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How neural is DFT?

+Does DFT simply create an analogy to neural systems?
+Or is DFT ‘neural’ in a deeper sense?

DFT is deeply neural...

+We'll show this using an analysis method called the
distribution of population activation (DPA)

+DPA creates a direct mapping from electrophysiological
recording to the neural population dynamics captured in
DF models

+But more than that, we’ll see direct neurophysiological
evidence for the types of neural interactions instantiated
in DF models - neural evidence for DFT
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Receptive fields of single neurons

Single cells are ‘tuned’ to metric

dimensions

+They fire maximally to certain

stimuli

+But tuning curves are generally

quite broad

+As a consequence, it's hard to
glean much from the firing rates

of individual cells

+By contrast, response across

multiple cells can be quite
informative
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Does the whole population really matter?

Yes!
+Deactivate A and visually

evoke an eye movement to

A - still get an eye
movement to A

+Deactivate A and visually

evoke an eye movement to
B - get an eye movement

biased toward D, even

though B is still engaged (A

has an influence, even
though at the periphery)
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What about non-topographic areas?

+Motor cortex is not topographic...but it is functionally
topographic

Figure 1. An example of population
coding of movement direction. The blue
lines represent the vectorial contribu-
tions of individual cells in the popula-
tion (N = 475). The movement direc-
tion is in yellow and the direction of the
population vector in red.
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Population vectors
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/]
Population vector predicts movement
direction prior to actual movement

Figure 5. Normalized actual (yellow) and “‘neural” (orange) trajecto-
ries. See text for details.
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DPA generalizes this approach

+Cells contribute their entire tuning curves, not just their
maximal direction

activation

feature space
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Evidence for surround inhibition
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Figure 6. The t i i DPAs (top) of ite stimuli (from left to right, 0.4-2.4° ion) were to the

of the ions of theil y stimuli (bottom). The DPAs were based on spike activity of 178 cells averaged over the time interval
from 30 to 80 meec after stimulus onset. Same conventions as in Figure 2B, the color scale was normalized to peak activation separately for each column.
For small stimulus separation, note the remarkably reduced level of acti for the as compared to the superimposed responses. The bimodal
distribution recorded for the largest stimulus separation comes close to match the superposition. However, inhibitory interaction can still be observed.
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From excitation close to inhibition far
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Figure 9. Time-resolved analysis of interaction effects based on integrals of DPAS in a 0. wide band around the location of the nasally positioned

elementary stimulus (4, ‘The different composite stimuli are shown in column A. Column B contrasts the OL E-derived DPAs fo composite
stimuli (sofid line) with the responses to the single nasally positioned elementary stimulus (dashed line). At small distances, the activation to composite.
stimuli had a significantly smaller latency accompanied by an earlier onset of the decay of the population activity as compared to the elementary stimuli.

The late part of the responses to the composite stimuli was characterized by an overall inhibition. The arrow marks that peak activation in response to
the composite stimulus of largest separation is still below activity measured in the single stimulus condition. Column C displays results of simulations I : ‘A

of the dynamic neural field model scaled to match the experimental stimulus conditions. Parameter values used for this simulation are: 4, = 5.2, 4, =
4,0,=15,0,= 25, A, = 4, B,= 10,b = 1,h = — 3, 7 = 15. The arrow marks that inhibition can still be scen at the largest probed distances between
the component stimuli,
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Neural repulsion effect!

D 0.30F % _ 1
(5] ~

= ~ .

c X

2 o.2sf AN 1
3 AN

g 60 - 80 ms N

5 0.20f N 1
=

K

2]

o
o

1.6 1.8 2.0 2.2 2.4

stimulus separation [deg]

Figure 11.  Spatial repulsion effect. Repulsion was computed in the time
slices between 60 and 80 msec after stimulus onset where inhibition is
dominant. The distances between the activity peaks in the bimodal DPAs
(OLE-derived) for stimulus separations of 1.6-2.4° were compared to the

specti' iti Dii were depicted as shifts of repulsion
dependent on stimulus separation. Maximal spatial shift amounts to 0.3°.
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DPA in motor cortex
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Fic. 2. Scheme of the consiruction of the distribution of population actvity
O © (DPA). The arrow indicates the actual movement dircction at 200°, Thin I
represent the normalized tuning curves of four schematic neurons, with ther
preferred dircetions at = 80°, 1807, 270° and 350°. Thicker lnes dircetly above
the tin lins represent thei individual contributions to the DPA. c.th tuning
curve of cach neuron { is mltipled wit s fring ate during the exceution of
i don of 200°. Note that the neuron with a preferred
don,contkbutes

population activation
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a large degree, whercas the other neurons, having preferred dircetions further

away from the actual movement direction, contribute less. The sum of all

il i i i line at the

{op of theplot. The maximum of the DPA corresponds to the actual movement
direction at 200°. For more details see text.
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DFT is not a neural analogy

observable in cortex

+Evidence suggests that the brain actually work this way
+Neural population dynamics captured by DFT are
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