Rapid measurement of spatiotemporal contrast sensitivity in behaving macaque monkeys
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Introduction

The spatiotemporal contrast sensitivity function ("Kelly function") is a large-
scale characteristic of visual performance. It consists of contrast thresholds
across the visible range of spatial and temporal frequencies of luminance
modulation (Kelly, 1979; Nakayama, 1985).

Estimation of the function is important for basic vision research and for
evaluating the deficiencies that accompany visual pathology (e.g.,
Comerford, 1983). Kelly function in humans was previously found to have
an invariant shape across tasks and subjects, consistent with a theory of
visual sensitivity (Gepshtein et al., 2007).

Changes in speed statistics caused a shift of Kelly function while preserving
its shape (Gepshtein et al., 2013). To understand how the large-scale
change of sensitivity is mediated by cortical neurons, we need to know
where neuronal tunings fall on the Kelly function.

-

\O Contour plot of the Kelly function (Kelly
A o % 1979). The level curves are isosensitivity
contours for five magnitudes of contrast
threshold. The ratios of temporal frequency
to spatial frequency are stimulus speeds,
notated on top right, forming the parallel
constant-speed lines. The thick curve
labeled "max" is the set of maximal
senstivities across speed. The curve is
predicted to have an invariant shape under
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Sample of results from speed adaptation experiments by Gepshtein et al (2013).
Changes in statistics of stimulus speed caused a large-scale reorganization of
sensitivity: a shift of the Kelly function predicted by Gepshtein et al. (2010). /
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PSI procedure (Kontsevich & Tyler, 1999). An adaptive Bayesian method that directly estimates the threshold and slope of psychometric
function. The contrast to be tested on the next trial is selected to maximize the expected information gain about the threshold and slope.
This method uses a fraction of trials required by the method of constant stimuli (42 spatiotemporal frequency nodes x 50 trials).
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