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4-choice decisions

Churchland A, Kiani R & Shadlen MN (2008). Decision-
making with multiple alternatives. Nature Neuroscience 11(6).9
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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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Single unit physiology.

Eye, Brain, and Vision (Scientific American Library, No 22); David H. Hubel, 1995
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LIP neurons: basic responses properties
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LIP neurons: Memory saccade task

Response Field
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LIP neurons: Memory saccade task

Response Field
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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: away the response field
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Memory saccade task: towards the response field
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Memory saccade task: towards the response field

21
Friday, October 1, 2010
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2-choice decisions

+

One choice target is in the 
response field
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2-choice decisions

+

One choice target is in the 
response field

The motion stimulus is 
presented centrally

22
Friday, October 1, 2010



+

23

LIP responses during decision-formation

2 choice

Friday, October 1, 2010



+

23

LIP responses during decision-formation

2 choice

Friday, October 1, 2010



+

23

LIP responses during decision-formation

2 choice

Friday, October 1, 2010



+

23

LIP responses during decision-formation

2 choice

!"!#

$"!#
%&"'#

(!!)*

!
"#
$"
%&
"%
'(
#

+,)-./)*0

%!

1!

'!

2!

3,4,56 478- /*9:*0

Friday, October 1, 2010



+

23

Dip and recovery

LIP responses during decision-formation

2 choice

!"!#

$"!#
%&"'#

(!!)*

!
"#
$"
%&
"%
'(
#

+,)-./)*0

%!

1!

'!

2!

3,4,56 478- /*9:*0

Friday, October 1, 2010



Gradual build-up of 
firing rate

+

23

Dip and recovery

LIP responses during decision-formation

2 choice

!"!#

$"!#
%&"'#

(!!)*

!
"#
$"
%&
"%
'(
#

+,)-./)*0

%!

1!

'!

2!

3,4,56 478- /*9:*0

Friday, October 1, 2010



Gradual build-up of 
firing rate

+

23

Dip and recovery

LIP responses during decision-formation

2 choice

!"!#

$"!#
%&"'#

(!!)*

!
"#
$"
%&
"%
'(
#

+,)-./)*0

%!

1!

'!

2!

3,4,56 478- /*9:*0

Friday, October 1, 2010



Gradual build-up of 
firing rate

+

23

Dip and recovery

LIP responses during decision-formation

2 choice

!"!#

$"!#
%&"'#

(!!)*

!
"#
$"
%&
"%
'(
#

+,)-./)*0

%!

1!

'!

2!

3,4,56 478- /*9:*0

Friday, October 1, 2010



Gradual build-up of 
firing rate

+

23

Dip and recovery

LIP responses during decision-formation

2 choice

!"!#

$"!#
%&"'#

(!!)*

!
"#
$"
%&
"%
'(
#

+,)-./)*0

%!

1!

'!

2!

3,4,56 478- /*9:*0

Friday, October 1, 2010



Gradual build-up of 
firing rate

+

23

Dip and recovery

LIP responses during decision-formation

2 choice

!"!#

$"!#
%&"'#

(!!)*

!
"#
$"
%&
"%
'(
#

+,)-./)*0

%!

1!

'!

2!

3,4,56 478- /*9:*0

Friday, October 1, 2010



Gradual build-up of 
firing rate

+

23

Dip and recovery

LIP responses during decision-formation

2 choice

!"!#

$"!#
%&"'#

(!!)*

!
"#
$"
%&
"%
'(
#

+,)-./)*0

%!

1!

'!

2!

3,4,56 478- /*9:*0

Friday, October 1, 2010



24

LIP responses during decision-formation

4 choice

!""#$

!
"#
$"
%&
"%
'(
#

"%"&

'%"&

()%*&

+,#-./#$0

("

1"

*"

2,3,45 367- /$89$0

Friday, October 1, 2010



24

Dip and recovery

LIP responses during decision-formation

4 choice

!""#$

!
"#
$"
%&
"%
'(
#

"%"&

'%"&

()%*&

+,#-./#$0

("

1"

*"

2,3,45 367- /$89$0

Friday, October 1, 2010



Gradual build-up of 
firing rate

24

Dip and recovery

LIP responses during decision-formation

4 choice

!""#$

!
"#
$"
%&
"%
'(
#

"%"&

'%"&

()%*&

+,#-./#$0

("

1"

*"

2,3,45 367- /$89$0

Friday, October 1, 2010



Gradual build-up of 
firing rate

24

Dip and recovery

LIP responses during decision-formation

4 choice

!""#$

!
"#
$"
%&
"%
'(
#

"%"&

'%"&

()%*&

+,#-./#$0

("

1"

*"

2,3,45 367- /$89$0

Friday, October 1, 2010



Gradual build-up of 
firing rate

24

Dip and recovery

LIP responses during decision-formation

4 choice

!""#$

!
"#
$"
%&
"%
'(
#

"%"&

'%"&

()%*&

+,#-./#$0

("

1"

*"

2,3,45 367- /$89$0

Friday, October 1, 2010



Gradual build-up of 
firing rate

24

Dip and recovery

LIP responses during decision-formation

4 choice

!""#$

!
"#
$"
%&
"%
'(
#

"%"&

'%"&

()%*&

+,#-./#$0

("

1"

*"

2,3,45 367- /$89$0

Friday, October 1, 2010



Gradual build-up of 
firing rate

24

Dip and recovery

LIP responses during decision-formation

4 choice

!""#$

!
"#
$"
%&
"%
'(
#

"%"&

'%"&

()%*&

+,#-./#$0

("

1"

*"

2,3,45 367- /$89$0

Friday, October 1, 2010



•Background: behavior on a random dot 
motion decision task and a proposed neural 
mechanism
•Predictions about neural variability 
inherent to that mechanism
•Neural variability in the data
•Predictions about temporal 
correlations inherent to that mechanism
•Temporal correlations in the data

Roadmap
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•Background: behavior on a random dot 
motion decision task and a proposed neural 
mechanism
•Predictions about neural variability 
inherent to that mechanism
•Neural variability in the data
•Predictions about temporal 
correlations inherent to that mechanism
•Temporal correlations in the data

Roadmap
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Churchland MM et al, Stimulus 
onset quenches neural 

variability: a widespread 
cortical phenomenon; Nature 

Neuroscience, 2010
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Other models of decision-making
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Conclusions

• VarCE and CorCE are useful tools

-Capture “variation in what is computed” 

-Expose features of neural computations in 
decision making

e.g., integration, mixtures, termination 
bound, refutes change point and several 
plausible alternative models 

• The main limitation is in estimating ϕ
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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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Fano factor
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Decision termination
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Computing VarCE:
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