
 Introduc tion

•  How do neurons combine center
   and surround color information?  
   Computational nonlinear, and not 
   well understood.

•  G oal: spike count distribution and
   not only mean firing rate can provide
   insight into computation. 
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•  Spike count factorability model
   can explain color contextual effects 
   in area V1.

•  But we suspect that at the onset
   of response there is a prominent
   excitation, possibly due to 
   encroachment of surround onto
   the center; factorable models do not
   perform as well, particularly the
   Gaussian Sigmoidal.

•  Exploring how results generalize 
   to other stimulus attributes and
   neural areas: is spike count 
   factorability a general principle 
   in the brain? Implementation?

• Theoretically, implications for
   efficient  coding: when conditioning 
   on the number of spikes, are 
   external aspects of stimuli in the 
   world independent?
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gray surround

color surround

•  For 20 neurons: Spike count 
   distribution computed from spike
   train, starting 100 msec after 
   stimulus onset until 200 msec

•  Data collected from awake 
   fixating rhesus monkeys in V1
   (Wachtler et al., 2003)

 E xperimental Method

•  Multiple conditions of center and 
   surround colors (not only center 
   optimal!): 8 center, 2 surround

•  Minimum of 16  stimulus repeats
   (to obtain distribution of responses)
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Statistics summary (alpha=0.05, chi square test)

Control: Additional example neuron, including control model with 
same number of parameters as Morton Massaro: 

Morton Massaro                  18/20                           14/20
G auss ian S igmoidal            16/20                             9/20
C ontrol (Additive MM)           8/20                           11/20

100-200 msec 50-100 msec
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Model: Probablility of spike counts given center and surround,
factorizes into a component selectively dependent on center, 
and a component selectively dependent on surround. The 
probability of r spikes, given center c and surround s: 

This is a type of factorability for every bin of the spike count
distribution. Number of free parameters:  (|c| + |s| - 1) x |r-1|
(8 centers, 2 surrounds, 10 spike bins: 81 params/144 points)

   Model fit to data: example neuron spike count distribution
    (points are data; solid model fit):

center 1 center 8

Model: We describe a simplified model that adheres to Morton 
Massaro, but with significantly fewer parameters. The spike count 
distribution is given by a Gaussian (with mean equal to sum of
center and surround parameters) passed through a Sigmoidal:

c+s 
Free parameters do not depend on spike bins, but also include 
Gaussian variance and Sigmoidal gain and threshold: |c|+|s|+3   
(8 centers, 2 surrounds, 10 spike bins: only 13 params/144 points)

Model fit to data: example neuron spike count distribution
(points are data; solid model fit):

Morton Massaro Control (Additive MM)Gaussian Sigmoidal

Timing: F or same neuron, spike count distribution computed at 
spike onset; response includes  both suppress ion and excitation.

References:
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F rom spike count distribution, we derive the mean firing rate:

gray surround

color surround

center 1 center 8

F rom spike count distribution, we derive the mean firing rate:

Morton Massaro Control (Additive MM)Gaussian Sigmoidal

  1

  2

  3

  4

  5

30

210

60

240

90

270

120

300

150

330

180 0

  1

  2

  3

  4

  5

30

210

60

240

90

270

120

300

150

330

180 0

  1

  2

  3

  4

  5

30

210

60

240

90

270

120

300

150

330

180 0

Direction of 
surround color

Direction of 
surround color

  1

  2

  3

30

210

60

240

90

270

120

300

150

330

180 0

  1

  2

  3

30

210

60

240

90

270

120

300

150

330

180 0

  1

  2

  3

30

210

60

240

90

270

120

300

150

330

180 0

50-100 msec window:

50-75 msec window:


