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In English spcaking cultulcs, it has bccn reported that whcn auditOry specch is prc_

Sclltcd in synchrony with discrcpant visual oip rcad)spccCh,thc subJccts Oflcn rcpOrt

incaring sOunds that intcgratc information flom thc t、 vO modalitics(thC .`McCurk
e(Tect ) HOwCvcr.Sckiyama and Tohkura rccently showcd that」 apanese subJccts arc
lcss in■ ucnccd by discrcpant visual cucs than Amcricans  This study cxamincd thc intc「

language difFercnces in terms or the rclationshi, bet、 Vecn thc magnitude oF thc 4ヽcCurk
cncct and thc icqucncy oF incornpatibility  Thc stirnutus matcrials wcrc ten syHablcs

(′ ba pa, ma,wa.da. ta,na,ga、 ka,ra′ )prOnOunccd by a Japancsc and an American
spcaker  Thc ten auditory and tcn visual wilablcs prOnounced by a spcakcr 、verc
Ct OSS― dubbcd resulting in llXl auditory‐ visual stimuli  Japancsc syllablcs wcrc prcscntcd

to 14 Japancsc and 10 7ヽ mcrican subjccts  English syllablcs lvcrc prcscntcd to difFercnt

g10ups。「 subjccts. 12 Japancsc and 10 Amcrican  The stimuli wcrc prcscntcd in bOth
quict and noise_addcd cond"ions The subjccts wCrC aSkcd tO chcck incOmpa“

b‖ ity

bet、vccn 、vhat thcy hcard and 、vhat thcy saw as wcll as to rcpOrt 、vhat thcy hcard
Thc resuits shOwcd that the magnitudc or thc i、4cCurk cfrcct corrclatcd highly ncga_

tivcly、 vith the n cqucncy of incornpatibility  lt 、vas suggcsted that thc sma1l McCurk
crcct in thc Japancsc subJects listening to Japanese spcech is duc tO thc highcr scn‐

sitiv ty Of thc Japanesc tO auditory― visual discrcpancy

Keywords:  Spccch pcκ cption, Auditory_visual intcg:ation  Mccurk crFcct, ]ntcr‐

languagc di6erencc,Incompatibility
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1. INTRODUCT10N

Although spccch perception is considcrcd primar―

ily an auditory proccss, visual information in thc

form Of liprcading is a sourcc of spccch pcrccption

in fracc lo‐facc vcrbal communicalon Lip‐ rcad in―

formatiOn normally facilitatcs specch perccption

cspecia‖ y whcn auditory spccch signals are tinin‐

tcnigiblc  lt is pcrhaps hcaring impaircd peoplc

that utilizc liprcading most tO cOmprchcnd specch

ln fact, rcccnt studics havc rcported that lip‐ rcad

information improvcs speeCh pcrccptiOn considcr‐

ably by paticnts with cOchlcar implants(inner ear

prosthcses),that is, pcOplc wllo havc to proccss un‐

intenigiblc auditory information that thc cochlear

implants provide(Blamcy, Dowcn, BrOwn,Clark,

& Scligmanl); Fιlkuda, Shiron,a, & Funasaka2);

Funasaka, Shiroma. Yukawa, Iizuka, Yao, Kono,
Takahashi,&Kumakawaめ ) BCSides thc hard oF
hcaring,visual infor natiOn has bcen also shown to

bc hclpFul for pcoplc with nornnal hcaring,cspecial‐

ly 、vhcn thc auditory signal is not clcar duc to

addcd noisc(Erber`),0'Nc16),Sumby&Pollack3))

The contribution o「 lip― read information lo spccch

perceptiOn is dcscribcd as compcnsating for audito‐

ry information  in thc casc of consonant pcrccp‐
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tion,visual information has thc advantagc of con―

vcying spatial infOrmatiOn、  namcly, inforlllation
about thc placc OF articulation that auditory infor‐

matiOn may fail tO convcy in sOmc circumstanccs

Particularly,thc visual system is highly scnsitivc to

a distinctiOn bctwccn labial(lip― articulatcd, ′g,
/b/,/p/,/n1/)and nOn_labial(articulated insidc thc
mouth;′ ′,/d/,/t/,/n/)that thc aud10ry systcm
somctimes misscs(σ ′,Binic,MOntgomcry,&Jack‐
SOnつ ) Using thcsc charactcristics, McGurk and
MacI)onald8)draniatically dc nnonstratcd that visual

information innucnccs spccch pcrccption cven whcn

thc auditOry signal is highly intcnigiblc  Vヽhen
thcy prcscntcd thcir normal adult subJects with

auditory spccch signals Of /ba/, thcy corrcctly rc‐

portcd hcaring..ba''about 99%OFthc lmc How_

evcr,、 vhcn the idcntical auditory spccch signals of

/ba/ 、vcrc prescnted in syncI,rony with visual lip

movcments fOr/ga/,they rcportcd heaHng``da''

98%of thc Jmc This``Mccurk cfFect"dcmon‐
stratcs that visual information abOtlt placc of ar‐

ticulation easily modines phonctic pcrccptiOn  ln

thls examplc,宙 sual placc informalon(/ga/:nOn‐
labial)biaScd aud■ Ory infOrma“ on(/ba/: :abial)
、vith thc result that pcrceptual solution(``da''I non‐

labial)was consistcnt with thc biased placc infor‐

mation and thc remaining atiditory information

Sincc l、ィccurk and MacDonald Flrst rcpOrtcd this

fl siOn cfFcct bctwccn auditory and visual informa‐

(ion, it 1las becn replicatcd in inany studics and

cstablishcd as a rObust cfFect in Eng‖ sh spcaking
cukurcs(fOr a[tvicw,scc sunlmcrncld。 )) Thcsc

studics havc shOwn that thc 、4cCurk crcct can bc
prodticcd undcr various cOnditions as ronows  Thc

McCurk crcct occtirs for various coinbinations oF

auditory and visual sy1lablcs 、vhcn therc is a dis_

crcpancy in tlnc placc oF articttlation(MacDonald

& Mccurk10)) In nnOSt of thc cascs, aud10ry

labials paircd with visual nOn‐labials yicldノンSθ′′ご‐

ψO″ SθS(ag,aud10ry/pa/pttrCd wlh宙 sua1/na/
produccs ``ta''‐ responscl  on thC othcr hand, au‐

ditOry l,On‐ labials paired 、vith visual labials oftcn

rcsult in cο ″わル′θ′/′ ,′ο′,SOS(ご g,auditory/ta/and
visua1 /pa/ prOduccs “pta"‐rcsponsc)  ThC rtlsion

cmect has becn also rcportcd for matcrials of mcan―

ingFul words(Dccklc,Fowlcr,&Funncnlつ ;Doddigり
or synthcsizcd spccch syHablcs (Massar013), MaS‐

saro & Cohcni4))  It has also bccn rcportcd that

a male spcakcr's voice paircd with a Femalcね cc

can produce thc McGurk cfFect as much as a malc
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voicc malc facc pair(Grccn,KuhL McLzo氏 &Stc_
vcnsi5))  Auditory‐ visual discrcpancy yields fttscd

or combincd responscs and als0 10nger rcaction

(lmes(Grcen&Kuh16))and reaction● mc dcpends
on thc cxtcnt or anlbiguity(ヽ 4assaro13))

Howcver, thcsc stt[dics cOnductcd  in English

spcaking culturcs havc nOt yct cxamincd the 4ヽc‐

Gurk cfFcct fOr linguistic/cultural  independcncc

Although Mills and Thicm(1980,cited in Mas‐

sar。 18))aSked Gcrman Hstcncrs to idcnd″
sy‖ ablCS

consisting oF connicting auditory and vistlal inFor‐

mation, thcir rcstllts also showcd that thc vistlal

component has strong cfFccts On thc idcntincation

ln contrast to this, Sckiyama and Tohkura:1)rc‐

ccntly rcportcd that Japancsc listcncrs shOw vcry

little McCurk cミ、ct rOI Japancsc syllablcs whcn
the auditOry spccch 、vas pcrfcctly intcnigible  For

cxamplc,bcing prescntcd with auditOry/ba/paircd

wtth visua1 /ga/,thcir Japancse subJects repOrtcd

hearing atlditory ``ba'' 100,( oF thc timc, In con‐

trast to thc rtised ``da'' rcspOnscs ∝pOrtcd fOr
Englsh subJccts Thcy wcrc prcscntcd with thc

speech cithcr in quiet or in noisy cOndition  ln

thc quict condition, thc visual cfFccts 、vcrc nOt
substantial cxcept For somc auditory synablcs that

wcrc not pcrfectly identined in thc audio‐ alonc prc‐

scntation  On thc Othcr hand,strong visual efrects

wcre obsё rvcd fOr cach auditory syHablc in the

noise‐ addcd conditiOn whcrc the auditory speech

had poor intcnigibility  From thcsc rcsults, Scki‐

yama and Tohkural')propOscd an intcnigibility

hypOthcsis that Japancse listcncrs hearing Japanese

spccch dO not intcgratc visual information 、vith

atiditory informatiOn 、vhcn audition providcs stim―

cicnt infor[nnation

As shown abovc,tllc Japancsc subjccts did show

strong visual cfFccts in the noisc‐ addcd condition,

which indicatcs that Japancsc can liprcad to thc

cxtcnt that tl、 e McCurk cfFccts is indtlccd  This

was morc dircctly shOwn in our prcvious study

(SCkiyama.Joc, &UnncdaB〉 )whcrc 611 normal
untraincd Japancse adults wcrc askcd to liprcad

Japancsc nonscnsc mono_syllablcs  Although idcn‐

“
″ing COnsonants was dimcult(thκ may bc partly

duc to our usc oF a largc sct OF syHables, that is,

thc lllCl syHablcs of 、vhich thc Japancsc sy‖ able

invcntory is composed),thc Japancse sul・ JcctS COuld
visually discriminatc labials(/p,b,m,w,py,by,

my/)frOm nOn‐labials 92%OF thc thnc A mullト
dimcnsional scaHng found six pcrccptt[al clustcrs
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(/W/,/p,b,m/,/py,by,my/,/h/,/t,S,d,z,n,k,g,
r/, aS VヽCll as thcsc non‐ labials coinbincd with thc

scmivowc1 /y/ as in /kya/) Dcpending on thc
Japanese phoneme inventory, thcsc clustcrs arc

somcwhat dimcrcnt ,。 ni thosc found in English

For cxamplc,six clustcrs fotlnd by Waldcn,Prosck,

Montogonncry,Schcrr,&Joncs")wcrC/p,b,m/,
/0,ё /,71Vブ ,/S,Z,∫ ,6/,/W,r/,and /t,d,n,k,g,
j,r,1/ HowcVCr,as For thc labial vs non■ abial

discrimination scorc, which is rclcvant to thc 4ヽc‐

Ctlrk cfFcct, the Score in otlr sttidy was cq、 livalcnt

to thc onc obtaincd in English by Waldcn ′′α′1'';

lη y calculation bascd on tl,eir restllts is 91%  Thus、

it is tinlikcly that thc sina‖  4ヽcCurk cfFcct in

Japancse subJccts hstcning to intcnigiblc Japancsc

speech is duc to thc sub」 ccts'poor liprcading ability

Subscqucntly,  Sekiyanna  cxtcnded  thc  abovc

audio‐ visual cxperimcnt to thrcc new conditions:

AJ condition(American subjccts,Japanesc sthlnun)

tcstcd native spcakcrs of AIncrican English with

thc  identical  Japanesc  specch  stimtlli  ln  AE

(Amcrican subjccts,English stlmulD and JE(Japa

ncsc sulDjects,English s● mun)conditlons,American

Su●CCtS and Japancsc subJccts wcre tested with

English specch stirnu!i pronounccd by a nativc

spcakcr of American EnJish COmbining the rc

sults oF thcsc threc conditions and thosc oF thc

carlicr study(JJ Condition: Japancsc sttbJCCts,Japa‐

ncsc stimuli), Sckiyama and Tohkura20)rcportcd

intcr‐ languagc difFcrcnccs bctwccn Japancsc and

AmcHcan sublects Thc study shOwcd that thc
magnitudc of thc McCurk cmcct was thc largcst

when Amcrican subJccts WCrc prcscntcd wlh Japa‐

nese stimuli  Whcn English stinluli werc prcscntcd,

the magnitudc of thc 4ヽcCurk efect in Japancsc

subJccts was comparablc to that in Amcncan sub_
jccts,rcpHca6ng thc subゞ andal McCurk cttct as
has bccn rcportcd in litcraturc  Thcsc rcsults in‐

dicatc that thc small McCurk efect in Japancsc

subJccts for Japanesc syHablcs is duc to a pclccp_

tual processing of Japancsc listcncrs whcn tl,cy pro―

CCSS Spccch information oF thcir nativc language

This difFerencc bctwccn thc AE and JJ conditions

sccms  to  coincidc  anccdotal  cvidcncc   Nativc

speakcrs of Eng‖sh often dislike dubbed movics

(MaSSar013),p36):they nnay cxpericncc somcthing
Hke thc McCurk cfFcct for the auditory‐ visual dis‐

crepancy that dubbcd movies oftcn includc  On

the other hand,Japanesc listeners en」 oy thcm sim‐

ply althotlgh somc intellectual peoplc cOnlplain of

thc loss or an atllnosphcrc crcatcd in thc original

language

The purposc oF thc prcscnt study is to givc a

:■orc pcnctrating dcscription of thc intcr‐ languagc

difFcrcnccs in this phcnomcnon, by cxamining thc

data on sensitivity to thc discrcpancy bctween

atlditory and visual information  ln our cxperi‐

mcnt,the subJccts had two concurrcnt talks They

wcrc asked to chcck whcthcr or not thcy fclt the

visual lip movcmcnts inconlpatiblc with 、vhat thcy

heard,as 、vcn as to report 、vhat thcy hcard  This

rcqucst for rcporting incompatibility had two ob‐

jcct市cs  Onc was to conflrm thc resuits of our
pHot cxpcrimcnt whcrc Japancsc subJects sccmcd

tO cxpcricncc incompatibility instead of pcrccptual

fusion most of thc time 、vhcn presentcd 、vith dis‐

crcpant auditory_visual stirnuli oF Japancsc spccch

This suggcsts that thc sma‖  McGurk cfFcct of
Japancsc subJccts for Japanese syuablcs is rclated

to■cquent incompatibnity  Thc sccond ObJcctivc

of this task was to makc thc sub」 ccts pay attention

to both thc auditOry and visual information

Although Sckiyama and Tohkura20)bricny mcn_

tioncd thc frcqucncy of incompatibility in the four

conditions, dctailcd analyscs of thc incompatibility

data were not donc bccausc onc condition, thc JJ

condition,was carricd out in a dimcrcnt proccdurc

That is, whcrcas thc othcr thrcc conditions askcd

thc sub」 ccts to rcport only Onc response(What they

hcard),the JJ COndition cncouraged the su● ectS tO

rcport morc than onc rcsponsc  Such a proccdural

difFelencc may havc causcd difFercnt proccsscs for

dctccting incompatibility betwccn 、vhat thcy hcard

and 、vhat they sa、v  ln this study, thc JJ condi―

tion 、vas rcplicatcd 、vith thc idcntical proccdurc

uscd for t1lc othcr thrcc conditions so that a dircct

comparison was possiblc

Thc main purposc of this study is to compare

thc ■equency of incompatibility in tcrms of its rc‐

lationship、 vith thc magnittldc of thc McCurk crcct

To do so, thc prescnt study win prcsent thc fu‖

data set ncccssary lo cxarrinc the relationship bc‐

tヽvccn thC t、vo indcxcs, bccausc our carlicr study

(SCkiyama&Tohkura20))rcpOltCd Only a sman sct
oF the data from the cxpcrimcnt  The second pur‐

pOsc Of this study 、vas to scc if thc JJ condition

replicatcs thc small McCurk cfFcct

Thc rcsults showed that Japancse subJccts are

morc scnsitivc to thc discrcpancy betwccn auditory

and visual information and that thc magnitudc of



thc McGtlrk cmcct is a ncgativc lincar function of

thc frcquency of incornpatibility

2. EXPERIMENT

2 1 SuttCCtS

Four groups oF stl● cCtS parlcipatcd  Twcnty six

nativc spcakcrs of Japancsc 、vcrc assigncd to thc

JJ(14 sub」 ccts)and JE (12 subJccts)cOndltions

Twcnty nativc speakcrs oF Amcrican English were

assigncd to thc AJ and AE cond託 ions(tCn sub」 ccts

for cachヽ   An subJccts had normal hcaring and
normal or corrcctcd to normal vision  Thc Japa―

ncsc subJccts wcrc studcnts at Kanazawa Univcrsity

and most Or thc Amcrican subJccts Werc graduatc

studcnts at thc City Univcrsity of Ncw York  Thcir

agcs rangcd from 20 to 30 ycars old  Nonc ofthc

subJects who wcre g[vcn fOrclgn spccch slmun lJE

and AJ conditions)had Hvcd in a culture in which

the tcstcd languagc is spokcn nativcly  Howcvcr,

aH thc Japancsc sublcdts had taken English classcs

for at least six ycars starting at agc twclvc  Nonc

of thc A[ncrican subjccts had studicd Japanesc

The Japancsc sublccts wcrc voluntccrs, and thc

American suけ CCtS WCre paid S55 for thc Four hour

cxpcriincnt

2 2  Stirnuli

The s“ mulus matcHals wcrc tcn sy‖ ablcs(/ba/,

/pa/,/ma/,/Wa/./da/,/ta/,/na/,/ra/,/ga/,and/ka/)
prOnOunccd by .t Japancsc spcakcr (for Japancse

stimuli) and an Amcrican spcakcr (fOr EngHsh

stimuH)Each fcmalc spcaker was shown cach or

thc syllablcs in writtcn foln3 and Vヽas askcd to
plOnOuncc it clearly in hci nativc acccnt  Both

of the spcakcrs wcrc instructcd to closc thcir lips

beforc starting to pronouncc  Because the dtlra―

tion of thc Anncrican speakcr's vowCIS at thc bc‐

ginning of thc rccording 、vas apparcntly niuch

longct than thc duration oF thc Japancsc spcakcr's,

thc Amcrican spcakcr was instructcd to shortcn

thc vo、 vcls for intcr languagc cquivalcncc  Tlnc

Japancsc spcakcr was a proFcssional annotlnccr

and thc Al,lcrican spcakcl had bcen tcaching En―

glish in Japan for a ycar aftcr spcnding hcr nrst

25 ycars of hcrlifc in thc U S

Visual stirnuH 、vcrc crcatcd by vidcotaping t〔 lc

spcakcr's face whilc shc pronotinced thc syllablcs

Thc spccch was rccordcd on to a vidcotapc through

a broadcast qual"y(SONY BETACAM)vidco
camera locatcd in flont of thc spcakcr
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Thotigh bOt1l auditory a1ld vistlal infornlation

was rccordcd on thc vidcotapc, thc auditory in‐

formation was rc‐rccordcd to avoid dcgrading fac‐

lors in  thc rccording process  To do so, thc

spcakcr sat in front Of a microphonc in an an‐

cchoic room  Thc spcakcr's utteranccs rccordcd

on thc abovc vidcotapc 、vcrc playcd and prcscntcd

to thc spcakcr through a hcadphone  Thc spcakcr

was askcd to mimic the tlttcrances she hcard  Hcr

prOnunciation was rccordcd by a DAT (Digital

Audio Tapc; 16 bit witll a sampling frcqucncy of

20 kHz) ThC tCn audiory syllablcs wcrc proccsscd

by a spccch analysis packagc so that tl,c tcn syl_

lablcs had approximatcly idcntical pcak intcnsity

Although thc Amcrican spcakcr shortencd thc dura‐

tion of vowcls complying with thc instruction, thc

English sy‖ablcs still had a longcr duration  Thc

duration 、vas approximatcly 250 ms for thc Japa‐

ncsc sy‖ ablcs and 300 ms for the English syHablcs

Thc audio signals on t1lc DAT tapc wcrc dubbcd

onto a ncw BETACAM vidcotapc so that flannc
by flamc面 [nnc contr01(33 ms)was possible

Auditory―visual stimuli wcrc crcatcd by rcplacing

thc audlo signals on thc original vidcotapc with

thc audio signals on thc ncw videotapc  For tllc

original and ne、 v vidcotapes,thc Flamc numbcrs on

、vhich audio signals 、vcrc prescnt had bccn chcckcd

by playing thc vidcotapcs frannc by ffamc  Thcn

the new atldio signals werc dubbcd onto thc franncs

wherc the original audio signals had bccn

Tllc dubbing was done only bct、 vccn thc Japa‐

nesc Facc and thc Japancsc voicc,and bctwccn thc

Amcrican voicc and thc Amcrican facc  in addi―

tion tO cOrrcspOnding auditOry‐ visual dubbing(ag,

/ba/VOiCe_/ba/mOuth),thc audllory syHable was
also dubbcd onto othcr visual syllablcs so that aH

possiblc combinations Of tcn auditory and tcn

visual syHablcs(10× 10‐ 1001 Werc produccd

On thc nnal vidcotapcs, cach sy‖ ablc occured in

a 7s trial in which thc vidco channcl includcd 3 s

of black framcs and 4 s Of thc Facc  Thc audio

channcl includcd 、varning toncs and spccch (scc

Sekiyanna&Tohkura,r)Fig l)ThCre werc scvcral

tapcs oF dimcrcnt random ordcrs of 100 stimtlli

(7sx 100: 12 min)  For thc cxpcrimcntal prescnta‐

tion, thc outputs of the BETACAヽ 4 vidcotapcs

、vcrc dubbed onto VHS tapcs

Videotapcs ror auditory― only prcscntation 、vcl c

also created  On thcsc tapcs, thc video channcl

included only black framcs  For thc audilory‐ only

●

一
ｒ

　

　

●

●

ｏ



K SEKIYAMA:AUDITORY― VISUAL SPEECH PERCEPT10N

prcscntation, a vidcotape induccd six rcpctitions of

cach auditory stinlulus(7sx10x6:7 11nin)

Thc JJ and JE conditions wcrc carricd out at

Kanaza、va Univcrsity, and tilc AJ and AE condi‐

tions at thc City Univcrsity of New York Visual

stimuli wcrc prcscntcd on a 20‐ in (Kanazawa)and
a21ln(Ncw York)c010r monitor in which ap‐
proximatcly lifc‐ sizcd spcakcrs appe.nrcd  Auditory

stimuli were presented through two loud spcakcrs

placcd at thc sidcs of thc monlor Thc viewing

distancc of thc suttcctS Was i m

23  Expcrinncntal Dcsign

Thc subjccts wcrc askcd to rcport what thcy

heard in fOur conditions or two within subJccts

factors:(a)quict(nO_noisc‐ addcd)or nOiSC‐ addcd,

(b)auditOry― only or auditory― visual  ln thc qtiict

auditory―only cOndition (A condition), auditory

stirnuli werc presentcd with vidco black  ln thc

quict auditory‐ visual condition (AV condition),

auditory‐visual  stimt[li  、vcrc  prcscntcd  ln thc

noisc― added auditory― only condition(nA condition),

、vhitc noisc was continuously added whcn thc vidco‐

tapes for thc A condition werc playcd  ln tl,c

noise‐ addcd auditory‐ visual condition (nAV condi

10n),thC Vidcotapcs for thc AV condnion wcrc
playcd、vith the whitc noisc  Signal to noise ratios

in the noise―addcd conditions (nA and nAV).
measured by a sound lcvcl mctcr at the location

of the sub」 cct's hcad,wcrc kcpt at O dB  Thc in‐

tcnsity of spccch and noisc 、vas 55dB SPL (A
scale, fast)that was 5 dB highcr than that in Seki―

yama and Tohkura 17) Background noisc、 vas 25～

35dB SPL(A scale) Thc whitC noisc was prc‐
sented from a noisc generator witll its own spcakcr

that was locatcd bcncath thc monitor(Kanazawa),

or it 、vas prcscntcd from thc loud spcakcrs fronl

、vhich thc atlditory spccch  was also presentcd

(Ncw York)

2 4 PrOcedure

The vidcotapcs 、vcre played on a VHS vidco‐

casscttc machinc located in a control room ad‐
joining thc roo:n in which sublccts WCrc tcstcd

Sublccts wcrc instructcd to rcport what they hcard

ln thc auditory‐ vistial conditions, thcy 、vcrc in‐

structed to look at and Hstcn to cach syllable

Thcy werc asked to writc ``what thcy hcard, not

what thcy sa、 v'' as an opcn choicc   instructions

mcntioncd that thcy mi_ght occasionany hcar a sylla‐

blc that had a consonant clustcr such as``bga'' Thc

SuttCCtS WCrc askcd tO makc only one responsc in

each trial  ln addition, they wcrc askcd to rcpOrt

any incornpatibility bctwccn 、vl,at they hcard and

what thcy sa、 v  Thcrcforc, thcy had lo、 vritc do、 vn

heard spccch and to chcck for inconnpatibility in

thc 7 s trial duratiOn  To rcport incompatibility,

thcy had to mark a column on their rcsponsc
sheets only 、vhcn thcy rccognizcd incompatibility

Japancsc subJccts wcrc instructed to writc w"h

Rο″●″ (Roman alphabet)not in κ″′,α (Japancsc

orthography)that cannot express any consonant
clustcr (Rο ″″′spCns Japanesc synablcs approxi_

nlately in thc ROman alphabct  Evcry Japanese

lcarns it at agc clevcn)  In the auditory― only cOn‐

dilons,thc subJccts'task was only to rcport what

they hcard

Each stimulus 、vas repeatcd six tirncs in cach

condition making 600 trials(100× 6 blocks)for thc

AV and thc nAV conditions and 60 (carricd out
in l block)trials for thc A and thc nA conditions

The order o,thc fOur conditions was nxcd so that

pcrccptua‖ y more alnnbiguotts cOnditions camc car‐

ncri nAV,nA(lst day),AV,and A(2nd day)
Thc lotal sessions for each suttcct rCquircd 4 hours

inclllding brcaks and、 vcrc conduc(cd in t、 vo days

3. RESULTS

31  Preparation for Analyscs

Thc rcsults in thc auditorv― visual cOndition arc

presentcd scparatcly for t、マo cascs: thc casc in
which thc visual stlmul werc labials(/b,p,m/)

and thc casc in which thcy were non― labials(/d,

1,n,g,k/) ThiS iS bccausc thc rcspOnse pattcrins

for thc within‐ group vistlal tokcns 、vcrc almost
identical, agrceing 、vith thosc sho、vn by Sckiyainla

and Tohkura li) Stimtlli consisting oF auditory or

visua1/wa/Or/ra/wcrc cxcludcd flom thc cross‐

languagc cornparison bccausc thcy 、vcrc dissimilar

bct、vccn thc t、vo languagcs in both auditory and

visual aspccts, as sho、 vn in our prcvious study

(Sekiyanna&Tohkura20')
Removing thc rcsults forノ wa/and/ra/,thC rc‐

sults for thc A condition sho、 vcd that both languagc

groups accuratcly identiflcd most OF thc syHablcs

in thc auditory‐ only presentation  Thc avcragc pcr‐

ccnts of corrcct rcsponscs in tllc A condition across

thc rcst or thc cight auditory syHablcs wcrc 99 7%

(JJ COndttion), 960% (AJ condition). 936% (JE
condldon),and 96 7%(AE condmon)whCn thcsc



mcans wcrc comparcd by a two‐ factor ANOVA
[Listcncr's Languagc (2)x Sti]nnulus Language (2)],

thc main cfFccts of Listcncr's Language and Stirnulus

Language wcrc nonsignincant〔 F(l,42)=004,′ く

90; F(1,42)=327, ′く 10] HowcvCr, thc intcr‐

action was signincant[F(1,42)=494,ρ く 05] Thc
sotlrcc OF this i1ltcraction 、vas tcstcd by pairwisc

conlparisons using least squarcs mcans  Thc rc‐

sults sho、 ved that a signincant difFerencc was only

bctwcen thc JJ and JE conditions(′ =305,′ く 01)

No signincant dimcrenccs wcrc found in thc othcr

pairs oF conditions  ThcrcForc, thc accuracy of thc

idcntincation in thc auditory‐ only condition 、vas

about the samc across thc four conditions with a

rescrvation that t1le JE condition had a slightly

p00rcr intclligibility scorc

ln thc fOl10、ving analyscs, rcspOnscs in thc audi‐

tory‐visual condition 、vill bc catcgOrized into αιldi―

′ο″ ra,′ 077SC andッお″α7/1″′″′″C′″″′ψο″S0 1f
a rcsponsc to an incongrucnt auditory― visual stimu―

lus is consistcnt 、vith its auditory componcnt 、vith

rcspcct tO thc placc of articulation, it 、vill bc cancd

an auditory rcspOnsc(′ g,``ba"― respOnsc For audi‐

tOry/paノ With visua1/na/)On the other hand,if
a rcspOnsc includcs vistlal conlpOncnt oF thc stirnu‐

lus wit1l rcspect to thc placc, it will bc takcn as a

visually influcnccd rcsponsc  Thc visually infltl‐

cnccd rcspOnscs includc′
`′

″′οS′ο′
'SC(´

g,“ ta''_

responsc For auditory /pa/ with visua1 /naぅ  and
εο″,bル 7″′″2spο′,sas(θ g,``pta''‐ rcsponse for atlditory

/ta/Wlth visua1/pa/)

Further dctails of the rcsults can be found in

Sckiyama 21)

32 Wcakヽ4cGurk EfFect in thc QuiCt JJ Condlion

Thc confusion matriccs in Fig l sho、v thc rcsults

for thc quiet JJ condition by indicating thc frc―

qucncy oF cach rcspOnsc as a ro、v pcrccnt oF aH

responscs in a row  The numbcrs in thc lcfFmOSt

colurnn in parenthcscs indicatc thc pcrccnt of cor‐

rcct respOnscs for thc atlditory syllablc in thc

auditory‐only  cOndition (“ auditOry  intelligibility

scorc'り   lf thC Sublccts hear the specch without
visual innucncc, cach of the diagonal ccns should

contain thc samc rcspOnsc frcqucncy as thc audi‐

tory intcnigibility scorc in thc lc■ most ccu  Altcr―

nativcly, iF thc McGι lrk cfcct occurs, it is cxpcctcd

that auditory labials paircd with visual non-labials

(uppcr thrcc stimuli in thc uppcr panels)ヽ Vill bc

pcrccivcd as non‐ labials(fuSed responscs)and that

′48

yИ
`。

ιrs′ Sο
`′

′″ (E)15,3(1994)

auditory non‐ labials 、vith visual labials(loヽ VCr flvc

stimun in thc lowcr pancls)will bc pcrccivcd as

iabials(ftlSCd rcsponscs)or as syllablcs 、vith cOn‐

sonant clustcrs(COmbined rcsponses)

As sccn in Fig l wilcrc shadowcd portions indi‐

catc thc responscs influcnccd by discrcpant visual

input(thc MCGurk cfFcct),Japancsc sublccts showcd

only a limitcd Mccurk cfFcct, rcplicating thc rc‐

sults by Sckiyama and Tohkura l') No combincd
rcsponscs vヽcrc obscrvcd pcrhaps bccausc Japancsc

phonological systc]n does not allow any phono‐

logical consonant clusters  Figure l suggcsts that

the McCurk efFcct is ncgligiblc exccpt for auditory

/pa/ and /ta/ This was cOnarmcd by Statistical
analyscs A singlc_factor ANOVA with rcpcated

mcasurcs tcstcd the cttcct OF dirrcpant visual input

in cach auditory syllable, by comparing the frc‐

qtlcncy of``placc crrors'' in the A condition with

that in thc AV conditiOn  To dO so, responses

、vhich includcd confusions of labials with non‐

labials were countcd as placc crrors  Thercrorc,

`.pa''‐ rcsponsc to attditory/ta/ヽ Vas takcn as a placc

crror whnc“ka''_rcsponsc tO auditory/ta/Was not

vision=nonlabial(d,t,n,g,k)

response

vision=:abial(b,P,m)

response

Ｃ
●
〓
一●
コ
“

b(100)
p (98)

垣TI器 :

● tい 。。)

3n(100)
g(100)

k(100)

100    1

Fig i  COnfllsion matriccs for thc JJ gloup

in thc AV condition(pcrcCnt in a rOw)

Thc number OF respOnscs in a row is
shown at thc rigl,t uppcr sidc OF a pancl

as``N''(sublect x rcpctition× visual

stimuli) Shadowcd rcsponscs indicatc thc

4ヽcCurk cfFcct
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In thc AV condition,fuscd and coinbincd rcspOnscs

werc cotlntcd as place crrors  As a rcsult, signin‐

cant visual cmccts wcrc found only in auditory/pa/

[F(1,13)=3310,′ くCll101]and/ta/[F(l,13)=902,

′く05]

These results sho、 v that the avcrage magnitudc

of the 4ヽcCurk cfcct 、vas vcry sman fOr Japancse

subJects observing Japancsc stimu‖   Thc rcsults
also suppOrt thc intcnigibility llypothcsis that Japa‐

ncsc listcners llearing Japanesc spccch do not intc‐

gratc visual inforn,ation 、vith auditory information

、vhcn audition providcs sumcicnt information  As

Fig l shows,thc substantial(mOrc than 50%of the

dmel MCCurk cfFcct was obscrvcd only in aud llory

/pa/,and it 、vas only this auditory/pa/that had an
inteHigibH■ y scorc lcss than 100%

33  Comparison or thc、 4agnitudc of theヽ4cCurk
EIFect across Four Croups

Figure 2 givcs a comparison of thc nlagnitude

of the McCurk cfFcct across four groups(fOr the

confusion innatriccs for thc AJ, AE、  JE conditions,

scc Sckiyama21)) BCCausc thc results in the AV

condition sho、 ved an apparent dircrence between

auditory labials paircd 、vith visuai non‐ labials and

convcrscly paired stimuli, the results are sho、 vn

for thc t、 vo cascs  Bars indicatc thc ■cqtlcncy of

visua‖ y innucnced rcsponscs(placC CrrOrs), that is,

thc sum of fused and combincd rcsponscs  ln thc

quict cOndition, it is clear that the visual cfFcct

、vas thc 、veakest in thc JJ condition cspccially for

auditory labials  Ho、 vcvcr,for auditory non-labials,

thc difFcrcnccs among thc JJ, JE, AE conditions

are not obvious  lt 、vas only in the AJ condition

that a substantial visual cmcct on thc auditory non‐

labials、 vas obscrvcd

ln thc noisc‐ addcd condition, placc crrors greatly

incrcascd cspccia‖ y in thc JJ condition  ln thc

othcr thrcc groups, thc incrcasc 、vas largc for au‐

ditory non-labials for which thc visttal emect was

relatively weak in thc quict condition  As a rcsult,

the di6erenccs among thc four groups and bctwccn

auditory labials and non‐ labials arc smaner in thc

noisc‐ addcd condition than in thc quict condition

Howcvcr, thc results for thc noisc‐ addcd condition

suggst a cciling cfFect, sho、ving thc frequcncics of

ovcr 90%in many Cases

Conccrning this cciling ettcct, there was a dim‐

culty in handling the data Foi thc noise‐ addcd con―

dition  ln Fig 2,thc vistlaHy in■ ucnccd rcsponses

arc indicated by “placc crrors'' in thc auditory―

visual condition  As shown in Fig 2, noise in‐

crcascd place crrors in the auditory‐ visual condition

Ho、vcvcr,thcsc place errors sccmed to includc both

auditory crrors and visual crects becausc thc noisc

also incrcascd placc crrors in thc auditory_only

condition  Percents of placc errors in thc nA con‐

dition avcragcd Ovcr auditory labials and auditory

non■ abials werc 5%and 21%for thC JJ condiion,

34%and 4%for thc]E condition,4%and 19%for
thc AJ condition,and 20%and 6%for thc AE con―

dition  Onc possible way to cstimatC thc magnitudc

of visual efFccts could be to subtract thc llequcncy

oF auditory errors Flom the Frcqucncy of the``visual‐

ly influcnccd rcsponscs"  Ho、vcvcr,it seemed to bc

inappropriate at lcast in thc noise_added condition

For, 、vhcreas thc noisc simply increased placc crrors

in thc nA condition, thc increasc of place errors in

thc nAV condition sccmcd to bc suppresscd by thc

cciling efFect dcscribcd abovc  ThcrcForc, as an ap‐

■ A‐ Lab aI
口 A・Non aba

0   20   40   6o   80  1oo

Visua‖ y:nfluenced respOnses(%)

Fig 2  Thc magnitudc OF visual innucncc

approximatcd by thc frequcncy oF place

crrors(%),∴′,the sum ofFused and com‐
bincd rcspOnscs
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proximation ofthc inagnitudc of thc visual influcncc,

thc frequcncy of ``visualy innucnccd responses''

shown in Fig 2 was adopted

To comparc thcse mcan frcqucncics,a fou「 factor

ANOVA[Noisc(2)x Listcner's Language(2)× Stlm‐

ulus Language(2)x Auditory Stimulus(2)]was Car_

ricd otlt  Thc rcsults arc summarizcd as Follows

(a)ThC main cfFcct Of Noisc[F(1,42)-30131,′
く 0001],Listcncr's Language[F(1,42)‐ 2649,′ く

0001],and Audlory Stimulus[F(1,42)-19449,′

く lXlllll wcrC highly signrに ant  That is,thc visual

erFcct was strongcr in thc noise‐ addcd condition
than ill thc quiet condition, it 、vas stronger ror

Amcrican subJccts than for Japancse subJccts,and

it 、vas strongcr for auditory labials than for audi―

lory non‐ labials  Thc main efFcct of Stimulus Lan‐

gua_ge was not signiftcant[F(1,42)=51] ThcrC‐

Forc, thc lnagnittldc of the vistlal innuencc did not

difFer for Japancsc slmuH and English stimuli

(b)ThC intcraction of Listcncr's Languagc x Stimu‐

lus Languagc was signincant[F(1,42)=1426,′ く

001] This sccms to rcncct mainly thc difFerenccs

among thc four groups in thc quict condition whcrc

thc magnitude of visllal influcncc 、vas larger for

thc subjccts'non― nativc spccch than for thcir nativc

spccch eOnlparc thc magnitudc in the JE condition

with that in tllc JJ condition and thc magnitudc

in thc AJ condi“ on with that in thc AE condition)

(c)Rcncc6ng thc fact that thc incrcasc of thc visual

cfFcct duc to thc noisc、vas largcr for atlditory non―

labials, thc intcraction of Noise× Auditory Stimulus

was signincant[F(1,42)=4532,′ く 0001] (d)In
thc othcr intcraclons that included within‐ sub」 cct

frlctors(Noisc and Audれ ory Slmul), signiflcant

intcractions 、vcrc found in Noisc x Listcncr's Lan‐

guagc[F(1,42)‐ 3428,′ く KXXli],Noisc x Stimu:us

Languagc[F(1,42)=1383, ′く OC11], Noisc x Lis‐

tener's Languagc x Stimtllus Languagc [F(:,42)=

2548,′ く 0001], Auditory Stimulus x Stimulus Lan‐

guage[F(1 42)=7805,′ く 0001],Audltory Stilanulus

x Listcncr's Languagc× Stimulus Languagc[F(1,42)
‐4“,′ く 05],and Noise x Auditory Slmulus x

Stimulus Languagc[F(1,42)-1703,pく 001]

Stibscqtlcntly, thc sourccs of these interactions

、vcrc examincd by pairwisc conoparisons using lcast

squarcs mcans Thc rcsults wcrc as follows (1)

Whcrcas thc AmcHcan suttCCtS Showed the stronrr

visual innucncc than thc Japanese sulDJccts in the

quict condition, for both auditory labials(′ =450,
′く 0001)and nOn_labials(′ =793,′ く lllX11), thCrc

′50
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、vcrc no dircrcnccs bctwccn thc two languagc groups

in thc noisc― addcd condition cithcr for atiditory labi‐

alS(′ =028)or i10n‐ labials(′ =173) (2)In thc
quict condition,thc visual in■ucncc、vas strongcr for

thc English stinnuli than for thc Japancsc stimuli

when auditory stimuli wcrc labial(′ =489,′ く 0001),

but it、vas stronger for thc Japancsc stirnuli when au‐

ditory stimuli wcrc non_labial(′ -590,′ く KX101)

In thc noise‐ addcd condition, thcrc 、vcrc no di3cr‐

cnccs bct、 vccn the two stirnulus languagcs、vhcn alldi‐

lory stimuli were labials(′ =065),bι lt thC Visual in‐

flucncc、 vas largcr for the Japancsc stirnuli whcn au‐

ditory stimuli wcrc non-labial(′ =423,″ く 0001)

(3)In thC quict condition,、 vhen auditory stimuli wcrc

labial, thc visual influence in thc JJ condilon 、vas

signincantlyヽ Vcakcr than that in thc othcr thrcc con‐

ditions(′ く OIX1l for each pair), and thCrc wcrc no

signincant di3erenccs among the other thrcc  Whcn

thc atlditory stimuli wcrc non‐ labial, thc visual in‐

nucncc in the AJ condition was signincantly larger

than that in thc other thrcc conditions(フ く 0001

for cach pair), and thcrc 、vcrc no signincant di「

rcrcnccs among thc othcr thrcc (4)In thC nOisc‐

addcd condition, thcrc 、vere no signincant difFcr‐

enccs in any pairs of the JJ, AJ,OE, and AE con‐

ditions whcn auditory stimuli werc labial  Whcn

auditory stimuH wcrc non‐ labial,thc visual influcncc

、vas signincantly strongcr for the AJ condition than

that for the other thrccl it 、vas strongcr for thc JJ

condition than that for thc JE condition, and thc

difFcrcncc bct、vcen the JJ and AE conditions and

the difrcrence bct、 vccn thc AE and JE conditions

werc nonsignincant

3 4  Frcqucncy of lnconnpatibility

Figurc 3 shows mcan frcqucncy Of incompatibility

in cach condition for discrcpant stimul (ア σ, audi‐

lory labials paired with visual non‐ labials,and vicc

versa)and cOngrucnt stimuli(auditOry labials paircd

with visual labials, and auditory non‐ labials paircd

with visual non‐labials)  ln bOth thc quict and

noisc‐ addcd conditions,incompatibility、 vas rcported

mainly for discrcpant stirnuli and its frcqucncics

for congrucnt stimuli 、vcre almost ncgHgible  That

is, thc sub」 ects rcportcd incornpatibility only for

thc stimuli that had thc diicrcnt placcs of articu‐

lation for their atlditory compOncnt and visual

cornponcnt  This clcar difFcrcncc bctween discrep_

ant and congrucnt stlmuH imp"cs that the subJccts

could liprcad thc placc of articulation
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For thc discrcpant stirnuli, howcvcr, inCornpati―

bility 、vas not al、 vays rcpOrtcd  ln thc quict con‐

dition 、vllcrcas thc JJ condition sho、 vcd inconnpati―

bi“ ty おr thc maJority or thc rcsponscs,thc othcr

threc conditions sho、 vcd lcss incolanpatibility cs‐

pccinHy for auditory labials  lncompatibility was

rcportcd illorc frcqucntly by thc Japancsc subjccts,

and it 、vas rcportcd morc Frcqucntly for stirnuli

whosc auditory compOncnt was non‐ labial  ln thc

noisc‐ added condition. cach group rcpOrted lcss

incoilnpatibility

Statistical analyscs 、verc donc only fOr tilc casc

oF thc discrcpant stimllli  Thc rcsults of a four‐

ractor ANOVA (Noisc x Listener's Languagc x

Slmulus Languagc x Audltory Stlmulus)arc surr_

marizcd as foHows (a)Thc main erFccts or Noisc

[F(1,42)=7321, ′く 0001], Listencr's Languagc

IF(1,42)=1391,′ く 001], and Auditory Stimulus

IF(l,43‐ 4139,′ く αml]wcre signincant That
is,(1lc frcqtlcncy oF incornpatibility was highcr in

thc quict condition than in thc noisc‐ addcd condi‐

tlon,I was higher in thc Japanesc subJccts than

Congruent
■ A=Lab a
□ A‐ Nonlab a

in thc Amcrican suttccts,and it was highcr for

auditory non‐ labials than for auditory labials  As

comparcd with thc rcsults in thc carlicr scction,thcsc

rclations among thc cOnditions arc oppOsitc to thosc

in thc placc crror data  Thc main cntct of stimtllus

Languagc was not signincant[F(1,42)=082],agrCC‐

ing with thc placc crror data  (b)Thc interaction of

Listcncr's Language x Stimulus Languagc[F(1,42)=

590,′ く 05]was signincant  This intcractioil lcnccts

thc fact that thc incompatibility was rcportcd morc

flcqucntly for thc slmuH oF thc subjccts'nativc

languagc  (c)Among thc intcractions that includcd

within‐ suttcct Factors,signincant intcractions wcrc

round in Noおc x Listcncr's Languagc[F(1,4乃 =
1568,′ く 001],Noisc X Slmulus Langua_gc〔 F(1,42)

=677,′ く 05],Auditory Stinlulus x Stinlulus Lan‐

gt:agc[F(1,42)=2090,′ く 0001],Noisc x Auditoly

Stimulus if(1,42)-3958,′ く 00011, and NOisc×

Audlory S“ mulus× Slmulus Languagc[F(1,42)=
753,′ く 011

Subsequently, thc sources or thcsc intcractions

、vcrc cxal■ incd by pairwisc conlpariscns usirg icast
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squares mcans Thc rcsuls wcre as follows (1)

In shc quict condition, thc Japancsc subJects rc‐

pOrtcd signincantly more frcquent incompatibility

than thc Amcrican sub」 ccts bOth for auditory labials

(′ =445,′ く lXll11)and nOn4abials(′ =354,pく
lX11)  In the nOisc― addcd condition, thcrc wcrc
no difFcrcnces bct、 veen thc two languago grollps
cithcr for auditOry labials(′ =087)or non‐labials

(′
-116) (幼 In thc quict cOndition, morc fre‐

quent inconlpatibility、vas rcportcd for thc Japanese

slmuH 、vhcn auditoly stimuli wclc labials(′ =
311,′ く.01),but thcrc wcre no difFerenccs bctwccn

thc two stimulus languages whcn auditory stimuli

vヽcrc non‐ labial(′ -186)  In thC nOise―addcd con‐
dition, thcre wcrc no difFcrcnccs bct、 vccn thc two
simulus languages whcn auditory stimuli、 vcrc labial

(′ =069), but more frcqucnt incompatibility was
rcportcd fOr thc English stimuli whcn aud■ ory
stimuli wcrc non-labial(′ =362,′ く 001) (3)In
thc quict condition, 、vhcn auditOry stilanuli wcrc

labial, thc JJ cOnditiOn showcd signincanlly molc

frequcnt incompatibility than thc othcr thrcc con‐

′Иωι″′,c″ ″(E)15,3o99o

ditions, and thcrc 、vcrc no difFercnccs among thc

othcr thrcc Whcn auditory stimuli wcrc non-labial,

thc AJ condition showcd thc signiflcantly lcss flc_

qucnt incollapatibility than thc other thrcc condi‐

tions, and thcrc 、vcrc no difFcrcnces among the
othcr thrcc  (4) In thC nOise― addcd condition,

whcn auditory stimuli wcrc labial, tllcrc 、vcrc no
ditFercnccs among the fotlr conditions  Whcn au‐

ditory stimuli 、vere non‐ labial, thc AJ condition

showed signincantly lcss frequent incomnpatibility

than thc other thrcc conditions,and thcrc wcrc no

difFcrcnccs among thc other thrcc

As comparcd with thc rcsults in thc carlicr scc‐

tion, thcsc rcsults suggcst that morc flcqucnt in‐

conlpatibility was rcportcd in conditions 、vhere the

nlagnitudc of visual initlcnce was slllallcr

3 5  CorrclatiOn bctwccn lncompatibllity and thc

McCurk EfFect

Comparing thc pancls ror discrcpant stimttli in

Fig 3 、vith corrcspOnding pancls in Fig 2, it 、vas

suggcsfcd that thc frequcncy of the inconnpatibility
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is ncgativcly corrclatcd with thc nnagnitudc oF visual

innucncc  Figurc 4 plots thc rclationship bct、vccn

thc(、vo indcxcs for cach of thc cight atlditory syl‐

lablcs in thc quict and noisc― addcd conditions  As

sho、 vn in Fig 4, tilc 16 data points in cach condi‐

tiOn nttcd to a ncgativc lincar ftlnction 、vith a hi_Oh

corrclation cOcmcicnt ranging fronl 「=- 906 to
′=- 985  Whcn thc corrclation 、vas calctllatcd

bascd On individual data,it was′ =- 809(JJ),「 =
-816(A」 〕,/=-820(JE), and r‐ -751(AE)
Thc rcsults clcarly show th.ls thc morc flequcnt

incOnlpatibility therc is, thc snlaHcr thc l■ agnittidc

of visual innucncc bccomcs

Figurc 4 also dcscribcs thc difFcrcnccs a11long thc

fotlr cOnditions  ln thc」 J cOndition, thc contrast

betwccn thc quict and noisc_addcd conditions is

vcry clcar  That is, thc data points for thc cluict

condition arc charactcrizcd by t1lc 、vcak vistlal in―

flucncc and tllc frcqucnt incon,patibility 、vhilc thc

data fOr thc noisc― addcd condition sho、v thc Oppo‐

sitc tcndcncy  ln thc AJ conditioln, tilc contrast is

also clcar, but thc data points gathcr at thc t:ppcr

lcFt oF thc pancl, indicati[lg thc strong visual innu‐

cncc and tl]c inflcqucnt incon,patibility cvcn in tllc

qtlict condition

ln thc JE and AE conditions, thc contiast is not

clcar  Thcsc twO grOups showcd thc largc McCtlrk

cmcct only On auditory/baブ ,/pa/,/nla/,and/ta/in
thc quict condition  T1lc data poi]lts for thcsc Fotir

syHablcs intrudc inlo thc uppcr lcFt rcgion w lcrc

the data points for tlnc nOisc― addcd conditiOn cxist

ln thcsc t、 vo groups, thc distancc bct、 vccn atiditory

labials(thc strOng visual innucncc and thc infrc‐

qtlcnt incompatibility)and nOn_labials(thc wcakcr

visual inllucncc and thc morc frcqucnt incompati―

bnity)was largcr than thc distancc bctwccn thc

noisc‐ addcd and quict conditions  ln this scnsc,

the rcsponscs in thc JE and AE conditions wcrc

similar, sttggcsting a stimulus charactcristic or thc

EngHsI, stimtlli  lt is suggctcd that English atldi‐

lory labials paircd 、vith vist:al non-labials havc

somc charactcristics that are pronc to visual cfFects

ln sumlnnary、 Fig 4 clcarly shows lhat thc small

McGurk cfFcct in thc qutct JJ cOndition、 vas lnighly

corrclatcd 、vith thc frcqucnt incompatibility  That

is, in thc quict JJ condition,thc subJccts cxpcricnccd

incompatibility instcad oF thc pcrccptual ftlsion c「

fcct mOst Oi thc tilllc  ln cach pancl thc McCtirk

efFcct did not Occur on a stinluitts for 、vhich thc

SuttCCtS pcrccivcd incon,padbihty nlorc than 70%

of thc dmc Thc hct that thc Japancsc sub」 ccts

rcportcd morc frcqtlcnt  incornpatibility suggcsts

that Japancsc listcncrs arc morc scnsitivc to thc

atlditcry‐ visual discrcpancy

3 6  Scnsitivity to thc Auditory‐ Vistlal Discrcpancy

ln thc quict condition, incr analyscs of thc in―

cornpatibility data 、vcrc possiblc bccausc thc sub‐

jccts rcpOrtcd substantial incon,patibility  in Fis 5,

thc incornpatibility data for discrcpant stinluH in

thc qttict condition arc shown for two casc  Thc

lcft pancl is for thc casc whcn thc subJccts inadc

″〃″′ο′っ, ′cSi)0″ SCS and thc right pancl is for tl,c

casc whcn thc subjccts madc νおι′′|,ル 1/71で″ει″″″‐

ψO″ rS(ftSCd and connbincd rcsponscs) cOmpar

ing thc right pancl with thc lcFt onc, it is clcar

that thc auditory rcspOnscs wcrc acconnpanicd 、vith

much nnorc incolnpatibility t1lan thc visuaHy innu―

cnccd rcsponscs  in thc auditory rcsponscs,Ameri―

can subJccts show icss hlcompadbHity than Japancsc

subJccts cspcciaHy for auditory labials

Thc difFercncc bct、 ccn thc atlditory and visually

in■ ucnccd rcsponscs can bc cxplaincd as foHo、vs

Supposc ti,at .luditory/pa/ iS presentcd with visual

/na/ 1f thC Sublcct's rcspOnsc is``ba,''11lat is,an

auditory rcspOnse,“ ba''and/na/arC difcrcnt with

rcspcct to the placc of artict:lation  Tllus, it is

rcasonablc(o rcport incolllpatibility bct、 vccn what

thc sutDJcct hcard and what hc/shc saW if hc/shc

liprcads information about thc placc  ln tllis scnsc,

thc frcqucncy oF incompatibility in thc atlditory rc‐

sponscs is considcrcd a dircct indcx of thc scnsi‐

tivity to lllc auditory_visual discrcpancy  On thc

othcr hand,、vhcn a rcsponsc is visually inlucnccd

(gg, '.ta''― rcsponsc for auditory /pa/ and visual

/na/),incOmpa● b‖

"y is no( ncccssanly cxpcctcdbccausc what thc sub cct hcard is not incongrucnt

wlth what hc/shc saW With rcspcct 10 thc placc of

articulation(“ ta"and/na/arC both non‐ labial)

Bascd on this cxpl.3nation,thc auditOry rcspOnscs

、vcrc cxamincd Ftlrthcr as an indcx of t1lc scllSitivity

to thc auditorゝ ‐visual discrcpancy  As sho、 vn in thc

lcrl panc1 0F Fig 5, thc flcqticncy Of incompatibility

in thc atldito「 y rcspOnscs 、vaS apparcntly highcr in

thc Japancsc suttCCtS than ln thc Amcricans This

indicatcs that thc Japancsc subjccts wcrc l10rc scn‐

sitivc to thc discrcpancy than thc Amcricans  lt

is stliking that tllc rcsults 、vcrc alrnost thc sainc

irrcspcctivc oF thc stimultis languagc,、 vhcn thc sub_
jccts'nalvc languagc was thc salnnc ln thc JJ and
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JE condllions,thc Japancsc subJccts dCtCCtcd the

dlscrepancy about 70%of thc anlc t)r both audト

tory labials and non-labials  in tllc AJ and AE

conditiOns, thc Alllcrican sub」 ccts rcportcd lcss in―

colnnpatibility cspccia‖ y for auditory labials  ln

thcsc cascs, tllc frcqucncy of incol■ patibility did

not rcach 50%(39%hl thc AJ condition,and 31%

in thc AE condition)cvcn thougI, thc rcspOnscs

wcrc auditory oncs  Tllcsc lo、 v frcqucncics of in‐

coinpatibihty in thc Aincrican stl● 」cctS arc notablc,

bccausc studics in English spcaking culturcs havc

bccn repOrtcd that thc 4ヽcCurk cfFcct is stablc For

this type oF stinluH (′ σ, .ltlditOry labials paircd
with vistlal 1lon‐ labiais)  ThiS coincidcncc sugscst

that this typc of stinnttli has a naturc which cn―

cotlragcs nativc spcakcrs of EngHsh to intcgratc

auditory and visual information  On thc wholc,

Judging ■onl thc striking rcscmbiancc of thc data

bctwccn thc JJ and JE conditions and bctwecn thc

AJ and AE conditions, it sccms that this indcx

can asscss caCh languagc group's scnsitivity to thc

auditory―visual discrcpancy

A2x2× 2 ANOVA(Listcncr's Languagc x Sllm‐

ulus Languagc x Auditory Stirnulus)、 vaS Carricd otit

on thc data ror the auditory rcspOnscs  (It ShOuld

bc notcd that for auditory labials, thcrc、 vcrc miss‐

ing obscrvations for scvcral suり cctS WhO shOwcd
no auditory respOnscs  Thc numbcr oF such sub‐
jCCtS wcrc two for thc AJ condilon,four for thc

JE condition, and Four for thc AE condition)
The ANOVA found main cfFccts of Listcncr's Lan‐

guagc[F(1,32)=839,′ く 01]and Auditory Stimtt‐

ltis[F(1,3幼 =544,′く 05]signincant  Thcsc inain

75イ

c6ccts show that(a)Japancsc sulDJccts wcrc morc

scnsitivc to thc auditory‐ visual disclcpancy than

Amc百 can subJccts and that(b)nlOrc flcqucnt in―

COmpatibility 、vas rcportcd for atlditory non‐ labials

than fo「 auditory labials  Thc main cfTect oF Stim‐

tlitis Languagc and lllc intcractioils 、vcrC nOt si8‐

nincant

Although thc abOvc ANOVA ttilcd 10 1nd sig‐

nillcancc For tllc intcraction of Listc:,cr's Languagc

x Auditory Stimt,ltis, this ilnay bc duc to tilc data

cxclusion in thc AN()VA duc to 11lissing obscrva‐

tions (missing obscrvations occurrcd 、vhcn all of

a subJcct's rcspOnscs wcrc visua‖ y inaucnccd) For,

thc abovc ANOVA cxcludcd ali thc data of sub‐
jccts 、v110 1lad a ]nissing obscrvation, cvcn though

thc missing obscrvations 、vcrc fOund only for au‐

ditory labials   Thcrcforc, scparatc analyscs wcrc

donc for auditory labials and non‐ labials by two‐

factor ANOVAs(Listcncr's Languagc× Slln,ulus

Languagc) Vヽhcn auditOry stimt‖ i wcrc labial,tinc

:nain ctFtct of Listcncr's Languagc 、vas signincant

[F(1,32)=902,′ く 01]、  but thc main cllcct of
Stiinuitis Languagc and thc intcraction was non‐

signincant[F(1,32)=043, F(1,32)=000, rcspcc‐

tivcly]  VヽhCn auditory stiintli wcrc non‐ labial,

nonc oF thc cnccts wcrc signincant[F(1,42)-362,

′く 10,for Listcncr's Languagc;F(1,4幼 =064,for
Stimulus Languagc,F(1,42)=004,for thc intcliac―

tion] ThcSc rcsults imply that thc difrcrcncc in

sensitivity bet、 vccn thc twO languagc groups 、vas

rcliablc only wllcn auditory stimtlli 、vcrc labiai

Thatも ,thc A nlcncan suttccts WCrc lcss scnSltive

to thc auditory‐ vistial discrcpancy than thc」 apancsc
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subJccts Only whcn auditory stlmun were labial

4. DISCUSS10N

In thc plcscnt sttldy, thc rcsults oF thc JJ condi‐

1lon rcplicatcd thosc of thc carhcr cxpcriment by

Sckiyama&Tohkura l') That is, whcn no noisc
、′as addcd, thc Japal,csc subeCtS IIstcning to Japa‐

ncsc spccch、 vcrc lcss influcnccd by discrcpant visual

infornlalon than thc subjccts ln thc othcr thrcc

conditions  Thc contrast、 vith thc othcr thrce con―

ditions was sharp whcn thc auditory stirnuli 、vcrc

labial(/b,p,m/)

For our primary conccrn, thc results clariflcd

that thc magnitudc of thc McCurk cfFcct is a ncga‐

tivc lincar ftlnction of thc frcqucncy OF inconlpati‐

bility in total rcspOnscs  、vhcn rcsponscs wcrc
plotted on this fttnction, thc sinnaH McGtl「 k efFcct

in the quict JJ condition can bc cxprcsscd as pOints

in thc right lo、 vcr part or thc rtlnction  That is,

in l■ ost of thc cascs i[l thc quict JJ condition, thc

SuttCCtS pcrccivcd incompatibility,and thcヽ4cCurk

crrcct was abscnt  This clcarly shows that thc snnall

McGurk crcct in thc quict JJ condition cannot bc

cxplaincd by an account that thc Japancsc sulD」 ccts

ignorc visual information  Thcy paid attcntion to

tllc vistlal information in an carly stagc of proccssing

so that thcy fccl it incolllpatiblc 、vith tllc at[ditory

information  Thcir smancr McGurk cfFcct and
highcr rrcqucncy oF incolnnpatibility indicatc that

Japancsc listcncrs tcnd to scparatc thc discrcpant

visual information from thc auditory information

On thc othcr hand,thc Amcrican subJccts'largcr

McCurk cmcct and lowcr frcqucncy Ofincol,patibil‐

ity indicatc that Amcricans tcnd lo intcgratc thcm

Although a corrclation docs not ncccssarily dc―

tcrminc causality, additional cvidcncc suggcsts that

incornpatibility is a causc or thc sman Mccurk c「

ect  For, as wc saw in thc frcqucncy of incom‐

patibility in α″″′ο′J, ′́
`′

0″∫″
`, thC data suggcstcd

tいat thc Japancsc suttcCtS WCrC morc scnslivc to

thc auditory‐ visual discrcpancy  To discriminatc

two indcxcs, lct thc incompatibility in thc auditory

rcsponscs bc IA, and lct thc incompatibility in thc

total rcspOnscs be lT  Note that thc atlditory rc―

sponscs i[mply thc abscncc of thc McGurk cmcct,

whcrcas thc total rcspOnscs includc both thc abscncc

and the prcscncc of thc McCurk cmcct  Hcncc, thc

frcquency of FT can bc highcr For thc Japancsc sub‐

jccts cvcn if incompatibility is a conscqucncc oF thc

abscncc of thc lヽcCurk cmcct, rathcr than a causc

of it, sincc thc abscncc of the McCurk efcct 、vas

morc frcqucnt For thc Japancsc su● ects

As for IA, howcvcr, incompatibility should be

cquany frcqucnt For thc t、 vo langtlagc groups if in‐

connpatibility is a nncrc conscqtlcncc of thc abscncc

of thc McCusk cfFcct, sincc this indcx dcals only

、vith rcsponses whcrc thc McGurk cfFcct was absent,

thus thcrc is no rcason to cxpcct highcr frequcncics

in thc Japancsc subJccts  On thc contrary,in IA

thc rcsults sho、 vcd a clcar di゛、rcncc bctwccn thc

two larlguagc groups  Accordingly, thc frcqucncy

of IA should bc considcrcd an indication of a Fac‐

lor that innucnccs thc magnitudc of thc McCurk

cfFcct   ln thc last scction, 、vc ca‖ cd it 
｀̀scnsitivity

to thc atiditory― visual discrcpancy''  It is plausiblc

that the :lighcr scnsitivity to thc discrcpancy intcr‐

rupts thc intcgration of thc two sourccs of informa‐

tion ltshould also bc notcd that thc dircrcncc rotlnd

bctwccn thc t、 vo languagc g「 oups in scnsitivity was

rcliablc only for atiditory labials  This corrcspOnds

、vith thc fact that thc difFcrcncc in tlnc nlagnitudc

of thc McCurk cfFcct bctwccn thc JJ and AE con‐

ditions was signincant only tor atlditory labials

ln a stt:dy on thc NIcCurk cfFcct in English,

1ヽ4anucl. Rcpp. Liberlllan, `t Studdcrt‐Kcnnedy22)

also rcportcd a similar re:ationship betwccn thc

magniudc of thc McGurk cfFect and thc subJccts'

incolllpatibility ratings  it is mislcading that this

study is sollnctimcs citcd as sho、 ving t〔 ,at thc 4ヽc‐

Gurk cmcct can occur cvcn whcn suttcctS arc awarc

of acoustic‐optlc discrcpancy(summerncld")Ac‐

tua‖ y,thcir data show that thc sublccts wCrC kCcnly

a、varc of thc discrcpancy only 、vhcn thc 4ヽcGurk

cfrcct 、vas abscnt(ι g, auditory /da/ pairCd Vヽith

visua1/ba/) Fo「 stinlu"which produccd a strong

McCurk cfFect(′ g, auditory/ba/ paircd with vis‐

ua1/da/),thCir suttcctS ShOwcd only modcratc in‐

co nnpatibility ratings

As dcscribcd in thc carlicr rcport(SCkiyama&

Tohkura20)),wc raiSe t、 vo hypothetical cxplanations

or thc rapancsc subJects' perceptual proccssing to

scparatc two modantics orinformalon  One is less

f cqucnt Face‐ to―hcc contact oF Japancsclistcncrs and

thc othcr is a simplcr structurc of thc Japancsc pho―

nological systcm Growing up in such a cultura1/

1inguistic cnvironmcnt, Japanesc llstcncrs may bc cn‐

couragcd to Form pcrccptural proccssing in which

visual spccch inforlanation is llot intcgratcd 、vith

auditory infornnation unless visttal con pensation is

ncccssary  Such proccssing、 vot[ld casily dctcct thc

′55



auditory‐visual discrcpancy

ln cOntrast to tinc prcscnt rcsults, Massaro,

Tstlzaki, Cohcn, Ccsi, and Hcrcdia23)tcstcd nativc

spcakers Of Japancsc, Amcrican English,and Span‐

ish and drcw thc cOnclusion that thcrc、 vas no di「

Fcrcncc a[nnong languagc groups in thc manncr of

auditory―vistlal intcgration  Ho、 vcvcr, it shoud bc

noted that thcrc are many di「crcnccs bctwccn thcir

study and thc prcscnt study  Thc biggcst difFcrcncc

、vould bc thc naturc of the sti[nuli: Thcir auditory

stillluli wcrc a continuul■  oF sotinds covcring tllc

rangc from/ba/tO/da/that wcrc synthcsizcd frol■

natural English spccch by altcring thc paramctric

information  Although tlncy uscd artincial spCcch

to cquatc thc stimuli across languagc groups, this

、vill cattsc a problc:n  First,artincial spccch would

rcscmblc fOreign spccch bccausc Or its acoustical

dcviation f10m natural spccch in thc sub」 ccts'natlVC

languagc  Sccondly,thcsc stiinuli n,ight havc sclcc‐

tivcly strengthcncd thc visual inntlcncc in Japancsc

subjccts bccausc thc sth■ uH werc gcncrated Flom
EngHsh spccch  lf sO,thcir rcsuits do nOt disagrcc

with thc prescnt rcsults that Japancsc subJccts uscd

visual informa● on as l■ uch as Allncncan su● ccts

for English stilnu隋

Nonctllclcss, 1l shotlld bc pointcd otlt that tllc

rcsults by Iヽ 4assaroで′ α/03)alsO showcd that Japa‐

ncsc subJccts tcndcd to bc lcss subJcct to visual

cfFects than thc othcr twO grOups, thotlgh this tcn‐

dcncy was statistically marginal  lt sccms that thcir

usc oF anibigtlous spccch favorcd inding thc group

dimcrcnce statisticaHy nonsignincant  on thc cOn‐

tinuum oF sounds, the sound at onc cnd 、vas l■ ost

/ba/■ ikC,at thc Othcr cnd most/da/JikC,and at

thc mid pOillt it 、vas a:nnbiguous(ha10″ ay bet、 vccn

/ba/and/da/)  I bCliCve that their rcstllts suggcst
a group dircrcncc in vistlal ctFcct at thc t、 vo cnd
points but no group dimercnce at thc nlid point

Sttpporting this intcrprctation,thcy found a signin‐

cant intcraction bct、 vccn group and auditory lcvcl

Various analyscs in thc prcscnt study shOwcd

di∬crcnccs bct、 vecn labials and non‐ labials  First,

thc McGι lrk clFect 、vas strongcr for auditory labials

than for auditory non‐ labials in both thc quict and

noisc‐ addcd conditions  SccOndly, incompatibility

、vas rcpOrtcd less frcqtlcntly fOr auditory labials

than for auditory nOn‐labials in bOth thc quict

and noisc‐addcd conditions  Thirdly,thc subJccts

、vcrc l■ Orc scnsitivc to thc auditOry‐ visual discrcp_

ancy for auditory nOn‐ labials paircd with visual
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labials than converscly paircd stimι lli  Onc possiblc

cxplanation for this labial vs non‐ labial asymmctry

is thc salicnce of visual cues  visual labials(/b,

p, m/) that includC Iip closurc arc considcrcd as

morc salicnt than visual non-labials  Thus, 11lc

salicnt visual labials w‖ l morc Oflcn lct thc subjects

dctcct an at[ditol y― vistlal discrcpallcy than visual

non― labials  lf so,atiditory non‐ labials paircd with

visual labials will nnorc Oftcn yicld incompatibility

than convcrscly paircd stimuli  Bccausc of thc

morc rrcqucnt inconnpatibility, visual labials wi‖

morc oflcn intcrrupt integration Of incongrucnt

auditory‐visual inforination than wiH visual non‐

labials  ln that casc, auditory non‐ labials paircd

、vith visual labials win produce a 、vcakcr McGurk
cfFcct than convcrscly paircd sti:η uli

Anothcr possiblc cxplanatiOn is thc ntlmber oF

consollants in a phoncmc invcnto:ッ   BOth thc En―
glish and thc Japancsc languagc 1lavc many morc

non‐ labials than labials  lt is plausiblc that thc

subJects makc a prObabilistic dccision bascd On thcir

knOwicdgc that non_labial sounds havc a highcr

probability oF occurrencc than labials in thcir nativc

language  Thcn, 、vhcn thc information contains

anibiguity, rcsponscs may bc biascd to non_labials

、vhich llavc a highcr prObability or occurrcncc

Thc rcsults of thc JJ cOndition also replicatcd

thc rcsults by Sckiyanna and Tohkuralつ  in tcrms of

thc intclligibility hypothcsis that thc McCurk crcct

hardly occurs for cornplctcly intclligiblc auditory

stimuli  On thc othcr hand, as 、ve sho、vcd in thc

carlicr study (Sckiyama & TOhkura=0)), thC Othcr

thrcc cOnditions did not support thc intclligibility

hypothcsis  ln thc AJ, AE, and JE conditions,

strong Mc(〕 urk cfFects occurred evcn for thc audi‐

tOW tOkCns w"h an intcl‖ gib‖ ■y scorc of 100%
Thus, thc auditOry intcnigibility hypothcsis is ap_

plicablc Only to Japancsc suttects ObSCrving thcir

nativc spccch

Howcvcr, thc Ovcrall rcsults suggcst that thc

quality of speech influcnces thc magnitudc of visual

crFccts  lt should bc strcsscd that therc is a con‐

ccptual difFcrcncc betwccn thcル″′I:igめ″′″ and thc

″″α″ヶ ″ ψ ′́c力  Thc quanty of spCcch may bc
dcnncd as thc proximity oF givcn specch informa_

tion to thc idcal valuc of thc spccch  Thc Fact

that thc Forcign speech stimuli produccd a largcr

visual cmcct than thc nativc stimuli suggcsts that

thc quality of spccch in thc foreign langua_ge was

difFcrcnt from that in thc nativc spccch though
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therc 、vcrc no substantial difFcrcnccs in tlle intclll‐

gibility scorc  lt should also bc notcd that in thc

noisc‐ addcd conditiOn, a sman dccrcasc Of thc in‐

tcnigibility scorc solanctimes incrcascd thc magnitudc

oF visual infltlcncc a grcat dcal(ο g, in thc JJ con‐

dition, the auditory intclligibility scorc of/ba/ dC‐

crcascd Only 2%duc to thc noお c,but thc magn■

tudc of visual innucncc incrcased morc than 80%)

This sug.・ ests that cvcn tl,ough the dccrcasc of thc

intclligibility scOre is sman, thc noisc can causc

a substantial dcgradatiOn in thc quality of specch,

rolcing thc subJccts to dcpcnd on the visual infor‐

mation  lt wOuld bc dcsirablc to ind an indcx

that can dcscribc thc qllality of spccch

Thc prcscnt analyscs of thc inconlpatibility data

clcarly dcscribes that Japancsc sub」 ccts in a quict

JJ conditiOn mtlst pay attcntion to lhc visual in―

Forilnation in an carly stagc of thc proccssing bc‐

causc they rcport it as bcing incOmpatiblc、vith thc

atlditory information  This innplics that thcy itnust

discard thc discrcpant visual information ill a latcr

stagc of thc proccssing  Also suggcstcd was that

thc smaH McCurk c■cct in thc JJ condition is a

conscqucncc Of thcir highcr scnsitivity to auditory‐

visual discrcpancy,、vhich intcrrupts thc intcgration

of thc two sOurccs of information  This nncans

that cach modality of informatiOn is proccsscd at

thc timc of intcgration to the cxtcnt that l■ ismatch‐

ing can bc dctectcd  Thcrcrorc, intcgration is con‐

sidcrcd a rclativcly latcr stagc Of proccssing, at icast

for Japancsc subjccts pclcciving Japancsc spccch

Further rescarch necds to be carricd otlt to inCOrpo‐

rate this inter_langtlage difrcrcncc in thc magnitudc

of thc McGurk cmectinto a mOdcl oF auditory― visual

spcech pcrccptiOn
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