
論文

人間社会環境研究第34号2017.9

ExaminingCorticalActivationfOl･thePrimacyof

SyntaCtiCOverSemantiCPrOCeSSinginJ叩aneSe

PrOCeSS:AStUdyUSingNear-hrmredSpeCtmSC叩y

GraduateSchoolofHumanandSocio-EnvironmentalStudies,KanazawaUniversity

ZHAOLicui

FacultyofLetters,KanazawaUniversity

YASUNAGADaichi

FacultyofLetters,KanazawaUniversity

IRIEKqji

FacultyofHumanScience,KanazawaUniversity

KOJIMAHamyuki

Abstract

InthepresentsmdylweexaminedtheprimacyofsyntacticoversemanticprocessingintheJapanese

language,inwhichgrammaticalmorphologyisasprominentasinmostoflndo-Europeanlanguages,

butitalsopossessessymboliclanguage,similartoChmese.Threekindsofcollocationwerecreatedas

stimuli:congruouscollocations,collocationswithsemanticviolation,andcollocationswithsyntactic

violation.Participantswereaskedtoreadthestimulisilentlyandthentheyjudgedwhethertheyhad

seenthemornot.Near-infiaredspectroscopywasusedtomeasuretheregionalchangesinhemoglobin

concentrationinthebrainoftheparticipants.Afteranalyzingtheinterplayofcorticalactivation

betweensyntacticandsemanticprocessing,wefbundthat,duringthereadingtask,whencongruous

stimuliwerepresented,activationwasobservedaroundtheinferiorfrontalgyrusandthemiddle

temporalgyrus,whilewhensemanticallyviolatedstimuliwerepresented,activationwasobserved

aroundtheinferiorfifontalgyrus.However,nobrainareaactivationwasobservedfbrasyntactic

violationcondition.TheseactivationpatternssuggestthatinJapanese,semanticprocessingisalso

dependentontheintactnessofsyntacticinfbnnation,justasinlndo-Europeanlanguages.Thepresent

smdymdicatesthatlanguageswithprominentgrammaticalmomhologyexhibitprimacyofsyntaxover

semantics,andthatnear-infiaredspectroscopyprovidesanefficientmethodofevaluatingtheprimacy

ofsyntacticandsemanticprocesses.
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脳活動における日本語処理の統語優位性仮説に関する検討

一近赤外分光法(NIRS)を用いて一
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要旨

本研究は，日本語処理において意味処理よりも統語処理が優先きれることを検証した。日本語

はほとんどのインドヨーロッパ語族の言語と同じように文法的形態が明確であるとともに，非イ

ンドヨーロッパ言語の典型である中国語と同じように表意文字を持っている。本研究では，刺激

として，正しいコロケーション，意味逸脱コロケーション，統語逸脱コロケーションの3種類を

用いた。参加者の課題は，刺激を黙読し，後に再認することであった。課題遂行中の参加者の脳

内酸化へモグロビン(Oxy-Hb)濃度の変化を近赤外分光法(NIRS)を用いて測定した。統語処

理と意味処理を司る脳内部位の活性化状況の相互関係を分析した結果，正しいコロケーションが

呈示された時には，左下前頭回と左中側頭回が活性化した。意味逸脱コロケーションが呈示され

た時には，左下前頭回が活性化した。統語逸脱コロケーションが呈示された時には，どの脳内部

位も活性化しなかった。これらの結果によって，ほとんどのインドヨーロッパ語族の言語と同じ

ように，日本語においても統語処理が行われてから意味処理がはじめて行われることが示唆され

た｡本研究は文法的形態が明確な言語は統語処理の優位性を持っている可能性を示した。さらに，

NIRSが言語処理の脳内機構を検討する有力な道具として使えることを示唆した。

キーワード

統語処理優位性仮説，日本語，近赤外分光法(NIRS)

Introducti0n
eta1.,1994;Marslen-Wislon&Tyler,1980;

Taraban&McClelland,1988)donotassume

suchprimacy.Incontrast,serial,syntax-first

modelsproposesuchprimacy(Frazier&Fodor,

1978;Frazier,1987;Friederici,2002).However,

nomattertheinteractivemodelsortheserial

models,itislndo-Europeanlanguagesthatare

basedon.

Recently,researchersfromChinausedChinese,

whichistypologicallydistinctfromlndo-

Europeanlanguages,toexaminetheprimacy

ofsyntaxoversemantics.Differentfromthe

previousstudies,theyfoundthatsemantic

Thecomprehensionoflanguageineveryday

communicationinvolvesboththeretrievalof

singleword(i.e.,thelexical-semanticprocessing)

andtheanalysesofthesyntacticstructure(i.e､，

thesyntacticprocessing).Whenitcomesto

therelationshipofthesyntaxandsemanticsin

sentenceprocessing,whetherthereisaprimacy

ofsyntacticoverlexical-semanticprocessesis

acentralquestion(Yu&Zhang,2008).The

interactivemodels(McClelland&Rumelhart,

1981;Bates&Mac-Whinney,1987;MacDonald
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integrationcouldbeattemptedevenwhenthe

processingofsyntacticcategoryorsyntactic

subcategorizationframeisunsuccessful.

Thus,syntacticprocessingisnotanecessary

prerequisitefortheinitiationofsemantic

integrationinChinese(Yeetal.,2006;Yu&

Zhang,2008;Liuetal.,2010;Zhangetal.,2013).

Thesestudiesmadetheprimacyofsyntactic

overlexical-semanticprocessesbecomemore

controversial

Thereisapossibilitythattherelationshipof

syntacticprocessingandsemanticprocessing

isdifferentindifferentkindoflanguages(Liu

etal.2010;Guoetal.2009;Yu&Zhang,2008).

Inthisstudy,weintendedtofigureoutthis

questionbyusingJapanese.Japaneseisa

specificlanguagethatbothhavesomethingin

commonwithlndo-Europeanlanguagesand

Chinese.Theelementsofthesentencecanbe

relativelyeasilydistinguishedbyparticlessuch

arde","ni","wo","ha''inJapanese,whilelndo-

EuropeanlanguagessuchasGermanandDutch

havemorphologicalmarkers(suchasthethird

personmarkedby"3)tolabelwordcategory.

Insomeextentwecansaythatgrammatical

morphologyisprominentinbothofthem.On

theotherside,bothChinesecharactersand

Japanesecharacterspossesssymboliccharacter,

whichistosaythatwecanunderstandthe

meaningoftheparagraphquicklyatthesight

ofthecharacter・So,theoretically,itispossible

thattherelationshipbetweensyntacticand

semanticprocessinginJapaneseisthesame

withlndo-EuropeanlanguagessuchasGerman

andDutch,orwithChinese・ByusingJapanese,

weexpecttoexploretheelementwhichdecide

theprimacy,andtheuniversalpropertiesof

languageprocessing.

Inthisstudy,weintendtoexamthe

primacyfurtherwithcollocationsinJapanese.

Collocationreferstoakindofwordcombination

whosedegreeofrestrictionisbetweenfree

combinationandidiom(Nesselhauf,2003).

Andasakindoflinguisticunit,collocationis

regardedasbetweenthesinglewordandthe

longsentence・Sincemoststudieshavetargeted

eitherthesinglewordlevel(Hagiwaraetal.,

1999)orthecompletesentencelevel(Hahne

&Friederici,2002;Friedericietal.,2004;Kos

etal.,2010),thepresentstudytriedtouse

collocations.Since[v+n]collocationisthe

mostbasictypeinallofthestructuretype,we

targeted[v+n]collocationinthisstudy.

Inthisstudy,weusednear-infrared

spectroscopy(NIRS),anapparatusmeasuring

regionalchangesinhemoglobinconcentration

thatyieldsanindexoflocalactivationonthe

surfaceofthebrain・Itisnon-invasive,portable,

andrelativelyrobusttomovementartifacts.

Furthermore,thespatialresolutionofNIRS

ishigherthanthatofERPs,whichisrather

sensitivetemporally(Mehta&Parasuraman,

2013).

Manystudiessupporttheinvolvementof

theleftinferiorfrontalgyrusduringsyntactic

processingandtheinvolvementoftheleft

middletemporalgyrusduringlexical-semantic

processing(Goldenbergetal.,1987;Caplan

etal.,1998;Kuperbergatal.,2000,De'monet

etal.,1993;Wiseetal.,1991)．TherefOre,we

predictedcorticalactivationoftheleftinferior

frontalgyrusduringasyntacticviolation

conditionandoftheleftmiddletemporalgyrus

duringasemanticviolationcondition.

Methods

PartiCipants

TwelveundergraduateandgraduateJapanese

studentsfromKUniversity,2malesandlOfemales,

ydi87043
ノート注釈
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Tablel.Examplesofthestimuli

Condition

Examples

Con

汚れを落とします

yogore-o-otoshimasu

removethedirt(acc)

扉を開きます

tobira-ohirakimasu

openadoor(acc)

ゴミを出します

gomi-odashimasu

throwawayrubbish(acc)

Sem

音楽を煮ます

onngaku-o-nimasu

boilthemusic(acc)

歯を払います

byouki-ookurimasu

sentawayillness(acc)

資料を育ちます

shiryo-osadachimasu

bringupmaterial(acc)

Syn

チームが組みます

ti-mu-ga-kumimasu

fOrmateam(acc)

卵が産みます

tamago-gaumimasu

layanegg(acc)

雑誌が読みます

zasshi-gayomimasu

readamagazine(acc)

Con=congruous,Sem=semanticviolation,Syn=syntacticviolation

voluntarilyparticipatedintheexperiment.The

participantswerel8-26yearsofage,right-

handedandhadnormalorcorrected-to-normal

visualacuity.Informedconsentwasobtained

foralltheparticipantsafterabriefaboutthe

workingofNIRS,andtheprocedureofthe

study.

Stimuli

Weusedl35commonlyusedJapanese

collocationsasstimuli,allofwhichcomprised

twoelements:anobjectwithcaseparticle"o"

andaverb.Thestimuliwereselectedfromthe

Dic"o"qryqfUsQge"ﾉﾋZpα"eseBqsic""bs

(Koizumietal.,1989).Theyweregroupedinto

threeconditionsby"collocationtype"asfOllows:

(1)fOrty-fivesentencesinacongruouscondition

(theoriginalcorrectcollocations);(2)forty-

fivesentencesinasemanticviolationcondition

(theverbwassubstitutedwithasemantically

unrelatedverb)inwhichthesubstituted

verbraisedsemanticviolationwithrespect

toselectionalrestrictionconstraintsgiventhe

nounbefOreit;and(3)fOrty-fivesentencesina

syntacticviolationcondition(thecaseparticle

"o"wassubstitutedwith"ga'')inwhichthe

caseparticleandthefollowingverbwere

mismatchedwithrespecttophrasestructure

constraints.Tablelshowstheexamplesof

thesestimuli.

ApparatusandNIRSsetting

Apersonalcomputer(DellStudio,XPS1340)

wasusedtocontrolthestimulipresentation.

Theseriesofcollocationswerepresentedona

22-inchCRTmonitor(Dell,P1230),thedisplay

resolutionofwhichwassetatlO24×768pixels

witharefreshrateof75Hz.

A24-channelNIRSinstrument(Hitachi

MedicalCo.,ETG-40000pticalTopography

System),wasusedfOrmonitoringoxygenated

hemoglobin(oxy-Hb)concentrationchanges

withasamplingrateoflOHz.Theinstrument

generatesnear-infraredlightoftwowavelengths

of695and830nm.Twosetsof3×3array

photodiodes,whichcomprisesfivelightemitters

andfOurdetectorssidebysideatadistanceof

3cm,wereplacedontheparticipant'shead.

Wemadeanefforttocovertheparticipant's

inferiorfrontalgyrusandmiddletemporal

gyrusofbothhemispheres.Thebottomarray

ofthephotodiodeswasplacedjustabovethe

ears,thusinparticipants'lefthemisphere,T3

ofthelnternationallO-20systemwaslocated
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betweenCh.3andCh.8,whileintheirright

hemisphere,T40fthelnternationallO-20

systemwaslocatedbetweenCh.7and22(see

FigurelfOrabriefimage).

Figurel・Thesettinglocationsofthenear-infrared

spectroscopy'sprobesandchannels.

Procedure

Thestimuliofthethreeconditionswere

randomlyallocatedintofoursessions.Forthe

preparationoftheexperiment,participants

wereaskedtositonacomfortablechairlOO

cminfrontofthemonitorusingachinrest.

BefOretheexperiment,participantsweregiven

apracticesession,thestimuliofwhichdidnot

appearintheexperimentalsession.During

experiment,thestimuliwerepresentedvisually,

oneatatime,inthecenterofthecomputer

display・Afterl5sofinitialrestingtime,the

instructionforthereadingtaSkappeared

andwaspresentedfor5s,andthenthe

experimentalsessionbegan・Oneexperimental

sessionconsistedoftwosuccessivetasks,

areadingtaskandarecognitiontask・The

readingtaskwasconsistedofsixtrials,ineach

ofwhichastimulussentencewaspresentedfOr

2sfOllowedbyablankintervalofls.During

thetask,participantswereaskedtoreadthe

collocationscarefully.Afterit,theinstruction

fOrtherecognitiontaskwaspresentedfOr5s,

andthentherecognitiontaskwasfOllowed・The

recognitiontaskalsoconsistsofsixtrials,in

eachofwhichaprobecollocationwaspresented

fOr2sfOllowedbyablankintervalofls.Of

allthesixprobecollocations,threewerenew

onesandthreewereoldones・Participantswere

askedwhetherornottheseprobecollocations

hadappearedinthepreviousbypressingthe

button"d"or"k"asfastandasaccuratelyas

possible・Aftertherecognitiontask,therewas

15sofrestingtime.Thewholeproceduretook

about45mintofinish,includingtherests,initial

setting,andremovalofthephotodiodes.

Dataanalyses

Wecalculatedtherecognitionrate(RR-r)and

reactiontime(RT-r)oftherecognitiontaskfOr

eachcondition.

DuringtheexperimentwhichusedNIRS

equipment,usuallythreemeasurementsof

hemodynamicswillbeprovided:oxygenate

hemoglobin(oxy-Hb),deoxygenatedhemoglobin

(deoxy-Hb),andtotalhemoglobin(total-Hb),

whichisthesumtotalofoxy-Hbanddeoxy-Hb.

Anincreaseinoxy-Hbconcentrationistypically

consideredascorticalactivation.TherefOre,we

fOcusedontheoxy-Hbchangeinthisstudy.

Toremovemeasurementartifactsthatcould

haveoccurredbecauseofbodymovementsas

such,therawoxy-Hbdatawasdigitanylow-pass

filteredatO.1Hz.Usingthelow-passedrawdata,

weplottedthetrendsofoxy-Hbconcentration

changesovertimeineachcondition.Foreach

ofthechannels,theoxy-Hbdataduringthe

restingtimefrom5spriortotheinstruction

wereaveragedasthebaselineofeachtrial・In

addition,bysubtractingthebaselinevalue,we

obtainedtheincrementordecrementofoxy-

Hbconcentrationduringthetaskperiod.A

significantchangeinoxy-Hbconcentrationwas

admittedonlyiftherewassignificantdiHerence
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Table2.Therecognitionrateoftherecognitiontask,meanreactiontimeoftherecognitiontaskacross

thethreetypesofstimulusmaterial(SEinparentheses)

Con Sem Syn

RR-r(%) 89（2.6） 92（2.3） 89(2.6）

RT-r(ms) 784（90.4） 836(87.2） 772（88.9）

Con=congruous,Sem=semanticviolation,Syn=syntacticviolation,

RR-r=recognitionrateoftherecognitiontask,RT-r=reactiontimeoftherecognitiontask

duringther-testsperformedagainstzerofor

eachofthe24channels.

Results

Behavioraldata

Table2showstheRT-randRR-rofthe

recognitiontaskforthecongruous,semantic

violation,andsyntacticviolationconditions.

AfterperfOrmingone-wayanalysisofvariance,

wefOundthattherewasnosignificantmain

eHectbetweenthethreeconditions.

NIRSdata

Thetrendsintherawdataoftheoxy-

Hbconcentrationchangesovertimeineach

conditionwereplottedinFigure2.

Figure3showsthechannelswithsignificant

activityinthereadingtaskandtherecognition

task.

Inthereadingtask,channelsl,3,4,6,7,8,

9,12,andl5wereactivatedinthecongruous

condition,channelsl,3,6,and8wereactivated

inthesemanticviolationcondition,butthere

werenoactivatedchannelsinthesyntactic

violationcondition.Intherecognitiontask,

channelsl2and23wereactivatedinthe

congruouscondition;andchannels9,12,and

18wereactivatedinthesemanticviolation

condition;whereasnochannelswereactivated

inthesyntacticviolationcondition.By

comparingthecorrespondingbrainareas,we

foundthattheinferiorfrontalgyrusandthe

middletemporalgyruswereactivatedinthe

congruouscondition,andtheinferiorfrontal

gyruswasactivatedinthesemanticviolation

condition,butnobrainareawasactivatedinthe

syntacticviolationcondition.

Figure4showsthechannelsfOrwhichthere

wasasignificantdifferencebetweenthethree

conditionsinthereadingtask.

Inthereadingtask,theoxy-Hbconcentration

changeinthecongruousconditionwas

significantlylargerthanthatofthesyntactic

violationconditionatchannels1,3,4,and6(i.e.,

thebrainareacorrespondingtotheleftinferior

frontalgyrus),whiletheoxy-Hbconcentration

changeinthesemanticviolationconditionwas

significantlylargerthanthatofthesyntactic

violationconditionatchannelsland3(i.e.,the

brainareacorrespondingtoapartoftheleft

inferiorfrontalgyrus).However,therewasno

significantdifferenceinoxy-Hbbetweenthe

channelsintherecognitiontask.This伽ding

indicatesthattheoxy-Hbconcentrationchange

intheleftinferiorfrontalgyrusinthesyntactic

violationconditionwassmallerthaninthe

congruousconditionandthesemanticviolation

conditioninthereadingtask.

Discussi⑪皿

WefOundthatmostoftheoxy-Hbconcentration

changeswerenegativeduringthetaskperiods,

renectedasadownwardtrendinFigure2.

Fromthebehavioralresults,whichdemonstrate
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ahighrecognitionrateandappropriatereaction

timeintherecognitiontask,wecanconclude

thatparticipantsconcentratedonaccomplishing

thetaskduringtheexperimentalsession.One

mayexpectanincreaseinbloodnowduring

thetaskstorenectthebehavioralpatterns.

However,thecorticalactivationmeasured

withNIRSinthepresentexperimentshowed

decreasesratherthanincreasesduringthetask

periods.Asidefromsomeconditions,suchas

hypoxic-ischemicencephalopathyofnewborn

infants(e.9.,Cheneta1.,2002),thiskindof

decrementalchangeduringtaskperiodshasalso

beenreportedinpreviousstudiesusingnormal

healthypeopleasparticipants(e.9.,Hoshietal.,

1994).Ithasbeenproposedthattheinactivation

appearinginnormalhealthyparticipantscould

berelatedtothestrategyusedinperforming

tasksorthedegreeofdifficultyofthetasks

(Hoshietal.,1994).Regardlessofwhatitwas

inducedby,wecanpresumethatthedecreased

oxy-Hbstatesinthepresentstudyalsoindicate

corticalactivation,atleastnotintheresting

state・TherefOre,inthisstudy,weregardedany

significantchangesoftheoxy-Hbconcentration,

includingbothincreasesanddecreases,as

activations.

Duringthereadingtask,thecongruous

stimuliproducedactivationintheleftinferior

frontalgyrusandthemiddletemporalgyrus,

whilethesemanticallyviolatedstimuliyielded

activationintheinferiorfrontalgyrus,andthe

syntacticallyviolatedsentencesgeneratedno

brainactivation.Theseresultsindicatethatthe

activationpatternofoxy-Hbchangesisrelated

tolanguageprocessinginthebrain.Thatis,

syntacticandsemanticprocesseswereinvolved

inthecongruouscondition,whilesyntactic

processingwasinvoIvedinthesemantic

violationcondition.However,neithersyntactic

norsemanticprocesseswereinvoIvedinthe

syntacticviolationcondition(seeTable3fOra

briefimage).Iftheissueofsyntacticprimacy

isnotconsidered,wewouldexpecttheleft

middletemporalgyrustobeactivatedduring

thesyntacticallyviolatedcondition,butthefact

isthatneithertheleftmiddletemporalgyrus

noranyothergyruswasactivatedduringthe

syntacticallyviolatedcondition.Thisfinding

impliesthatthesyntacticinformation,which

typicallygivesrisetotheactivationofthe

leftfrontaigyrus,washardtoprocessinthe

syntacticviolationcondition.Theactivation

patterninthepresentstudytherefOresuggests

thatthefailedsyntacticprocessingfurther

blockedthesemanticprocessing,thustheleft

middletemporalgyruswasnotactivated.This

explanationsupportstheprimacyofsyntactic

oversemanticprocessing.Moreover,asthatthe

leftinferiorfrontalgyrusisrelatedtosyntactic

processing,thesmalleroxy-Hbconcentration

changeintheleftinferiorfrontalgyrusinthe

syntacticviolationcondition,asshowninFigure

4,couldindicateunsuccessfulprocessingof

syntacticinfOrmation.

Table3.TheprocessinginvoIvedineachcondition

SyntacticprocessingSemanticprocessing

Con v

Sem v

Syn ×

γ

×

×

Con=congruous,Sem=semanticviolation,
Syn=syntacticviolation.

ThisfindingistheoppositeofthatfOundby

NashiwaandMiyatani(2005,2006)andNashiwa

etal.(2007).InNashiwa'sexperiments,the

ERPsoffOurdifferenttypesofsentencewere

observed.Thesentencesincluded"Taro-ga

ringo-otabeta;Taro-nomapple-accate;Taroate
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anapple"(thecongruouscondition),..Taro-ga

reizouko-otabeta;Taro-nomrefrigerator-accate;

Taroatearefrigerator''(thesemanticviolation

condition),"Taro-garinngo-nitabeta;Taro-

nomapple-datate;Tarowaseatenbyanapple"

(thesyntacticviolationcondition),and.@Taro-

gareizouko-nitabeta;Taro-nomrefrigerator-

datate;Tarowaseatenbyarefrigerator"(the

syntacticandsemanticviolationcondition).

Theresultssuggestedthat,whenreading

Japanesesentences,semanticviolationdisturbed

syntacticprocessing.Assuch,syntacticprimacy

wasnotsupported.Intheirexperiments,

sentenceswereusedthathadsomewords

incommon,soparticipantscouldhaveeasily

recalledthemeaningofthewholesentences

accordingtothefirstpresentedconditionwhen

oneofthethreeremainingconditionswas

presented.Althoughitisnotknownwhether

theparticipantsexplicitlyrecognizedthe

sentencebasedonthecharacteristicsofthe

stimuli,theycouldhavejudgedstimulibased

ontheirmemory.Incontrast,weexcludedsuch

apossibilitybyusingthreeconditionswithout

anywordsincommon.Inaddition,inNashiwa's

studies,sentenceswerepresentedphrase-by-

phrase;thismodeofpresentationcouldhave

affectedearlyautomaticsyntacticprocessingin

particular(Zhangetal.,2006).Inthepresent

study,wepresentedawholesentenceoneata

time.Thismodeofpresentationispossibleina

NIRSstudyandmayhaveledtothediffering

resultstoNashiwaandMiyatani(2005,2006)

andNashiwaetal.(2007).

Sofar,onlyafewpublishedstudies,such

asKangetal.(1999),Noguchietal.(2002),

andLukeetal.(2002),haveinvestigatedthe

relationshipbetweensyntacticprocessesand

semanticprocessesusingcollocations.However,

theyallhavesomelimitations.Theverbphrases

usedinthesemanticviolationcondition(e.g.,

atesuitcases)ofKangetal.(1999)consisted

ofverbsandnouns,justthesameasnormal

phrases(e.g.,grewplants),whilethestimuli

usedinthesyntacticviolationcondition(e.g.,

grewheard)werecomposedoftwoverbs.

Thus,thebrainactivityduringthesyntactic

violationconditionnotnecessarilymirroredonly

thesyntacticprocessing,butcouldhavebeen

causedbytheprocessingoftheverbs・The

syntacticallyabnormalcondition(e.g.,yuki-o

tumoru,snow-acclie,someoneliessnow)of

Noguchietal.(2002)couldalsobesemantically

violated.Althoughthesemanticanomalywas

secondary,thepossibilitythattheparticipants

basedtheirdecisionsontheanomalyinthe

sentencescouldnotberuledout.InLukeet

al.(2002),thestimuliusedinthesyntactic

plausibilityjudgmenttask(e.g.,likaicongcong,

quicklyleft;xiaolimaodi,smilepolitely)

consistedofaverbandanadverb,while

thestimuliusedinthesemanticplausibility

judgmenttask(e.g.,changlezi,sing-thepast

tensecharacter,sangacharacter;shanglemen,

hurt-thepasttensedoor,hurtadoor)was

madeupofaverb,amarkerofthepasttense,

andanoun.Althoughwehavenoideawhether

thedifferenceinconstructioncouldinfluence

theprocessinginthebrain,itwouldbeeasier

fOrustodiscusstheresultsiftheconstruction

isthesame.Thus,inthepresentstudy,we

usedcollocationscomposedofaverbandnoun,

andavoidedthepossibilitythattheresultwas

causedbyusingirregularstimuli.

ThemeasurementofERPshasbeena

powerfulmethodfOraddressingtheissueofthe

primacyofsyntax,becausesomedistinctERP

responsestosyntacticandsemanticprocesses

havebeenamplydemonstrated.WhenERPs

areusedtotesttheprimacyofsyntax,the
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basicapproachistoinvestigatewhether

thereisalargerN400forwordsconstituting

acombinedviolationofsyntacticcategory

andsemanticscomparedwithcorrectwords

orwordsembodyingasyntacticcategory

violationonly.Ifsyntacticcategoryprocessing

occurspriortothesemanticprocessingand

thefailedsyntacticcategoryprocessingblocks

semanticintegration,thereshouldbenoN400

eHectwhenthecombinedviolationconditionis

comparedwitheitherthecorrectconditionor

thesyntacticviolationonlycondition・Contrarily,

thereshouldbeanN400effectifsemantic

integrationprecedesevenwhensyntactic

categoryprocessingfails(seeZhang,Yu,&

Boland,2010,formoredetails).Thepresent

studyhassimilaritieswiththeERPstudies

inthattheybothusedacongruouscondition,

syntacticviolationcondition,andsemantic

violationcondition,andanalyzedtheresultsby

comparingtheprocessesinvolved・However,

acombinedviolationconditionwasnotused

inthepresentstudy;weusedonlythree

conditions,whichisoneconditionlessthanthe

ERPstudies,whichlightenedourloadwhen

creatingthestimuli.Moreover,becausewedid

notneedtopresentthestimulifOraslongas

theERPstudies,theparticipantsmightnotfeel

astiredaswhentheytakepartinexperiments

usingERPs.

Intherecognitiontask,theactivebrain

areawashardtolocateastherewereonly

afewchannelsactivated.Differentcognitive

processingcouldhavecausedthedifferences

betweenthereadingtaskandtherecognition

task.Thatis,asnativespeakers,participants

couldcorrecttheviolatedstimuliinto

appropriatewordcombinationseventheywere

notaskedtodoso.Incontrast,participants

couldeasilyjudgewhethertheyhadseenthe

wordcombinationsornotabouthalfaminute

ago(thetotaltimespentinonesessionwas

91s).Withinsuchashorttime,thetaskwas

tooeasytorequireandthenreproducethe

activationoftheprocessing.

Insummary,ourstudyprovidesnew伽dings

thatarestrikinginthreeways.First,consistent

withearlierstudiesusingIndo-European

languages,thepresentstudyestablishedthat

thereisalsoaprimacyofsyntacticprocessingin

Japanese,incontrasttoChinese.Second,asmall

sentenceconstituent,suchasacollocation,can

beusedasstimulusmaterialinsimilarstudies.

Third,NIRSisalsoanefficientinstrument

forexploringtheissueofwhethersyntactic

processinghasprimacyinonelanguage・As

discussedinthelntroduction,Indo-European

languages,suchasGermanandDutch,are

knowntohaveprominentgrammatical

morphology,whichisafeaturesharedbythe

Japaneselanguage・TherefOre,wehavereason

topresumethattheprimacyofsyntactic

processingisafeatureoflanguagesthatpossess

prominentgrammaticalmorphology.Thisidea

iswaitingtobeverifiedfbrmorelanguages.
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