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Cortical neurons are variable
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4-choice decisions
y

Churchland A, Kiani R & Shadlen MN (2008). Decision-
making9with multiple alternatives. Nature Neuroscience 11(6).
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Behavior on the 2- and 4-choice tasks
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Behavior on the 2- and 4-choice tasks
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A framework for understanding
2-choice decisions
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A framework for understanding
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The bounded accumulation framework
accounts for the monkey’s speed and
accuracy on the 2-choice task
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Smgle unit physmlogy

- \\w%

Eye, Brain, and Vision (Scientific American Library, No 22); David H. Hubel, 1995
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http://www.amazon.com/Brain-Vision-Scientific-American-Library/dp/0716760096/ref=sr_1_2?ie=UTF8&s=books&qid=1228255939&sr=1-2
http://www.amazon.com/Brain-Vision-Scientific-American-Library/dp/0716760096/ref=sr_1_2?ie=UTF8&s=books&qid=1228255939&sr=1-2
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[s there evidence in the brain to support
bounded accumulation?
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[s there evidence in the brain to support
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LIP neurons: basic responses properties
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LIP neurons: Memory saccade task
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Memory saccade task: towards the response field
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Memory saccade task: towards the response field
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Memory saccade task: away the response field
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Memory saccade task: towards the response field

24

Friday, October 1,2010



Memory saccade task: towards the response field

Friday, October 1,2010



2-choice decisions
y




2-choice decisions
y




2-choice decisions
y

@ One choice target is in th
response field




2-choice decisions
y
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response field

Q@ 'The motion stimulus is

presented centrally

22

Friday, October 1,2010



LIP responses during decision-formation
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LIP responses during decision-formation
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Bounded accumulation: the right mechanism?
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Bounded accumulation: the right mechanism?

Bound for “right” choice
| ||IFL i

| I“l..'u!"":!':'l\ i

‘ ”I "'iii"ill I|'|I|| |

ThILT I||||
|||||||II l||||ll||l
III“ ||I||| ||||| |I

Time—>

Friday, October 1,2010



Variance can distinguish neural mechanisms
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Variance can distinguish neural mechanisms
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Roadmap

*Neural variability in the data




Bounded accumulation: the right mechanism to
explain LIP firing rates?
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Computing VarCE from neural data
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Computing VarCE from neural data
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Churchland MM et al, Stimulus
onset quenches neural
variability: a widespread
cortical phenomenon; Nature
Neuroscience, 2010
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VarCE doesn’t depend on most task parameters
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VarCE for 2-choice vs 4-choice responses
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VarCE doesn’t depend on most task parameters
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VarCE during the pre-decision period
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VarCE depends on phi
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Mean firing rate at decision time
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VarCE at decision time
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VarCE at decision time
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VarCE at decision time
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Roadmap

*Predictions about temporal
correlations inherent to that mechanism
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VarCE during decision formation
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Variance can distinguish neural mechanisms
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Variance can distinguish neural mechanisms
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Variance can distinguish neural mechanisms
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Correlation of the conditional expectation (corCE)
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Correlation of the conditional expectation (corCE)
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Roadmap

o Temporal correlations in the data
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Computing the CorCE in neural data
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Computing the CorCE in neural data
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Computing the CorCE in neural data
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Computing the CorCE in neural data
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Computing the CorCE in neural data
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Other models of decision-making
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Churchland et al. Figure 2
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The same features of the VarCE are evident in a mean-matched
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The same features of the VarCE are evident in a subset of the data
with a relatively stationary mean
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Decision termination
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Computing VarCE:




Computing VarCE:

Law ?f total Var| X | = Var[(X‘Yﬂ + <Var[X‘Y]>
variance ) 4 (i 3 g

variance of conditional expectation o
expectation (VCE) conditional variance




Computing VarCE:

Law of total Var[X] = Var[(X\Yﬂ +<Var[X\Y]>
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Computing VarCE:

Law of total Var| X]= Var[(X\Yﬂ +<Var[X
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