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Research program:

I have a formal background in physics and many years experience in experimental and
computational neuroscience. My research focus has been on neural circuits and computations in
sensory systems: vision, olfaction, and vomeronasal sensation. Early on I pioneered the use of
multi-electrode arrays for parallel recording from retinal neurons. Together with new approaches
to visual stimulation, this helped reveal what visual processing is accomplished in the retina. We
also showed how one can capture the neural code of the retina with computational models, and
why the retina might perform this way from the perspective of normative theories. A parallel
study of the early olfactory system showed that the rules of early sensory processing there are
quite different from those in the retina, counter to prior claims.

A central mystery of sensory processing is how the brain can identify in the mass of sensory data
the few bits that really matter for behavior. Further, how that selective filter can be adjusted from
moment to moment as the animal’s behavioral needs change, a dynamic process sometimes
summarized as “attention”. These questions led us into studies of the superior colliculus, a brain
area that, at least in the mouse, coordinates the transformation from visual sensing to motor
decisions.

A new research focus in my group is the dynamics of rapid learning. We want to trace what
happens in the brain when an animal has a sudden insight, and can retain that memory for a long
time after.

In all these endeavors we make prominent use of computational and mathematical models to
capture the complexity of brain circuits and derive concrete predictions from hypotheses for
observable phenomena.
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