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Abstract

Structuralpriming, i.e., the tendency to repeatlinguistic ma-
terial, canbeexplainedby two alternative representationalas-
sumptions:eitherasthe repetitionof hierarchicalrepresenta-
tionsgeneratedby syntacticrules,or astherepetitionof lexical
sequences.We presenttwo studiesthattesttheseexplanations
by investigatingprimingeffectsin adialoguecorpus.Wecom-
paresyntacticconstituentswith distituents,i.e.,part-of-speech
pairsthatcrossconstituentboundaries.
We Þnda reliableshort-termpriming effect for constituents,
but no priming for distituents.This result supportsthe rule-
basedview of priming, which doesnot predict priming of
distituents.The dataare incompatible with a sequenceprim-
ing analysis,which cannotdistinguishbetweenconstituents
anddistituents.In a secondcorpusstudy, we studylong-term
primingandÞndprimingeffectsfor bothconstituentsanddis-
tituents.This indicatesthat the mechanismunderlyinglong-
termadaptationdifferssubstantiallyfrom short-termpriming.
Keywords: languageproduction;syntacticpriming; implicit
learning;corpusstudies;constituents;distituents.

Intr oduction
Whenhumansspeakor write, they convert a conceptualrep-
resentationof themessageto beconveyed into sequencesof
soundsor letters.This taskof language productionis often
analyzedin termsof a processingchainwhich includescon-
ceptualization,formulation, and articulation(Levelt, 1989).
The conceptualizationmodule selectsconceptsto express,
and the formulation moduledecideshow to expressthem.
Formulationinvolvesdeterminingthe lexical, syntactic,and
semanticrepresentationof the utterance.Syntaxdetermines
thesystematicrelationshipbetweenmeaningandform of an
utterance,withoutwhich languagecouldnotbeproduced.

Giventhecentralrole of syntaxin languageproduction,it
is not surprisingthata signiÞcantamountof recentresearch
hastried to establishthe exact natureof the syntacticrepre-
sentationsthatunderlietheproductionprocess.As syntactic
structurescannotbe observed directly, a numberof indirect
wayshave beendevelopedto investigatethem.An important
one is the study of structural priming, which is the prefer-
enceof the languageprocessorto re-useprevious syntactic
choices.As an example,considerthe verb give, which can
occurin eithera doubleobject(DO) construction(see(1-b))
or in aprepositionalobject(PO)construction(see(1-a)):

(1) a. Thepolicemangivesagunto themagician.
b. Thepolicemangivesthemagicianagun.

Experimentalresults(e.g., Bock1986)show thatparticipants
who have a choicebetweenproducingthe DO and the PO
construction(e.g.,in a picturenamingtask)aremorelikely

to choosethatconstructionwhich they (or their interlocutor)
haveproducedpreviously.

Priming resultssuchasthis onegive us a handleon syn-
tacticrepresentations:priming is only expectedbetweencon-
structionsthat share the samerepresentation,therefore the
presenceor absenceof priming can be usedas a diagnos-
tic for whethertwo construction involve identical represen-
tationsor not.Usingexamplessuchas(1), it hasbeen argued
thatprimingtakesplaceonthelevel of syntactic rules(though
this canalsobe interpretedaspriming of lexical sequences,
asdiscussedbelow). There is alsoevidencefor theprimingof
attachmentdecisions(Scheepers,2003),andfor thepriming
of sequencesof constituents(Scheepers& Corley, 2000).

Recentcorpus-basedwork has reinforced the structure-
basedview of priming. For example,Reitteret al. (2006a,b)
demonstratedthat priming canoccurfor syntacticrulesthat
reßectagenerateaccountof thegrammarin alargecollection
of speechproductiondata.This is an importantgeneraliza-
tion of resultsfrom experimentalwork,whichhasonly inves-
tigatedpriming for alternative syntacticconstructions(such
as(1) above),not for lower-level phrasestructurerules.

However, the structure-basedview of priming has been
challengedby Changet al. (2006), who proposea Simple
RecurrentNetwork model that capturespriming as the rep-
etition of sequencesof abstractlexical types,suchas parts
of speech.In this model,syntacticpriming doesnot involve
syntacticrules,but is explainedby semanticeffects andthe
learningof lexical sequences.

In this paper, we presentcorpusdatathat make it possi-
ble to directly comparethe rule- andsequence-basedviews
of priming. The key idea is to contrast priming effects for
constituents(i.e.,linguisticunitsgeneratedby syntacticrules)
andfor distituents(i.e.,sequencesof partsof speechthatcan-
not form a linguistic unit). Only underthe sequence-based
accountdowepredictthepriming of distituents.

Modelsof SyntacticPriming
Rule Priming

Traditionally, syntacticpriming hasbeenexplainedin terms
of theactivationof structuralrepresentationsin thelanguage
productionsystem(Bock, 1986; Branigan et al., 1999). In
order to generatean utterance,a syntacticstructureof this
utterancehasto be built, andthis processinvolves the acti-
vation of syntactic frames,suchas the doubleobject frame
of the verb give in (1-b). This activation decaysover time,
andwhentheproductionsystemhasto generateanotherutter-
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A: AndCC allDT ofIN aDT suddenJJ hePRP ÕsHVS gotVBN

aDT hangNN gliderNN

B: IPRP doVBP nÕtRB evenRB heardVBN ofIN thatDT

showNN

A: YouPRPhaveVBP nÕtRB

B: ItPRPÕsBES calledVBN McGyverNNP ?

A: HePRP ÕsBES likeUH aDT semigovernmentJJ typeNN

agentNN whoWP theDT PhoenixNNP FoundationNNP

supposedlyRB ...

Figure1: Excerptfrom thetaggedSwitchboarddata.

ance,it is morelikely to utilize asyntacticframethathasbeen
pre-activated,i.e., thathasbeenusedin therecentpast.This
thenleadsto thepriming effect,e.g.,in thecaseof (1-b), the
productionsystemis morelikely to generate anotherdouble
objectconstruction(ratherthanthe alternative prepositional
objectconstructionin (1-a)).

The exact natureof the syntacticrepresentations(syntac-
tic frames,etc.)thatunderliepriming hasbeenthesubjectof
somedebate.Recently, a numberof corpusstudieshave pro-
vided evidencefor syntacticstructure asthe correctlevel of
representation.Thesedemonstratedthe repetitionof syntac-
tic choicesin corpusdataconsistentwith experimentalresults
on syntacticpriming.This includesevidencefor thepriming
of speciÞcconstructions(Gries, 2005; Szmrecsanyi, 2005;
Dubey et al., 2005;Jaeger, 2006)aswell asevidencefor a
generalizedprimingeffect thatappliesto syntacticrules(Re-
itter et al., 2006a,b),which doesnot have to involve the al-
ternationof semanticallyequivalentrealizations (asin exam-
ple (1)).

Thesecorpusstudiesalsoconstituteimportantcorroborat-
ing evidence for the activation-basedview, asthey replicate
thecentralcharacteristicsof theexperimentalresultsonprim-
ing, including the rapid,exponentialdecayof the effect and
the increasedpriming if lexical materialis repeated(lexical
boost)(Bock,1986;Braniganet al., 1999).

SequencePriming

Syntacticrulesarenot a necessarycomponentof a modelof
sentenceproduction,andrecent modelingwork hasassumed
that priming operateson sequencesof abstractlexical cate-
goriesratherthanon rules.Many known priming effectscan
beexplainedin this way, e.g.,thefact that(2-a)primes(2-c)
could be due to the sharedpart of speech(POS)sequence
NN DT PRPin both sentences. (SeeTable1 for a subsetof
thepart-of-speechcategoriesusedin this study, andFigure1
for anexcerptfrom thecorpus.)Sentence(2-b), on theother
hand,containsa differentPOSsequence(NN DT NN) and
thereforeis expectedto prime(2-d), but not (2-c), consistent
with experimentalresultson thepriming of prepositionalob-
jectanddoubleobjectconstructions.

(2) a. TheDT doctorNN givesVBZ someDT ßowersNN

CC coordinating conjunction(and,or)
DT singulardeterminer/quantiÞer(this, that)
IN preposition
JJ adjective

MD modal auxiliary (can,should,will)
NN singularor massnoun

NNS plural and/orpossessivenoun
PRP personalpronoun
RB adverb

VBZ verb,3rd.singularpresent
VBP verb, presenttense,otherthan3rdsingular

WDT wh- determiner(what,which)
WP$ possessivewh- pronoun(whose)

WRB wh- adverb(how, where,when)

Table1: CommonBrown/Switchboardpart-of-speechtags.

toIN hisPRP$girlNN

b. TheDT doctorNN givesVBZ hisPRP$girlNN someDT

ßowersNN

c. TheDT policemanNN givesVBZ aDT gunNN toIN

theDT magicianNN

d. TheDT policemanNN givesVBZ theDT magicianNN

aDT gunNN

Thesequencingview of priming is central to Changetal.Õs
(2006)Dual-pathModel, a connectionistmodelof sentence
productionthat aims to accountfor resultsfrom both lan-
guageacquisitionandsyntacticpriming. At the coreof the
Dual-pathModel thereare two mechanisms(seeFigure2).
TheÞrstone is theSequencingSystem,consistingof a Sim-
ple RecurrentNetwork (SRN,Elman1990)which generates
sequencesof wordsor word categories.A compressionlayer
learnsto abstractaway from the lexical material to lexical
categories.As is commonfor SRNs,language productionis
viewed asthe taskof predictingthe next word given its left
context (usinga context anda self-monitoring loop), andan
error-drivenlearning algorithmis usedto trainthemodel.The
secondmechanismin the Dual-pathModel is the Meaning
Systemwhich mapsmeaningrepresentationsto words and
viceversa.1

The Dual-pathModel accountsfor a wide rangeof struc-
turalprimingresults,aswell asfor certainÞndingsin thelan-
guageacquisition literature(preferential looking andelicited
productionstudies).Themodelmakestwo key assumptions,
whichwewill testin thepresentpaper:(1) languagecompre-
hensionandproductionis basedonabstractlexical (POS) se-
quencesastheunderlying representation,nohierarchicalsyn-
tacticstructures(andno syntacticrules)areinvolved; (2) the
sameimplicit learningprocessesunderlie languageproduc-
tion and acquisition.If the model accountsfor short-term
priming (which decaysin a matterof seconds),it would be
dueto thesameunderlyingmechanismaslong-termpriming
(whichcantakedaysto decay),i.e.,anSRNtrainedto predict
transitionsof lexical categories.

1To our knowledge,learningandpriming of hierarchicalstruc-
tureshasnotbeendemonstratedfor thismodel.ItÕspredictionswith
respectto context-dependency andhierarchical structureshouldbe
testedin futurework.



Figure 2: Schematicview of the Dual-pathModel (Þgure
from Changetal. 2006)

Distituents
In orderto distinguishstructuralfrom sequentialpriming,we
usethenotionof distituentsfrom thegrammarinductionlit-
erature(e.g.,Magerman& Marcus1990;Kuhn 2004).Dis-
tituentsareorderedpairsof POStagsthatcannotform asyn-
tactic unit. All otherorderedpairs, i.e., the onesthat occur
in a syntacticunit, aredeemedconstituents. Crucially, such
constituentsare predictedto show decayingrepetitiondue
to priming underbothassumptions,structuralandsequential
priming.Distituents, however, will show primingonly if sen-
tenceproductionis basedonsequentialrepresentations.Thus,
underthestructure-basedview, thereshouldbeno distituent
priming,asdistituents(by deÞnition)cannot begeneratedby
syntacticrules.The transitionalprobability shouldbe lower
for POStagsin distituentsthanfor thosein constituents.

To deÞnedistituentsmoreprecisely, we refer to the POS
categoriesandthe tree-structuredsyntacticanalysisof each
sentence.ThesyntaxtreethendeÞnesconstituent(sub)trees.
For example,in thesyntaxtreein (3), thepoliceman, among
otherphrases,formsaconstituenttree.

(3) [ [ TheDT policemanNN ] [ showsVBZ

[ i theDT girlNN ] [ j hisPRP$gunNN ] ] ]

A distituent is a POSpair that cannotbe adjacentwithout
crossingat leastoneconstituenttreeboundary. For example,
NN PRP$(noun,possessivepronoun)is one(in English),be-
causetherecanbeno constituenttreethatdirectly combines
a nounfollowedby a possessive pronoun.Of course,sucha
POSsequencestill occursin the data(as in (3)), but for a
distituent,the two POStagswill alwaysbelongto two dif-
ferent constituenttrees(in the above casethe two argument
nounphrasesi, j). To give anotherexample,DT NN is not a
distituent,becausethedeterminerandthenoundirectly form
a noun phrase.NN VBZ is not a distituenteither: while it
doescrossconstituentboundariesin (3), it appearswithout

Frequency POSbigram
38794 PRP VBP
12261 PRP VBD
6488 PRP MD
4443 NN PRP
2901 WRB PRP
2868 PRP VBZ
2137 PRP VB
1502 WDT PRP
1464 WP PRP
1392 NNS PRP
1162 VBD TO
1089 JJ TO
1031 PRP DT
955 JJ PRP
827 PRP PRP

Frequency POSbigram
38794 PRP VBP
25543 DT NN
18275 IN DT
15318 IN PRP
14623 NN IN
12261 PRP VBD
11561 JJ NN
10740 TO VB
10017 CC PRP
9293 DT JJ
8178 VBP PRP
7838 RB RB
7482 VBP RB
7265 IN NN
7137 RB JJ

Table2: The mostcommondistituent(left) andconstituent
(right) POSbigramsfrom thecorpus.

doing so (in its own constituent) in a verbalphrasewith an
intransitiveverbelsewherein thecorpus(e.g.,[before[school
starts]]). Table2 lists themostfrequentdistituents.

An equivalentdeÞnitionof distituency refersto dominance
in the syntaxtree for the utterance:Two adjacent POS tags
! , " aredistituent if andonly if thereis no nodeN suchthat
N immediatelydominates! and" , andall otherinstancesof
! , " in thecorpusaredistituent.2

If a corpusof syntacticallyannotatedmaterial is available,
then the syntactic annotationcan be used to identify dis-
tituentsin thedataasfollows: for every sequenceof two ad-
jacentpartsof speech(bigram)in the corpus, we determine
whetherit occursinsidea constituentwithout crossingcon-
stituenttreeboundariesanywherein thecorpus.If this never
happensin thecorpus,thenwe regardthis sequence asa dis-
tituent.Note thatdistituents(contraryto constituents)do not
haveahierarchicalstructureÐthey shouldberegardedsimply
asbigramsthatcrossconstituenttreeboundaries.

Experiment 1: Short-term Priming
If Changetal.Õs(2006)sequencingview of primingis correct,
thenthereshouldbe no systematicdifference betweencon-
stituentsanddistituents.Therefore,hismodelpredictsthatin
corpusdata,weshouldÞndpriming for bothconstituentsand
for distituents.On the otherhand,if the rule-basedview is
correct,thenpriming shouldbe conÞnedto constituents,as
distituentscannotbegeneratedby syntacticrules,andthere-
fore cannotbe subjectto priming. The present experiment
teststhesetwo alternative hypothesisfor short-termpriming,
i.e., for structuralrepetitionthatdecaysrapidly.

2It shouldbenotedthatthis deÞnitioninvokesimmediatedomi-
nance,i.e., it leavesopenthepossibility thatthedistituentis partof
a larger constituentthat dominatesit, but not immediately. Strictly
speaking,undera rule basedview we would thereforeexpect less
priming for distituents,ratherthannopriming atall.



Method
Data The Switchboardcorpusis a large datasetof spon-
taneousconversationsbetweenover 500participants,speak-
ing varietiesof North AmericanEnglish.We usea subsetof
426conversationsaveraging6 minutesin length,which have
beentranscribedandthensyntacticallyannotatedwith syntax
trees.Exacttiming informationis availableis eachword(and
thereforefor eachconstituent).

DistituentswereidentiÞedin the Switchboardcorpusfol-
lowing the deÞnitiongiven in the previous section.Bigrams
including hesitationssuchas like anduh, or with POStags
not identiÞedby the original annotation(marked XX), were
excluded.This way, we extracted378different typesof POS
bigrams,80 of which weredistituents.(SeeTable2 for com-
mondistituentsandconstituents.)Datapointswith rarePOS
sequences( f ! 10)andunknown POStagswerediscarded.

Statistical Analysis To analyze priming effectsin our cor-
pusdata,we examinetherepetitionof POSsequences.If, on
average,POSsequencesarerepeatedwithin a shorttime pe-
riod moreoftenthanwewouldexpectfrom chancerepetition
or adaptation(occurringwithin long timeperiods),weaccept
thestructuralpriminghypothesis.Thiscorrespondsto on-line
measures,wherea primestructureis manipulatedandits rel-
ative inßuenceon syntacticchoicesin thetargetis calculated.

As discussedbefore, short-termpriming is subject to a
swift decay. The increasein repetition probability is seen
shortly after the stimulus, but less so a few secondslater.
Therefore,weusethetimeelapsedafterastimulusto predict
whetherrepetitionwill occur. A logisticregressionmodelwas
usedto computea correlationcoefÞcientbetweenrepetition
andthetemporaldistanced (asco-variateTIME).

For eachoccurrenceof aPOSsequence(target) ata timet,
weexaminethePOSsequencesin theone-secondtimeperiod
[t " d " 0.5, t " d + 0.5]. If thepartsof speechre-occur, we
count the target occurrenceasprimed, otherwiseascontrol
case.This is thepredictedbinaryvariable,PRIMED.

If there is no structural priming effect (null hypothe-
sis), we would expect there to be no relationship between
PRIMED and TIME. An interactionbetweenthis effect and
the factordistinguishingdistituentfrom constituentbigrams
(DISTITUENT) would reveal differencesin priming strength
betweenconstituentsanddistituents.

Notably, word-by-wordrepetitionswereexcludedfrom the
data-setin orderto avoid confoundinglexical effectssuchas
topic clusters. An inspectionof a sampleof theextractedbi-
gramsrevealednoobvioussemanticsimilarities.

To accountfor frequency effects in priming as they have
beenreportedpreviously, we includethenormalizedbigram
frequency asa co-variatePOSFREQ (a normal techniqueto
introducecontrol in linear models).A further factor TYPE

distinguishespriming between speakers (comprehension-
production priming, CP) from priming within a speaker
(production-productionpriming, PP):only in the latter case
wereprimeandtargetuttered by thesamespeaker.

To implementthis logistic regressionmodel,we usegen-

eralizedlinearmixedmodelswith a logit-link, conservatively
groupingsequencesstemmingfrom thesameutteranceto re-
ßectpotentialinter-dependencedueto syntacticconstraints.
The datasetwasrandomly balancedwith respectto the re-
sponsevariablein therespectiveexperiment.3

Interactions(andmaineffects)wereremovedwhereappro-
priate,i.e., wheretherewasno signiÞcantcoefÞcientandno
dependentinteraction.

Results
The resultsshow a reliable main effect for log(TIME) (de-
cay " = " 0.067, p < 0.0001), indicating a baselineprim-
ing effect. The model also showed a reliable interactionof
log(TIME) andDISTITUENT (" = 0.183, p < 0.05), indicat-
ing reliably lesspriming for distituents. Thefactthatthesum
of the two coefÞcientsis positive, indicatesthat thereis no
decay:" 0.067+ 0.183> 0, whichmeansthatthereis in fact
nopriming for distituents.

log(TIME) alsointeractsreliablywith log(POSFREQ) (" =
0.156, p < 0.0001),showing that higher-frequency POSbi-
gramsreceive lesspriming.We seea smallbut reliableinter-
actionof log(TIME) andTYPE (" = 0.050, p < 0.001),indi-
catingthatpriming is weaker betweenspeakersthanwithin.4

Discussion
Themainpriming effect we found is consistentwith theex-
perimentalliterature(Bock, 1986,e.g.).We also replicated
the priming, frequency, and type effects found in previous
corpusstudiesonsyntacticpriming(Reitteretal.,2006b)and
frequency effectsfoundon-linefor relativeclauseattachment
priming (Scheepers,2003).

With respectto thehypothesisleadingto this experiment,
we found not only reliably lesspriming for distituents:the
decaycoefÞcientfor distituentswasnumerically estimatedto
be positive, i.e., we seeno priming for thesepart of speech
sequences.This provides evidenceagainst a non-structural
primingaccount.

Given the marked contrastbetweenconstituentsand dis-
tituents,we canarguefor an architectureof the humanfor-
mulationmechanismthat involveshierarchical syntacticrep-
resentations.Obviously, this doesnot excludethepossibility
of memoryeffects involving surface-structureword or POS
sequences.Thenext experiment examinesthisquestion.

Experiment 2: Long-term Priming
Classicalpriming effectsarestrong(up to 40 percentabove
the baselinefor passives; around10 percentfor syntactic
rules, Reitter et al. 2006b).They decayquickly (Branigan
et al., 1999) and reacha low plateauafter a few seconds.

3In anexperimentaldesign, wewouldcontrolandbalancedepen-
dentvariablesratherthantheresponse,but here,wherewe analyze
interestedin theÞttedinteractions,themodelÞttingis morereliable
with abalanceddataset.

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



Suchsyntacticshort-termpriming is similar to whathasbeen
shown in lexical priming studies(e.g.,Swinney et al. 1979).
What complicatesmattersis that thereis alsoa longer-term
repetitioneffect thathasbeenreportedin theliterature.

Adaptation, also termed long-term priming, has been
shown to last longer, from minutes(Bock & GrifÞn, 2000)
to several days.Lexical boosteffects, in which the lexical
repetitionstrengthensstructuralpriming,havebeenobserved
for short-term priming, but not for long-termpriming trials
where material intervenes betweenprime and target utter-
ances(Konopka& Bock, 2005).Thus,short-termandlong-
termadaptationeffectsmaybedueto separatecognitivepro-
cesses,assuggestedby Ferreira& Bock (2006).Short-term
priming is arguablya mechanisticeffect relatedto language
processing,while adaptationis more similar to a implicit
learningin that it lacks strongdecay. If priming and adap-
tation are indeedtwo qualitatively different cognitive pro-
cesses,thenChangÕsDual-pathModelmaybeableto account
for adaptation.Thiswould requirethatlearningappliesto se-
quencesratherthanstructures.Thus,comparingthe adapta-
tion of constituentanddistituentbigramswouldshedlight on
thisquestion.This is theaim of thepresentexperiment.

Method

Thedatasetwasthesameas in Experiment1.
While short-termpriming can be pin-pointedusing the

characteristicdecay, for long-termpriming we needto in-
spectwholedialogues.As in Experiment1, we usea binary
responsevariablePRIMED to reßect the repetition of a POS
sequence.While we estimatedPRIMED asa functionof dis-
tancebetweenprimeandtargetin Experiment1, with primes
occurringin aone-secondprimingperiodataset distancebe-
fore the target, we now regard the Þrsthalf of a dialogueas
priming period,testingall POSsequencesin thesecondhalf
for repetition.

We will contrast PRIMED in two conditions, which
distinguish situations where priming can take place
(SAMEDOC=1) from others,whererepetitionis only dueto
chance(SAMEDOC=0). To doso,wesplit eachdialogueinto
two equalhalves,but excludea10-secondportion in themid-
dle to avoid short-termpriming effects.TheÞrsthalf is des-
ignatedaspriming half, thesecondhalf containsthe targets.
For eachtargetPOSbigram,wecheckwhetherit hasalready
occurredin thepriminghalf (PRIMED=1).

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

We can thencastlong-termadaptation as the differential
betweenrule repetition in documenthalves of single dia-
logues,andrepetitionin dialogueshalvessampledfrom dif-
ferentdialogues.The goal is now to establisha main effect
of SAMEDOC for adaptation, and its interactionwith DIS-
TITUENT.

Results
Theresultingmodelshows a numberof reliable maineffects
andinteractions. In the following, we wil l not only analyze
signiÞcance,but alsopayattentionto effect sizes.

We Þnda reliablemain effect of SAMEDOC (" = " 0.34,
p < 0.0001) and an interaction of log(POSFREQ) with
SAMEDOC (" = " 0.15, p < 0.0001).This indicatesthat at
low bigramfrequencies(log(POSFREQ) < " 2.27),repetition
of constituentsis greaterin primingdialoguesthanin thecon-
trol. WeÞndpositiveadaptationof constituentbigrams.

Further, the model shows reliable interaction of DIS-
TITUENT with SAMEDOC (" = " 0.38, p < 0.05) andwith
SAMEDOC:log(POSFREQ) (triple interaction). This means
that at similarly low bigramfrequencies (log(POSFREQ) <
" 2.56), again, repetitionof distituentsis greaterin priming
dialoguesthan in the control. We thusÞndpositive adapta-
tion of distituentbigrams.

Centeredandtransformedbigramfrequenciesrangefrom
" 6.67 to 1.50,with meanµ(log(POSFREQ)) = " 0.81, stan-
darddeviation#(log(POSFREQ)) = 1.48,andthelowerquar-
tile at " 1.7160. The above adaptationeffects apply to the
13%of bigramswith thelowest frequencies.5

Themodelshowspositiveadaptationfor low-frequency bi-
grams,both in thecasesof constituentsanddistituents.This
evidenceis supportedfurther by a simpliÞed model,where
thetriple interactioninvolving thePOSfrequency is removed.
In thissimpliÞedmodel,thereis no reliableinteractioneffect
of DISTITUENT andSAMEDOC canbefound(p = 0.38).

We concludethat thereis no evidencefor a differencein
long-termadaptivity between constituentsanddistituents.

Discussion
Short-termpriming,decayingwithin afew seconds,andlong-
termadaptation lastingminutesandin somecasesevendays,
differ substantially(seeFerreira& Bock 2006). Our data
show both kinds of repetition effects. However, syntactic
structureclearly matteredonly for short-termprocessingef-
fects:long-termadaptationappearsto operateonabstractlex-
ical sequencesratherthansyntacticstructure.

A modelwheresequencesof part-of-speechor lexemesare
memorizedasprocedureswould explain theÞndings.Effec-
tively, this likenslong-termadaptationto a proceduralmem-
ory effect. Storedprocedurescancertainly help speakers to
produceand listeners to understandlanguage,and they are
in line with Changet al.Õs (2006)model.Sowhile we argue
againstthesequentialaccountfor priming,webelieve it to be
plausiblefor long-termadaptation.

Conclusions
Theaimof thispaperwasto shedlight on therepresentations
thatunderliethehumanlanguageproduction systemby inves-

5Further coefÞcientswere Þtted which are irrelevant to our
purposesbecausethey 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 structures,canbeex-
plainedusingatleasttwoalternativerepresentationalassump-
tions: eitheras the repetitionof hierarchicalrepresentations
generatedby syntacticprocessesasproposedby Bock(1986)
andBranigan et al. (1999),or asthe preferenceto repeatof
sequencesof abstractlexical representations(e.g., partsof
speech)in line with Changetal. (2006).

Wepresenteddatafrom two studiesdesignedto distinguish
the rule-basedview from the sequencingview for priming.
We investigatedpriming effectsin a dialoguecorpus for two
typesof part-of-speechpairs:ConstituentPOSpairs,which
canoccurwithin a syntactic constituentgeneratedby a syn-
tactic rule, anddistituentPOSpairs,which crossconstituent
boundariesandcanneveroccurwithin aconstituent.

Experiment1 dealtwith short-termpriming, i.e.,with rep-
etitioneffectsthatdecaywithin afew seconds.Wefoundare-
liableprimingeffect for constituentsbigrams,but not for dis-
tituentbigrams.ThisÞndingis compatiblewith thestructure-
basedview of priming, which would not expectpriming of
distituents,as these cannotbe generatedby syntacticrules.
Theresultsareatoddswith thesequenceprimingview, which
cannotdistinguishbetweenconstituentsanddistituents,and
would thereforepredictpriming for both.

Experiment2 extendedthe study of syntactic priming to
long-term adaptationeffects. This repetition bias remains
over long periodsof time (hoursanddays)andits character-
isticsdiffer from thoseof short-termpriming (e.g.,no lexical
boost).Our corpusstudyfound a reliablelong-termadapta-
tion effect for low-frequency bigrams,which was similarly
strongfor distituents.This implies that the mechanismsun-
derlyinglong-termadaptation andshort-termprimingdiffer.

Overall, someof our resultsaredifÞcult to accommodate
by simulationsof sentenceproductionsuchastheDual-path
Model, which assumessequence-basedsentenceproduction
anddoesnot involve a notion of constituency, andtherefore
cannotexplain thelack of short-termpriming for distituents.
Also, the Changet al. (2006) modelassumesa generalized
implicit learningmechanismunderliesboth short-termand
long-termpriming. Again, this is at variancewith our Þnd-
ings,whichshow cleardifferencebetweenthetwo effects.Fi-
nally, wenotethattherearealsoexperimentalresults,suchas
thepriming of relative clauseattachments(Scheepers,2003)
that arepuzzling for the sequence-basedview, asboth high
andlow attachmentinvolve thesamePOSsequence.

Weconcludethatanempiricallyadequatemodelof syntac-
tic priming hasto invoke a mechanismthatoperateson hier-
archicalsyntacticrepresentationsto explain short-termprim-
ing, while a separatemechanism(perhapsimplicit sequence
learning)hastobeinvokedtoexplainlong-termpriming.This
is consistentwith a rule-basedview of priming, or perhapsa
network thatcandemonstrablyparseandproducewith a hi-
erarchy of sequencesof syntacticabstractsandacquireit in
the process.Priming operateson a time spanin which syn-

tacticanalysisin comprehensionandsyntacticrealizationin
languageproductionareaffected.Adaptation is amemoryef-
fect, andsimplesequencesof linguistic representationsmay
beimplicitly learned.
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