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General utility of multisensory 
integration 

§  Independent sources of information about the 
world 

auditory visual 

“na” 



Fascinating—but what are the neural 
mechanisms? 

? 



The Superior Temporal Sulcus 
A brain hub for multisensory integration and biological motion perception 

 
 

  

Beauchamp et al., Neuron, 2002; Journal of Cognitive Neuroscience, 
2003, Neuron, 2004; Nature Neuroscience, 2004; Neuroimage, 2008; 
Journal of Neuroscience,  2010, Journal of Neuroscience, 2011 



Speech perception 

 Wernicke’s Area: Carl Wernicke, 1874 
+ a network of areas (e.g. Scott & Johnsrude, 2003) 

www.ling.upenn.edu 
 



fMRI (functional Magnetic Resonance 
Imaging) 

Basic principle: uses radio waves to interrogate protons in water molecules in the brain 
 
Discoverer: Seiji Ogawa, PNAS, 1990 



Basic fMRI experiment 
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fMRI of multisensory integration in the STS 

Beauchamp et al., 
Neuron, 2004 

Wright et al., 2003 

van Atteveldt et 
al., 2007 

90 Exp Brain Res (2007) 179:85–95
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either the right (t = 1.70) or left (t = 1.22) hemispheres
(Fig. 3b). Within the multisensory ROIs, peak BOLD
activation with supra-threshold stimuli was found to be
signiWcantly greater than to threshold stimuli with A
in the right (t = 3.82, P < 0.005) and left (t = 5.60,
P < 0.0005), and with V in the right (t = 8.93,
P < 0.0001) and left (t = 9.20, P < 0.001), but not signiW-
cantly diVerent with AV in the right (t = 2.01) or left
(t = 2.01) hemisphere (Fig. 3c).

In addition, BOLD activation for intact and scram-
bled stimuli with A, V, and AV stimuli presented dur-
ing the experimental runs (in which threshold stimuli
were presented) were extracted from the ROIs and
compared. Within the audio ROIs, peak BOLD activa-
tion with intact stimuli was signiWcantly greater than
with scrambled stimuli with A in the right (t = 2.97,

P < 0.03) and left (t = 2.55, P < 0.04) hemispheres, and
with AV in the right (t = 3.00, P < 0.03) and left
(t = 3.01, P < 0.03) hemispheres, but not signiWcantly

Fig. 2 BOLD activations with unisensory and multisensory stim-
uli within the right multisensory ROI across subjects. a Average
time courses across participants (n = 8) of BOLD activation with-
in the multisensory ROI, depicting activations with unisensory
auditory (blue), unisensory visual (green), and multisensory au-
dio-visual (red) stimuli. b Peak BOLD activations with unisenso-
ry auditory (blue), unisensory visual (green), and multisensory
audio-visual (red) stimuli, as well as the summed peak of BOLD
activations with unisensory audio and visual (blue and green
stacked) stimuli for comparison. Error bars represent SEM

Fig. 3 Peak BOLD activations with threshold and supra-threshold
stimuli within each right ROI. Peak BOLD activations with unisen-
sory audio (blue), unisensory visual (green), and multisensory audio-
visual stimuli (red). Solid bars indicate activations with threshold
stimuli and hashed bars indicate activations with supra-threshold
stimuli. BOLD activations are shown within the auditory (a), visual
(b), and multisensory (c) ROIs. Error bars represent SEM

Stevenson et al., 2007 



Linking the STS to Speech Perception 



Demonstration of the McGurk Effect 
McGurk and McDonald, Nature, 1976 
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What about in this audience? 



Intersubject Variability 
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Strong Perceivers 



Non-perceivers 
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Perceivers Non-perceivers 
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Hypothesis: perceivers integrate incongruent 
audiovisual speech, non-perceivers do not. 



Test hypothesis with fMRI of the STS 

Beauchamp et al., 
Neuron, 2004 
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Independent Functional Localizers to 
identify the STS in each subject 



Measure fMRI Response to 
Incongruent Speech 



Correlation with perception 



Correlation with perception 
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