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ÅMultisensory integration 
 

ï Traditional view:  

Å each modality initially process information independently, with sensory integration 
occurring at a later stage of processing in different association areas of the brain 
(Treisman and Gelade, 1980). 

 

ï Early results contradicting this idea 

Å (Spineli, 1968) ŀǳŘƛǘƻǊȅ ǎǇŜŎƛŦƛŎƛǘȅ ƛƴ ŎŀǘΩǎ Ǿƛǎǳŀƭ ŎƻǊǘŜȄ 

Å (Morrell, 1972) Ǿƛǎǳŀƭ ǎȅǎǘŜƳΩǎ ǾƛŜǿ ƻŦ ŀŎƻǳǎǘƛŎ ǎǇŀŎŜ 

 

ï Later studies challenge this view in multiple ways: 

Å superior colliculus  cells integrate combinations of visual, auditory and somatosensory 
inputs in spatial maps (Stein and Meredith, 1993) 

ÅMultisensory integration in V1 of blind subjects with braille reading (Sadato et al., 1996) 

ÅVisual speech stimuli activates A1 (Pekkola et al., 2005) 

Background 
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Å Multisensory plasticity and musicians 
ï Musical training is a multisensory process 

ï musical training shapes the cortex in both functional and 
structural levels (aǸƴǘŜ, !ƭǘŜƴƳǸƭƭŜǊ, & WŅƴŎƪŜ, 2002; Pantev, 
Engelien, Candia, & Elbert, 2001) 

 

ï musical training has been shown to affect multisensory 
integration: 

Å narrowing the temporal window of audiovisual integration 
(Petrini et al., 2009; Lee & Noppeney, 2011)  

Å affecting white matter tracts that correlate with 
multisensory integration (Bengtsson et al., 2005; Wan and 
Schlaug, 2010) 

 

ï Music constitutes an important model for the study of 
training effects in multisensory plasticity 

 

Image from: 
Zatorre RJ. Music, the food of neuroscience?  
Nature. 2005;434(7031):312ς5.  
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Evidence for training-induced plasticity in multisensory brain 
structures: an MEG study 

Study 1 
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Å Multisensory learning 

ï Three main models have been proposed as explanation for plasticity induced by multisensory 
learning  

Background 

Shams, L., & Seitz, A. R. (2008). Benefits of multisensory  
learning. Trends in cognitive sciences, 12(11), 411ς7.  

 

ïWhere does multisensory learning (plasticity) 
occur? (Shams & Seits, 2008)  

ÅThe uni-sensory regions? 
Å the interconnection of the uni-sensory 

cortices? 
Åspecific multisensory regions?  
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Å BESA pre- processing, individual LORETA images of all conditions  

ï Direct computation of magnetic flux distribution in the complete cortex 

ï Main criterion smoothness of the solution 
 

Å Comparison with SPM in 2 X 2 flexible factorial designs 

ï One for each modality (audio-visual, auditory, visual) 

ï Condition (pre, post) X Group (musicians, non-musicians) 

ÅCondition effect = training effect 

ÅCondition X Group effect = difference between the groups in the training 

 

Å One sample t-test for each modality to reveal the sources of each MMN 

 

Å Threshold: AlphaSim corrected at p < 0.001 by taking into account peak voxel 
significance (threshold p < 0.005 uncorrected) and cluster size (threshold size 
>172 voxels) 

Method 

Multisensory plasticity 



Å 2x2 ANOVAs:  
ï Audio-visual condition: no  
      main effect of training, but  
      significant interaction of  
      group X measurement: 
ï Uni-sensory modalities: no  
      main effect of training, no  
      interaction  

 

Results Training Effects 

Mismatch responses generators 
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Å training effects on the audiovisual MMN revealed that the auditory-visual-
somatosensory training was more beneficial to the resulting plasticity than 
the auditory-visual one. 

ï the functional module trained was affected by all 3 different modalities 

Conclusion 

Å this effect can influence only a 
functionally multisensory region 

 

ï if the training affected the interconnection of the 
unisensory regions, the audiovisual MMN would 
not be differently affected by the two types of 
training 

 

ï if the training affected the unisensory structures 
and the interconnection of them, the unisensory 
MMNs would be differently affected by the two 
types of training 
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Musical expertise induces audiovisual integration of abstract 
congruency rules 

Study 2 
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Å The goal of the this study is to investigate the influence of long-term musical training on 
multisensory processing. We used magnetoencephalography (MEG) to study the integration 
of auditory and visual stimuli when the congruency (or incongruity) of the stimuli does not 
rely on physical characteristics of the stimulation, such as temporal synchronization (Lee & 
Noppeney, 2011), but on an abstract convention such as the rule behind musical reading:  

 

Å  άǘƘŜ ƘƛƎƘŜǊ ǘƘŜ ǇƛǘŎƘ ƻŦ ǘƘŜ ǘƻƴŜ ς ǘƘŜ ƘƛƎƘŜǊ ǘƘŜ Ǉƻǎƛǘƛƻƴ ƻŦ ǘƘŜ ŎƛǊŎƭŜέ.  
 

Å Our hypothesis was that musicians will show stronger activation in an audio-visual incongruity 
response and that this response will be differentiated from uni-sensory MMNs revealing an 
enhanced responsiveness in a genuine audio-visual process, which would indicate plasticity 
effects of musical training on multisensory processing.  

 
 

 

Background ï Hypothesis 
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Method 

 Music training effects on audiovisual integration 

Å MEG 

ï Multi-feature MMN paradigm 

ï Combination of audiovisual congruent, audiovisual incongruent, auditory mismatch and 
visual mismatch condition in one run 

 

Å Behavioral: 

ï Button pressings after each trial 

 
Audio-Visual Standard 
Congruent 

Audio-Visual Deviant 
Incongruent 

Auditory Deviant  
Timbre 

Visual Deviant 
Color 



Analysis 

Å Besa: pre- processing, LORETA images of all conditions  

ï Standard, and all deviants 

ï Latency: 130-170 ms 
 

Å Comparison with SPM in 2 X 2 flexible factorial designs 

ï One for each modality (audio-visual, auditory, visual) 

ï Condition (standard, deviant) X Group (musicians, non-musicians) 

ÅCondition effect = Mismatch response  

ÅCondition X Group effect = difference between the groups in the mismatch 
response 
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Å Behavioral results (button pressings): 

ï Both musicians and non-musicians scored significantly higher than the chance 
level as discriminability index d prime showed:  

Åmusicians: audio-visual condition: 2.83 (t(14) = 33.28; p < .000); auditory condition: 
3.71 (t(14) = 12.17; p < .000); visual condition (t(14) = 16.57; p < .000);  

ÅNon-musicians: audio-visual condition: 1.95 (t(14) = 8.5; p < .000); auditory 
condition: 2.97 (t(14) = 10.7; p < .000); visual condition: 3.95 (t(14) = 16.82; p < 
.000)].  

ÅComparison: A 2Ҏ3 mixed model ANOVA revealed a main effect of modality 
[F(2,27)=56.08 p < .000], and an interaction of group Ҏ modality [F(2,27)=3.56 p < 
.05]. Post-hoc comparisons revealed that musicians scored significantly higher than 
non-musicians only in the audio-visual modality [t(28) = 3.56; p < .001] 

 

ï Indicated that the task was not too difficult for the non musicians 

Results 
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