LESSON 6

Perceptual unceriainty, part 1
Perceptual uncertainty, part 2 (lesson 7)
Perceptual uncertainty, part 3 (lesson 8)

Perceptual Uncertainty

« Whatisite

« How can the brain overcome uncertainty?

« Can instances of perceptual uncertainty help us
understand something?

« What sorts of confusion occur when the brain simply cannot
overcome uncertainty¢

But first... reminder of our overall approach to examining
perceptual coding.



deciphering perception by correlations

Behistun Inscription, large rock relief
on a cliff at Mount Behistun in the
Kermanshah Province

Darius the Great (522-486 BC)

inscription includes three versions of
the same text, written in three
different cuneiform script languages:
Old Persian, Elamite, and Babylonian.
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arduous efforts to understand Old
Persian paved the way to
deciphering the Elamite and
Babylonian
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Figure 21. The positions of the Old Persian, Elamite, and Babylonian versions of the major trilingual inscription DB on the
rock at Bisotdn. Source: King and Thompson, pl. VI; corrected by Borger, fig. 2; adapted by R. Schmitt
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Experimental variables
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> healfhy, relaxed rat is a more intelligent rat




perceptual uncertainty

inability of the brain’s perceptual (subjective) readout to
have exact knowledge abouft sensory events, even though
the physical features or parameters of that event are, in
some way encoded.

incoming signal is somewhat ambiguous
divergence/convergence of sensory channels
bias

recent or distant history

other causes



perceptual uncertainty

inability of the brain’s perceptual (subjective) readout to
have exact knowledge abouft sensory events, even though
the physical features or parameters of that event are, in
some way encoded.

Q incoming signal is somewhat ombiguouss
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- we live in a noisy and ambiguous world...
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perceptual uncertainty

inability of the brain’s perceptual (subjective) readout to
have exact knowledge abouft sensory events, even though

the physical features or parameters of that event are, in
some way encoded.

incoming signal is somewhat ambiguous
Qvergence/convergence of sensory chonn%
- bias
recent or distant history
other causes
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Abstract

The number of the distinct tactile percepts exceeds the number of receptor types in the skin,
signifying that perception cannot be explained by a one-to-one mapping from a single recep-
tor channel to a corresponding percept. The abundance of touch experiences results from
multiplexing (the coexistence of multiple codes within a single channel, increasing the
available information content of that channel) and from the mixture of receptor channels by
divergence and convergence. When a neuronal representation emerges through the combi-
nation of receptor channels, perceptual uncertainty can occur—a perceptual judgment is
affected by a stimulus feature that would be, ideally, excluded from the task. Though uncer-
tainty seems at first glance to reflect nonoptimality in sensory processing, it is actually a con-
sequence of efficient coding mechanisms that exploit prior knowledge about objects that are
touched. Studies that analyze how perceptual judgments are “fooled” by variations in sen-
sory input can reveal the neuronal mechanisms underlying the tactile experience.




percept

sensory
channel

skin
receptors
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Mathew E. Diamond . *

Cogritive Neuroscence, Internatonal School for Advanced Studes, Trieste, Italy

<: elementary channels

Yet somehow fingertip skin percepts include:
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surface microstructure (from rough to smooth)
temperature (from warming to cooling)
compliance (from soft to stiff)

pointedness (from sharp to blunt)

pressure (from light to strong)

vibration frequency (from low to high)
adhesiveness (from sticky to slippery)
moistness (from dry to wet)

much more (textures)

Whereas some of these dimensions can be mapped to
receptor types (e.g., FNE expressing transient receptor
potential (TRP) channels for thermal change), most of
them cannot.
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“smooth”
percept = texture / "-\
/"—' [ —‘— '-..?
multiplexing

within
channel

receptor channel convergence and divergence is a
brilliant mechanism for expanding the richness of the perceptual
code, but it is not without some cost.
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The case of smooth & cool
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Recall: perceptual uncertainty is the
inability of the brain’s perceptual
(subjective) readout to have exact
knowledge about sensory events, even
though the physical features or
parameters of that event are, in some
way encoded.
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Feeling fooled: Texture contaminates the neural code for
tactile speed
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Motion Texture
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PC firing rate

sensory
channel
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Perceptual Uncertainty

« Whatisite

« How can the brain overcome uncertainty?

« Caninstances of perceptual uncertainty help us
understand something?

« What sorts of confusion occur when the brain simply cannot
overcome uncertainty?




perceptual uncertainty

inability of the brain’s perceptual (subjective) readout to
have exact knowledge abouft sensory events, even though
the physical features or parameters of that event are, in
some way encoded.

Q incoming signal is somewhat ombiguouss
- divergence/Convergence of sensory channels
bias
recent or distant history
other causes
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Humans integrate visual and haptic
information in a statistically

optimal fashion

Marc 0. Emst* & Martin S. Banks  (2002)

Vision Science Program/School of Optometry, Umiversity of Califormia, Berkeley
W720-2020, USA

letters to nature

Steneo

1. A simple formulation for optimal
convergence

2. Discovery of near-optimality (linear
summation) for vision-touch in humans
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Nader Nikbakht MIT
SISSA Neuroscience thesis prize Cambridge, MA

Nikbakht, N., et al.(2018). Supralinear and Supramodal Integration of Visual and Tactile
Signals in Rats: Psychophysics and Neuronal Mechanisms. Neuron, 97(3), 626-639.



where and how do modalities get combinede




a real thing
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cumulative session performance
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after training at 0-90 degrees,
first test session at new angles

: performance, -45-0 degrees, 90-135 degrees
+ performance, 0-90 degrees
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PIRE Workshop/Summer School 2017
Hotel La Costa Golf & Resort in Pals, Girona

The ability to map sensory inputs 10 meaningful semantic labels, i.e.. 10 recognize
obects, is foundational O Ccognition, 1he Buman braia exdels at object recognition
134k 2long ventral processing pathway ACross sensory domainsg, Examples include

perceiving spoken speech, reading wiien words, even recogrizing tactile Bralle
patierns.






response times correlate with task difficulty

m) they do not “give up” on difficult trials, but try even harder
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unimodal capacities vary among individual rafs...
... but always better under VT than V or T.
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peak psychometric curve slope as single measure for of performance
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information received through the senses is inherently probabilistic
= subject is presented with a cue: s
= he estimates some feature of that cue: §
= §is noisy and Gaussian-distributed: §~N(u, 02) ‘”h_—‘_—_
1 ~

= reliability can be defined as the inverse of variance:
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Touch + Vision

Likelihood




calculation of the brain is on §: comparison between § and @
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Bayesian approach

P(S|v, t)<P(t|S)P(v|S)

Probability

Angle (S)

Jacobs, 1999, Ernst and Banks, 2002
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predicted model threshold
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a second approach to testing linearity



we treat V and T as two channels that provide the rat with streams of information

assumes that the

compute Shannon’s Mutual Information between stimulus category (horizontal or
vertical) and behavioral choice in each modality separately, V and T. Thus, 100%
behavioral accuracy implies 1.0 bits of sensory information, 50% (chance)

accuracy implies O bits.

then we compute the quantities predicted by the linear combination of Vand T

signals.
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15 -
14
13
12
11 A
10 -
9 J

8

Information visual information

channel model

\s factile information

n-rat consisten

withi
Bayesian model

-

-

visual information

+

~

tactile information

J

supralinear

’ - —-measured=predicted /

- - -measured=predicted

8 9 10 11 12 13 14 15

0.2 ' .

measured threshold

02 03 04 05 06 07
I(R;S,)*+I(R;S) bits



How can performance achieve supralinearitye



Behavior Neurons

= =

' r .
10 ) O O U W W B




PtA: Parietal Association Area
V: Visual Cortex




unimodal cortical
representations

/modality-shared
representation of
orientation and

\category in PPC |




firing rate (spikes/s)
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in 185 out of 622 neurons, trial-to-trial firing rate variations were best
accounted for by stimulus orientation.
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in 251 out of 622 neurons, trial-to-trial firing rate variations were best
accounted for by upcoming behavioral choice.
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neurondal responses are supramodal

average FR in 400 ms window preceding the response lick
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. heuronal responses are supramodal across all angles

average firing rate in V

150/R=098 . . |150{R=098 . 1'50(R=099 %}
ok a .
100 #1100 A 1100 28

w
o

R i T R N

-
e A B B S i 4

oS

0
0 50 100 150 0 50 100 150 O 50 100 150
average firing ratein T



visual trial

e

Is

Hnnng

averaoe

tactile trial

3 —
v v ~ - v

5 N “SE 2 e M

15 20 25 30 35 40

average firimgratein T

>

B2l
—

aje

R=1.00
slope=1.05

) BN 4

visual tactile frial

k spikes,
vet again!




are these neurons merely correlated with
sensory inputs but not fruly the basis for
multimodal integration and decision making?



® Vv testdata
® oo v v train data
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Howcan 1+ 1>2¢
How can synergy occure

Two hypotheses come to mind:
e sensorimotor interaction
e infracortical inferaction



nature
neuroscience

Artvlie Pubiahed: 10 Novernder 2014

A category-free neural population
supports evolving demands during
decision-making

David Raposo, Matthew T Xaufman & Anne X Churchiand bl

count uncorrelated frains of visual and auditory pulses

¢ lndepcndcm condition

Vnsual stimulus
HEIEBIIEE

R N s Ten ! ".L w A 1
M 4--.1""»" JUL)
V vy

. (P .lk‘_"'l;

Auditory stimulus

Time



nature |
NcuUurosCicncc

At Publahed: 10 Novernder 2014

A category-free neural population
supports evolving demands during

we

decision-making ©@; o o
David Raposo, Matthew T Xaufman & Anne X Churchiand - X ‘
§ <0 |; L
}
1% |
2 @ o b
-1 05 0 05
Choie peeloronce
B Not signif
mSO« Blp < 0.01
c
\)6‘ 5 401
s\ £ 301
! -
(o) § 201
E
2 101

o

05
category selectivity index

-1 05 0 1

Numbsr of oslls

80 Juw v
60
40 |
20
0« . , .
-1 -05 0 05 1
Modalty preference
B Not significant
850. P <001
© 50
3.50
c 40+
o 304
Q
‘8201
210:
04~

05 0 05 1
modality selectivity index

-1



sensory tuning (code)?
category (choice)?¢

modality synergy
(supralinearity)e

modality specificy?

Raposo et al.
count independent

visual and auditory
pulse trains

¢ Independent condition
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Visual stimulus

Time
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While these findings speak to the question of augmenting the reliability of
unimodal signals — a means for reducing uncertainty — they also speak to
the question of how modality-independent knowledge is created.



KNOWLEDGE
Most of the things we know, we come fo know through
multiple modalities
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Expected behavioural psychometric curve
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Behavioral performance
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reflections...

- modality convergence can reduced single-modality uncertainty

- modality invariance — a step in the abstraction of stimuli from sensory
domains ('Robert Plant’)e?

- not hardwired... emerges from interaction with real things

- besides supramodal knowledge, PPC circuitry also might shed light
on the percept-to-action transformation.



