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Decision, Perception

and Competition

in Connected Populations

Lecture 13

Course: Neural Networks and Biological Modeling

Wulfram Gerstner

EPFL

-Review: Population Equations

-Motion Detection in Cortex (Area MT)

-Decision Dynamics - Areal LIP

-Decision Dynamics – Theory

-Human Decisions and Free Will
Suggested Reading:  - Salzman et al. Nature 1990

- Roitman and Shadlen, J. Neurosci. 2002

- Abbott, Fusi, Miller: Theoretical Approaches to Neurosci.

- X.-J. Wang, Neuron 2002
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Detour: Receptive fields in V5/MT 

visual 

cortex

Neighboring cells in visual cortex MT/V5

respond to motion in similar direction

cortical columns

Blackboard:
Receptive Fields depend

on direction of motion
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Fig. from Roitman and Shadlen

2002

coherence 0.8=80%

coherence 0.5 = 50%

coherence 0.0

Shadlen and Newsome: Moving dot stimuli (MT)

Salzman, Britten, Newsome, 1990
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Blackboard:
Motion detection and stimulation

Salzman, Britten, Newsome, 1990

Fig. from Roitman and Shadlen 2002

Shadlen and Newsome: Moving dot stimuli (MT)

Salzman, Britten, Newsome, 1990
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Roitman and Shadlen 2002: moving dot stimuli (LIP measurements)

coherence 85%

coherence 50%

coherence 0%

RF of Neuron in 

LIP:
-selective to target of 

saccade

-increases faster if 

signal is stronger

- activity is noisy

LIP is somewhere 

between MT 

(movement detection) 

and Frontal Eye Field

(saccade control)

Roitman and Shadlen 2002

Neurons in LIP:
-selective to target of 

saccade

-increases faster if 

signal is stronger

- activity is noisy

LIP is somewhere 

between MT 

(movement detection) 

and Frontal Eye Field

(saccade control)
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Blackboard:
reduction from 3 to 2 equations
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Exercise 1 now: draw nullclines and flow arrows
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Next Lecture  at 10:25

Phase plane, strong external input
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Phase plane – biased input:Population activity
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Symmetric, but strong input
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Biased input = stable fixed point

 decision reflects bias
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Homogeneous solution = saddle point

 decision must be taken

Exercise 2.1 now: stability of homogeneous solution
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b) Analyze stability of the fixed point h(b) as a function of b

Next Lecture  at 11:15
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 decision must be taken

Phase plane

01h
dt
d

Weak external input:

Stable fixed point

9.0)1(

1.0)0(

8.02.0)(

g

g

hforhhg

02h
dt
d

extext hh 21 2.0

Simulation of 3 populations of spiking neurons, unbiased strong input

X.J. Wang, 2002
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stimulus

Roitman and Shadlen 2002

Stimulus onset
saccade onset
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goal

How would you decide?

goal

Start

How would you decide?

fMRI variant of Libet experiment

Decision and 

Movement

Preparation

-Subject decides spontaneously

to move left or right hand

- report when they made their decision 

Libet,  Behav. Brain Sci., 1985

Soon et al., Nat. Neurosci., 2008

goal

What decides? Who decides?

goal

Start

-Your experiences are memorized in your brain

-Your values are memorized in your brain

-Your decisions are reflected in brain activities

‘Your brain decides what you want or what you prefer … ’

‘ … but your brain – this is you!!!’

‘We don’t do what we want, but we want what we do’ (W. Prinz)

The problem of 

Free Will
(see e.g. Wikipedia 

article)

Exam:
- written exam 23. 06. 2011 from 8:15-11:00

- miniprojects counts 1/3 towards final grade

For written exam:
-bring 1 page A5 of own notes/summary

-HANDWRITTEN!

The end

Last Lecture Next Week: 
- prepare questions for discussion section


