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Abstract

Structuralpriming, i.e., the tendemy to repeatlinguistic ma-
terial, canbe explainedby two alternatve representationais-
sumptions:eitherasthe repetitionof hierarchicalrepresenta-
tionsgeneratedby syntacticrules,or astherepetitionof lexical
sequencedlVe presentwo studiesthattesttheseexplanations
by investigating priming effectsin adialoguecorpus We com-
paresyntacticconstituentsvith distituentsj.e., part-of-speech
pairsthatcrossconstituentoundaries.

We bnd a reliable short-termpriming effect for constituents,
but no priming for distituents.This result supportsthe rule-
basedview of priming, which doesnot predict priming of
distituents.The dataare incompatilbe with a sequencerim-
ing analysis,which cannotdistinguishbetweenconstituents
anddistituents.In a secondcorpusstudy we studylong-term
priming andbndpriming effectsfor both constituenta&nddis-
tituents. This indicatestha the mechanismunderlyinglong-
termadaptatiordiffers substantiallyfrom short-termpriming.

Keywords: languageproduction;syntacticpriming; implicit
learning;corpusstudies;constituentsdistituents.

Intr oduction

Whenhumansspeakor write, they converta conceptuatep-
resentatiorof the messagéo be corveyedinto sequencesf
soundsor letters. This task of language productionis often
analyzedn termsof a processinghainwhich includescon-
ceptualization formulation, and articulation (Levelt, 1989).
The conceptualizatiormodule selectsconceptsto express,
and the formulation module decideshow to expressthem.
Formulationinvolves determiningthe lexical, syntactic,and
semanticrepresentatiomf the utterance Syntaxdetermines
the systematiaelationshipbetweermeaningandform of an
utterancewithout which languagecould not be produced.

Giventhe centralrole of syntaxin languageproduction,it
is not surprisingthat a signiPcantamountof recentresearch
hastried to establishthe exact natureof the syntacticrepre-
sentationghat underliethe productionprocessAs syntactic
structurescannotbe obsened directly, a numberof indirect
wayshave beendevelopedto investgatethem.An important
oneis the study of structural priming, which is the prefer
enceof the languageprocessotto re-useprevious syntactic
choices.As an example, considerthe verb give, which can
occurin eithera doubleobject(DO) construction(see(1-b))
or in aprepositionabbject(PO) constructionsee(1-a)):

(1) a. Thepolicemangivesaguntothemagician.
b. Thepolicemangivesthe magicianagun.

Experimentatesults(e.g, Bock 1986)shaow thatparticipants
who have a choice betweenproducingthe DO and the PO
construction(e.g.,in a picture namingtask)are morelikely

to choosethat constructionwhich they (or their interlocutor)
have producedpreviously.

Priming resultssuchasthis one give us a handleon syn-
tacticrepresentationgrimingis only expectedetweercon-
structionsthat share the samerepresentationtherefae the
presenceor absenceof priming can be usedas a diagnos-
tic for whethertwo congruction involve identical represen-
tationsor not. Using examplessuchas(1), it hasbeea argued
thatprimingtakesplaceonthelevel of syntacic rules(though
this canalsobe interpretedas priming of lexical sequences,
asdiscwssedbelow). Thereis alsoevidencefor the priming of
attachmentecisiong Scheepers2003),andfor the priming
of sequencesf constituent§Scheepers& Corley, 2000).

Recentcorpus-basedvork has reinforcedthe structure-
basedview of priming. For example,Reitteret al. (2006a,b)
demonstratedhat priming canoccurfor syntacticrulesthat
reRectagenerataccountof thegrammaiin alargecollection
of speechproductiondata. This is an importantgeneraliza-
tion of resultsfrom expeimentalwork, which hasonly inves-
tigatedpriming for alternatve syntacticconstuctions(such
as(1) abore), notfor lower-level phrasestructurerules.

However, the structure-basediew of priming has been
challengedby Changet al. (2006), who propose a Simple
RecurrentNetwork modelthat capturespriming asthe rep-
etition of sequencesf abstractlexical types,suchas parts
of speechln this model,syntacticpriming doesnot involve
syntacticrules, but is explained by semanticeffects andthe
learningof lexical sequences

In this paper we presentcorpusdatathat make it possi-
ble to directly comparethe rule- and sequence-basedews
of priming. The key ideais to contras priming effects for
constituentgi.e.,linguisticunitsgeneratedy syntacticrule9
andfor distituentq(i.e., sequencesf partsof speectthatcan-
not form a linguistic unit). Only underthe seqence-based
accountdo we predictthe priming of distituents.

Models of Syntactic Priming
Rule Priming

Traditionally, syntacticpriming hasbeenexplainedin terms
of the activation of structuralrepresentatinsin thelanguage
productionsystem(Bock, 1986; Branigan et al., 1999). In
orderto generatean utterancea syntacticstructureof this
utterancehasto be built, andthis processnvolvesthe acti-
vation of syntactic frames,suchasthe doubleobjectframe
of the verb give in (1-b). This activation decaysover time,
andwhentheprodiction systemhasto generateanothenwutter



A: Andcc allpt ofiy apr sudden; heprp Grys gotven
apt hangyy glideryy

B: Iprp doygp N@ke everkg heardpy ofiy thapr
shavyy

A: Youprp haveygp NGks
B: |tpRp éBES called/BN MCGyVEI'NNp ?

A: Heprp Gges likeuy apt semigawernmenj; typenn
agentn wWhowp thepr Phoenixne Foundatiomne
supposedIys ...

Figurel: Excerptfrom thetaggedSwitchboardlata.

ancejt ismorelikely to utilize asyntactidramethathasbeen
pre-actvated,i.e., thathasbeenusedin the recentpast.This
thenleadsto the priming effect, e.g.,in the caseof (1-b), the
productionsystemis morelikely to generag¢ anotherdouble
objectconstruction(ratherthanthe alternatve prepositional
objectconstructiorin (1-a)).

The exact natureof the syntacticrepresentationésyntac-
tic frames,etc.)thatunderliepriming hasbeenthe subjectof
somedebate Recently a numberof corpusstudieshave pro-
vided evidencefor syntacticstructuie asthe correctlevel of
representationThesedemonstratedhe repetitionof syntac-
tic choicedn compusdataconsistentvith experimentakesults
on syntacticpriming. This includesevidernce for the priming
of specibcconstructions(Gries, 2005; Szmecsayi, 2005;
Dubey et al., 2005; Jager, 2006) as well as evidencefor a
generalizegriming effectthatappliesto syntacticrules(Re-
itter et al., 2006a,b)which doesnot have to involve the al-
ternationof semanticallyequivalentrealizatiors (asin exam-
ple (1)).

Thesecorpusstudiesalsoconstituteimportantcorroborat-
ing eviderce for the activation-basedview, asthey replicate
thecentralcharacteristicsf theexperimentatesultson prim-
ing, including the rapid, exponentialdecayof the effect and
the increasedoriming if lexical materialis repeatedlexical
boost)(Bock, 1986;Braniganet al., 1999).

SequencePriming

Syntacticrulesarenot a necessargomponenbf a modelof
sentenceroduction,andrecent modelingwork hasassumed
that priming operateson sequencesf abstractiexical cate-
goriesratherthanon rules.Many known priming effectscan
be explainedin this way, e.g.,thefactthat(2-a) primes(2-c)
could be due to the sharedpart of speech(POS)sequence
NN DT PRPin both sentencegSee Table 1 for a subsetof
the part-of-speecleatgoriesusedin this study andFigurel
for anexcerptfrom the corpus.)Sentencg2-b), on the other
hand,containsa differentPOSsequencédNN DT NN) and
thereforeis expectedto prime (2-d), but not (2-c), consistent
with experimentakesultson the priming of prepositionabb-
jectanddoubleobjectconstuctions.

(2) a. Thepr doctory gives,;sz somer Rowersyy

CC coordinding conjunction(and,or)

DT singulardeterminer/quantibgthis, that)
IN  prepsition
JJ adjectve

MD  modd auxiliary (can,should,will)

NN  singularor massnoun
NNS pluraland/orpossessie noun
PRP  personapronoun
RB adwerb
VBZ verb,3rd.singularpresent
VBP verh presentenseptherthan3rd singular
WDT  wh- determineiwhat,which)
WP$ possessie wh- pronoun(whose)
WRB  wh- adwerb (how, where,when)

Tablel: CommonBrown/Switchboardpart-of-speeclags.

toin hisprpsgirlnn

b. Thept doctory givea/Bz hiSpRpg;gm NN SOM&yT
Rowersyn

c. Thept policemann giveSygz apt gunyn ton
thept magiciany

d. Thepr policemanyy gives,sz thept magiciamy
apt guiNN

Thesequencingiew of primingis cental to Changetal.®
(2006) Dual-pathModel, a connectionisimodel of sentence
productionthat aims to accountfor resultsfrom both lan-
guageacquisitionand syntacticpriming. At the core of the
Dual-pathModel there are two mechanismgseeFigure 2).
Thebrstone is the Sequencingystem consistingof a Sim-
ple RecurrentNetwork (SRN, EIman1990)which generates
sequencesf wordsor word cateyories.A compressiottayer
learnsto abstractaway from the lexical materialto lexical
catgyories.As is commonfor SRNs,langua@ productionis
viewed asthe taskof predictingthe next word givenits left
contet (usinga contet anda self-monibring loop), andan
errordrivenlearnirg algorithmis usedto trainthemodel.The
secondmechanismin the Dual-pathModel is the Meaning
Systemwhich mapsmeaningrepreserdtionsto words and
vice versat

The Dual-pathModel accountdor a wide rangeof struc-
tural priming results aswell asfor certainbndingsn thelan-
guageacquistion literature(preferental looking andelicited
productionstudies). The modelmakestwo key assimptions,
whichwewill testin thepresenpaper:(1) languageompre-
hensiorandproductionis basedn abstractexical (PO9 se-
quencesstheunderlying representatiomo hierarchicakyn-
tactic structuregandno syntacticrules)areinvolved; (2) the
sameimplicit learningprocessesinderlie languageproduc-
tion and acquisition.If the model accountsfor short-term
priming (which decaysin a matterof seconds)ijt would be
dueto the sameunderlyingmechanismaslong-termpriming
(which cantake daysto decay),.e.,anSRNtrainedto predict
transitionsof lexical cateyories.

1To our knowledge, learningand priming of hierarchicalstruc-
tureshasnotbeendemonstrateébr this model.It@ predictionswith
respecto contet-dependeng andhierachical structureshouldbe
testedn futurework.
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from Changetal. 2006)

Distituents

In orderto distinguishstructurafrom sequentiapriming, we
usethe notion of distituentsfrom the grammarinductionlit-
erature(e.g.,Magerman& Marcus1990; Kuhn 2004).Dis-
tituentsareorderedpairsof POStagsthatcannotform a syn-
tactic unit. All otherorderedpairs,i.e., the onesthat occur
in a syntacticunit, are deemedconstituentsCrucially, such
constituentsare predictedto shav decayingrepetition due
to priming underbothassumptionsstructuralandsequential
priming. Distituents however, will shav priming only if sen-
tenceproductionis basedn sequentiatepresentationg.hus,
underthe structure-basediew, thereshouldbe no distituent
priming, asdistituentg(by depbnition)camot be generatedby
syntacticrules. The transitionalprobability shouldbe lower
for POStagsin distituentsthanfor thosein constituents.

To debnedistituentsmore precisely we refer to the POS
catgjoriesandthe tree-structuredgyntacticanalysisof each
sentenceThe syntaxtreethendebnesonstituen{sub)tees
For example,in the syntaxtreein (3), the policemanamong
otherphrasesformsa consttuenttree.

3) [ [ Thept policemanyy ] [ showvsygz
[i thepr girlnn ] [j hisprrsQun ] | ]

A distituentis a POS pair that cannotbe adjacentwithout
crossingat leastoneconstituentreebourdary. For example,
NN PRP$(noun,possessk pronoun)is one(in English),be-
causetherecanbe no constituentreethatdirectly combines
a nounfollowed by a possessie pronoun.Of course sucha
POS sequencsstill occursin the data(asin (3)), but for a
distituent, the two POStagswill alwaysbelongto two dif-
ferent constituentirees(in the above casethe two amggument
nounphrases, j). To give anotherexample,DT NN is nota
distituent,becaus¢he determinerandthe noundirectly form
a noun phrase NN VBZ is not a distituenteither: while it
doescrossconstituentboundariesn (3), it appearswithout

Frequeng POSbigram Frequeng POSbigram
38794 PRPVBP 38794 PRPVBP
12261 PRPVBD 25543 DT NN

6488 PRPMD 18275 INDT
4443 NN PRP 15318 IN PRP
2901 WRB PRP 14623 NN IN
2868 PRPVBZ 12261 PRPVBD
2137 PRPVB 11561 JINN
1502 WDT PRP 10740 TOVB
1464 WP PRP 10017 CCPRP
1392 NNSPRP 9293 DT JJ
1162 VBDTO 8178 VBPPRP
1089 JJITO 7838 RB RB
1031 PRPDT 7482 VBPRB
955 JIPRP 7265 IN NN
827 PRP PRP 7137 RB 1

Table 2: The mostcommondistituent(left) and constituent
(right) POSbigramsfrom the corpus.

doing so (in its own constitient)in a verbal phrasewith an
intransitive verbelsawherein thecorpus(e.g.,[befoe[scool
startd]). Table2 lists the mostfrequentdistituents.

An equivalentdepbnitionof distitueny refersto dominance
in the syntaxtreefor the utteranceTwo adjaceh POS tags
I," aredigtituentif andonly if thereis no nodeN suchthat
N immediatelydominated and", andall otherinstance®f
I'," in thecorpusaredistituent?

If a corpusof syntacticallyannotatednateral is available,
then the syntactic annotationcan be usel to identify dis-
tituentsin the dataasfollows: for every sequencef two ad-
jacentpartsof speechbigram)in the corpus we determine
whetherit occursinside a constituentwithout crossingcon-
stituenttreeboundariesanywherein the corpus.If this never
happensn the corpus thenwe regardthis sequene asa dis-
tituent. Note that distituents(contraryto constituentsylo not
have ahierarchicaktructurebthey shouldberegardedsimply
asbigramsthatcrossconsttuenttreeboundaries.

Experiment 1: Short-term Priming

If Changetal.®(2006)sequencingiew of primingis correct,
thenthereshouldbe no systematidiffererce betweencon-
stituentsanddistituents Therefore his modelpredictsthatin

corpusdata,we shouldbndpriming for bothconstituems and
for distituents.On the other hand,if the rule-basedview is

correct,then priming shouldbe conbPnedo constituentsas
distituentscannotbe generatedy syntacticrules,andthere-
fore cannotbe subjectto priming. The preseh experiment
teststhesetwo alternatve hypothesidor short-termpriming,

i.e.,for structuralrepetitionthatdecaysapidly.

2|t shouldbe notedthatthis debnitioninvokesimmediatedomi-
nancej.e.,it leavesopenthe possibility thatthe distituentis part of
a larger constituenthat dominatest, but notimmediately Strictly
speakingundera rule basedview we would thereforeexpectless
priming for distituentsratherthanno priming atall.



Method

Data The Switchboardcorpusis a large datasetof spon-
taneouscorversationdetweenover 500 participants speak-
ing varietiesof North AmericanEnglish.We usea subseff
426 corversationsaveraging6 minutesin length,which have
beentranscribecandthensyntacticallyannotatedvith syntax
trees Exacttiming informationis availableis eachword (and
thereforefor eachconstituet).

Distituentswereidentibedin the Switchboardcorpusfol-
lowing the debnitiongivenin the previous section.Bigrams
including hesitationssuchaslike and uh, or with POStags
not identiPedby the original annotation(marked XX), were
excluded.This way, we extracted378differenttypesof POS
bigrams,80 of which weredistituents (SeeTable2 for com-
mondistituentsandconstituats.) Datapointswith rarePOS
sequenceéf ! 10)andunknavn POStagswerediscarded.

Statistical Analysis To andyze priming effectsin our cor-
pusdata,we examinethe repetitionof POSsequencedf, on
average POSsequencearerepeatedvithin a shorttime pe-
riod moreoftenthanwe would expectfrom chancerepetition
or adaptation(occurringwithin long time periods),we accept
thestructuralpriming hypothesisThis correspond$o on-line
measuresyherea prime structureis manipulatedandits rel-
ative infduenceon syntacticchoicesn thetargetis calculated.

As discussedbefore, short-termpriming is subjectto a
swift decay The increasein repetition probability is seen
shortly after the stimudus, but lessso a few seconddater.
Thereforewe usethetime elapsedaftera stimulusto predict
whethemrepetitin will occur A logisticregressiormodelwas
usedto computea correlationcoebcientbetweenrepetition
andthetemporaldistanced (asco-variateTIME).

For eachoccurrencef aPOSsequencétarget) atatimet,
we examinethe POSsequenceis theone-secontime period
[t" d" 0.5,t" d+ 0.5]. If the partsof speechre-occur we
countthe target occurrenceas primed otherwiseas control
caseThisis thepredictedbinaryvariable,PRIMED.

If there is no structural priming effect (null hypothe-
sis), we would expectthereto be no relationdip between
PRIMED and TIME. An interactionbetweenthis effect and
the factordistinguishing distituentfrom constituentigrams
(DISTITUENT) would reveal differencesn priming strength
betweerconstituentanddistituents.

Notably, word-by-word repetitionswere excludedfrom the
data-setn orderto avoid confoundinglexica effectssuchas
topic clustes. An inspectionof a sampleof the extractedbi-
gramsrevealedno obvious sermantic similarities.

To accountfor frequeny effectsin priming asthey have
beenreportedpreviously, we includethe normalizedbigram
frequeny asa co-variate POSFREQ (a normaltechniqueto
introducecontrol in linear models).A further factor TyPE
distinguishespriming between spealers (compgehension-
production priming, CP) from priming within a spealer
(production-productiorpriming, PP): only in the latter case
wereprimeandtargetutteral by the samespealer.

To implementthis logistic regressionmodel, we usegen-

eralizedlinearmixedmodelswith alogit-link, congrvatively
groupingsequencestemmingfrom the sameutteranceo re-
Rectpotentialinter-dependencdueto syntacticconstraints.
The datasetwasrandomy balancedwith respectto the re-
sponsevariablein therespetive experiments

Interactiondandmaineffects)wereremoredwhereappro-
priate,i.e., wheretherewasno signibcanttoebcientandno
dependeninteraction.

Results

The resultsshav a reliable main effect for log(TIME) (de-
cay" = " 0.067, p < 0.0001), indicaing a baselineprim-
ing effect. The model also shaved a reliable interactionof
log(TIME) andDISTITUENT (" = 0.183,p < 0.05), indicat-
ing reliably lesspriming for distituents Thefactthatthesum
of the two coebcientsis positive, indicatesthat thereis no
decay:" 0.067+ 0.183> 0, which meansthatthereis in fact
no priming for distituents.
log(TIME) alsointeractgreliably with log(POSFREQ) (" =

0.156, p < 0.0001),shaving that higherfrequeny POSbi-
gramsreceie lesspriming. We seea smallbut reliableinter-
actionof log(TiME) andTyPE (" = 0.050,p< 0.001),indi-
catingthatpriming is wealer betweerspealersthanwithin.*

Discussion

The main priming effect we foundis consigentwith the ex-
perimentalliterature (Bock, 1986, e.g.). We also replicated
the priming, frequeng, and type effects found in previous
corpusstudieson syntacticpriming (Reitteretal., 2006b)and
frequeng effectsfoundon-linefor relative clauseattachment
priming (Scheeper2003).

With respecto the hypothesideadingto this experiment,
we found not only reliably lesspriming for distituents:the
decaycoebcientfor distituentsvasnumericdly estimatedo
be postive, i.e., we seeno priming for thesepart of speech
sequencesThis provides evidenceagainst a non-structural
priming account.

Given the marked contrastbetweenconstituentsand dis-
tituents,we canarguefor an architectureof the humanfor-
mulationmechanisnthatinvolveshierarcheal syntacticrep-
resentationsObviously, this doesnot excludethe passibility
of memoryeffectsinvolving surface-structuravord or POS
sequenceshenext experimert examinesthis question.

Experiment 2: Long-term Priming

Classicalpriming effectsare strong(up to 40 percentabore
the baselinefor passves; around 10 percentfor syntactic
rules, Reitter et al. 2006b). They decayquickly (Branigan
et al., 1999) and reacha low plateauafter a few seconds.

3In anexperimentabesignwewouldcontrolandbalancedepen-
dentvariablesratherthanthe responsebut here,wherewe analyze
interestedn the bttedinteractionsthe modelbttingis morereliable
with abalancediataset.

4Further effects, irrelevant to the experiment becausethey
model chancerepetitionas well asrepetition when primed, were:
log(PosFREQ) (" = 0.45, p < 0.0001), TypPe=CP (" = " 0.19,
p < 0.0001),andDISTITUENT (" = " 0.81,p< 0.0001).



Suchsyntacticshort-termpriming is similar to whathasbeen
shawn in lexical priming studies(e.g.,Swinney etal. 1979).
What complicatesmattersis thatthereis alsoa longerterm
repetitioneffect thathasbeenreportedn theliterature.

Adaptation also termed long-term priming, has been
shawn to lastlonger from minutes(Bock & Grifn, 2000)
to several days. Lexical boosteffects, in which the lexical
repetitionstrengthenstructuralpriming, have beenobsened
for short-erm priming, but not for long-termpriming trials
where material intervenes betweenprime and target utter
anceg(Konopka& Bock, 2005). Thus,short-termandlong-
termadaptatioreffects maybe dueto separateognitive pro-
cessesassuggestedy Ferreira& Bock (2006).Short-term
priming is arguablya mechanistieffect relatedto language
processingwhile adaptationis more similar to a implicit
learningin thatit lacks strongdecay If priming and adap-
tation are indeedtwo qualitatively different cognitive pro-
cesseghenChangéDual-pathModelmaybeableto account
for adaptationThis would requirethatlearningappliesto se-
guencegatherthanstructures.Thus,comparingthe adapta-
tion of constituentinddistituentbigramswould shedlight on
this question.Thisis theaim of the presenexperiment.

Method

Thedatasetwasthe sameas in Experimentl.

While short-termpriming can be pin-pointed usirng the
characteristicdecay for long-term priming we needto in-
spectwhole dialoguesAs in Experimrent 1, we usea binary
responsevariable PRIMED to ref3ed the repeition of a POS
sequenceWhile we estimatedPRIMED asa function of dis-
tancebetweemprime andtargetin Experimentl, with primes
occurringin aone-secong@riming periodatase distancee-
fore the target, we now regard the brsthalf of a dialogueas
priming period,testingall POSsequences the seconchalf
for repetition.

We will contrast PRIMED in two conditions, which
distinguish situations where priming can take place
(SAmMeEDoc=1) from others,whererepetitionis only dueto
chancgSAMEDOC=0). To do so,we split eachdialogueinto
two equalhalves,but excludea 10-secongbortion in themid-
dle to avoid short-termpriming effects. The brsthalf is des-
ignatedas priming half, the secondhalf containsthe tamets.
For eachtarget POSbigram,we checkwhetherit hasalready
occurredn thepriming half (PRIMED=1).

For the priming condition SAMEDoC=1, we keep dia-
loguestogether: priming and target halves stem from the
sameoriginal dialogue. For the non-primingcontrol condi-
tion (SAMEDOC=0), priming andtargethalvesarerandomly
chosersothatthey stemfrom differentdialogues.

We canthen castlong-termadapéation asthe differential
betweenrule repetitionin documenthales of single dia-
logues,andrepetitionin dialogueshalvessampledfrom dif-
ferentdialogues.The goalis now to establisha main effect
of SAMEDoOC for adapation, and its interactionwith Dis-
TITUENT.

Results

Theresultingmodelshavs a numberof reliable main effects
andinteractons. In the following, we will not only analyze
signibcancebut alsopay attentionto effect sizes.
We Pnda reliable main effect of SAMEDocC (" = " 0.34,
p < 0.0001) and an interaction of log(POSFREQ) with
SaMeDoc (" = " 0.15, p < 0.0001). This indicatesthat at
low bigramfrequencieglog(POSFREQ) < " 2.27),repetition
of constituentss greatetin priming dialoguesthanin thecon-
trol. We bndpositive adaptatdbn of constituenbigrams.
Further the model shows reliable interaction of Dis-
TITUENT with SAMEDoOC (" = " 0.38, p< 0.05) andwith
SAMEDoOC:log(PoSFREQ) (triple interactior). This means
that at similarly low bigram frequendes (log(POSFREQ) <
" 2.56), again, repetitionof distituentsis greaterin priming
dialoguesthanin the control. We thus Pnd positive adapta-
tion of distituentbigrams.
Centerecandtransformedbigramfrequenciesangefrom
" 6.67 to 1.50, with meanp(log(PosFREQ)) = " 0.81, stan-
darddeviation#(log(PoSFREQ)) = 1.48,andthelowerquar
tile at" 1.7160. The above adaptationeffects apply to the
13%of bigramswith the lowest frequencies.
Themodelshaws positive adaptatiorfor low-frequeny bi-
grams,bothin the casesf constituentsanddistituents.This
evidenceis supportedfurther by a simpliped model, where
thetriple interactioninvolving thePOSfrequeng is removed.
In this simpliPedmodel,thereis noreliableinteraction effect
of DISTITUENT andSAMEDOC canbefound(p = 0.38).
We concludethat thereis no evidencefor a differencein
long-termadaptvity betwea constituent@anddistituents.

Discussion

Short-termpriming, decayingwithin afew secondsandlong-
termadaptaibn lastingminutesandin sonme casesvendays,
differ substantially(see Ferreira& Bock 2006). Our data
shav both kinds of repetition effects. However, syntactic
structureclearly matteredonly for short-termprocessingef-
fects:long-termadaptatiorappearso operateon abstractex-
ical sequencemtherthansyntacticstructure.

A modelwheresequencesf partof-speector lexemesare
memorizedasprocedureswould explain the Pndings Effec-
tively, this likenslong-termadaptatiorto a proceduraimem-
ory effect. Storedproceduresan certainly help spealersto
produceand listenes to understandanguage andthey are
in line with Changet al.® (2006) model.So while we argue
againstthesequentiahccountfor priming, we believe it to be
plausiblefor long-termadapéation.

Conclusions

Theaim of this paperwasto shedlight ontherepregntations
thatunderliethehumananguageproduction systemby inves-

SFurther coebcientswere btted which are irrelevant to our
purposes becausethey describe effects on chance repetition:
log(PosFReQ) (" = 1.73, p < 0.0001), DISTITUENT (" =
" 1.02,p< 0.0001),log(POSFREQ):DISTITUENT (" = " 0.45,p<
0.0001).



tigating the well-know structuralpriming effect that occurs
when humansproducespeech.Structuralpriming, i.e., the
repetitionof previously usedlinguistic structurescanbe ex-
plainedusingatleasttwo alternatve representationassump-
tions: eitherasthe repetitionof hierarchicalrepresentations
generatedby syntacticprocesseasproposedy Bock (1986)
andBranigan et al. (1999),or asthe preferenceo repeatof
sequence®f abstractlexical representationge.g., parts of
speech)n line with Changetal. (2006).

We presentedatafrom two studiesdesignedo distinguish
the rule-basedview from the sequencingriew for priming.
We investigatedpriming effectsin a dialoguecorpus for two
typesof part-of-speecltpairs: ConstituentPOSpairs, which
canoccurwithin a syntadic constituenigeneratedy a syn-
tacticrule, anddistituentPOSpairs,which crossconstituent
boundariesandcannever occurwithin a constituent.

Experimentl dealtwith short-termpriming, i.e., with rep-
etition effectsthatdecaywithin afew secondsWe foundare-
liable priming effectfor constituentdigrams,but notfor dis-
tituentbigrams This Pndingis compatiblewith the structure-
basedview of priming, which would not expectpriming of
distituents,asthes cannotbe generatedy syntacticrules.
Theresultsareatoddswith the sequenceriming view, which
cannotdistinguishbetweenconstituentsand distituents,and
would thereforepredictpriming for both.

Experiment2 extendedthe study of syntadic priming to
long-term adaptationeffects. This repetiton bias remains
over long periodsof time (hoursanddays)andits character
isticsdiffer from thoseof short-termpriming (e.g.,nolexical
boost).Our corpusstudyfound a reliable long-termadapta-
tion effect for low-frequeny bigrams,which was similarly
strongfor distituents.This implies that the mechanismain-
derlyinglong-termadaptatio andshort-termpriming differ.

Overall, someof our resultsaredifpcultto acommodate
by simulationsof sentenceroductionsuchasthe Dual-path
Model, which assumesequence-baseskntenceroduction
anddoesnot involve a notion of constitueng, andtherefore
cannotexplain the lack of shat-term priming for distituents.
Also, the Changet al. (200§ model asumesa generalized
implicit learning mechanisnmunderliesboth short-termand
long-termpriming. Again, this is at variancewith our bnd-
ings,whichshaw cleardifferencebetweerthe two effects.Fi-
nally, we notethattherearealsoexperimentakesults,suchas
the priming of relative clauseattacments(Scheepers2003)
that are puzzlingfor the sequence-basedew, asboth high
andlow attachmeninvolve the samePOSsequence.

We concludethatanempiricallyadequatenodelof syntac-
tic priming hasto invoke a mechanisnthatoperaten hier-
archicalsyntacticrepresentationto explain short-termprim-
ing, while a separatanechanismperhapsimplicit sequence
learning)hasto beinvokedto explainlong-termpriming. This
is consistentvith arule-basedriew of priming, or perhapsa
network that candemonstrablyparseand producewith a hi-
erarcly of sequencesf syntacticabstractandacquireit in
the process.Priming operateson a time spanin which syn-

tactic analysisin comprehensiomnd syntacticrealizationin
languageproductionareaffected Adaptaion is amemoryef-
fect, andsimple sequencesf linguistic representationmay
beimplicitly learned.
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