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Visual neurons in the ventral pathway are thought to process shape
information for object recognition. In the majority of previous studies, stimuli
have been tailored for specific presumed function of a given cortical area. Here,
we propose a new analytical method named “transform domain reverse correlation”
(TDRC), which computes spike-triggered average of stimuli after transforming
them into another space. The resulting map directly indicates the stimulus
selectivity of neurons in the transformed domain. To demonstrate the approach
by example, we focused on a curvature domain by first devising a general method
of curvature analysis, and . then applying the method to examine
curvature—specific responses of both model and real neurons.

The study was implemented in three stages. First, we successfully tested
the feature (curvature) extraction capability by applying the transform to
images containing explicit curved features. Second, simulations indicate that
TDRC works well for high-order visual neurons for measuring their curvature
selectivity even with position invariance. Third, we recorded from single
neurons from cat and monkey visual cortices, and TDRC was applied to the
physiological data. Curvature selectivities of actual neurons at various
locations were successfully obtained.

The advantage of our approach is two fold. First, a single set of
experimental data may be reused for testing many hypotheses including those not
even conceived at the time of the experiment, potentially leading to reduced
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animal use. Second, TDRC is massively parallelizable, in that it is applicable
to literally thousands of neurons simultaneously, spanning multiple visual
areas.
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