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Recall Embodied cognition

® neural dynamics generate time courses of
activation variables/fields that can be linked to
time-varying sensory input
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sensory signal, s(x)

Embodied cognition U ersons

activation
field, u(y)

dimension, y

M the contents of these sensory- | A~ \_
motor representations is
determined by the forward
connectivity from the sensory 170
surfaces / to the motor
surfaces

motor
dimension, r




Embodied cognition

| stable state

activation

B sensory-motor cognition
IS hot mere input-output
mapping, but entails
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Embodied cognition

M decisions emerge from

neural interaction within

dynamic activation fields

M organized to make pea
stable states
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b activation field

m local excitation

global inhibition
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dimension



Peaks as units of representation
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Peaks as units of representation

M => |ocalist neural
representation...

N

b activation field

B <=> the uniform spatial () e
organization of interaction global Inhibition
to make stables states...

Y

B only possible in low-
dimensional feature
spaces...

dimension

M ... more later



ctivity u(x)

Dynamic fields of varying
dimensionality
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O-dimensional fields: nodes

M “on’ vs “off” states

M often as ensembles of nodes that a inhibitorily
coupled: selection among categories

B or have more complex coupling structure

O-dimensional

B ~vector-quantization/SOMs

o A N O N B
@
®

pal —
MO||2A 4
ua2.b —

an|q -



Road . . .
S Higher dimensions

B representing different kinds of dimensions
within a higher-dimensional field offers new
(cognitive) functions

M binding
B scarch

B coordinate transform



Feature dimensions

B beyond the spatial dimensions of sensory
surfaces..

@ visual features: local orientation, motion,
texture, color, scale...

M auditory features: pitch, formants ...

B motor features: movement direction, force
direction ...

B cognitive features: ordinal position ...



Combining different feature dimensions

B neurons tuned to multiple dimensions

B e.g. receptive field + direction tuning

B => combines visual space and orientation

® “anatomical” binding

A B
+ 60 -
L PY ( J

[Hubel,Wiesel, 1962]

s (orientation angle in degrees)



Combining different feature dimensions

visual scene

360

space-color
field

B example: a joint 210

representation of color
and visual space
“binds” these two
dimensions

1 180

color (hue value)
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spatial location

[Schneegans et al.,Ch 5 of DFT Primer, 201 6]



Extract bound features

visual scene

T\
. 360 ,
B project to lower- ; space-color
dimensional fields '

\S]
~J
S

® by summing along the
marginalized dimensions

color (hue value)
z

M (or by taking the soft- i,

10 0 -—10

m aX) activation 10
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[Schneegans et al.,Ch 5 of DFT Primer, 201 6]



Assemble bound representations

M project lower-dimension field onto higher-
dimensional field as “ridge input”

visual scene visual scene

360

space-color field space-color field

270
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[Schneegans et al.,Ch 5 of DFT Primer, 201 6]



Assemble bound representations

visual scene
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space-color field
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[Schneegans et al.,Ch 5 of DFT Primer, 201 6]



Assemble bound representations

® binding problem: visual scene
multiple ridges along
lower-dimensional 360
space lead to a
correspondence
problem

\®}
]
e

color (hue value)
z

M => assemble one
bound object at a I,

10 0 -10

tl me... activation 10

Ispati:;l ﬁelcli
0 ______________________________

M => sequentiality bottle- e —
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[Schneegans et al.,Ch 5 of DFT Primer, 201 6]



Search

M ridge input along one

dimension extracts 360
from bound
representation 3 i
matching objects 2ot

B other dimensions of él 003
those objects can then || - S

be extracted 0 0 -10

activation 10

M e.g. visual search 0

—-10

visual scene

spatilal ﬁelld

-30° -20° -10° 0° 10° 20° 30°

spatial location

[Schneegans et al.,Ch 5 of DFT Primer, 201 6]



Visual search

[Grieben et al. Attention,
Perception & Psychophysics
2020; CogSci 2021]
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Visual search

B => special lecture by Raul Grieben on Thursday

[Grieben et al. Attention, Perception & Psychophysics 2020]



Resdrmiap Higher dimensions

M representing different kinds of dimensions
within a higher-dimensional field offers new
(cognitive) functions

M binding
@ scarch
=3 M coordinate transform



Coordinate transforms

M are fundamental element to sensory-motor cognition

M [but critical also to mental operations! ]

B example:
reaching is
guided by body-
centered, not
by retinal visual
representation




Coordinate transforms

M are fundamental element to sensory-motor cognition

M [but critical also to mental operations! ]

B example: movement
parameters are extracted
by representing movement
target in coordinates
centered in the initial
position of the hand

('jllvection



Coordinate transforms

M are fundamental element to sensory-motor cognition

M [but critical also to mental operations! ]

visual scene visual scene

M worked example:

. eye with )
from ret|na| to Q ocular muscles @

head-centered/

body-centered . -

frame

visual image visual image

[Schneegans Ch 7 of DFT Primer, 201 6]



Retina => body space

® transformation depends on the gaze angle =
steering dimension

steer: gaze angle retinal space
® need a bound neural A \

representation of

M retinal space

M saze angle

M obtained from ridge/slice
input to bind these

body space

gain field:
Andersen/Pouget

B project to body space

[Schneegans Ch 7 of DFT Primer, 201 6]



Retina => body space
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Retina => body space

10
g . T T T T T
A 8 retinal field B
45 O_____________“A _____________
2
B . .
S 10 . . M . . visual stimulus
—-60° —40° -20° 20°  40° 60°
— 60° '
5 | transformation
L Li : H 40° ﬁeld
N
S
- LA oo g
= - 5]
- | - OO .g
l aS)
' O
| S
- i - _200 OD
0 e 10° 0° 10°
100 -0 retinal position 8aze stimulus - stimulus
activation direction  (retinal) (body-
centered)

[Schneegans Ch 7 of DFT Primer, 201 6]



Retina => body space
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Retina => body space
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Retina => body space
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Retina => body space

A é retinal field | |
M bi-directional S
coupling -
M => predict _
retinal _
coordinates

10 0 -10

retinal position
activation (P
A&
%\
o
bQ

[Schneegans Ch 7 of DFT Primer, 2016] %%0 AP



Spatial )
remapping —
during
saccades

[Schneegans, Schoner Biological Cybernetics 2012]



[neural data: Duhamel, Colby, Goldberg, 1992, LIP]
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Scaling

retinocentric field

body-centered field

gaze field

[Schneegans, Schoner, 2012]



Roadmap Binding

M “anatomical” binding does not scale
B binding through space
B |ocalist vs. distributed representations

M |learning



Scaling feature dimensions

M 2 spatial dimensions
M depth

® orientation

@ color

M texture

B movement direction
M size

B etc...

M e.g. 8 dimensions

® 100 neurons per
=2 dimension

| 10%°8 = 10!

B more than there
are in the entire
brain!

B => only small sets of
feature dimensions
can be bound
“anatomically”



Binding through space

® many 3 to 4 dimensional feature
fields

M all of which share the one ,'\
dimension: visual space (~all A
neurons have receptive fields) AN

M bind through space a la Feature /\
Integration Theory (Treisman) A N

..........................
o

[Grieben et al. Attention, Perception & Psychophysics 2020]
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Binding through space
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shared space attend to this item
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Binding through space =>
sequential bottleneck

B binding through space must occur one time
at a time..... to avoid binding problem

B => the sequential processing bottleneck may
originate from this
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Coordinate transforms
and binding through space
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® no need to transport the feature values, which can be
filled in by binding through space

B coordinate transforms: 2 by 2 spatial dimensions
B perform the coordinate transform in space only!

[Schneegans, Schoner, 2012]



L ocalist vs. distributed

M scaling problem in
localist representations

wix-x) A

M required to create o

attractors with 4 \_ g
homogenous interaction

M distributed representations scale better, but: how to
create attractors!

B Hopfield networks have attractors for distributed
representations, but these (and the synaptic
weights) are specific to each memorized pattern



Hebbian learning

activation, u | (x)

M Hebbian learning of projections

dimension, x

L

B among fields

M forward from sensory input to fields
activation, uy(y)

Minteraction leads to localized
rather than distributed
representations (SOM)

dimension, y

W, 7,0 = ) = Wy, ) + £ (6, 0) x sy, 1)

[Sandamirskaya, Frontiers Neurosci 2014]



Hebbian learning

M learning reciprocal connections between zero-

dimensional nodes and fields

B => grounded concepts

Manalogous to the output
layer of DNN

M => ensembles of such
nodes coupled inhibitorily
from the basis for
conceptual thinking...

activation
 field, uy(y)

A

v

activation node, u |

O

dimension, y

-



The memory trace

T activation, u(x)

M facilitatory trace of

patterns of activation dimension, x

>

M in excitatory field: leads to
sensitization t memory

trace, Umem(X) ¥

Q dimension, X

® in inhibitory field: leads to
habituation




The memory trace
tu(x,t) = —ulx,t) + h+ s(x, t) + de’w(x —x') o(u(x', 1)) + U om

ToemWmemXs 1) = — U oy (X, 1) + o(u(x, 1))

ToemUmem@s 1) = 0 if de’a(u(x’, 1) ~ 0

T activation, u(x)

dimension, X

>

T memory

trace, UmemX) V'

/77 N\_dimension, x




=> the memory trace reflects the

history of detection decisions

activation



Memory trace ~
first-order Hebbian learning

Mincreases local resting level
at activated locations activation, u(x)

B~ the bias input in NN

dimension, X

B boost-driven detection
instability amplifies small

bias => important role in
DFT




Roadmap Higher cognition

B perceptual grounding of relational concepts
M generating descriptions

B mental mapping



Concepts, relational thinking

“red to the left of green”

. . target reference
M talking about objects: S

bringing the target
object into the
attentional foreground

[Lipinski, Sandamirskaya, Schoner 2009 1 R
... Richter, Lins, Schoner, Topics 2017] QR T T WA -



[Richter,
Lins,
Schoner,
ToPiC
(2017)]
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cued visual search
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“red to the left of green”
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Concepts, relational thinking

B => special lecture by Daniel Sabinasz on
Thursday



Mental mapping and inference

B propositions
B “There is a cyan object above a green object.”
B “There is a red object to the left of the green object.”
B “There is a blue object to the right of the red object.”

B “There is an orange object to the left of the blue object.”

M inference

B “Where is the blue object relative to the red object?”

[Ragni, Knauff, Psych Rev 201 3]
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reference “where is blue
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Conclusion

B higher-dimensional dynamic fields enable
new coghnitive functions: binding, search,
coordinate transforms, binding through
space, concepts, grounding/descriptions,
mental mapping

® but how do the sequences of neural
attractors come about!



