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Cortical Plasticity 

Changes that occur in the function and 
organization of the cerebral cortex as a 
consequence of experience. 

 



Intact Cat 

Rauschecker:   

Sensory Substitution in Visual Cortex 



Sur: 

Sensory Substitution in Auditory Cortex 



Adaptive cross-modal plasticity 

Following the impairment of a sensory system, 
it is enhanced perceptual performance 
identified in the remaining systems whereby 
one or more modalities compensates for the 
loss of another modality. 

(e.g., enhanced auditory spatial localization in 
the blind) 

 



Do the deaf see better? 

Bavelier et al. (2006) 

ωVisual orienting and reorienting 
ςParanis and Samar (1985) 

ςBosworth and Dobkins (2002) 

ωVisual motion processing 
ςNeville and Lawson (1987) 

ςBavelier and Neville (2002) 

ωVisual stimulus onset detection 
ςLoke and Song (1991) 

 





Questions 

ωWhat visual functions are enhanced during 
deafness? 

 

ωIf there are enhanced visual functions during 
deafness, what is the neural substrate 
supporting these superior visual abilities? 



Visual Psychophysical Tasks 

1. Vernier Acuity 
2. Grating Acuity 
3. Orientation Discrimination 
4. Direction of Motion Discrimination 
5. Velocity of Motion Discrimination 
6. Detection of Movement 
7. Detection across the Visual Field 



Psychophysical Summary 
Congenitally Deaf Cats have visual abilities similar to 

Hearing Cats on the following tasks: 
ωVernier Acuity 
ωGrating Acuity 
ωOrientation Discrimination 
ωDirection of Motion Discrimination 
ωVelocity of Motion Discrimination 
 
Congenitally Deaf Cats have visual abilities superior to 

Hearing Cats on the following tasks: 
ωDetection of Movement 
ωVisual Detection in the Peripheral Field 



Deactivation Summary 
Task PAF 

Deactivation 

DZ 
Deactivation 

Visual Detection in the 

Peripheral Field 
Deficit No deficit 

Detection of Movement 

 

No deficit Deficit 

From Lomber, Meredith & Kral (2010) Nature Neuroscience 13: 1421-1427 



The Supramodal Hypothesis 

ñCortical areas that have been physiologically 
reorganized in response to sensory loss 
(deafness/ blindness) will be involved in 
behaviours that are similar to those of 
hearing/sighted subjects, but are mediated by 
ǘƘŜ ǊŜǇƭŀŎŜƳŜƴǘ ƳƻŘŀƭƛǘȅέΦ  



Experimental Aims 

1) Determine if the learning or recall of any 
visual discriminations are enhanced as a 
consequence of deafness. 

 

2) 5ŜǘŜǊƳƛƴŜ ǿƘŀǘ ǊƻƭŜ άŘŜŀŦέ ŀǳŘƛǘƻǊȅ ŎƻǊǘŜȄ 
may play in mediating the superior cognitive 
functions. 



Experimental Approach 

ωWhite cats/Hearing cats born 

ω5ŜŀŦƴŜǎǎκIŜŀǊƛƴƎ ŎƻƴŦƛǊƳŜŘ ǿƛǘƘ !.wΩǎ ŀǘ мa 

ωAfter reaching maturity, start training on the 
learning and recall of visual discriminations 

ωImplant cooling loops over desired regions of 
άŘŜŀŦέ ƻǊ άƘŜŀǊƛƴƎέ ŀǳŘƛǘƻǊȅ ŎƻǊǘŜȄ ǘƻ ǇŜǊƳƛǘ 
their focal reversible deactivation 

ωTest all cats on all discriminations during 
reversible deactivation of each cortical locus 

ωAcute cortical recordings/ tracer injections 

ωPerfuse and process tissue  



ABRs 



Aim 1 

Determine if the learning or recall of any visual 
discriminations are enhanced as a consequence 
of deafness. 

 

Test both deaf and hearing cats on a battery of 
visual discriminations to ascertain if the learning 
or recall of any visual discriminations are 
enhanced as a consequence of deafness. 

 

 



Visual Discriminations 

1. Simple Patterns 
2. Complex Patterns 
3. Simple Objects 
4. Junk Objects 
5. Natural Scenes 
6. Conspecific Faces 
7. Human Faces 



Patterns 




