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Cognition is "the mental action or 
process of acquiring knowledge and 
unders tand ing th rough though t , 
experience, and the senses.” 
 

Processes such as knowledge, 
attent ion, memory and working 
memory, judgment and evaluation, 
reasoning and "computation", problem 
so l v i ng and dec i s i on mak ing , 
comprehension and production of 
language, et. Are examples of 
Cognitive process.  





 
Applications in Health and Engineering      



•  To understand how the brain develops 

•  To understand normal brain functioning 

•  To understand brain disorders 



Ø All the non-invasive techniques 
yields a wealth of information 
that needs sophisticated 
analytical approaches. 

Ø A powerful way forward is to 
use the techniques for signal 
analysis and data mining 
developed in electrical 
engineering and computer 
science for analyzing neural 
signals. 
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Trials at the Indian Spinal Injury Centre, New Delhi 
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Ø Plasticity and learning play an important role in  
rehabilitation 

 
Ø What’s the nature of information encoding in the brain?  

Ø Efficient Information encoding 
Ø Multimodal Information Linkage 

 

 



Claude Shannon (1916-2001).  Shannon’s seminal 
1948 paper, “A Mathematical Theory of 
Communication,” established a whole new discipline, 
Information Theory! 

Ø Minimize redundancy and increase efficiency 

 

 

 

 

Communication as well as encoding of information is most efficient, if there is 
reduction in redundancy. 

 

Horace Barlow in 1961 as a theoretical model of 
sensory coding in the brain 
(efficient coding hypothesis) 
 



Shannon’s  concept of redundancy and it’s insight into mechanisms of 
sensory processing, perception, intelligence and inference play an 
important role both in engineering and biology. 



There is no direct evidence so far due to technical challenges like 
observing neural encoding in very initial stages of development. 

 

 Alternative: 
Working with newly sighted children might present a way forward. 

But, 
The challenge lies in “Critical Period” hypothesis! 
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But, all of these results come from animals. What about humans? 
 



Two foundational questions: 
 
1. Can the brain change late in life? 

2.  Is the change consistent with the theory of redundancy reduction? 



Experimental Goal:  
 
To determine if the brain of a newly sighted child changes in a 
manner consistent with the principle of redundancy reduction.   

A positive result will accomplish two big objectives 
 
1.  Force a rethink of the critical period dogma 
2.  Show for the 1st time, usage of efficient information encoding 

principle by human brain 



Behavior: Can a child, blind for several years since birth, 
benefit from optical correction of the eye? 

22 yrs. 

Brain: Is the brain ‘plastic’ enough to make use of 
information from the eyes later on in life? 

8 yrs. 
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Image courtesy: Fox and Greicius (2010) Front. Syst. Neurosci. 



Progressive cortical de-correlation following sight onset (After 
surgery) 

21y/m 





Behavior: Can a child, blind for several years since birth, 
benefit from optical correction of the eye? 

22 yrs. 

Brain: Is the brain ‘plastic’ enough to make use of 
information from the eyes later on in life? YES 

8 yrs. 



bjophthalmol-2013-304475.pdf 

Visual acuity outcomes after late treatment of 
bilateral congenital cataracts 
Suma Ganesh, Priyanka Arora, Tapan Gandhi, 
 Amy Kalia, Garga Chatterjee, Pawan Sinha 
 



Behavior: Can a child, blind for several years since birth, 
benefit from optical correction of the eye? YES 

22 yrs. 

Brain: Is the brain ‘plastic’ enough to make use of 
information from the eyes later on in life? YES 

8 yrs. 

Efficient encoding and redundancy reduction 



Besides giving us evidence that the brain can change, our results 
have also yielded clues about the development of important 
perceptual abilities and how they can be modeled in machine based 
systems. 

Efficient Information encoding 
 
Multimodal Information Linkage 





How do we predict the visual appearance of an 
object based on how it feels to the touch? Is this 
mapping innate or does it need to be learned? 



Suppose a man born blind, … and 
taught by his touch to distinguish 
between a cube and a sphere. 
Suppose the blind man be made to 
see: query, whether by his sight, 
before he touched them he could 
now distinguish and tell which is 
the sphere, which the cube? 

- from Molyneux’s letter to Locke  
(7 July, 1688)  

Stanford Encyclopedia of Philosophy: There is no problem in the history of the 
philosophy of perception that has provoked more thought than the problem that Molyneux 
raised in 1688 







Based on the results from the five subjects we have studied, it 
appears that Molyneux’s query is likely to have a negative 
answer; the newly sighted show little transfer from touch to vision 
immediately after sight onset. 
 
Besides this basic result, there is an interesting trend in the data… 



Summary 
 
There does not appear to be an immediate transfer from touch to 
vision after sight onset.  
 
But, the ability to transfer is acquired rapidly. 

Open question 

What kinds of mechanisms might account for such rapid 
learning?  

Nature  Neuroscience (2011) 

Currently we are trying to come up with a model to best describe the cross modal 
mapping and it’s application in Engineering Design. 



 

Maluma 
 

Takiti 
 

Haptic and Audio Interaction Design  
Lecture Notes in Computer Science Volume 7989, 2013, pp 60-68.  
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Modality 1: Audition 

Modality 2: Vision 

time 



Modality 1 

Modality 2; stream A 

Modality 2; stream B 

Modality 2; stream C 



A precursor to learning cross-modal mappings 
 

Mouth configuration 1             sound 1 
Mouth configuration 2             sound 2 

… 
Mouth configuration n                 ??? Generalization: 

How is cross-modal mapping established? 
The dynamics of the environment may play a key role. 



Ø  Evidence of cortical changes demonstrating 

§  Plasticity well after putative critical periods 

§  Usage of principle of efficient encoding in the brain 

Ø  Evidence of learnability of cross-modal linkages 















•  Neural signal 
processing for 
understanding 
the brain in 
health and 
disease 

•  Autonomous 
learning 
systems 

•  Intelligent 
prosthetics 



Gandhi et al., 2012 




