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ABSTRACT 

The McGurk illusory percept is obtained by dubbing 
an incongruent articulatory movement onto an 
auditory signal. The Mismatch Negativity (MMN) 
of the auditory Event-Related Potential (ERP) 
reflects the detection of a deviant stimulus within 
auditory short-term memory (STM) and besides an 
acoustic component, possesses, under certain 
conditions, a phonetic one. The present study 
assessed the existence of an MMN evoked by 
McGurk percepts. Three experimental conditions 
were investigated: auditory alone, visual alone and 
audiovisual (all with the same auditory 
components). The auditory deviant syllables and the 
audiovisual incongruent syllables elicited a 
significant MMN. In the visual condition, no 
negativity was observed. An MMN can be evoked 
by audiovisual stimuli that are deviant by their 
visual content only, provided they are presented in a 
suitable auditory context leading to a phonetically 
significant interaction.  

1. INTRODUCTION 

Auditory theories of speech perception, such as The 
Fuzzy Logic Model of Perception (FLMP), assume 
that general auditory processes are sufficient to 
explain the perception of speech [1]. On the 
contrary, according to the so-called revised motor 
theory of speech [2], a motor code, processed by a 
specialized perceptual module [3], is used to 
understand speech. This module automatically 
converts the acoustic signals into intended 
articulatory gestures each time an acoustic stimulus 
can be interpreted as linguistic [2, 4]. The object of 
speech perception is thus not the acoustic signal but 
the intended phonetic gestures of the speaker.  

Proponents of the revised motor theory have 
invoked the McGurk effect [5] in order to support 
their views that speech perception is special. The 
McGurk effect is observed when a participant is 
presented with a speaker who articulates a syllable 
different from the one recorded on the audio track. 
For example, when the audio signal /bi/ is dubbed 
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speech perception in normal as well as pathological 
populations [15]. Several studies have used the 
phonetic category boundary effect in order to record 
an MMN that would index phonetic rather than 
acoustic deviance [16, 17, 18]. Phonetic categories 
are a consequence of categorical perception, which 
is a major, although not specific feature of speech 
perception [19]. Unfortunately, these studies were 
unable to unambiguously separate the effects of 
acoustic from those of phonetic deviance (see [20] 
for a discussion). Recently however, investigations 
capitalizing on the difference between phonetic 
category borders in Finnish and Estonian showed 
that a language-specific phonetic representation of 
deviant vowels also activates the MMN 
discriminative process [21, 22]. A further 
elaboration of this type of study used Hungarian and 
Finnish languages [20]. This allowed the use of two 
pairs of synthesized isolated vowels, the former 
representing an across-vowel category in Hungarian 
and a within-category in Finnish, whereas the latter 
has the reverse role in both languages. The MMN 
amplitude was larger in across- than within-category 
contrasts. The MMNs elicited by auditory (sensory) 
and phonetic (categorical) deviations can thus 
proceed in parallel suggesting that these two forms 
of stimulus representations coexist in the brain.  

The present study was designed as an exploratory 
investigation in order to test the hypothesis that rare 
incongruent visual stimuli dubbed onto constant 
auditory syllables would evoke an MMN by 
creating a deviant phonetic percept through the 
McGurk effect. If it succeeded, such a paradigm 
should be able to isolate the sought-after pure 
phonetic MMN, since the auditory stimuli are 
invariant and the deviant-incongruent vs standard-
congruent visual stimuli should evoke either no 
MMN or a sensory-specific one, easily 
distinguishable by its posterior localization. The 
presence of an MMN evoked by the McGurk effect 
was deemed fairly probable since the same 
stimulation paradigm has already been shown to 
evoke differential magnetic field responses 
considered to be a probable equivalent to the 
electrical MMN [23]. Moreover, there exists a report 
in abstract form [24] that claims to obtain an MMN 
evoked by the McGurk effect.  
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2.3. Audiovisual stimuli 

A high-speed video camera was configured to 
capture gray scale images at a rate of 125 images 
per second. Audio signal and trigger pulses 
corresponding to image acquisition were recorded 
simultaneously on a Digital Audio Tape. Pulses 
were used to post-synchronize the audio signal with 
the video data. Each stimulus consisted of one 
acoustic and one video track. Both tracks were 
synchronized on the burst of the stop consonant 
measured on the acoustic signal. The acoustic track 
was down-sampled to 22.05 kHz and the video track 
to 25 images per second. The stimuli were played 
back by means of the iShell software 1.2 
(http://www.tribeworks.com). 

Stimuli were presented in short sessions containing 
570 standard and 60 deviant stimuli delivered at a 
rate of 0.909 Hz. The number of standard stimuli 
separating two deviant ones was randomly varied 
between 6 and 11. A complete MMN data bank for a 
given pair of standard-deviant stimuli was made up 
of 5 short sessions.  

2.4. Experiments  

Four experiments were conducted: 

Experiment 1 investigated the MMNs evoked by 
purely auditory stimuli that were the syllables 
recorded on the audio track of the audiovisual 
stimulation sequence with the video screen off. 

Experiment 2 investigated the MMNs evoked by 
purely visual stimuli that consisted in the silenced 
faces articulating the series of utterances that made 
up the audiovisual sequences. 

Experiment 3 investigated the MMNs evoked by the 
combined audiovisual stimuli with congruent stimuli 
as standards and incongruent as deviants. 

In Experiments 1 to 3, participants performed a 
distractive tactile discrimination task in order to 
prevent the participants from attending the auditory 
and/or visual stimulations. Inattention to the stimuli 
under study is requested to avoid contamination of 
MMN recordings by long latency cognitive 
potentials. 

Experiment 4 was a behavioral assessment of the 
McGurk effect. Subjects were submitted to 
audiovisual congruent and incongruent stimuli and 
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incidence of randomly occurring consecutive 
significant results due to multiple t-tests in the 
absence of any genuine difference between the two 
sets. According to the present study’s parameters, 
12 successively significant point-to-point t-tests, 
spanning a 67 msec temporal threshold, were 
required in order to define a statistically significant 
MMN. 

MMN latency was defined as that of the most 
negative point within the period of consecutive 
significant t-tests above Guthrie and Buchwald’s 
temporal threshold. MMN amplitude was defined as 
the absolute amplitude of this most negative point 
and MMN duration as the fraction of the recording 
epoch during which significant consecutive t-tests 
were obtained.   

3. RESULTS 

3.1. Experiment 1 (auditory presentation)  

Figure 1 illustrates the waveforms evoked at Fz by 
the two contrasts delivered in the auditory only 
modality. 
 
 
 
 

 

 
Figure 1: Auditory presentation; Fz location. In this and 
subsequent figure, the potentials evoked by the standard (thin 
line) and deviant (thick line) stimuli are digitally filtered (0.1 – 
30 Hz). The derived waveform obtained by subtracting the 
standard response from the deviant one is plotted below the 
exogenous waveforms. The lowest trace illustrates the result of 
the statistical testing on a binary mode: the level is raised 
during each period of consecutive significant t-tests exceeding 
Guthrie and Buchwald’s temporal threshold. Black triangles 
indicate the temporal position of the deviant consonant burst.  

The standard and deviant stimuli elicited obvious Fz 
components, morphologically similar to the classical 
exogenous P1-N1-P2 components of the long-latency 
auditory potentials.  

The two contrasts (/bi/ standard vs /gi/ deviant and 
/gi/ standard vs /bi/ deviant) evoked clear-cut 
MMNs at Fz but not at Oz. When /gi/ was the 
deviant stimulus, the MMN had a duration of 185 
msec that covered the time slot extending between 
the exogenous N1 peak up to the end of the P2 peak. 
This fairly long MMN contained two negative peaks 
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When /bi/ was deviant, the MMN was made up of 
an early component with a duration of 78 msec 
covering the ascending limb and peak time slot of 
the N1 exogenous components and of a later 
component starting just after the peak of the 
exogenous P2 and lasted for 116 msec. 

3.4.Experiment 4 (behavioral McGurk effect)  

Table 2 provides the proportions of incongruent 
audiovisual stimuli that elicited McGurk illusions. 
 

Combinations : A /gi/ V /bi/ Fusions : A /bi/ V /gi/ 
74% 66% 

Table 2: Percentages of combinations and fusions in 
Experiment 4. 

4. DISCUSSION 

The main result of this study is the demonstration of 
an MMN evoked by illusory McGurk percepts. 
Since the stimuli were devoid of any physical 
auditory contrasts and since the visual contrasts 
alone did not evoke any MMN, it appears that, 
within the conditions of the present experiments, the 
visual stimuli need a suitable auditory context in 
order to trigger an MMN. Since the MMN evoked in 
Experiment 2 is neither visual nor auditory, we 
hypothesize that it reflects the automatic, 
precognitive detection of a deviant phonetic percept. 
There exists no current agreement about the 
processing level (i.e. early or late with respect to 
mapping to phonetic prototypes) at which the 
audiovisual integration leading to McGurk illusory 
percepts occurs [27]. The present data do not prove 
that the STM trace has already been phonetically 
categorized at the point in time when it triggers the 
MMN. Under the above-mentioned hypothesis, they 
at least indicate that the involved trace possesses an 
intrinsic phonetic value whatever its current 
processing stage. 

Previous studies dealing with phonetic MMNs 
reported rather short latencies compatible with the 
hypothesis of early processing of the phonetic 
dimension within the STM [20]. The onset latencies 
observed in the present results were also rather 
short, at least shorter than those of the MMNs 
evoked by similar pure auditory contrasts in the 
auditory only conditions (Experiment 1). One must 
remain cautious when dealing with MMN latencies 
because the latency-reference point in time is 
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