHIFT, suffers from theproblemthatevenin the
’best’ versionsmorethantwo-thirdsof sequencesinvolve two differenttransitions.E.g.,in thevariant
whichyieldsthebestresultsasfar asRule2 is concerned,NPD with secondpersonpronounsandusing
StrubeandHahn’s ranking,we find 143CON-CON/ RET-RET / SH-SHsequences,47 EST-CON,
54 RET-SHIFT, 90 NULL-NULL, and608sequencesof othertypes.Keepingthis problemin mind,
wedofind in thisversionthatthenumberof CON-CONsequencesexceedsthenumberof RET-RET,
which in turn exceedsthe numberof SH-SH.This doesn’t hold with CED�FSGIHMJKHML�NPO ranking,where
RET-RETexceedsCON-CONunlesswe countEST-CON;nor for any of theotherversions.

Theformulationsof Rule2 basedon singletransitions,suchasBrennanet al., accountfor larger
percentagesof the total. However, we notedthat a transitionnot discussedin theseproposals,the
NULL transition, is the most commontransition in all but a few configurations(suchas NPD with
CED�FSGIHMJKH�LMNPO , wherethemostcommontransitionis EST).Also, that therearemoreRSHthanSSH
in mostversionsin whichutterancesareidentifiedwith sentencesor allowing with indirectrealization,
theonly exceptionbeing NPD usingtherankingproposedby StrubeandHahn. Finally, thepreference
for CON very muchdependson whetherwe classifyestablishmentsasCON or not. If we do, CON
is themostfrequenttransitionin all of the’best’ versions.However, we observedwhendiscussingin
Section� 5 our resultsconcerningthelinguisticpredictionsbasedontransitionsthatthesecorrelations
only hold, or aremuchstronger, if EST andCON arenot conflated.For example,we saw that the
hypothesisthatpronounsin subjectpositionsomehow suggestacontinuationonlyholdsif weconsider
ESTasa typeof shift ratherthanasa continuation.

As for theotherversionsof theRule,we saw thatStrubeandHahn’s preferencefor sequencesof
cheaptransitionsover sequencesover expensive onesisn’t verified by any of the configurationswe
tested;indeed,in all configurationswe lookedatwe foundmoreexpensive thancheaptransitions.

Kibble’s ’decomposition’of Rule2 is agoodwayof lookingat whichof its underlying’cohesive
principles’ is verified most frequently. As we saw, the ’Kibble score’changesratherdramatically
from versionto version,to reachits highestvalue(2.62)with indirectrealization,u=s,treatingsecond
personentitiesas çVD s,andStrubeandHahnranking.In thisversion,morethan2 / 3 of utterancesare
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To proposea new versionof Centeringis beyond the scopeof this paper, but therearethreebroad
theoreticalconclusionsthat aresuggestedfrom theseresults,andshouldbe further examinedwith
psychologicaltechniques.

Thefirst conclusionis thatentity-basedaccountsof coherencehave to beintegratedwith accounts
of othercoherence-inducing factors.Thiscouldbedonein two ways.Wecouldbemoreexplicit about
thescopeof CenteringTheory, andview it notasacomprehensiveaccountof ’ localcoherence’,but of
thecontribution of entity coherenceto local coherence.Alternatively, we couldgive a ’decomposed’
formulationof Constraint1,abit likeKibble proposedfor Rule2. Thatis,wecouldlist thefactorsthat
canlink anutteranceto thecontext, andproposethatin orderfor anutteranceto be’ locally coherent’,
at leastoneof theselinks mustexist.�0�

The secondconclusionis that perhapsGroszand Sidner’s idea that a single notion–the çFè –is
sufficient to accountfor both local salienceandcoherenceis only an approximation.We mayneed
separateconceptualtools: say, a çwHMO>FSHMJ×Ö;D�çVÖ;GIHMJKHMO~çVH to formulateConstraint1 (andperhaps
Rule2) anda çVH�O>F�H�JzÖ8D=Q�Ø8L�NUH�O~çVH for Rule1. Thetwo centersmight andoftenwill beidentical,
but notatall times.In otherwords,it maybeagoodideato reconsiderSidner’s ’two foci’ idea.

Thethird conclusionis thatensuringÙSØ8JKNUH�FSÚ seemsto beasimportanta principle in discourse
productionasmaintainingcoherence.This is suggestedby thefactthat çFè sarehardlyevercontinued
for morethan2-3utterances;thatit is veryunusualfor thesamediscourseentity to berealizedby the
sametype of O>R twice in a row (even with pronouns,we only have 58 pronoun-pronounsequences
- 26%of thetotal); andthat2/3 of all transitionsequencesinvolve two differenttransitions.In fact,
we hypothesizethattheRepeatedNamePenaltyobservedby Gordonet al.– roughly, thefinding that
usinga propernamein subjectpositionto referto anentity alsorealizedby a propernamein subject
positionin theprevioussentenceresultsin slowerreadingtimes–isbut aninstanceof thismoregeneral
phenomenon.
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Ourexperimentsraisedanumberof questionsaboutthedefinitionsof theconceptsusedin Centering
thatwe did not find mentionedin theliterature,or wereonly discussedin passing.

A very importantproblemis theneedto provide a definitionof thenotionof R1-pronoun:which
anaphoricexpressionsaremeantto be governedby Rule 1. Our provisional suggestionis that im-
plicit anaphorssuchastracesshouldnot be included;nor shouldsecondpersonpronouns.A sec-
ond questionis whethersecondpersonentitiesshouldbe treatedas çVD s. The third questionaffects
the theoriesin which ranking is basedon grammaticalfunction, andconcernsthe exact specifica-
tion of grammaticalfunction beyond the simplestcases. For example,shouldpostcopularO>R s in
there-clausesbe treatedassubjectsor objects?(Our resultssuggestthe former.) And, how should
nominalmodifiersbe ranked? (We treatedthemasadjuncts.)Finally, thereis the questionof how
to determinethe previous utterancewhen the embeddedfinite clauseis in the middle of another
finite clause,ratherthanat the end; this is very commonwith relative clauses,as in But Hutchin-
son,whoappointedRanieri last season, todaysaidthat hespent30 minuteswith theItalian after the
Blackburn match andthat resignationwasnever an issue.����Ó7¤)���¬¢;���<¨��`ªM�>¡I¥<�U�6�}���[¢;�6¡6©[�����m«g�<¨£¡6�������)®[Ì���«g¡	�A¥<�P��¥<���¦�;¡I�@���U���� ����V���)���S�P��Ü��<�£�m���) `��¤��>��¾��£�¦�����)�@�����K¡
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We concludeby listing a few shortcomingsof this work thatwe would like to beaddressedin future
investigations.

ßàjmlVn<p:~Vo#xzh<ymvwi
Themajorlimitation of thisstudyis thatit concentratedon ’non-naturalistic’gen-

res. It would beusefulto includein thecorpustexts from thegenresmoretypically studiedin Cen-
teringTheory, suchasnarrativesanddialogues.This said,we would like to emphasizethatat least
oneof thedomainsunderstudy, thatof museumdescriptions,oughtto be ideally suitedfor a theory
of entity coherence,in thatmosttexts areaboutobjectsandtheir relationshipsto otherobjects.

áVn<xzh<vwjmym�;i*jmp ê �*j ê prymvwâ A secondlimitation of thiswork is thatit concentratedon theeffectof syn-
tacticfactorson salience;it would beusefulto studytheimpactof semanticfactorssuchasthematic
roles,whenweknow how to annotatethemreliably. Thestudyof theimpactof rhetoricalstructurein
Section� 6 is afirst stepin thisdirection.

ã prym~Vâ�ymvVâ
It is obviously thecasethatwith a morethoroughannotationof bridgingreferencesone

wouldgetfewerviolationsof C1. Thedifficult questionis whetherit is possibleto do soin a reliable
fashion.
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