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Orientation Tuning Curves
(Firing Rates Vs Angle of Orientation)

Terminology:

• Orientation Preference

• Orientation Selectivity

Measured by Bandwidth or Circular Variance

Spikes/sec ⇒
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Orientation Selectivity
(Measured by the “circular variance’ ’ of the tuning curves)

CV ~ 1,   poorly tuned
~ 0,   very selective

A measure of “height-to-trough” 
of the orientation tuning curve

Steady state orientation selectivity
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Data from Ringach, Hawken 
and Shapley (unpublished)

Relation between bandwidth and circular variance in V1.

Ringach, Hawken, Shapley: (unpublished data)
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Orientation bandwidth in different cortical layers

Ringach, Hawken, Shapley:: unpublished data

Low and high circular variance simple cells
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Reverse correlation in the 
orientation domain
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Steady state orientation tuning
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From Ringach, Breveldt, Hawken and 
Shapley, J Neurophysiol. In Press

Response measure

R ( x, q, t ) = log { p ( x, q, t) / p(baseline) }

R>0 , enhancement above baseline

R<0, suppression below baseline

p(baseline) is average probabil ity over the high sf ‘s
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From Ringach, Breveldt, Hawken and 
Shapley, J Neurophysiol. In Press

Data

Model

Response probabilit y vs orientation                     circular variance vs time 
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Conclusions

Orientation selectivity in the primary visual cortex depends upon both the pattern 
of thalamic input but also on cortico-cortical interactions.

Recurrent inhibition seems to be an important factor in improving orientation 
selectivity.

The selectivities for orientation and spatial frequency are dynamic, reflecting the 
time courses of excitation and inhibition. Functional consequences of the dynamics 
are yet unknown. 


