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Abstract

The McGurk effect is a phenomenon that demonstrates a perceptual fusion
between auditory and visual(lip-read) information in speech perception
under visual-auditory discrepancy condition (using dubbed video tapes).
This paper examined the relation between the "McGurk effects” and the
intelligibility of auditory stimuli. A female narrator's speech was video
taped for ten Japanese syllables(/ba/,/pa/, /ma/, /wa/, /da/, fta/, /na/, /ra/,
/ga/, /ka/). The video and audio signals for these ten syllables were
combined, resulting in 100 audio-visual stimuli. These stimuli were
presented to ten subjects who were required to identify the stimuli as
heard speech in both noisy and noise-free conditions. For both conditions,
the intelligibility of the auditory stimuli was measured, presenting the
auditory stimuli alone. In the noise-free condition, the McGurk effect was
small and found only in conditions in which the intelligibility of the
auditory stimuli was not 100%. In the noisy condition, the McGurk effect
was very strong and widespread. These results suggest that incomplete
intelligibility of auditory stimuli is necessary for the McGurk effect.

1. B

NEHERBTOERHFBEILBVWT, BHEOBLRLEOHEN L ELTHEEH (Lip-
read information; UT. HERH L X)) A EFHARBEILEE2RIETZLANADL
NTWnd, LELIZEHBZNZOE., BEOF CEARHEZRAETDI S VWOHREN
BOERKETHZ., BEEHFEAOTHAFFHEIREORAOERICH A, S/NEHE
CTHELL MBI T, BEICHETH % (e.g.,Erber,1975, Fig. 1-a) .
RADEFMEERISETVZ2H0R. BEBBEEITELAWLERS., RET
. ATHEZHEDRENEREZILL 2T, BHEBREZMATPR2 L EHRARLSE
BlonmadzrhrEEESATWS (EH. HHE. MHE, 1988, Fig. 1-b) .
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Fig.1-a  Auditory and auditory-visual recognition of

250 spondaic words in broad-band noise by five adults

with normal hearing. (From Erber, 1975)
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McGurk effect HEFHOEAMZEDLDRIRERIIM>EDN NeGurk3 R T dH 3

(McGurk & McDonald,1876; McDonald & McGurk, 1978) . Zhit e <4+ % A,
BlABRETAER  ba/ICAHLUTHEZEOME /ga/ 22X Y LEDLORBRTS
&( Fig. 228), BEBEHLHARFHEHIBE LT /da/ e LTHMEZILSB L
WOHELTHD. LKL, COHRZIBFFAINEETRENEET TH D & =
WHEET., TOHFOMEETREIVICSVWEED (Teble 1), ZOHKIF, RO
EOULBBESHLTVD., Tabd, MIBREINDI2FE, BELMLEHERRX (ZofiT
BHRE) LEFE (ZZTREFET) OFHE2. HEMLFEEFME (Zofitid
BEXHLULRWE) OFEREBRY ZAEFTHD2LVDBBETH S,

[ McGurk & McDonald, 1976 ]

Video (Lip-read Information)

/ga/

Perception

/da/

Audio (Speech Signal)

/ba/
VA

Fig. 2 The McGurk Effect




Table 1 The "original McGUrk effect".
(from McGurk & McDonald, 1976, Nature, p747)

1-1 Stimulus conditions and definition of response categories

Stimuli Response Categories
auditory visual ) . .
component component Auditory Visual Fused CO!:TIbl- Others
nation
ba-ba ga-ga ba-ba ga-ga da-da
ga-ga ba-ba ' ga-ga ba-ba da-da gabga dabda
bagba gagla
baga etc.
gaba
pa-pa ka-ka 'pa-pa ka-ka ta-ta tapa
pta
kafta
etc.
ka-ka pa-pa ka-ka  pa-pa kapka kat
: pakpa kafa
paka kakpat
kapa etc.

1-2 Percentage of responses in each category

Stimuli Subjects Response Categories
\ .

auditory visual ~ Auditory Visual Fused Combi Others
ba-ba ga-ga  3-5yr 19 0 81 0 0
7-8yr 36 0 64 0 0

18-40yr 2 0 98 0 0

ga-ga ba-ba 3-5yr 57 10 0 19 14
7-8yr 36 21 11 32 0

18-40yr 11 31 0 54 4
pa-pa ka-ka  3-5yr 24 0 52 0 24
7-8yr 50 0 50 0 o

18-40yr 6 7 81 0 6

ka-ka pa-pa 3-5yr 62 9 0 5 24
7-8yr 68 0 0 32 0

18-40yr 13 37 0 44 6




Function of lip-read information AP ZEBRH 2AFTOMEBICH T 2B L
WOBTHUELTVWRZZI R, EEOWERTLEREIAZ L Z225TH 5 (Fukuda &
Hiki, 1982; Summerfield, 1887) , £  Z 3. ZEBHIOBHF IR TET
B, FEUDWTHREELREILHEMNEZAN T I2BEH LI EBZ2 22N TE R
WOT, BERIEBICELY. LAL. 2 2VBERBIKANTELEHOY 5 A X —
NEETDILIEETHD., EFLIT., HEAE 100FHE2HEFLTWDEHE OB
BEECSFTATRERAL, ¥EHXALZBEIEIERE2T o= (Hily, ¥, #HHEH, 1988)
s TORREEZFENLBEBLUTISESFRAREETOM T, BA4VHMHBLEIHREN R
BREBOBEELHOR., BOHEOBUBPENTEZINEINLVWIRHTH S
ZeATEgENE, FLT2EOFER. RELHTTID2DISAA—-EHHEL
THEY, FnbE/w/ . /o, b, p/. BEUEFLUNTHoE=., FUFEHICEN
., 5o LtBDISAA-KHTBILRTEBN, BTLRECKNTES b
DIFEZD3DTHAD, ZDEIICI2ILNT3L, A, BHULRIBEROE
HILL-o-TODEEBRIT, FENEIPE-EYVERAZETHIN, dF YU IR
RNOQOHTH BN ERATH2LOLER D,
EEBEOrOXO>LNEAEEMRCH OMERHN L Sumnerfield (1979)
DEBRICINIT, EHEHLBX2ERFEFLLTIRFAINVEIXEOHRELS VT,
PS4 THEODHEL2A, B. BOHRLEDL4HAEREDZ . RENENE N 43%,
31%. 8% LHELE, LAL, A0~ 70ORHEOBETEHOIAIV I %,
AE2EF0T1R. 2ELELAadok., ZOZ2hbd, BERBOEFGE D
HEF., BHBHIVIFATEGCHEODTHBERICHD I LA RBEING,

NeGurk effect in words BEODBA THNcCurkpREIAH TN B, Dodd (1977)
HEHGREEEAE RN S, MAEMET “tough” . BLET “bole” Y®EFT 3
r “towel” YUTHEINBZELWIEDIL, YEoMPEHRELZOTIHRL,
BEeAELLBRZELEHELTWS, —7F. Easton & Basala (1982) O EFEZ AL
FEBRTIE (BRICHEORA2ZL) . ¥TFLBMBOFBERET BREHRICERR
A ED ] BREINEREBROBERET., 9% ELLKEERREZFEE L. NeGurk
MBEEHI A Aok, B, HEBBRICERZLD LD BRI NEERE
BEeACEEREREsHETET., LELVIHERRELHE L. HcGurkZHRIC
M+ 2Km (BE “next”. BEHE “chime” THH “chest” ¥) B 1#ELL




Mol nd, LENRoT, BEODEODILXMRBREOD 2B TIE. HiEny
THhhiIHEBFRICEEZINLZZLEL 2o LR,

Noise and McGurk effect HEXHABRERT S & NcCurksh R A £ U (Dodd,
1977) . BAR U AW E A Uw (Easton & Basala, 1982) M7E & 3 niF. McGurk
WREIEFOHBEREI TR TR VWRETELDZDTR RV EZEZ SN B, NeGurk
5D HEKR (McGurk & McDonald,1976) Tid, WHERROAOHHEHETHE S L E
FEROHBEZ., R, RE., RAOHEBRZFILBVWTETAEFNIL%. 97%. 99% T
ok, ZhiZ. Anbshr@#Eey b (/ba-ba/ /ga-ga/pa-pa/ /ka-ka/
D4D) DREENPSLEL>T, THhEEBVWHBREL IS A 20, B4R FHMIC
MEOHABEREG LY & (Sbas /das Sga/ Svas Stas Ska/ Snas /S naS
Jras S wa/ S ha/ Sya/S Ssas e/ ) TERET 20, NeGurk R 2 R L E
(B, A, 1988, Fig, 3) . zo e &, WERROHOFHETHESLELEHH
BREEIE80% Loz (Teble 2). HIREAF B o 2BHE LT, BHEIC THRE

Table 2 Inteligibility of auditory stimuli in the
experiment of Sekiyvama & Tohkura (1988)

response (%)

zisldit |g/k|lh|ly|W|n|r|b|p |m|other

Z |o5 3 3 ‘
S 92 8

(/5]

E d 90 5 5

S t 10]85 3 3

E g 100

w K oo

> h 3| 97

o VY 100

: -

o w 100

S

= h 56 3 5113 23
r 8 43 15 34
b 1 18 13 | 58| 1 10
p 11 1] 3 ol 81 3
m 00




THRICRTFIT LD, HRrLEZE., £, BRACBEZERKICKE L. BHIE
BROBBTREEBVELEESD., BEBHICEFRD SN RYETLEZ &N
EALN D,

visual

z | s/l dit |glk | h]ylw]n

auditory
sis < |Tixla|~|ale |~

8 0
b 8 0
p 8 8
m / |
v y l
ga ra nga
nga ga ga

da da/ra

. ta
Fig.3 % of correctly heard response (numeric)
and incongruently perceived response (shade)

(Sekiyama & Tohkura, 1988)

Incongruity [_] 0-30% 45-55%




REDZENL., HeGurkHEPHE SO EER TR WT LI FTFEOHBEN S 2
TRPA->LEEDELEEABNS (Table 3), 22T, AR TR AMEETEZ BV THE
EeHBEL., BEOHcCurk EEARBICKIETHE., NcCurk R L BHBE L 0 B GIC
DNTHRFAT B,

Table 3 McGurkX¥ R D HBEEZLITHTOEEN ?

g et McGurkzh & &k

McGurk & |

McDonald B ¥ i HY HH Wt B

(1976) 4 {8 1 81%
WEIT%
RAN99%

B, Re| HBHEH HY He % &

(1988) 1448 80%.

Dodd HEE »H Y H 6 M= 3R

(1977)

Basala & |

Easton HEE L HEAL

(1982)



2. ERBROFIE

AERTE., IHOFHICODOVTES (HEHH) sme (HBEHG) 24ass
DEEMBZERL., ChE2HEFTORVWVHBRLARZG L ETOLIEETHRE ICE
KU, CARBTICMEZ 2D ERELE.

(R e BAERERLOM, /ba//da//ga/ /pa//ta/ /ka/ /na/
S na/ /S ra/ /S wa/

(M DER] BFIRHETF IO~ 14, RERITFHICOE 1T, ma
. EEI OB ERAASTEMOEEREL., 124 YFVITRIENELE., &
Hid, THRoEYLIRNDID] ERL. FHRELIELZ2EDRVWEDIVTRODE
FEEF Y YRANERACFTAVEILMGEELE, SRR YTV U7 B0
KHz . 16E v b, & B8 OBE BRI H250msec Th ok, £r. MHMERA L L
TEEHLECOVWTY YTV EE2EOUFig. DX DR MEERL. 2hEVTROD
BHEFY YALVCHAEY IRELCRALE, FEY7OBOEH & B0 [ 7.
EREFLELS>OTHBVESAPELTHMREZINDIAAI V2 mME T LV — LERM (33.3
nsec) THELE, OEOEHICONT, HIETHEHM LML (/ba/ OEH L5
/M/@@@)t@ﬁ%&45y7EmEbE®B‘ﬁb&%iyﬁﬁﬁﬁtM%
DINTOMBEEERMER UL (Fig.6) . HASEERIE. 10 X 10=100 TH 5.

signals speech

33msec

i LA |
i YV VIV
_>l

200msec

f {1

700msec —»]

Ff

1000msec —>|

Fig.4 Time course of auditory stimuli




(M O ER) Fig, BICHBR OB ERT., VTR (SONY BVW~-40) O H 5%, .
BR X204 > F - A5 —F =X (Shibasoku CMM20—1'1) R LE, HEREIEE
MR, BREAC-HFIXUERLE, AV-—HETZ0O/EMICEY AT 5 H1E.
HREOBEEEZIn, WEIE Fig. 6 OXD2ICTHILLIHFHDOR-ATS >V H L

FicERah k.,

Video

' Audio

Amplifier
& Mixer

Noise \l

Speech Signal ' >

20 inch-
Color Monitor

Lip-read Information | Shibasoku
» - CMM20-11

W’Wwwm% .

Fig.5 Blockdiagram of Lip-read and Auditory Information
-Perception Experiment
— 9 —_—

»
4




black face

. 3sec l
visual 4sec

1sec

auditory i |
signal signals speech

|l | 7sec —

Fig.6 Time course of audio-visual stimuli

([EBREH] EHREHIIARNTERERNER L LULE, EREI4DD7 2 —-XH Bk
5, HEOEET2H£HE,. ZhIKHEHARZHELLT, TAOHADOREIIMPFTF+B-ED
HHEERLO2EZEDI MDY, FL4-o0EREEZBEALE., ZBREFIZ. RD 4o
DEBICPBNWTHZEORFTEH LT THZIAEE] ZFOEEHE L=,
OMERLAZHE @ THEOIHFPREIN B,

QHEFLUVAVERHE: HEFLBREOEAHRRER, BHREFIBRAZAELNS
HERAERXET S,

OHTEMEIAZYE: EFHICEBEO LRI DA ME2HAMUILERERRT 5.
EHEECMED S/INHIHREORBEAMAET 0dB
B EOTEEIH B, ’

OREEHFIAVELE  LEOOFHILMATHREELFABKERT 2.

FEELIA-FBICODVWTEEOHBYELNRS Y, AVEMLET 6008475 2 H.
A%#m%ﬁﬁﬁlﬁﬁiméntg




(BF] KIBWBEHKG., BEAWICIHAEZEDOTROERTHLA, WA EE
PHETDIOBALE., HET LU THERMADE A, flrEd. /bda/ D&
KEBEEOHABILRBEELRWEFLLIHZIAZITHMELIO DI ZLEHRLE., Z
DiE. NeGurkb DERTZD IS RBEERENHEZATWDED., BMEANDOEE
PHELCTDEYS, TR LBEOBMICEHELFENRL LN EER, FEHERBER
BT2EORDE, LG EEHTH—-ITFICLK B,

(BRE] EXF LW AZ2 220 50 xH10% (LHE®H24TF) . WTHhDHREM
B B.

3. EROMER

RERIT., MBEOEEILIKTFFHE KbV Z X (BT, EBRE XH) %
ERL, EREATFIV —OEEBRELHLE., BEEZEOH o 2 REKD W TR,
BAT TEYUBIMRDPONDLHICHEATZEDI HHERLUTWEDT, HlATEED
2O AT, BODOKBIC 0.6, HLORIBIC 0LADEAEN TS & Wo 2ZLH
BlLE. ZhoORBEZEREHEILLRF TS,

HENanwg &

OF 2 LUASKRME: Table 4 WEBKXREZRT., BHMEET%T. 7 BI60THZ. Z
DEBFERRBEEOALE - AFHICBTL2BEFOAREONELEMTH S, Tabl
e dIC&kBE., AELOFHIZ 100%0DHBEERLTWBEN., pa/ (98%) .
Swa/ (95%) . Sta/ (95%) D3 ODDEHiITbITMCHBEEEZR W E, BRI,
Jta/ k /pa/ DEATRAFRICEBZIY, Awa/F—FHEWHIC /ra/ICRERBEEHD.

Q#TERLVAVEMHE: Teble 5 3. OTHWES N ZHMEOH HEHICHREN
hohBENHRTHD., MEORE (FH) ZLICREBREMERL £,

Table 5 QIOEOER R 2 L2E&NICRE 2. WU TEZEEPEL. Table 4 & i
BLTY., BEFRHINMDLboEI LI I3BBEFTAETEREVWEREARY, UL



ML, BEMENICAZE., FE LT At/ Spa/. /wa/ ORI H W T NeGurk
MRARIBDHOLHN D, 9. Table b-a KRS ND LI, MELAETOL =1,
LODERBERICHBUTHBE /ta/ DSME pa/ ~AORHEN20%ELH 5N 5,
el M IEEE D L &, Table 5-b O 6 DMEMBICHBL CHBME/ pa/ B/ tay/
K. W FEwa/ DB ra/ICEBEZNZ2RBVB20%H BN D, ZhdOHEE . pa,
ta, wa,/ I3, OOMELRXRUVAZGTHREREN 100% 22X VEEEFTHE, Zhil
HELT, EFOHBEINRL2LBEICEIBRABAOEEBRIE AR W L
A5, NeGurk RAHZF L EACZ2ORFTFOHEBEINZTLTR2VEEAICES SN D Z
LMWRBgEhD,

Table 4. The intelligibility of the auditory stimuli
for the_noise-free condition(%).

response
blp miw|d|t |n|r|g]|kjthers
b [100
p 98 2
m 100
el w 95 5
21d 100
s|tl|5 95
= n 100
r 100
g 100
Kk 100

For the noise-free condition, the intelligibility of the auditory stimuli was high.
Most of the stimuli were always identified correctly. Three syliables, however,
show incomplete intelligibility: the rates of correct responses for /pa/, /ta/, and
/wa/ were 98%, 95%, and 95 %, respectively.

The auditory stimuli were presented by speakers throughout the experiment.
The values here indecate the rates to 60 observations (10 subjects x 6 repitions).



Table 5-a  Confusion matrices for the sitmuli for which visual
components were labials . Noise-free condition. Indicated in %.

response
vision=b bip|miwld|t|njr|g]|klothers
b {100
p 100 .
m 100
Slw 91 )
=1 d 100
R 83
®I™n 100
r 100
g 100
K 100
vision = p bip{m{wld([t | n{r|{g]lk|lothers
b |98 2
pl2]er 2
m 100
Slw 91 9
=1d]1 99
St 66
I 160
r - hoo
g 1 99
k 1 2 198

bipjmjwjd|t |n|r|gikilthers

vision=m

b j100
p 100
m 100
g W 20 10
=1d 100
ER 78
®In %8
r 100
g 100
k 2 98} hi
vision = w bipimiwjd|t|nir|g]klothers
b | o8} 2
p 97 2 2
m 100
Slw o7 3
=ldi1 1197 2
ST 86
Rl 100
r 100
g 100
k 2 2 97

~—g



Table 5-b Confusion matrices for the stimuli for which visual

components were nonlabials . Noise-free condition.

vision = d

vision =t

vision=n

vision=r

aud.ition

audition

audition

audition

response
bipimjwldj|jt|n|r|g|k]|others
b (100
p 76
m 98
w 81
d 100
t 2 98
n 100
r 2 98
g 2 98
k 100
bipi{miwld|t |n|r|g]kljothers
b [to0 :
p 76
m 93
w ' 78
d 100
t 100
n 100
r 100
g 100
k 100
bip|miwjd|t |n|r|g]|kjothers
b {100
p 78
m 94
w 82
d 100
t 2 98
n 98} 2
r 100
g 2| 98
2| 98
bipimjwidit|[n|r | g]| kjothers
b 100
p 72
m 96
w 77
d 100
t 100
n 100
r 100
o} 2 9712
k 100

14 —



Table 5-b (2)

response
vision = g blpimiwjdit | njr gl klothers
b 100
p 67
m 96
g W 80
=ld 100
Bt 100
il 100
r 100
o] 100
k 100
vision = kK bipimiwid|t|n|r |g]l klothers
b | 98 2
p 78
m 88 ;
Siw 68
=1d 100
EAE 700
®In 100
r 100
g 100 |
k 100

Under noise-free conditions, visual effects were weak. For visually presented
labials, i.e., /b, p, m, w/ (Table 5-a), it was only with auditory /ta/s that the
McGurk effectoccurred. Presented with visual labials, about 20% of auditory
/ta/'s were perceived as /pa/. This response occurred 17% of the time for
visual /ba/'s, 33% for visual /pa/'s, 22% for visual /ma/'s and 14% for visual
[wafs.

Compared to Table 4 (auditory alone condition), these /pa/-responses are
interpreted as involving visual effects as well as auditory errors,

For the visual non-labials, i.e., /d, t, n, 1, g, k/ (Table 5-b), it was only with
auditory /pa/'s and /wa/'s that the McGurk effec occurred. When auditory
/pa/'s were combined with any visual non-labial, a reponse of /ta/ occurred

to some extent. Such erroneous /ta/ responses were 24%, 24%, 22%, 28%,
33%, and 22% for visual /da/, /ta/, /na/, /ra/, /ga/, and /ka/ stimuli. When ‘
auditory /wa/'s Were combined with any visual non-labial, a response of /ra/
occurred to some extent. Such erroneous /ra/-responses were 19%, 22%,
18%, 23%, 20%, and 32% for visual /da/, /ta/, /na/, fra/, /ga/, and /ka/ stimuli.
These erroneous responses are interpreted as involving both auditory errors
and visual effects.

In both Table 5-a and Table 5-b, it seems that the McGurk effect occours only
for auditory stimuli of incomplete intelligibility. Note that the auditory simuli in
which the McGurk effect occurred, i.e., /ta, pa, wa/ stimuli, are the stimuli that
are not completely intelligible as shown in Table 4.



HENH L L E

QMEEMED AZRME: Table 6 K. TR DHHLEOEFOEMRRERT ., k.
Fig.7 10, MEOEFEBLC L2 BREIHEZEFGDINICEER RIS, HEICEK - T,
—BICHBERETTEIN, ZOD2BEETFTOFLWESDN  pra, te, ra, ga, ka/.
HEYETFTLRVWEEN /ba, na, wa, da, na/ &725, B TFTOFLWLWHOEK. H
B ENS0~60% FTHETL. &I/ 83/ H24%ETHTFTS. —F. HEN 20
t%b:ﬂﬂ.ﬁ)ﬁﬁ%%?mh\otﬁﬁﬁw’)*5\ Swa/  TRHEFLAEBTNRAL RN,

Noise-free
//Noisy
- P
o |
E m
h
> W
=
= d
Z
n t
«
o N
2
| T
&
g
k |
TR | T
X 50 100

Syllable Intelligibility Score (%)

Fig.7 Comparison between noise-free
and noisy speech intelligibility scores



FhRBREE., /pa/~/ta/3T%. Sta/ = /pa/27T%. Sra/—/%wa/33%. /
ga/ —~ /das 1%, Jgas —/ba/35% . Ska/—/ta/11%. /ka/ =/ pas 14
% TH >,

ZZTHEEBELTBEEVWOR, BEBEEZNOATIY —AHEFMLECHECHE AL N
TnwBZETHB., bbb, Sba, pa, na, wa/ EHEEMENE. da, ta, na,
ra/ XX, Sga, ka/FOBICHY. FENETOOEI»SEALIFIY -N
ERBATNWD, BETTHARETAHEEGCE. ATNBEOHRTHEREHERE ICIHIE
CAREFIRATAEZIENTERNDT, Table 6 THRBEONE —VICHKNREY I
BEohn, DY, EFFEBTILRIEUIZOHELIH D, LML, BBEREHR
Ribze, RICHBEANBZ EDIC, BEHIATHLBCHEULUTEL B,

Table 6. The intelligibility of the auditory stimuli
for the noisy condition (%).

response
blpimjwjdjt|njr g} k]|others
b | 91 1 8
p 561 1 37 6
m 99 1
=l w 04 114 [ 1
Sidls 94 3
511 27 i 64| 8
& |n 5 8
r i | 33 4 | 51 2 y8
gl 35 41 24
K 14 11 61| h7 a7

With the addition of gaussian noise, the intelligibility of the auditory stimuli

decreased compared to that for the noise-free condition. For five syllables, i.e.,

fpal, lta/, ra/, /ga/, and /ka/, the intelligibility is poor: responses for these

stimuli are only 20-60% correct. The other syllables preserve relatively high

intelligibility: more than 90% of responses are correct . The S/N ratio was 0.dB.
QT E/ED>AVERE: HENHZICE. BEINDD L. MEEINDEHIE
HERBOREEE L ET. NeGurk RAFEF & 22, Table 7T KEEFTRKBY
PEFEBMEOMERREERT. 2T, EELBRENA-—HNEOHGICE, EXD
SEBEENTVAEIK, BEEGABERROA A 22y, HEORBET

EFLEESOMBELAET AL 2B ATREAD. ZOKTFEFIe8
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BEFIcbBWT, MUTHBREOEENS L. Y- /pas TIE56% B B88% N L,

FLLWHBERLEERT, EE,
c M. BELE (BE) ORERESABE. RETTCORBMEETORRTS -

ke S NDEE (27 + 8%) BRELELRNOEEDTH D,

ZRHRIKKRNWT ta/ H64% M HI8% EFTHIHE T .

=/ pa/ .

Noise-fr
Ngllssy\i Noisy (audio+video)

B A R

by additive l|p -read
information for /pa/
mdnw \

Syllables as Auditory Stimuli

| 100
Syliable Intelligibility Score (%)

Fig.8 Speech intelligibility increase by
additive visual (lip-read) information
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Table 7-a 3. MBENEBEHEOBEORRTH D, BHWERP. K/ wa/ L /da/
DECHCH PN EZRBET., HHSLAAEAEFOHBFTMEIEIOOF (HX., OF)
POFEERLTWD, ZOBHAMLHZE, BMEPEBTOE S, RGO ERE 4N
BEOMICY T RLTWSE, Tabb, HERBRIETHOASHEBEOHNEILTLT
BOTHWHEEREELZ., ZAKHNLEERAOHMEICE. BEFSHOBEILIEL
AMEBH SRR, EBICIE. Sda, ga/—~/ba/, /s, ka/—~ /pa/. /na/
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Table 7-a Confusion matrices for the stimuli for which visual
components were labials. Noisy condition. Indicated in %.
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Table 7-b Confusion matrices for the stimuli for which visual

components were honlabials. Noisy condition.
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Table 7-b (2)
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Under noisy conditions, visual effects were very strong and widespread.
When the visual stimulus was labial (Table 7-a), every auditory non-labial stimulus
was to a large extent perceived as labial. For visual /ba/'s, for example, auditory /da/s

. were perceived as /ba/ 60% of the time, while 94% of these auditory /da/'s were
correctly perceived by audition alone, Similarly, erroneous shifts to labials are
as follows: /ta/'s were perceived as /pa/'s 94% of the time, auditory /na/'s were
perceived as /ma/'s(74%), auditory /ra/'s were perceived as /wa/'s(45%) or /ma/'s(27 %),
auditory /ga/'s were perceived as /ba/'s(88%) and auditory /ka/'s were perceived as
/pa/'s(94%). This response pattern is also true with visual /pa/, /ma/ and /wa/ stimuli.

‘When the visual stimulus was non-labial (Table 7-b), every auditory labial stimulus was.
to large extent perceived as non-labial. When the visual stimulus was /da/, auditory /ba/
was perceived as /da/(38%) or /ga/(29%), while this auditory /ba/ was 91% correctly
perceived by audition alone. Similarly, the erroneous shift to non-labial is as follows:
auditory /pa/ was perceived as /ta/(92%), auditory /ma/ wa perceived as /na/(77%), and
auditory /wa/ was perceived as /ra/(37%) or /ga/(22%). This response pattern is true
with the other visual non-labial stimuli.

The original McGurk effect was found only for pairs of auditory /pa/'s and visual /ka/'s
or auditory /ba/'s and visual /ga/'s. Our results, however, revealed that under noisy
conditions, the visual effect occurs in any visual-auditory incongruent pair, i.e., both

the visual-labial and auditory-nonlabial pair and the visual-non-labial and auditory-labial
pair. In these incongruent pairs, auditory stimuli are perceived as the stimuli having

the same manner of articulation and voicing, but different place of articulation..

In our experiment, there were very few "combination errors” (e.g., visual /ba/ and
auditory /ga/ make perceived /bga/).
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