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Binocular Normalization
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Monocular contrast-response curve
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When the two retinal images are similar, visual cortex receives 
double the input (compared to monocular viewing). However, 
the percept is hardly any different from seeing with one eye.

Divisive normalization has been proposed as a mechanism for 
binocular summation:

For near-threshold stimuli, binocular viewing improves 
sensitivity over monocular viewing.

For highly supra-threshold stimuli, binocular viewing has a 
negligible effect.

Questions:

How do inputs from the two eyes combine and elicit fMRI ac-
tivity in V1 and other retinotopic visual areas?

Are monocular responses in V1 affected by input to the 
other eye?

Is there inter-ocular suppression when the retinal images 
are incompatibe?

7

Methods:

Response in V1 consistent with binocular 
normalization

Additivity index = 
Response to left and right eye – Response to left eye 

 (Response to left eye alone + right eye alone)/2
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Binocular normalization between incom-
patible stimuli

Binocular normalization is orientation selective.

Response to a single grating is similar to the response to two 
identical gratings, but is smaller than the response to two or-
thogonal gratings comprising a plaid.

Additivity = Response to left and right eye – Response to left eye 

p<0.05

Onset asynchrony between the eyes results in perceptual 
suppresion of the eye that was first stimulated (flash suppres-
sion).

Could binocular normalization be bottom-up mechanism 
for  rivalry or flash-supression?

No flash-suppression

p<0.05

If flash-suppression, we expected MG=DP<MP

Responses in V2 and V3 similar to V1

Control: hemodynamic response not 
saturated

Furthermore, there was no indication 
that the additivity was larger for 
short stimulus durations (which 
evoked smaller fMRI responses) than 
for longer durations (which evoked 
large responses).
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Conclusion
When attention was diverted, binocular interaction in V1 

could be explained by a binocular contrast normalization 
model.

Input to each eye contributed to the normalization of the 
activity evoked by a similar input to the other eye.

The interaction between orthogonal orientations did not 
depend on the eye of origin, nor on the onset times.
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Six observers participated in the experiments. 

A demanding continuous fixation task was used to divert at-
tention from the peripheral stimuli.

Binocular contrast-response curve
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Binocular normalization explains the responses.


