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2. Population activity and cortical populations

population of neurons
with similar properties

population activity
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Notes

Welcome back to the class, computational neuroscience, neuronal
dynamics of cognition. In the previous section we have defined
population activity in a population of neurons, with similar properties.
But are there such populations. Can we think of really finding neurons
that have similar properties that possibly sit next to each other, that you
can do a spatial average? That makes sense? Yes, I will argue that
columns of orientation selective neurons in visual cortex, are good
candidates for such neural populations. Those who have heard about
visual cortex and columns and receptive fields before can skip this
section and go directly to section three for the others, please stay tuned.
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2. Receptive fields and Retinotopic Map

Neighboring cells

in visual cortex

have similar preferred
center of receptive field

Notes

So suppose you’re ex Mendel colleague, puts in an electrode in the
cortex, in an area that's called visual cortex, while on this screen light
dots appear to these light dots appear at different locations, and what
you will find what your experimental colleague finds is that whenever
the light dot enters a small region, then the activity of these neuron
changes might, for example, increase, So outside, no response inside,
strong response. Now what's interesting is if you now move electrode
just a little bit, you put it a little bit deeper, or you shifted, just a little
bit, and you redo the experiment, you find something very similar, you
find that neighboring cells in visual cortex have very similar receptive
fields, very similar zones there, they are sensitive to visual input.
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2. Receptive fields with Orientation Tuning

Receptive fields:
Retina, LGN

Receptive fields:
visual cortex V1

0
@@

Orientation
selective

Now in visual cortex, the receptive fields are localized, you see here, a
localized zone map back to the screen so whenever the light or these in
this area would get a response, but more over inside receptor field, there
is a substructure. So, and this substructure is different in visual cortex,
to the retina, or intermediate processing step that's called the LGN. So,
in visual cortex, the light that moves in and out, would have a zone
period increases, the response of the cell in the zone very decreases the
response of the cell and these zones can be oriented vertically, or they
can have, they can have an oblique orientation. So here again, a center
zone a positive zone and an excitatory zone and a suppressive zone, next
to it. Now, in the retina, these zones also exist but they have a center
surround structure, a center for example where you have excitation in
the surrounding the where you have inhibition. So in visual cortex, we
can say that the zones have substructure, which leads to orientation
selectivity.
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2. Receptive fields with Orientation Tuning

Receptive fields:
visual cortex V1

rate

== T
0 #
Stimulus orientation

Orientation selective

Let me explain this. If you not, if you now use a light bar and not a light
dot, then you can move this light bar across the screen, and it will touch
different regions of the receptive field, and violence over here, it will sit
over the excitatory sub field of the receptive field. So it will excite the
neuron and will suppress the activity, compared to the gray background.
Now a different cell a neighboring cell may have a different receptive
field, and you see that the optimal stimulation corresponds to our bleak
precision to an oriented bar, and that's why it's called orientation
selective. To turn the bar into this position, the positive and the negative
part of the cell can be stimulated so that there is no strong response.
There as there as in this position, you have the optimal stimulation. So
we can plot the orientation of this light bar as a function of stimulus
orientation, and i could change the light bar here the optimal orientation,
and if I turned the light bar further that activity of this cell of this one
cell will turn down. The fine rate of this cell represents the orientation of
this stimulating light bar.
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2. Receptive fields with Orientation Tuning

e Receptive fields:
ot visual cortex V1
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Stimulus orientation

Notes

And this cell is then characterized a lot fairly by its preferred
orientation. For example, 65 degree.
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2. Orientation Map

/
)
/

cortical orientation map

Neighboring cells in visual cortex
Have similar preferred orientation:

visual
cortex

Hubel and Wiesel 1968; Bonhoeffer&Grinvald, 1991;
Bressloff&Cowan, 2002; Kaschube et al. 2010

So, I said before, that neighboring cells have similar receptive fields so
they have similar location of the receptive field. Now, moreover,
neighboring cells have similar orientations of the receptive field. So,
cells in this first region would all have close to vertical sensitive
sensitivity. If I move the electrode a little bit. I would find cells that
have a preferred orientation which is similar, but somewhat different. So
overall, the message here is that neighboring neurons, have similar
properties. And that's why it makes sense to talk about a population of
cells, a population of cells population of neighboring cells, will respond,
similarly to a stimulus. Now, analogous to what he has seen before,
neighboring cells have different preferred spatial location of his
receptive field. We now have another map the cortical orientation map
which says neighboring cells, the visual cortex, have similar preferred
orientation.
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2. Orientation Map

5m 33s

Receptive field
- set of stimulus features to which
a neuron responds
- for visual neurons: location,
orientation, color, ...

So let me summarize this section. The receptive field is the set of all
stimulus features to reach a neural response in visual cortex. This would
be the location of the receptive field. This would be the orientation of
the receptive field maybe the color maybe something else. And similar
notions hold also in audition in some other sensory cortex and so forth.
Now, for the rest of the todays lecture. The point is that neighboring
cells in visual cortex, have similar preferred orientation that have a
similar location of their receptive fields, and they are quite a few of
these there are many of these cells. So, local neighborhoods of cells
form populations of cells with similar properties, and therefore they are
candidates of neuronal populations.

Neighboring cells in visual cortex

- similar preferred orientation

- similar location of receptive field
-> candidate of ‘neuronal population’
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Quiz 2, now

The receptive field of a visual neuron refers to

[ ] The localized region of space to which it is sensitive
[ ] The orientation of a light bar to which it is sensitive

[ ] The set of all stimulus features to which it is sensitive

|
|
|
|
|
|
|
: The receptive field of a auditory neuron refers to

: [ ] The set of all stimulus features to which it is sensitive
i [ ] The range of frequencies to which it is sensitive

|

|

|

|

|

|

|

The receptive field of a somatosensory neuron refers to
[ ] The set of all stimulus features to which it is sensitive
[ ] The region of body surface to which it is sensitive

‘ Before we go on. Let's have a look at degrees.
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