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Abstract 

Key terms: Critical Period, Spatial representation, Neural Plasticity, Visual Perception, Congenital 
Cataract, fMRI (Functional Magnetic Resonance Imaging), ERP (Event related Potential). 

'7he question is not what you look at, but what you see. " 
-Henry David Thoreau 

Of all the senses that man possess, vision is without doubt the most crucial one when it comes to 

perceiving the world around us. The mechanisms of visual perception are complex and poorly 

understood Questions related to visual development have proven especially hard to address. How is the 

visual learning affected by deviations in early visual experience? Is visual development subject to a 

`critical period'? Does the lack of visual experience fundamentally alter internal spatial 

representations? These and many other questions provide the overall motivation for the work reported 

in this thesis. 

The present work has been undertaken as part of "Project Prakash ", an initiative by the Vision 

Research Laboratory at MIT to provide treatment to curable blind children in India and study their 

visual recovery thereafter. The study has been planned with three main objectives: (I) To understand 

how the brain undertakes spatial cognitive tasks in three categories of subjects- normal sighted, 

visually impaired, and congenitally blind after sight onset. (II) To establish the neural mechanism 

underlying face learning, recognition, categorization and representation. (III) To establish neural 

plasticity underlying face or object representation in blind subjects after sight onset. 

Our first set of studies comprises behavioral tests of afew key visual abilities, listed below: 

Mental spatial transformations: We have tested the ability of subjects to mentally transform spatial 

configurations. The blind subjects performed poorly compared to blindfolded sighted subjects for more 

complex patterns, suggesting a limitation in spatial representational mechanisms in the visually 

impaired 

Cross-modal mapping: We have also attempted to provide an answer to one of the most thought 

provoking queries ever posed in the field of visual perception: the Molyneux question. It was seen that 

just after surgery, a blind subject who has never seen a certain object before, but only felt by touch, 

cannot identify it on seeing it for the first time, merely based on previous tactile experience. But the 
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inter-modal recognition is achieved rapidly after treatment. The underlying neural mechanisms are 

currently unknown. 

Face perception: Our next set of behavioral studies explored the development of facial recognition. 

Face learning is one of the more complex visual tasks that humans have to perform. Blind subjects, 

after sight restoration, showed a graded response to face recognition as a function of time After a 

period of time, they exhibited a more step-like response, hinting at the development of face/non face 

categorization with experience A separate study examined which facial features contribute the most in 

the process of face/non face classification. When three types of faces (normal disembodied and faces 

with degraded contours) were presented as stimuli, subjects after sight onset were able to recognize the 

first two categories, but showed little response to the third These results indicated that external facial 

features contribute to facial recognition in a major way during the early stages of visual development. 

In the second set of studies, we have used non-invasive brain-imaging technology to understand what 

kind of changes, if any, occur in the visual cortex after onset of sight late in life We used Functional 

Magnetic Resonance Imaging (fMRI) to map the brain's functional aspects in subjects after sight 

onset, and it was seen that dramatic changes take place in the brain in terms of functional connectivity 

and specialization over a period of time. These studies have shown that the brain is still very plastic in 

adults, when presented with visual input for the first time. 

Our third set of studies used electrophysiological assays to understand the electrophysiological neural 

markers characteristic of face and object encoding. These studies were different from the previous two 

sets in that they did not focus on blind or newly sighted subjects. We have accordingly placed these 

studies in an append& The significance of the N170 Event Related Potential (ERP) component was 

explored in facial recognition. The level of detailing of the objects' visual representation played a role 

in object recognition. Moreover, N170 components for positive, negative, chimeric and eyes alone were 

compared Results showed that the spatial frequencies around the eyes play an important role in facial 

recognition. 

The experimental evidence obtained from the first two set of studies reported here points at a clinically 

significant fact The brain remains capable of visual learning well into late childhood and treatment to 

curable blind patients should not be denied on the basis of age alone Further research into this area 

will also lead the way towards developing diagnostic tools for face perception disorders like 

prosopagnosia. The implications of this work are especially significant for our country, which is home 

to the world's largest blind population. 
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