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Abstract 

The existence of feedback control mechanisms from motor to 

sensory systems is a central idea in speech production 

research. Consistent with the view that articulation modulates 

the activity of the auditory cortex, it has been shown that silent 

articulation improved identification of concordant speech 

sounds [1]. In the present study, we replicated and extended 

this finding by demonstrating that, even in the case of perfect 

perceptual identification, concurrent mouthing of a syllable 

may speed the perceptual processing of auditory and auditory-

visual speech stimuli. These results provide new behavioral 

evidence for the existence of motor-to-sensory discharge in 

speech production and suggest a functional connection 

between action and perception systems. 

Index Terms: speech production, speech perception, 

sensorimotor interactions, internal model, McGurk effect. 

1. Introduction 

Recent neurophysiological and behavioral studies provide 

supporting evidence for sensorimotor interactions in speech 

production. At the behavioral level, it is well established that 

auditory feedback plays an important role in tuning the speech 

motor control system. For instance, transient, unexpected 

transformations of the acoustic consequences of speaking lead 

to on-line and rapid articulatory adjustments [2-3]. Moreover, 

while manipulation of the auditory feedback during speech 

production leads to rapid motor corrections to counteract the 

effect of perturbation, an aftereffect or perceptuo-motor 

adaptation can also be observed when the perceptual 

manipulation is removed [4-5]. Interestingly, real-time 

alteration of the auditory feedback may cause not only 

compensatory changes in the production but also in the 

perception of speech that persist once the feedback alteration 

has ended (Shiller, Sato, Gracco and Baum, unpublished 

results). At the neurophysiological level and complementing 

these findings, increased activity in the auditory cortex has 

been found during altered as compared to normal auditory 

feedback [6-7]. Taken together, these results are usually 

interpreted in the framework of forward and inverse internal 

models. Modulated responses within the auditory cortex are 

thought to reflect feedback control mechanisms in which 

sensory consequence of the speech-motor act are evaluated 

with actual sensory input in order to further control production 

and to help distinguishing the sensory consequences of our 

own actions from sensory signals due to changes in the outside 

world (see [8] for a review).  

Interestingly, modulation of the auditory cortex responses has 

also been shown not only during overt speech but also during 

whispering, silent articulation and even inner speech [9-11]. 

These results likely suggest that motor-to-sensory discharges 

persist in the absence of speech auditory feedback and, more 

generally, that motor simulation relies, at least partly, on 

neural mechanisms common with those for motor execution 

(see [12-13] for a review). Because silent articulation 

modulates the activity of the auditory cortex, one prediction is 

that it might interfere with or bias speech perception. 

Consistent with this hypothesis, Sams, Möttönen and 

Sihvonen [1] showed that the identification of an acoustically 

presented syllable, embedded in continuous white noise, is 

enhanced or, conversely, reduced when listener silent 

articulates a similar/different syllable synchronously. In the 

present study, we replicated and extended this finding by 

further showing that, even with perfect acoustic input and 

perceptual identification, silent articulation of a syllable may 

speed the auditory and auditory-visual identification of a 

similar presented syllable as compared to a dissimilar one. 

2. Method 

2.1. Participants 

Sixteen voluntary healthy subjects participated in the study 

(eleven females; mean age ± SD: 28 years ± 7). All were 

native Canadian French speakers, right-handed [14], with 

normal or corrected-to-normal vision and no reported history 

of speaking or hearing disorders. Written informed consent 

was obtained for all subjects and they were paid for their 

participation. The protocol was approved by the McGill 

University Institutional Review Board. 

2.2. Stimuli 

Utterances of /aba/ and /aga/ syllables were individually 

recorded by a male native Canadian French speaker, using a 

high-quality digital video camera. The speaker produced each 

syllable naturally, maintaining an even intonation, tempo and 

vocal intensity, and keeping his lips closed between each 

utterance. Video digitizing (the speaker’s full face being 

presented against a grey background) was done at 30 frames/s 
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in 720 × 480 pixels, and audio digitizing was done at 44.1 

kHz with 16 bits. The two syllables were temporally aligned, 

according to the first vocalic and consonantal onsets (mean 

value ± SD: 177ms ± 12 and 616ms ± 16, respectively) and 

matched for global acoustic duration (mean value ± SD: 

731ms ± 13) and intensity (mean value ± SD: 69dB ± 1). The 

speaker initiated and finished each utterance from a neutral 

closed-mouth position, with each movie being 36 frames long 

(1200ms.). 

Using Adobe Premiere software, sixteen stimuli were then 

created: 

• A, An: 4 auditory stimuli consisting of /aba/ or /aga/ 

syllables presented together with a static face of the 

speaker and embedded or not with continuous white 

noise at a –6 dB signal-to-noise ratio.  

• AV, AnV, AVn, AnVn: 8 congruent auditory-visual 

stimuli consisting of /aba/ or /aga/ syllables with the 

visual track spatially degraded or not (the visual track of 

the speaker's face being quantized by a mosaic transform 

of 36 x 24 pixels – see Figure 1) and the acoustic track 

embedded or not with continuous white noise at a –6 dB 

signal-to-noise ratio. 

• iAV, iAnV, iAVn, iAnVn: 4 incongruent auditory-

visual stimuli corresponding to auditory /aba/ and visual 

/aga/ syllables, with the visual track spatially degraded 

or not (the visual track of the speaker's face being 

quantized by a mosaic transform of 36 x 24 pixels – see 

Figure 1) and the acoustic track embedded or not with 

continuous white noise at a –6 dB signal-to-noise ratio. 

 

Figure 1: Still picture of the face stimulus used in the auditory-

visual conditions. Left: original video-recording (720 x 480 

pixels); Right: spatial quantisation (36 x 24 pixels). 

2.3. Experimental Procedure 

The experiment was carried out in a sound-attenuated room. 

Participants sat comfortably in front of a 19 inch computer 

monitor at a distance of approximately 50 cm from it. The 

acoustic stimuli were presented at a comfortable sound level 

through earphones. During the whole experiment, the 

subjects’ face was recorded via a digital video camera, 

together with the acoustic track of the stimulus, to ensure the 

correctness of the subject’s articulation. 

The subject task was to carefully listen-to and/or watch 

auditory and auditory-visual stimuli of a speaker and to report 

the pronounced syllable. A speeded three-alternative forced-

choice identification task was used, in which participants had 

to give a motor response as fast and accurately as possible, by 

pressing with either their right fore finger, middle finger or 

ring finger, one of three keys corresponding to either /aba/, 

/ada/ or /aga/ (the key designation being counterbalanced 

across participants). On some trials, they were instructed to 

silently articulate a syllable in synchrony with the stimulus 

presentation. Each trial started with either /aba/ or /ada/ 

presented at the center of the screen for 350ms, followed by 

either a green or a red circle for 350ms and then the stimulus 

presentation for 1200ms. In case of a green circle, participants 

had to silently articulate the written syllable; otherwise they 

just had to report the perceived syllable. This procedure was 

chosen to dissociate the possible influence of the written cue 

syllable to that of silent articulation on perception. Indeed, it 

has been shown that a written cue presented together with an 

acoustic stimulus might bias speech perception [1,15]. The 

intertrial interval was 2600ms. During this period the 

computer screen remained blank.  

2.3.1. Training sessions 

Before starting the experiment, three training sessions of 32 

trials were performed. Firstly, participants were trained to 

repeat aloud the written syllable /aba/ or /ada/ in synchrony 

with the stimulus presentation. On 1/3 of the trials, the 

stimulus was preceded by a red circle. In that case, 

participants had to do nothing. The second training session 

was identical to the first one except that participants had to 

silently articulate the written syllable in case of a green circle. 

In order to facilitate the synchrony between the subject’s 

articulation and the stimulus presentation, only auditory-visual 

stimuli, without background noise nor spatial quantization, 

were presented in these two sessions. The last training session 

was identical to the second one except that participants had 

also to report the perceived syllable and all types of stimuli 

were presented. In each training session, the investigator 

ensured that the subject performed the task correctly; notably 

that he/she pronounced the written syllable in synchrony with 

the stimulus presentation only in the presence of a green 

circle, and without any phonation in the two last sessions. 

Otherwise, the training session was repeated. 

2.3.2. Experimental sessions 

In the experiment, each of the sixteen stimuli was presented 30 

times. Each stimulus was preceded either by the written 

syllable /aba/ (10 trials) or /ada/ (10 trials) and the green 

circle, or by the written syllable /aba/ (5 trials) or /ada/ (5 

trials) and the red circle. For each subject, the stimuli were 

presented in a fully-randomized sequence for a total of 480 

trials. The experiment lasted around 45 minutes and was 

divided in three experimental sessions of equal durations. 

Short breaks were offered between sessions. 

2.3.3. Data analysis 

Auditory-visual inspection of all trials was first carried out to 

ensure the correctness of subject’s articulation. Four types of 

articulation errors were observed: silent articulation in case of 

a red circle or, in case of a green circle, no articulation, wrong 

articulation (e.g., /aba/ instead of /ada/) and asynchrony 

between articulation and the stimulus presentation. In 

addition, outlier response times (i.e., responses faster than 

200ms and slower than 2000 ms) were also considered as 

errors. Three participants were removed from the analysis 

because these errors exceeded 10% of all trials. For the 

remaining thirteen participants, the mean percentage of error 

was 4% (SD ± 3). 

Median reaction times (RTs) and percentage of correct 

responses were the dependent variables. Because of the low 

number of trials per condition (see below), median RTs were 

computed for each subject and condition irrespective of the 

response, except for articulation errors and outliers which 

were removed from the analysis. In addition, the percentage of 

‘correct’ responses for the /aba/A-/aga/V stimuli was calculated 

according to the number of /ada/ responses (McGurk fusion 

effect [19-20]). For each dependant variable, the effect of 

silent articulation on perception was analyzed by repeated-
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measures three-way analysis of variances (ANOVA) 

separately for /aba/, /aga/ and /aba/A-/aga/V presented stimuli. 

For /aba/ and /aga/ analyses, the within-subject independent 

variables corresponded to the type of articulation (‘C-ABA’: 

written /aba/ followed by a red circle, no articulation; ‘C-

ADA’: written /ada/ followed by a red circle, no articulation; 

‘R-ABA’: written /aba/ followed by a green circle, silent 

articulation; ‘R-ADA’: written /ada/ followed by a green 

circle, silent articulation), to the type of auditory presentation 

(‘AP-C’: without acoustic noise; ‘AP-N’: with acoustic noise) 

and to the type of visual presentation (‘VP-S’: static face; 

‘VP-C’: without spatial quantization; ‘VP-Q’: with spatial 

quantization). For /aba/A-/aga/V analyses, the independent 

variables were the same except for the type of visual 

presentation (‘VP-C’: without spatial quantization; ‘VP-Q’: 

with spatial quantization). When required, post-hoc analyses 

were conducted with Newman-Keuls tests. For all the 

analyses, the significance level was set at p<.05 and 

Greenhouse-Geisser corrected when appropriate.  

3. Results 

3.1. Identification Scores 

3.1.1. Perception of /aba/ 

As expected, the main effect of auditory presentation was 

significant (F(1,12) = 144.6, p < .001), with fewer errors in 

the AP-C than in the AP-N conditions. The type of visual 

presentation also produced significant differences (F(2,24) = 

99.1, p < .001), with fewer errors in the VP-C than in the VP-

Q conditions, and in the VP-Q than in the VP-S conditions. In 

addition, the interaction between these two variables was also 

significant (F(2,24) = 82.4, p < .001) with more errors for the 

An than for the AnVn presentation, and for the AnVn than for 

the AnV, A, AVn and AV presentations.  

 

Figure 2.1: Percentage of correct identification for /aba/ 

stimuli by modality of presentation and type of articulation 

(left/right: without/with auditory noise; see text for further 

details). Error bars represent standard errors of the mean 

Of more interest is the significant effect of articulation 

(F(3,36) = 5.7, p < .005), with more errors in the C-ADA and 

R-ADA than in the C-ABA and R-ABA conditions. The 

articulation x auditory presentation interaction was also 

significant (F(3,36) = 3.9, p < .05), with no effect of 

articulation observed without auditory noise, but significantly 

more errors in the C-ADA and R-ADA conditions than in the 

C-ABA and R-ABA conditions with auditory noise. Similarly, 

the articulation x visual presentation interaction was also 

significant (F(6,72) = 5.0, p < .001), with no effect of 

articulation observed with and without spatial quantisation, 

but significantly more errors with the static face in the C-ADA 

and R-ADA conditions than in the C-ABA conditions, and in 

the C-ABA than in the R-ABA conditions. Finally, the three-

way interaction was also found to be significant (F(6,72) = 

4.92, p < .001). There was no effect of articulation observed 

for the AV, AVn, A and AnV presentations, but more errors in 

the R-ADA than in the C-ABA conditions for the AnVn 

presentation (and a trend for fewer errors in the R-ABA than 

in the R-ADA conditions; p = .08)., and more errors in the C-

ADA and R-ADA conditions than in the C-ABA conditions, 

and in the C-ABA than in the R-ABA conditions for the An 

presentation. 

3.1.2. Perception of /aga/ 

As for the perception of /aba/, the main effects of auditory 

(F(1,12) = 153.8, p < .001) and visual (F(2,24) = 38.5, p < 

.001) presentations were significant. There were fewer errors 

in the AP-C than in the AP-N conditions, and in the VP-C 

than in the VP-Q and VP-S conditions. The interaction 

between these two variables was also significant (F(2,24) = 

40.8, p < .001) with more errors for the An and the AnVn than 

for the AnV presentations, and for the AnV than for the A, 

AVn and AV presentations.  

 

Figure 2.2: Percentage of correct identification for /aga/ 

stimuli by modality of presentation and type of articulation.  

The main effect of articulation was significant (F(3,36) = 5.8, 

p < .005), with significantly more errors in the C-ADA than in 

the C-ABA and R-ABA conditions. The articulation x 

auditory presentation interaction was also significant (F(3,36) 

= 6.5, p < .005), with no effect of articulation observed 

without auditory noise, but significantly more errors in the R-

ADA and R-ABA than in the C-ABA and C-ADA conditions 

when presented with auditory noise. The articulation x visual 

presentation interaction was also significant (F(6,72) = 3.2, p 

< .01), with no effect of articulation observed with spatial 

quantization, but significantly more errors without 

quantization in the R-ADA than in the other conditions, and 

more errors with the static face in the C-ADA than in the other 

conditions. The three-way interaction was also found to be 

significant (F(6,72) = 2.2, p < .05). There was no effect of 

articulation observed for the AV, AVn, A and AnVn 

presentations, but more errors in the R-ADA than in the other 

conditions for the AnV presentation, and lower errors in the 

C-ADA than the other conditions for the An presentation. 

3.1.3. Perception of /aba/A-/aga/V 

The interaction between the auditory and visual presentation 

was significant (F(1,12) = 29.0, p < .001) with more /ada/ 

responses for the iAV than for the iAnVn presentations, and 

more /ada/ responses for the iAnVn than for the iAVN and 

iAnV presentations. 

Figure 2.3: Percentage of /ada/ responses for /aba/A-/aga/V 

stimuli by modality of presentation and type of articulation. 

The main effect of articulation was significant (F(3,36) = 5.8, 

p < .005), with lower ‘errors’ in the R-ADA than in the C-

ABA conditions. The articulation x auditory presentation 
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interaction was also significant (F(3,36) = 5.9, p < .005), with 

no effect of articulation observed without auditory noise, but 

significantly more ‘errors’ in the C-ABA than in the C-ADA 

and R-ABA conditions, and in the C-ADA and R-ABA then in 

the R-ADA conditions. 

3.2. Reaction Times 

3.2.1. Perception of /aba/ 

The main effects of auditory (F(1,12) = 23.2, p < .001) and 

visual presentations were significant (F(2,24) = 18.5, p < 

.001). RTs were faster in the AP-C than in the AP-N 

conditions, and in the VP-C than in the VP-Q and in the VP-Q 

than in the VP-S conditions. The interaction between these 

two variables was also significant (F(2,24) = 12.9, p < .001) 

with slower responses for the An than for the AnVn 

presentations and for the AnVn than for the other 

presentations.  

Figure 3.1: Median RTs for /aba/ stimuli by modality of 

presentation and type of articulation. 

The main effect of articulation was significant (F(3,36) = 6.5, 

p < .005), with slower RTs in R-ADA than in the other 

conditions. In addition, the articulation x auditory presentation 

interaction was also significant (F(3,36) = 4.8, p < .01), with 

no effect of articulation observed with auditory noise, but 

slower RTs in the R-ADA than in the R-ABA conditions and 

in the R-ABA than in the C-ABA and C-ADA conditions 

when presented without auditory noise.  

3.2.2. Perception of /aga/ 

The main effects of auditory (F(1,12) = 41.6, p < .001) and 

visual presentations were significant (F(2,24) = 4.9, p < .05)., 

with RTs faster in the AP-C than in the AP-N conditions, and 

in the VP-C than in the VP-Q and VP-S conditions. The 

interaction between these two variables was also significant 

(F(2,24) = 5.7, p < .05) with slower responses for the An and 

AnVn than for the AnV presentations and for the AnV than 

for the other presentations.  

 

Figure 3.2: Median RTs for /aga/ stimuli by modality of 

presentation and type of articulation. 

The main effect of articulation was significant (F(3,36) = 10.4, 

p < .001), with slower RTs in R-ABA and R-ADA than in C-

ABA and C-ADA conditions. Finally, the articulation x 

auditory presentation interaction was also significant (F(3,36) 

= 4.5, p < .01), with no effect of articulation observed with 

auditory noise, but slower RTs in R-ABA and R-ADA than in 

C-ABA and C-ADA conditions without auditory noise. 

3.2.3. Perception of /aba/A-/aga/V 

The interaction between the auditory and visual presentation 

was significant (F(1,12) = 19.2, p < .001) with slower 

responses for the AnVn than for the AnV and AVn 

presentations (and a trend for slower responses in the AV as 

compared to AnV and AVn presentations; p =.07). 

 
Figure 3.3: Median RTs for /aba/A-/aga/V stimuli by modality 

of presentation and type of articulation. 

The main effect of articulation was also significant (F(3,36) = 

12.02, p < .001), with slower responses in the R-ADA than in 

the other conditions, and in the R-ABA than in the C-ADA 

conditions. 

4. Discussion 

Irrespective of the articulation conditions, the present study 

replicates a number of well-known effects in auditory and 

auditory-visual speech perception. As expected, both RTs 

increased and accuracy decreased in the presence of an 

acoustic masking noise. Furthermore, in accordance with the 

principle of inverse effectiveness (i.e., multisensory 

enhancement is greatest when unimodal stimuli are least 

effective), concordant visual information improved speech 

intelligibility in noisy auditory conditions [16]. For both 

dependent measures, this improvement was also observed 

when facial information was spatially degraded, but only for 

/aba/ stimuli. This result indicates that visual information 

processing depends on the level of visual specificity of the 

viseme and does not only rely upon fine-grained analysis of 

facial movements [17-18]. Finally, incongruent visual speech 

information produced a significant number of /ada/ illusory 

percepts [19-20], notably in the AV and AnVn conditions. 

Complementing previous findings [21], RTs were also found 

to be slower in these conditions, as compared to AVn and 

AnV conditions in which subjects’ identification primarily 

relied on one modality, with /aba/ and /aga/ responses being 

mostly reported, respectively. 

Of more interest are the effects of various articulation 

conditions. It is first important to dissociate the influence of 

the written cue syllable to that of silent articulation on 

perception. Indeed, as previously mentioned, a written cue 

presented together with an acoustic stimulus can bias 

perception [1,15], with subjects apparently using all possible 

cues to constrain the number of response alternatives. 

According to the percentage of responses, there was no 

‘priming’ effect of the written syllable when the stimuli were 

presented without acoustic masking noise (i.e., in the AV, 

AVn and A conditions). Whatever the articulation condition, 

perception of /aba/ and /aga/ stimuli reached near to perfect 

identification scores and no changes were observed for /aba/A-

/aga/V stimuli. On the other hand, there were clear effects of 

the written syllable in the An condition for /aba/ and /aga/ 

stimuli in the absence of any articulation. Significantly more 

correct responses were observed for /aba/ when preceded by 

/aba/ as compared to /ada/ written syllables. More intriguing is 

the larger number of correct responses for /aga/ stimuli in the 

case of /ada/ as compared to /aba/ written syllables. Although 

there is a substantial effect here, we have no clear explanation 
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for it. Finally, more in line with a specific effect of the written 

syllable, fewer /ada/ responses were reported for /aba/A-/aga/V 

stimuli in the case of /aba/ as compared to /ada/ written cue 

syllables. When considering RTs, whatever the stimuli and the 

modality of presentation, no differences were observed when 

the stimuli were preceded by written /aba/ or /aga/ in the 

absence of silent articulation. Globally, these results thus 

confirm and extend previous findings [1] by showing that a 

written syllable might bias accuracy but not RTs of an 

auditory or incongruent auditory-visual syllable when masked 

with acoustic noise. 

Silent articulation also biased speech perception. Moreover, 

despite the significant influence of the written syllables, it 

appears unlikely to explain the perceptual modifications 

observed in the silent articulation conditions. Considering the 

perceptual scores, a larger number of correct responses was 

indeed observed for /aba/ stimuli in the An condition when 

subjects’ mouthed /aba/, as compared to all other articulation 

conditions. In the AnVn condition, more errors were also 

reported during silent articulation of /ada/ than in the two 

conditions in which the written /aba/ syllable appeared (with 

subsequent articulation or not). Finally, silent articulation of 

/ada/ produced a stronger McGurk effect for /aba/A-/aga/V 

stimuli in the presence of an acoustic masking noise, as 

compared to the other articulation conditions. This is of 

particular interest because the produced syllable here differs to 

those acoustically and visually presented (see below). As 

previously noted, the results for /aga/ stimuli are however less 

easily interpretable, with more errors in the case of silent 

articulation of /ada/ in the AnV condition and fewer errors in 

the case of /ada/ written syllable without articulation in the An 

condition. Taken together, these results demonstrate that the 

influence of the written cue syllable to that of silent 

articulation on perception are here clearly dissociable and 

suggest that our own silent articulation may alter the 

identification of ambiguous speech stimuli.  

However, because subjects had to keep the to-be-articulated 

syllable in memory until/during the stimulus presentation in 

the two silent articulation conditions, one possibility is that 

this strengthens the ‘priming’ effect of the written syllable. 

Therefore, the observed perceptual modulations might not be 

due to motor-to-sensory discharges and feedback control 

mechanisms but rather to short-term memory processes related 

to the processing of the written cue syllable. In partial support 

of this hypothesis, silent articulation of /ada/ produced a 

stronger McGurk effect for /aba/A-/aga/V stimuli in the AnV 

condition, while the produced syllable differed from those 

acoustically and visually presented and while participants 

mostly reported /aga/ responses. However, while we cannot 

rejecta possible priming effect of the written cue syllable on 

the perceptual scores, the specificity of RTs modulation for 

/aba/ and /aga/ stimuli when presented without acoustic 

masking noise argues against this interpretation. Indeed, faster 

responses were observed for /aba/ stimuli when subject 

silently pronounced /aba/, as compared to /ada/, in the AV, 

AVn and A conditions, but not in the AnV condition despite 

similar global RTs in these presentation modalities. 

Furthermore, silent articulation of /aba/ and /ada/ did not 

produce RT differences for /aga/ stimuli. These results thus 

suggest that, despite perfect identification, silent articulation 

speeds the auditory and auditory-visual identification of a 

similar presented syllable compared to a dissimilar one. It is 

also worthwhile noting that the absence of RT differences for 

/aga/ stimuli between the two pronounced syllables reinforces 

this interpretation by elimintating the possibility that this 

effect was due to variations of the speed of articulation 

between these syllables. Whatever the written syllable and for 

both /aba/ and /aga/ stimuli, RTs were however faster in the 

absence of silent articulation. We interpret this finding as due 

to additional cognitive effort in the concurrent articulation 

task.  

Finally, the fact that no effect was observed for /aba/ and /aga/ 

in the presence of masking noise (ie., in the AnV, AnVn and 

An conditions), regardless of the articulation condition and the 

presented syllable, suggests that silent articulation speeds in a 

phoneme-specific manner the perceptual processing of 

acoustic information rather than visual information. As 

previously noted, although acoustic noise resulted in slower 

RTs in An and AnVn conditions, no global RT differences 

were found between the AnV and conditions without masking 

noise. Therefore, the absence of any articulation effect in the 

presence of an acoustic masking noise cannot be attributed to 

slow RT, possibly erasing any difference between the 

articulation conditions. Observed RTs for /aba/A-/aga/V stimuli 

lend further support to this interpretation. Indeed, despite 

slower responses in the AnVn and AV conditions, faster RTs 

were observed when subjects articulated /aba/ as compared to 

/ada/ syllable in all conditions. Importantly, this effect appears 

irrespectively of the reported syllable: /ada/ being mostly 

reported in the AV and AnVn conditions but not in the AVn 

and AnV conditions in which more /aba/ and /aga/ responses 

were observed, respectively. Hence, although for incongruent 

auditory-visual stimuli silent articulation of a similar syllable 

to that presented acoustically speeds perceptual processing, 

paradoxally it does not seem to constrain the final perceptual 

categorization of the conflicting auditory and visual inputs 

into a unitary percept. 

In a previous study, Sams and colleagues [1] showed that the 

identification of an acoustically presented syllable, embedded 

in continuous white noise, is enhanced or, conversely, reduced 

when the listener mimic a similar/different syllable 

synchronously with their perceiving. In the present study, 

these findings were fully confirmed and extended to an 

incongruent auditory-visually presented syllable. The 

modulation of perception can be explained by assuming that 

an efference copy of the speech motor commands is sent in 

parallel to the auditory cortex during silent articulation. This 

copy is thought to reflect a comparator mechanism, 

anticipating the consequence of the action (see Guenther, 

2006 for a review). As a consequence, when articulation and 

the presented syllable are concordant, perceptual identification 

is enhanced. However, relatively to the identification scores, it 

is difficult to dissociate the effects of action on perception 

from the effects of perception on action. Indeed, recent 

behavioral and neurophysiological studies suggest that speech 

perception is partly mediated by reference to the motor actions 

afforded in the speech signal. For instance, seeing a video of 

an articulating mouth influences the production of similar or 

dissimilar articulations [22-23]. Recent brain-imaging and 

neurophysiological studies also provide supporting evidence 

for sensorimotor interactions during speech perception. 

Research on mirror neurons in the macaque, and on a putative 

mirror neuron system in humans, have demonstrated that 

action observation and listening to action-related sounds 

partly involve the same neural circuits than those that are used 

in action performance (see [43] for a review). Consistent with 

the view that the human mirror-neuron system might play a 

fundamental role in speech processing [24], brain areas 

involved in the planning and execution of speech gestures 

have been found to be activated in processing complex speech 

sounds, besides the involvement of superior temporal auditory 

regions [25-30]. From these results, it is therefore possible 
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that motor representations activated by the presented speech 

stimulus also interfered with those activated by the silent 

articulation task. Although the identification scores do not 

allow to reject such a possibility, the specificity of RTs 

modulation argues against this interpretation. Firstly, while 

previous brain-imaging studies have shown that visual and 

auditory-visual speech stimuli involved brain regions 

associated with speech production in a greater extent than 

auditory-only speech stimuli [28-29], silent articulation of 

/aba/, as compared to /ada/, speeded /aba/ identification in a 

similar way in the A, AVn and AV conditions. Similarly, the 

fact that silent articulation speeded the perceptual processing 

based on acoustic information rather than on visual 

information seems also to minimize possible sensory-to-motor 

effects; notably for /aba/A-/aga/V stimuli where faster RTs 

were observed when subjects articulated /aba/ as compared to 

/ada/ syllable irrespectively of the reported syllable.  

In conclusion, this study demonstrates that our own silent 

articulation may alter speech perception and provide new 

behavioral evidence for the existence of motor-to-sensory 

discharge in order to anticipate the consequence of the action. 

Adding to a growing number of behavioral and 

neurophysiological studies, the present results demonstrate 

that motor and sensory systems are functionally intertwined. 
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