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CHAPTER　1

INTRODUCTION

　　　　　　　In　many　movement　situations，　perfbrmer　must　try　to　respond　as　quickly　and

accurately　as　possible　in　a　complex　and　constantly　changing　environment．　Success　in

these　situations　seems　to　be　determined　not　merely　by　pcrformers’physical　abilities　but

also　by　their　cognitive　skills　associated　with　handling　the　environmental　information

and　adapting　the　behavior　to　the　changing　environment．　An　ultimate　example　of　this

success　can　be　seen　in　player’s　excellent　perfbrmance　in　professional　sports．　Recall　the

2002FIFA　World　Cup．　England’s　midfielder　David　Beckham　dribbles　past　opponent

defenders　at　top　speed　while　looking　for　available　passing　options　and　makes　his

pinpoint　pass　to　a　striker．　Brazil’s　striker　Ronaldo　picks　up　the　ball　from　a　teammate，

shakes　off　his　marker，　dribbles　into　thc　penalty　area　and　makes　a　beautiful　goal．

Germany’s　goalkeeper　Oliver　Kahn　punches　away　the　ball　approaching　at　100　km　pcr

hour　with　his　one　hand　at　full　stretch　to　his　right，　under　pressure　with　opponents　trying

to　restrict　both　the　time　and　space　available　to　perfbrm．　How　are　these　quick　and　correct

perfbrmances　achieved　in　a　complex　and　constantly　changing　environment？What　is　the

nature　of　mental　processes　underlying　these　perfbrmances？

　　　　　　　Although　many　cognitive　psychologists　and　sport　psychologists　have　been

trying　to　understand　how　humans　handle　environmental　information，　the　most　important

contributions　to　an　understanding　of　this　mental　process　comes　from　studies　using　an

information－processing　approach，　In　this　approach，　the　human　is　viewed　as　a　processor

of　information　much　like　a　computer　in　which　information　is　encoded，　stored，　retrieved，

transformed，　and　acted　on．　Thc　underlying　assumption　of　this　approach　has　been　that
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scrial　and　nonoverlapping　processing　stages　exist　between　a　stimulus　and　a　response．　To

IcsUhis　assumption，　much　of　rescarchers　have　typically　addpted　a　reaction－time（RT）

paradigm．　RT　is　defined　as　the　interval　of　time　between　thc　onset　of　a　stimulus　and　the

initiation　of　a　response．　With　this　RT　paradigm，　it　is　assumed　that　a　RT　is　composed　of

thc　sum　of　a　number　of　processing　times，　each　of　which　is　consumed　by　a　processing

stage　involved　in　the　translation　of　a　rcaction　stimulus　into　a　response．　Thus，　longer　RT

is　supposed　to　reflect　longer　delays　in　information　processing　in　one　or　more　of　the

stages（Sanders，1998；Schmidt＆Lee，1999）．

　　　　　　　There　are　several　types　of　RT　situations．　One　type　of　RT　situation　is　simple　RT，

where　the　subj　ect　is　informed　about　which　response　will　be　required　in　advance　but　has

to　wait　fbr　a　reaction　signal．　Another　type　of　RT　situation　is　choice　RT，　where　the

subject　is　informed　in　advance　that　onc　of　a　number　of　possible　responses　will　be

required　but　has　to　wait　for　a　signal　indicating　which　response　should　be　executed．　The

third　type　of　RT　situation　is　discrimination　RT　or　go／no－go　RT，　where　the　subjcct　is

informed　in　advance　that　a　response　will　either　be　requircd　or　not　and　has　to　wait　fbr　a

signal　indicating　whether　or　not　to　execute　the　response．

　　　　　　　Although　several　methods　have　been　developed　to　discover　proccssing　stages

using　RT　paradigm（fbr　reviews　see　Meyer，　Osman，　Irwin，＆Yantis，1988；Sandcrs，

1998），one　of　the　most　influential　methods　has　been　the　additive－factor　method

developed　by　Sternberg（1969）．　In　this　method，　the　rcsearcher　manipulates　several

factors　and　determines　whether　the　factors　have　additive　or　interactive　effects　on　RT．　If

two　factors　have　additive　effects，　two　different　processing　stages　are　likely　to　be

involved，　because　under　the　serial　stage，　RT　is　a　sum　of　the　component　stage　duration．

Alternatively，　if　two　factors　have　interactive　effects，　they　are　assumed　to　affect　the　same

processing　stage，　because　the　size　of　the　effect　of　the　factor　depends　on　the　state　of　the

other．　Based　on　this　logic，　by　manipulating　various　factors　and　observing　patterns　of

additivity　and　interaction，　it　is　possible　to　infer　how　many　different　processing　stages

exist　and　what　the　stages　do．　The　use　of　the　additive－factor　mcthod　requires　the

1
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assumption　of　sequential　stages　for　which　thc　processing　at　one　stage　must　bc

complcted　before　the　processing　at　the　next　stage　begins．　Although　it　has　been　pointed

out　that　several　proccsses　of　information　processing　may　take　place　in　a　parallel

contingent　fashion，　not　in　a　serial　fashion（e、g．，　McClelland，1979），　the　additive－factor

method　has　proved　to　serve　as　a　credible　tool　in　discovering　processing　stages（Meyer，

et　al，1988；Sanders，1998）．

　　　　　　　At　least　three　processing　stages　have　becn　proposed　that　intervene　between　thc

presentation　of　a　stimulus　and　the　initiation　of　a　response．　The　first　stagc，　termed　the

sti〃zulus－identification　　stage，　concerns　the　perceptual　proccsses　（or　perceptual

processing），　such　as　stimulus　detection　and　pattern　recognition．　In　this　stage　the

perfbrmer　must　sense　that　a　stimulus　occurred　and　make　sense　of　it．　Variables　that　affect

the　duration　of　processing　in　this　stage　include　the　intensity，　clarity，　and　familiarity　of

the　stimulus（e．9．，　P・sner，　1964）．　A　sec・nd　stage，　termed　the卿・nse－selectii　n　stage，

concerns　response　selection　and　decision　processes．　In　this　stage，　after　the　important

features　of　the　stimulus　have　been　properly　identified，　the　perfbrmer　must　decide　on　an

appropriate　rcsponse．　Variablcs　that　affect　the　duration　of　processing　in　this　stagc

include　the　number　of　stimulus－response　alternativcs　and　the　compatibility　of　the

stimulus　and　response（e．g．，　Fitts＆Seeger，1953）．　The　final　stage，　termed　the　response－

programming　stage，　concerns　the　processes　of　movement　preparation．　After　thc

stimulus　has　been　identified　and　the　response　has　been　selected，　the　primary　task　in　this

stage　is　to　translate　this　abstract　idea　into　a　set　of　muscular　actions　that　will　achieve　the

response．　Variables　that　affect　the　duration　of　processing　in　this　stage　include　movement

complexity，　the　number　of　movement　parts，　accuracy　demands　of　thc　movement，　and

movement　duration（e．g．，　Klapp，1996；Schmidt＆Lee，1999）．

　　　　　　　Typically，　in　experiments　using　the　RT　paradigm，　each　trial　is　comprised　of　the

presentation　of　a　rcaction　signal　and　the　exccution　of　a　response，　followed　by　the　next

trial　with　plenty　of　intertrial　interval．　Thus，　the　event　involved　in　a　trial　is　hardly

influenced　by　that　involved　in　a　preceding　trial．　However，　Bertelson（1961），　who　was



4

concerned　with　reactions　in　real－life　situations，　questioned　the　ecological　validity　of　the

results　obtained　from　this　RT　procedure．　It　scemed　to　him　that　in　real－life　situations　that

demand　a　quick　and　adaptable　response　in　a　constantly　changing　environment，　humans

do　not　respond　to　isolated　signals　but　to　sequence（or　context）of　signals．　To　solve　this

problcm，　hc　adopted　a　serial　responding　task　in　which　subjects　are　required　rcpeatedly

to　exccutc　thc　correct　responses　for　signals　that　arc　prescnted　in　rapid　succession．　The

most　important　finding　obtained　from　his　expcriment　was　that　RT　is　shorter　when　the

samc　stimulus　is　rcpcatcd　than　whcn　a　diffcrcnt　stimulus　is　prcscntcd．　Since　thc

inllucntial　study　donc　by　Bcrtclson（1961），　this　phcnomcnon，　tcrmcd　thc　reρe’i‘ion

elJL，ct，　has　bccn　known　as　onc　of　thc　most　robust　phcnomcna　in　traditional　RT

cxpcrimcnts．　Thc　rcpctition　cffcct　is　thoughuo　rcllcct　basic　mcchanisms　that　undcrlic

mlmy　cvcryday　skills　and　skill　acquisition．　Bccausc　of　thcir　importancc　to

undcrst：mding　human　skills，　attcmpts　havc　bccn　madc　to　idcntify　thc　stagc（locus）of　thc

inlbrmation　proccssing　facilitatcd　by　rcpctition．　Although　scvcral　hypothcscs　havc　bccn

pmposcd，　thus　t’ar，　thc　most　pr（、mincnt　vicw　has　bccn　thanhc　primary　locus　or　thc

rcpctiti（m　cffcct　is　rcsponsc　sclcction（c．g．，　Pashlcr＆Baylis，1991b）．

　　　　　　　As　mcntioncd　carlicr，　howcvcr，　thcrc　is　anothcr　ccntral　proccss　ass（、c汕cd　with

thc　prcpamti（m　of　rcsponsc，　which　occurs　aftcr　responsc　sclccti（m　and　prcccdcs　thc

cxccution　of　motor　rcsponsc．　This　proccss　is　rcfcrred　to　as”e、s’pθ〃se　programmin8

Surprisingly，　dcsphc　thc　abundant　cvidcncc　for　rcsponsc－programming　stagc，　any

rcscarch　cflbrts　havc　not　bccn　dircctcd　toward　invcstigating　thc　inv（）lvcmcnt　of

rcsponsc・programming　stagc　in　thc　rcpctition　cffcct．　Thcrcfbrc，　thc　prcscnt　doctoral

rcscarch　constitutcs　an　attcmpt　to　idcntify　furthcr　thc　locus　of　thc　rcpctition　cffcct．　M（、rc

spccifically，　thc　prcscnt　study　is　conductcd　to　cxaminc　thc　possibility　that　thc　rcpctiti（）n

cffcct　occurs　auhc　stagc　of　rcsponsc　programming．

　　　　　　　This　articlc　is　organizcd　into　six　chaptcrs．　Thc　ncxt　chapter　rcvicws　thc

litcrature　on　thc　rcpetition　cffccts　in　scrial　reaction　tasks　and　cvidence　for　thc　cxistcnce

of　rcsponse　programming　and　motor　program．　In　Chapter　3，　the　possibility　that　the

、
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repetition　effect　occurs　at　the　stage　of　response　programming　is　suggested　and　four

experiments　conducted　to　tcst　this　hypothesis　are　described．　Chapter　4　addresses

questions　of　whether　the　repetition　effect　that　arises　from　response　programming　is　due

to　a　spccdup　of　the　processing　or　bypassing　of　the　processing　and　how　long　the

rcpctition　cffcct　that　ariscs　from　rcsponse　programming　is　rctaincd，　by　conducting　two

cxpcrimcnts．　Chaptcr　5　cxamincs　whcthcr　or　not　thc　rcpct“ion　cffcct　that　stcms　from

rcsponsc　pmgramming　occurs　whcn　rcsponscs　arc　imagincd　as　wcll　as　whcn　rcsponscs

arc　actually　pcrfbrmcd，　by　conducting　two　cxpcrimcnts．　Finally，　thc　findings　of　cight

cxpcrimcnts　conductcd　in　this　study　arc　summari7．cd　and　discuss　cd　in　Chaptcr　6．



CHAPTER　2

REVIEW　OF　LITERArURE

　　　　　　　This　review　is　organized　into　three　main　sections．　The　first　section　provides　a

bricf　cxplanation　of　repetition　cffccts　in　serial　choice　RT　tasks．　The　second　section

rcvicws　carly　and　rccent　studics　on　locus　of　rcpetition　effects．　In　the　third　section，

rcscarch　is　prescnted　which　suggests　the　existcncc　and　functions　of　rcsponsc

programming　and　motor　programs．

Repetition　E　ff　ects　in　Serial　Choicc　RT　Tasks

　　　　　　　In　a　scrial　choicc　RT　task，　thc　RT　for　a　rcpeatcd　stimulus　is　shorter　than　lbr　a

nonrcpcatcd　stimulus　which　is　di　ffcrcnt　from　thc　immcdiately　prcccding　onc（Bcrtclson，

1961，1963，1965；Campbcll＆Proctor，1993；Kcele，1969；Kirby，1972；Kornblum，

1967；Pashlcr＆Baylis，1991b；Pcckc＆Stone，1972；Rabbitt，1968；Smith，1968）．　This

phcnomcnon　was　first　reportcd　in　Bcrtclson’s（1961，1963）RT　study．　Hc　had　subj　ects

pcrfbrm　a　two－choice　task　in　succcssion　in　which　the　corrcct　rcsponsc　was　right

keyprcss　rcsponsc　for　right　lamp　and　lcft　keypress　responsc　for　lcft　lamp．　In　this　scrial

choicc　rcaction，　thus，　the　four　possiblc　stimulus　patterns　wcrc　right－right　and　lcft－1cft

（repcatcd　stimulus），　and　right－1eft　and　lcft・・right（nonrcpeated　stimulus）．　He　found　that

the　RT　for　thc　rcpcatcd　stimulus　was　70　mscc．　shortcr　than　for　thc　nonrcpcatcd　stimulus．

Morcovcr，　when　stimulus－response　rclation　was　changcd　so　that　the　correct　rcsponse

was　left　keypress　response　for　right　lamp　and　right　keypress　rcsponse　for　left　lamp，　the

RT　fbr　the　repeated　stimulus　was　110　msec。　shorter　than　for　the　nonrepeated　stimulus．

、
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Bertelson　has　named　this　RT　phenomenon　the　repetition　effect．

　　　　　　　It　has　been　shown　that　the　rcpetition　effect　was　inl］ucnced　by　a　number　of

variables．　In　general，　the　repetition　effect　increases　with　the　number　of　alternative

stimuli　and　rcsponses（Bertelson，1961；Kornblum，1967，1973）．　The　effect　is　larger　for

incompatiblc　stimulus－rcsponse　rclations　than　for　compatible　stimulus－response

rclations（Bcrtclson，1963；Rabbitt＆Phillips，1967；Schvaneveldt＆Chase，1969）．　In

addition，　thc　rcpctition　effect　dcpcnds　on　responsc－stimulus　intcrval　or　intertrial　intcrval．

Thc　sizc　of　thc　cffcct　is　particularly　markcd　whcn　thc　rcsponsc－stimulus　intcrval　or

intcrtrial　intcrval　is　within　l　scc．（Bcrtclson，1961；Bcrtclson＆Rcnkin，1966；Entus＆

Bindra，1970；Halc，1967），　and　dccrcascs　as　thc　rcsponsc－stimulus　intcrval　or　intcrtrial

intcrval　incrcascd．　For　examplc，　Kcclc（1969）and　Smith（1968）havc　found　thauhc

rcpctition　cffcct　dccrcascs　as　thc　intcrtriahntcrwl　incrcascd　from　2　to　4　scc．　W“h

longcr　rcsponsc－stimulus　intcrval（）r　intcrtrial　intcrval　bcyond　thcsc　intcrvals，　thcrc　is　no

rcpct“ion　cffcct，　or　instcad　thc　RT　may　bc　shortcr　lbr　a　nonrcpcatcd　stimulus　than　for　a

rcpcatcd　stimulus（W川iams，1966）．　This　phcn（、mcn（、n　that　thc　RT　is　shortcr　to　a

nonrcpcatcd　stimulus　is　rclbrrcd　to　as　alternatiθn　（｛／JL・ct（Soctcns，1998）．　TWo

mcchanisms　havc　bccn　proposcd　to　cxplain　all　pattcrns　of　rcpcthi（m　cffccts　and

ahcrnation　cffccts：astratcgiclikc　mcchanism　callcd　suLり¢αiv¢expecta〃cy　and　an

automaticlikc　mcchanism　callcd　automatic／incilitation．　Kjrby（1976）and　Vcrvacck　and

Bocr（1980）suggcstcd　that　thc　altcrnation　cffcct　is　associatcd　with　subjcctivc

（cognitivc）cxpcctancy　about　thc　ncxt　stimulus，　whcrcas　thc　rcpctition　cffcct　is

associatcd　with　automatic　facilitation．　Thus，　thc　rcpctition　cffcct　cannot　bc　avoidcd，　and

is　not　undcr　subjccts，　controL

　　　　　　Thc　qucstion　of　intcrcst　hcrc　is：what　is　thc　naturc　of　thc　rcpctition　cffcct？

、
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Locus　of　Repetition　Effects

Early　Studies

　　　　　　　Since　the　innuential　study　done　by　Bertelson（1961，1963），　several　researchers

have　bcen　trying　to　detcrminc　the　locus　of　the　repetition　effect　in　the　information－

proccssing　systcm．　The　undcrlying　assumption　has　been　that　some　aspects　of　the

proccssing　bctwccn　stimulus　and　rcsponse　procced　more　quickly，

　　　　　　　Thc　focus　of　early　rescarch　was　mcrely　on　the　question　of　whethcr　thc

rcpct“ion　cffCct　is　rclatcd　to　thc　rcpctition　of　thc　stimulus（ccntral　pcrccptual　proccss）or

thc　rcpctition　of　thc　rcsponsc（pcriphcral　rcsponsc　proccss）．　Whcn　cach　stimulus　is

assigncd　t（、　a　uniquc　rcsponsc　as　wcrc　manipulatcd　in　Bcrtcls（）n’s　cxpcrimcnts（1961，

1963），howcvcr，　it　is　not　possiblc　to　dctcrmine　thc　contribution　of　stimulus　and　rcsponsc

cffccts　to　ovcrall　rcpctition　cffcct．　This　is　becausc　not　only　thc　stimulus　but　also　thc

rcsponsc　is　rcpcatcd　in　a　rcpctition　trial．　To　differentiatc　bctwccn　thcsc　two　possibnitics，

Bcrtclson（1965）introduccd　thc　inlbrmation－reduction　proccdurc．　In　this　proccdure

scvcral　stimuli　arc　mappcd　to　cach　of　scvcral　rcsponscs，　so　that　both　a　givcn　stimulus

and　rcsp（msc　arc　rcpcatcd（m　succcssivc　trials（hcrcinafter　callcdぶ1ご〃iulusπ㌘〔～’〃iθη）or

thc　samc　rcsponsc　is　rcpcatcd　without　rcpcating　thc　samc　stimulus（hcrcinaftcr　callcd

respo〃se　repeti”oη）．　Thcsc　conditions　arc　comparcd　with　thc　condition　in　which　ncithcr

stimulus　nor　rcsponse　is　rcpcatcd，　thus，　no　rcpct“ion　cffcct　is　cxpcctcd（hcrcinaftcr

callcd〃o〃repe’ご’↓θ〃）．　It　was　assumcd　that　if　thc　rcsponsc　rcpctition　showcd　a　dccrcasc

in　RT，　thcn　thc　rcpctition　cffcct　could　occur　auhc　stagc　of　rcsponsc　cxccution；if　only

thc　stimulus　rcpctition　showcd　a　dccrcasc　in　Rエthcn　thc　cffcct　should　bc　pcrccptual　or

ccntral　in　origin．

　　　　　　　Bcrtelson（1965）had　subjects　pcrform　a　two－choicc　task　in　which　two　even

digits（2　and　4）were　mapped　to　one　keyprcss　rcsponse　and　two　odd　digits（5　and　7）

were　mapped　to　the　other　keypress　rcsponse．　He　found　that　RTs　for　stimulus　repetition

　　　　　　　　　l

■
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and　response　repetition　were　approximately　equal　and　both　significantly　shorter　than　for

nonrepetition．　He　argued　that　the　repetition　effect　is　mainly　related　to　peripheral

response　processes．　Smith（1968）instructed　subj　ects　to　press　one　key　if　the　stimulus

was　either　a　digit　l　on　a　red　background　or　a　digit　20n　a　green　background，　and　the

othcr　key　ifthc　stimulus　was　eithcr　a　digit　l　on　a　grccn　background　or　a　digit　20n　a　red

background．　Undcr　thcsc　conditions，　RT　was　significantly　longer　for　rcsponse　rcpctition

than　for　nonrcpctition，　whercas　RT　was　significantly　shorter　for　stimulus　repctition　than

for　cithcr　rcsponsc　rcpctition　or　nonrcpctition．　Shc　concludcd　that　thc　origin　of　thc

rcpctition　cffcct　is　quitc　pcrccptual　or　ccntral．　Similar　findings　wcrc　also　reportcd　by

Pcckc　and　Stonc’s（1972），　using　color　stimuli　and　form　stimuli．　Rabbitt（1968）

pcrlbrmcd　an　expcrimcnt　in　which　thc　digits　mappcd　to　onc　kcyprcss　rcsponsc　wcrc

numcrically　highcr　than　thosc　mappcd　to　thc　othcr　kcyprcss　rcsponsc．　Hc　also

manipulatcd　thc　amount　of　practicc．　He　found　that　carly　in　practicc，　RT　for　stimulus

rcpctition　was　shortcr　than　RTs　lbr　both　responsc　rcpctition　and　nonrcpctition，　which

wcrc　not　significantly　dilTcrcnt　t’rom　cach　other．　This　finding　is　consistcnt　with　Smith’s

（1968）rcsult，　supporting　a　mainly　pcrccptual　locus　of　thc　rcpctition　cffcct．　Latcr　in

practicc，　howcvcr，　thc　samc　rcsults　as　Bcrtclson’s（1965）wcrc　obtaincd，　supporting　a

rcsponsc－rclatcd　locus　of　thc　rcpctition　cffcct．

　　　　　　　Thus，　thc　rcsults　of　carly　studics　on　thc　l（）cus　of　thc　rcpctition　cffcct　wcrc　so

contradict（、ry　that　clcar－cut　conclus　ions　wcrc　hardly　extractablc．　Thc　study　of　thc

rcpctition　cffcct　was　popular　lbr　about　10　ycars，　bcginning　in　1961，　but　intcrcst　wancd

during　thc　1980s．

Recent　Studie∫

　　　　　　　In　thc　carly　1990s，　thc　study　of　thc　rcpctition　cffcct　was　revivcd　by　thc

cmcrgcncc　of　Pashlcr　and　Baylis．　Thc　revival　may　havc　bccn　duc　to　devclopmcnts　in

thcorctical　rescarch　on　information　processing　stagcs　during　the　1980s．

　　　　　　　　　　　　　　　　　　　1
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　　　　　　　Pashler　and　Baylis（1991b）have　pointed　out　several　problems　on　early　studies

of　the　repetition　effect．　One　problem　is　related　to　the　logic　of　the　information－reduction

procedure．　The　assumption　made　in　the　early　studies　was　that　if　the　response　repetition

showed　a　dccrcasc　in　RT，　thcn　thc　repetition　effect　could　occur　at　the　stage　of　response

cxccution．　Anothcr　assumption　was　that　if　only　thc　stimulus　rcpetition　showed　a

dccrcasc　in　RT，　thcn　thc　cffcct　could　occur　at　thc　stagc　of　pcrccptual　processing．　Pashler

and　Baylis（1991b）argucd　thaいhc　latter　assumption　might　havc　bccn　mislcading，

bccausc　only　thc　stimulus　rcpctition　might　show　a　dccrcasc　in　RT　cvcn　if　thc　locus　of

thc　rcpctition　crfcct　was　at　rcsponsc　sclcction　intcrvcncd　bctwccn　pcrccptual　proccssing

and　rcsponsc　cxccution．　As　alrcady　mentioncd，　rcsponsc　sclcction　rcfcrs　to　thc

int’o　rm　ation　proccssing　in　which　thc　rcsponsc　associatcd　with　thc　prcscntcd　stimulus　is

sclcctcd．　Pashlcr　and　Baylis（1991b）argucd　thc　nccd　of　thc　cxpcrimcntal　dcsign　to

is（、1atc　1hc　contribution（、f　pcrccptual　proccssing　and　rcsponsc　sclcction．

　　　　　　　Asccond　pr（、blcm　is　rclatcd　to　thc　catcg（）rizabil“y　of　thc　stimuli　uscd　in　thc

int’ormation－rcduction　proccdurc．　Catcgorizability　rcfcrs　t（）thc　dcgrcc　to　which　thc

stimuli　sharc　mcmbcrship　in　a　common　conccptual　catcgory（c．g．，　Marcc1＆Forrin，

1974）．Early　studics　diffcrcd　in　thc　rcsults　obtaincd，　but　thcy　als（、　diffcrcd　in　thc

catcgorizability　of　thc　stimuli　uscd．　In　Bcrtclson’s（1965）cxpcrimcnt，　thc　digits　2　and　4

wcrc　mappcd　t白mc　rcsponsc　and　thc　digits．5and　7　wcrc　mappcd　to　thc　othcr　rcsponsc．

In　Rabbitt’s（1968）cxpcrimcnt，　thc　digits　mappcd　to　onc　rcsponsc　wcrc　numcrically

highcr　than　thosc　mappcd　to　thc　othcr　rcsponsc．　Both　of　thcsc　studics　found　significant

stimulus　and　rcsponsc　rcpct“ion　cffccts．　n　could　bc　that　Bcrtclson’s　and　Rabbiu’s

subjccts　catcgorizcd　thc　digits　as　cvcn　digits　vcrsus　odd　digits　or　low　dig“s　vcrsus　high

dig“s．　In　Smith’s（1968）cxpcrimcnt，　on　thc　othcr　hand，　thc　stimuli　uscd　hardly　sharcd

thc　mcmbcrship　in　a　common　conccptual　catcgory，　and　no　rcsponsc　rcpctition　cffcct　was

found．　Pashlcr　and　Baylis（1991b）argucd　that　if　thc　rcsponsc　rcpctition　cffcct　occurred

only　whcn　a　catcgorizable　mapping　of　stimuli　to　rcsponscs　was　used，　thc　cffect　might

rcncct　a　speedup　of　the　proccssing　bctwcen　a　stimulus　category　and　a　responsc　category

　　　　　　　　　　　　　　　　　　　　　　　　　‘
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rather　than　a　speedup　of　response　execution．

　　　　　　　Pashler　and　Baylis（1991b）proposed　five　possible　loci　of　the　repetition　effect

based　on　the　assumption　that　the　effect　originates　in　a　speedup　of　the　processing　at　the

relevant　stage（or　stages）when　the　repeated　event　reuses　the　same　processing　as　the

previous　trial．　Figure　l　presents　these　possible　loci　proposed　by　Pashler　and　Baylis

（1991b）・In　the　task　shown，　subjects　make　a　left　key　response　by　the　right　hand　to　any

lcttcr（lcttcr　a　or　letter　A）・

Stimulus

Category
Response
Category

Perceptual

Speedup

Categorization
　　　edup

tt　tt

a

Highest
kiik

Response
Rx；Cts’°：、

　　　　　right　index

　　　　　　fin

Response　Selection　Shortcut

Figure　l，Possible　loci　for　repetition　effects　proposed　by　Pashler　and　Baylis（1991b）．

　　　　　　The　firs“wo　hypotheses　are　rclatcd　to　the　stage　ot：　stimulus　identification．　First，

the　repetition　effect　might　originate　in　the　perceptual　processing　between　percept　and

stimulus　idcntification（the　pcrccptual　speedup　hypothesis）．　If　this　hypothesis　is　correct，

then　the　repetition　effect　should　occur　only　when　the　same　physical　stimulus　is　repeated

（e．g．，　letter　a　and　letter　a）．　Thus，　this　hypothesis　predicts　that　the　repetition　effect　should
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be　found　only　for　the　stimulus　repetition，　regardless　of　whether　the　stimuli　used　are

categorizable　or　noncategorizable．　Second，　the　effect　might　originate　in　the　processing

of　stimulus　categorization　as，　for　example，　letters　or　digits（the　categorization　speedup

hypothcsis）．　If　this　hypothcsis　is　corrcct，　thcn　thc　rcpctition　cffect　should　occur　to

diffcrcnt　instanccs　of　thc　samc　charactcrs（c．g．，1cucr　a　and　leucr　A）．　Thus，　this　prcdicts

thaUhc　rcpctition　cffcct　should　bc　obscrved　for　both　stimulus　and　rcsponsc　rcpctitions

only　whcn　thc　stimuli　uscd　arc　catcgorizablc．

　　　　　　　Scvcral　furthcr　hypothcscs　arc　rclatcd　to　thc　stagc　of　rcsponsc　sclcction．　Onc

possib川ty　is　that　thc　e　11’cct　might　arise　from　thc　proccssing　bctwccn　thc　stimulus

catcgory　and　thc　rcsponse　catcgory（the　highest　link　hypothcsis）．　If　this　hypothcsis　is

c（、rrcct，　thcn　thc　rcpctition　cf1’Cct　should　occur　cvcn　whcn　rcpcatcd　rcsponscs　sharc　thc

samc　rclativc　spatial　rclations（c．g．，　lcft　kcyprcss　rcsponscs　with　thc　right　hand　and　thc

lcft　hand）．　Thus，　this　also　prcdicts　that　the　repetition　cffcct　should　bc　obscrvcd　for　both

stimulus　and　rcsp（msc　rcpctiti（ms（mly　whcn　the　stimuli　uscd　arc　catcgorizablc．　Anothcr

possibility　is　that　thc　cff¢ct　might　bc　located　in　thc　proccssmg　bctwccn　thc　stimulus

idcntit’icati《）n　and　thc　rcsponsc　（thc　rcsponsc　sclcction　shortcut　hypothcsis）．　If　this　is

c（、rrcct，　thc　rcpctition　cffcct　should《、ccur　only　whcn　thc　samc　physical　stimulus　and　thc

samc　rcsponsc　arc　rcpcatcd．　Thus，　this　hypothcsis　prcdicts　that　thc　rcpctition　cffcct

should　bc　lbund　only　lbr　thc　stimulus　rcpctition，　rcgardlcss　of　whcthcr　thc　stimuli　uscd

wcrc　catcgorizablc（、r　noncatcgorizablc．

　　　　　　　Finally，　thc　rcpct“i（m　cffcct　might　originatc　in　cxccution　of　motor　rcsponsc（thc

rcsponsc　cxccution　spccdup　hypothcsis）．1f　this　is　c（）rrcct，　thc　rcpctition　cffcct　should

occur　only　whcn　thc　samc　motor　rcsponscs　arc　rcpcatcd．　Thus，　this　prcdicts　thauhc

rcpctition　cffcct　should　bc　obscrvcd　for　both　stimulus　and　rcsponsc　rcpctitions，

rcgardlcss　of　whcthcr　thc　stimuli　assigncd　t（、　a　rcsponsc　wcrc　catcgorizablc　or

n（、ncatcg（、rizablc．

　　　　　　　To　tcst　thcsc　altcmativc　hypothcscs，　Pashlcr　and　Baylis（1991b）conductcd　a

scrics　of　cxpcrimcnts　using　Bcrtclson，s（1965）infbrmation’rcduction　procedurc．　In　their
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experiments，　letters，　digits，　or　symbols　such　as＆and＃were　used　as　stimulus　categories，

and　were　mapped　to　left，　middle，　and　right　keypress　responses　by　the　right　hand　in

either　a　categorizable　or　noncatcgorizable　mapping．　For　the　noncategorizable　mapping，

onc　lcttcr　and　one　digit（e．g．，　letter　P　and　digit　4）were　assigncd　to　each　of　the　responses．

For　thc　categorizable　mappings，　on　thc　other　hand，　the　stimuli　belonging　to　the　same

catcgory（c・g・，　lctter　P　and　lettcr　V）wcrc　assigncd　to　cach　of　the　rcsponses・

　　　　　　　Pashlcr　and　Baylis（1991b）f（川nd　no　rcsponsc　rcpctition　effects　whcn　a

noncatcgorizablc　mapping　was　uscd（Experiment　1）．　Whcn　a　catcgorizcd　mapping　was

uscd，　somc　bcncfit　for　thc　rcsponsc　repctition　was　found（Expcriment　2　and　3）．

Howcvcr，　thc　sizc　of　rcsponsc　rcpctition　effect　was　too　smallcr　compared　with　that　of

thc　stimulus　rcpctition　cffcct．　Both　mapping　cond“ions　showcd　dramatic　stimulus

rcpctiti（m　cffccts．　Thcsc　findings　wcrc　not　consistcnt　with　thc　rcsponsc　cxccution

spccdup　hypothcsis．　Il’this　hypothcsis　wcrc　corrcct，　thc　rcpctition　clTcct　should　havc

occurrcd　only　w“h　trials　involving　thc　same　motor　rcsponscs，　rcgardlcss　of　whcthcr　thc

stimuli　uscd　wcrc　catcgorizablc　or　noncategorizablc．　Thcsc　llndings　did　not　also　support

both　（、f　thc　catcgorization　spccdup　hypothcsis　and　thc　highcst　link　hyp（、thcsis．

Acc（、rding　t（、　thcsc　hypothcscs，　thc　rcsponsc　rcpctition　cffcct　sh（、uld　havc（）ccurrcd　only

whcn口tcg（、rizablc　mappings　wcrc　uscd．　This　was　nonhc　casc．　In　thc　cxpcrimcnt　4，

thcy　cxamincd　whcthcr　thc　rcsponsc　rcpctition　cffcct　occurrcd　to　diffcrcnt　instanccs　of

thc　samc　chamctcrs（c．g．，1cttcr　a　and　lcttcr　A）．　A　rcmarkablc　rcpctition　cfl’cct　was　Ibund

only　lbr　thc　stimulus　rcpctiti（m，　again　spcaking　against　thc　catcg（、rization　spccdup

hypothcsis．　Thcy　argucd　that　thc　rcpctition　cffcct　originatcs　in　pcrccptual　pr（）ccssing

bctwccn　pcrccpt　and　stimulus　idcntification（thc　pcrccptual　spccdup　hypothcsis）or　thc

proccssing　from　thc　stimulus　idcntificati（）n　all　thc　way　to　thc　rcsponsc（thc　rcsponsc

sclcction　shortcut　hypothcsis）．　To　tcst　thcsc　possibilitics，　thcy　cxamincd　what　happcns

whcn　thc　samc　physical　stimulus　is　rcpcatcd　on　succcssivc　trials，　but　with　different

rcsponscs　to　bc　sclcctcd（i．e．，　odd　trials　rcquirc　vocal　rcsponscs　and　cvcn　trials　rcquire

kcyprcss　rcsponses）．　It　was　assumcd　that　if　thc　rcpctiti（）n　cffcct　occurs　when　the　same
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physical　stimulus　and　the　same　response　are　repeated　as　suggested　by　the　response

selection　shortcut　hypothesis，　a　change　in　the　response　modality　should　abolish　the

effect；on　the　other　hand　if　the　repetition　effect　occurs　only　when　the　same　stimulus　is

rcpcatcd　as　suggcstcd　by　the　perceptual　speedup　hypothesis，　the　effect　should　persist．

Thc　rcpctition　cffect　was　complctely　abolishcd，　supporting　thc　response　selection

shortcut　hyp（ハthcsis（Expcrimcnt　6）．　Furthcrmorc，　thcy　cxamincd　whcthcr　thc　rcpctition

ctTccl　lransfcrs　to　thc　rcsponscs　w油　thc　samc　rclativc　spatial　rclations　in　thc

cxpcrimcnt　in　which　kcyprcss　rcsponscs　are　exccutcd　with　altcrnating　hands，　undcr　thc

condition　of　thc　noncatcgorizablc　mapping（Expcrimcnt　7）．　Thc　rcpctition　cffcct　was

nciirly　climinatcd．　C（）nscqucnlly，　Pashler　and　Baylis（1991b）conc】udcd　thal　thc

rcpctition　cffcct（、ccurs　only　whcn　thc　same　physical　stimulus　and　thc　samc　rcsponsc　arc

rcpcatcd，　thauhc　cffcct　is　localizcd　in　thc　stagc　of　rcsponsc　sclccti（）n，　and　thauhc　cffcct

is　duc　t（ハbypassing（ハf　thc　proccssing　of　the　responsc　sclccti《）n．

　　　　　　　Campbcll　and　Proctor（1993）argucd　that　Pashlcr　and　Baylis　（1991b）

undcrcstimatcd　thc　contributi（、n（、f　thc　rcsponsc　rcpctition　obscrvcd　w“h　catcgorizablc

mapping：　，　Pas　hlcr　and　Baylis（1991b）rej　cctcd　b（）th　thc　ca｛cgorizati（ハn　spccdup

hyp《、thcsis　and　thc　highcst　link　hypothcsis　on　thc　basis（、f　thcir　t’ailurc　t（、1’ind　thc

rcsponsc　rcpctition　cffcct　of　cquivalcnt　magnitudc　to　thc　stimulus　rcpctition　cffcct．　As　a

mattcr　of　fact，　h（、wcvcr，　in　somc（、r　thcir　cxpcrimcnts，　thcrc　was　a　small　bcnct’it　t’or　thc

rcsponsc　rcpctition　comparcd　with　thc　nonrcpctition　only　whcn　catcgorizablc　mappings

wcrc　uscd．　Campbcll　and　Proctor（1993）argucd　thauhis　might　havc　suggcstcd　somc

involvcmcnt　of　thc　stimulus　catcgorization　and　thc　highcst　link　in　producing　thc

rcsponsc　rcpctition　cffcct．　To　confirm　thcsc　possibilitics，　thcy　rcplicatcd　Pashlcr　and

Baylis’s（1991b）Expcrimcnt　l　and　2．　Thcy　found　a　rcmarkablc　stimulus　rcpctition

cffcct　for　both　thc　catcg（、rizablc　mapping　and　thc　noncatcg（、rizablc　mapping．　A　small

but　a　significant　rcsponsc　rcpctition　cffcct　was　found，　but　only　whcn　catcgorizablc

mappings　wcrc　uscd．　Thcsc　rcsults　wcrc　consistcnt　with　thosc　of　Pashlcr　and　Baylis

（1991b）．　Campbcll　and　Proctor（1993）also　conducted　expcriments　in　which　rcsponses
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changed　on　alternating　trials　under　the　conditions　of　categorizable　mappings．　In　one

experiment，　thcy　had　subjects　perfbrm　the　task　with　their　hands　placed　orthogonal　to

each　other，　and　the　stimulus　categories　mapped　to　different　fingers　of　the　hands（e．g．，　on

odd　trials，　keypress　responses　were　with　the　index　finger　of　the　horizontal　left　hand，　and

on　even　trials，　keypress　responses　were　with　the　middle　finger　of　the　vertical　hand）．

Thus，　altcrnating　rcsponscs　sharcd　ncithcr　relative　spatial　location　nor　effector．　Under

thcsc　conditions，　thc　stimulus　and　rcsponse　repctition　effects　vanishcd　completcly．　This

rcsult　argucd　against　thc　catcgorization　speedup　hypothcsis　that　the　repctition　cffcct

occurs　to　catcgorizcd　stimuli，　rcgardless　of　whcthcr　thc　rcpcatcd　responscs　werc　the

samc　or　not．　In　anothcr　expcrimcnt，　they　had　subjccts　pcrfbrm　thc　task　with　thcir　hands

placcd　horizontaHo　cach　othcr，　and　thc　stimulus　catcgorics　mappcd　to　thc　samc　fingcrs

of　thc　hands（c．g．，　on　odd　trials，　kcypress　responscs　wcrc　with　thc　indcx　fingcr（）f　thc

horizontal　lcft　htmd，　and　on　cvcn　trials，　keypress　rcsponscs　with　thc　indcx　fingcr　of　thc

horizontal　hand）．　Thus，　altcrnating　rcsponses　wcrc　similar　with　rcspcct　t（）rclative

spatial　location　and　cffcctor．　Thc　cfl’cct　of　the　stimulus　rcpctition　was　dccisivc．　Howcver，

asmall　but　a　significant　responsc　rcpctition　effect　was　fo皿d．　This　rcsult　was　consistcnt

with　thc　prcdiction　of　thc　highcst　link　hypothcsis　that　thc　rcsponsc　rcpctition　cffcct

（、ccurs　to　stimuli　bc1（mging　t（、　thc　samc　catcgory　and　rcsponscs　sharing　thc　samc

rclativc　spatial　location　and　cffcctor．　Conscqucntly，　Campbcll　and　Proctor（1993）

concludcd　that　thc　rcpctition　cffcct　is　l（）calizcd　in　thc　stagc　of　rcsponsc　sclcction，　as

wcll　as　Pashlcr　and　Baylis’s（1991b）did．　Thcy　also　argucd　that　thc　rcpctition　cffcct　is

prcdominantly　duc　to　bypassing　of　thc　proccssing（）f　thc　rcsponsc　sclcction，　but　is　partly

duc　to　a　spccdup　of　thc　sclcction　of　a　rcsponsc　catcgory　only　whcn　thc　mapping　of

stimuli　to　rcsponscs　is　catcgorizablc．　As　shown　by　thc　prcvious　studics　and　as　Campbcll

and　Proctor（1993）acknowledgcd，　howcver，　thc　sizc　of　thc　rcsponsc　rcpctition　cffcct（as

suggestcd　by　thc　highcst　link　hypothcsis）was　far　too　small　to　explain　a　substantial

rcpctition　cffcct．　Thcrc　arc　some　rcports　that　thc　rcsponse　rcpctition　cffect　is　easier

observcd　later　in　practice　than　early　in　practicc（Pashler　and　Baylis，1991a；Rabbitt，



16

1968）．This　might　suggest　that　the　amount　of　practice　is　a　key　factor　that　determines　the

contribution　of　the　highest　link　to　producing　the　repetition　effect．

　　　　　　　However，　this　is　not　the　whole　of　the　story．

◆

　　　　　Another　Possible　Locus　of　Repetition　Effccts：Response　Programming　Stage

　　　　　　　Pashlcr　and　Baylis’s（1991b）and　Campbcll　and　Proctor’s（1993）studics

consistcntly　rcj　cctcd　thc　rcsponsc　cxccution　hypothcsis　that　thc　rcpctition　cffcct　is

locatcd　in　thc　stagc　ol’thc　cxccution　of　motor　responsc．　Sincc，　as　did　Smith（1968），　thcy

also　rcgardcd　thc　proccss　of　thc　rcsponse　cxccution　as　thc　pcriphcral　onc，　thcy

c（、ncludcd　that　thc　rcpctition　cffcct　is　ccntral　not　pcriphcral，　in　origin．

　　　　　　　Thcrc　is，　howcvcr，　anothcr　ccntral　proccss　associatcd　with　thc　prcparation　of

rcsponsc，　which　occurs　aftcr　rcsponsc　sclcction　and　prcccdcs　thc　cxccution　ol’mot（ハr

rcsponsc．　This　proccss　is　commonly　rcfcrrcd　to　as　resΨθnse　pr’ogγammin8（c．g．，　Klapp，

1995；Martcniuk＆MacKcnzic，1980；Schmidt＆Lcc，1999）．　Rcsponsc　programming

is　dcrincd　as　morc　dctailcd　spcci1’ication　of　thc　rcsponsc　codc　th三tt　was　cstablishcd

during　rcsponsc　sclcction（c．g．，　Kcclc，1986；Klapp，1996；Roscnbaum，1991；Sandcrs，

1998；Schmidt＆　Lcc，1999）．　Thc　spccificalion　conccrns　kincmatic　or　kinctic

paramctcrs　such　as　spccd　and　duration　of　movcmcnt，　and　its　rcsultant　rcprcscntation　is

rc　t’c　rrcd　to　as　thc　mθtor　program（c．g．，　Hcnry，1980；Kcclc，1968；Zclaznik＆Hahn，

1985）．Thc　motor　program　is　an　abstract　rcprcscntation　and　docs　not　contain　thc

instructions　t（・spccillc　musclcs．

　　　　　　　Although　thc　tcrms　setection　and　I）ro8，’・amming　arc　somctimcs　uscd　as　if　thcy

arc　cquivalcnt，　thcy　can　bc　distinguishcd　in　tcrms　of　thc　typc（）f　RT　paradigm　uscd　to

study　thcm．　In　thc　study　ot’rcsponsc　sclcction，　thc　indcpcndcnt　variablc　involvcs

rcsponsc　皿ccrtainty　or　stimulus－rcsponsc　compatibility，　or　both．　Thcsc　can　bc

manipulatcd　by　wlrying　thc　numbcr　of　altcrnativcs　rcsponscs（c．g．，　Hick，1952；Hyman，

1953）or　by　varying　thc　cxtcnt　of　thc　simplicity　of　thc　mapping　of　stimuli　to　rcsponses
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（e．g．，　Fitts＆Deininger，1954；Fitts＆Secger，1953）．　By　contrast，　the　experimcntal

approach　common　in　research　on　response　programming　is　to　vary　the　parameters（e．g．，

movement　direction，　movement　duration）that　define　a　movement　and　then　observe　the

consequences　of　these　manipulatjons　on　RT．　When　perceptual　and　nonmotoric　selection

processes　are　held　constant，　differcnccs　in　RT　are　thought　to　reflect　the　complexity　of

the　programs　for　the　diffcrent　rcsponscs；more　complicated　movements　require　more

claboratc　motor　programs，　which　in　turn　takc　longer　t（）preparc．

　　　　　　　Hcnry　and　Rogers（1960）wcrc　among　the　first　to　provide　cvidence　for　motor

programming　using　this　logic．　Thcy　had　the　subj　ccts　makc　thrcc　diffcrcnt　tasks　that

varicd　in　thc　complcxity　of　thc　movcment　whilc　kccping　thc　stimulus　and　rcsponsc

altcrnativcs　and　stimulus－rcsponsc　mapping　constant．　Thc　firsいask　was　to　mcrcly

rclcasc　a　rcsponsc　kcy　as　quickly　as　possiblc　aftcr　a　starting　signal．　Thc　sccond　task　was

first　to　rclcasc　thc　kcy　to　thc　starting　signal　as　quickly　as　possiblc　and　thcn　to　grasp　a

ball　hanging　from　a　string．　In　thc　third　task，　thc　firs“wo　movcmcnts　wcrc　thc　samc　as

for　thc　sccond　task，　but　a　third　movcmcnt（striking　thc　sccond　ba11）was　addcd，　It　should

bc　notcd　hcrc　that　thc　stimulus　and　rcsponsc　altcrnativcs　and　stimulus－rcsponsc

mapping　wcrc　hcld　constant　so　that　thc　proccssing　timc　in　thc　stimulus・idcntification

and　rcsponsc・・sclcction　stagcs　should　bc　thc　samc；thc　only　variation　was　in　thc　naturc　of

thc　movcmcnしHcnry　and　Rogcrs（1960）fbund　thc　RT　to　rclcasc　thc　kcy　ancr　thc

starting　signal　incrcascd　as　thc　complcxity　of　thc　movcmcnt　incrcascd．　Thcy　argucd　that

thc　incrcascd　RT　was　duc　to　an　incr口scd　amount　of　timc　rcquircd　to　program　thc

movcmcnt　in　thc　rcsponsc－programming　stagc．

　　　　　　　Fd1（wing　thc　scminal　work　of　Hcnry　and　Rogcrs（1960），　thcir　vicw　of　thc

motor　program　has　bccn　widcly　supp（、rtcd　in　many　studics　in　which　thc　rcsponsc

complcxity　was　manipulatcd　by　varying　numbcr　of　scqucncc　clcmcnts（Canic＆Franks，

1989；Chambcrlin＆Mag川，1989；Chris加a＆Rosc，1985；Christina，　Fischman，

Lambcrt，＆Moorc，1985；Christina，　Fischman，　Vcrcruysscn，＆Anson，1982；Fischman，

1984；Garcia－Colera＆Semjcn，1987；Norric，1974；Stcrnbcrg，　Monsell，　Knol1，＆
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Wright，1978），　movemcnt　duration（Klapp，1975；Klapp＆Erwin，1976；Klapp＆

Rodriguez，1982；Quinn，　Schmidt，　Zelaznik，　Hawkins，＆　McFarquhar，1980），

movement　extent（Quinn，　et　al・，1980），　movement　direction（Fitts＆Peterson，1964），

duration　of　force（Baba＆Marteniuk，1983；Ivry，1986；Siegel，1988），　movement

accuracy（Glencloss，1973；Klapp，1975；Quinn　et　a1．，1980），　sequential　hand　posture

（Harrington，＆Haaland，1987），　or　similarity　of　sequence　clcmcnts（Garcia－Colera＆

Scmj　cn・1988；Ito，1997；KlapP＆Wyatt，1976；Scmjcn＆Garcia－Colera，1986）．

　　　　　　　nhas　bccn　pointcd　ouUhat　simplc　RT　should　n（）t　ncccssarily　dcpcnd　on　thc

rcsponsc　complcxity　to　follow　bccausc　su切ects，　knowing　thc　rcquircd　responsc　bcfbrc

thc　star加g　signal　is　prcscntcd，　might　carry　out　programming　in　advancc　of　thc　simplc－

RT　intcrval（c．g．，Anson，1982；Klapp，1980）．　Howcvcr，　simplc　RT　has　bccn　found　to　bc

scnsitivc　to　thc　cffcct　of　rcsponsc　complcxity　in　thc　albrcmcntioncd　studics．　Thcsc

伽dings　suggcsUhat　somc　programming　is　dclaycd　until　aftcr　thc　signal　to　rcspond，

cvcn　though　subjccts　know　thc　rcquircd　rcsponsc　bclbrc　thc　signa日s　prcscntcd．　TWo

possiblc　rcasons　lbr　this　dclay　havc　bccn（、1’fcrcd．　First，　constructing　a　mot（、r　program

might　automatically　lcad　to　rcsponsc　cxccution．　If　thc　programming　proccss　t（）ok　placc

bcforc　thc　signal，　subjccts　would　rcspond　crroncously　on　catch　trials．　T（）avoid　this，

programming　must　waiuhc　signa1（Stcrnbcrg，　Monscll，　Knd1，＆Wright，1978）．　Thc

sccond　rcason　is　that　a　constructcd　motor　program　storcd　in　a　motor　output　buffcr　might

bc　subjcc日o　rapid　dccay，　in　which　casc　thc　motor　program　would　havc　to　bc　sct　up

immcdiatcly　bclbrc　usc（c．g．，　Canic＆Fr｝mks，1989；no，1991；Stcrnbcrg　ct　aL，1978；

Vcrwcy，1994）．

　　　　　　　Altcrnativc　modcls　of　mok、r　programming　havc　bccn　proposcd　to　account　for

thc　rcsponsc　programming　proccss．　Thcsc　m（）dcls　assumc　that　an　abstract　rcprcscntation

of　thc　movcmcnt　scqucnce（i．c．，　motor　program）is　rctricvcd　from　long－term　mcmory

and　is　thcn　tcmporarily　stored　as　a　subprogram　in　a　shor卜tcrm　motor　output　buffcr　just

bcrorc　cxccution．　Onc　modcl　cxplains　thc　rcsponsc－complcxity　cffcct　in　terms　of　the

diffcrcncc　in　thc　timc　needed　to　rcad　thc　motor　program　from　long－term　memory　into　a
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short－term　motor－output　buffer（Klapp，1976）．　A　second　model　attributes　thc　effect　to

the　difference　in　the　time　needed　to　edit　the　program　while　it　is　in　the　buffer

（Roscnbaum，　Hindorff，＆Munro，1987；Rosenbaum，　Inhoff，＆Gordon，1984）．　A　third

modcl　attributes　the　rcsponse・・complexity　effect　to　the　difference　in　the　time　required　to

scarch　thc　buffcr　for　the　subprogram　that　controls　the　first　element　of　the　movement

（Stcrnbcrg　ct　aL，1978）．　In　gcncra1，　thc　first　modcl　cxplains　wcll　thc　rcsponsc－

complcxity　cffcct　in　thc　task　using　wcll－lcarncd　movcmcnts．　Thc　sccond　modcl

accounts　wcll　for　thc　cffcct　in　thc　task　using　thc　choicc－RT　paradigm　and　longcr

movcmcnt　scqucncc．　Thc　third　modcl　cxplains　wcll　thc　cffcct　in　thc　task　using　the

simplc　RT　paradigm．

　　　　　　　All　thcsc　modcls　hold　thc　common　vicw　thauhc　motor　program　is　an　abstract

rcprcscntation　i川hc　scnsc　thauhc　motor　command　can　bc　cxccutcd　by　any　appropriatc

gmups　of　musclcs，　and　docs　not　con白m　thc　instructions　to　spccmc　musclcs　invdvcd　in

movcmcnt　cxccuti（m．　For　cxamplc，　Klapp（1977）lbund　that　su　bj　ccts　bcncfitcd　in　thc

RT　fr《）m　adwmcc　inn、rmation　about　thc　duration　of　a　forthcoming　rcsponsc　cvcn　ifthcy

did　mt　know　which　musclcs　would　bc　uscd　to　pcrlbrm　iしHcucr（1982）showcd　that

cho《、sing　bclwccn　right－and　lcn－h三md　movcmcnts　is　quickcr　ifthc　movcmcnts　havc　thc

samc　spatial　t’orm　th｝m　if　thcy　havc　diffcrcnt　s，　patial　lbrms．　Thcsc　rindings　lcnd　str（）ng

support　l、）r　thc　abstract　conccpt　of　thc　molor　pr（）gram．

　　　　　　　Dcspitc　a　gr口t　dcal　of　cvidcncc　t’or　thc　cxistcncc　of　rcsponsc　programming　and

moいr　pmgram，1“tlc　has　bccn　kn（wn　about　whcthcr　thc　rcpctiti（m　cffcct　is　rclatcd　to

rcsp《msc・programming　proccss．　This　rcason　may　havc　bccn　duc　t（、　thc　fac“hat　just　as

most　sport　psych《）logists　who　studicd　thc　proccss　of　motor　prcparation　did　not　takc　an

intcrcst　in　thc　rcpc山ion　cffcct，　most　cogn“ivc　psychologists　who　studicd　thc　rcpctition

cffcct　did　noUakc　an　intcrcst　in　thc　proccss　of　motor　prcparation．　Thc　prcscnt　doctoral

rcscarch　was　thcrclbrc　conductcd　to　cxaminc　thc　possibility　thauhc　rcpct▲ti（）n　cffcct

occurs　anhc　stagc　of　rcsponsc　programming．　In　thc　ncxt　chaptcr，　four　cxpcrimcnts

conductcd　to　tcst　this　hypothcsis　will　bc　dcscribcd．



CHAPTER　3

REPETITION　EFFECT　Ar　STAGE　OF　RESPONSE　PROGRAMMING

　　　　　　　As　mcntioncd　in　Chaptcr　2，　rcccnt　studics　on　thc　rcpctition　cffcct　havc　bccn

consistcntly　shown　thauhc　cffcct　is　1（）calizcd　in　thc　stagc　ol’rcsponsc　sclcction　and　is

mainly　duc　lo　bypassing（、f　thc　pmccssing　of　thc　rcsponsc　sclcction（Campbcll＆

Proctor，1993；Pashlcr＆Baylis，1991b）．　n　sccms　thauhis　conclusion　lcavcs　no　room

for　doubt．　Howcvcr，　in　sp“c　of　thc　abundant　cvidcncc　lbr　rcsponsc　programming，　any

studics　havc　not　bccn　conductcd　t（、　tcst　thc　hypothcsis　that　thc　rcpcthion　cffcct（、ccurs　at

thc　stagc《）f　rcsp《msc　programming．　In　thc　prcscnt　chaptcr，　thc　rclatkm　of　thc　rcpctili（m

cffcctξmd　lhc　rcsponsc　programming　is　cxamincd　by　conducting　four　cxpcrimcnts．　Onc

way　to　tcs“his　hyp《）thcsis　is　to　cx三1minc　what　happcns　on　thc　RT　whcn　thc　similarity　o1’

scrial　rcsponscs　is　manipulatcd．　Thc　tcrm　sim〃ar妙is　uscd　hcr田（、　rc1どr　t（、　thc　dcgrcc　to

which　scrial　rcsponscs　rcscmblc　cach　othcr　in　thcir　l’orcc－timc　pattcrns（kinctic　pattcrns），

or　morc　spccifically，　rcpcatcd　rcsp《mscs　rcscmblc　m　thcir　mot（、r　programs．　In　thc

prcscnt　study，　thc　similarity　ofscrial　rcsponscs　was　manipulatcd　by　rcquiring　subjccts　t（、

producc　a　scqucncc　th2，1t　was　compriscd　of　thc　samc（、r　diffcrcnt　rcsponscs　in　thcir　forcc－

timc　pattcrns．　Onc　possiblc　prcdiction　is　that　rcpeating　thc　samc　rcsponsc　may　lcad　to　a

spccdup　or　bypassing（）f　thc　rcsponsc　programming　bccausc　thc　mot（ハr　program　for　thc

prcccding　rcsponsc　could　bc　rcuscd　for　thc　ncxt　rcsponsc．　Ifthis　account　is　corrcct，　thcn

thc　rcpctition　cfrcct　should　bc　1’ound　for　all　thc　conditions　of　thc　stimulus　rcpctition，　thc

rcsponsc　rcpctition　and　nonrcpctition，　rcgardlcss　of　whcthcr　thc　stimuli　uscd　wcre

catcgorizablc　or　noncatcgorizablc．　Thc　rcason　thc　rcpctiti（m　clfcct　would　bc　found　cvcn

in　thc　nonrcpctition　can　bc　cxplaincd　by　thc　fac“hauhc　motor　program　can　apply　to　thc
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movements　by　any　appropriate　group　of　muscles（e．g．，　Heuer，1982；Klapp，1977）．

When　different　responses　are　repeated，　on　the　other　hand，　no　benefit　should　arise　from

response　programming　because　the　motor　program　for　the　preceding　response　could　be

not　reused　for　the　next　response．　Thus，　the　same　results　as　those　obtained　by　Pashler　and

Baylis（1991b）and　Campbell　and　Proctor（1993）would　be　expected．

　　　　　　　The　experimental　procedure　used　here　was　basically　identical　to　that　uscd　by

Pashler　and　Baylis（1991b），　in　that　it　used　an　information－reduction　proccdurc　with

multiple　stimuli　mappcd　to　each　of　multiplc　responscs．　Howcvcr，　thcrc　wcrc　two

exccptions．　First，　as　mcntioncd　abovc，　thc　similarity　of　scrial　rcsponscs　wcrc

manipulatcd．　Second，　not　only　a　choicc　RT　paradigm　but　also　a　simplc　RT　paradigm

was　adoptcd．　During　simplc　RT，　rcsponsc　sclcction　is　not　nccdcd　bccausc　subjccts　know

thc　requircd　rcsponsc　bct’orc　thc　starting　signal　is　prcscntcd．　Thus，　ifthc　rcpctition　cfl’cct

wcrc　found　in　a　simplc　RT　paradigm，　thcn　thc　cffcct　should　rctlcc“hc　contribution　of

thc　rcsponsc　programming　rathcr　than　that（）f　thc　rcsponsc　sclccti（m．　Howcvcr，　no

rcscarchcrs　havc　bccn　trying　to　cxaminc　thc　rcpctition　cffcct　in　thc　simplc　RT　paradigm．

Third，皿1ikc　Pashlcr　and　Baylis’s　proccdurc，　scrial　rcsponscs　wcrc　compriscd（、f　thc

two　of　thc　first　and　sccond　rcsponscs．　In　this　casc，　thc　rcpctition　cffcct　should　bc

cxpcctcd　t’or　thc　scc（）nd　rcsponsc，　but　not　for　thc　first　rcsponsc．　This　is　bccausc　thcrc　is

no　prcccding　rcsponsc　for　thc　first　rcsponsc．　Sincc　Pashlcr　and　Baylis（1991b）bclicvcd

that　no　rcpctition　cfl’cct　should　bc　found　for　thc　nonrcpctiti（m　condition，　thcy　mcrcly

asscsscd　thc　rcpctition　cffcct　by　comparing　b（、th　thc　stimulus　rcpctition　and　thc　rcsponsc

rcpct“ion　with　thc　n（）rcpctition，　on　thc　basis　of　thc　RT　data　from　fifty　scrial　rcsponscs．

Howcvcr，　if　thc　rcpctitkm　cf1’cct　wcrc　found　cvcn　f（、r　thc　nonrcpc山ion　condition，　thcir

proccdurc　would　makcs　it　impossiblc　to　obscrvc　a　bcncficial　cffcct，　if　any，　for　thc

nonrcpctition　condition．　Thus，　in　thc　prcscnt　cxpcrimcnts　thc　rcpctition　cf1’cct　was

cvaluatcd　not　only　by　comparing　diffcrcnccs　in　thc　RT　among　the　threc　rcpctition

conditions　but　also　by　comparing　diffcrcnccs　in　thc　RT　bctwecn　the　first　and　the　second

responses・
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　　　　　　　All　serial　responses　used　in　this　study　were　rapid　force－production　response．

They　were　perfbrmed　isometrically　by　squeezing　a　handle　with　a　strain　gauge．　Subjects

were　required　to　react　and　produce　a　designated　peak　force　by　squeezing　the　handle　as

quickly　and　accurately　as　possible　after　the　presentation　of　a　reaction　signal．　The

designated　peak　force　was　300r　50％of　the　maximum　of　isometric　grip　strength　of　each

subject．　Recent　studies　on　response　programming　have　focused　on　the　kinetic

parameters　such　as　magnitude　and　duration　of　isometric　force　rather　than　the　kinematic

paramctcrs　bccausc　kinematic　variation　is　prcdominantly　a　function　of　thc　preccding

kinctic　variation（Marteniuk＆MacKenzic，1980）．　Morcovcr，　as　suggested　by　Ivry

（1986），thc　isomctric　force－production　rcsponsc　secms　suitcd　to　thc　investigation　of

programming　for　scrial　responscs　sincc　isometric　contractions　arc　rclativcly　invariant

movcmcnts，　and　thus　arc　not　confoundcd　with　extcnt　or　dircction　of　movcmcnt．　Various

forcc－timc　paramctcrs　associatcd　with　cach　forcc　production　wcrc　rccordcd　to　asscss

whethcr　subjccts　wcrc　able　to　mcct　thc　task　constraints　imposcd　by　thc　cxpcrimcnts．

　　　　　　　Expcrimcnt　l　cxamincd　whcthcr　varying　forcc　magnitudc　intlucnccs　thc　RTs　in

both　simplc　and　choicc　RT　paradigms．　Expcrimcnt　2　cxamincd　thc　cffcct（）f　thc

similarity　ot’　scrial　rcsponscs　on　rcpctitions　with　a　noncatcgorizablc　mapping　in　a　choicc

RT　paradigm．　Expcrimcnt　3　cxamincd　thc　cffcct　of　thc　similarity　of　scrial　rcsponscs　on

rcpctitions　with　a　catcgorizablc　mapping　in　a　choicc　RT　paradigm．　Finally，　Expcrimcnt

4cxamincd　thc　cffcct　of　thc　similarity　of　scrial　rcsponscs　on　rcpctitions　with　a

noncatcgorizablc　mapping　in　a　simplc　RT　paradigm．

Expcrimcnt　l

　　　　　　　In　Expcrimcnt　2　to　4，　subjccts　arc　rcquircd　to　pcr正brm　a　scrial　force　response　of

300r　50％of　thc　maximum　of　isomctric　grip　strcngth　of　cach　subject．　If　varying

magnitude　of　force　influcnccs　thc　RT　rcquircd　to　initiatc　thc　rcsponsc，　howcver，　thc

rcpetition　effcct　is　confoundcd　with　thc　cffcct（）f　forcc　magnitude．　Therefbre，
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Experiment　l　was　conducted　to　examine　whether　varying　the　magnitude　of　force

required　to　perfbrm　an　isometric　response　influences　simple　or　choice　RT，　or　more

specifically，　whether　programming　a　desired　force　requires　a　constant　amount　of　time　or

not．1n　addition，　since　Experimcnt　2　to　3　also　examincs　the　rcpctition　effcct　undcr　the

condition　in　which　subjccts　arc　pcrmittcd　to　cxcrt　forcc　frecly，　anothcr　purposc　of　the

first　cxpcrimcnt　was　to　comparc　RT　for　cxpcrimcntcr－sclcctcd　magnitudc　of　t’orcc

（constraincd　condition）with　thosc　for　subjcct－sclcctcd　magnitudcs（unconstraincd

condition）．

　　　　　　　R、r　this　purp（、sc，　thc　RT　is　fractionatcd　int（ハtwo　scparatc　componcnts　using　an

clcctromyography（EMG）tcchniquc．　Thc　EMG　is　a　rccording　of　thc　clcctrical　actMty

from　musclcs　assoc加cd　with　lhc　rcsp《msc　and　indicatcs　thc　timc　at　which　thc　musclc

showr　incrcascd　activity　aftcr　thc　r田ction　stimulus　occurrcd．　Thc　first　comp（mcnt（、f　RT，

which　is　callcd　thc〃emθtor　time，　is　thc　timc　bctwccn　thc　onsct　ot’　thc　stimulus　and　thc

first　sign　of　hcightcncd　EMG　activity．　n　rcprcscnts　lhc　timc　nccdcd　t《）ccntmlly　proccss

thc　inlbrmatkm　fr（、m　lhc　cnvimnmcnt　Thc　o巳hcr　comp《mcnl　of　RT，　which　is　callcd　thc

mo’or　timeパs　th田imc　bctwccn　EMG《）nsct　and　actual　rcsp｛msc　h面ation．　h　rcprcscnts

mcchanical　dclay＄mthc　musclピs　clastic　comp《mcnt　and　thc　sprcε1d　of　clcctrical　activity

across　thc　musclc．　As　indicatcd　by　B《）tw衙ck　and　Thomps（m（1966），　Fischman（1984），

Schmidt　and　Stull（1970），　and　Wciss（1965），　prc肺tor　timc　a川《）ws　a　dclailcd　analysis

and　asscssmcnR、f　ccntml　fact（、rs　intlucncing　total　RT．

〃ethθd

　　　　　　Subjects．　TWcnty　graduatc　and　undcrgraduatc　sludcnts（10　womcn　and　IO

mcn），　rangmg　in　agc　from　2（）to　36　y口rs，　with　a　mcan　of　24．6　yr．，　voluntccrcd　to　scrvc

as　subjccts．　Thcy　all　wr（）tc　with　thcir　right　hands．　Nonc　had　prior　knowlcdgc　of　thc

hypothcscs　bcing　tcstcd．
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　　　　　　　Apparatus．　　The　apparatus　was　an　electrohandgrip　dynamometer（↑akei

86004），the　immovable　handle　of　which　was　boltcd　pcrpcndicularly　to　a　platc　on　a

tcsting　table　and　interfaccd　with　an　NEC　9801　computcr．　Thc　strain　gaugc　attachcd　to

the　handlc　scnt　a　prcssurc－dcpcndcnt　clcctrical　signal　to　an　ampli1］cr，　which　thcn

rclaycd　thc　signal　on　to　an　analoguc－t（、－digita1（A　t（、　D）c（mvcrtcr　1（）calcd　in　thc

computcr．　Thc　computcr　produccd　a　warning　tonc　of　300－mscc．　dumti（m，　controllcd　thc

lbrcpcriod，　and　rccordcd　RT　data　llnd　a　numbcr（、f　othcr　mcasurcs　fmm　f（、rcc－timc

curvcs．　A　visual　stimulus　gcncralor（Tilkci　95128）with　a　ligh卜cmitting　diodc　of　8　cm　in

diamctcr　was　placcd　8（）cm　in　front　of　lhc　sub、icctεmd　20　cm　abovc　lhc　pkmc《）f　1hc　talりlc．

Thc　gcncrator　produccd　cithcr　a　rcd《）r；I　grccn　stimulus《、f　1（DO・mscc．　dumlion．　Thc　risc

timc　of　thc　stimulus　w｝ls　bcl《）w　l　mscc．　ln　thc　simplc　RT　condition，　thc　rcd　stimulus

scrvcd　as　a　signah《、　rcspond，　wllcrcas　i川hc　ch《、icc　RT　conditi《m，　b《）th　stimuli　scrvcd　as

signano　rcsp《md．　Durations《、f　thc　warning‘md　rcadkm　signals　wcrc　als‘，　c《mtr《川cd

thmugh　thc　computcr．　Aftcr　thc　c《、mplction《、f　cach　rcsp｛msc，　thrcc　vcrtical　tincs三md　a

curs（、r　appcarcd（m　a　c（、mputcr　scrccn‘md　staycd《m　l’（）r　3　scc．　Thcsc　lmCS　Pr《wklcd

subjccts　w“h加、）rmation　ab測thc　cxpcrimcntcr・sclcctcd　t｝1rgct　f《》rcc｝md　thC　Ctハr，sc・r

providcd　subjccls　with　informatio日b｛、u口hc　su　bj　cct・gcncmlcd　pcak　forcc．　A　sct（・f

thrcc　surfacc　clcctr（、dcs　of　l　cm　in　diamctcr（NEC　S‘mci　45（D73A）w三1s　t8sωt《）rccord

thc　EMGを1ctMty　from　thc　flcxor　carpi　radialis《）f　thc屯11t　halld．　Thcsc《）utputs　wcrc

rccordcd（m　a　Rcc1i・Horiz（NEC　S｛mci　8K・20）．　P叩cr　spccd　w三1s　scい1t　1（D　cm　pcr

sccond．

　　　　　　　1）esign．　　Thc　dcsign　ot’thc　cxpcrimcnt　was　a　2　x　4（RT　condition　x

magn“udc　of　tbrcc）factorial　with　rcpcatcd　mcasurcs（m　thc　last　t’actor．　Thc　first　factor

had　two　lcvcls　of　simple　and　choicc　RT　conditions．　Thc　sccond　factor　had　lbur　f（）rcc

conditions．　Tcn　subjects　of　5　womcn　and　5　mcn　wcrc　randomly　assigncd　to　cach（｝f　thc

simplc　and　choice　RT　conditions．
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　　　　　　　1）rocedure．　　Subjects　sat　at　the　table　facing　the　response　apParatus　in　a　quiet

and　dimly　lit　room．　The　subjectls　right　forearm　rested　on　the　plate　so　the　palmar　surface

of　thc　right　hand　contacted　thc　handlc　comfortably．　The　handle　of　the　dynamometer　was

a（lj　ustable　to　thc　varying　size　grips　of　the　subjects．

　　　　　　　Subjccts　wcrc　rcquircd　to　rcact　and　producc　a　dcsignatcd　pcak　forcc　by

squcczing　thc　handlc　with　thc　prc1どrrcd　hand　as　quickly　and　accuratcly　as　possiblc　aftcr

thc　prcscntation　of　a　rcaction　signaL　Thc　targct　R、rccs　wcrc　30，50，　and　70％（ハf　thc

maximum　of　isomctric　grip　strcngth　of　cach　subjcct．　In　addition，　thcrc　was乏m

unconstmincd　condition　in　which　subjccts　wcrc　pcrmiucd　t《）cxcrt　f（、rcc　frccly．　In　thc

choicc　RT　condition，　a　two－ch（、icc　paradigm　was　uscd．　Thrcc　c《）mbinatkms（）f　lhc　f（川r

targcUbrccs　wcrc　dcsignatcd　as　30％，・50％and　70％・unc（、nslmincd，30％・unconsぬillcd

三md　50％－70％，…md　30％－7（D％，｝md　50％－unconstraincd．　Subjccts　wcrc　mnd《）mly

assigncd　to　onc　of　thc　thrcc　combinati《ms．　Thc　ordcr　o1’thc　prcscntation　of　thc　t’our

lbrcc　conditi〈ms　within　cach　c（）mbination　was　als《、　mndomly　dctcrmincd　l、）r　c‘‘ch

subjcct．

　　　　　　　Each　trial　bcg｝m　with　a　warning　tonc，1、川《wcd　by　thc　r口cti《m　signal．　Thc

r口cti《m　sign‘d　occurrcd　with　a　mnd《）m　l“rcpcriod《、f　cithcr　7（Xl，1，（1｛1（1，1．3（X）《）r　1，6（DO

mscc．　For　thc　simplc　RT　condilion，　catch　trials　wcrc　includcd　at　a　ralc《、f《mc・fifth《）t’　lhc

t巾ls　t（、　disc（、uragc　subjccts　from‘mticipating　thc　rcaction　signals．　Whcml　catch　trial

occurrcd，1hc　warning　t《mc　was　nol　f（、1k、wcd　by　a　rcaction　signal．　ln　lhc　simplc　RT

condition，　rcactions　wcrc　always　pmduccd　to　Ulc　rcd　stimulus．　ln　thc　ch《）icc　RT

condition，　lbr　half　d’thc　subjccts　thc　smallcr　pcak　lbrcc　and　unc《mstr‘1incd　rcsp《msc

wcrc　paircd　with　thc　rcd　stimulus，　whcrcas　f（、r　thc（、thcr　halt’　thc　smallcr　pcak　forcc　alld

unconstraincd　rcsponsc　wcrc　paircd　with　thc　grccn　stimulus．　Subjccts　wcrc　givcn　a　card

dcpicting　thc　rclation　of　stimuli　and　targct　lbrccs．　Tb　hclp　subjccts　pr⊂、ducc　a　dcsignatcd

forcc　a　vcrtical　linc　that　indicatcs　a　targct　lbrcc　and　a　curs（、r　that　indicatcs　subjcct－

gcncratcd　forcc　wcrc　displaycd　on　thc　computcr　scrccn　aftcr　cach　triaL　ln　thc　choicc　RT

condition，　subjects　wcrc　instructcd　to　cnsurc　that　thc　rcsponsc　produccd　was　that
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specified　by　the　stimulus，　If　the　subjects　inadvertently　produced　the　wrong　response，

they　were　asked　to　notify　the　experimenter．

　　　　　　　In　the　simple　RT　condition，　subjects　perfbrmed　50　blocked　trials（30　practice

trials　and　20　tcst　trials）for　cach　forcc　condition．　Thc　conditions　wcrc　randomly　ordcred

for　cach　subjcct．　Thc　intertrial　intcrval　was　10　scc．　A　1－hr．　brcak　was　givcn　aftcr　thc

complction　of　thc　first　two　conditions．　In　thc　choicc　RT　condition，　subjccts　pcrlbrmcd

lOO　blockcd　trials（30　practicc　trials　and　20　tcst　trials　lbr　cach　f（、rcc　condition）lbr　cach

or　thc　two　two・choicc　conditions．　Thc（、rdcr　of　thc　prcscntation（、f　thc　tw（）forcc

conditi（ms　within　cach　tw（、－ch（、icc　conditi（m　was　randomly　dctcrmincd　t’or　cach　subjcct．

Thc　intcrtrial　intcrval　was　IO　scc．　A　1・hr．　brcak　was　givcn　aftcr　lhc　complcti《m　of　nlc

firs“wo－choicc　c（mditi《ms．

　　　　　　　Alhcs日rials　on　which　crmrs（catch　tri｝11　crmr　m　thc　simplc　RT　c（mditioll　and

sclcction　of　thc　wmng　rcsp《msc　in　lhc　choicc　RT　c《mditi《m）occurrcd　wcrc　rcpca1cd三lt

thc　cnd《、t’　thc　condition　in　which　1hcy（、ccurrcd．

　　　　　　　〃《tl）endent〃lc・tlSt‘rc・、s．　Thc　dcpcndcnt　mcasurcs　wcrc　RT，　prCmoいr　timc，

m・t・rtimc，　and　thrcc　t’orcc－limc　p澗mctcrs　ass（、c汕cd　with　cnch　t：・rcc　rcssx）nsc（ac汕11

pcak　Ibrcc，　timc　t（、　pcak　forcc，　and　l“rcc　durati《m）．　RT　was　thc　limc　bclwcc川hc《msct

of　thc　rcaCtion　signal　‘md　thc　initiation　｛⊃f　l’《）rcc　pr（、duction・　lnitiation　《、f　forcc

produclion　was　dcfincd　ths　thc　point　m山ηc　at　which　tllc　valuc　fmm　lhc　dynam《、mctcr

rosc　abovc　O．7　kg．　Tllis　valuc　wa＄just　iibovc　thc　noisc　thrcsh《）ld・Prcm《）tor　timc　was

calculatcd　latcr　by　subtracting　motor　timc　from　rcacti（m　timc．　Thc　actual　pcak　forcc　was

cxprcsscd乏1s　a　pcrccntagc　of　thc　maximum　forcc（、f　cach　sub．icct．

　　　　　　　Thcsc　data　wcrc　analyscd　via　a　tw《）－wllY　lmalysis　of　varilmcc（ANOVA），　w“h

thc　RT　condition　as　a　bc1wccl1・sublccls　fact（、r　and　thc　f（、rcc　magl山udc　as　a　within・

subjccts　factor．　All　post　hoc　analyscs　wcrc　pcr1、）rmcd　usmg　Ncwma－Kculs　tcst　a“hc．（）5

1cvcL
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」Results

　　　　　　　Foκθイime　measures．　Thc　rcsults　of　force－time　measures　were　very　similar．

ANOVAs　showcd　significant　interactions　between　the　two　factors（F（3，54）＝5．23　for

actual　peak　forcc，　F（3，54）＝7．43　for　timc　to　peak　forcc，　and　F（3，54）＝7．94　t’or　forcc

durati（m，　ps＜．01）．　Not　surprisingly，　thcsc　intcractions　wcrc　prcdominantly　duc　to　high

variability　of　thc　rcsponscs　in　thc　unconstraincd　conditions．　Howcvcr，　systcmatic　rcsults

wcrc（、bscrvcd　for　thc　constraincd　conditions．　A　Ncwman・・Kculs　tcst　rcvcalcd　that　actual

pcak　f（、rcc　significantly　incrcascd　with　incrcascs　in　targcUbrcc　t’or　both　RT　conditions，

which　did　not　diffcr　from　cach（、thcr．　Also，　timc　to　pcak　forcc｝md　l’orcc　durati《m

significlmtly　incrc｝1scd　with　mcrcascs　in　actual　pcak　h）rcc　in　b（、th　RT　c《）nditi《ms，　which

did　n（、t　diffcr．　Mclms　or　aclual　pc三1k　l、）rcc　wcrc　32，51，and　68％1hr　thc　30，50，‘md　70％

conditions，　rcspcctivcly．　As　is　cvidcnt　in　thcsc　data，　thc　sllbjccts’mcan　aclual　pcak　t’orcc

lhr　cach　targcUbrcc　closcly　matchcd　thc　targct　t、orccs　t’or　b（、1h　RT　collditions．　Mcans《、f

timc　t《）pcak　fo　rcc　wcrc　IO6，137，　and　167　mscc．　lhr　thc　3（D，5（l　a81d　7（D％c《mditi《ms，

rcspcctivcly．　Mcεms《）f　I“rcc　duration　wcrc　235，287　ancl　336　mscc．　t’or　thc　30，5（いmd

70％c（mditi《ms，　rcspcctivcly．　Thcsc　rcsults　illdicat引hat　Iw｛，rc　timc　was　nccdcdいmakc

str・ngcr　is・mclric　c（）ntracti・ns．　H・wcvcr，　a11・r　tllc　rcsp《、nscs　wcrc（1山c　rapid・as　is

indicatcd　by　thc　ovcrall　mcan　timc　t《）pcak　lhrcc《）f　137　mscc．　Thcrct’orc，　it　c；m　bc

c（msidcrcd　thaUhc　f（）rcc－producti（m　lask　was　pcrlbrmcd　in　a　ba川stic　f｛1shi《m．　Thcsc

findings　indi口1c日1at　subjccts　wcrc　ablc　to　mcc日hc　task　constraints　imposcd　by　thc

cxpcrimcnt．　Mcans《、f　maximal　is（、mclric　grip　strcngth　wcrc　48．9　and　49．2　kg　l“r　thc

simplc｝md　ch《）icc　RT　groups，　rcspcctivcly，　which　was　not　significanlly　diffcrcnt　fmm

cach　othcr．

　　　　　　　R7’and〃emθ’θr　time．　Figurc　2　shows　mcξm　prcmotor　timc　as　a　functkm　of

magnitudc　of　forcc　in　both　simplc三md　ch《）icc　RT　conditions．　Thc　rcsults　of　thc　RT三md

prcmotor　timc　wcrc　vcry　similar．　ANOVAs　showcd　that　main　cffccts　fc）r　RT　condition
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（F（1，18）＝58．74for　RT　and　F（1，18）＝62．08　for　premotor　time，　ps＜．001）were

significant．　As　was　anticipated，　the　simple　RT　condition　produced　significantly　shorter

RT　and　premotor　time　than　did　the　choice　RT　condition．　Most　important，　the　main

effects　for　magnitude　of　force　and　the　interactions　between　the　two　factors　were　not

significant．　These　indicated　that　RT　and　premotor　time　did　not　significantly　differ

among　thc　30，50，　and　70％conditions　and　between　the　constrained　and　unconstrained

conditions　in　both　RT　conditions．
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E：igurc　2，　Mean　prc1110to山mc　in　Expcrimcnt　l　as　a　function　of　ma．qnitude　of　force　in　both

simplc　and　choice　reaction　time（RT）c◎nditions．

　　　　　　ハ4θ’θ”ti’ne，　　Thc　main　cffect　for　force　condition（F（3，54）＝4．04，，1）＜．05）as

wcll　as　thc　interacti（m　bctwccn　thc　two　factors（1・’（3，54）＝2．55，ρ＜．05）was　significant．
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The　analysis　of　interaction　showed　that　the　unconstrained　condition　produced　slightly

shorter　motor　time　than　did　thc　50　and　70％conditions　for　the　simplc　RT　condition．

However，　motor　timcs　did　not　g．　ignificantly　difl’cr　among　thc　30，50，　and　70％conditions

in　both　RT　conditions，　which　did　not　diffcr　from　cach　othcr．　Mcan　motor　timcs　wcrc　49，

52，52，and　47　mscc．　t’or　thc　30，50，70％，　and　unconstraincd　conditions，　rcspcctivcly，

　　　　　　　Error　rates．　No　catch　trial　crrors　wcrc　produccd　lbr　thc　simplc　RT　c（）ndition．

Errors　in　forcc　sclcction　within　thc　ch（、icc　RT　gr《川p　wcrc　infrcqucnt　as　indicatcd　by　thc

ovcrall　mcan　crror　ratcs（、f　3．8％，　which　was　cvcnly　distributcd　among　thc　c《）nditions．

1）iscussi〃n

　　　　　　　Expcrimcnt　1　was　conductcd　t・cxamin田hc　cl’t’ccts　ot’　v“r加i《、ns　in　magnitudc

of　lbrcc　o川hc　RT‘md　prcm・t・r　timc　in　b《lth　simplc　“nd　ch・icc　RT　PamdigmS　alld　t・

comparc　RT　and　prcmot《）r　timc　lhr　thc　cxpcrimcntcr・sclcctcd　magnitudc《、1’t’o　rcc　with

thosc　lbr　subjcc卜sclcctcd　magnitudcs，　Thc　rcs山s・t’・t’・rcc・limc　p澗mctcrs　sh《）wcd　that

timc　to　pcak　t：・rcc　and　durati・n・f　f・rcc　incrcascd　with　incrc“sc曲1“ctUIll　PCI‘k　t’・rcc

c《）rrcsp《mding　t（、　cach　Urgct　lhrcc．　Thcsc　rcsults　suggcst　that　cach　I’‘》rcc　rcsp（）11SC

c・ntain　a　ditl’crcnt　kinctic　paltcrn．　thus　a　ditTcrcnt　m《、t・r　pr・gmm、

　　　　　　　M（、r引mp《、r1ant　rcsults　wcrc　tha“hc　RT　rccluircd　lo　iIlitintC　t’orcc　rcs「xmsc　did

not　changc　across　thc　rangc（、t’　forccs　cxamincd　hl　bt“h　sitnplc　alld　choicc　RT　condiIi《ms，

rcgardlcss《）f　whcthcr　a　dcsircd　t：《）rcc　is　sclcctcd　by　thc　cxpcrimcnlcr《）r　by　Illc　subjcct．

Thc　samc　patlcrn　was　also　cvidcnt　lhr　prcmo1《ハr　timc，　Sillcc　it　c‘m　bc　c《川sidcrcd　Ih川

prcm・k、r　timc　isξ…orc　valid　mdi“mt　ol’ 垂秩Egramming　timc　than　RT（c．9、，Ans・n，1982；

Fischman，1984；Wciss，1965），　thc　prcscnt　findings　suggcs日h三1“hc　timc　rctluircd　to

program　forcc　rcsp（）nse　is　invariant　across　thc　rangc（、f　lbrccs　cxamincd．　Thcsc　findings

also　confirm　tha“hc　cffcct（）f　magnitudc　of　forcc　is　n（、t　c《mlbundcd　wnh　thc　rcpctition

cffcct　cxamincd　in　thc　following　cxpcrimcnts．
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Experiment　2

　　　　　　　Experiment　2　was　conducted　to　examine　the　effect　of　the　similarity　of　the　serial

response　on　the　repetition　effect　with　a　two－choice　RT　task　in　which　two　stimuli　wcrc

assigncd　to　each　of　two　force　responscs．　The　stimuli　wcre　sclectcd　to　minimizc　any

possibility　that　two　stimuli　assigned　to　a　rcsponsc　could　bc　groupcd　into　common

catcgorics．　That　is，　thc　mapping　of　stimuli　to　responscs　was　noncategorizablc．　Thc

similarity　of　thc　scrial　responsc　was　manipulatcd　by　making　subjccts　rcpcat　the　samc

peak　forcc　rcsponsc　within　a　scqucncc（samc　forcc　condition）（、r　thc　dit’t’crcnt　pcak　forcc

rcsponsc　within　a　scqucncc（diffcrcn“’orcc　condition）．　If　thc　rcpctiti（m　c1’fcct　occurs　at

thc　stagc　of　rcsponsc　programming，　thcn　it　would　bc　cxpcctcd　that　in　thc　samc　forcc

condition，　thc　choicc　RT　to　initiatc　thc　sccond　rcsponsc　is　sh（）rtcr　than　that　t（、　initiatc　thc

first　rcsponsc　for　all　thc　rcpctition　conditions．　In　thc　dit’t’crcnt　t’orcc　condition，　howcvcr，

thc　shortcr　choicc　RT　should　bc　lbund　only　for　thc　stimulus　rcpctition　as　shown　by

Pashlcr　and　Baylis（1991b）．　It　would　bc　also　cxpcctcd　tha“hc　choicc　RT　to　initiatc　thc

sccond　rcsponsc　is　shortcr　for　thc　samc　forcc　condition　than　for　thc　diffcrcnt　forcc

condition　in　a1Hhc　rcpctition　conditions．　In　this　cxpcrimcnt，　thc　EMG　tcchniquc　was

not　uscd　bccausc　Expcrimcnt　l　showcd　that　thc　rcsults　of　RT　and　prcmotor　timc　wcrc

csscntially　parallc1．

Method

　　　　　　5’ψ∫eαぶ．　Thirty　graduatc　and　undcrgraduatc　studcnts（15　womcn　and　15

men），　ranging　in　agc　from　18　to　36　ycars，　with　a　mean　of　21．8　yr．，　voluntccrcd　to　scrvc

as　subjects．　They　all　wrote　with　their　right　hands．　Nonc　had　prior　knowlcdgc　of　the

hypotheses　being　tested．
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　　　　　　　Apparatus．　The　apparatus　was　almost　the　same　as　in　Experiment　l　except

that　an　auditory　stimulus　generator（Takei　332）was　used　to　present　two　tones　of　a　low－

pitch　tone　of　500　Hz　and　a　high－pitch　tone　of　2，000　Hz．　The　rise　time　of　the　stimulus

was　below　5　msec．

　　　　　　　Design．　The　design　of　the　experiment　was　a　3　x　3　x　2（serial　pattern　x

repetition　condition　x　serial　position）factorial　with　repeated　mcasurcs　on　thc　last　two

factors。　The　first　factor　had　threc　levcls　of　the　same　force，　differcnt　forcc，　and　frcc　forcc

conditions．　The　sccond　factor　had　thrce　levels　of　thc　stimulus　rcpctition，　res　ponsc

repctition，　and　nonrepetition　conditions．　Thc　third　factor　had　two　lcvcls　of　thc　first　and

sccond　responses．　Ten　subjccts　of　5　womcn　and　5　mcn　werc　randomly　assigncd　to　cach

of　thc　samc　forcc，　diffcrent　force，　and　frcc　forcc　cond“ions．

　　　　　　　Procedure．　Stimuli　as　rcaction　signals　wcrc　thc　visual　stimuli（、1’arcd　light

and　a　grecn　light，　and　thc　auditory　stimuli　of　a　low－pitch　tonc　of　500　Hz　and　a　high－

pitch　tonc　of　2，000　Hz．　For　halfof　thc　subjccts　thc　rcd　light　and　low　t（mc　wcrc　assigncd

to　thc　rcsponsc　handlc　of　thc　right　hand　and　thc　grccn　light　and　high　tonc　wcrc　assigncd

to　thc　rcsponsc　handlc　of　thc　lcft　hand；this　assignmcnt　was　rcvcrscd　for　thc　rcmaining

subjccts．　Subjccts　wcrc　givcn　a　card　dcpicting　thc　mapping（、f　stimuli　to　rcsponscs．

Stimuli　wcrc　randomly　prcscntcd　with　thc　constrain“hat　prcscntation　of　cach　stimulus

occurrcd　cqually，　so　thauhe　numbers　of　trials　in　cach　rcpctiti（m　condition　varicd．　That

is，　thc　cxpcctcd　proportion　of　stimulus　rcpctitions　was　cquaい01／4，　thc　cxpcctcd

proportion　of　rcsponsc　rcpctitions　was　cqual　to　1／4，　and　thc　cxpcctcd　prop（）rtion　of

nonrcpctitions　was　cqual　to1／2．

　　　　　　　Each　trial　began　with　a　warning　signal　of　300－mscc．　duration，　followcd　by　onc

of　the　four　stimuli　of　100－msec．　duration　with　a　fixcd　foreperiod　of　1，000　mscc．　This

stimulus　served　as　the　signal　for　the　subjects　to　initiate　the　first　response．　Following　a

1，000－msec，　interval　after　the　completion　of　the　first　response，　one　of　the　four　stimuli　of
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100－msec．　duration　was　presented，　which　was　the　signal　to　initiate　the　second　response．

Thus，　like　Pashler　and　Baylis’s（1991b）and　Campbell　and　Proctor’s（1993）experiments，

the　response－stimulus　interval　was　1，000　msec．　The　task　was　to　react　and　producc　thc

sequence　of　same　or　different　peak　force　by　squcczing　a　handlc　as　quickly　and

accurately　as　possible　after　each　signaL　In　the　samc　forcc　condition，　thc　scqucncc　was

comprised　of　30％－30％of　thc　maximum　of　thc　isomctric　grip　strcngth　of　cach　subjcct．

The　subjccts　wcre　instructed　to　rcpmducc　thc　samc　lbrcc　as　in　thc　first　rcsponsc，

whcthcr　or　not　thcy　fclt　tha“he　pcak　forcc　produccd　in　thc　first　rcsponsc　dcviatcd　from

thc　rcquircd　force．　In　thc　diffcrcnt　forcc　conditi（m，　on　thc　othcr　hand，　thc　scqucncc　was

comprised　of　50％－30％of　thc　maximum（、f　thc　is（、mctric　grip　strcngth　of　c↓1ch　sψiccし

In　thc　frcc　lbrcc　condition，　subjccts　wcrc　pcrmittcd　to　rcspond　by　cxcrting　t’orcc　frccly．

To　hclp　subjccts　pmducc　appropriatc　pcak　forccs　two　vcrlical　lincs　which　indicatc日rgct

pcak　f（、rcc　and　a　cursor　which　indicatcs　subjcct－gcncratcd　pcak　t’orcc　wcrc　displaycd（on

thc　computcr　scrccn　f（、r　3　scc．　at’tcr　cach　tri三il．

　　　　　　　Subjccts　participatcd　in　tw《、　consccutivc　daily　scssi《ms．　ln　thc　l’irst　scssi《m，

subjccts　pcrlbrmcd　288　practicc　trials　Ihr　cach（、f　Ihc　samc　t’orcc“nd　dit’t’crcllt　lbrcc

conditions，　and　72　practicc　trials　lbr　lhc　t’rcc　lhrcc　conditi（、n．　ln　thc　scc《md　scssiOtl，

subjccts　pcrfbrmcd　288　trials（144　pmcticc　trials　and　144　tcs“rials）Ibr　cach《）f　thc　samc

lbrcc　and　diffCrcnt　lbrcc　conditionsシmd　l44　trials（72　practicc　trials　and　72　tcst　trials）

lbr　thc　frcc　lbrcc　condition．　Thc　intcrtrial　intcrval　was　IO　scc．　A　3・min．　brcak　was　givcn

cvcry　48　trials．　All　tcst　trials《m　which　rcsp《msc　sclccti（）n　crrors　occurrcd　wcrc

considcrcd　as　crror　trials　and　wcrc　omittcd　from　analysis．　Thc　olhcr　proccdurc　was　thc

samc　as　in　Expcrimcnt　l．

　　　　　　　Dependent　measures．　Thc　dcpcndcnt　mcasurcs　wcrc　choicc　RT　and　thrcc

force－timc　measures　associated　with　cach　forcc　rcsponsc（actual　pcak　lbrcc，　timc　to

pcak　force，　and　impulse）．　Choice　RT　was　thc　timc　bctwccn　thc　onsct　of　thc　rcaction

signal　and　the　initiation　of　force　production．　Initiation　of　thc　rcsponsc　was　dcfincd　as
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the　point　in　timc　at　which　the　value　from　the　dynamometer　rose　above　O．7　kg．　The　end

of　the　response　was　defined　as　the　time　at　which　the　value　from　dynamometer　fell

bclow　O．3　kg．　The　actual　pcak　force　was　cxpressed　as　a　percentage　of　the　maximum

fbrce　of　cach　subj　ect．

　　　　　　　Unlcss　noted　otherwise，　these　data　were　analyzed　via　a　three－way　ANOVA，

with　the　serial　pattern（same　force　or　different　forcc）as　a　between－subjects　factor，

rcpetition　condition（stimulus　repetition，　rcsponse　repetition，　or　nonrepetition），　and

serial　position（first　or　second　response）as　within－subjects　factors．　Because　thc

numbers　of　trials　for　the　free　force　condition　was　different　from　those　for　the　other

　　　　　　　　　　　　　　　　　　　　　　　　　A
conditions，　the　data　of　the　free　force　condition　were　analyzed　via　a　two－way　repeated－

measure　ANOVA　with　repetition　condition　and　serial　position．　All　post　hoc　analyses

were　perfbrmed　using　the　least　significant　difference（LSD）test　at　the．051evel．

Results

　　　　　　　Force－time　measures．　The　results　of　force－time　measures　wcre　very　similar．

The　interactions　between　serial　pattern　and　serial　positioll　were　significant（F（1，18）＝

206．55for　actual　peak　fbrce，　F（1，18）＝76．20　fbr　time　to　peak　fbrce，　and」F（1，18）＝・

77．72for　impulse，」ps＜．001）．　As　was　anticipated，　the　analyses　of　interactions　indicated

that　with　the　same　force　condition，　the　first　response　was　not　significantly　diffcrent　from

the　second　response　for　all　the　force－time　measures．　With　the　differcnt　force　condition，

howcver，　the　first　response　was　significantly　different　from　the　second　response　for　all

the　force－time　measures（F（1，18）＝359．07　for　actual　peak　force，　F（1，18）＝142．51　for

time　to　peak　force，　and　F（1，ユ8）＝138．77　fbr　impulse，　ps＜．001）。　With　the　same　force

condition，　means　of　actual　peak　fbrce　were　29　and　31％；means　of　time　to　pcak　fbrce

were　94　and　96　msec．；means　of　impulse　were　1．4　and　15　kg・s，　for　the　first　and　second

responses，　respcctively．　Also　with　the　different　forcc　condition，　means　of　actual　peak

fbrce　were　52　and　29％；means　of　time　to　peak　force　were　136　and　108　msec．；means　of
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impulse　were　3．2　and　1．7　kg・s，　for　the　first　and　second　responses，　respectively．　As　is

evident　in　these　data，　the　subjects・mean　actual　peak　f・rce　cl・sely　matched　the　target

forcc　of　300r　50％。　Moreover，　all　of　the　responses　were　quite　rapid　as　is　indicated　by

the　overall　mean　time　to　peak　force　of　109　msec。　Therefore　it　can　be　considered　that　the

force－production　task　was　perfbrmed　in　a　ballistic　fashion．　These　findings　indicate　that

subjects　were　able　to　meet　the　task　constraints　imposed　by　the　experimenter．　With　the

free　force　condition，　interactions　between　the　two　factors　were　significant　for　all　the

forcc－time　mcasures（」F（2，18）＝8．30　for　actual　peak　force，　F（2，18）＝9．64　for　time　to

pcak　t’orce，　F（2，18）＝15．48　for　impulse，ρs＜．01），　indicating　that　the　force－time

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　か
patterns　were　diffcrent　among　the　conditions．　In　addition，　the　data　of　maximal　isometric

grip　strength　were　analyzed　via　a　two－way　ANOVA，　with　the　serial　pattern（same　force，

diffcrent　forcc，　or　free　force）as　a　between－subjects　factor　and　hand（right　or　left）as　a

within－subjects　factor　Only　a　main　effect　fbr　hand　was　significant（F（1，27）＝31．18，

p＜．01），indicating　that　the　right　hands（43．5　kg）produ6ed　larger　forces　than　did　the　left

hands（40．9　kg）．

　　　　　　　Choice　RT．　Figure　3　shows　mean　choice　RT　as　a　function　of　repetition

condition　and　serial　position　for　each　serial　pattern．　Because　the　choice　RT　to　initiate

the　first　response　diffcred　remarkably　between　the　same　force　and　different　force

conditions，　separate　two－way　repeated－measure　ANOVAs　with　repetition　condition　and

serial　position　were　carried　out　with　both　the　same　force　and　different　force　conditions．

The　comparison　of　the　choice　RTs　to　initiate　the　second　responses　between　the　same

force　and　different　force　conditions　was　made　via　a　one－way　analysis　of　covariance．

　　　　　　　With　the　same　fbrce　condition，　the　interaction　between　repetition　condition　and

serial　position　was　significant（F（2，18）＝27．86，　p＜．001）．　The　analysis　of　interaction

indicatcd　that　there　were　significant　differences　in　RTs　among　the　repet“ion　conditions

for　the　second　rcsponse（F（2，18）＝　35．10，」ρ＜．001）．　An　LSD　test　rcvcaled　that　stimulus

repetition　RT　was　significantly　shorter　than　response　repetition　RT　and　nonrepetition
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Figure　3．　Mean　choice　reaction　Ume（RT）in　Experiment　2　as　a　f岨ction　of　repetition　condition，

serial　posiUon，　and　serial　pauem　for　a　noncategorizable　mapping．
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RT　and　that　nonrcpctition　RT　was　significantly　shortcr　than　rcsponse　rcpctition　RT．

Most　important，　stimulus　rcpctition　RT（F（1，9）＝31．48，ρ＜．001）and　nonrepctition　RT

（F（1，9）＝8．39，p＜、05）wcrc　significantly　shortcr　for　thc　sccond　rcsponse　than　for　the

first　rcsponsc．　Morcovcr，　rcsponsc　rcpctition　RT　was　significantly　longer　for　the　second

responsc　than　for　thc　first　rcsponsc（F（1，9）＝9．79，　p＜．05）．　Thcsc　rcsults　indicate　that

thc　rcpctition　cffccts　wcrc　found　for　thc　stimulus　rcpctition　and　nonrcpctiotion．

　　　　　　　Also　with　thc　diffcrcnt　forcc　condition，　thc　intcraction　bctwccn　rcpctition

condition　and　scrial　position　was　significant（F（2，18）＝39．49，　p＜．001）．　The　analysis

of　intcraction　indicatcd　that　thcrc　wcrc　significant　differences　in　RTs　among　the

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　かrcpetition　conditions　for　the　second　rcsponse（F（2，18）＝35．10，　p＜．001）．　An　LSD　test

revcaled　that　stimulus　repetition　RT　was　significantly　shorter　than　response　repetition

RT　and　nonrcpetition　RT　and　that　nonrepetition　RT　was　significantly　shorter　than

rcsponse　rcpctition　RT．　Most　important，　stimulus　repetition　RT（F（1，9）＝13．21，p＜．01）

was　significantly　shorter　for　the　second　response　than　for　the　first　response，　and　that

response　repetition　RT（F（1，9）＝9．85，　p＜．05）was　significantly　longer　for　the　second

response　than　for　the　first　response．　Nonrepetition　RT　did　not　differ　between　the　first

and　second　responses．　These　results　indicate　that　the　repetition　effect　was　found　only　for

the　stimulus　repetition．　The　analyses　of　covariance　revealed　that　RTs　to　initiate　the

second　responses　were　shorter　for　thC　same　force　condition　than　fbr　the　different　force

condition　in　the　stimulus　repetition（F（1，17）＝3．53，．05＜p＜。10）and　nonrepetition

（F（1，17）＝5．08，」ρ＜．05）．

　　　　　　　The　result　of　RT　with　the　free　force　condition　was　very　similar　to　that　with　the

different　force　condition。　The　interaction　between　repetition　condition　and　serial

position　was　significant（F（2，18）＝26．67，　p＜．001）．　The　analysis　of　interactiop

indicated　that　there　were　significant　differcnces　in　RTs　among　the　repetition　conditions

for　the　second　response（F（2，18）＝41．41，p＜．001）．　An　LSD　test　revealed　that　stimulus

repetition　RT　was　significantly　shorter　than　rcsponse　repetition　RT　and　nonrcpetition　RT

and　that　nonrepetition　RT　was　significantly　shorter　than　response　repetition　RT．　Most
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important，　stimulus　repetition　RT（F（1，9）＝35。29，　p＜．001）was　significantly　shorter

for　the　second　response　than　for　the　first　response，　and　that　response　repctition　RT（F（1，

9）＝13．59，p＜．01）was　significantly　longcr　for　the　second　response　than　for　the　first

response．　Nonrepctition　RT　did　not　differ　between　the　first　and　second　responses．　As

with　thc　diffcrent　forcc　condition，　thcse　rcsults　indicate　that　the　repetition　effect　was

found　only　for　the　stimulus　rcpetition．

　　　　　　　Error　rates．　Thc　intcraction　bctwecn　repctition　condition　and　serial　position

was　significant（F（2，36）＝8．89，，1）＜．01）．　Thc　analysis　of　interaction　indicated　that　the

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　か
crror　ratcs　during　thc　sccond　responscs　significantly　differed　among　the　repetition

conditions（F（2，36）＝18．12，　p＜．Ol）．　An　LSD　tcst　rcvealcd　that　the　response　repetition

（7．2％）produccd　significantly　highcr　crror　rate　than　did　both　the　stimulus　repetition

（1．4％）and　nonrcpetition（1．8％），　which　wcrc　not　significantly　different　from　each　other．

Discussion

　　　　　　　The　results　of　force－time　parameters　showed　that　subj　ects　were　able　to　meet　the

task　constraints　imposed　by　the　experimenter．　Thus，　it　can　be　supposed　that　serial

responses　were　executed　with　the　same　motor　program　in　the　same　fbrce　condition，

whereas　serial　responses　were　executed　with　the　different　motor　program　in　thc

different　force　condition。

　　　　　　　The　pattern　of　results　on　choice　RT　found　for　the　different　force　and　free　force

conditions　was　completely　consistent　with　the　results　obscrvcd　by　Campbell　and

Proctor’s（1993）and　Pashler　and　Baylis，s（1991b）experiments　in　which　the　mapping　of

stimuli　to　responses　was　noncategorizable．　The　repetition　effect　was　observed　only　for

the　stimulus　repetition．　Based　on　the　logic　mentioned　in　Chapter　2，　this　finding　supports

the　response　selection　shortcut　hypothesis　proposed　by　Pashler　and　Baylis（1991b）．　Also

with　the　same　forcc　condition，　a　remarkable　repetition　effect　was　observed　fbr　the
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stimulus　repctition．　Howevcr，　thc　most　important　finding　was　that　the　repetition　effect

was　also　found　for　the　nonrcpetition．　It　should　be　noted　here　that　for　both　the　same　force

and　diffcrcnt　forcc　conditions，　thc　stimulus　and　response　alternatives　and　the　stimulus－

rcsponsc　mapping　werc　hcld　constant，　so　that　the　processing　speed　in　thc　perceptual－

idcntification　and　rcsponsc－selection　stages　should　also　be　the　same．　The　only　variation

was　in　thc　naturc　of　thc　rcsponsc．　If　thc　repctition　cffect　occurs　only　at　the　stage　of

rcsponsc　sclcction，　thcn　RT　for　thc　nonrepctition　should　have　been　the　same　between

both　conditions，　rcgardlcss　of　thc　naturc　of　the　response．　Thc　data　did　not　support　this

prcdiction．　ThcrcR）rc，　this　rcsult　is　consistent　with　the　present　hypothesis　that　the

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　か
rcpctition　cffcct　occurs　at　the　stagc　of　response　programming．　However，　thc　stimulus

rcpctiti（m　ctfcct　was　significantly　larger　for　the　same　fbrce　condition　than　for　the

diffcrcnt　forcc　condition．　This　suggests　that　overall　stimulus　repetition　effect　found　for

thc　same　force　condition　is　comprised　of　the　effects　that　arise　from　at　least　two　different

stagcs，　one　that　stems　from　the　response　selection　and　another　that　stems　from　response

programming．　However，　the　size　of　the　repetition　effect　obtained　was　significantly

largcr　for　thc　stimulus　repetition　than　for　the　nonrepetition．　This　suggests　that　response

selection　is　the　primary　locus　of　the　repetition　effect　and　response　programming　is　the

secondary　locus　of　the　effect　in　a　serial　choice　reaction．

　　　　　　　Another　interesting　aspect　of　present　data　was　that　no　response　repetition　effect

was　found　for　both　di　fferent　force　and　free　force　conditions．　On　the　contrary，　the

response　repetition　produced　significantly　longer　RT　for　the　second　response　than　for

the　first　response．　This　pattern　was　similar　to　the　results　observed　by　Campbell　and

Proctor’s（1993），　Pashler　and　Baylis’s（1991b）and　Smith’s（1968）experiments．　The

same　pattern　was　also　evident　for　the　same　fbrce　condition，　speaking　against　the

response－programming　hypothesis．　According　to　the　present　hypothesis，　repeating　the

same　responsc　should　have　produced　thc　repetition　effects　for　all　the　repetition

conditions．　This　was　not　thc　case．　This　result　may　suggest　that　making　the　same

responsc　to　a　new　signal　immediately　after　having　made　that　response　to　a　diffcrent



39

signal　causcs　somc　additional　inhibition．　In　fact，　the　response　error　during　the　second

rcsponsc　was　most　pronounced　in　thc　response　repetition．

　　　　　　　Takcn　togcthcr，　the　findings　of　Experiment　2　suggest　that　under　circumstances

that　rcpcatcd　rcsponscs　arc　the　same　in　terms　of　their　force－time　patterns，　the　repetition

cffcct　originatcs　in　thc　stagc　of　not　only　response　selection　but　also　response

　　　　　　　　　
P「ogrammlng・

Experiment　3

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　か
　　　　　　　Expcriment　3　was　basically　a　replication　of　Experiment　2　with　one　cxccption

that　two　stimuli　assigned　to　a　response　were　selected　so　that　they　could　be　grouped　into

common　catcgorics．　That　is，　the　mapping　of　stimuli　to　responses　was　categorizable．　The

hypothescs　testcd　herc　were　also　the　same　as　in　Experiment　2．

Method

　　　　　　　Subjects．　Thirty　graduate　and　undergraduate　students（15　women　and　15

men），　ranging　in　age　from　18　to　38　years，　with　a　mean　of　23．3　yr．，　volunteered　to　serve

as　subjects．　They　all　wrote　with　their　right　hands．　None　had　prior　knowledge　of　the

hypotheses　being　tested．　Ten　subjects　of　5　women　and　5　men　were　randomly　assigned　to

each　of　the　same　force，　different　force，　and　free　force　conditions．

Apparatus． The　apparatus　was　the　same　as　in　Experimcnt　2．

Design． Design　was　the　same　as　in　Experiment　2．

　　　　　　　Procedure．　Unlike　Experiment　2，　the　mapping　of　stimuli　to　responses　was

categorizable．　For　half　of　the　subj　ects　the　rcd玉ight　and　green　light　were　assigned　to　thc
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rcsponsc　handlc　of　thc　right　hand　and　thc　1（）w　tone　and　high　tone　were　assigned　to　the

rcsponsc　handlc　of　thc　lcft　hand；this　assignmcnt　was　revcrsed　for　the　remaining

subjccts．　Thc　othcr　proccdurc　was　thc　samc　as　in　Experimcnt　2．

Dependent〃2easures． Dcpcndcnt　measures　wcrc　the　same　as　in　Experiment

2．

Results

　　　　　　　F・rce珈e　measures．　Thc　rもsults・f　f・rce・・time　mcasures　were　very　similar．

Thc　intcractions　bctwccn　scrial　pattcrn　and　serial　position　were　significant（F（1，18）＝

125．42for　actual　pcak　force，　F（1，18）＝89．85　for　time　to　peak　force，　and、F（1，18）＝

83．81for　impulsc，ρs＜．001）、　The　analyses　of　interactions　indicated　that　with　the　same

forcc　condition，　the　first　responsc　was　not　significantly　different　from　the　second

rcsponsc　for　all　thc　force－time　measures．　With　the　different　force　condition，　however，

thc　first　rcsponse　was　significantly　different　from　the　second　response　for　all　thc　force－

time　measures（F（1，18）＝254．81　for　actual　peak　force，　F（1，18）＝191．02　fbr　timc　to

peak　force，　and　F（1，18）＝184．24　for　impulse，　ps＜．001）．　With　the　same　force　condition，

means　of　actual　peak　force　were　33　and　33％；means　of　time　to　pcak　force　were　103　and

102msec．；means　of　impulse　were　1．8　and　1．7　kg・s，　for　the　first　and　second　responses，

respectively．　With　the　different　fbrce　condition，　means　of　actual　peak　force　were　52　and

30％；means　of　time　to　peak　force　were　130　and　101　msec；means　of　impulse　were　3．3

and　1・7　kg・s，　for　the　first　and　second　responses，　respectively．、As　is　evident　in　these　data，

the　subjects，　mean　actual　peak　force　closely　matched　the　target　force　of　300r　50％．

M・re・ver・all・f　the　rcsp・nses　were　quite　rapid　as　is　indicated　by　the，・verall　mean　time

to　peak　fbrcc　of　109　msec．　Therefbrc　it　can　be　considered　that　the　fOrce－production　task

was　perf6rmed　in　a　ballistic　fashion．　Thcse　findings　indicate　that　subjects　were　ablc　to

meet　the　task　constraints　imposed　by　thc　expcrimenter．　Also　with　the　free　fbrcc
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condition，　interactions　bctween　thc　two　factors　wcre　significant　for　all　the　force－time

mcasures（F（2，18）＝14．05　for　actual　pcak　force，」F（2，18）＝10．27　for　time　to　peak　force，

F（2，18）＝19．03for　impulsc，　ps＜．01）．　As　was　anticipated，　the　force－time　patterns　were

di　ffc　rcnt　among　thc　conditions．　In　addition，　the　rcsult　of　maximal　isometric　grip

strcngth　showcd　a　significant　main　cffcct　for　hand（F（1，27）＝34．42，　p＜．01），　indicating

tha“hc　right　hands（44．3kg）produccd　largcr　forces　than　did　the　left　hands（41．3　kg）．

　　　　　　　Choice　R7：　Figurc　4　shows　mean　choice　RT　as　a　function　of　repetition

condition　and　scrial　p（）sition　for　cach　scrial　pattern．　Because　thc　choice　RT　to　initiate

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ぷ
thc　first　rcsponsc　diffcrcd　rcmarkably　bctween　the　same　force　and　different　force

conditions，　scparatc　two－way　rcpcatcd－measure　ANOVAs　with　repetition　condition　and

scrial　position　wcrc　carricd　out　with　both　the　same　force　and　different　force　conditions．

Thc　comparison　of　thc　choicc　RTs　to　initiate　the　second　responses　between　the　same

lbrcc　and　diffcrcnt　n）rcc　conditions　was　made　via　a　one－way　analysis　of　covariance．

　　　　　　　With　thc　samc　force　condition，　the　interaction　between　repetition　condition　and

scrial　position　was　significant（F（2，18）＝31．58，　p＜．001）．　The　analysis　of　interaction

indicatcd　that　thcre　wcrc　significant　differences　in　RTs　among　the　repetition　conditions

for　thc　sccond　rcsponse（F（2，18）＝12．61，p＜．01）．　An　LSD　test　revealed　that　stimulus

rcpctition　RT　was　significantly　shorter　than　response　repetition　RT　and　nonrepetition

RTs　and　that　nonrepetition　RT　was　significantly　shorter　than　response　repetition　RT．

Most　important，　stimulus　repetition　RT（F（1，9）＝41．23，」ρ＜．001）and　nonrepetition　RT

（F（1，9）＝40．76，p＜．001）were　significantly　shorter　fbr　the　second　response　than　for

the　first　response　and　that　response　repetition　RT　for　the　first　response　did　not　diffcr

from　that　for　the　second　response．　These　results　indicate　that　the　repetition　effects　were

fo皿d　for　the　stimulus　repetition　and　nonrepetiotion．

　　　　　　　Also　with　the　di　fferent　force　condition，　the　interaction　between　repetition

condition　and　serial　position　was　significant（F（2，18）＝15．02，　p＜．01）．　The　analysis　of



42

　　350

　　325

パd
＄300
邑

臣・75

・§25。

δ

　　225

　　2∞

　　　350

　　　325

合
鵠300
旦

227・

．昌

225°

0
　　　225

　　　200

　　　350

　　　325

合
8300
旦

昆275
．§

皇25°

0
　　　225

　　　200

Stimulus Response Nonrepetltlon

Stimulus Response Nonrepetltion

　　　　　　　　　　　　　　　　　　Stimulus　　　　　　Response　　　　Nonrepetition

　　　　　　　　　　　　　　　　　　　　　　　　　　Repetition　Condition
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interaction　indicated　that　there　were　significant　differences　in　RTs　among　the　repetition

conditions　for　the　second　response（F（2，18）＝13．14，　p＜．01）．　An　LSD　test　revealed

that　stimulus　repetition　RT　was　significantly　shorter　than　both　response　repetition　and

nonrepetition　RTs，　which　did　not　differ　from　each　other．　Most　important，　stimulus

repetition　RT（F（1，9）＝36．27，　p＜．01）was　significantly　shorter　for　the　second　response

than　for　the　first　respQnse，　whereas　both　response　repetition　and　nonrepetition　RTs　for

the　first　response　did　not　significantly　differ　from　those　for　the　second　response．　These

results　indicate　that　the　repetition　effect　was　found　only　for　the　stimulus　repetition．　The

analyses　of　covariance　revealed　that　RTs　to　initiate　the　second　responses　were　shorter

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　カ
for　the　same　force　condition　than　for　the　different　force　condition　in　all　of　stimulus

repetition（F（1，17）＝11．08，、ρ＜．01），　response　repetition（F（1，17）＝3．73，．05＜p＜．10），

and　nonrepetition（F（1，17）＝12．22，　p＜．01）．

　　　　　　　The　result　of　RT　with　the　free　force　condition　was　very　similar　to　that　with　the

different　force　condition．　The　interaction　between　repetition　condition　and　serial

position　was　significant（F（2，18）＝32．98，　p＜．001）indicating　that　there　wcrc

significant　differences　in　RTs　among　the　repetition　conditions　with　the　second　response

（F（2，18）＝40．82，p＜．001）．　An　LSD　tcst　revealed　that　stimulus　repetition　RT　was

significantly　shorter　than　both　response　repetition　and　nonrepetition　RTs，　which　did　not

differ　from　each　other．　Most　important，　stimulus　repetition　RT（F（1，9）＝69．62，　p

＜．001）was　significantly　shorter　for　the　second　response　than　for　the　first　response，

whereas　both　response　repetition　and　nonrepetition　RTs　for　the　first　response　werc　not

significantly　different　from　those　for　the　second　response．　As　with　the　different　force

condition，　these　results　indicate　that　thc　repctition　effect・was　found　only　for　the　stimulus

　　　　　　　　　

repetltlon・

　　　　　　　Error　rates．　The　intcraction　between　repetition　condition　and　scrial　position

was　significant（F（2，36）＝21．41，　p＜．001）．　The　analysis　of　interaction　indicatcd　that

the　error　rates　during　the　second　responses　significantly　differed　among　the　repetition
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conditions（F（2，36）＝32．25，　p＜．001）．　An　LSD　test　revealed　that　the　response

rcpetition（9．2％）produced　significantly　highcr　error　rate　than　did　both　the　stimulus

rcpetition（2．1％）and　nonrepetition（1．5％），　which　were　not　significantly　different　from

cach　other．

Discu∬ion

　　　　　　　Examination　of　the　force－time　parameters　showed　that　subjects　werc　able　to

mcct　thc　task　constraints　imposed　by　the　experimenter。

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　カ
　　　　　　　Thc　results　on　choice　RT　were　almost　consistent　with　those　observed　in

Expcriment　2．　With　the　different　force　and　free　force　conditions，　thc　repetition　effect

was　observed　only　for　the　stimulus　repetition．　With　the　samc　force　condition，　on　the

other　hand，　the　repetition　effect　was　observed　for　the　stimulus　repetition　and

nonrepetition，　supporting　the　response　programming　hypothesis　as　well　as　the　response

selection　hypothesis．　Again，　the　size　of　the　repetition　effect　obtained　was　significantly

larger　for　the　stimulus　repetition　than　for　the　nonrepetition．　As　in　Experiment　2，　this

suggests　that　response　selection　is　the　primary　locus　of　the　repetition　effect　and

response　programming　is　the　secondary　locus　of　the　effcct，　regardless　of　whcther　the

mapPing　was　categorizable　or　noncategorizable．

　　　　　　　In　terms　of　the　highest　link　hypothesis（Campbell＆Proctor，1993；Pashler＆

Baylis，1991b），　if　the　response　repetition　effect　reflects　the　speedup　of　processing　from

the　stimulus　category　to　response　category，　then　the　response　repetition　effect　should

have　occurred　only　when　the　mapping　was　categorizable．　Howcver，　no　response

repetition　effect　was　found　for　both　different　force　and　free　force　conditions．　This　result

is　consistcnt　with　the　result　observed　by　Pashler　and　Baylis’s（1991b）experiment，

speaking　against　the　highest　link　hypothesis．　Also　with　the　same　force　condition，　on　the

other　hand，　response　repetition　cffect　was　not　fbund．　However，　the　fact　that　the　RT　to

initiate　the　second　response　was　significantly　shorter　fbr　the　same　fbrce　condition　than
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for　the　different　force　condition　may　partly　support　the　response－programming

hypothesis．

　　　　　　　In　Experiment　2　in　which　the　noncategorizable　mapping　was　used，　the　response

rcpctition　produced　significantly　longer　RT　for　the　second　response　than　for　the　first

rcsponsc．　In　thc　present　cxperimcnt　in　which　thc　catcgorizable　mapping　was　used，

howcvcr，　this　trcnd　was　not　found．　Thus，　the　inhibitory　effect　observed　in　Experiment　2

might　havc　stcmmcd　from　making　thc　samc　rcsponse　to　a　new　signal　which　could　be

not　groupcd　into　common　categories　immediately　after　having　made　that　response　to　a

signal．

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ぷ
　　　　　　　In　conclusion，　thc　findings　of　Experimcnt　3　suggcst　that　when　repeated

rcsponscs　arc　thc　samc　in　tcrms　of　thcir　force－time　patterns，　the　repetition　effect　occurs

at　thc　stagc　ot’　not　only　response　selcction　but　also　response　programming，　regardless　of

thc　n飢urc　of　thc　mapping　of　thc　stimuli　to　the　responses．

Experiment　4

　　　　　　　Expcriment　4　was　basically　a　replication　of　Experiment　2　with　one　exception

that　instead　of　a　choice　RT　paradigm，　a　simple　RT　paradigm　was　adopted．　During

simple　RT，　response　selection　is　not　needed　because　subjects　know　the　required

response　before　the　starting　signal　is　presented．　Thus，　if　the　repetition　effect　is　found　in

asimple　RT　paradigm，　then　the　effect　should　predominantly　originate　in　the　stage　of　the

response　programming，　not　the　stage　of　the　response　selection．　It　was　assumcd　that　the

repetition　effect　should　be　observed　for　the　same　force　condition，　but　no　for　the　different

force　condition，　and　that　the　size　of　the　effect　observed　for　the　same　force　condition

should　be　the　same　across　all　the　rcpctition　conditions．　In　this　experimcnt，　the　free　force

condition　was　excludcd　because　as　shown　in　Experiment　2　and　3，　the　results　on　RT

observed　for　the　free　fbrce　condition　werc　consistent　with　those　fbr　thc　diffcrent　force

condition．
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ルfethod

　　　　　　　SUbjC2CtS．　Twcnty　graduate　and　undcrgraduate　students（10　women　and　10

mcn），　ranging　in　agc　t’rom　20　to　29　ycars，　with　a　mcan　of　21．6　yr．，　volunteered　to　serve

as　subjccts．　Thcy　all　wrotc　with　thcir　right　hands．　Nonc　had　prior　knowledge　of　the

hypothcs　cg．　bcing　tcstcd．

A〃aratus． Thc　apparatus　was　thc　same　as　in　Experiment　2．

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ぷ
　　　　　　　1）esi8n．　Thc　dcsign　of　thc　cxpcriment　was　a　2　x　3　x　2（serial　pattern　x

rcpctiti（m　condition　x　scrial　position）factorial　with　repeated　measures　on　the　last　two

factors．　Thc　fi　rst　factor　had　two　lcvcls　of　the　same　force　and　different　force　conditions．

Thc　sccond　factor　had　three　levcls　of　thc　stimulus　repetition，　response　repetition，　and

nonrcpctition　conditions．　Thc　third　factor　had　two　levels　of　the　first　and　second

rcsponscs．　Tcn　subjccts　of　5　women　and　5　men　were　randomly　assigned　to　each　of　the

samc　forcc　and　difl’crcnt　force　condition．

　　　　　　　1）rocedure．　Unlike　in　Experiment　2，　the　simple　RT　paradigm　was　uscd．

Subjects　were　informed　which　stimulus　was　presented　and　which　responsc　was　to

prepare　before　each　trial．　Catch　trials　were　included　at　a　rate　of　one－sixth　of　the　trials　for

each　of　the　first　and　second　responses　to　discourage　subjects　from　anticipating　the

reaction　signals．　When　a　catch　trial　occurred，　the　warning　tone　was　not　followed　by　a

reaCtiOn　Signal．

　　　　　　　Subj　ects　participated　in　two　consecutive　daily　sessions．　In　the　first　session，

subjects　perfbrmed　192　practicc　trials　for　each　of　the　same　force　and　differcnt　force

conditions．　In　the　second　scssion，　subl　ects　perfbrmed　192　trials（96　practice　trials　and

96test　trials）for　each　of　the　same　force　and　di　fferent　force　conditions．　The　intertrial

intcrval　was　10　sec．　A　3－min．　break　was　given　every　64　trials。　The　othcr　procedurc　was
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thc　same　as　in　Experimcnt　2．

　　　　　　　Dependent　measures．　Dcpcndcnt　mcasures　werc　thc　same　as　in　Experiment

2cxccpt　that　instcad　of　choice　RT　simplc　RT　was　mcasured．　These　data　were　analyzed

via　a　thrcc－way　ANOVA，　with　thc　scrial　pattcrn（samc　force　or　different　force）as　a

bctwccn－subj　ccts　factor，　rcpctition　condition（stimulus　repctition，　response　repetition，　or

nonrcpctition），　and　scrial　position（t’irst　or　sccond　rcsponsc）as　within－subjects　factors．

Results

β

　　　　　　　Force－’ime　measures．　Thc　rcsults　of　forcc－timc　measures　were　very　similar．

Thc　intcractions　bctwccn　scrial　paucrn　and　serial　position　were　significant（F（1，18）＝

256．94for　actual　pcak　forcc，　F（1，18）＝59．57　for　time　to　peak　force，　and、F（1，18）＝

86．36for　impulsc，1）s＜．001）．　Thc　analyscs　of　interactions　indicated　that　with　the　same

lbrcc　cond“ion，　thc　first　rcsponsc　was　not　significantly　different　from　the　second

rcsponsc　lbr　alnhc　i’orcc－time　mcasurcs．　With　the　different　force　condition，　however，

thc　first　rcsponsc　was　significantly　diffcrent　from　the　second　response　for　all　the　fbrce－

timc　mcasurcs（F（1，18）＝441、41　for　actual　peak　force，　F（1，18）＝120．24　for　time　to

pcak　forcc，　and」F（1，18）＝152．43　for　impulse，　ps＜．001）．　With　the　same　force　condition，

mcans　of　actual　peak　force　were　31　and　33％；means　of　time　to　peak　force　were　105　and

106msec．；means　of　impulse　were　1．9　and　2．1　kg・s，　for　the　first　and　second　responses，

respectively。　Also　with　the　different　force　condition，　means　of　actual　peak　f6rce　wcre　54

and　29％；means　of　time　to　peak　force　were　130　and　101　msec；means　of　impulse　were

3．3and　1．5　kg・s，　for　the　first　and　second　responses，　respectively．　As　is　evident　in　these

data，　the　subjects’mean　actual．peak　force　closely　matched　the　target　forcc　of　300r　50％．

Moreover，　all　of　the　responses　were　quite　rapid　as　is　indicated　by　thc　overall　mean　time

to　peak　force　of　111　msec。　Therefbre　it　can　be　considercd　that　the　fbrce－production　task

was　perfbrmed　in　a　ballistic　fashion．　These　findings　indicate　that　su句ects　were　able　to
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meet　the　taSk　constraints　imposed　by　the　experimenter．　The　result　of　maximal　isometric

grip　strength　showed　a　significant　main　effect　for　hand（F（1，18）＝6．20，　p＜．05），

indicating　that　the　right　hands（45・6　kg）produced　larger　forces　than　did　the　left　hands

（43．6kg）．

　　　　　　　Simple　RT．　Figure　5　shows　mean　simple　RT　as　a　function　of　repetition

condition　and　serial　position　for　each　serial　pattern．
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Figure　5．　Mean　simple　reaction　time（RT）in　Experiment　4　as　a　function　of　repetition　condition，

serial　posi60n，　and　serial　pattem．
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　　　　　　　The　ANOVA　showed　that　only　the　interaction　betwccn　serial　pattern　and　serial

position　was　significant（F（1，18）＝13．50，　p＜．01）．　The　interaction　indicated　that　the

same　force　condition　produced　significantly　shortcr　simple　RT　for　the　second　response

than　for　the　first　rcsponse（F（1，18）＝13．59，、ρ＜．01），　but　the　different　force　condition

did　noしThese　results　indicate　that　thc　rcpetition　effect　was　found　only　for　the　same

forcc　condition．　In　addition，　the　failure　to　find　significant　interactions　between

rcpctition　condition　and　serial　pattern　and　between　repetition　condition　and　serial

position　indicatc　that　thc　size　of　the　repetition　effect　observed　was　similar　across　all　the

rcpctition　conditions．

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　β

　　　　　　　Error　rates．　Catch　trial　errors　were　extremely　infrequent　as　is　indicated　by

thc　ovcrall　mean　error　rate　of　O．3％，　which　was　evenly　distributed　across　all　conditions．

Supplementary　Experiment

　　　　　　　As　hypothesized，　the　repetition　effect　was　observed　only　for　the　same　force

condition．　Moreover，　the　size　of　the　effect　obtained　did　not　differ　among　all　the

repetition　conditions．　These　findings　seem　to　support　the　present　view　that　the　repetition

effect　seen　in　simple　RT　predominantly　originates　in　the　stage　of　the　response

programming．　However，　one　might　argue　that　the　effect　observed　was　simply　due　to

decreases　in　time　required　for　thc　electrical　or　physiological　activity　associated　with

muscle　contraction　rather　than　decreases　in　time　rcquired　for　response　programming．

Although　Experiment　l　in　which　the　EMG　technique　was　adoptcd　showcd　no　difference

in　motor　times　among　target　forces，　it　did　not　deal　with　a　scrial　reaction．　Thus，　this

supplementary　experiment　was　conducted　to　examine　whether　the　repetition　effect

observed　fbr　the　same　fbrce　condition　was　due　to　decreases　in　time　required　for

response　programming　or　simply　to　dccreases　in　time　required　for　the　electrical　or

physiological　activity　associated　with　musclc　contraction．　For　this　purpose，　as　in
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Expcrimcnt　1，　the　EMG　technique　was　employed　to　separate　prcmotor　and　motor　time

cffccts．

　　　　　　　Eight　graduate　and　undcrgraduate　students（4　women　and　4　men），　ranging　in

agc　from　20　to　23　years，　with　a　mean　of　21．5　yr．，　volunteered　to　serve　as　subjects．　They

all　wrotc　with　thcir　right　hands．

　　　　　　　Thc　dcsign　of　the　experiment　was　a　2　x　2　x　2（serial　pattern　x　target　force　x

scrial　position）factorial　with　repeatcd　measures　on　all　factors．　The　first　factor　had　two

lcvcls　ofthc　samc　forcc　and　different　force　conditions．　The　second　factor　had　two　levels

of　30　and　50％target　forces．　The　third　factor　had　two　levels　of　the　first　and　second

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　β

「csponscs・

　　　　　　　Thc　apparatus　was　almost　the　same　as　in　Experiment　1．　Subjects　were　required

to　react　and　produce　a　designated　peak　force　by　squeezing　the　handle　with　the　preferred

hand　as　quickly　and　accurately　as　possible　after　each　of　the　first　and　the　second　reaction

signals．　Unlike　Experiment　4，　the　response－stimulus　interval　was　500　msec．　With　the

same　force　condition，　the　instructed　sequence　pattems　were　30％－30％and　50％－50％．

With　the　different　force　condition，　the　instructed　sequence　patterns　were　30％－50％and

50％－30％．Subj　ects　perfbrmed　50　blocked　trials（30　practice　trials　and　20　test　trials）for

each　of　four　conditions．　Simple　RTs　below　100　msec．　were　considered　prematurc

reactions　and　were　omitted．　Dependent　measures　wcre　the　same　as　in　Experiment　1．

　　　　　　The　results　of　force－time　measures　were　very　similaL　Only　the　main　effects　fbr

target　force　were　significant（F（1，7）＝273．29　for　actual　peak　fbrce；F（1，7）＝45．73　for

time　to　peak　force；F（1，7）＝47．24　fbr　force　duration，」ρs＜．001）．　This　indicatcs　that　the

30％condition　produced　a　smaller　peak　force　and　shorter　time　to　peak　force　and　force

duration　than　did　the　50％condition．　With　the　same　fbrcc　condition，　means　of　actual

peak　force　were　26－28％and　45－47％for　the　30－30％and　50－50％conditions，

respectively．　Means　of　time　to　peak　force　were　96－98　msec．　and　113－114　msec。　fbr　the

30－30％and　50－50％conditions，　respcctively．　Means　of　fbrce　duration　werc　226－228

msec．　and　255－254　msec．　fbr　thc　30－30％and　50－50％conditions，　respectively．　With　the
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different　force　condition，　means　of　actual　peak　force　were　29－50％and　48－27％for　the

30－50％and　50－30％conditions，　respectively．　Means　of　time　to　peak　force　were　99－121

msec．　and　117－102　msec．　for　the　30－50％and　50－30％conditions．　Means　of　force

duration　were　232－271　msec．　and　263－235　msec．　for　the　30－50％and　50－30％conditions
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　，

respcctively．　As　is　evident　in　these　data，　the　subjects’mean　actual　peak　force　closely

matched　the　target　force　of　300r　50％．　These　findings　indicate　that　subj　ects　were　able　to

mcet　the　task　constraints　imposed　by　the　experimenter．

　　　　　　　The　results　of　the　simple　RT　and　premotor　time　were　very　similar．　The　same

force　conditions　produced　significantly　shorter　simple　RTs（F（1，7）＝69．49，　p＜．01）

and　premotor　times（F（1，7）＝40．Of，ρ＜．01）than　did　thc　different　force　conditions　for

the　second　response．　The　same　force　conditions　also　produced　significantly　shorter　RTs

（F（1，7）＝30．82，p＜．01）and　premotor　times（F（1，7）＝25．83，」ρ＜．01）for　the　second

response　than　for　the　first　response．　These　findings　indicate　that　the　repetition　effect　was

found　only　for　the　same　force　conditions．　With　the　same　fbrce　condition，　mean　simple

RTs　were　258－216　msec．　and　263－222　msec．　for　the　30－30％and　50－50％conditions
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　，

respectively．　Mean　premotor　times　were　214－177　msec．　and　216－176　msec．　fbr　the　30－

30％and　50－50％conditions，　respectively．　With　the　different　force　condition，　mean

simple　RTs　were　268－252　msec．　and　275－261　msec．　for　thc　30－50％and　50－30％

conditions，　respectively．　Mean　premotor　times　were　221－207　msec。　and　225－220　ms　for

the　30－50％and　50－30％conditions，　respectivcl）r．　The　rcsult　of　the　motor　time　showed

that　the　second　responsc　produced　significantly　shorter　motor　time　than　did　the　first

response　for　both　same　force　and　different　force　conditions（F（1，7）＝19．19，」ρ＜．01）．

This　may　suggest　that　the　electrical　activ玉ties　of　musclc　contraction　require　more　motor

time　whcn　there　is　no　prior　response　than　whcn　there　is　a　prior　one．　However，　the

difference　in　motor　time　between　the　first　and　second　responses　was　too　small　to

account　for　a　substantial　repctition　effcct．　Most　important，　thc　motor　time　to　initiate　the

sccond　response　did　not　diffcred　between　the　same　force　and　different　fbrce　conditions．

This　rcsult　strongly　suggests　that　the　repctition　effects　observed　m　Experiment　4　werc
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duc　to　dccrcascs　in　timc　required　for　rcsponse　programming．　With　the　same　force

condition，　mcan　motor　times　wcrc　45－40　mscc．　and　47－46　msec．　for　the　30－30％and　50－

50％conditions，　rcspcctivcly．　With　the　diffcrent　force　condition，　mean　motor　times　were

45－45mscc．　and　50・・41　mscc．　tor　thc　30－50％and　50－30％conditions，　respectively．

Prcmaturc　rcactions　wcre　cxtremely　infrequcnt　as　is　indicated　by　the　overall　mean　error

ratc　of　O．3％，　which　was　cvcnly　distributcd　across　all　conditions．

Discu∬↓oη

　　　　　　　The　findings　of　Experimen’t　4　in　which　the　simple　RT　paradigm　was　adopted

wcrc　remarkably　different　from　those　of　Experiment　2　and　3　in　which　the　choice　RT

paradigm　was　adoptcd．　The　repetition　effect　was　found　for　all　the　repetition　conditions

in　the　same　force　condition．　The　size　of　the　effect　observed　was　similar　across　all　the

repetition　conditions．　On　the　contrary，　the　repetition　effect　vanished　completely　across

all　the　repetition　conditions　in　the　different　force　condition．　The　supplcmentary

experiment　clearly　demonstrated　that　the　repetition　effect　obtained　in　the　same　fbrce

condition　was　due　to　the　decreases　in　premotor　times　but　not　in　motor　times．　The　result

on　motor　time　rules　out　the　possibility　that　the　repetition　effcct　observed　was　due　simply

to　decreases　in　time　requircd　for　the　electrical　or　physiological　activity　associated　with

muscle　contraction．　Since　premotor　time　is　a　more　valid　indicant　of　the　time　needed　for

central　information　processing　than　RT（Fischman，1984；Weiss，1965），　the　present

findings　strongly　suggest　that　the　repetition　effect　seen　in　simple　RT　is　not　peripheral

but　central，　in　origin．　The　results　of　Expcriment　4　speak　against　both　the　perceptual

speedup　hypothcsis　and　the　response　selection　shortcut　hypothesis　proposed　by　Pashler

and　Baylis’s（1991b）．　If　these　hypotheses　were　applied　to　the　simple　RT　situation，　then

the　stimulus　repctition　effect　should　have　been　fbund　for　the　different　force　condition，

which　was　not　the　case．　Thus，　the　results　of　Experiment　4　suggest　that　when　the　same

responses　are　repeatcd　undcr　the　simplc　RT　condition，　response　programming　is　thc

臨，
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primary　locus　of　the　repetition　effcct．

Conclusion

　　　　　　　　Chaptcr　3　cxamincd　the　possibility　that　the　repetition　effect　occurs　at　the　stage

of　rcsponse　programming，　by　conducting　four　expcriments．　Tb　test　this　hypothesis，　the

prcscnt　cxpcrimcnts　cxamincd　what　happens　on　the　RT　to　initiate　the　sccond　response

whcn　two　scrial　rcsponses　are　comprised　of　the　same　or　different　responses　in　their

forcc－timc　pattcrns，　or　more　specifically，　they　are　comprised　of　the　same　or　different

rcsponscs　in　thcir　motor　prog商ms．　The　task　used　was　an　isometric　force－production

task．　Subjects　were　required　to　react　and　produce　the　sequence　of　the　same　or　different

force　by　squeezing　the　handle　as　quickly　and　accurately　as　possible　after　the　first　and

sccond　reaction　signals　that　are　presented　in　rapid　succession．　It　was　assumed　that　the

repetition　effect　occurs　only　when　the　same　force　response　is　repeated　on　successivβ

rcsponses，　because　the　motor　program　for　the　preceding　response　could　be　reused　for

the　next　response．

　　　　　　　Experiment　l　examined　whether　varying　fbrce　magnitude　influcnces　the　RTs　in

both　simple　and　choice　paradigms．　The　RT　to　initiate　force　rcsponse　did　not　change

across　the　range　of　forces　examincd　in　both　simple　and　choice　RT　conditions，　regard玉ess

of　whether　a　desired　force　was　selected　by　the　experimenter　or　by　the　subj　ect．　These

findings　suggested　that　the　time　required　to　program　force　response　is　invariant　across

the　range　of　forces　examined．

　　　　　　　Experiment　2　examined　the　effect　of　the　similarity　of　serial　force　responses　on

repetitions　with　a　noncategorizable　mapping　in　a　choice　RT　paradigm．　Experiment　3

examined　the　effect　of　the　similarity　of　serial　responses　on　repetitions　with　a

categorizablc　mapping　in　a　choicc　RT　paradigm．　Consistent　with　the　results　reported　by

Pashler　and　Baylis（1991b），　both　experiments　showed　repetit玉on　effects　only　fbr

stimulus　repetition　whcn　the　di　fferent　response　or　frce　response　was　repeated　on
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succcssivc　rcsponscs，　rcgardlcss　of　catcgorizability　of　thc　stimuli．　These　findings

supportcd　thc　rcsponsc－sclcction　hypothesis　of　thc　repetition　effect．　When’ 狽??@same

forcc　rcsponsc　was　rcpcatcd，　howcvcr，　rcpctition　cffccts　were　observed　not　only　for

stimulus　rcpctition　but　also　for　nonrcpctition．　These　findings　were　interpreted　as

cvidcncc　for　two　loci　of　thc　rcpctition　cffcct，　response　selection　and　response

　　　　　　　　　
P「09「ammlng・

　　　　　　　Finally，　Expcrimcnt　4　cxamincd　thc　cffcct　of　thc　similarity　of　serial　responses

on　rcpct“ion　cffccts　in　a　simplc　RT　paradigm．　When　the　same　force　response　was

rcpcatcd　on　succcssivc　responscs，　rcpctition　effects　were　found　for　all　of　the　stimulus

　　　　　　　，　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　り　　　　　　　　　　　　　　　　　　　ぷ

rcpctlt1（m，　rcsponsc　rcpctltlon，　and　nonrepetition．　When　the　different　force　response　was

rcpcatcd，　on　thc　contrary，　repetition　effects　vanished　completely　across　all　the　repetition

conditions．　Thus，　thc　rcsults　of　Experiment　4　suggested　that　when　the　same　responses

arc　rcpcatcd　undcr　thc　simple　RT　condition，　response　programming　is　the　primary　locus

of　thc　rcpctition　cffect．

　　　　　　　In　conclusion，　experiments　in　Chapter　3　suggested　that　if　the　same　response　is

rcpcated　on　successive　responses，　in　a　serial　choice－RT　situation，　repetition　effects

originates　in　both　response　selection　and　response　programming，　whereas　in　a　serial

simple－RT　situation，　response　programming　is　the　primary　locus　of　the　repetition　effect．



CHAPTER　4

NArURE　OF　REPETITION　EFFECT　Ar　STAGE

　　　　　　　OF　RESPONSE　PROGRAMMING

　　　　　　　The　results　of　the　experiments　in　Chapter　3　suggested　two　loci　of　the　repetition

effect，　response　selection　and　resPonse　programming．　That　is，　if　the　same　rcsponse　is

repeated　on　successive　responses，　in　a　serial　choice　RT　situation，　response　selection　is

the　primary　locus　of　the　repetition　effect　and　response　programming　is　the　secondary

locus　of　the　effect。　In　a　serial　simple　RT　situation，　however，　response　programming　is

the　primary　locus　of　the　repetition　effect．

　　　　　　　At　this　point，　two　questions　emerge　concerning　the　nature　of　the　rcpetition

effect　that　arises　from　response　programming．　The　first　question　deals　with　whether　the

repetition　effect　that　arises　from　response　programming　is　due　to　a　speedup　of　the

processing　or　bypassing　of　the　processing．　By　a　speedup，　Pashler　and　Baylis（1991b）

meant　that　when　the　repeated　event　reuses　the　same　processing　as　thc　previous　trial，　the

processing　at　the　relevant　stage　progresses　but　proceeds　more　quickly　than　the　normal

processing．　By　bypassing，　on　the　other　hand，　they　meant　that　when　the　repeated　event

reuses　the　same　processing　as　the　previous　trial，　the　processing　at　the　relevant　stage　is

entircly　eliminated．　For　example，　the　response　selection　shortcut　hypothesis　put　forward

by　Pashler　and　Baylis（1991b）proposed　that　bypassing　of　response　selection　occurs

from　direct　access　to　the　last　stimulus－response　connection　or　memory　trace．　That　is，

after　making　a　particular　stimulus－response　pairing，　thc　stimulus－response　connection　or

memory　trace　is　activated．　When　thc　stimulus　is　presented　again，　the　connection　or

memory　trage　has　direct　access　that　eliminates　need　to　search　through　memory　fbr　thc
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correct　responsc．　This　view　is　consistent　with　Keele’s（1969）and　Smith’s（1968）view

for　the　repetition　effect　on　thc　basis　of　short－term　memory．　As　mcntioned　in　dhapter　1，

on　thc　othcr　hand，　alternative　models　have　been　proposed　to　account　for　the　response

programming　proccss（e．g．，　Klapp，1976；Roscnbaum，　Hindorff，＆Munro，1987；

Roscnbaum，　Inhoff，＆Gordon，1984；Schmidt，1975；Sternberg　et　al．，1978）．　Though

thcsc　modcls　prcscnt　somc　compcting　views，　they　have　the　common　view　that　a

constructcd　motor　program　is　tcmporarily　stored　in　a　short・，　term　motor　output　buffer　just

bcforc　cxccution．　Thcrcfbre，　if　thc　motor－program　representation　has　direct　access，　then

this　may　act　so　that　the　normal　response　programming　is　bypassed（response

programming　bypass　hypothesis）．　Or　the　proccssing　at　the　response　programming－stage

may　mercly　proceed　more　quickly　than　the　normal　processing（response　programming

spccdup　hypothesis）．　In　Experiment　5，　these　alternative　hypotheses　are　tested．

　　　　　　　Thc　second　question　deals　with　how　long　the　repetition　effect　that　arises　from

rcsponse　programming　is　retained．　As　reviewed　in　Chapter　2，　the　repetition　effect

dcpends　on　response－stimulus　interval　or　intertrial　interval．　The　size　of　the　effect　is

particularly　marked　when　the　response－stimulus　interval　or　intertrial　interval　is　within　l

sec．（Bertelson，1961；Bertelson＆Renkin，1966；Entus＆Bindra，1970；Halc，1967），

and　decreases　as　the　interval　increased．　For　example，　Keele（1969）and　Smith（1968）

found　that　the　repetition　effect　decreases　as　the　intertrial　interval　increascd　from　2　to　4

sec．　With　longer　response－stimulus　interval　or　intertrial　interval　beyond　these　intervals，

there　was　no　repetition　effect．　These　results　may　suggest　that　the　first　few　seconds

would　be　the　approximate　upper　limit　for　the　retention　of　the　repetition　effect　that　arises

from　response　selection，　bccause　Campbell　and　Proctor（1993）and　Pashler　and　Baylis

（1991b）fb皿d　that　the　primary　locus　of　the　repetition　effect　is　response　selection．

However，　it　is　unclear　how　long　the　repetition　effect　that　arises　from　response

programming　is　retained．　Thus，　in　Experiment　6，　short－term　rctention　of　the　repetition

effect　that　arises　from　response　programming　is　examincd．

　　　　　　　In　both　experiments　that　fbllow，　the　simplc　RT　paradigm　is　adopted　because　the
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result　of　Experimcnt　4　suggested　that　in　a　serial　simple　RT　situation，　the　primary　locus

of　the　rcpetition　effcct　is　response　programming．　If　the　choice　RT　paradig血was　used，

thc　cffect　that　stcms　from　response　programming　would　be　confounded　with　the　effect

that　stcms　from　rcsponsc　sclcction．　In　addition，　as　in　Experiment　l　and　4，　the　EMG

tcchniquc　was　employcd　to　separate　prcmotor　and　motor　time　effects．

Experiment　5

　　　　　　　Thc　prcsent　experiment　is　conducted　to　examine　whether　the　repetition　effect

　　　　　　　　　　　　　　　　　　　　　　　　　　　　）that　ariscs　from　rcsponse　programming　is　due　to　a　speedup　of　the　processing（response

programming　speedup　hypothesis）　or　bypassing　of　the　processing　（response

programming　bypass　hypothesis）．

　　　　　　　To　tcst　these　alternative　hypothcses，　the　psychological　refractory　period

paradigm　is　adopted．　In　this　paradigm，　subjects　are　presented　two　stimuli　in　rapid

succession，　with　each　stimulus　requiring　a　quick，　discrete　response．　The　typical　finding

is　that　the　RT　to　the　second　of　the　two　stimuli　is　considerably　delayed，　compared　with

the　RT　to　the　same　stimulus　when　it　is　presented　alone　and　more　so　when　the

interstimulus　interval　is　shorter．　The　delay　is　usually　observed　for　thc　interstimulus

intervals　up　to　2000r　300　msec．　This　phenomenon，　which　has　been　called　the

psychologica1　refractoriness　effect　by　Telford（1931），　demonstrates　a　sever　limitation　in

people’s　ability　to　perfbrm　two　RT　tasks　at　the　same　time（for　reviews，　sec　Sandcrs，

1998；Smith，1967；Welford，1980）．　At　first　glance，　one　might　suppose　that　the　paradigm

of　psychological　refractory　period　is　the　same　as　the　paradigm　of　repetition　effect

because　both　involve　serial　reactions　irl　common．　Unlikc　in　the　repetition　effect

paradigm，　however，　in　the　psychological　refractory　period　paradigm　the　second　stimulus

is　in　almost　casc　presented　before　the　initiation　of　the　first　response　or　during　thc

execution　of　the　first　rcsponse．　Furthcmlore，　the　two　stimuli　are　presented　in　different

modalities（e。g．，　auditory－visual　design）and　require　responses　by　different　hands　to

｛

田
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climinate　perceptual　interfcrencc　and　structural　interference．　Thus，　no　repetition　effect

should　be　expectcd．

　　　　　　　Though　scvcral　theorics　havc　bccn　put　forward　to　account　for　the　psychological

rct’ractorincss　cffcct，　thc　most　pcrsuasive　and　comprehensive　explanations　have　been

providcd　by　singlc－channcいhcories．　These　theories　propose　that　somewhere　in　the

ccntral　proccssing　stages　therc　is　a　single－channel　bottleneck　that　cannot　process　more

than　onc　task　at　a　timc．　Whcn　thc　processing　stage　is　occupied　with　a　first　task，

proccssing　a　sccond　task　must　be　postponed　until　the　stage　becomes　available．　Thus，　the

RT　to　thc　sccond　stimulus　is　dclayed　compared　with　the　control　RT　when　it　is　presented

alonc，　　　　　　　　　　　　　　　　　　　　　’

　　　　　　　Thc　major　alternatives　to　single－channel　theories　are　those　of　expectancy　and

capacity　sharing・Expectancy　thcory　states　that　the　delay　is　due　to　the　fact　that　the

subjcct　is　not　rcady　or　does　not　expect　the　second　stimulus　so　soon　after　the　first

stimulus（Adams，1962）。　The　weakness　of　the　theory　is　the　inability　to　explain　the

finding　that　thc　same　dclay　is　observed　even　when　interstimulus　interval　is　kept　constant．

Capacity－sharing　theory　proposes　that　the　delay　originates　not　in　postponement　of　the

information　processing　at　particular　stages　but　rather　in　a　depletcd　sharing　of　capacity　or

resources　between　the　first　and　second　responses（Gottsdanker，1979；McLeod，1977）．

While　the　theory　predicts　that　the　RT　delay　is　observed　not　only　for　the　second　response

but　also　for　the　first　response，　the　RT　delay　for　the　first　response　is　always　found　by　no

means．　Thus，　these　theories　are　not　as　comprehensive　as　single－channel　theories．

　　　　　　　Single－channel　theories　differ　with　respect　to　the　locus　of　the　bottleneck　in　the

chain　of　processes．　One　view　is　that　the　bottleneck　is　at　thc　stage　of　perceptual

processing（Broadbent，1958）．　Another　is　that　the　bottleneck　occurs　at　the　stage　of

response　selection（McCann＆Johnston，1992；Pashler，1984，1989；Pashler＆Johnston，

1989；Smith，1967；Welford，1952，1980）．　Still　another　is　that　the　bottleneck　arises　in

the　stage　of　response　programming（De　Jong，1993；Keele，1973；Netick＆Klapp，

1994）．However，　the　views　that　have　received　the　most　consistent　empirical　support　are
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thc　response　selection　bottleneck　and　response　programming　bottleneck　views．　For

cxamplc，　Logan　and　Burke11（1986）and　Pashler　and　Johnston（1989）found　no

psychological　refractoriness　cffect　when　the　first　stimulus　was　presented　but　did　not

rcquirc　an　ovcrt　rcsponsc．　This　finding　suggests　that　the　perceptual　processing　of　the

sccond　stimulus　can　proceed　in　parallel　with　the　first－task　processing，　speaking　against

thc　pcrccptual　bottlcncck　view．　McCann　and　Johnston（1992）and　Pashler（1984，1989）

tound　that　thc　cffccts　of　the　difficulty　of　response　sclection　such　as　stimulus・・response

compatibility　on　choice　RT　were　additive　with　the　effects　of　interstimulus　interval．

Since　it　is　well　known　that　stimulus－response’compatibility　effects　are　confined　to　the

　　　　　　　　　　　　　　　　　　　　　　　　　　　　カrcsponsc　sclection　stage（e．g．，　Shulman＆McConkie，1973；Sternberg，1969），　this　result

supports　thc　view　of　the　response　selection　bottleneck．　The　most　important　finding　for

thc　purposc　of　the　present　study　is，　however，　that　cven　when　a　simple　RT　paradigm　was

uscd，　psychological　refractoriness　effect　has　been　found（e．g．，　Davis，1957，1959；Karlin

＆Kestcnbaum，1968；Klemmer，1956；Kroll，1961；Slater－Hammel，1958；Telfbrd，

1931）．As　discussed　in　Chapter　3，　during　simple　RT，　response　selection　is　not　necded

because　su句ects　know　the　required　response　before　the　starting　signal　is　presented．

Thus，　this　result　strongly　suggests　that　under　the　simple　RT　circumstances，　the

bottleneck　is　at　the　response－programming　stage。

　　　　　　　Given　that　the　simple　RT　circumstances　directly　reflect　the　existencc　of　the

response　programming　bottleneck，　one　way　to　test　the　present　alternative　hypotheses　by

using　this　paradigm　is　to　observe　what　happens　on　the　simple　RT　when　the　similarity　of

serial　responses　is　manipulated，　as　in　Experiment　4．　In　this　case，　one　plausible

prediction，　consistent　with　the　previous　evidence，　is　that　when　serial　rcsponses　contain

different　motor　programs，　a　typical　ref已ctoriness　effect　would　be　observed．　This　is

because　only　one　motor　program　can　be　constmcted　at　a　time　and　thus　the　normal

programming　for　the　second　response　ca皿ot　begin　until　the　programming　for　the　first

response　is　completed．　When　repeated　responses　contain　the　same　motor　programs，　on

the　other　hand，　if　the　response　programming　speedup　hypothesis　is　correct，　the
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rcfractoriness　effect　would　still　be　observed，　but　the　size　of　the　effect　should　be　smaller

than　for　the　differcnt　motor　program　condition．　Thus，　it　is　expected　that　the　simple　RT

to　initiate　the　sccond　rcsponse　is　longcr　than　for　the　control　condition，　but　is　shorter

than　for　the　di　ffc　rcnt　motor　program　condition．　This　is　because　that　the　response

programming　for　thc　sccond　rcsponsc　is　subj　ect　to　postponement，　but　proceeds　more

quickly　than　thc　normal　proccssing．　On　the　contrary，　if　the　response　programming

bypass　hypothcsis　is　corrcct，　thc　refractoriness　effect　should　vanish　and　instead　the

rcpctition　cffcct　may　bc　observed．　Thus，　it　is　expected　that　the　simple　RT　to　initiate　the

sccond　rcsponsc　is　shorter　than　for　both　the　different　motor　program　and　control

conditions．　This　is　bccause　the　n6rmal　response　programming　is　bypassed　by　accessing

dircctly　to　thc　motor－program　representation　and　is　not　subject　to　the　response

programming　bottlencck．

Method

　　　　　　　Subjects．　Ten　graduate　and　undergraduate　students（4　women　and　6　men），

ranging　in　age　from　20　to　24　years，　with　a　mean　of　21．8　yr．，　volunteered　to　serve　as

subjects．　They　all　wrote　with　their　right　hands．　None　had　prior　knowledge　of　the

hypotheses　being　tested．

　　　　　　　Apparatus．　The　apparatus　was　the　same　as　in　Experiment　l　except　that　a

light　stimulus　generator（Takei　331）was　used　to　present　a　red　light　as　a　reaction　signal．

The　rise　time　of　the　stimulus　was　approximately　50　mscc．

　　　　　　　Design．　The　design　of　the　experiment　was　a　3　x　7（serial　pattern　x

intcrstimulus　interval）factorial　with　rcpeated　measures　on　all　factors．　Thc　first　factor

had　three　levels　of　the　same　fbrce，　different　force，　and　control　conditions．　The　second

factor　had　seven　lcvels　of　50，100，200，500，1，000，2，000，　and　4，000　msec．
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　　　　　　　Procedure．　The　procedure　was　almost　the　same　as　in　Experiment　4　except

that　a　general　psychological　refractory　period　paradigm　was　used．　The　task　was　to　react

and　produce　the　sequence　of　the　same　or　different　peak　force　by　squeezing　the　handle　as

quickly　and　accurately　as　possible　after　each　of　two　stimuli　separated　by　variable

interStimuluS　intervals．

　　　　　　　Each　trial　began　with　a　warning　signal　of　300－msec．　duration，　followed　by　an

auditory　stimulus（1，000　Hz）of　100－msec．　duration　with　a　fixed　foreperiod　of　1，000

msec．　This　stimulus　served　as　the　signal　for　the　su句ects　to　initiate　a　first　response　with

the　left　hand．　Following　variable　interstimulus　intervals（50，100，200，500，1，000，2，000，

or　4，000　msec．），　a　red　light　stimulus　of　100－msec．　duration　was　presented　which　was　the

signal　to　initiate　a　second　response　with　the　right　hand．

　　　　　　　There　were　two　experimental　conditions：same　force　and　diffcrent　force．　With

the　same　force　condition，　the　instructcd　sequence　patterns　were　30％－30％of　the

maximum　of　the　isometric　grip　strength　of　each　subject．　The　su句ects　wcre　instructed　to

reproduce　the　same　force　as　in　the　first　response，　whether　or　not　they　felt　that　the　peak

force　produced　in　the　first　response　deviated　from　the　required　force．　With　the　different

force　condition，　the　instructed　sequence　patterns　were　50％－30％．　In　addition，　there　was

acontrol　condition　for　the　second　response．　In　this　condition，　the　first　stimulus　was

omitted，　and　subjects　made　only　one　response　to　the　red　stimulus　that　occurred　after　one

of　the　seven　interstimulus　intervals．　In　addition，　there　were　two　control　conditions　fbr

the　first　response・In　these　conditions，　the　sccond　stimulus　was　omitted，　and　subjects

made　only　one　response　by　producing　either　300r　50％force　to　the　first　stimulus　that

occurred　with　a　fixed　foreperiod　of　1，000　msec．

　　　　　　　Subj　ects　participated　in　fbur　consecutive　daily　sessions．　The　first　session

provided　equal　practice　fbr　the　various　force　conditions．　In　each　session，2through　4，

su句ects　were　assigned　to　one　of　the　two　experimental　conditions　and　a　control

condition　fbr　the　second　response．　One　of　the　two　control　conditions　for　the　first

rρsponse　was　randomly　assigned　somewhere廿om　Session　2　through　4．　The　conditions
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wcrc　randomly　ordcrcd　for　each　subject．　Subjects　perfbrmed　50　blocked　trials（30

practicc　trials　and　20　test　trials）for　cach　interstimulus　interval　in　the　daily　session◆The

scvcn　intcrstimulus　interval　conditions　wcrc　randomly　ordered　for　each　subject．　The

intcrtrial　intcrval　was　10　scc．　A　3－min．　break　was　given　every　10　trials．　Each

intcrstimulus　intcrval　condition　was　run　at　5－min．　intervals．　A　2－hr．　break　was　given

aftcr　the　complction　of　thc　first　f（）ur　intcrstimulus　interval　conditions．　RTs　below　100

mscc．　wcrc　considcrcd　prcmaturc　rcactions　and　were　omitted．　All　test　trials　on　which

prcmaturc　rcaction　crrors　occurrcd　wcrc　rcpcatcd　at　the　end　of　the　condition　in　which

thcy　occurrcd．　Thc　othcr　proccdurc　was　thc　same　as　in　Experiment　4．

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　’

　　　　　　　1）〈？pendent　measures．　　Thc　dcpendent　measures　were　the　same　as　in

Expcrimcnt　1．　Unlikc　thc　expcrimcnts　in　the　prcvious　chapter，　the　first　and　second

stimuli　wcrc　prcscnted　in　differcnt　modalities（auditory－visual　design）and　require

rcsponscs　by　different　hands．　Thus，　these　data　were　analyzed　via　a　two－way　repeated－

measurc　ANOVA　with　serial　pattern　and　interstimulus　interval　for　each　of　the　first　and

second　responses．　All　post　hoc　analyses　were　perfbrmed　using　the　LSD　test　at　the．05

1eve1．

Results

First　Resρonse

　　　　　　　Force－time　measures．　The　results　of　force－timc　measures　were　very　similar．

ANOVAs　showed　that　only　the　main　effects　for　serial　pattern　were　significant（F（1，9）＝

714．31for　actual　peak　force；F（1，9）＝86．8．1　for　time　to　pcak　force；F（1，9）＝5559　for

force　duration，クs＜．001）．　Not　surprisingly，　the　same　force（30％force）condition

produced　a　smaller　peak　force　and　shorter　time　to　peak　force　and　force　duration　than　did

the　different　force（50％force）condition．　Means　of　actual　peak　fbrce　were　30　and　52％，
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means　of　time　to　peak　force　were　111　and　131　msec．，　and　means　of　force　duration　were

258and　288　msec．，　for　the　same　force　and　different　force　conditions，　respectively．　Nso，

means　of　actual　peak　force　were　32　and　53％，　means　of　time　to　peak　force　were　110　and

132msec．，　and　means　of　force　duration　were　257　and　294　msec．，　for　the　control

conditions　for　same　force　and　different　force　conditions，　respcctively．　As　is　evident　in

these　data，　the　subjects’mean　actual　peak　force　closely　matched　the　target　force　of　300r

50％．Moreover，　all　of　the　responses　were　quite　rapid　as　is　indicated　by　the　overall　mean

time　to　peak　force　of　121　msec．　These　findings　indicate　that　subjects　were　able　to　meet

the　task　constraints　imposed　by　the　experimenter．　Thc　mean　maximal　isometric　grip

strength（with　standard　deviations）w6re　43．4　kg（7．59）and　47．3　kg（8．43）for　the　left

hand　and　the　right　hand，　respectively．

　　　　　　　Simρ1e．RT　and　premotor　time．　The　results　of　simple　RT　and　prcmotor　time

were　very　similaL　ANOVAs　showed　no　main　effects　for　serial　pattern　or　fbr

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　コ

1nterstlmulus　interval　as　well　as　nonsignificant　interactions　between　thc　two　factors．

These　rcsults　indicate　that　all　conditions　did　not　differ　in　both　the　simple　RT　and

premotor　time　of　the　first　response．　Mean　simple　RTs　were　259，260，　and　255　msec．　and

mean　premotor　times　wcre　198，196，　and　193　msec．　for　the　same　force，　different　force，

and　control　conditions，　respectively．

　　　　　　　Motor　time．　The　ANOVA　showcd　no　main　effects　for　serial　pattern　or　for

interstimulus　interval　as　well　as　nonsignificant　interaction　bctween　the　two　factors．

Mean　motor　times　were　62，64，　and　62　msec．　for　the　same　fbrce，　different　force，　and

control　conditions，　respectively．

　　　　　　　Errors．　Premature　reactions　were　extremely　infrequent　as　is　indicated　by　the

over－all　mean　error　rate　of　O．7％，　which　was　evenly　distributed　across　all　conditions．
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SecOnd　Reslponse

　　　　　　　170rce－time　measures．　The　results　of　force－time　measures　were　very　similar．

ANOVAs　showcd　no　main　cffects　for　scrial　pattcrn　or　for　interstimulus　interval　as　well

as　nonsignificant　interactions　bctween　the　two　factors．　These　results　indicate　that　the

sccond　rcsponsc　was　thc　same　in　terms　of　force－time　patterns　across　all　conditions．

Mcans　of　actual　pcak　forcc　werc　29，29　and　29％，　means　of　time　to　peak　force　were　81，

85，and　79　mscc．，　and　mcans　of　force　duration　wcre　182，189，　and　178　msec．，　for　the

samc　forcc，　diffcrcnt　force，　and　control　conditions，　respectively．　As　is　evident　in　these

data，　thc　subjccts’mcan　actual　peak　force　closely　matched　the　target　force　of　30％and

all　of　the　rcsponses　were　rapidly　executed．　Additionally，　for　both　experimental

conditions，　thc　force－timc　measurcs　for　the　second　response　were　compared　with　those

for　the　t’irst　response．　With　the　different　force　condition，　as　expected，　the　first　response

produccd　a　larger　peak　fbrce　and　longer　time　to　peak　force　and　force　duration　than　did

the　second　response．　With　the　same　force　condition，　actual　peak　force　did　not　differ

between　the　first　and　second　responses，　whereas　time　to　peak　force　and　fbrce　duration

werc　significantly　shorter　for　the　second　response　than　for　the　first　response．　This　may

have　been　due　to　the　fact　that　the　handedness　takes　shorter　to　make　isometric

contractions　even　if　serial　responses　contain　the　samc　motor　programs．　However，

overall　results　indicate　that　subjects　were　able　to　meet　the　task　constraints　imposed　by

the　experimenter．

　　　　　　　Simρle　RT　and」ρremotor　time．　Figure　6　shows　mean　premotor　time　as　a

f皿ction　of　serial　pattern　and　interstimulus　interval　for　the　second　response．　The　results

of　the　simple　RT　and　premotor　time　were　very　similar．　ANOVAs　showed　significant

main　effects　fbr　scrial　pattern（F（2，18）＝21。88　for　simple　RT　and」F（2，18）＝26．77　fbr

premotor　time，　ps＜．001）and　for　intcrstimulus　interval（F（6，54）＝14．99　for　simple　RT

and　F（6，54）＝15．40　for　premotor　time，　ps＜．001）．　Interactions　betwcen　the　two　factors
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Figure　6．　Mean　premotor　time　ill　Experiment　5　as　a　fしmction　of　serial　pattern　and　interstimulus

interval　for　the　second　response．

were　also　significant（F（12，108）＝11．44　for　simple　RT　and　F（12，ユ08）＝11．05　for

premotor　time，　ps＜．001）．　Analyses　of　interactions　showed　that　the　different　force

condition　produced　significantly　longer　simple　RT　and　premotor　time　than　did　the

control　condition，　with　the　interstimulus　intervals　of　50　and　100　msec．　However，　there

were　no　different　simple　RT　and　premotor　time　between　both　conditions，　with　the

interstimulus　intervals　of　200，500，1，000，2，000，　and　4，000　msec．　Analyses　of

interactions　also　showed　that　the　same　force　condition　produced　significantly　shorter

simple　RT　and　premotor　time　than　did　the　control　condition，　with　the　interstimulus

intervals　of　100，200，500，　and　1，000　msec．　However，　there　were　no　different　simple　RT

and　premotor　time　between　both　conditions，　with　the　interstimulus　intervals　of　50，2，000，

and　4，000　msec．　Moreover，　there　were　no　different　simple　RT　and　premotor　time　among

all　the　three　conditions，　with　the　interstimulus　intervals　of　2，000　and　4，000　msec．
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　　　　　　　Motor　time．　The　ANOVA　showed　no　main　effects　for　serial　pattern　or　for

interstimulus　interval　as　well　as　nonsignificant　interaction　between　the　two’ ?≠モ狽盾窒刀D

Mean　motor　times　were　38，36，　and　37　msec．　for　the　same　force，　different　force，　and

control　conditions，　respectively．

　　　　　　　Errors．　Premature　reactions　were　extremely　infrequent　as　is　indicated　by　the

overall　mcan　error　rate　of　O．5％，　which　was　evenly　distributed　across　all　conditions．

Discussion

　　　　　　　Atypical　rcfractoriness　effect　was　observed　for　the　different　force　condition，

but　not　for　the　same　force　condition．　Consistent　with　the　results　of　the　previous　research

（e．g．，　Davis，1957，1959；Klemmer，1956；Kroll，1961），　the　refractoriness　effect　was

found　for　the　interstimulus　intervals　up　to　200　msec．，　with　no　further　increases

thereafter　compared　with　the　control　condition．　As　expected，　the　rcsults　of　simple　RT

and　premotor　time　were　parallel，　but　the　same　pattern　was　not　evident　for　motor　time．

Since　premotor　time　is　regardcd　as　the　central　component　of　total　RT　while　motor　timc

is　regarded　as　the　periphcral　component　of　total　RT，　these　findings　suggest　that　the

observed　refractoriness　effect　was　mediated　by　ccntral　rather　than　peripheral　process．

These　results　argue　against　the　view　that　the　bottlencck　is　associated　with　response

execution　per　se（e．g．，　Logan＆Burkell，1986）．　If　this　is　correct，　thc　rcsults　of　simplc

RT　and　motor　time　should　have　been　parallel．　However，　motor　time　did　not　differ

among　all　the　interstimulus　intervals．　The　present　results　also　argue　against　expectancy

and　capacity－sharing　theories．　Expectancy　theory（Adams，1962）states　that　the　RT

delay　of　the　second　response　is　due　to　subj　ect’s　subj　ective　uncertainty　as　to　when　the

second　stimulus　will　arrive．　In　this　experiment，　howevcr，　the　RT　and　premotor　timc

delay　of　the　second　responsc　were　generated　even　when　the　intcrstimulus　interval　was

kept　constant　within　each　interstimulus　intcrval　condition．　Capacity－sharing　theory
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（McLeod，1977）predicts　not　only　RT　delay　of　the　second　response　but　also　RT　delay　of

thc　first　rcsponsc　sincc　thc　first　and　sccond　responses　are　assumed　to　performed　with

dcplctcd　allocations　of　capacity．　Howcvcr，　the　results　of　RT，　premotor　time，　and　motor

timc　t’or　thc　first　responsc　showed　nonsignificant　effect　t’or　interstimulus　interval　as　well

as　nonsignificant　intcraction　betwecn　two　factors．

　　　　　　　Thc　prcscnt　rcsults　support　thc　view　that　under　the　simple　RT　circumstances，

thc　si　nglc　channcl　bottlcncck　is　at　thc　response－programming　stage（e．g．，　Davis，1957，

1959；Karlin＆Kcstcnbaum，1968；Klemmcr，1956；Kroll，1961；Telford，1931）．　It

should　bc　notcd　hcrc　that　the　only　variation　between　the　same　force　and　different　force

conditions　was　in　the　nature　of　the　response．　If　the　bottleneck　was　at　other　stage，　the

rct’ractorincss　cffect　should　have　bccn　observed　regardless　of　whether　serial　responses

wcrc　thc　samc　or　diffcrent．　This　was　not　the　case．　Thus，　the　refractoriness　effect　found

for　thc　diffcrcnt　force　condition　may　be　accounted　for　the　fact　that　only　one　motor

program　can　be　constructed　at　a　time　and　thus　the　normal　programming　for　the　second

rcsponsc　cannot　bcgin　until　the　programming　for　the　first　response　is　completed．

　　　　　　　Thc　most　important　finding　for　the　present　purpose　is　that　the　same　fbrce

condition　produced　significantly　shorter　simple　RT　and　premotor　time　than　did　the

control　condition　when　the　interstimulus　intervals　were　from　100　to　1，000　msec．　This

suggests　the　presence　of　repetition　effect．　Thus，　these　rcsults　argue　in　favor　of　the

response　programming　bypass　hypothesis　that　the　repetition　effect　that　arises　from

response　programming　is　due　to　bypassing　of　responsc　programming　processing．　This

bypassing　may　be　explained　in　terms　of　direct　access　to　the　motor－program

representation　in　the　motor　output　buffer．　The　repetition　effect　that　is　due　to　bypassing

could　be　observed　as　long　as　the　motor－program　representation　・is　still　alive．　However，

when　the　representation　decays　at　some　value　of　interval，　the　second　rcsponse　would

need　a　time－consuming　rcprogramming　operation．　The　present　result　might　suggest　that

the　approximate　uppcr　limit　for　thc　retention　of　a　motor　program　rcpresentation　is　the

first　few　seconds．　In　Expcriment　6，　short－term　retention　of　a　motor　program



ζ〆

1t

68

reprcscntation　will　bc　discusscd　in　dctail．

　　　　　　　Thc　uncxpcctcd　rcsult　of　thc　prcscnt　cxperimcnt　is　that　the　simpl6　RT　and

prcmotor　timc　for　thc　intcrstimulus　intcrval　of　50　mscc．　did　not　differ　between　the　same

forcc　and　control　conditions．　This　might　suggcst　that　this　delay　reflects　some　constraints

in　cvocation　proccss　of　motor　command；whcn　two　motor　commands　are　evoked　in

rapid　succcssion，　thc　cvocation　of　thc　sccond　motor　command　cannot　begin　until　about

50mscc．　aftcr　thc　fi　rst　command　is　cvokcd．

　　　　　　　Takcn　togcthcr，　thc　prcsent　expcrimcnt　suggests　that　that　under　the　simple　RT

circumstanccs，　thc　single　channel　bottlcncck　is　at　the　response－programming　stage，　and

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ぷthe　repctition　cffect　that　arises　from　response　programming　is　due　to　bypassing　of　the

proccssing　of　rcsponse　programming．

Experiment　6

　　　　　　　The　results　of　Expcriment　5　supported　the　view　that　the　repetition　effect　that

originates　in　response　programming　occurs　from　bypassing　of　the　normal　response

programming．　This　bypassing　was　explained　in　terms　of　direct　access　to　the　motor－

program　representation　in　the　motor　output　buffer．　The　present　experiment　was

conducted　to　examine　how　long　the　repetition　effect　that　arises　from　response

programming　is　retained，　or　more　specifically，　how　long　a　constnlcted　motor　program　is

retained　in　the　motor　program　output　buffeL　One　way　to　examine　this　is　to　observe　the

effects　of　variations　in　interval　betwecn　the　first　and　second　responses　on　simplc　RT　to

initiate　the　second　rcsponse　when　serial　responses　are　comprised　of　the　same　responses．

It　is　expected　that　the　simple　RT　to　initiate　the　second　response　would　be　nearly

maximized　at　the　retention　interval　at　which　thc　repctition　effect　vanishcs，　with　no

further　increases　thereafter．　This　is　because　when　the　motor　program　representation　of

the　first　response　would　be　no　longer　available，　the　sccond　response　would　need　a

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　の

reprogrammlng　operatlon・

／
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Method

　　　　　　　Subjects．　Twclvc　undcrgraduate　students（6　women　and　6　men），　ranging　in

agc　from　19　to　23　ycars，　with　a　mcan　of　21．4　yr．，　volunteered　to　serve　as　subj　ects．　They

all　wrotc　with　thcir　right　hands．　Nonc　had　prior　knowledge　of　the　hypotheses　being

tcstcd．

　　　　　　　Apparatus．　Thc　apparatus　was　the　same　as　in　Experiment　l　except　that　a

light　stimulus　gcnerator（Takei　331）was　used　to　present　a　red　and　a　green　light。　The　rise

timc　of　thc　stimulus　was　approxj㎡atcly　50　msec．

　　　　　　　Design．　Thc　design　of　thc　expcriment　was　a　repeated　measure　design　with

scvcn　rctcntion　intervals　of　O，1，2，3，4，　and　5　sec．，　and　a　control　condition．

　　　　　　　1）rocedure．　The　procedure　was　almost　the　same　as　in　the　supplementary

expcriment　of　Experiment　4，皿less　noted　otherwise．　The　task　was　to　react　and　produce

the　sequence　of　the　same　force　by　squeezing　the　handle　with　the　right（preferred）hand

as　quickly　and　accurately　as　possible　after　each　of　two　red　stimuli　separated　by　variable

retentiOn　intervalS．

　　　　　　　Each　trial　began　with　a　warning　tone　of　300－msec．　duration，　followed　by　a　first

red　light　stimulus　of　200－msec．　duration　with　a　fixed　foreperiod　of　1，000　msec．　This

stimulus　served　as　the　signal　fbr　the　subjects　to　initiate　a　first　responsc　with　the　right

hand．　Following　a　variable　retention　interval　after　the　completion　of　the　first　responsc，　a

second　red　light　stimulus　of　200－mscc．　duration　was　presented，　which　was　the　signal　to

initiate　a　sccond　response　with　the　right　hand．　The　instructed　sequcnce　pattern　was

30％－30％of　the　maximum　of　the　isometric　grip　strcngth　of　each　subj　ect．　The　subj　ects

were　instructed　to　reproduce　the　same　force　as　in　the　first　response，　whcther　or　not　they

felt　that　the　peak　force　produced　in　the　first　response　deviated　from　the　required　force．
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Thc　rctcntion　intcrvals　wcre　O，1，2，3，4，　and　5　sec．　Retention　interval　was　defined　as

thc　timc　bctwccn　thc　tcrmination　of　thc　first　response　and　the　presentation　of　the　second

rcd　stimulus．　Tcrmination　of　the　first　response　was　defined　as　the　point　in　time　that　the

valuc　rccordcd　from　dynamometer　fell　below　O．3　kg．　A　control　condition　was　set　to

cxaminc　thc　nct　programming　time　for　the　second　response．　In　this　condition，　the　first

stimulus　was　omittcd，　and　subjects　were　required　to　make　only　one　response　to　the　red

stimulus　that　occurrcd　with　random　foreperiod　of　O，1，2，3，4，　and　5　sec．　For　the　sccond

rcsponsc（the　first　response　for　thc　control　condition），　catch　trials（by　use　of　go／no－go

paradigm）were　included　at　a　rate　of　one－sixth　of　the　trials　to　discourage　subjects　from

anticipating　the　initiation　stimuhfs．　On　catch　trials，　a　grcen　stimulus　of　200－msec．

duration　instead　of　the　second　rcd　stimulus　was　generated，　which　was　the　signal　not　to

respond．

　　　　　　Subj　ects　participated　in　three　consecutive　daily　sessions．　The　first　session

provided　equal　practice　for　the　various　retention　interval　conditions．　From　session　2

through　scssion　3，　subj　ects　perfbrmed　30　consecutive　trials（10　practice　trials　and　20

test　trials）for　each　of　six　retention　intervals　and　a　control　condition（five　trials　at　each

retention　interval）．　The　order　of　the　seven　conditions　was　randomly　determined　for　each

subject．　Each　condition　was　run　at　1－hr．　intervals．　The　intertrial　interval　was　10　sec．　A　3－

min．　break　was　given　every　12　trials．　Simple　RTs　below　100　msec．　were　considered

premature　reactions　and　were　omitted．　All　test　trials　on　which　premature　reactions

occurred　were　repeated　at　thc　end　of　the　trial　block　in　which　they　occurred．

　　　　　　　1）eρendent　measures．　The　dependent　measures　were　the　same　as　in　the

supplementary　experiment　of　Experiment　4　except　that　premotor　time　and　motor　time

were　measured　only　for　the　second　response．　These　data　were　analysed　via　a　one－way

repeated　measure　ANOVA．　All　post　hoc　analyses　were　performed　using　the　Newman－

Keuls　test　at　the．051evel．
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Results

First　Response

　　　　　　　Foκe－‘ime　meaぷures．　Thc　results　of　force－time　measures　were　very　similar．

ANOVAs　showed　no　significant　diffcrence　among　retention　interval　conditions．　These

rcsults　indicatc　that　the　first　response　was　the　same　in　terms　of　force　and　time　patterns

across　all　conditions．　Subjects’mean　actual　peak　force　for　each　condition　closely

matchcd　thc　expected　force，　as　is　indicated　by　the　overall　mean　actual　peak　force　of

　　　　　　　　　　　　　　　　　　　　　　　　　　　　カ23％．Morcover，　all　of　the　responses　were　quite　rapid，　as　is　indicated　by　the　overall

mean　time　to　peak　force　of　96　msec．　and　mean　force　duration　of　222　msec．　These

findings　indicate　that　s吻ects　were　able　t・meet　the　task　6・nstraints　imp・sed　by　the

experimenter．　The　mean　maximal　isometric　grip　strength（with　standard　deviation）was

44．6kg（12．96）for　the　right　hand．

　　　　　　　Simρle　RT．　The　ANOVA　showed　no　significant　difference　among　retention

interval　conditions．　Mean　simple　RT　was　322　msec．

　　　　　　　Errors．　Premature　reactions　were　extremely　infrequent　as　is　indicated　by　the

overall　mean　error　rate　of　O．1％，　which　was　evenly　distributed　across　all　conditions．

Second　Response

　　　　　　　、Force－time　measures．　The　results　of　force－time　measurcs　were　very　similar．

ANOVAs　showed　no　significant　difference　among　retention　interval　conditions．　These

results　indicate　that　the　second　response　was　the　same　in　terms　of　force　and　time

patterns　across　all　conditions．　Su句ects’mean　actual　peak　force　fOr　each　condition

closely　matched　the　Cxpected　force，　as　is　indicated　by　the　overall　mean　actual　peak
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force　of　26％．　Moreover，　all　of　the　responses　were　quite　rapid，　as　are　indicated　by　the

overall　mean　time　to　peak　force　of　97　msec．　and　mean　force　duration　of　220　msec．

Though　supplementary　analyses　were　perfbrmed　to　compare　the　force－time　measures

for　the　second・response　with　those　for　the　first　response，　no　significant　differences　were

found　between　the　first　and　second　responses．　These　findings　indicate　that　subjects　were

able　to　meet　the　task　constraints　imposed　by　the　experimenter．

　　　　　　　Simple」R7’and　premotor　time．　Figure　7　shows　mean　premotor　time　as　a

function　of　retention　interval　for　the　second　response．　The　results　of　the　simple　RT　and

　　　　　　　　　　　　　　　　　　　　　　　　　　　　方

合
8
E
）
の
冒

に

§

§

患

340

320

300

280

260

240

220

200

0 1 　　　　　2　　　　　　3

Retention　Interval（sec．）

4 5

　　　Figure　7．　Mean　premotor　time　in　Experiment　6　as　a　function　of　retention　interval　for　the　second

　　「esponse・

premotor　time　were　very　similar．　ANOVAs　showed　significant　effects　of　experimental

conditions（F（6，66）ニ2451　for　simple　RT　and　F（6，66）＝22．85　for　premotor　time　ps

＜．001）．Post　hoc　analyses　showed　that　the　O－sec．　condition　produced　shorter　simple　RT
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and　premotor　time　than　did　all　other　conditions，　and　that　the　1－sec．　condition　produced

shorter　simple　RT　and　premotor　time　than　did　the　3－sec．，4－sec．，5・・sec．，　ahd　control

conditions．　There　were　no　significant　simple　RT　and　premotor　time　differences　between

the　1－sec．　and　2－sec．　conditions　and　no　significant　differences　among　the　2－sec．，3－sec．，

4－sec．，5－sec．，　and　control　conditions．　Some　tendency　was　noted，　for　as　the　length　of　the

retention　interval　increased　from　O　to　2　seconds，　simple　RT　and　premotor　time　increased

sharply，　with　no　further　increases　thereafter．

　　　　　　　Motor　time．　Analysis　of　motor　times　showed　a　significant　effect　of　retention

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　i
condition（F（6，66）＝6．61，　p＜．001）．　Post　hoc　analysis　showed　that　the　control

condition　produced　longer　motor　time　than　did　all　other　conditions，　which　were　not

significantly　different　from　each　other．　This　result，　consistent　with　the　result　of

Experiment　4，　may　suggcst　that　the　preparation　of　a　force－production　response　take

more　motor　time　when　the　force　response　has　no　prior　force　response　than　when　there　is

pri・r　f・rce　reSp・nse，　separated　by　a　sh・rter　time　interval．　Mean　m・t・r　times　wcre　57

and　62　msec．　for　the　retention　interval　and　control　conditions，　respectivel）r．

　　　　　　　Errors．　Premature　rcactions　were　extremely　infrequent　as　is　indicated　by　the

overall　mean　error　rate　was　below　O．2％which　was　evenly　distributed　across　all

conditions．　Examination　of　the　catch　trials　indicated　that　false　starts　were　produced　at　a

slightly　high　rate，　as　is　indicated　by　the　overall　mcan　error　rate　of　14．6％．　However，　thc

analysis　showed　no　significant　difference　among　all　conditions．

Discussion

　　　　　　　　The　purpose　of　Experiment　6　was　to　cxamine　thc　retention　time　of　the

＼repetition　effect　that　ariscs丘om　response　programming．　The　results　indicated　that　the

simple　RT　and　premotor　time　to　initiate　the　second　response　increased　sharply　as　the
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1cngth　of　thc　retcntion　interval　incrcased　from　O　to　2　seconds，　with　no　further　increases

thcrcaftcr．　simple　RTs　and　premotor　times　for　the　2－，3．，4．，　and　5．sec．　conditions　were

not　significantly　differcnt　from　those　for　the　control　condition．　The　differences　in　motor

timc　across　thc　six　retention－intcrval　conditions　were　too　small　to　account　for　the

substantial　RT　diffcrences．　Thcse　findings　are　similar　to　those　observed　for　the　same

force　condition　in　Experiment　5．　Thus，　these　findings　may　suggest　that　the　repetition

cffcct　that　arises　from　response　programming　would　retain　within　the　first　2　seconds，

which　may　bc　the　approximate　upper　limit　for　the　retention　of　the　repetition　effect　that

ariscs　from　response　programming．　Given　that　the　repetition　effects　observed　in　simple

RT　stem　from　direct　access　to　the”高盾狽盾秩|program　representation，　the　present　results　may

also　suggest　that　nearly　all　the　decay　of　a　motor－program　representation　occur　within

the　first　2　scconds．　On　the　other　hand，　research　on　short－term　motor　memory　has　made

it　clear　that　received　sensory　information　is　retained　for　approximately　30　scconds（e．g．，

Adams＆Dijkstra，1966；Ito，1986；Pepper＆Herman，1970）．　This　duration　is　much

longer　than　the　duration　of　2　seconds　found　in　thc　present　experiment．　This　may　suggest

that　the　buffer　for　just－received　sensory　information（short－term　motor　memory）and　the

buffer　for　fbrthcoming　movements（short－term　motor　output　buffer）exist　independently．

　　　　　　　There　have　been　some　arguments　conceming　why　subjects　cannot　carry　out

programming　in　advance　of　the　simple　RT　interval，　cven　though　subjects　know　the

required　response　before　the　signal　is　presented。］［’wo　possible　reasons　have　bcen　put

forward　by　some　researchers．　First，　constructing　a　motor　program　might　automatically

lead　t・resp・nse　executi・n・If　the　resp・nse　P；・gramming　takes　place　bef・re　the　signal，

subjects　would　respond　erroneously　on　catch　trials．　To　avoid　this，　programming　must

await　the　signal（Sternberg　et　al．，1978）．　The　second　possibility　is　that　a　constructed

motor　program　stored　in　a　motor　output　buffer　might　be　subj　ect　to　rapid　decay，　in　which

case　the　motor　program　would　have　to　bc　set　up　immediately　bcfore　use（Canic＆

Franks，1989；Ito，1991；Stetnberg　et　al．，1978；Verwey，1994）．　The　present　result

appears　to　lend　somc　support　for　the　view　that　programming　delay　fo皿d　in　simple　RT
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circumstances　is　duc　to　rapid　decay　of　a　constructcd　motor　program

　　　　　　　　Another　intcresting　aspcct　of　prcscnt　data　was　that　simple　RT　and　premotor

time　increased　lincarly　as　the　retention　interval　increased　from　O　to　2　sec．　According　to

the　decay　thcory　in　short－tcrm　motor　memory（e．g．，　Adams，1967），　it　might　be　argued

that，　as　a　programmcd　represcntation（memory　trace）loses　its　strength　with　time，　more

time　is　required　to　prepare　for　response．　If　this　is　the　case，　a　question　is　why　would

decay　of　the　programmed　representation　lead　to　increases　of　simple　RT　and　premotor

time？One　possibility　might　be　that　thc　weaker　representation　requires　more　time　to

transform　it　into　the　actual　signals　to　be　relayed　to　the　muscles．　If　this　is　correct，　the

weaker　representation　would　have　resulted　in　more　deviated　force　from　the　targct　fbrce．

However，’analyses　showed　no　significant　variability　for　all　of　force－time　measures

across　all　retention　interval　conditions．　Another　possibility　might　be　that　the　weaker

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

representatlon　requlres　more　time　to　repair　decaying　motor　program　and　revive　the

original　motor　program．　Further　investigation　is　needed　to　examine　these　possibilities．

　　　　　　　The　negatively　accelerated　retention　curve　found　in　the　present　experiment　is

consistent　with　the　view　of　a　decaying　memory　trace（Adams＆Dijkstra，1966；Brown，

1958；Peterson＆Peterson，1959）．　This　is　not　to　say　that　other　sources　of　forgetting，

such　as　interference　in　the　event　of　stimulus　processing，　are　not　opcrating．　However，

note　that　in　the　present　experiment，　the　stimulus　and　response　conditions　were　held

constant　across　all　conditions　except　that　the　rctention　interval　was　manipulated．

Therefbre，　it　seems　to　be　unlikely　that　a　prior　motor　response　acting　proactively　on　the

f・ll・wing　m・t・r　resp・nsc・r　simple　waitingbchavi・r　during　the　retenti・n　interval　acting

retroactively　would　explain　the　present　results．

　　　　　　　In　summary，　the　present　findings　suggest　that　the　repetition　effect　that　arises

from　response　programming　would　retain　within　the　first　two　seconds，　which　may　be

the　approximate　upper　limit　for　the　retention　of　the　repetition　effcct　that　arises　from

「esponse　programmlng・
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Conclusion

　　　　　　　　Expcrimcnt　5　in　Chaptcr　4　cxamined　whether　the　repetition　effcct　observed　in

simplc　RT　situation　is　due　to　a　speedup　or　bypassing　of　the　processing　of　the　response

programming．　Onc　way　to　test　these　alternative　hypotheses　was　to　observe　what

happcns　on　thc　simple　RT　whcn　the　similarity　of　serial　responses　was　manipulated，

using　a　psychological　refractoriness　paradigm．　One　plausible　prediction　was　that　when

thc　diffcrcnt　force　response　is　repcatcd　on　succcssive　responses，　a　typical　refractoriness

cl’fcct　that　the　RT　to　the　second　of　the　two　stimuli　is　considerably　delayed　would　be

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ぷobscrved．　When　the　same　force　response　is　repeated　on　successive　rcsponses，　on　the

othcr　hand，　if　the　response　programming　speedup　hypothesis　is　corrcct，　then　the

refractorincss　effcct　should　still　be　observed，　but　the　size　of　the　effect　should　be　smaller

than　for　the　different　fbrce　condition．　If　the　response　programming　bypass　hypothesis　is

correct，　the　refractoriness　effect　should　vanish　and　instead　the　repetition　effect　may　be

observed．　The　results　clearly　supported　the　response　programming　bypass　hypothesis

that　the　repetition　effect　that　originates　in　response　programming　is　due　to　bypassirlg　of

the　normal　response　programming．

　　　　　　　Experiment　6　in　Chapter　4　examined　how　long　the　rcpetition　effect　that　arises

from　response　programming　is　retained，　or　more　specifically，　how　long　a　constructed

motor　program　is　retained　in　the　motor　program　output　buffer．　One　way　to　examine　this

was　to　observe　the　simple　RT　to　the　second　of　thc　two　signals　when　subj　ects　werc

required　to　repeat　the　same　response　to　each　of　two　reaction　signals　separated　by　a

variable　time　interval．　It　was　expected　that　the　simple　RT　to　initiate　the　second　rcsponsc

would　be　nearly　maximized　at　the　retention　interval　at　which　the　repetition　effect

vanishes。　Result　showed　that　the　simple　RT　to　initiate　the　sccond　response　increased

sharply　as　the　length　of　the　retention　interval　increased　from　O　to　2　scc．，　with　no　furthcr

increases　thereaftcr．　These　findings　were　interpreted　suggesting　that　the　repetition　effcct

that　arises　from　response　programming　may　be　retained　within　the　first　2　seconds，
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which　may　be　the　approximate　upper　limit　for　the　rctention　of　the　constructed　motor

P「og「am・

」
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CHAPTER　5

IMAGINED　MOVEMENT　AND　REPETITION　EFFECT

　　　　　Ar　STAGE　OF　RESPONSE　PROGRAMMING

　　　　　　　Thus　far，　the　discussion　conccrning　thc　association　between　the　repetition

effect　and　response　programming　was　restricted　to　the　situation　that　responses　arc

physically　perfbrmcd．　However，　one　can　not　only　actually　perfbrm　movements　but　also

imagine　perfbrming　movements．　The　latter　way　of　perfbrming　movements　has　bcen

often　referred　to　as〃2〈？ntalpractice（Corbin，1972；Cratty，1973；Feltz＆Landers，1983；

Richardson，1969）．　Richardson（1969）defined　mental　imagery　as　quasi－sensory　and

quasi－perceptual　experiences　of　which　persons　are　self－consciously　aware　and　which

exist　for　persons　in　the　absence　of　those　stimulus　conditions　that　are　known　to　produce

their　genuine　sensory　and　perceptual　counterparts．　On　the　process　of　the　generation　of

mental　imagery，　Kosslyn（1975）proposed　that　mental　imagery　is　generated　from

abstract　units　based　on　perceptual　experiencc　that　are　stored　in　long－term　memory．　The

question　of　interest　here　is　whether　response　programming　occurs　when　movements　are

imagined　as　well　as　when　movements　are　actually　perfbrmcd．　If　so，　it　is　reasonable　to

think　that　the　repetition　effect　that　stems　from　response　programming　may　be　observed

even　when　rcsponses　are　imagined．

　　　　　　　One　line　of　support　for　the　possibility　that　rcsponsc　programming　occurs　whcn

movements　are　imagined　comes　from　studies　showing　that　minimal　EMG　activity

accompanies　imagery　of　movement（e．g．，　Harris＆Robinson，1986；Jacobson，1932；

Ulich，1967）．　Sincc　this　associated　neuromuscular　actiVity　could　be　considered　as　a

correlate　of　the　commands　m　the　motor　program　fbr　the　movement，　these　findings　may
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be　interpreted　as　suggesting　that　response　programming　may　occur　when　movements

are　imagined．　However，　other　studies　reported　that　the　muscle　innervation　as　a　result　of

imagined　movement　was　not　localized　to　the　muscle　groups　thought　to　be　involved　in

the　actual　movement（Hale，1982；Shaw，1938）．　Thus，　drawing　a　conclusion　from　the

association　between　imagined　movement　and　neuromuscular　activity　appears

unwarranted．

　　　　　　　Another　line　of　support　for　this　assumption　comes　from　study　in　which　blood

flow　in　the　brain　is　monitored　through　the　use　of　positron　emission　tomography（PET）

scans．　For　example，　Roland，　Larsen，　Lassen，　and　Skinh（’j（1980）fbund　that，　regardless

of　whether　a　subject　perfbrmed　a　finger　movement　actually　or　imagined　it，　the　amount

of　blood　flow　to　the　supplementary　motor　cortex　increased．　Since　there　seems　to　be

general　agreement　that　the　supplementary　motor　cortex　is　involved　in　thc　movcment

planning（e．g．，　Brinkman，1984），　this　finding　suggests　that　responsc　programming　may

occur　when　movements　are　imagined．　However，　the　time　interval　from　the　occurrence

of　mctabolical　or　electrical　activity　to　the　initiation　of　movement　is　much　longer　than

thc　choice　RT　or　the　simplc　RT　that　was　used　as　a　behavioral　measure　of　time　required

for　response　programming（Deeckc，　Scheid，＆Kornhuber，1969）．　Thus　it　remains

unclear　whether　these　physiolosical　data　reflect　a　programming　process　that　occurs

during　the　RT　interva1，　a　higher－level　cognitive　process，　or　both．

　　　　　　　Two　experiments　rcported　here　are　conductcd　to　clarify　thc　functional

equivalence　for　response　programming　of　actually　pcrfbrming　versus　imagining

movements，　by　showing　that　the　repetition　effect　that　stems　from　response

programming　occurs　when　responses　are　imagined．

Expcriment　7

　　　　　　　Tb　test　the　hypothcsis　that　response　programming　occurs　when　responses　are

imagined，　a　serial　simple　RT　procedure　as　in　Experiment　4－6　but　a　slightly　modified
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simplc　RT　proccdurc　was　adopted．　The　procedure　was　to　examine　the　simple　RT　to

initiatc　the　sccond　response　when　the　first　response　is　covertly　perfbrmed，　but　the

sccond　response　is　actually　perfbrmed，　with　the　interstimulus　interval　less　than　2

scconds．　Thc　results　of　Experiment　4－6　indicated　that　the　repetition　effect　observed　in

simple　RT　situation　is　predominantly　due　to　bypassing　of　response　programming　and　is

rctained　within　the　first　2　seconds．　Thus，　if　response　programming　occurs　when

movemcnts　are　imagined　as　well　as　when　movements　are　actually　perfbrmed，　the　simple

RTs　to　initiate　the　second　response　should　be　shorter　for　imagining　and　actually

pcrfbrming　the　same　force　response　than　for　imagining　and　actually　perfbrming

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ぷ
different　forcc　response　or　the　control　condition。　If　such　cffects　would　be　observed，

thcse　findings　should　be　interpreted　as　evidence　for　functional　equivalence　for　response

programming　of　actually　perfbrming　versus　imagining　movements．

Method

　　　　　　　Subjects．　Twelve　graduate　and　undergraduate　students（7　women　and　5　men），

ranging　in　age　from　19　to　36　years，　with　a　mean　of　22．6　yr．，　voluntecrcd　to　serve　as

subjects．　They　all　wrote　with　their　right　hands．　None　had　prior　knowledge　of　the

hypotheses　being　tested．

　　　　　　　Apparatus．　The　apparatus　was　almost　the　same　as　in　Experiment　l　except

that　the　EMG　apparatus　was　not　used．

　　　　　　　Design．　The　design　of　the　experiment　was　a　repeated　measure　design　with

four　experimental　conditions　and　a　control　condition．

　　　　　　　1）rocedure．　The　procedure　was　almost　the　same　as　in　the　supplementary

experiment　of　Experiment　4，　unless　noted　othcrwise．　Thc　task　was　to　react　and　producc
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the　scquencc　of　the　same　or　different　force　by　squeezing　the　handle　with　the　right

（preferrcd）hand　as　quickly　and　accurately　as　possible　after　each　of　two　red　stimulus．

　　　　　　　Each　trial　began　with　a　warning　tone　of　300－ms　duration，　followed　by　a　first

red　light　of　100－msec．　duration　that　occurred　with　a　fixed　foreperiod　of　1，000　msec．

This　stimulus　served　as　the　signal　for　subj　ects　to　initiate　a　first　response．　Following　a

1，000－msec．　interval　after　the　presentation　of　the　first　red　light，　a　second　red　light　of

100－msec．　duration　was　presented，　which　was　the　signal　to　initiate　a　second　response．

　　　　　　　There　wcre　four　experimental　conditions，　actual　same　force，　imagined　same

forcc，　actual　different　force，　and　imagined　different　force．　With　the　actual　same　force

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ぢ
condition，　the　instructed　sequence　patterns　were　30％－30％of　th⇔maximum　of　the

isomctric　grip　strength　of　each　subject．　Subjects　were　required　to　produce　the　30％force

to　both　the　first　and　second　reaction　signals．　The　procedure　for　the　imagined　same　force

condition　was　the　same　as　in　the　actual　same　force　condition　except　that　subjects　were

instructed　to　imagine　producing　the　30％force　to　the　first　reaction　signal．　With　thc

actual　different　force　condition，　the　instructed　sequence　patterns　were　50％－30％．

Subjects　were　required　to　produce　the　50％force　to　the　first　reaction　signal　and　then　to

produce　the　30％to　the　second　reaction　signal．　The　procedure　for　the　imagined　diffcrent

force　condition　was　the　same　as　in　thc　condition　with　the　actual　different　force　condition

except　that　subj　ects　were　instructed　to　imagine　producing　50％force　to　the　first　reaction

signal．　In　both　imagined　force　conditions，　subj　ects　were　asked　to　attempt　to　fecl　those

sensations　that　might　be　expectcd　while　executing　the　actual　movemcnt（intemal

imagery）．　During　imagery　response，　subjectsl　cyes　were　opened　and　subj　ects　held　thc

handles　of　the　dynamometer．　Also，　subjects　werc　requested　not　to　make　any　overt

movement．　Furthermore，　subjects　were　asked　at　the　end　of　each　imagery　trial　to　rate　the

vividness　of　their　imagery　along　a　5－point　scale　whcre　l　indicated　no　image　prcsent　at

all　and　5　indicated　an　image　as　vivid　as　that　from　an　actual　force　production．　A　control

condition　was　sct　to　examine　the　net　programming　time　for　the　second　responsc．　In　the

control　condition，　Subj　ects　made　only　one　rcsponse　by　producing　the　30％fbrce　to　the
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reaction　signal，　which　occurred　with　a　fixed　foreperiod　of　1，000　msec．　following　the

auditory　warning　signaL　It　should　be　noted　here　that　the　only　difference　among　all

conditions　was　in　the　first　response，　and　the　second　response　was　identical　for　all

conditions．　In　the　second　response，　catch　trials（by　use　of　go／no－go　paradigm）wcre

includcd　at　a　rate　of　one－fi　fth　of　the　trials　to　discourage　subjects　from　anticipating　the

reaction　signa1．　On　catch　trials，　a　green　light　of　100－msec．　duration　was　generated，

which　was　the　signal　not　to　respond．

　　　　　　　Subjects　participated　in　two　consecutive　daily　sessions．　The　first　session

provided　equal　practice　for　all　conditions．　In　thc　second　session，　subjects　pcrfbrmed　60

blockcd　trials（40　practice　trials　and　20　test　trials）for　each　condition．　Catch　trials　were

randomly　arranged　across　each　condition　and　subject．　The　order　of　the　same　and

different　force　conditions　and　the　control　condition　were　counterbalanced．　The　order　of

the　imagined　and　actual　force　conditions　were　also　counterbalanced　within　each　of　the

same　and　different　force　conditions．　The　intertrial　interval　was　10　sec．　A　10－min．　break

was　given　every　25　trials．　A　30－min．　break　was　given　among　the　same　force，　different

force，　and　control　conditions．

　　　　　　　The　RTs　below　100　msec．　were　considered　premature　reactions　and　were

omitted．　All　test　trials　on　which　premature　reactio耳　occurred　were　repeated　at　the　end　of

the　trial　block　in　which　they　occurred．

　　　　　　　Deρendent　measures。　　The　dependent　measures　were　the　same　as　in

Experiment　l　except　that　simple　RT　was　not　separated　into　premotor’time　and　motor

time．　These　data　were　analysed　via　a　one－way　repeated　measure　ANOVA．　All　post　hoc

analyses　were　performed　using　the　Newman－Keuls　test　at　the．051cvel．

Results

1？orce－ti〃2e　〃zeasures． The　rcsults　of　force・・time　measures　on　the　second
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rcsponse　were　very　similar．　ANOVAs　showed　no　majn　effect　of　response　condjtion，

indicating　that　the　second　response　was　the　same　in　terms　of　force－time　patterns　across

all　conditions．　Subjects，　mcan　actual　peak　force　for　each　condition　closely　matched　the

expcctcd　forcc，　as　is　indicated　by　the　overa1工mean　actual　peak　fbrce　of　31％．　Moreover，

all　of　the　responscs　were　quite　rapid，　as　is　indicated　by　the　overall　mean　time　to　peak

forcc　of　109　msec．　and　mean　force　duration　of　248　mscc．　For　both　actual　movement

conditions，　the　force－tjme　measures　fbr　the　second　response　were　compared　with　those

for　thc　first　response．　With　the　actual　different　force　condition，　as　expected，　the　first

response　produced　a　larger　peak　force（t（11）＝18．48，1）＜・001）and　longer　time　to　peak

1’orce（t（ユユ）＝6．64，、ρ＜・00ユ）and　force　duration（b（11）＝7・84，　P＜・00ヱ）than　did　the

sccond　rcsponse，　indicating　that　the　force－time　patterns　differed　betwecn　the　first　and

second　responses．　With　the　actual　same　force　condition，　though　time　to　peak　force　and

f（）rce　duration　did　not　differ　between　the　first　and　second　responses，　actual　peak　force

was　slightly　smaller　for　the　first　response　than　for　the　second　response（t（11）＝580，　p

＜．05）、However，　the　differellce　in　peak　force　found　between　the　first　and　second

responses　was　too　small，　as　is　indicated　by　the　mean　peak　force　difference　of　2．6％

Thus，　these　findings　indicate　that　subjects　were　able　to　meet　the　task　constraints

imposed　by　the　cxperimenter．　With　the　actual　different　force　condition，　the　means　of

peak　fbrcc，　time　to　peak　fbrce，　and　force　duration　were　48％，129　msec・，　and　284　msec・，

respectively．　With　the　actual　same　force　condition，　they　were　30％，108　msec．，　and　252

msec．，　respectively．　In　both　imagined　force　conditions，　no　force　was　recorded　through

the　electrohandgrip　dynamometer　in　test　trials．　Thc　mean　maximal　isornctric　grip

strength（with　standard　deviation）was　40．8　kg（10．4）for　the　rjght　hand．

　　　　　　　Simρle　RT．　The　Figure　8　shows　mean　simplc　RT　as　a　function　of　cach

condition　for　the　sccond　response．　The　ANOVA　jndicated　a　significant　main　effect　of

responsc　condition（F（4，44）ニ5．18，　p＜．01）．　Post　hoc　analysis　showcd　that　the　actual

same　force　condition　and　the　imagined　same　force　condition　produced　significantly
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Fi．qure　8．　Mean　simple　reaction　time（RT）in　Experiment　7　as　a　function　of　each　condition

for　the　second　response．

shorter　simple　RTs　than　did　all　other　conditions，　which　were　not　sigllificantly　different

from　each　other．　Moreover，　there　was　no　significant　difference　in　simple　RT　between

the　actual　same　force　and　imagined　same　force　conditions．　With　the　first　response，　the

mean　simple　RTs　were　238　and　247　msec．　for　the　actual　same　force　condition　and　the

imagined　same　force，　respectively，　which　were　not　significantly　different　from　each

other．　The　first　response　produced　shorter　RT　than　did　the　second　response，　which　is　no

surprise　because　the　first　response　did　not　include　catch　trials．

　　　　　　　Errors．　Premature　reactions　were　extremely　infrequent，　and　the　overall

mean　error　rate　was　less　than　O．1％（2　instances　in　the　entire　experiment）．　However，　the

L
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catch－trial　errors　were　produced　at　a　high　rate，　as　indicated　by　the　over－all　mean　rate　of

20、7％，but　evenly　distributed　across　all　conditions．　The　ANOVA　indicated　no　main

cffcct　of　rcsponse　condition．

　　　　　　　Vividne∬rating　Oゾ　imageryρf　movement．　The　mean　vividness　score（with

standard　dcviations　in　parentheses）were　3．3（0．6）and　3．1（0．6）for　the　imagined　same

forcc　and　imagined　different　force　conditions，　respectively，　which　were　not　significantly

diffcrent　from　each　other．　To　examine　whether　the　simple　RT　to　initiate　the　second

rcsponse　dccreascs　with　increases　in　the　vividness　score　of　imagery　for　the　imagined

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　カ
same　force　condition，　within－subject　correlations（Pearson　rs）were　calculated　between

vividness　scorc　and　simple　RT．　The　mean　correlation　coefficients（with　standard

dcviations　in　parentheses）were－．16（．25）and－．17（．19）for　the　imagined　same　force　and

imagined　different　force，　respectively，　which　were　not　significantly　different　from　zero．

1）iscussion

　　　　　　　As　hypothesized，　the　repetition　effect　was　fbund　not　only　for　the　actual　same

fbrce　condition　but　also　for　the　imagined　same　force　condition．　Simple　RTs　to　initiate

the　second　response　were　significantly　shorter　for　imagining　and　actually　perfbrming

the　same　force　responses　than　for　imagining　and　actually　performing　different　force

responses　or　the　control　condition，　which　were　not　significantly　different　from　each

other．　Interestingly，　the　difference　in　simple　RT　betwecn　the　actual　and　imagined　same

force　conditions　was　not　significant．　There　are　some　implications　that　mental　practice

may　function　as　a　strategy　to　set　individuals，　lcvel　of　arousal　necessary　fbr　a　good

perfbrmance（Gould，　Weinberg，＆Jackson，1980）．　If　increased　arousal　Ievel　was　a

cause　of　the　decrcment　in　simple　RT，　the　decrcment　should　have　bcen　observed

regardless　of　whether　imagined　responses　werc　the　same　or　differcnt．　However，　thc　data

did　not　support　this　prediction．　Thus，　the　prcsent　findings　support　the　view　that　responsc
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programming　occurs　when　movements　are　imagined　as　well　as　when　movements　are

actually　perfbrmed．　In　other　words，　these　findings　can　be　interpreted　as　evidence　for

functional　equivalence　for　response　programming　of　actually　perfbrming　versus

imagining　movements．　The　repetition　effect　observed　in　the　imagined　samc　force

condition　can　be　accounted　for　by　the　response　programming　bypass　hypothesis

proposed　in　the　previous　chapter．　That　is，　the　second　response　was　executed　on　the　basis

of　the　motor－program　representation　formed　when　the　first　response　was　imagined，

1eading　to　the　bypassing　of　response　programming．　In　the　imagined　different　force

condition，　on　the　other　hand，　a　time－consuming　reprogramming　operation　was　needed

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　）’
during　the　RT　to　initiate　the　second　response，　leading　to　a　longer　simple　RT．　This

process　was　the　same　as　in　thc　control　condition．

　　　　　　　The　present　result　showed　that　the　size　of　the　repetition　effect　observed　fbr　the

actual　same　forcc　condition　was　not　different　from　that　for　the　imagined　same　force

condition．　A　question　that　arises　here　is　whcther　actual　and　imagined　movements　share

common　mechanisms　in　the　whole　processes　of　response　programming．　Roland，　Larsen，

Lassen，　and　Skinhoj（1980），　who　used　PET　scans　technique，　found　that　when

movemcnts　were　actually　perfbrmcd，　the　supplementary　motor　cortex　and　motor　cortex

were　active　while，　when　movements　were　imagined　the　supplementary　motor　cortex，

but　not　the　motor　cortex，　was　active．　There　are　some　implications　that　the　motor　cortex

involved　in　running　off　the　motor　program　for　movements（Deecke，　et　al．，1969）．

Therefbre，　the　results　of　Roland，　et　al。（1980）may　suggest　that　the　shared　mechanisms

between　actual　and　imagined　movements　is　limited，　in　that　the　motor　programs　can　be

run　off　when　movements　were　actually　perfbrmed，　but　not　when　movemcnts　were

imagined．　If　this　is　correct，　the　view　that　subliminal　neuromuscular　activity　found

during　mcntal　practice　results　from　the　evocation　of　motor　commands　is　questionable．

Rather，　as　suggested　by　Cratty　（1973）　and　Kohl　and　Roenker　（1983），　the

accompaniment　of　subliminal　neuromuscular　activity　to　imagined　movement　might　be

an　artifact　much　likc　other　muscular　responses　accompanying　imager）1．
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　　　　　　　　If　response　programming　occurs　when　movements　are　imagined，　another

question　that　arises　is　whether　response　programming　precedes　imagincd　as　well　as

actual　movements．　Jeannerod（1994）suggests　that　motor　imagery　and　motor　preparation

are　related　processes　using　the　same　neural　substrates．　He　defines　motor　preparation　as

an　unconscious　process　by　which　a　movement　is　programmed　prior　to　actually　being

executed．　By　contrast，　he　defines　motor　imagery　as　a　conscious　process　whereby　one

can　voluntarily　evoke　a　mental　image　that　involves　a　motor　program　associated　with

movement　execution　independently　of　any　intention　to　actually　perfbrm　the　movement．

In　other　words，　imagining　a　movement　is　equivalent　to　programming　the　movement．

The　distinction　is　based　on　whether　the　proccss　is　conscious　or　unconscious．　According

to　this　suggestion，　response　programming　may　occur　not　before　movements　are

imagined　but　between　motor　imagery　initiation　and　completion．　One　way　to　examine

the　temporal　relation　between　imagined　movement　and　response　programming　would

be　to　examine　whether　thc　amount　of　blood　flow　to　the　supplementary　motor　cortex

ら　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　や　　　　　　　　　　　　　　　　　　　　　　　　の　　　　　　　　　　　　　　　ゆ

1ncreases　prlor　to　motor　lmagery　lnltlatlon　or　during　motor　imagery．　There　are　some

implications　that　the　supplementary　motor　cortex　may　be　involved　in　the　motor

preparation（e．g．，　Brinkman，1984）．　Thus，　if　response　programming　prccedes　imagined

movement，　the　amount　of　blood　flow　might　increase　prior　to　motor　imagcry　initiation．

On　the　other　hand，　if　imagining　a　movement　is　equivalcnt　to　programming　the

movement，　the　amo皿t　of　blood　flow　might　increase　between　motor　imagery　initiation

and　completion．　However，　thc　study　of　motor　imagery　with　PET　scans　told　us　where

movements　might　be　programmed，　but　it　could　not　tell　us　the　temporal　relation　betwecn

imagined　movement　and　response　programming．　In　the　present　study，　within－subj　ect

correlations　were　calculated　between　the　vividness　scores　fbr　imagery　of　movement　and

simple　RT　to　initiate　the　second　response．　If　imagining　a　movement　is　equivalent　to

programming　thc　movement，　the　significantly　negative　corre玉ation　might　be　observed　in

the　imagined　same　fbrce　condition，　because　more　vivid　imagery　might　produce　more

precise　motor　program　rcprcsentation，　leading　to　a　shorter　simple　RT．　However，　the　data
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did　not　support　this　prediction．　The　mean　correlation　calculated（一．16）was　not

significantly　different　from　zero。　This　finding　might　suggest　that　imagining　and

programming　movements　do　not　occur　simultaneously．

　　　　　　　Mahoney　and　Avener（1977）categorized　mental　imagery　into　internal　imagery

and　external　imagery．　Internal　imagery　is　potentially　kinesthetic　and　involves　the

individual　actually　approximating　the　real－life　cxperience　in　such　a　way　that　the　person

actually　feels　those　sensations　that　might　occur　while　participating　in　the　real　situation．

External　imagery，　on　the　other　hand，　is　predominantly　visual　and　involves　the　individual

viewing　him　or　hcrself　from　the　perspective　of　an　external　observer．　In　the　present

experiment，　subjects　were　asked　to　use　internal　imagery．　There　are　some　implications

that　internal　imagery　enhances　motor　perfbrmance，　but　external　imagery　does　not

（Mahoney＆Avener，1977）．　There　are　also　some　implications　that　a　combination　of

visual　image　and　the　other　sensory　images　would　produce　higher　levels　of　pcrformance

than　mere　visual　image（Ahsen，1995）．　If　this　is　correct，　internal　imagery　might　be

associated　with　response　programming，　but　external　imagery　or　visual　imagery　of

movement　might　be　not．

Experimcnt　8

　　　　　　　Experiment　8　was　basically　a　replication　of　Experiment　7．　Unlike　Experiment　7，

the　intcrstimulus　intervals　of　l　and　3　seconds　wcre　employed．　Experiment　6　showed

that　the　repetition　effect　vanished　when　the　interstimulus　interval　is　beyond　2　seconds．

This　result　was　interprcted　to　suggest　that　the　motor－program　representation　of　the　fi　rst　’

response　is　retained　fbr　approximately　2　seconds　in　a　motor　output　buffer．　Thus，　if

retention　time　of　a　motor－program　representation　is　equivalent　between　actually

perfbrming　and　imagining　movcments，　no　repetition　effect　should　bc　found　with　the

interstimulus　interval　of　3　seconds　for　both　actual　and　imagined　samc　force　conditions．
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Method

　　　　　　　、∫ubjects。　Twenty－fbur　graduate　and　undergraduate　students（16　women　and

8men），　ranging　in　agc　from　19　to　35　years，　with　a　mean　of　22．3　yr．，　volunteered　to

serve　as　subjects．　They　all　wrote　with　right　hands．　None　had　prior　knowledge　of　the

hypotheses　being　tested．

　　　　　　　Apparatus．　The　apparatus　was　the　same　as　in　Experiment　l　except　that　a

light　stimulus　generator（Takei　331）was　used　to　prcsent　a　red　light　as　a　reaction　signal．

The　rise　time　of　the　stimulus　was　approximately　50　msec．　Unlike　Experiment　1，　the

EMG　apparatus　was　not　used．

　　　　　　　Design。　The　design　of　the　experiment　was　a　2　x　3（interstimulus　interval　x

response　condition）factorial　with　rcpeated　measures　on　the　last　factor。　The　first　factor

had　two　levels，1－sec．　and　3－sec．　interstimulus　intervals．　The　sccond　factor　was　a

crossed　one　of　three　response　conditions．　Twclve　subjects，8women　and　4　mcn，　were

randomly　assigned　to　each　of　thc　1－sec．　and　3－sec．　interstimulus　interval　conditions．

　　　　　　　Procedure．　The　procedure　was　almost　the　same　as　in　Experiment　7　unless

noted　otherwise．

　　　　　　　Each　trial　began　with　a　warning　tone　of　300－msec．　duration，　followed　by　a　first

red　light　stimulus　of　100－msec．　duration　that　occurred　with　a　fixed　foreperiod　of　1，000

sec・This　stimulus　served　as　the　signal　for　subj　ccts　to　initiatc　a　first　response．　Following

a1，000－msec．　interval　for　the　1－sec．　interstimulus　interval　condition　or　a　3－sec．　interval

fbr　thc　3－sec．　interstimulus　interval　condition　after　the　presentation　of　the　first　red　light，

a　second　red　light　of　100－msec．　duration　was　presented．　This　was　the　signal　to　initiate　a

second　response．

　　　　　　　For　each　intcrstimulus　interval　condition，　there　were　two　experimental
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conditions：actual　force　and　imagined　force．　With　the　actual　force　condition，　the

instructed　sequence　patterns　were　30％－30％of　the　maximum　of　the　isometric　grip

strength　of　each　subj　ect．　Subj　ects　were　required　to　produce　the　30％force　to　both　the

first　and　second　reaction　signals．　The　procedure　for　the　imagined　force　condition　was

the　same　as　in　the　actual　force　condition　except　that　subjects　were　instructed　to　imagine

producing　the　30％force　to　the　first　reaction　signal。　In　the　imagined　force　condition，

subjects　were　asked　to　attempt　to　feel　those　sensations　that　might　be　expected　while

executing　the　actual　movement（internal　imagery）．　During　imagery　response，　subj　ects’

eyes　were　opened　and　subjects　held　thc　handles　of　the　dynamometer．　Also，　subjects

were　requested　not　to　make　any　overt　movement．　In　addition，　two　control　conditions

were　set　to　examine　the　net　programming　timc　fbr　the　second　responsc：short－and　long－

interval　conditions．　In　both　conditions，　the　first　red　reaction　signal　was　omitted，　and

subjccts　made　only　one　response　by　producing　30％force　following　thc　auditory

warning　signa1．　In　the　short　interval　condition，　the　red　reaction　signal　occurred　with　a

fixed　forcperiod　of　l　sec．　for　the　1－sec．　interstimulus　interval　condition　and　3　sec．　for

the　3－sec．　interstimulus　interval　condition，　rcspectively．　In　the　long　interval　condition，

however，　the　red　reaction　signal　occurred　with　a　fixed　foreperiod　of　2　sec．　for　the　1－sec．

interstimulus　interval　condition　and　4　sec．　for　the　3－sec．　intcrstimulus　interval　condition
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　，

respectively．　This　simply　meant　that　there　was　l　sec．　plus　3　sec．　between　warning　and

reaction　signals　if　the　interstimulus　interval　of　3　scc．　was　used．　For　the　second　response，

catch　trials（by　use　of　go／no－go　paradigm）were　included　at　a　rate　of　one－sixth　of　the

trials　to　discourage　subjccts　from　anticipating　the　reaction　signal．　On　catch　trials，　a

grecn　light　of　100－msec．　duration　was　gcnerated，　which　was　the　signal　not　to　respond．

　　　　　　　Subj　ects　participated　in　four　sessions．　The　first　session　provided　cqual　practicc

for　all　conditions．　In　sessions　2　through　4，　subj　ects　were　randomly　assigned　to　one　of

the　three　conditions．　Subj　ects　perf6rmed　50　blocked　trials（30　practice　trials　and　20　test

trials）fOr　each　condition．　Catch　trials　werc　randomly　arranged　across　each　condition

and　subj　ect．　The　intertrial　interval　was　10　sec．　Each　condition　was　r皿at　15－min．
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intervals．　A　1－hr．　break　was　given　after　the　completion　of　the　first　three　sessions．

　　　　　　　The　simple　RTs　below　100　msec．　were　considered　prcmature　reactions　and

were　omitted．　All　test　trials　on　which　premature　reaction　occurred　were　repeated　at　the

end　of　the　trial　block　in　which　they　occurrcd．

　　　　　　　Deρendent　measures．　　The　dependent　measures　were　the　same　as　in

Experiment　l　except　that　simple　RT　was　not　separated　into　premotor　time　and　motor

time．　These　data　were　analysed　via　a　two－way　ANOVA，　with　the　interstimulus　interval

condition　as　a　between－subjects　factor　and　the　response　condition　as　a　within－subjccts

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　y．
factor．　All　post　hoc　analyscs　were　perfbrmed　using　the　Newman－Keuls　test　at　thc．05

1evel．

、Results

　　　　　　　While　the　original　design　includcd　two　control　conditions　for　each

interstimulus　interval　condition，　the　data　from　two　conditions　were　pooled　because　the

main　effect　of　response　condition　and　the　interaction　of　response　condition　x

interstimulus　interval　were　not　significant　for　all　dependcnt　measurcs．

　　　　　　　Force－time　measures．　Thc　results　of　force－time　measurcs　on　the　second

response　were　very　similar．　ANOVAs　showed　no　main　effects　for　interstimulus　intcrval

or　for　response　condition　as　well　as　nonsignificant　intcractions　between　the　two　factors，

indicating　that　the　second　response　was　the　samc　in　terms　of　force－time　patterns　across

all　conditions．　Subj　ects’mean　actual　peak　force　for　each　Condition　closely　matched　the

expccted　force，　as　is　indicated　by　the　overall　mean　actual　peak　force　of　32％．　Moreover，

all　of　the　responses　were　quite　rapid，　as　is　indicated　by　thc　overall　mean　time　to　peak

force　of　108　msec．　and　mean　fbrce　duration　of　245　msec．　In　both　imagined　rcsponse

conditions，　during　imagery　response，　no　force　was　recorded　through　the　electrohandgrip
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dynamometer．

　　　　　　　Additionally，　for　both　actual　responsc　conditions，　the　force－time　measures　for

thc　sccond　rcsponse　were　compared　with　those　for　the　first　response．　These　data　were

analysed　via　a　two－way　ANOVA　with　two　levels　of　interstimulus　interval（10r　3　sec．）as

abetwecn－subj　ect　factor　and　two　levels　of　serial　position（first　or　second）as　a　within－

subj　ects　factor．　ANOVAs　showed　no　main　effects　of　interstimulus　interval　and　of　serial

position　as　wcll　as　nonsignificant　interactions　between　the　two　factors，　indicating　that

the　second　response　was　the　same　in　terms　of　force－time　patterns　across　all　conditions．

Thesc　findings　indicate　that　subj　ects　were　able　to　meet　the　task　constraints　imposed　by

the　experimenter．　The　mean　maximal　isometric　grip　strength（with　standard　deviations）

for　the　right　hand　were　39．4　kg（8．18）and　41．2　kg（10．02）for　the　1－sec．　and　3－sec．

interstimulus－interval　conditions，　respectively，　which　were　not　significantly　different

from　each　other．

　　　　　　　Si〃2ple」RT．　　The　Figure　g　shows　mean　simple　RT　as　a　function　of

interstimulus　interval　condition　and　response　condition　for　the　second　response．　The

ANOVA　indicated　significant　main　effects　of　interstimulus　interval（F（1，22）＝17．31，p

＜．01）and　of　response　condition（F（2，44）＝6．39，　p＜．01）．　The　interaction　bctween　the

two　factors　approached　significance（F（2，44）＝2．61，．05＜ク＜．10）．　Analysis　of

interaction　showed　that　the　3－sec．　condition　produced　significantly　longer　simple　RT

than　did　the　1－sec．　condition　across　all　response　conditions（ρs＜　．05），　indicating　the

well－known　effects　of　prolonging　the　duration　of　the　forcperiod（e．g．，　Karlin，1959）．

More　important，　therc　wcre　no　different　simple　RTs　among　the　rcsponse　conditions　f6r

the　3－sec．　condition，　whcreas　there　wcre　significant　differences　in　simple　RTs　among　thc

conditions　for　the　1－sec．　condition（F（2，44）＝8．57，　p＜．01）．　Post　hoc　analysis　showed

that　thc　actual　response　and　imagined　response　conditions　produced　shorter　simp玉e　RTs

than　did　the　control　condition．　Howcver，　there　was　no　significant　difference　in　simple

RT　between　the　actual　response　and　imagined　response　conditions．　With　the且rst
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Fi　gure　9．　Mean　simple　reaction　time（RT）in　Experiment　8　as　a　function　of　interstimUlus

interval　condition　and　response　condition　for　the　second　response．

response，　the　mean　simple　RTs　were　238　and　247　msec．　for　the　actual　same　force

condition　and　the　imagined　same　force，　respectively，　which　were　not　significantly

different　from　each　other．　The　first　response　produced　shorter　RT　than　did　the　second

response，　which　is　no　surpri　se　because　the　first　respons　e　did　not　include・catch　trials．

　　　　　　　Errors．　Premature　reactions　were　extremely　infrequent，　and　the　over－all

mean　error　rate　was　less　than　O．1％．　However，　the　catch－trial　errors　were　produced　at　a

high　rate，　as　indicated　by　the　overall　mean　rate　of　23．6％，　but　evenly　distributed　across

all　conditions．　The　analyses　indicated　no　main　effect　of　interstimulus　interval　or　of

response　condition，　nor　was　there　an　interaction　between　the　two　factors．
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Discu∬ion

　　　　　　　　Consistcnt　with　thc　result　of　Experiment　7，　repetition　effects　were　observed　for

both　thc　actual　and　imagined　samc　force　conditions　when　the　interstimulus　interval　was

at　l　sccond．　As　hypothesized，　morcover，　the　repetition　effect　completely　vanished　when

thc　intcrstimulus　intcrval　was　at　3　seconds．　Again，　these　findings　support　the　view　of

functional　cquivalcncc　for　response　programming　of　actually　perfbrming　versus

ゆ　　　　　　　　　　　　　　　　　　

1maglnlng　mOVCmCntS・

　　　　　　　Thcrc　is　accumulating　cvidcnce　to　indicate　that　mental　practice　is　effective　in

thc　improvcment　of　motor　skills（Fcltz＆Landers，1983）．　The　present　evidence　that

rcsponsc　programming　occurs　during　imagined　movement　may　give　some　insight　into

why　mental　practice　is　effective　in　improving　perfbrmance　of　motor　skills．　According　to

the　Schmidt’s（1975）schema　theory，　a　fundamental　aspect　of　the　learning　of　motor　skills

involves　the　acquisition　of　rules　that　structure　the　relationship　between　the　production

and　evaluation　of　motor　responses．　One　such　rule　is　termed　the　recall　schema，　which　is

comprised　of　the　relationship　between　response　specifications（parameters）required　to

execute　the　motor　program　and　actual　outcomes（as　modified　by　initial　conditions）．　In

this　case，　given　that　response　programming　occurs　during　imagined　movement，　it　is

reasonable　to　think　that　subjects　can　select　the　parameters　issued　to　the　motor　program

even　when　movements　are　mentally　practiced．　On　the　other　hand，　while　mental　practice

cannot　generate　the　information　about　actual　outcomes，　subj　ective　movement　evaluation

can　be　substituted　fbr　actual　outcome　information（Schmidt，1975）．　From　this　point　of

view，　mental　practice　can　be　seen　as　developing　a　recall　schema　that　can　be　used　to

effectively　learn　a　motor　skill．　Needless　to　say，　however，　mcntal　practice　is　much　less

effectivc　in　the　improvement　of　motor　skills　than　actual　practice．　It　is　so　becausc

subj　cctive　movcment　evaluation　is　inferior　to　actual　outcome　information　in　correctness
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　，

thus　mental　practice　cannot　cstablish　recall　schcma　so　strong　as　actual　practice　can．
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Conclusion

　　　　　　　Two　experiments　in　this　chapter　are　conducted　to　clarify　the　functional

equivalence　for　response　programming　of　actually　perfbrming　versus　imagining

movements，　by　showing　that　the　repctition　effect　that　stems　from　response

programming　occurs　when　responses　are　imagined　as　well　as　when　responses　are

actually　perfbrmed．　For　this　purpose，　the　simple　RT　to　initiate　the　second　of　two　serial

responses　was　examined　when　the　first　response　is　covertly　pcrfbrmed，　but　the　second

rcsponse　is　actually　perfbrmed．

　　　　　　　In　Experiment　7，subjects　were　required　to　produce　the　sequence　of　same　or

different　force　after　the　two　reaction　signals　separated　by　the　interstimulus　interval　of　1

second．　Simple　RTs　to　initiate’the　second　response　were　significantly　shortcr　for

imagining　and　actually　perfbrming　the　same　force　responses　than　for　imagining　and

actually　perfbrming　different　fbrce　responses　or　the　control　condition．　These　findings

suggested　that　the　repetition　effect　occurs　when　responses　are　imagined　as　well　as　when

responses　are　actually　perfbrmed．

　　　　　　　Experiment　8　was　basically　a　replication　of　Experiment　7　except　that　the

interstimulus　intervals　of　l　and　3　seconds　were　employcd．　Repetition　effects　were

observed　for　both　the　actual　and　imagined　same　force　conditions　when　the　interstimulus

interval　was　at　l　sccond，　but　completely　vanished　whcn　the　intcrstimulus　interval　was　at

3seconds．　This　result　suggested　that　the　repetition　effect　that　arises　from　imagined

response　may　be　retained　within　the　first　2　seconds．

　　　　　　　The　findings　of　Chapter　5　were　intcrprcted　as　evidence　for　functional

equivalence　for　response　programming　of　actually　perfbrming　versus　imagining

movements．



CHAPTER　6

SUMMARY　AND　CONCLUSIONS

　　　　　　　Typically，　when　sublects　are　required　repeatedly　to　execute　the　quick　and

correct　responses　for　stimuli　that　arc　presented　in　rapid　succcssion，　the　RT　for　a

repeated　stimulus　is　shorter　than　for　a　nonrepeated　stimulus（Bertelson，1961，1963）．

This　phenomenon，　termed　thc　rOρθ励oη繊cτ，　suggests　that　when　the　same　stimulus　is

repeated，　some　aspects　of　the　information　processing　between　stimulus　and　response

proceed　more　quickly．　Although　several　investigators　have　attempted　to　identify　the

stage　or　locus　of　the　processing　facilitated　by　repetition，　the　most　important　contribution

to　an　understanding　of　the　locus　of　the　effect　comes　from　the　study　done　by　Pashler　and

Baylis（1991b）．

　　　　　　　Pashler　and　Baylis（1991b）proposed　five　possible　Ioci　of　the　repetition　effect

based　on　the　stage　model　of　the　information　processing　and　tested　these　alternative

hypotheses　by　using　an　information－reduction　procedure．　In　this　procedurc，　multiple

stimuli　were　mapped　to　each　rcsponse，　so　that　the　same　stimulus　and　response　wcre

repeated　on　successive　trials（stimulus　rcpetition）or　the　same　response　was　repeated

without　repeating　the　same　stimulus（responsc　repetition）．　These　conditions　were

compared　with　the　condition　in　which　neither　stimulus　nor　response　was　repeated，　thus，

no　repetition　effect　was　expected（nonrepetition）．

　　　　　　　The　first　two　hypotheses　were　related　to　the　stage　of　stimulus　identification．

First，　the　repetition　effect　may　originate　in　perceptual　processing　between　percept　and

stimulus　identification．　This　prcdicts　that　the　effect　is　observed　only　for　stimulus

repetition，　regardless　of　catcgorizability　of　the　stimuli．　Second，　the　cffcct　may　originate
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in　the　process　of　stimulus　categorization．　This　predicts　that　the　effect　is　fbund　for　both

stimulus　and　rcsponse　repetitions　when　the　stimuli　used　are　categorizabe．　Two　further

hypotheses　were　related　to　the　stage　of　response　selection．　One　possibility　is　that　the

effcct　may　arise　from　the　process　of　response　selection　between　stimulus　idcntification

and　response．　It　predicts　that　the　effect　is　observed　only　for　stimulus　repetition，

regardless　of　categorizability　of　the　stimuli．　Another　is　that　the　effect　may　arise　from　the

process　of　response　categorization、　This　predicts　that　the　effect　is　found　for　both

stimulus　and　response　repetitions　when　the　stimuli　are　categorizabe．　Finally，　the　effect

may　originate　in　response　execution．　This　predicts　that　the　effect　is　observed　for　both

stimulus　and　response　repetitions，　regardless　of　categorizability　of　the　stimuli．

　　　　　　　Pashler　and　Baylis（1991b）found　a　remarkable　repetition　effect　only　for

stimulus　repetition，　regardless　of　categorizability　of　the　stimuli，　suggesting　that　the

repetition　effect　may　be　localized　in　either　perceptual　processing　or　rcsponse　selection．

To　test　these　possibilities，　they　examined　what　happens　when　the　same　stimulus　is

repeated　on　successive　trials，　but　with　different　responses　to　be　selected．　If　the　repctition

effect　originates　in　perceptual　processing，　the　effect　should　persist・If　the　repetition

effect　originates　in　response　selection，　on　the　other　hand，　a　change　in　the　response

modality　should　abolish　the　effect．　The　repetition　effect　was　completely　abolished．

Consequently，　Pashler　and　Baylis（1991b）concludcd　that　the　repetition　effect　occurs

only　when　the　same　stimulus　and　the　same　response　are　repeated　and　that　the　effect　is

localized　in　the　stage　of　response　selcction．

　　　　　　　There　is，　however，　another　central　process　associated　with　the　preparation　of

response，　which　occurs　after　response　selection　and　precedes　the　exccution　of　motor

response．　This　process　is　commonly　referred　to　as　reSponse」progγamming（e．g．，　Klapp，

1995；Schmidt＆Lee，1999）．　Rcsponse　programming　is　defined　as　more　detailed

specification　of　the　rcsponse　code　that　was　established　during　response　selection，　and　its

resultant　representation　is　referred　to　as　the　motor　progγam（e．g．，　Keele，1986；Klapp，

1996；Rosenbaum，1991；Sanders，1998；Zclaznik＆Hahn，1985）．　Despite　a　great　deal
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of　evidence　for　response　programming　and　motor　program，　no　research　has　investigated

whether　or　not　the　rcpetition　effect　is　related　to　response－programming　stage．　Therefore，

the　present　study　was　conducted　to　examine　the　involvement　of　response　programming

in　the　repetition　effect．　The　way　that　was　used　to　accomplish　this　goal　was　by

examining　what　happens　on　the　RT　to　initiate　the　second　response　when　two　successive

responses　are　the　same　or　different　in　their　force－time　characteristics，　or　more

specifically，　when　they　are　the　same　or　different　in　their　motor　programs．　The　task　used

was　an　isometric　force－production　task．　Subj　ects　were　required　to　react　and　produce　the

sequence　of　the　same　or　different　force　by　squcezing　the　handle　as　quickly　and

accurately　as　possible　for　each　of　the　first　and　second　reaction　signals　that　are　presented

in　rapid　succession．　It　was　assumed　that　the　repetition　effect　occurs　only　when　the　same

force　response　is　repeated　on　successive　responses，　becausc　the　motor　program　for　the

preceding　response　could　be　reused　for　the　next　response．

　　　　　　　In　Chapter　3，　the　possibility　that　the　repetition　effect　occurs　at　the　stage　of

response　programming　was　cxamined　using　Pashler　and　Baylis’s（1991b）information－

reduction　procedure．　Experiment　l　as　a　preliminary　experiment　examined　whether

varying　force　magnitude　influences　the　RTs　in　both　simple　and　choice　RT　paradigms．

The　RT　to　initiate　force　rcsponse　did　not　change　across　the　range　of　forces　examined　in

both　simple　and　choice　RT　conditions，　regardless　of　whether　a　desired　force　was

selected　by　the　experimenter　or　by　the　subject．　These　findings　suggcsted　that　the　time

required　to　program　fbrce　response　is　invariant　across　the　range　of　forces　examined．

Experiment　2　examined　the　effect　of　the　similarity　of　serial　fbrce　responses　on

repetitions　with　a　noncategorizable　mapping　in　a　choicc　RT　paradigm．　Experiment　3

examined　thc　effect　of　the　similarity　of　serial　rcsponses　on　repetitions　with　a

categorizablc　mapping　in　a　choice　RT　paradigm．　Consistcnt　with　the　results　rcported　by

Pashler　and　Baylis（1991b），　both　experimcnts　showed　repetition　effects　only　for

stimulus　repetition　when　the　different　response　or　free　response　was　repeated　on

successive　responses，　regardless　of　categorizability　of　the　stimuli．　These　findings
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supported　the　response－selection　hypothesis　of　the　repetition　cffect．　Whcn　the　same

force　response　was　rcpeated，　howevcr，　rcpetition　effects　were　observed　not　only　for

stimulus　repetition　but　also　for　nonrepetition．　These　findings　were　interpreted　as

evidence　for　two　loci　of　the　repetition　effect：response　selection　and　response

programming．　Finally，　Experiment　4　cxamined　the　effect　of　the　simihrity　of　serial

responses　on　repetition　effects　in　a　simple　RT　paradigm．　When　the　same　force　response

was　repeated　on　successive　responses，　repetition　effects　werc　found　for　all　of　the

stimulus　repetition，　response　repetition，　and　nonrepetition．　When　thc　di　ffercnt　force

response　was　repeated，　on　the　contrary，　rcpetition　effects　vanished　completely　across　all

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　N　
the　repetition　conditions．　Thus，　the　results　of　Experiment　4　suggested　that　when　the

same　responses　are　repeatcd　under　the　simple　RT　condition，　response　programming　is

the　primary　locus　of　the　repetition　effect．

　　　　　　　In　conclusion，　experiments　in　Chapter　3　suggested　that　if　the　same　response　is

repeated　on　successive　responses，　in　a　serial　choice－RT　situation，　repctition　effects

originates　in　both　response　selection　and　response　programming，　whereas　in　a　serial

simple・・RT　situation，　rcsponse　programming　is　the　primary　locus　of　the　rcpetition　effect．

　　　　　　　Experiment　5　in　Chapter　4　addressed　a　question　of　whether　the　repetition　effect

observed　in　simple　RT　situation　is　due　to　a　speedup　or　bypassing　of　the　processing　of

the　response　programming．　To　test　these　alternative　hypotheses，　a　psychological

refractoriness　paradigm　was　adopted（fbr　reviews，　sce　Sanders，1998；Smith，1967；

Welford，1980）．　In　this　paradigm，　two　stimuli　are　presented　in　rapid　succession，　but

unlike　in　a　repetition　cffect　paradigm，　the　second　stimulus　is　usually　presentcd　before

the　initiation　or　during　the　execution，　of　the　first　response．　The　typical　finding　is　that　the

RT　to　the　second　of　the　two　stimuli　is　considerably　delayed，　compared　with　the　control

RT　when　it　is　presented　alone．　Singlc－channel　thcories　propose　that　somewherc　in　the

central　processing　stages　there　is　a　bottleneck　that　cannot　process　more　than　one　task　at

atime．　When　the　processing　stage　is　occupied　with　a　first　task，　processing　a　second　task

must　be　postponed　until　the　stage　bccomes　available．　Thus，　the　RT　to　the　second
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stimulus　is　delayed．　There　is　evidence　suggesting　that　under　the　simple　RT

circumstances，　the　bottleneck　is　at　the　response－programming　stage（e．g．，　Davis，1957，

1959；Karlin＆Kestenbaum，1968；Kroll，1961）．　Thus，　one　way　to　test　the　present

alternative　hypotheses　by　using　this　paradigm　is　to　observe　what　happens　on　the　simple

RT　when　the　similarity　of　serial　responses　is　manipulated．　One　plausible　prediction　is

that　when　the　different　force　response　is　repeated　on　successive　responses，　a　typical

refractoriness　effect　would　be　observed．　When　the　same　force　response　is　repeated　on

successive　responses，　on　the　other　hand，　the　response　programming　speedup　hypothesis

predicts　that　thc　refractoriness　effect　would　still　be　observed，　but　the　size　of　thc　effect

should　be　smaller　than　for　the　different　force　condition．　The　response　programming

bypass　hypothesis　predicts　that　the　refractoriness　effect　should　vanish　and　instead　the

repetition　effect　may　be　observed．　The　results　clearly　supported　the　response

programming　bypass　hypothesis　that　the　repetition　effect　that　originates　in　response

programming　is　due　to　bypassing　of　the　normal　response　programming．　This　bypassing

was　explained　in　tcrms　of　direct　access　to　the　motor－program　representation　in　the

motor　output　buffer．

　　　　　　　Experiment　6　in　Chapter　4　addressed　a　qucstion　of　how　long　the　repetition

effect　that　arises　from　response　programming　is　retained，　or　morc　specifically，　how　long

a　constructed　motor　program　is　rctained　in　thc　motor　program　output　buffer．　One　way　to

examine　this　is　to　obscrve　the　effects　of　variations　in　interval　between　the　first　and

second　responses　on　simplc　RT　to　initiate　thc　sccond　response　when　thc　samc　force

response　is　repeated　on　successive　responses．　In　this　case，　it　is　expected　that　the　simple

RT　to　initiate　the　second　response　would　be　nearly　maximized　at　the　retention　intcrval　at

which　the　repetition　effect　vanishes．　The　result　showed　that　the　simple　RT　to　initiate

the　second　rcsponsc　increased　sharply　as　the　length　of　the　rctention　interval　increascd

from　O　to　2　seconds，　with　no　further　incrcases　thereafter．　These　findings　were

intcrprcted　as　suggesting　that　the　repetition　effect　that　arises　from　response

programming　may　be　retained　within　the　first　2　seconds，　which　may　be　the　approximate
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upper　limit　for　the　retention　of　the　constnlcted　motor　program．

　　　　　　　Chapter　5　examined　whether　the　repetition　effect　that　stems　from　response

programming　occurs　when　responses　arc　imagined　as　well　as　when　responses　are

actually　perfbrmed．　For　this　purpose，　the　simple　RT　to　initiate　the　second　of　two　scrial

responses　was　examined　when　the　first　response　is　covertly　pcrfbrmed，　but　the　second

response　is　actually　perfbrmed．　In　Experiment　7，　subjects　were　required　to　produce　thc

sequence　of　same　or　different　forcc　after　the　two　reaction　signals　separated　by　the

interstimulus　interval　of　l　second．　Simple　RTs　to　initiate　the　sccond　response　were

significantly　shorter　for　imagining　and　actually　perfbrming　the　same　force　responses

than　for　imagining　and　actually　perfbrming　different　force　responses　or　the　control

condition．　These　findings　suggested　that　the　repetition　effect　occurs　when　responses　are

imagined　as　well　as　when　rcsponses　are　actually　perfbrmed．　Experiment　8　was　basically

areplication　of　Experiment　7　except　that　the　interstimulus　intervals　of　l　and　3　seconds

were　employed．　Repetition　effects　were　observed　for　both　the　actual　arld　imagined　same

force　conditions　when　the　interstimulus　interval　was　at　l　second，　but　completely

vanished　when　the　interstimulus　interval　was　at　3　seconds．　This　result　suggestcd　that　the

repetition　effect　that　arises　from　imagined　response　is　r．etained　within　the　first　2　seconds．

The　findings　of　Chapter　5　were　interpreted　as　evidence　for　functional　equivalcnce　for

responsc　programming　of　actually　perfbrming　versus　imagining　movements・

　　　　　　　Understanding　the　mechanism　underlying　rcpetition　effect　has　important

practical　and　theoretical　implications．　On　the　practical　sidc，　for　example，　if　physical

educators　and　coaches　want　to　know　how　goal－directed．movements　are　achievcd　in　a

game　situation，　they　should　place　the　focus　of　the　game　analysis　not　only　on　the

movement　at　one　moment　in　time　but　also　on　sequenced　movcmcnts　that　are　executed

in　a　context．　This　is　because　the　repctition　effects　certainly　appear　in　a　constantly

changing　game　situation．　An　understanding　of　the　mechanism　of　repetition　effect　may

also　be　useful　in　the　rational　design　of　working　environment　that　requires　fast　and

correct　responses．　For　example，　as　suggested　by　the　present　study，　the　stimulus－response
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mapping　should　be　by　assigning　each　stimulus　to　a　unique　response，　but　not　by

assigning　more　than　one　stimulus　to　the　same　response．　The　lattcr　arrangement　by

many－to－one　mapping　will　result　in　delayed　and　erroneous　responses．　On　thc　theoreticaI

side，　an　understanding　of　the　mechanism　underlying　the　repetition　effect　may　provide

insights　into　the　nature　and　control　of　mental　processcs　underlying　many　human　motor

skills．　For　cxample，　if　motor　learning　is　regarded　as　the　accumulation　of　repetition

effect，　identifying　the　processes　of　the　information　processing　facilitated　by　repetitions

may　provide　a　new　avenue　for　developing　models　of　the　changes　that　underlie　motor

learning．　The　present　fact　that　the　processes　of　response　selection　and　response

pr・gramming　are　highly　sensitive　t5　repetiti・ns　may　str・ngly　suggest　the　inv・1vement

of　these　processes　in　the　changes　of　motor　learning．　The　present　study　also　clarified　the

functional　equivalencc　for　response　programming　of　actually　perfbrming　versus

imagining　movements，　by　showing　that　the　repctition　cffect　that　stems　from　response

programming　occurs　when　response　is　imagined　as　well　as　when　rcsponse　is　actually

perfbrmed．　This　evidence　may　provide　some　insights　into　why　mental　practice　is

effective　in　improving　motor　skills．

　　　　　　　By　exploring　the　old，　one　becomes　ablc　to　undcrstand　the　new．　Future　research

efforts　should　be　directed　towards　pursuing　these　possibilities　that　the　repetition　effect

implies．
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