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From the retina to the cortex Visual system

Glickstein M. Sci. Am. 1988



Each hemisphere of the brain represents its 
contralateral visual field



Studies of cerebral lesions revealed 
topographic visual deficits

Holmes G. Br. J. Ophthalmol. 1918

Russo-Japanese War of 1904–5





Džaja et al., Front. Neuroanat., 2014

Anatomy



The six layers of the “striate” cortex (V1)
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Scales of the nervous system

Churchland & Sejnowski, 1992



1 mmLivingstone, Neuron, 2013

Physiology



Hubel & Wiesel, J. Physiol., 1959

Neurophysiological recordings from V1

Orientation selectivity of simple fields



Selectivity and tolerance of complex fields

Hubel & Wiesel, J. Physiol., 1962



Hubel and Wiesel mapping V1 neurons

www.youtube.com/watch?v=8VdFf3egwfg



Retinotopical map in the cortex Functional organization

Visual field

Eccentricity

Visual field

Hubel & Wiesel, Proc. R. Soc. Lond. B, 1977



Ocular dominance columns

1 mm

Hubel & Wiesel, Proc. R. Soc. Lond. B, 1977



Visual orientation columns

1 mm

Hubel & Wiesel, Proc. R. Soc. Lond. B, 1977 Horton & Adams, Phil. Trans. R. Soc. B, 2005



Putting it all together: the “hypercolumn”

~2 mm

Hubel & Wiesel, Proc. R. Soc. Lond. B, 1977





Receptive field models







Stimulus “selectivity” and “tolerance”

Orientation selectivity
of a simple cell:
boolean ‘AND’ operation
over circular ON fields 
with different positions

Position tolerance
of a complex cell:
boolean ‘OR’ operation
over simple fields with 
same orientation preference

Question: The circuits are identical to each other, so why is one ‘AND’ and the other ‘OR’?

Hubel & Wiesel, J. Physiol., 1962



Summation Gain Normalization

Cavanaugh et al., J. Neurophysiol., 2002

Nassi et al., Front. Syst. Neurosci., 2014



Neural populations

Forward input from LGN Feedback from V2

Function through connectivity

Maunsell & Van Essen, J. Neurosci., 1983



Visual cortex is hierarchically organized

Symmetry about the diagonal indicates
mutual connections between areas

Felleman & Van Essen, Cereb. Cortex, 1991 Markov et al., Cereb. Cortex, 2014



Object recognition (for another day)

?

Poggio & Bizzi, Nature, 2004



Role of cortico-cortical feedback



Effects of feedback inactivation in V1

Contrast (%)

Nassi et al., Front. Syst. Neurosci., 2014

Cortical feedback provides surround suppression to V1 neurons

Cortical feedback increases trial-by-trial and spike train variability of V1 neurons

Gómez-Laberge et al., Neuron, 2016



Neural variability: consequence of correlated activity? 

1 mm
Smith & Kohn, J. Neurosci., 2008

10 x 10 multi-electrode array



Spatial attention
Neural Correlates of 

Behavior

Motter, J. Neurophysiol., 1993

Orientation discrimination
task by ‘button press’

V1 cell tuning curves
measured during 

attention task
Attentional effects in 94 V1 cells

Distractors
absent

Distractors
present

attend toward (●)
attend away    (◦)



Decision-related activity

Albright & Stoner, Annu. Rev. Neurosci., 2002

Nienborg & Cumming, J. Neurosci., 2014

A cell’s CP is largely influenced by
its correlation with its neighbors:

Haefner et al., Nat. Neurosci., 2013



The Unknown
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Reading assignment

There are two generic overarching themes that need to be 
included in your write-up:

(1) Write a critical comment on the paper. 
What was right? 
What was wrong? 
Is the interpretation justified? 
Is the math correct? 
Are all the controls there? 
Are there any confounding factors?

(2) What would be a good follow up study based on this paper?


