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ABSTRACT

When conflicting syllables are presented in the
auditory and visual modalities, two kinds oifllusions
have beerreported byMcGurk and MacDonald (1976):
combinations (cluster responseapd fusions (fused
responses). In the present experiment,examined the
lateralization issue of thesiusions. In one half of the
session theenter ofthe TV screenwas displaced % to
the right of straighthead and irthe other half, it was
displaced %to the left. The soundgilayed at anaverage
level of 40dB, alwayscamefrom straightahead. Neither
for fusions nor for combinationglid we found any
difference inthe percentage ofllusion as a function of
the hemifield in which the visual stimuwivere presented.
This result does natorroborate Diesch’61995) finding.
Using a somewhadifferentmethod, this authdiound a
left hemifield advantage fdusionsand aright hemifield
advantage for combinations.

INTRODUCTION

Speech perception has often beesnsidered as a
purely auditory processinti Sumby and Pollack [1]
showedthat lipreadingimproves the intelligibility of an
auditory signal embedded innoise. However, lipreading
also influencesspeech perception imormal listening
conditions. Indeed, when confronted to discrepant auditory
andvisual speechinformation, participants ofteneport
hearing phonetic segmentisat are not presented either
auditorily, or visually. Typicaldemonstrationsare the
fusions and combinations reported by McGurk and
MacDonald[2]. For example, when an acoustic /ba/ is
dubbedonto a visual /ga/, dfused” response /da/ is
likely to occur; with the opposite presentation, the

/bgal. Thus, theperception isnot merely auditory or

visual, but rather seems to be an integration of sound and

sight.

Several studiegsaisedthe question of thecerebral
lateralization of audiovisual speech. Although no
completeagreementhas beenreached,most data from
neurological studieare infavor of the left hemisphere.
In particular, the skills and impairments of the
neuropsychological cases reported @gmpbell et al. [3]
are consistent with the idea that audiovisszéechcould
be associatedvith speech processin(assumed to be
performed bythe left hemisphereand not with faces
processing (assumed to be performed bthe right
hemisphere). More recently, Campbell gowed in a

activate the same areas: the auditory cortex (especially the
Brodmann area) ofhe left hemispherend the visual
areasbilaterally. Usingelectromagnetic recordinggver
the left hemispherenly), Sams et al[5] located the
integration ofauditory andvisual speechcomponents in
the left supratemporaduditory cortex. Theyconcluded
that visual information from articulatory movements
may have an entrynto the auditory cortex. However, a
recentPET study of theMicGurk effect[6] provideddata
strongly divergent from those previous resultssince
only right subcortical regionaere found to be activated
(insula, hippocampus and superior collicullB&havioral
studies stillprovide a differenpattern of resultsBaynes
et al.[7] showed acontribution of both hemispheres in
audiovisual speecimtegration. However, when the two
types of McGurkillusions (fusionsand combinations)
were studied separately, differeesultsemerged8]. So,
Diesch, in a McGurk studyconducted in German,
displayedthe visual stimuli in the left or in the right
hemifield. On each trial, two speakers’ faceswere
presented side by side on a TV scréem only one of
them was uttering a syllable. Thexcentricity of the
center ofthe speaker'snouth on both the lefand right
sides ofthe screenwas 3,3 of visual angle. Results
showed a left hemifielddvantagdor fusionsand aright
hemifield advantage for combinations

The aim of the present work was te-examine the
cerebral lateralization issue of the McGurk effeting a
somewhat different presentation procedure than in Diesch
study. Instead of showing the tffaces side byside, we
presented only one face atimme on a wholescreen. The
screenwas placedeither on the participant’s left side, or
on their rightside (with a 5 eccentricity between the
center ofthe screenand the straightaheadposition). In
addition, whereas irDiesch’s experiment theuditory

subsequent perception is a combination response such a§|gnalswere sent through twdoudspeakers located on

each side of the screen, here the sound always from
a loudspeaker positioned straight ahead.

In a previous study [9]conducted inFrench, we
manipulated several variablésat werelikely to have an
effect onthe McGurkillusions: the item length (CV
monosyllables vs VCV bisyllables), the speakiatg of
the bisyllables (slow,medial or fast), the vocalic
environment (/a/ vs /i/), theoiced-voiceless feature of
the consonant (/b/-/g/ vs Ip/-Ik/), tlspeakemender and
the sound intensity level (70 dB vs 40 dB). In iresent
study, weusedthe same materialand manipulated the
same variables except soummdensity. All stimuli were
played at an average of 40dB, mmtensity levelwhich

proved togive rise to a stronger McGurkffect than
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METHOD

Participants

Thirty-two students (17 to 2#ears) participated in
the experiment as part of an introductory psychology
course. Thewereall French speaking, withoueported
history of hearingdisorder andvith normal orcorrected-
to-normal vision. Sixteen participantgere presented the
tapes of a womampeakerand the 16 other those of a
man speaker.

Materials

The materials consisted @fight CV monosyllables
(ba, ga, pa, ka, bi, gi, pi, kgndeight VCV bisyllables
(aba, aga, apa, akabi, igi, ipi, iki). They were
articulated bytwo speakers, a womasnd aman. Only
the lower part of theifacewas filmed (fromthe top of
the nose till the chin) The bisyllableswere uttered
according to three speaking rates: slow, medial and fast.

The stimuli were constructed on Ranasonic AG-
A770 editing controller. Allexperimentalitems were
incongruent. Theyverecreated byreplacing the original
audio signal of a given item by theaudio signal
corresponding to anothéem of about the same length
in frames. The sound wasynchronizedwith the last
picture preceding mouth opening. For example, an
auditory abavasdubbedonto a visual aga, aauditory
ipi onto a visual iki, ... Eightinds of stimuli were
editedthis way for eachitem lengthand, in the case of
the bisyllables, for each speaking rate.

In order to test the intelligibility of the auditory
stimuli, control items consisting of the sanaaiditory
syllables as the experimenti¢ms were recorded on a
still face.Four tapeswere editedtwo for each speaker
and for eachkind of items (experimental vs control).
Each tape consisted of four blocksch corresponding to
one of the three speaking rates of the bisyllables or to th
monosyllables. A block washade up of 24rials (eight
different stimuli repeatedthree times each) presented in
random order. Eacblock also containedtwo or three
catch trials consisting in funnyfaces (the speakers
putting out the tongue, for example) that the participants
had to detect in order to check whethey looked at the
screen.

Procedure

The participantseated infront of a table, at 75 cm
from a Panasonic colacreen(width: 33 cm; height: 25
cm). Theyhadthe head on ahin restduring the whole
experimentand were asked tkeep their eyedixating a
red strap of paper, stuck vertically on tineiddle of the
screen and horizontally in such a way thatdtresponded
to the center of the tablndfelt on thespeaker'snouth
corner.For one half of the participants, the twapes
corresponding tane speaker were presentéidst in the
right hemifield while for the other half, theywere
presentedfirst in the left hemifield. Between two
presentations, theexperimenter changed the screen
location and the red strap position. Theeccentricity
betweenthe center ofthe tableand the center of the
screen wass The sound was played, at ameragdevel
of 40dB, through doudspeaker located aihe top of the
screen.

The participantshad to choose betweenseveral

and/other/) theanswer corresponding tahat they had
heard. Two items were separated by a 3 ISI which
consisted of a blaclscreen period, duringvhich the
participants had to write their answer. The sesbiegan
by a 16 trials training block and lasted about one hour.

RESULTS

For each item, the participantgere likely to give an
answer corresponding tine auditory information, or to
the visual information, or an audiovisual respofitbeat
is a combination or a fusion). Wensidered aglusory
responses, the audiovisual resporegdalso the visual
responses. These responsesre included because in
more than 90% of the casethiere was no confusion
concerningthe voiced-voiceless feature dahe reported
consonan{for example, /b/ was almostever confused
with /p/, so was itfor /g/ and/k/). Since voicing is
conveyed bythe auditory modality, not by the visual
one, the visual responsesuld thus not beexplained in
terms of purelipreading but involved necessarily the
integration of the auditory information. Although control
trials gave rise tocorrect auditonyidentification in more
than 90% of the casesrrors on these trialswere
subtracted from the total number of illusory responses for
each participant.

The results ar@resented inTable 1, as a function of
Type of consonant, Type of vowel, Item leng8peaker
gender and Hemifield of presentation.

Combination Fusions

Man Woman Man
B ‘ M!| B ‘ MI|Mel BIMI| BI|IMIMe

iaht hemifield
V+| 44 | 251 69 | 41 | A5 30| 33| 46 | 12 | 30
V-1 RO | RA| RR| AR | A1]| 30| 31 1330 7 | 2K
lal| A8 | 44| 713 53 | 54| 22| 19| 44| 19| 26
/il | BR[| 36| AR | K2 | 2| 37| A4 | 3K n|l29
Mel 51140/ 681 531531 3n/32140110128

L eft hemifiel

V+| 45 | 18| 61 | 45 | 42| 28| 36 | 48 | 12 | 31
V-1 B8 | RR| R2 | 74 | AA| 26| 33 | 3RN| 9 | 2R
lal| AR | R8 | RR | A5 | 53| 18 21 | AR | 19| 2R
/il | 58 | 43| R | KA | 53| 37| 38 | 40 1 29
M 51140/ 621591531 2732142110128

Table 1: Percentages afombinationsandfusions as a
function of Speaker gendettem length (B=bisyllables;
M= monosyllablesMe = mean), Hemifield, Consonant
(V+ = voiced; V- = voiceless) and Vowel (/a/; /if).

Eight separatedAnovaswere performed on eadtem
length (monosyllables vs bisyllablesgach type of
illusions (combinations vs fusions) aedch speaker (the
man being systematicallfaster than the woman, the
results of the two speakers were not comparable). Anovas
were carried out with Screen position (left or rightype
of consonant (voiced vs voiceless), Type of vowel (/i/ vs



/al) and, for the bisyllables, Speakirage (slow, medial,
fast) as within-participants variables.

Screenposition wasnever significant and did not
interactwith any other factor. For botHlusions, both
item lengthsandboth speakers, thiusion percentages
were equivalent whatevethe screenwas located at the
participant's right or left. Wewill thus no longer
mention this factor in our results report.

Bisyllables
Combinations

For the man speaker Consonantand Vowel effects
were significant. Voiceless consonantslicited 14%
combinations more tharvoiced ones (F(1,15)=12,39,
p<.01) and /i/ produced10% illusions more than /a/
(F(1,15)=5,99, p<.05). The interactiondetween
Consonantand Speakingrate (F(2,30)=4,21, p<.05) and
between Vowehnd Speakingrate (F(2,30)=4,79, p<.05)
were also significant, as well as the triplateraction
(F(2,30)=3,55, p<.05). The results of dalgnificant
contrastswere very congruent. We alwaysbserved an
advantage ofhe slow speakingate overthe other rates,
of voiceless consonants ovepiced ones and of the
vowel /i/ over /al.

Only Speakingrate was significant for thewoman
speaker(F(2,30)=11,15, p<.01), the fasite giving rise
to more illusions than the slow (20%; F(1,15)=18,09,
p<.01) and than themedial ones (16%; F(1,15)=9,61,
p<.01). The only significaninteraction wasbetween
Vowel and Speakingrate (F(2,30)=7,79, p<.01)When
the vowel wag/i/, therewere more combinations with
the fast speaking rate than with the other two rates.
Fusions

The vowel /i/ producedsignificantly more fusions
(17%) than the vowel /a/ (F(1,15)=9,12, p<.0fbr the
man_speaker Speaking rate was also significant
(F(2,30)=14,75, p<.01), the slovand medial rates
eliciting, respectively, 11%nd17% fusions more¢han
the fast one (slow vs fast: F(1,15)=18,71, p<.0tdial
vs fast: F(1,15)=31,47, p<.01). Atlouble interactions
were significant (Vowel x Consonant: (F(1,15)=12,29,
p<.01); Speakingrate x Consonant (F(2,30)=3,55,
p<.05); Speakingate x Vowel(F(2,30)=3,65,p<.05).
For all significant contrasts, the vowel fjave rise to
more illusions than the vowel /and the slow and
medial speaking rateproducedmore illusions than the
fast rate. No contrast involving the Consongattor was
significant.

Concerning thewoman speaker voiced consonants
produced 12% fusions more than voicelesenes
(F(1,15)=11,81, p<.01). Thiateraction betweervowel
andConsonant was significant (F(1,15)=32,385.01),
as well as the interactiobetween Voweland Speaking
rate (F(2,30)=4,15, p<.05). The contrasts involving the
Consonanteffect confirmedthe tendency foundfor the
main effect (more fusions with voiced than with
voiceless consonants). For Speaking ratefouad more
illusions with the slowand fast rates relative to the
medial one. Finally, for vowelghere was dendency to
observe more illusions with /a/ than with /i/.
Monosyllables
Combinations

The Consonangffectwas the only significanfactor
for the man speaker(F(1,15)=14,06, p<.01l)voiceless
consonantgroducing37% illusions more tharvoiced
ones. The Consonaeffectwas also significant for the
womanspeaker(F(1,15)=25,82, p<.0landwent in the
same direction as for the man speaker (26% combinations
more with voiceless consonants). The only significant
interaction was thatbetween Voweland Consonant
(F(1,15)=41,19, p<.01). lllusiongzere more numerous
with voiceless consonants when the vowel vilasThere
was no clear tendency for the vowel
Fusions

The Vowel effect was significant for thman speaker
(F(1,15)=6,00, p<.05), /il giving risegain to 21%
fusions more than /a/. The interactidoetween Vowel
and Consonant was also significant (F(1,15)=5,44,
p<.05) andwasdue to agreater percentage dfusions
with /i/ and with voiced consonants. For the&voman
speaker the Vowel effect was also significant
(F(1,15)=6,56, p<.05) but exhibited a pattern opposite to
that found for the manspeaker(18% fusions morawvith
[al).
Comparison
monosyllables

The results of the monosyllablegere compared to
the mean results of théhree speaking rates of the
bisyllables in four Anovas (twspeakersaind two kinds
of illusions) with three within-participants factors
(Consonant, Vowehnd Item length). Item length was
significant only for the fusions of the womapeaker,
bisyllables giving rise to 31% illusions morthan
monosyllables (F(1,15)=16,53, p<.01). Theeraction
betweenltem length and Vowel was also significant
(F(1,15)=5,34, p<.05) as well as the triplgeraction
(F(1,15)=10,21, p<.01). In all significant contrasts, we
observed more fusions with the bisyllables than with the
monosyllables.

CONCLUSION

between bisyllables and

The mainaspect of our results ithat wefailed to
replicate Diesch’s data. Wahserved asimilar number of
combinations and of fusions in both visual hemifields.

However, asregardsthe otherfactors under study,
our results confirm thosebtained in our previous
experiments [9]. Playing thauditorystimuli at arather
low intensity level (40dB) led to a substantial number of
illusions (53% of combinationand28% of fusions). In
our former studies, weobserved an increase of the
illusions as the intensity level of theuditory stimuli
decreasedfrom 70dB to 40dB (41% vs 49% for
combinations and 3% vs 19% for fusions). Moreover, the
asymmetrybetweenthe number of combinationand of
fusions found in those experiments waplicated here as
well as the higher number of combinations with
voiceless consonan@nd of fusions with voiced ones.
The vowel /i/ still elicited more illusionsfor the man
speaker,whereasfor the woman, theeffect was non
significant or went in the other direction. Afserved in
our other studies, item lengthid not play a very
important role (the bisyllableproducedmore illusions
than the monosyllables in only one condition). The



experiments (in which the slow speakirage elicited the
more illusions). In thecase ofcombinations,there was
an advantage ofhe fast speakingate for the woman
speakerwhereasfor the man, the slow speakingte
producedmore illusions. For fusions in thease of the
woman speaker, wlpund asmall advantage othe slow
andfast speaking rates, bdior the man, there was an
advantage of the slow and medial rates.

Hypotheses enabling us tmderstandhe impact of
intensity level,vocalic environment, type of consonant,
item length and speakimgte onboth McGurk illusions
have already been drawn and discussedpresiouspaper
[9]. On the whole, these resultan be accounteidr in
terms of perceptualsaliency. The less salierdre the
auditory stimuli, the more numerousre the illusions.
The auditory saliency afur stimuli waslessened when
the stimuli were played at 40dBatherthan at70dB and
when the vowel /i/ wasised instead ofa/ (indeed,/i/ is
of lower intrinsic intensity than /a/). Voiceless
consonantsre auditorily more salient thawoiced ones
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