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Abstract 

A question that has emerged over recent years is whether 

audiovisual (AV) speech perception is a special case of 

multisensory perception. Electrophysiological (ERP) studies 

have found that auditory neural activity (N1 component of the 

ERP) induced by speech is suppressed and speeded up when a 

speech sound is accompanied by concordant lip movements. 

In Experiment 1, we show that this AV interaction is not 

speech-specific. Ecologically valid non-speech AV events 

(actions performed by an actor such as handclapping) were 

associated with a similar speeding up and suppression of 

auditory N1 amplitude as AV speech (syllables). Experiment 

2 demonstrated that these AV interactions were not 

influenced by whether A and V were congruent or 

incongruent. In Experiment 3 we show that the AV 

interaction on N1 was absent when there was no anticipatory 

visual motion, indicating that the AV interaction only 

occurred when visual anticipatory motion preceded the sound. 

These results demonstrate that the visually induced speeding-

up and suppression of auditory N1 amplitude reflect 

multisensory integrative mechanisms of AV events that 

crucially depend on whether vision predicts when the sound 

occurs. 

Index Terms: ERP, multisensory integration, speech, 

ecologically valid stimuli 

1. Introduction 

EEG (electroencephalography) and MEG (magneto-

encephalography) studies have shown that AV speech 

interactions occur in the auditory cortex between 150 – 250 

ms using the mismatch negativity paradigm [1-3]. Others have 

reported that at as early as 100 ms the auditory N1 component 

is attenuated [4-6] and speeded up [6] when auditory speech 

is accompanied by concordant lipread information. The 

observed cortical deactivation to bimodal speech reflects 

facilitation of auditory processing as it is associated with 

behavioral facilitation, that is, faster identification of bimodal 

syllables than auditory-alone syllables [4, 5]. The suppression 

and speeding-up of auditory brain potentials may occur 

because lipread information precedes auditory information 

due to natural coarticulatory anticipation, thereby reducing 

signal uncertainty and lowering computational demands for 

auditory brain areas [4, 6]. However, to date it is unknown 

whether auditory facilitation is based on speech-specific 

mechanisms or more general multisensory integrative 

mechanisms, because AV integration of speech has hitherto 

not been compared with that of non-speech events that share 

critical stimulus features with AV speech (e.g., natural and 

dynamic information with a meaningful relationship between 

auditory and visual elements, and with visual information 

preceding auditory information because of anticipatory 

motion). In the current study, we therefore compared neural 

correlates of AV speech (the syllables /bi/ and /fu/ as 

produced by a Dutch speaker) with that of natural non-speech 

stimuli (clapping of the hands and tapping a spoon against a 

cup) using event-related brain potentials (ERPs). The non-

speech stimuli were controlled so that the visual information 

allowed to predict, as in visual speech, both the informational 

content of the sound to be heard and its onset time. To 

investigate multisensory integration, neural activity evoked by 

auditory-only (A) stimuli was compared with that of 

audiovisual minus visual-only stimuli (AV – V). The 

difference between A and AV – V can be interpreted as 

integration effects between the two modalities [4, 5, 7-9].  

2. Experiment 1 

2.1. Participants 

Sixteen (in Exp. 2 seventeen and in Exp. 3 sixteen) healthy 

participants with normal hearing and normal or corrected-to-

normal vision participated after giving written informed 

consent. 

2.2. Stimuli and Procedure 

Speech stimuli were the syllables /bi/ and /fu/ pronounced by 

a Dutch female speaker whose entire face was visible on the 

screen (Figure 1). The experimental conditions comprised 

audiovisual (AV), visual (V) and auditory (A) stimulus 

presentations. The AV condition showed the original video 

recording with the sound synchronized to the video; the V 

condition showed the same video, but without the sound 

track; the A condition presented the sound along with a static 

gray square with the same variable duration as the visual 

component of the AV and V conditions. Multisensory 

interactions were examined by comparing ERPs evoked by A 

stimuli with AV minus V (AV – V) ERPs. The additive 

model (A = AV – V) assumes that the neural activity evoked 

by AV stimuli is equal to the sum of activities of A and V if 

the unimodal signals are processed independently. If the 

bimodal response differs (supra-additive or sub-additive) from 

the sum of the two unimodal responses, this is attributed to 

the interaction between the two modalities. However, this 

additive model approach can lead to spurious interaction 

effects if common activity like anticipatory slow wave 

potentials (which continue for some time after stimulus onset) 

or N2 and P3 are found in all conditions, because this 

common activity will be present in A, but removed in the AV 

– V subtraction [10]. To circumvent potential problems of 

late common activity, we therefore restricted our analysis to 

the early stimulus processing components (< 300 ms). 

Furthermore, we added another control condition (C) to 

counteract spurious subtraction effects. In the C condition, the 

same gray square was shown as in A, but without sound. 

Attention paid to the stimuli (and the associated anticipatory 
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slow wave potentials) was in C identical to the other 

conditions because participants were performing the same 

task (detection of occasional catch trial). In the additive 

model, ERPs of C were then subtracted from A (A – C), so 

that anticipatory slow waves (and visual ERP-components 

common in A and C) were subtracted as in the AV – V 

comparison. AV interactions devoid of common activity 

could then be determined by comparing A – C with AV – V 

(i.e., (A – C) – (AV – V)).  

For each condition (A, V, AV, and C), 96 

randomized trials for each of the 12 exemplars were 

administered across 8 identical blocks. 

 

 
 

Figure 1: Stimuli used in Experiments 1 and 2 (syllables: /bi/ 

and /fu/, actions: tapping a spoon on a cup, handclapping) 

and Experiment 3 (sawing and tearing). 

2.3. ERP Recording and Analysis 

The electroencephalogram (EEG) was recorded at a sample 

rate of 512 Hz from 47 locations using active Ag-AgCl 

electrodes (BioSemi, Amsterdam, The Netherlands) mounted 

in an elastic cap and two mastoid electrodes. EEG was 

referenced offline to an average of left and right mastoids and 

band-pass filtered (0.5–30 Hz, 24 dB/octave). ERPs were 

time-locked to the sound onset in the AV and A conditions, 

and to the corresponding time stamp in the V and C 

conditions. ERPs of the non-catch trials were averaged per 

condition (AV, A, V, and C), separately for each speech and 

non-speech stimulus. The first analysis focused on whether 

visual information in the AV condition suppressed and 

speeded up auditory evoked responses by comparing the N1 

and P2 of the audiovisual (AV – V) condition with the 

auditory-only (A – C) condition. Auditory N1 and P2 had a 

central maximum, and analyses were therefore conducted at 

the central electrode Cz. The N1 was scored in a window of 

70-150 ms, P2 was scored in a window of 120-250 ms. Topo-

graphic analysis of N1 and P2 comprised vector-normalized 

amplitudes [11] of the electrodes surrounding Cz (FC1, FCz, 

FC2, C1, Cz, C2, CP1, CPz, CP2).  

 
Figure 2: Event-related potentials (ERPs) at electrode Cz for 

speech and non-speech, pooled across syllables and actions, 

respectively. (A) Experiment 1: Auditory-only minus control 

(A – C) and audiovisual minus visual-only (AV – V) ERPs. 

(B) Experiment 2: Auditory-only minus Control (A – C), 

congruent audiovisual minus visual-only (Congruent AV – V) 

and incongruent audiovisual minus visual-only (Incongruent 

AV – V) ERPs. (C) Experiment 3: Auditory-only minus 

control (A – C) and audiovisual minus visual-only ERPs (AV 

– V) of non-speech events containing no visual anticipatory 

motion. 

2.4. Results 

Figure 2 shows that the amplitudes of N1 and P2 were 

attenuated and speeded up in the AV – V condition compared 

to the A – C condition for both speech and non-speech 

stimuli, with larger effects on P2 for non-speech stimuli. In 

the analyses, ERPs were pooled across the two syllables and 

actions because there were no significant differences or 

interactions within these categories. Latency and amplitude 



difference scores (AV – V) – (A – C) of speech and non-

speech stimuli at electrode Cz were submitted to a 

multivariate analysis of variance for repeated measures 

(MANOVA). N1 amplitude in the AV condition was 

significantly reduced by 1.9 µV compared to the auditory-

only condition, F(1,15) = 21.21, p < 0.001. N1 latency was 

speeded up by 12 ms, F(1,15) = 15.35, p < 0.01, with no 

difference between speech and non-speech stimuli (F-values < 

1). The same analysis on the P2 revealed a greater amplitude, 

F(1,15) = 4.89, p < 0.05, and latency reduction, F(1,15) = 

38.33, p < 0.001, for non-speech stimuli than speech stimuli 

(speech: 1.8 µV, 2.9 ms; non-speech: 6.5 µV, 12.8 ms). Post-

hoc analysis on the P2 of speech stimuli showed a significant 

amplitude reduction, t(15) = 3.19, p < 0.01, but no latency 

effect. The scalp distribution of N1 and P2 in the bimodal 

condition (AV – V) resembled N1 and P2 in the auditory-only 

(A – C) condition. Topographic analysis confirmed that for 

both speech and non-speech N1 and P2 there was no 

interaction between Electrode (FC1, FCz, FC2, C1, Cz, C2, 

CP1, CPz, CP2) and Modality (AV – V versus A – C). 

3. Experiment 2 

The first experiment demonstrated that the auditory evoked 

event-related potentials N1/P2 were speeded up and reduced 

in amplitude by concordant visual information for speech and 

non-speech stimuli alike. Two additional experiments 

explored which information in the visual stimulus – the 

content of which sound to be heard (‘what’) or the potential 

to predict when the sound is to occur (‘when’) – induced 

these effects. Experiment 2 tested the ‘what’-question by 

presenting congruent (e.g., hearing /bi/ and seeing /bi/) and 

incongruent (e.g., hearing /bi/ and seeing /fu/) speech and 

non-speech AV stimuli. If the AV interaction reflects a 

mechanism by which the content of V predicts the content of 

A, one expects incongruent AV combinations to be different 

from congruent ones. 

3.1. Results 

Latency and amplitude difference scores (AV − V) − (A − C) 

at electrode Cz were computed for congruent and incongruent 

audiovisual stimuli and submitted to a MANOVA with 

Category (speech versus non-speech) and Congruency 

(congruent versus incongruent) as factors. Addition of the 

visual signal significantly reduced auditory N1 amplitude 

with 2.9 µV, F(1,16) = 63.06, p < 0.001, and this reduction 

was greater for non-speech stimuli (4.2 µV) than for speech 

stimuli (1.7 µV), F(1,16) = 13.73, p < 0.01). Separate test 

showed that the amplitude reduction in speech and non-

speech stimuli were both significantly bigger than zero 

(speech: F(1,16) = 20.19, p < 0.01; non-speech: F(1,16) = 

49.34, p < 0.001). There was no effect of Congruency on the 

attenuation of N1 amplitude, nor was there an interaction 

between Category and Congruency (Figure 2). Peak latency of 

AV – V N1 was 7 ms shortened compared to A – C N1, 

F(1,16) = 44.23, p < 0.001, with no difference between 

speech and non-speech stimuli (F < 1). Shortening of N1 peak 

latency to incongruent pairs was not significantly different 

from congruent pairings. Although there was Category x 

Congruency interaction for N1 latency, F(1,16) = 5.58, p < 

0.05, simple effect tests showed that shortening of N1 latency 

was significant for each of the four AV stimuli (t-values > 

2.48). P2 amplitude in the AV condition was reduced by 2.9 

µV compared to A – C P2, F(1,16) = 38.68, p < 0.001. P2 

amplitude reduction did not differ between speech and non-

speech stimuli, but was larger for incongruent pairings (3.4 

µV) than for congruent ones (2.3 µV), F(1,16) = 15.62, p < 

0.01. There was a main effect of shortening of P2 latency of 

10 ms, F(1,16) = 11.79, p < 0.01. As observed in Experiment 

1, latency facilitation of P2 was greater for non-speech (16 

ms) than for speech stimuli (3 ms), F(1,16) = 5.05, p < 0.01, 

but did not differ between congruent and incongruent 

pairings. Post-hoc analysis showed no shortening of P2 

latency in speech stimuli (F < 1). For both P2 amplitude and 

latency scores, there were no Category x Congruency 

interactions. Topographic analysis of N1 and P2 amplitudes 

revealed that the scalp distribution for congruent and 

incongruent AV pairings did not differ between speech and 

non-speech stimuli. 

4. Experiment 3 

To further explore the basis of the AV interaction, new 

stimuli were created that did not contain visual anticipatory 

motion. The visual information did in this case thus not allow 

to predict when the sound was to occur. If temporal prediction 

of the sound by the visual information is crucial, then the 

robust N1 effect observed before should disappear with these 

stimuli. In the first clip, two hands held a paper sheet which 

was subsequently torn apart. In the second clip, the actor held 

a saw resting on a plastic plank and subsequently made one 

forward stroke. Of each action, 3 different exemplars were 

selected resulting in 6 unique video clips. Note that the onsets 

of the visual and auditory information were synchronized as 

before, but unlike Experiments 1 and 2 there was no 

anticipatory visual motion. 

4.1. Results 

Latency and amplitude of N1 and P2 at electrode Cz, pooled 

across the two actions, of the A – C condition were compared 

to those of the AV – V condition. Unlike in Experiments 1 

and 2, AV – V N1 and P2 amplitude and latency did not 

differ from A – C N1 and P2 (t-values < 1.25, P-values > 

0.23) (Figure 2). Scalp distributions of N1, F(8,8) = 1.68, p = 

0.24, and P2 (F < 1) also did not differ between A – C and 

AV – V.  

 

5. Discussion 

In line with previous studies on AV speech perception, we 

found that the auditory-evoked N1 and P2 potentials were 

smaller [4-6] and occurred earlier [6] when visual information 

accompanied the sound. The novel finding is that these effects 

were not restricted to speech, but they also occurred with non-

speech events like clapping hands, in which case the effects 

were actually stronger. There were no topographical 

differences between the audiovisual and auditory evoked N1, 

which suggests that audiovisual integration modulates the 

neural generators of the auditory N1 [4, 12, 13]. We also 

observed a qualitative distinction between the early N1 effect 

and the later occurring P2 effects. Suppression and speeding-

up of the N1 was unaffected by whether the auditory and 

visual information were congruent or incongruent. Instead, 

the N1 effect crucially depended on whether or not the visual 

information contained anticipatory motion. When there was 

no anticipatory visual motion, the cross-modal effect on the 

N1 disappeared. This indicates that it is the temporal 

information in the visual stimulus rather than the content of 

the sound that is key to the AV interaction.  



Others have argued before that the suppression of 

auditory N1 is exclusively related to the integration of AV 

speech, because this was not found in simplified audiovisual 

combinations like pure tones and geometrical shapes [7, 8], or 

spoken and written forms [14]. These comparisons, though, 

have so far left unexplained what the unique properties of AV 

speech are that cause the effect. It might, among others, be the 

ecological validity of AV speech, the meaningful relationship 

between A and V, the fact that visual speech provides 

phonetically relevant information, or the dominance of the 

auditory modality in AV speech [4-6]. Our results, though 

demonstrate that (the lack of) visual anticipatory motion is 

crucial. We observed striking similarities between the neural 

correlates of AV integration of speech and non-speech events 

provided that the non-speech events contained visual 

anticipatory information. Most likely, therefore, early AV 

interactions in the auditory cortex are not speech-specific, but 

reflect anticipatory visual motion whether present in speech or 

non-speech events.  

 

6. Conclusions 

Our results demonstrate that the neural correlates underlying 

integration of A and V are not speech-specific, because they 

are also found in non-speech AV events provided that there is 

visual anticipatory motion. These results bear importance to 

the question whether the processes underlying multisensory 

integration of AV speech are unique to speech or can be 

generalized to non-speech events [4, 6, 15, 16]. We 

conjecture that when critical stimulus features are controlled 

for, especially the temporal dynamics between A and V, there 

is no difference in early AV integration effects between 

speech and non-speech. Rather, speeding-up and suppression 

of auditory potentials are induced by visual anticipatory 

motion, which can be inherent to both speech and non-speech 

events. Whether the AV ERP effects reflect a general or a 

more specific human action-related multisensory integrative 

mechanism is open to debate. Further evidence would come 

from studies in which visual predictability in non-speech and 

non-action related AV events is manipulated.  

 

7. References 

 

[1] C. Colin, M. Radeau, A. Soquet, D. Demolin, F. Colin, 

and P. Deltenre, "Mismatch negativity evoked by the 

McGurk-MacDonald effect: a phonetic representation 

within short-term memory," Clinical Neurophysiology, 

vol. 113, pp. 495-506, 2002. 

[2] R. Möttönen, C. M. Krause, K. Tiippana, and M. Sams, 

"Processing of changes in visual speech in the human 

auditory cortex," Brain Research, Cognitive Brain 

Research, vol. 13, pp. 417-25, 2002. 

[3] M. Sams, R. Aulanko, M. Hämäläinen, R. Hari, O. V. 

Lounasmaa, S. T. Lu, and J. Simola, "Seeing speech: 

visual information from lip movements modifies activity 

in the human auditory cortex," Neuroscience Letters, vol. 

127, pp. 141-5, 1991. 

[4] J. Besle, A. Fort, C. Delpuech, and M. H. Giard, 

"Bimodal speech: early suppressive visual effects in 

human auditory cortex," European Journal of 

Neuroscience, vol. 20, pp. 2225-34, 2004. 

[5] V. Klucharev, R. Möttönen, and M. Sams, 

"Electrophysiological indicators of phonetic and non-

phonetic multisensory interactions during audiovisual 

speech perception," Brain Research, Cognitive Brain 

Research, vol. 18, pp. 65-75, 2003. 

[6] V. van Wassenhove, K. W. Grant, and D. Poeppel, 

"Visual speech speeds up the neural processing of 

auditory speech," Proceedings of the National Academy 

of Sciences of the United States of America, vol. 102, pp. 

1181-6, 2005. 

[7] A. Fort, C. Delpuech, J. Pernier, and M. H. Giard, "Early 

auditory-visual interactions in human cortex during 

nonredundant target identification," Brain Research, 

Cognitive Brain Research, vol. 14, pp. 20-30, 2002. 

[8] M. H. Giard and F. Peronnet, "Auditory-visual 

integration during multimodal object recognition in 

humans: a behavioral and electrophysiological study," 

Journal of Cognitive Neuroscience, vol. 11, pp. 473-90, 

1999. 

[9] S. Molholm, W. Ritter, M. M. Murray, D. C. Javitt, C. E. 

Schroeder, and J. J. Foxe, "Multisensory auditory-visual 

interactions during early sensory processing in humans: a 

high-density electrical mapping study," Brain Research, 

Cognitive Brain Research, vol. 14, pp. 115-28, 2002. 

[10] W. A. Teder-Sälejärvi, J. J. McDonald, F. Di Russo, and 

S. A. Hillyard, "An analysis of audio-visual crossmodal 

integration by means of event-related potential (ERP) 

recordings," Brain Research, Cognitive Brain Research, 

vol. 14, pp. 106-14, 2002. 

[11] G. McCarthy and C. C. Wood, "Scalp distributions of 

event-related potentials: an ambiguity associated with 

analysis of variance models," Electroencephalography 

and Clinical Neurophysiology, vol. 62, pp. 203-8, 1985. 

[12] S. Oray, Z. L. Lu, and M. E. Dawson, "Modification of 

sudden onset auditory ERP by involuntary attention to 

visual stimuli," International Journal of 

Psychophysiology, vol. 43, pp. 213-24, 2002. 

[13] L. E. Adler, E. Pachtman, R. D. Franks, M. Pecevich, M. 

C. Waldo, and R. Freedman, "Neurophysiological 

evidence for a defect in neuronal mechanisms involved 

in sensory gating in schizophrenia," Biological 

Psychiatry, vol. 17, pp. 639-54, 1982. 

[14] T. Raij, K. Uutela, and R. Hari, "Audiovisual integration 

of letters in the human brain," Neuron, vol. 28, pp. 617-

25, 2000. 

[15] D. W. Massaro, Perceiving talking faces: From speech 

perception to a behavioral principle. Cambridge: MIT 

Press, 1998. 

[16] J. Tuomainen, T. S. Andersen, K. Tiippana, and M. 

Sams, "Audio-visual speech perception is special," 

Cognition, vol. 96, pp. B13-22, 2005. 

 

 


