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1. Introduction

- decision making

Decision models:
Competitive dynamics
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. Perceptual decision making

- V5/IMT
- Decision dynamics: Area LIP

. Theory of decision dynamics

- competition via shared inhibition
- effective 2-dim model
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5. Simulations and Experiments
- simulations and theory

- simulations and experiments

6. Decisions, actions, volition
- the problem of free will
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2. Perceptual decision making?

Bisection task:
‘Is the middle bar shifted to the left or to the right?”’

e.g., Herzog lab, EPFL

Notes

Welcome back to the class Computational Neuroscience: Neuronal
Dynamics of Cognition. This week we look at decision models, and I
would like now to give you some background about perceptional
decision making. Suppose you see three bars on the screen. Now, the
middle bar is not exactly in the middle but it's shifted slightly to the
right or to the left. I want you to take the decision. Do you see it shift
into the left or to the right? And I want you to make a commitment. If
you see to the left, you put your left hand on your knee, if you see it
shifted to the right, you put your right hand on your right knee. Okay?
Make your decision now.

Summary
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2. Perceptual decision making?

Bisection task:
‘Is the middle bar shifted to the left or to the right?”’

e.g., Herzog lab, EPFL

Notes
Here's another example. Make your decision now. A third example.

Make your decision now. The fourth example. Make your decision now.
Now, it's important in these experiments that you're actually forced to
take a decision. You cannot say I don't know. You are forced to take a
decision, either left or right. That's the setup of these experiments and
you see from these examples that they can make it quite difficult so that
there's a certain amount of noise attached to the decision making.

Summary

Om 47s
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2. Detour: receptive fields in Vo/MT

IMAGE Nature Reviews | Neuroscience \

1) Cells in visual cortex MT/V5 respond
to motion stimuli

2) Neighboring cells in visual cortex MT/V5

respond to motion in similar direction  Albright, Desimone, Gross,
cortical columns J. Neurophysiol, 1985

Notes
Now, decision making involves many, many different areas. And in

experiments with monkeys, you can also ask whether they would vote
left or right, and they do this by moving their eyes, by performing a
saccade. And one of the standard stimuli used is not the bisection task,
but it's a moving dot task. So they are -- there's a random configuration
of dots presented on the screens, and these dots move coherently in one
direction or the other. And if they move left, the monkey has to say left,
if they move right, the monkey has to say right by moving his eye, by
shifting his direction of gaze. Now, in this kind of decision task,
different areas involved, the visual input comes into different visual
areas first in visual cortex V1, V2, V3, there will be the -- there will be
different process and stages for motion detection. An important area is
the area V5, also called MT. And this is the area here from which
recordings have been done in this first set of experiments. So an
electrode has been put into this area so that records activity from one or
just a few of neurons in this area.

Summary
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2. Detour: receptive fields in Vo/MT

Coherence=0.66

Coherence=1.0

Receptive Fields depend

on direction of motion: 3 = preferred direction = P

Image:
Gerstner et al. (2014),
Neuronal Dynamics

And now while you hold your electrode, you present on the screen
different moving dot paradigms. For example, you try with a set of
moving dots, moving to the right, and you see that your cell, the one cell
you are recording from has very little activity, and you turn the angle of
movement, you make the movement for example moving in this
direction, nearly perpendicular upwards, and now you find you have a
very strong response. You can turn it even further so that the dots move
to the left, and then you would find the activity goes down again. So as
a result of this kind of experiment you can say this one cell that you are
recording from has a preferred direction of movement of, say, here, 130
or 140. So different cells will have different preferred movement
directions. And as a first step, you always find out what is the preferred
direction of movement of the cell you are recording from. So, the first
statement therefore is, the receptive field is sensitive to the direction of
motion. The second statement is the receptive field is still spatially
localised. And now you can play with different stimuli.

Notes

Summary

Lecture Videos 5
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2. Detour:receptive fields in Vo/MT

Coherence=0.66

Coherence=1.0

Receptive Fields depend

on direction of motion: 3 = preferred direction = P

Image:
Gerstner et al. (2014),
Neuronal Dynamics

Notes

Once you have found that your cell responds best to movement in this
direction and once you have found where its localisation is, you can
now say I can use the moving dot stimulus where 100% move in the
same direction, or you can say I move a stimulus for only 66% of the
moving dots move in the same directions, while only others move in
arbitrary, random directions. Now the task is designed such that if the
monkey discovers that the movement is in this direction, then he should
shift his gaze to the point P which corresponds to a LED. Now if the
monkey perceives movement in a different direction, you should shift
his gaze and make a saccade to the neutral point N. So P for preferred

4m 13s

direction, N for a neutral point.

Summary
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2. Experiment of Salzman et al. 1990
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Image: Salzman, Britten, Newsome, 1990

So the setup of the experiment is as follows. The monkey has to focus
throughout the experiments on the fixation point. So the fixation point
comes up. This is the first phase of the experiment. Then the second
phase of the experiment, the stimuli go on. So this is now the visual
stimulus. Now we have a moving dot paradigm and the fixation point is
still on while the visual stimulus is on. Then the visual stimulus turns
off, and the two LEDs will go on. And this is the moment when the
monkey, and you can shift his gaze, to the direction he would choose,
and for example if he perceives this movement as moving to the left
upwards, then he would probably move his eye to this LED here. So, in
the end, the eye position is the readout that's the indication of a decision,

5m 17s

so the monkey indicates his decision by eye movement.

Notes

Summary
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2. Experiment of Salzman et al. 1990
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Image: Salzman, Britten, Newsome, 1990
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coherence -1.0

opposite
direction

Notes

Just as we humans could make the task difficult for us, the case of a
visual bisection task, if I have to say whether the middle bars shifted to
the left or to the right, we can make the task difficult for the monkey by
having only 80% of the dots moving together, or 50% of the dots, or
10%, or 0%, or even moving dots in the other direction.

6m 22s

Summary
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2. Experiment of Salzman et al. 1990

Monkey behavior w. or w/o Stimulation
of neurons in V5/MT
Monkey
chooseséﬁg&;

At~ - S~ = :

Vis

— 0.5 0.5

No bias, each point
moves in random direction

Salzman, Britten,
Newsome, 1990

fixation——

T

L= =

L LLED

X = coherent motion
to bottom right

And now what you find is that the monkey chooses the movement
towards the preferred direction. Say, he chooses the direction P, and
what I indicate is the percentage of time that he chooses P. Now, if I
give a strong stimulus where all points move in the same direction, the
monkey is pretty sure to give always the same answer. If I have a
completely random movement of dots, then since the monkey is forced
to make a decision, we obtain 50% of the cases to the left, 50% in the --
of the cases to the right. Now more interesting are cases like, when only
10% of the dots move in the same direction, in which case the monkey
will make a decision which is stochastic so that, for example in 60% of
the cases he would say P, and the other 40% he would say N. And of
course all of these points would have a error attached to it. So overall
we have a curve like this, and this curve just represents the behavioural
performance of the monkey, the decision of the monkey, just as in our
psychophysical experiment at the beginning of this part when I asked
you to say whether the middle bar was shifted to the left or to the right.
It's a pure behavioural performance curve.

Notes

Summary

Lecture Videos 5
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2. Experiment of Salzman et al. 1990

Monkey behavior w. or w/o Stimulation R
of neurons in V5/MT @ N
Monkey R\
chooseszﬁggk +
At~ ~ - =~ = :

fixation— L
[ ;
Visual-stim: %WLED

X = coherent motion

408_ 05 = 05 14
@ @ to bottom right

No bias, each point

Salzman, Britten,m " random direction
Newsome, 1990 MOVES IN rando ectio

Notes

But now I told you that these experiments are done while
experimentalist is recording from one of the neurons. And we know that
the preferred direction of this neuron we are recording from is, for

example, this direction, towards the point P.

Summary

8m 21s
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2. Experiment of Salzman et al. 1990
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So what we can do now is we can exploit that. If a neuron sits in this
area MT, it's not isolated in the sense that neighbouring neurons will do
very similar stuff. So, if one neuron has a preferred direction in this
direction, then neighbouring neurons will often have similar preferred
directions of movements. Now the experimentalist can apply a stimulus
while the task is running. And this stimulus will slightly excite neurons
in the direct neighbourhood of the electrode, and then we can redo the
task with different levels of coherence.

8m 39s

Notes

by

Summary
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9m 23s

2. Experiment of Salzman et al. 1990
Behavior: psychophysics

Coherence=0.66

Coherence=1.0
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Image:

Gerstner et al. (2014),
Neuronal Dynamics;
Redrawn after
Salzman et al, 1990

With stimulation

And what we see is that with stimulation, the original curve is now
shifted further upwards. That means, even at 0 coherence, the monkey
no longer is at 50%, but he will preferably indicate that he perceives a
movement towards the direction P, the preferred direction of the cells
we are recording from. So, we can influence the decision, but does this
mean that this area is taking the decision? No. That's not the case.
Rather, this area represents the perception, and I can influence the
perception by changing the perceived stimulus. And I can change this
perceived stimulus by giving extra excitation. So having a higher
activity of these neurons in this area indicates that the monkey perceives
a movement in the preferred direction where in fact it's just random
dots.

Notes

Summary
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2. Perceptual Decision Making

9.1 Review: Population dynamics
- competition

9.2 Perceptual decision making
- V5IMT
- Decision dynamics: Area LIP

9.3 Theory of decision dynamics

' - shared inhibition
Nature Reviews | Neuroscience . eﬁectlve 2-d|m model

9.4. Decisions in connected pops.
- unbiased case
- biased input

9.5. Decisions, actions, volition
- the problem of free will

Notes

Now this area MT that we talked about so far is just one step on the
processing way. The next stage would be LIP, and then this is the frontal
eye field area which is very close to controlling the saccade. Now let's
look at the activity of these LIP neurons.

Summary

10m 29s
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2. Experiment of Roitman and Shadlen in LIP (2002)
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Roitman and Shadlen 2002

LIP neurons still have receptive field, but the receptive field is now a
rather abstract concept. It doesn't say where the stimulus is, but rather
the receptive field of a neuron in LIP is selective to the target of the
saccade. For example, the neuron that Roitman and Shadlen have been
recording from was sensitive to the fact that the monkey prepared a
movement of a saccade, he prepared the eye movement in this direction.
So, the preparation of a movement in this direction is being indicated by
neurons in the LIP, by this neuron in the LIP which has the receptive
field here. Of course, there would be another neuron somewhere else in
the LIP that would maybe have a receptive field over there, and this
other neuron would go on if the monkey prepares a movement in the
other direction. So overall, the experiment runs as before, the monkey
has to fixate, he has two targets, and based on the motion stimulus he
perceives, he has to indicate his choice, his perception, by moving his
eye either towards the right position or towards the left position.

Notes

Summary
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12m 10s

2. Experiment of Roitman and Shadien in LIP (2002)
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-selective to target
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signal is stronger

- activity is noisy
LIP is somewhere
between MT (movement
detection) and Frontal

Eye Field
(saccade control)

And now here are the results. This is a neuron that had a receptive field
for indicating preparation of movement in this direction. And now the
data is organised according to the moment when the saccade was
initiated, which means the moment when the eye movement started,
when the eye movement was measurable. Now these are different trials.
Each line is one experiment. It's always the same neuron and the trials
have been sorted that the motion stimulus started at different
movements. So, this was a trial for the motion stimulus started here, and
the monkey took quite a bit of time until the saccade started, and this
was the trial that the monkey responded rather quickly to the motion
stimulus. Now all of these stimuli were fairly strong, about 50% of the
points, theyre moving in the same direction. If you use a weaker
stimulus, then the overall decision time is much longer. Now sometimes,
random dots, they're presented as moving in the other direction, in
which case the monkey has to indicate a choice over here, nevertheless
the recording was made from the same neuron as before. And now while
the monkey makes the movement or prepares the movement to the left,
the activity of neurons that would indicate movement to the right is
slightly suppressed.

Notes

Summary
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2. Experiment of Roitman and Shadien in LIP (2002)

select T'1 select T2
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)

Spikes/s

500 ms
Figure 4. Response of an LIP neuron during the RT-direction-

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)

Notes

13m 44s

There's slightly less activity than on the other side. So neurons in LIP
are selective to the target of the saccade, and their response increases
faster for stronger stimuli than for weaker stimuli, and there's a weak
suppression effect if the movement goes away from the selected
saccade, from the selected receptive field.

Summary
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2. Experiment of Roitman and Shadien in LIP (2002)

Neurons in LIP:

- Selective to target of saccade

- Activity increases faster if signal is stronger

- Activity is noisy

- Located in the signal processing stream
between sensory areas and saccade control

- 1 do not claim that these neurons ‘take the
decision’

- Interesting correlations with decision outcome

Notes
So, let me summarise. Neurons in LIP, they are selective to the target of

the saccade, the activity increases faster for stronger signal, the activity
is very noisy. Now, these LIP neurons are located somewhere in the
signal processing stream between the central areas and the saccade
control. So I in no way, I would claim that these neurons take the
decision, but there's an interesting correlation between the decision
outcome and the activity of neurons in the LIP.

Summary
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So before we go on, just one question of quiz, please take your time.
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