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EVENTRELATEDPOTENTIALSVARIEDWITH

THECONTENTSOFSHORT-TERMMEMORY

YasuhiroNAGEISHIa直dMinorUSHIMOKOCHI

Anovelorrarestimulus,whichisunexpectedbyasu切ectando氏ensurpriseshim

evokesamarkedcorticalpotential.ItwascaledP300,whichwasalatepositive

componentoccurringatalatencyranging倉om200to500nlsec.a仕er .its.presenta.

tion(Ritter,VaughanandCosta,1968;R6th,1973;RothandKopel1,1973).Another

stilnuluswh丑chisexpectedtodelivcrakeyinfbrmation長)rperfbrmingatask,

evokesalsoP30Q(sutton,Tueting,zubinandJohn,1967;Ritterandvaugh急n,

1969).Ifitwaspresentedinf}equently,itevokedalargeP300(Sutton,Brarcn,

zubinandJohn,1965;Tueting,sutton.andzubin,1971;Friedman,Hakerem,

SuttonandFleiss,1973;Squires,Squiresand.H圭Ilyard,1975;Duncan・Johnsonand

Donchin,1977;Squires,Donchin,HerningandMcCarthyl1977),Morcover,

eventrelatcdpotentials(ERP)showastimulus-scquentiale既ct.Itwasfbund

thatP3000fERPsfbrthceventwhichhadbcenprccededbyanidcnticalevcntwas

smallerthanwhenprecededbyadif陀rentcvent,whenbinarystimuliwerepresentcd

inarandomordcr(Donchin,Kubovy,Kutas,JohnsonandHern五ng,1973;squires,

Wickens,SquiresandDonchin,1976;Duncan・JohnsonandDonchin,1977;Squi

-res,Petuchowski,WickensandDonchin,1977;Shim6kochi,Miyamotoand

Nageishi,1979).

Toac60untR)rthesephenomena,Squiresetal.(1976)proposedtheexpectancy

modelwhichwasalreadysuggestedinthechoicereactiontimg(CRT)studieswhere

琴hortreactbntime(RT)resultedf}omatrialprecededbyanidentical(stimulus

andresponse)trial(Hyman,1953;Bertelson,1961;.Remington,1♀69;Falmagne,

CohenandDwivedi,1975).Infact,manyaspectsofP300resulted丘omERPstudies

seemtobeexplainedbythismodeLHo碗ever,as輌11bedescr旦bedinthefbllowings,

wemaymorerationallyinterpretcdthembythcgeneralleamingtheoryproposcdby

Wagner(P伍utzandWagner,1976;Wagncr,1976).

Kamin(1969)originallynoticed貸omhisblockingexperimentsthatonlyanunex-

pectedorsurprising``US(unconditionedstimulus)provoketheanimalintoa`back.

wardscanning,ofitsmemorystoreofrecentstimulusinput:onlyas .aresultofsuch

ascancananassociationpetwcenCS(conditionedstimulus)andUSbe振)rmed."

(Kamin,1969,p.60).Forinstance,supposingaclassicalconditiohingsituation,

ifapairofwell-trainedCSandUSispresentedtothcanimal,theUS量s蝕11ypre.

dictedbytheCSandthenfhrtherassociationisnotacquired倉o卑thistrialbeyond
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thelcvelCShadprcviouslyacquircd.Kalnin,snotioniscons五stcntw五ththcexpcct-

ancymodelinsome艶atures,sinceSquires,smodelalsostrcssedthatasurprisingor

unexpectedeventevokedP300and``P300rcf玉ectstheactivityofageneralpurpose

processorwhichisinvolvedondemandbyahostofdataprocessingrequirements"

(Donchinetal.,1973,p.322).Thesetwopropositions(Kamin,1969andSquircs

etaL,1976)meanthatthemoreapresentedstimulusisanexpectedone,theless

thesu切ectisinvo互vedininfbrmationprocessingR)rit。Therefbretheycanaccount

丑)rtheef琵ctofsu句ect,sguessingoftheERPstudies,whereanincorrectlyguessed

stimulusevokedalargcrP300thanacorrect.onc(SuttonctaL,1965)andahigh一

姓skguessingstimulusevokedthclargest(Tuetingetal.,1971;Friedman.etaL,19

73),Alsonotedwasthemanipulationofaprioriprobability.ofstimuluspresentations

wherea倉equentstimulusevokedasmallerP300thanararcone,becauseitseemcd

thatasu切ect.usuallyexpectedamore仕equentstimulusandthenhemustbeinvol-

vedmuchmoreintheunexpectedinfbrmationprocessirig(Suttonetal.,1965;Tueting

etal・,1971;Friedmanet段1.,1973;Squircseta1.,1975;DuncanJohnsonandDon-

chin,1977;Squiresetal.,1977a).

Squires.etaL(1976;1977b)interpretedthesequentialef艶ctonP300bytheex-

pectancyInodeLTheystated``amodelaccountingfbrthewave最)rmdatashould

estimatethecxpectancythesψjcctshasR)raneventasafhnctionofthepreceding

sequenceofstimuli,,and``theef琵ctofstimulusontheexpectancyfbrsucceeding

stimuliisadecayingfhnctionofsequentialposition(ortime)"(Sqμiresetal.,1976,

p.1 .144).Thcyassumedthatthes翫mestimulusevokedasmallP300becausefbr

the丑)llowingpresentationofstimulusasu切e¢twasapttoexpectthesamestilnulus

inthesucceedingtrial,justaswasbetterrepresentedinshort-termmcmory(STM)

atthetime.Ifso,it血ightbereasonablethatnotonlythcsamestimulusashas

beenpresentedimmediatclybe丑)re(thesequentialef距ct)orshortlybe長)re長)ra飴w

precedingtimes(thehigher-ordersequentialef琵ct)evokesasmallP300,butalsoin

thecxperimentsmanipulatingapriori3timu正usprobability,afセequentstimulus

evokesasmallP300。

Atanyrate,Squircsetal.(1976)assumcdthatthesequentialef艶ctonERPand

CRTwasdependentonthesu切ective.expectancy,becauseanexpectcdstimulus

resultedinasmallP300(SuttonetaL,1965)andshortRT(Williams,.1966;Hale,

1967a;Keele,.1969).However,thereisasubstantialdiscrepancyaboutthescquen-

tiale{発ctofCRTexperimcnts,whileonERPcxperimentsthereisentirelyconsistency

(Donchinet.aL,1973;Squiresetal.,1976;Duncan・JohnsonandDonchin,1977;

Squiresc亡 包L,1977b;ShimokochietaL,1979),hmostCRTstudies(Hyman,

1953;Bertelson,1961,1963,1965;Hale,1967a;Smith,1968;Remington,1969;

Falmagneetal.,1975)theydescr五bedthesequentialef琵ctwhichresultedinshorter

RTinresponsetoa.repetitivest童mulusratherthantoanalternativeone.How一
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ever,someCRTexperiments(Wel飾rd,1959;Sha既r,1965;Williams,1966;Hale,

1967a,1967b;SchvaneveldtandChase,1969)refもrredtheoPPositeef琵cta串achange

ef琵ct,which士csultedinalongerRTinresponsetoarepetitiVeone.Cantorand

Fenson(1968)alsoreportedthischangeef琵ct,withchildrenassψiects.Hale

(1967a)and(=】antor(1969)stressedthatitcouldbeattributedtothesu切ect'stend-

encytopredictalternativestimulus食omap士ecedingtrialratherthanarepetitive

one(Jarvik,1951;Hale,1967a).If.thistendencyistrueundertheERPexperi-

1nents,thesequcntiale饒ctonERPwasnotunderstoodbytheexpectancymodcL

Thereasonofthesediscrepanqyhasnotyetbecnrcsolvedwithinthe(〕RTstudies

(Korゆlum,1973).

Now,wemaybeabletocommentinsomepointsonthcconceptofthesu切ective

expectancyin.theERPexperimcnts,sincemostexperimentaltasksintheERPstudies

requiredthesu可ectstocountonly6pcof.thetwotones(Donchinetal.,1973;

Squiresetal。,1976;DuncanJohnsonandDonchin,1977;Squiresetal.,1977b).

Itwouldbeunlikclythatthepredictionsofthenextstimu1μswereuse佃oresserl-

tialfbrthesu均ectstoperfbrmthesetasks,althoughintheCRTcxperimentsthey

couldberewardedfbrashorterR.Tbytheirprcdiction.Moreover,thestudiesfbr

thcrelationshipbetweenRTsand .P300長)ri阻perativestimulidemonstratedthat

thestimuliresultinginshorterRTevokedalargerP300thaninlongerRT(Ritter,

SimonandVaughan,1972;Kutas,MρCarthyandDonchin,1977;R.oth,Fordand

Kopell,1978).Kutasetal.(1977)concludedfセomtheirtrial.by-trialanalysesthat

P300indexedthestimulusevaluationprocess,butRTindexedastimulus,aresponse

selectionandanexecutionprocess.Atanyrate,fbrthescquentialeHヒctofERP,

weshouldconsidersomeothcrdif琵rentunderlyingmechanisms丘omthesu切ective

e翼pectancyofthenextstimulusintheCRTexperiments.

ARerKamin,snotion(Kamin,1969),Wagner(P鉛utzandWagner,1976;Wag-

ner,1976)proposedanewlearningtheory.FromthenQtionthatasurprisingor

unexpectedUSmightbeproccsscddif{brcntly丘omanunsurprising.orexpectcd

US(Kamin,1969;Wagner,1969),orthatonlyanuhcxpectedorsurprisingUSmight

beprocessed(Kamin,1969;Rescorla,1969),Wagnerassumedthatonlyasurpris五ng

oruncxpectedUSwasprimcdintoSTMoractivememory,andthenbytheactivity

ofposttrialrehearsalitwoul母beassociatedwiththein長)rmationsimultaneously

c6ntainedin.STMatthattime,whichiso食enre飴rredtoasCSonaclassicalcondi-

tionlngparadigm.AnunsurprisingorexpectedUS,howcver,wasno‡primedinto

STMoractivememoryandthenitwouldnotbe.associatedwiththepreexistent

量nR)rmationJnthelattercase,expectingthepSmeansthatψeUSin長)rmation

isalreadyreprescntedintheSTMatthetime,fbrthepre.associatedCShasretrievcd

it肋mlong-termmemory(LTM)..Transmissionofthein長)rmationoftheUStoSTM

isinter艶redbythepresenceofthein飾rmationoftheUSintheSTM.Whena
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stimulusispresentedtoansu切ect,itwillbe.lesslikelytobeprimedintoSTMif

itisalreadyrepresentedinSTM,anditwillbelikelytobeprimed.intoSTMifit

isnotrepresentedinSTM.A食erAtkinsonandShif丑in'sinfbrmationprocessing

modcl(AtkinsonandShi母ip,1968),Wagnerassumedthatitstransmissioninto

STMcouldbecontrolledbythc釦nctionofacomparatorsysteminterposedbetween

thesensoryregisterandSTM.Healsomentioned,"thecomparatorisassumed

魚ith魚llytoexaminethecontcntsofthesensoryregisterandthelimited-capacity

STM,andtoacttotranslnittoSTMonlythatin飴rmationinthcsensoryregister

whichisdiscrepant含omthatalreadyinSTM"(P伍utzandWagner,1976,p.llO).

SinccastimuluscanberepresentedinSTMthroughthecomparatorbythe

presentationofitandthcnitsrepresentationcanberetaincdinitfbrashorttime,the

samestilnulusasthatprecedingitwillbepoorlyprimedintoSTM.Whitlow(1975)

con且rmedthispredictionintheexperimentofthede免nsivereactionoffabbits.

Hedemonstratedthatwhcntwointensetoneswerepresentβdinarandomsequence,

atonedif琵rent丘omtheprecedingoneelicitedalargervasomotorcontractionthan

thesametone.A疵erWagner'smode1,hediscussedthatthcsametonewaspoorly

prilnedintoSTM,andthenitelicitedtheslnallresponse,whilethedif匝renttone

waswellprimed,andthenitelicitedthelargerespQnse.Hea重sodemonstratcdthat

thisscquentialc既cthadatimedecaying釦nction.

ReturningtotheERPstudies,itismorelikelytoconsiderthatthesequential

e艶ctmaybealsoa,ttributedtothefhnctionofthccomparator,sinceitseemsthat

anevcnt,whichhadbcenpresentedshortlybe丑)reandwhose量nfbrmationisthenstill

retainedinSTM,willbepoorlytransmittedintQSTM,whileanevent,whichhas

notbeenprescntedshortlybcfbreandisnotyetrepresentedinSTMatthetime,

willbewellprimedintoSTM.WemayconsiderthatP300re且ectsabrainactivity.

transmittingthestimulusin飴rmationtoSTMorprocessinginSTM,becausethe

samestimulusastheprecedingonecvokesasmall:P300 .andadi驚rentone

evokesalargeP300..Short-termhabituationofP300andcvokedpotential(EP),

whichisthemostprominentphenomenonoftheseexpcriments(e.g.Ritter,etal.,

1968;Fruhstor免r,soveriandJarvilehto,1970),canbealsoexplainedbywagner's

modeLThe丘rststilnulusofatrainiswellprimedintoSTMbecauseitisnotrep-

resentedinSTMatthetime,.butthesecondstimulusandthefbHowingsarepoorly

primedbecausetheyarealreadyrepresented.Finally,wecanassumedthataccord-

ingtoWagner'smodelthesequcntiale硫ctonP300isattributedtotheshort-term

habituat五 〇n-1ikc-ef〕 艶ctrathcrthantheef陀ctofthesuりjectiveexpectancy.EPhas

suchasequentialef琵ctasP300,whichmayberegardcdasastimulus-speci丘cef恥ct

of.short-termhabituation(HayandDavis,1971;Davls,Osterhamlne1,Wierand

qcrdingen,1972;SchneiderandDavis,1974).Moreover,Suttonetal.(1965)and

FriedmanetaL(1973)rcportedthee既ctonERP.ofaprioristimulusprobabilityin
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their``certain,'conditions,wheretheexperimentertoldthesu切ectswhatthe長)llow

ingstimuluswouldbeeverytime.Becausetheycouldmakesureoftheexperi'

menterlsof丑)ripgsintheearlytrials,andbecauseweCanbelicvetheirexpectancy

dependcdonthcse,this丘ndingrathercontradictstheexpectancymodcLOnthe

constrast,五tmaybeattributedtothe五mctionofthccomparator,fbrthe丘equent

Stimulusisprescntedmoreoftenintheprecedingtrialsthanthe.rarestimulusand

the垣tismoreprerepresentedinSTMatthetimeofthesucceedingprescntation.

To.examinetheideathatthesequentialef琵6tonERPisnotdependentonthe

su可ectiveexpectancy,weemployasituationwhereasu切ectpredictsthenexttype

ofstimulationaslittleaspossible(i:relativelysm耳llnumberofstimuluspresentations,

ii:instructionofrandomprcsentationtothcsu切ects,andi三i:anidenticaltasktothe

twostlmulietc.).SinceWagner's.modelassumedthatthefhnctionofthecomparator

wasdependcntonthetimedccayingfimctionofSTM,wetryto.demonstratetime

decayofthesequcntialef艶ctonERP,employingbothshortandrelativelylong

interstilnulusintervals(re艶rtoSmith,1968;PetersonandPeterson,1959).

Wagner,smode1(P魚utzandWagner,1976;Wagner,1976)assumedtwodi琉rent

meansofprimingintoSTM.The丘rstistheso-calledsel二generatedpriming(SGP),
.

inwhichthein飾rmation.ofapreseHted.stimulusisprimed.intoSTMthroughthe

comparator,asment呈onedbeR)re.Thesecondistheso-calledretrieval-generated

priming(RGP),inwhichthestimulusin飴rmationi3primedintoSTM倉qm■TM

bytheretrievalactionof.thestimulusalreadyassociatedwithit.Inthecaseof

RGP,we.willalsopredictthatP300fbranincorrectlyguessedstimulusislarger

thanfbracorrectlyguessedstimulus・Thecompatibleresultwasalreadycon五rmed

bySuttonctal.(1965)andTuetingctal.(1971),

TheERPstudiesmanipulatingaprioristimulusprobabilitycanbealso

interpreted倉omWagner'smodel.Wcmayconsiderthatwhen倉equentstimuliwere

prcsented,theywerealreadyrepresentedinSTMbythetwolneans.Theonewas

therepresentationbythest量muluspresentedshortlybe長)reandtheotherwasbythe

su切ect,sexpcctancydependingonaprioristimulusprobability.Forthoserepre.

sentation,the貸equentstilnuliwouldbepoorlyprimedintoSTMandevokeasmall

P300・Th玉snotionwasalreadyconfirmedby.Dunc孕nJohnsonandDonchin(1977)・

Theydemonstratρdthattheaprioristimulusprobabilityef琵ctandthe.stimulus

sequenceef琵ct.onP300wcreratherindependent.Thisindependencyprefbres

Wagner'smodelto .theexpectancymodelbccauseSquiresetaL(1976)assumed

bothe飾ctsweremediatedbythesameconceptofthesu切ectiveexpectancy。There・

飼re,inanattempttoexaminethevalidityoftheapplyingWagncr'smodeltoERP

studies,ERPfbrastimulusinthecaseofSGPiscomparedwiththatofRGP..Using

thesamesu切ectsandstimuli丑)rthesequent1alef琵ct,wemeasureP300fbrthesame

anddif臣rentstimuliwlthregardtothesu切ects,guesses.in窺guessingsituation.
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翔 【ETHOD

(1)8σBノ:EO73

10studentsofOsakaUniversityservedassu司ects,e耳china2hr.testingsession.

Onesu切ectwasrcmovedf}omtheanalys五s,becausehercportcdthathchadprcdicted

thenexttヅpeofstimulusintheSGPphase.

(2)1)1～00EDσRE

:Binarysequencesofmonauralclicks(totherightorle狂ear),whichwereata

moderateint6nsitysubstantial】yabovethreshold,werepresentedthroughastereo

earphone(VictorSTH-2).IntheSGPphase,asu切ectwasinstructedtocountthe

numbers砦omthepresentationsofthcrightandle食clicks,respcctively.Theright

andle貸clickswerepresehtedequiprobablyinarandomorder,but.ashortinterstim-

uiusinterval(r【1ean:3sec.;rangc:2.5-4.5sec.)andalongISI(15scc・;8-25sec・)

wcrealternatcd.Thesu切ectwasalsoinstructcdthatheshouldpreventbody

movementandeプcblinksduringtheshortISIsbutmightconducttheseduringthclong

ISIsifhe艶lttheneed.Theauthorsconsideredthathemightberatherignorant

ofthesequenceofstimulithemselves,長)rwiththisinstruction,hep士obablythought

thatapairofclickswas.beingstudied.Fourb豆ocksofabout60stimuli(50-70

stimuli)wereconducted.A疵ereachblock,hewasaskedthebothnumbersoftheright

andleftclicks.Onlyafヒwerrorswerereportedinafbwsu句ects.

IntheRGPphase,guessingtrialswhichconsistedofasericsofacueingflash,

guessingbyasu切ectandpresentationofarightorlefモclick,weresucceededbya

l5sec.intcrtrialinterval(8-25scc.).Ifhepredictedthatalefモcl{ckwouldbe

presentcdinagiventria1,hedepressedoneoftwobuttonsus三nghisrightfbrc且nger

長)rthecucingflash,andlfhepredictedarlghtclick,dcpressedthcotherwithhls

rightmiddle丘nger.Theintervalwas3sec.(1.5-4.5sec.)betweenacucingflash

andaclick,andapproximatelylto3sec.betwcenabutton-pressresponseanda

click.Fiveblocksof30tirlaswereconductedandthenumberofcorrectguesses

丘omeachsu切ectrangcd丘om40-60%ofhistotalguesses.

(3)1守EOO1～1)1ハrθ ∠42V:1)1)∠4τ ∠00.乙LEOコ ワ【0ハτ

ThescalpEEGwasrecordedusingSANEIAg-Agclclcctrodesaf丑xedwithEEG

paste(SANEIType700)atFzandCzaccordingtQthe10-20system,ref6rredto

thelinkcdearlobesandthefbrehcadwasgrounded・AnadditiQnalpairofelec-

trodesservcdtorecordeyeblinkandcyemovementpotentials.TheEEGandEOG

wereampli丘cdbySANEIIA52amplifier(timeconstantO.3sec.andupperhalfam-

plitudedccayat60Hz.)andrecordedonmagnetictapesbyaFMrecorder(TEAC

R-260)丘)rsubsequentof塾 ヱineanalysisonasign昂1averager(SANEI7TO7).The

recordconcomitantwithEOGpotcntialsover50μVw量thin800msec.aftcrthe

stimulusonsetwerediscarded倉omtheEEGanalysis.About20potentials,which

wasf}ee金omtheartif乞ctsandwasekcludedf}omthe丑rstpotentialsoftheeachb工ock,
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weresummedona819.2msec ..period(asampleper1.6msec.)丘omthestimulus

onset.IntheSGPphase,8.averagedwavefbrnユsrecorded丘omCzorFzwereana一

】.yzedfbreachsu切cct.The.wavefbrms飴rtherightorlefモclickswereavailablein

twocases(thesameclickasthcimmediatelyprccedingoneandthedi饒rentclick

倉omthepreceding)andatthetwokindsoftheISIs(偽 】lqwingwiththeshortand

longISIs)・IntheRGPphase,4wave長)rms仕omFzor(〕zwereanalyzed・The

wave蛋)rmsfbrtherightorleftclickswcreavailableinthetwocases(theSameclicks

asthesψlcct'sindexedclicksandthedi饒rentclicks丘omthem)。Thestatistical

examinationwasconductedbyrepeated-measures3nalysesofvarianceorrelatcd-

meansttests.

RESULIT

E1～Pω α〃⑳ γη～∫``Grand"averagedwavefbrmsrecordedatFzand(〕z,which

werecomputcd仕omthedataofallsu切ectsobtainedfをomtherightandle丘clicks,

areshowninFig.lR)ragivenexperi卑entalcondition.Itshowssomcsimilarities

fbrthewavefbrms.First,theyhaveanega‡ivepeakatalatencyofaboutlOOmsec..

Secohd,aIargepositivecomponentfbllowingthenegativepeaktcrminatedatabout

400msec.andthelateneyofthelargestpositivepeakinitwasabout250msec..

Ofparticular
.noteisthatcachcomponentof.thewavcfbrms丘)rthe丘rstclicks

showedapProximatelytねcsameIatency・

InSGP,thepositivecomponentwaslargerfbrtheclicksd三f琵rent肋mthepreced.

ingclicksthanfbrthes.ameclicksregardlesstheywercprecededbyshortintervals

(SGP-S)orlongintervals(SGP-L)・AlthoughlnRGPitshowedlargeramplitude

thaninSGP,itwaslargerfbrthedif琵rentclicksf}omtheclickspredictedbythe

su切ectsthanfbrthesameclicks.There長)re,itcouldbesecnthatERPsfbrthe

di飴rentchckshadalargerpositivecomponentthanfbrthesameclickswhenERPs

werecxamined食omφepoi叫.ofeithertheprecedingstimuliorthesu可ects,predic.

tions.Inthewave長)rms,howeVer,wecouldindicatethatthedissimilaritiesofthe

wave長)rmsbctweenthesameanddif艶rentcasesinSGP.wcredi既rent肋mthe

digsimilariticsinRGPinthe長 〕llowingtwo艶atures.(1)InSGP,therewasan

additionalsmallposltivepeak(atalaten6yof .190msec・)attheearlypartofthe

largepositivecomponentanditshowedlargeramplitudesintheφf〔 ヒrentcasesthan

inthesamecases.InRGP,however,wecouldnotidenti取itbutatthepointthe

positiマepotentialsinthedif琵rentcaseswρresomewhatsmalerthanintheSame

cases.(2)Thesecondnegative.peakfbllowingthepositivecomponentshowedlarger

amplitudesinthedi既rentcasesthaninthesamecasesinSGP,butitwasnotin

RGP.

AstherecordofFzwass五millartotherecordofCzbothinthegrandaveraged

wavcR)rmsasshownbothinFig.landthestatisticalanalysesbelowmentioned,

wchavcdiscribedtheresultsonlvatCz.c
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Fig.1.ERPwave丘brmsrecord6datCzandFzwereaveragedi}omallsu房ectsand

貴)rtherightandle食 .clicks,TheERPsinthesamcandd孟 艶rentcasesaresuperim-

posedoverSGP-S,SGP-LandRGP.Thepotentialscollectedfをomthelststimuliin

eachblockwithoutrespecttoSGPan4RGPareshownatthebottom.SGP-Srepre-

sentedthewavefbrms食)rtheclicksfbllowingwiththeshortISIsandSGP-Lrepre-

sentedclicks食)IlowingwiththelongISIs。
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The丘rstnegativepeakandthelargepositivecomponentaswellasthesecond

negative .peak丑)llowingthis.couldbefbundinthegrandaveragedwave長)rmsexcept

長)rthefirststimuliontheblocks.There長)re,inthesa卑eordi艶rentcasesofSGP-

S,SGP-1ユandRGP,.weidenti丘edthefburpeaksineachERPfbrtherightorleft

clicksineachsu切ect.Thclatencyofthefirstnegative.peak(NllO)was106msec.

±:14msec.(Mean±SD),thelargestpositivepeakinthepositivecomponent(P250)

was243士35msec..Thesecondnegativepcak(N420)was421土30msec.,andthe.

posit量vepeak長)llowingthis(P500)was495±39msec..Thel年tenciesofthese長)ur

peaksandthethreepeaktopeakamplitudeswereanalyzedstatistically.Addition-

ally,thedeHcctionsofERPsatthelatenciesof200msec.and250msec.werecalculated

盒om.thepotentialIevelsatOmgcc.andwerealsoanalyzed,sincewecouldnot

consistently量dentifytwopositivepcaksinthelargepositivecomponentofallthe

waveR)rms.

五傭 ゆAsshowninFig.2,themean.1亀tenciesofthe.長)urpeakswercnotdif」

艶rentbctweentheERPsfbrtherightandleftclicks.(Fs<1).Onlythclatencies

o£NllOrevealedsigni五 『antdif琵renceamongSGP-S,SGP-Land旦GP(F=4.72,

df=2/16,P<・05),bu.tnotthelatenciesofP250,N420andP500(Fsく1).The

latenciesofN420andP500inthesame .cascswerelongerthaninthedif琵rentca$es

(F=8.77,df=1/8,P<.025andF=28,21,df=1/8,P〈.001,respectively)butNllO

andP250werenot(Fs<1).Anyinteractionofthe.latenciesrevealcdnosignificant

dif琵rencebytheANOVAs.

0 100 200 300 400 500 600mse【

一S

SGP

一L

RGP

-S

SGP

一L

RGP

竃

1

-

1

8

ー

、

1
ー

O

I
N

■
ー
1
"

1

■

/

1
＼
＼

、

P250

～

ー

ー
1
/

ー

1

1

f

亀
-
9
皇

亀

竃

-
,
-

N420

い

～

-
覧
覧
覧
ー

'
!

1

,
"

,
'

'

8

ー

ー

置

「
8

8

,

ー

冒

1

8

1

1

ー

ー

ー

ー

ー

置

1

P500

Leftclick

Rightclick

Fig.2.ThemcanlatehciesofNl10,P250,N420andP500負)rtherightandle丘

clicksofthesameanddif琵rentcases量neachexperimentalcond三tion.



90

pu

10

o

30

20

.N420 -P500

か 顎=';==一
『、こ ご こ

ごこ 零

。L_一_ _

30

20

N110-P250

,ノ

.ノ'
o・ 一 韓一噛 一一 一《プ

ρ

ρ"
'

'
!

/!
〃/".

"
""

LeftcUck

●一 一●Same

●・一一 ●Dif.

Ri.ghtclick

◎;一 一◎Same

σ・一一つDif.

。L_」____」________⊥___

一S-L

SGP.RGP、

Fig.3.Themeansofthe3peaktopeakamplitudcs食)rther三ghtandlef㌃c】,cksofthe

sameanddif驚rentcascsineachcxpe」imentalcondition.

由 ψ1伽 認AsshowninFig。3,thethreepeaktopeakampli亡udes.werenotdi芦

毎rentbetwecnthcERPsfbrtherightandI6ftclicks(Fs<1),Nl10-P250am-

plitudesofthcERPscomputedf}omthedif琵rcntcaseswerelargcrthanf}o即the

samecases(F=30・58,df=1/8,Pく ・ool)andtheyweredif陀re叫amongsGP-s,

SGP一:LandRGP(F=18.26,.df=2/五6,P<.001).P250-N420amplitudeswerc

alsolargerinthedif琵rentcases(F=42.32,df=1/8,P<。001)andthcrewasdi・f琵r一
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e準ceam6ngthcm(F=19.55,df=2/16,P<。001).Moreover,thesam6anddi驚rent

cases×thethreeconditionsinteractionrcvealcd.asignifican毛 ..dif琵rence(F;4.65,

dfま2/16,P<.05),.andonlyinSG.P-S,P250-N420amplitudesinthedi既rentcases

revealedsigni負cantlydif騰rent倉omthatinthcsamecases(t=4.92,df±8,P<.001).

AsshownatthetopofFig.3,N420-P500amplitudesinthcdif陀rentcaseswere

largcrthaninthesamecasesinSGP-SandSGP一 ■,butsmallerinRGP.The

ANOVAofN420-P500amplitudesrevealedasigni丘cantdif琵renceofonlythis

interaction(F=16.55,df』2/16,P<.001).Th6ttestsofthcamplitudcscombined

長)rtherightandle丘clickscon且rmedsigni丘cantdif[ヒrencesinSGP-S(t=3.04,df=

8,P<.02)andRGP(t=4.18,df=8,P<.Ol).

Themeanpotentialsatthelatencies6f200and250msec.werecomputedfセomall

waVe長)rmswhichweresummcdbythepotentials.fbrtherightandlef㌃clickstogeth-

er(Fig.4).ThemeanpotentialsinRGPwereapproximatelylOlzV.1argerthan

inSGP-SandSGP-L.InSGP-Sand一 五bothpotentialsofI.200andI.2500fthe

ERPsinthedif琵rentcaseswereIargerthanofthesame.casesandthettestscon一

丘rmed.these(Ps<,05).InRGP,however,■250inthedif琵rentcaseswaslarger
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thaninthesamecases(t=2.32,df=8,P〈.05),butL200wasreversed(t=2。28,

df=8,P角 ゴ.05).FinallywecouldnotedthatallthescanalyseswereWellconsisted

withtheobservationaboutthelargepositivecomponentuponthegrandaveraged

wave長)rms.

DISCUSSION

AIthoughtheIatencyofthelargepositivecomponentwasshorterthanthatofP300

reportcdinotherERPstudies(e.g,Suttonetal.,1965;DuncanJohnsonandDon-

chin,1977;Squiresetal.,1977a),wecouldidentifyitwasP300f}om.theR)llowihg

reasons.Aswasreportedpreviously,P300wasevokedm6stcertainlytothetask

relevanteventswhichwereinf}equcntlypresentedinatrainunderthecondition

manipulatingaprioristimulus-probabilitics(Suttoneta1.,1965;Squiresetal.,1975;

Duncan・JohnsoロandDonchin,1977).wethoughtthatthetwoaspectsofthein一

癒equentstimulimightbecriticaltoproduceP300:i)thestimuliwereprecededby

thcdiHbrentstimuliandii)theywerenotexpectedbythe・su切ects.Inthepresent

experiment,weobservedtheposit三vecomponentappearcdinthetaskrelevantevents

(countedorguessed)anditshowedlargerpotentialwhenthestimuliwerepreceded

bytheotherstimulus(SGP)orthesu切ectspredictcdtheothcr.stimulus(RGP).

The丘rststhnuliineachblockalsoevokedtheIargestpositivecomponent.Asthose

propertieswithin食equnettask-rclevant-events.coμldbeseeninthepositivecom.

ponentabovementioned,wecouldidentifγitasP300.

TheERPsfbrthesa血estimuliastheprecedingstimulihadasmallP300,showing

thesequentiale既ct.Sincethesμ 切 ρctsdidnotpredictthetypeofnextstimulus,

thisrcsultmaybeexplainedbytheWagner'smodel(P魚utzandWagner,1976;

Wagner,1976).Thcpresentresults,however,didnotrevealanydi薦rcnccofthe

amplitudesofP300betweenSGP-SandSGP一 五,whileOhmanandLadcr(1972)

reportedthatthelongISI(10sec.)conditionproducedaIargerP300thantheshort

ISI(3sec。)conditionintheirattendingconditions・ThiscQntradictoryfindingis

probablyattributedto.thesu切ccts'attitudeinthepresentexperiment.Namely,

theyregardedthestimlllifbllowingwithlongISIsaswarningstimuliand長)110wing

w量thshortISIsastestingstimuH.Thus,inspiteofattendirlgtothestimuli

InuchmoreinthecaseofSGP-SthanthatofSGP-L,thestimuliatSGP-Sevoked

P300aslargeasatSGP-L(e.g.Hilliyard,Hink,Schwent.andPicton,1973),

Althoughthesu房ectsmightbeignorantofthcrclationofthepresentstimulusand

thcnextst三mulusinterposingtねelongISIs,P300長)rthestimuliofSGP一 上showed

thesequcntialef琵ct.So,thesequentialef琵ctinSGP-Lcannotbcinterpretcdby .

theexpectancymodel(Squireset .aL,1976).Moreover,thecomparisonof

thedif艶renceofERPsbetweenthesameanddif驚rentcasesinSGP-Sandthedi二

艶rence.inSGP-Lshowedthetimedecayofthesequentialef艶ct(P250-N420am一
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plitudes).Inthcpresentcoun亡ingtask,thesu司ectsarenotrequiredtomemorizc

eachstimuiusuntilthencxtpresentationofthestimuli.So,wec3nsaythatitwas

retainedin.STMthrougheachofthelongISIs,becauseSTMwasnotreplaced

byothcrin表)rmationand/oritc6uldbemaintaincdinSTMbyrehearsa正activity

(P6tersonandPeterson,1959;Whitlow,1975).

Theo面erdi飴rencesbetwcgnthesameanddif琵rentcases(N420-P500ampli-

tudesandthelatenciesofN420andP500)mayreflectdif琵rencesoflnfbrmation

.processingofthestimu】iinSTM,.butwecannotcxplainthatfbrcertainnow.How-

evcr,whenastimulus,towhich.asu切ectneedstask-relevantprocessing,ispresented,

what.isalreadyrepresentedinSTMmightnotbeprocessedinSTMinthesimillar

wayaswhatisnotrepresentedinSTMatthetime.Forinstance,inSGPN420-

P500amplitudesinthedif琵rentcasesarelargerthanofthesamccases,butinRGP

thisreladonshipisrevcrsed.Wem2yassumethatthesepotent量a】sreHecttheactivity

of血rtherstimulusprocessinginSTM.Thed醗rentstimuliinSGParelikelyto

cohtinuetobeprocessedinsTMortobewellrとhearseda負cr.thepresentations・

Theymayevokea.largerpotential,becausetheyarerepresentedwellinSTM.In

RGP,thesame.stimuliasthesu切ect'sprcdictionsaregoodnewstohimandmay

b6processedpositivelyinSTMto .solvethetask,althoughtheyarerepresented

poorlyinSTM・

WhenastimulusispresentedunderaCR.Ttask,asu切ect.willper飴rmtheresponse

boundwithit.If三tisalreadyrepres6ntedinSTM,itwillbepoo挫y画medinto

STMandmay.resultihalongR.TaccordihgtoWagnerラsmodeLIfitisnotin

STM,itwillbewellprimcdandresultinashortRT.Theseareconsequencesof

thechangeef琵ct.Onthecontrary,thein丑)rmatibnaboutthe.responseormove-

mentaswellasthatofth6stimuluscanbeprerepresentedatthetime,ifhegave

thesamcresponseasintheprevioustrial.Ifthein長)rmationaboutt眞efesponsc

associatedwiththestimulusisalreadyrepresentedinSTM,thestimu正uswill.abrupt-

lybeabletocommandtoprod耳ccthisresponseinSTMand中enrcsultinashort

RT,althoughitmaybepoorlyprinledintoSTM.Ifthcresponseisnotrepresen-

tedatthatmoment,itwillcommandtheresponseafterretrievingtheinfbrmation

丘om上TMandconsequcntlyresultinalongRT,althoughitmaybewcllprimed

into
.STM.Theseareconsequencesofthesequentialef琵ct.Thesetwoef琵cts

maybealternatedbヅthedominantin飾rmationcontainedinSTMalthetimeof

thest量muluspresentation,whethertheinR)rmationis.representedbyanyofthe5tilnuli

oranyoftheresponses.、ThispredictionwaspartiallyconfirmedintheCRTstu-

dies.Whentheintervalsbetweenaresponseandtheonsetofthenextstimuluswere

veryshort,ψesequentialef艶ctresultcd,an◎when.theywererelatlvelylong,the

sequentialef驚ctwasnotdemonstrated(Bertelson,i961;BertelsonandRenkin,1966;

Hale,1967a) ..Inaddition,ifdiscriminativeresponsesfbrCRTswereperfbrmedby
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one丘nger.brseveralbuttons,itresultedinthechangeef艶ct(Williams,1966;

Hannes,1968;CantorandFenson,1968).Thisresultalsosupportsthepresent

prediction,becausewecanassumethatthealtcrnative丘nger.rcsponseswerecom-

posedofthecommonsomaticcomponcntsinmany廿agmentsandthentheef琵ct

ofthememoryoftheprecedingresponsefbrthesequentialef琵ctwasdisturbedby

thesamecomponentsoftheresp」nse.ThispredictiononCRT貸omWagner's

modelcannotsolvethediscrepantresultsoftheCRTexperimentsentirclyand

釦rtherexperimentsarenecessarytoobtainanappropriateinterpretation負)rsuch

discrepantresults.

ThestimuliinthesamecasesofRGPcvokedsmallcrP300thaninthedi硫rent

cases.Thisisconsistehtwiththepr俘dictions倉omtheexpectancymode1(Squires

etal.,1976)aswellas食omWagner,smodel(P魚utzandWagner,1976;Wagner,

1976).The伍ctthatERPsfbrthesalnestimulibothinSGPandRGPhadasmaller

.P300than丑)rthedif琵rentstimuliisalsoconsistentwiththepresentpredictions.The

ERPsfbrtheclickswere魚irlyconsistentbetwcenSGPandRGP,havingthesame

丑)urpcaksofaboutthcsamelatencies.Howe∀er
,there.issomedif琵rcnceinthe

waveshapesofP300fbrthesameanddiHbrentcasesbetweenSGPandRGP.

AccordingtoWagner'smodel,the丘1nctionofthecomparatorisident五calwhether

thecontcntsofSTMhavebeenprimedbythestimulusitsclf(sel㎏cneratedpriming)

orbyretrievalaction食01nLTMofassociatcdcues(rctrieva1-generatedpriming) .

Whenthesamein飴rmationasthatofapresentedoneiscontainedinSTMatthc

moment,itwillbelessprimedintoSTMbythecontrolofthecomparatorand出en

it .willelicitonlyasmallunconditioncdresponse(Whitlow,1975)andbep±ocesscd

onlybybriefrchearsalactivityinSTM(TerryandWagner ,1975;Wagner,1976).

WeassumethatP300rcHectsoneormoreof.thesein飴rmationprocesses .However,

slnceWagner'smodclasserted丘o .mthe丘ndingofovertresponscsasthesulガects,

丘naloutput(unconditionedrcsponses)or60nditionedresponsesacquiredf}omthe

trials(Kamin,1969),wemay丘ndthedi旋rentcorticalacti†itybetweensel仁and

retrieval-generatedpriming.Ifthchypothesisistrue
,itseemsthattheearlypart

ofP300(attheIatencyofabout200msec.)mayberesponsiblefbr.thcdif驚rent

activitiesofthecomparatorwhenthecontentsofSTMhavebeenselρandretrieval-

generated.

Thepresentassulnption.isthatanexpectedstimulusevokedonlyasmallP300

asitisintheexpectancymodel(Squiresetal.,1976).Fromthispointofview,the

greatestdifHcultyinappIyingthcpresentassumptiontothehumanERPstudiesis

thattaskrelcvantcventsproduceaconspicuousP300.Inthepresentexperiment
,

thestimuliwhichhadtobecountcdbythesu切ectsorwhichinfbrmedtothemwheth-

ertheirguesseswerecorrectorincgrrcct,evokedP300.Thesu切ectshadtoprime

thestimuliintoSTMandprocessthestimuliinSTMoractivememorytoperfbrm
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thesctasks.Therefbre,wemustconsiderthatasubjectcanprimeinform昂tionofa

stimulusintoSTMinspitQofitbeing.a!readyrepresented.insom
.efeatures,ifhe

needsit.Forinstance,Suttonetal.(1967)statedthatthestimuliwhichresolve

.uncertaintyordeliveruse飼infbrmationf～)rasubjectevokedP300
.Itwasreferred

to耳sthe耳ttentioneffectinInanypublications(e・9・Hillyardetal・,1973)・Although

thiseffectmaybeinpartattributedtothegeneral
.argusallevel(Naatanen,1975)・

probablya``positive,'functionoftheothercomparatorMaybeassumed・Even

whentheinf()rmationaboutastimulus(modality,orientationandtimeofstimulus

presentationetc.)isprerepresentedinSTM,itcanbeprimedintoSTM,ifthesub-

jectneedsitatthetimeorifheexpcctsthatitcandeliveruse釦1inf()rmationto

him.However,wecannotsayanythingaboutthispositive負mctionnow.

Insummary,thesequentialeffectofP300ca皿otbefullyundcrstogdbythesub-

jectivecxpectancyinaccordanceWiththeexpectangymodel(Squiresetal・,1976)・

Wagner(PfautzandWagner,1976;Wagner,1976)assumedinformationofapre-

sentedstimulus
.transmittingtoSTMwasinterferedwiththecontentsofSTM・ ロ

iftheywerethesameasit..Moreover,itcouldbe.primedbystimulus-presentatlon

itselfandbyretrievalaction丘o耳nLTMoftheassociatedcues.ThesamestiInulias

precedingoneandthest童muliwhichwerealreadyexpectedbyasu切ectevokeda

smallP300.Thcrcfbre,weproposedthat?3001nayrcflectthebrainactivity

whichtransmitsinformationofapresentedstimulusihtoSTMoraとtivememory・
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EVENTRELATEDPOTENTIALSVARIEDWITH

THECONTENTSOFSH:ORT・TERMMEMORY

YasuhiroNAGEISHIandMinoruSHIMOKOCHI

Taskrelevantstimulievokealatepositivepotential(P300)inhumanEEG・When

theyareunexpectedbyasu可ectorsurprisedhim,theyproduccalargerp300than

theyareexpected .orunsurprised.Squiresetal..(1976)proposedthgexpectancy

modelwhichwasanalogized魚omchoice-reactiontimee文,eriments.Itassumcd

thattheexpectedstimulievokedonlyasmallP300andresultedinshortreaction

times.Thcyalsoevok6asmallP300玉fthesamestimulihavebeenpresented亘reced-

ingly,butcvokealargeP300ifdiffヒrentstimulihavebeenpresehted.Theexpect-

ancymodelinterprctedthissequentialef琵ctbytheassumptionthatasu1ガecttended

toexpectthesameasthestimulusprcscntedimmedia止clyorshortlybeR)re.Howevcr,

likeashort-termhabituation,itshouldbeinterpretedtomeanthatwhenastimulus

wasprerepresentedinshort-termmemoryatthetiエneofits画esentation,didnot

evokeaIargeP300.Wecouldbelievethattheexpectedstimuliwererepresentedin

short-termmemorybyretrieval倉omlong.termmc血oryandtheprecedingstimulus

wasrepresentedinshort-termmemorybyadacaying血nctionofshort-ternimemory.

Thesenotionswereoriginallyproposedonthebasisofanimallearningexperiments

byWagner(P伽lzandWagncr,1976;Wagncr,1976).Heassumedthatifastimu-

luswasprerepresentedinshort-t6rmmemory,itsinfbrmationwaspoorlytransmittcd

toshort-termmcmory,andconsequentlyitwaspoorlyprocessedandthenelicited

onlysmaHresponses.H6wever,ifitwasnotprereprescntedinshort-termmemory,

itsinfbrmationwaswelltransmittedandprocesseda血dthenitelicitedlargerespon-

ses.Thepurposeofthepresentexperimentwasto丘ndwhetherthesequenζiale飴ct

ofP300wouldbe丘ee丘omthesu切ectiveexpectancy.Moreover,wewould.1iketo

con丘rmthatP300R)rthestimuliwhichwerealreadyreprescntedinshort-term

memoryatthetimewasproportionallysmaller.thanthatwhichwasnotrepresented,

whethertheywereprerepresentedbyprecedingprcsentatlonofthcmselvcsorby

retrievalactionf}omlong-tcrmmemory.

Thetwomonauralclicks(totheright.orle丘ear)werepresentcdinrandomorders.

IntheSGPcondition,thesu句ectswereinstructedtocountthenumbersofthepre-

sentationsoftherightandleftclicks,respectively.IntheRGPcqndition,theywere

instructcdtoguess‡herightorleftofthefbllowingclickimmediately籍eR)rethe

presentationoftheclicksinadiscretetrial.TheEEGwasrecorded費omFzand
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Cz.IntheSGPcondition,theavcraεedERPwave長)rmsfbrtherightandle庇clicks

werecollectedinthedif驚rentcascswheretheclicksweredif琵rent丘omthepre-

cedingclicks,andinthesameca串eswheretheclickswerethesameasthepreccdings.

IntheRGPcondition,thcywcrealsocollectedinthedif琵rentandsamecaseswith

respecttothesu切ects'predictions.

Resultsinbothconditionsshowedalargerpositivepeakatthelatencyofabout

250msとc.inthedif琵rentcasβsthaninthesamecases..Thesamestimulusas

wasrcpresentedlnshort-termmemoryatthetimeofthepresentationevokedsmall

P300,whethcritwaspresentedshortlybeR)reorrctrieved倉omlong-termmemory.

WewouldconcludethattheseresultsshouldbeinterpretedbyWagner'smodel

and.theP300reHectedthebraihactivityofin長)rmati6nproccssingofapresented

stimulusprimingintoshort-tgrmmemory.


