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Motion Invariants and Spatial Constancy

Vprop = —Vtact
Vsurf = Vprop T Vtact

Spatial constancy refers to the capacity of the perceptual
system of estimating accurately the velocity of an external
surface, vy, s, in a world-framed coordinates.
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Motion Invariants and Spatial Constancy

Vprop = —Vtact
Vsurf = Vprop T Vtact

Spatial constancy refers to the capacity of the perceptual

system of estimating accurately the velocity of an external
surface, vy, s, in a world-framed coordinates.

Human tactile system partially lacks of spatial constancy:

Vsurf = O4Vprop + Viaet
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2AFC Experiment:

» K (reference) Vs T (comparison)

» T (reference) Vs K (comparison)
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Results
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Three Hypotheses

1. The gain of the two signals is intrinsically not unitary
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Three Hypotheses

1. The gain of the two signals is intrinsically not unitary

2. Perceived tactile speed is proportional to the spatial
frequency of the patterned stimulus.
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Three Hypotheses

1. The gain of the two signals is intrinsically not unitary

2. Perceived tactile speed is proportional to the spatial
frequency of the patterned stimulus.

3. The difference in precision between the two signals
generates the illusion (Bayesian hypothesis).
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The Stationarity Prior Model
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Experimental Paradigm

Same task as in Experiment 1. Participants (N = 12) where
divided in three groups, using each one of the following:

1. A belt having an homogeneous, smooth surface

2. A belt having a low-frequency, textured surface

(6 =0.07 mm1)
3. A belt having a high-frequency, textured surface
(6 =0.3 mm™1)
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Experimental Paradigm

Same task as in Experiment 1. Participants (N = 12) where
divided in three groups, using each one of the following:

1. A belt having an homogeneous, smooth surface

2. A belt having a low-frequency, textured surface
(6 =0.07 mm1)

3. A belt having a high-frequency, textured surface
(6 =0.3 mm™1)

We modeled the response as follows:

O [P(Yi; = 1)] = B1Av = Bs¢
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Results: PSE
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Results: Noise
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Mechanism
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Experimental Paradigm

» Unimodal, tactile discrimination task.

Ve
U Invariants and priors in tactile motion perception

12



Experimental Paradigm

» Unimodal, tactile discrimination task.

» The belt consisted of two distinct surfaces, having either a
smooth or a high-frequency texture (¢ = 0.25 mm™1)
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Experimental Paradigm

» Unimodal, tactile discrimination task.

» The belt consisted of two distinct surfaces, having either a
smooth or a high-frequency texture (¢ = 0.25 mm™1)

» In two intervals, participants (N = 8) contacted either the
smooth (S) or the rough (R) textured part of the belt and
reported in which interval the belt moved faster.
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Results
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Summary

» The study showed a weak spatial constancy in touch.
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Summary

» The study showed a weak spatial constancy in touch.

» The spatial frequency of the stimulus and the perceptual
noise affect the perceived tactile velocity

» The perceptual bias is reduced if participants are exposed
to a large range of tactile speeds: Sensory calibration?
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Summary

» The study showed a weak spatial constancy in touch.

» The spatial frequency of the stimulus and the perceptual
noise affect the perceived tactile velocity

» The perceptual bias is reduced if participants are exposed
to a large range of tactile speeds: Sensory calibration?

b= f\
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Thank you for your attention

@ Invariants and priors in tactile motion perception

18



Spatial Constancy in the Tactile System

A tracking judgement of perceived movement

VUprop + Vtact = Usurf —{
Uprop = /Usurff Vtact = 0 i

trial time

50 mm
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Spatial Constancy in the Tactile System

Moscatelli et al (2015)
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Spatial Constancy in the Tactile System
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Spatial Constancy in the Tactile System

» The bias in motion direction is caused by a different gain
between tactile and hand velocity
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» The bias in motion direction is caused by a different gain
between tactile and hand velocity
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Spatial Constancy in the Tactile System

» The bias in motion direction is caused by a different gain
between tactile and hand velocity

Vsurf = 04Vprop + Viact

» We run a second experiment to further test this hypothesis
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Vibration as Cue to Tactile Speed

Acceleration (m/s?)

Acceleration (m/s?)

% 0.6
E -
§ 04 ...~ u...a..A ,.
i
§ 02]
3
Q
35 6 85 11 135 16 0 50 100 150 200 250 300
Surface speed (cm/s) Frequency (Hz)
)
£
c
S
g
k]
o
8
3
<
35 6 85 11 135 16 0 50 100 150 200 250 300
Surface speed (cm/s) Frequency (Hz)

@ Invariants and priors in tactile motion perception

20



g = B1v
O = B1v + B2
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g = B1v
O = Brv + B2

Ko — U — O = B1Av + 52§
g — O = B1Av — 2§
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g = B1v
o = B1v + B2§

£ b — v = B1Av + ol if KT,
v =
bx — p = BrAv — Bof if TK.

P(Y;=1) = P(Av > 0)
d(Av > 0)

O(B1Av £ Baf),
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g = B1v
o = B1v + B2§

£ b — v = B1Av + ol if KT,
v =
bx — p = BrAv — Bof if TK.

P(Y;=1) = P(Av > 0)
d(Av > 0)

O(B1Av £ Baf),

o7 [P(Yij = 1)] = BrAv + B¢,
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Results: Model Fit
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