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ABSTRACT

The aim of the present work was to determine the
best conditions that elicit illusions of the McGurk
type in French. We manipulated the item length
(monosyllables vs bisyllables), the speaking rate of
the bisyllables (slow vs normal vs fast), the vocalic
environment (/a/ vs /i/), the voiced-voiceless
characteristic of some stop consonants (/b/ vs /p/
and /g/ vs /k/) and the sound intensity (70 dB in the
first experiment and 40dB in the second one). In
both experiments, the effects were not affected by
item length but, for the bisyllables, they increased at
a slow speaking rate. The vowel /i/ gave rise to
more illusions than /a/. Voiceless consonants
produced more combinations than voiced ones, but
in the case of fusions there was a tendency toward
the reverse pattern. The percentage of illusion
increased from the first to the second experiment:
from 41% to 49% in the case of combinations and
from 3% to 18% in the case of fusions. The
McGurk effect was thus strongly affected by
listening conditions.

1. INTRODUCTION

Speech perception has often been considered as a
purely auditory process until Sumby and Pollack [1]
showed that lipreading improves the perception of
an auditory degraded signal. Not only is lipreading
effective in degraded listening conditions, but it
also influences perception in normal conditions.
Indeed, when confronted to crossmodally
incongruous audiovisual speech, people often report
hearing phonetic segments that are not presented
either auditorily, or visually. Typical
demonstrations are the fusions and combinations
reported by McGurk and MacDonald [2]. For
example, when an acoustic /ba/ is dubbed onto a
visual /ga/, a “fused” response /da/ is likely to
occur; with the opposite presentation, the
subsequent perception is a combination response
such as /bga/. Thus, the perception is not merely

auditory or visual, but rather seems to be an
integration of sound and sight.

The McGurk illusion has been considered by the
protagonists of the motor theory of speech [3] as
supporting the idea of a specialized perceptive
module, independent of the general auditory
module. Other researchers, however, claim that the
same general perceptual mechanisms underlie the
audiovisual interactions dealing with speech or with
other multisensory events [4]. According to the
modular hypothesis, the McGurk effect has been
described as an irrepressible and compulsory
phenomenon, little influenced by cognitive factors.
But, systematic claims in favor of the cognitive
impenetrability notion in audiovisual speech are not
completely coherent. A cognitive manipulation,
such as a face-voice gender discrepancy, leads to
contradictory results [5] [6]. Moreover, Munhall et
al. [7] showed that the illusion is stronger when the
speaker articulates slowly and clearly. Besides, the
universality of the phenomenon does not seem to be
clearly established. Most studies have been
conducted in English and only a few in other
languages such as Dutch, German, Finnish or
Japanese. The McGurk effect is particularly
difficult to obtain in this latter language, showing
up mainly in degraded listening conditions [8] [9].

The aim of this work was to study the McGurk
effect in French and more specifically to try to
determine the best conditions that could lead to the
illusion. We manipulated several variables that were
likely to affect the McGurk illusion: the item length
(CV monosyllables vs VCV bisyllables), the
speaking rate of the bisyllables (slow, normal or
fast), the vocalic environment (/a/ vs /i/), the
voiced-voiceless feature of the consonant (/b/-/g/ vs
/p/-/k/), the speaker gender and the sound intensity
level (70 dB vs 40 dB). Both CV monosyllables and
VCV bisyllables were compared. Indeed, while one
or the other kind of stimuli have been used in
different studies, no systematic comparison seems
to have ever been drawn. Bisyllables enabled us to
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vary the speaking rate which was slow, normal or
fast. This factor has not often been studied except
by Munhall et al. [7] who obtained more illusions
with a slow speaking rate than with a fast one. Some
data suggest that the vowel /i/ would produce more
illusions than /a/ [10]. We thus compared two
vocalic environments (/a/ vs /i/). The voiced-
voiceless characteristic of the consonant could also
have an influence on the illusion. Indeed, although
most studies were performed with voiced
consonants, MacDonald and McGurk [11] used both
voiced and voiceless consonants and found more
fusions with the voiced consonants. Because the
effects can be modulated by acoustic parameters
(e.g. voice pitch) or physical parameter (e.g. size of
the mouth opening), the materials were pronounced
by two speakers: a man and a woman. Finally, we
examined the effects of decreasing sound intensity
by playing the stimuli at an average of 70 dB in a
first experiment and 40 dB in a second experiment.

2. EXPERIMENT 1

2.1. Method

Participants
Thirty six students (19 women), 18 to 25 years old,
participated in the experiment as part of an
introductory psychology course. They were all
French speaking, without reported history of
hearing disorder and with normal or corrected-to-
normal vision.
Materials
The materials consisted of eight CV monosyllables
(ba, ga, pa, ka, bi, gi, pi, ki) and eight VCV
bisyllables (aba, aga, apa, aka, ibi, igi, ipi, iki). They
were articulated by two speakers, a 35 years old
woman and a 24 years old man. Only the lower part
of their face was filmed (from the top of the nose
till the chin). The bisyllables were uttered following
three speaking rates: slow, normal and fast.
The stimuli were constructed on a Panasonic AG-
A770 editing controller. All experimental items
were incongruent. They were edited by putting on
the audio channel of a given audiovisual item, the
sound corresponding to another item. The sound
was synchronized with the last picture preceding the
mouth opening. For example, an auditory aba was
dubbed onto a visual aga, an auditory ipi onto a
visual iki, … Eight kinds of stimuli were edited this
way for each item length and, in the case of the
bisyllables, for each of the three speaking rates.
In order to test the intelligibility of the auditory
stimuli, control items consisting of the same

auditory syllables as the experimental items were
recorded on a still face. Four tapes were edited, two
for each speaker and for each kind of items
(experimental vs control). Each tape consisted of
four blocks, each corresponding to one of the three
speaking rates of the bisyllables or to the
monosyllables. A block was made up of 24 trials
(eight different stimuli repeated three times each)
presented in a random order. Each block also
contained two or three catch trials that the
participants had to detect. These catch trials
consisted in funny faces (the speaker putting out the
tongue or jawing) and were aimed at verifying that
the participants really looked at the screen.
Procedure
The participants seated in front of a table, at 75 cm
from a Panasonic color screen (width: 33 cm;
height: 25 cm). A loudspeaker was located on the
top of the screen. The stimuli were played at an
average level of 70 dB. The participants had to
choose between several answers (/b/, /g/, /p/, /k/, /t/,
/d/, /bg/, /pk/ and /other/) the one corresponding to
what they had heard. Two items were separated by a
3 s ISI that consisted of a black screen period and
during which they had to write their answer. The
session began by a 16 trials training block and
lasted about one hour.

2.2. Results

For each item, the participants were likely to give
an answer corresponding to the auditory
information, or to the visual information, or an
audiovisual response (that is a combination or a
fusion). We considered as illusory responses, the
audiovisual responses and also the visual responses.
These responses were included because in more
than 90% of the cases, there was no confusion
concerning the voiced-voiceless feature of the
reported consonant (for example, /b/ was almost
never confused with /p/, so was it for /g/ and /k/).
Since voicing is conveyed by the auditory modality,
not by the visual one, the visual responses could not
be explained in terms of pure lipreading but
involved necessarily the integration of the auditory
information. Although control trials gave rise to
correct auditory identification in more than 90% of
the cases, errors on these trials were subtracted from
the total number of illusory responses for each
participant.
The results are presented in Table 1, as a function
of type of consonant, type of vowel, item length and
speaker gender.



Eight separated Anovas were performed on each
item length (monosyllables vs bisyllables), each
type of illusions (combinations vs fusions) and each
speaker (the man being systematically faster than
the woman, the results of the two speakers were not
comparable). Anovas were carried out with type of
consonants (voiced vs voiceless), type of vowels (/i/
vs /a/) and, for the bisyllables, speaking rate (slow,
normal, fast) as within-participants variables.

Bisyllables Monosyllables Mean
Voiced Voiceless Voiced Voiceless

/a/ /i/ /a/ /i/ /a/ /i/ /a/ /i/

Combinations

M 24 43 52 45 29 10 39 44 36

F 40 42 38 47 33 47 47 64 45

Fusions

M 4 5 3 4 3 0 2 1 3

F 4 7 4 1 2 0 0 0 2

Table 1: Percentages of combinations and fusions
in Experiment 1 (M: male speaker; F: female
speaker)

Bisyllables
Combinations
For the male speaker, all main effects were
significant. The vowel /i/ gave rise to 7% illusions
more than /a/ (F(1,35)=5,25, p<.05). Voiceless
consonants produced 15% illusions more than
voiced ones (F(1,35)=18,58, p<.01). The speaking
rate effect (F(2,70)=3,14, p<.05) was due to a
greater percentage of combinations for the slow
speaking rate (48%) than for the normal one (32%)
(F(1,35)=6,59, p<.01), the fast speaking rate being
not significantly different from the two others
(42%). We also observed a significant interaction
between type of consonant and type of vowel
(F(1,35)=7,00, p<.01), type of consonant and
speaking rate (F(2,70)=6,17, p<.01) and between
type of consonant, type of vowel and speaking rate
(F(2,70)=18,56, p<.01). Within these three
interactions, the results found for the vowel, the
consonant and the speaking rate went in the same
direction as in the main effects. For the female
speaker, speaking rate was the only significant main
effect (F(2,70)=11,40, p<.01). The slow and normal
rates produced respectively 20% and 25%
combinations more than the fast one (slow vs fast:
F(1,35)=11,75, p<.01; normal vs fast:
F(1,35)=15,97, p<.01). The interaction between
type of consonant and speaking rate was significant

(F(2,70)=5,38, p<.01) as well as the triple
interaction with the vowel (F(2,70)=8,51, p<.01).
On the whole, the consonant effect was similar to
that observed for the male speaker: voiceless
consonants elicited generally more combinations
than voiced ones.
Fusions
No significant effect was observed for the male
speaker. For the female speaker however, the effect
of type of consonant was significant: voiced
consonants gave rise to 3% fusions more than
voiceless ones (F(1,35)=7,00, p<.01). Speaking rate
was also significant (F(2,70)=7,83, p<.01), the slow
rate producing 6% illusions more than the normal
one (F(1,35)=9,03, p<.01) and 5% more than the
fast one (F(1,35)=7,52, p<.01). All double
interactions were significant (Vowel x Consonant:
F(1,35)=5,31, p<.05; Vowel x Speaking rate:
F(2,70)=4,86, p<.05; Consonant x Speaking rate:
F(2,70)=5,19, p<.01) as well as the triple interaction
(F(2,70)=7,83, p<.01). As to the contrasts, the
fusions were more numerous for voiced than for
voiceless consonants and for the slow speaking rate
than for the other speaking rate conditions.
Monosyllables
Combinations
Only the consonant effect was significant for the
male speaker, voiceless consonants producing 22%
combinations more than voiced ones
(F(1,35)=13,65, p<.01). A similar consonant effect
occurred for the female speaker (F(1,35)=11,17,
p<.01) for whom the vowel effect was also
significant, /i/ producing more illusions than /a/
(F(1,35)=6,66, p<.01).
Fusions
No effect, or any interaction was significant for any
of the speakers.
Comparison between bisyllables and
monosyllables
The results of the monosyllables were compared to
the mean results of the three speaking rates of the
bisyllables in four Anovas (two speakers and two
kinds of illusions) with three within-participants
factors (consonant, vowel and item length). In no
case, was item length or any interaction involving
this factor significant.

3. EXPERIMENT 2

The aim of this experiment was to examine the
influence of a sound intensity manipulation. The
intensity of the sound was decreased from 70 to 40
dB. The rationale was that a reduction in the
auditory salience of the stimuli could lead to an



increase in the number of illusions, the number of
fusions being especially small in the first
experiment.

3.1. Method

The materials and procedure were exactly the same
as in the first experiment but the stimuli were
played at an average intensity of 40 dB. Twenty
students (14 women), 18 to 25 years old, selected in
the same way as those of the first experiment
participated in this experiment.

3.2. Results

Bisyllables Monosyllables Mean
Voiced Voiceless Voiced Voiceless

/a/ /i/ /a/ /i/ /a/ /i/ /a/ /i/

Combinations

M 41 52 44 59 30 23 45 55 44

F 62 57 55 57 52 15 55 83 54

Fusions

M 17 17 18 17 15 27 20 12 18

F 27 43 32 23 17 0 0 0 18

Table 2: Percentages of combinations and fusions
in Experiment 2 (M: male speaker; F: female
speaker)

As appears in Table 2, the main result is that the
percentage of illusion increased strongly relative to
the first experiment. There was a 8% increase for
combinations and a 15% increase for fusions.

Bisyllables
Combinations
For the male speaker, the vowel effect was the only
significant main effect (F(1,19)=5,53, p<.05), /i/
eliciting 12% illusions more than /a/. The
interaction between consonant and speaking rate
was also significant (F(2,38)=11,7, p<.01) and so
was the triple interaction with the vowel
(F(2,38)=4,77, p<.05). As to the contrasts, the
results found for the vowel were congruent with the
main effect (more illusions with /i/). For speaking
rate, there was an advantage of the slow and fast
rates over the normal one. For the female speaker,
we only observed an effect of speaking rate
(F(2,38)=4,00, p<.05), the slow and fast rates giving
respectively 10% and 18% illusions more than the
normal one (slow vs normal: F(1,19)=6,27, p<.05;

fast vs normal: F(1,19)=5,18, p<.05). The
interaction between vowel and speaking rate was
significant (F(2,38)=4,85, p<.05) as well as the
triple interaction (F(2,38)=4,09, p<.05). Again, for
each significant contrast, the slow and fast rates
produced more illusions than the normal one.
Strangely, the consonant effect showed a pattern
opposite of that observed for the combinations
(more combinations with voiced consonants) but
this effect was restricted to the normal speaking rate
and the vowel /i/.
Fusions
For the male speaker, no significant main effect was
found. The interaction between speaking rate and
vowel (F(2,38)=3,90, p<.05) was significant and
could be explained by an advantage of /i/ over /a/ in
the normal rate condition. The interaction between
speaking rate and consonant (F(2,38)=7,99, p<.01)
was also significant but nothing clear emerged from
the contrasts. For the female speaker, the consonant
effect was significant (F(1,19)=6,39, p<.05), voiced
consonants giving rise to 7% fusions more than
voiceless ones. All double interactions were
significant (Vowel x Consonant: F(1,19)=12,51,
p<.01; Speaking rate x Consonant: F(2,38)=5,68,
p<.01; Speaking rate x Vowel: F(2,38)=13,82,
p<.01), as well as the triple interaction
(F(2,38)=11,12, p<.01). On the whole, the
significant contrasts revealed more illusions with
the slow rate and for voiced consonants.
Monosyllables
Combinations
Only the consonant effect was significant for the
male speaker (F(1,19)=9,45, p<.01), voiceless
consonants producing 23% combinations more than
voiced ones. For the female speaker, the consonant
effect was also significant (F(1,19)=32,20, p<.01)
and went in the same direction as for the male
speaker (voiceless consonants eliciting 35%
combinations more than voiced ones). The
interaction between consonant and vowel was also
significant (F(1,19)=10,70, p<.01), voiceless
consonants giving rise to more illusions than
voiced ones when the vowel was /i/.
Fusions
No main effect, nor any interaction was obtained for
the male speaker. For the female speaker, the
consonant effect (F(1,19)=10,55, p<.01) and the
vowel effect (F(1,19)=10,55, p<.01) were
significant, fusions occurring only for voiced
consonants and for the vowel /a/. The double
interaction was also significant  (F(1,19)=5,58,
p<.05).



Comparison between bisyllables and
monosyllables
Among the main effects, item length was significant
only for the fusions of the female speaker
(F(1,19)=26,08, p<.01), the VCV items producing
27% fusions more than the CV items. The triple
interaction between consonant, vowel and item
length was also significant (F(1,19)=15,91, p<.01).
The significant contrasts involving item length
always showed an advantage of the VCV items over
the CV items.

4. DISCUSSION

Two main aspects of the results have to be
underlined. On the one hand, we observed an
asymmetry between the two types of McGurk
illusion (41% of combinations vs 3% of fusions in
the first experiment and 49% of combinations vs
18% of fusions in the second one). On the other
hand, the percentages of illusion increased as sound
intensity decreased (the increase reached 8% for
combinations and 15% for fusions). This result is in
line with the data of the study conducted by
Sekiyama and colleagues in Japanese [8] where a
very weak McGurk effect was reported in normal
listening conditions, but where the addition of noise
enabled to get a much stronger effect. Thus, it
appears that the McGurk illusion is better obtained
if the intensity of the auditory stimuli is decreased
(at least in French and in Japanese).

Our results concerning the vocalic environment
confirm those obtained by Green and colleagues
[10]. The vowel /i/ almost always produced more
illusions than /a/, especially for the male speaker.
This result could be linked to the intrinsic lower
intensity of /i/ than of /a/ as described by Rossi [12]
and also observed in our study (the difference was
of 9 dB for the female speaker and of 4 dB for the
male speaker).

No strong item length effect has been observed, but
for the bisyllables there was an effect of speaking
rate: more illusions were found at a slow speaking
rate. This observation is congruent with the results
of Munhall et al. [7]. This increase of the McGurk
illusion percentage as the speaking rate was slowed
down and as the listening conditions were degraded
may be interpreted in terms of a contribution of
strategic factors, which does not support a
description of the McGurk effect as a completely
modular phenomenon.

Beside the quantitative asymmetry between
combinations and fusions, we also observed a
differential effect of the type of consonant on both
illusions. Voiceless consonants produced more
combinations than voiced ones but, for fusions,
there was a tendency toward the reverse pattern.
This latter finding is congruent with the results
obtained by MacDonald and McGurk [11] (except
that in this previous study there was no difference
between both kinds of consonants for the
combinations). This result may probably be
accounted for in terms of the same general principle
of perceptual salience underlying the occurrence of
either combinations or fusions. The obtaining of one
or the other kind of illusion seems to depend on the
more or less important perceptual weight of the
acoustic and visual information. Visually, salience
is greater for bilabial than for velar consonants.
Phonetically, however, salience increases as the
point of occlusion moves back in the mouth, the
burst being more intense for velar than for labial
consonants [13]. For combinations, where listeners
report hearing both the visible and acoustical
consonants, the visual information of a bilabial /b/
or /p/ is so salient that it can not be ignored, and so
is it for the phonetic information provided by /g/ or
/k/. For fusions, both the visual information from
velar consonants and the acoutic cues from labial
consonants are more ambiguous thus leading to a
percept intermediate between sound and sight.

The differential effect of voicing on the two types
of illusion may result from the greater perceptual
weight of the burst for voiceless than for voiced
consonants. Burst is an important cue not only for
place of articulation but also for voicing in the
perception of stop consonants: it is more intense for
voiceless than for voiced consonants [14]. The burst
being more salient for /k/ than for /g/, the number of
combinations is higher for /k/. For fusions, we have
more illusions with /g/. Since burst is less intense
for voiced consonants, these latter are more likely to
be “attracted” by the visual modality and to produce
an illusion such as /da/.

The McGurk illusion might be modulated by the
language under study. As suggested by Burnham
[15], the sensitiveness to the McGurk effect could
depend partly on the usefulness of the visual
information. In normal listening conditions,
Japanese and Chinese subjects exhibit strong
reliance on auditory information [16] that may be
related to the tonal properties of Japanese and
especially of Chinese. Thus, in these languages, the



visual information is rather superfluous. In English
and in French, on the contrary, the visual
information is useful in disambiguating close
phonetic contrasts, namely place of articulation.
Indeed, in English, numerous studies have shown
strong McGurk illusions. In French, however, the
pattern seems more complicated. The combination
percentages that we obtained are rather similar to
those observed in English, but the fusions
percentages are smaller. Of course, this
phenomenon is not necessary linked to the language
properties but could be related to our speakers
articulatory characteristics.

Additional studies are needed in order to better
understand why the percentages of fusion were
systematically smaller than those of combinations
and to further investigate the differential effect of
the type of consonant on both illusions.
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