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What is entailed in generating an
object-oriented movement!

® scene and object perception

B movement preparation

movement
® movement initiation and preparation
termination
® movement timing and
control
timing

coordination

B motor control

® degree of freedom problem

H => spans perception, cognition
and control



What is entailed in generating an
object-oriented movement!

mit is difficult to isolate

. . . movement
any individual process

control
timing

®m=> this is why
movement is so hard to
study

®m=> this is why it is
critical to understand
Integration
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|) Scene representation

[Martin, Scholz, Schoner. Neural Computation
21,1371-1414 (2009]
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Scene representation

BEHuman movement is planned based on
perception that is specific to movement

Be.g, blind sight

Mand is largely about where objects are in space
and object pose

Msupported by gaze



Scene representation

® human scene perception is about
space, in scene centered coordinates,
but linked to gaze and body frame

M scene perception is driven from
working memory and has limited
capacity

[Schneegans et al., ] Vision 2014]



Theoretical concepts

Hyvisual scene representation is based on neural
fields in visual and feature space
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Theoretical concepts
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Robotic demonstration
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gaze position relative to body

Coordinate transformations

Mare critical to make scenes representations
useful for movement

® emerge from dynamic neural fields

retinal location
retinal location

YA

gaze position relative to body




Coordinate transformations

H example:
predict retinal
location
following gaze

shift

[Schneegans, Schoner, Biol Cybern 2012]



DFT account for how to keep track
of visual targets across saccades
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[Schneegans, Schoner, Biol Cybern 2012]




Lessons

® neural representation of visual space with
attentional selection and on-line updating
provides information about movement targets

® coordinate transforms enable invariance
across fixations



Robotic
demonstration

® hypothesis: movement

parameters result from the difection

visual representation of a

reaching target, transformed

into a frame that is centered DISUISHNTB21LE (2)-%'4)1561™6%
" . A,

on the initial position of the A

hand s

& | —
C L. | K>—/
® which is updated T
intermittently (©43-%51%%7+8,2111, 85 ;. "ITHLBEN.
3% 8
&(LA |® | 5154$3.156*15!%-5%3-,5
[Zibner, Tekiilve, Schéner, ICDL 2015] &> 1 -




2) Movement planning in
spatial terms as a dynamic
process
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Movement preparation

‘KXEVKIX

B movement is planned before itis XVENIGXSV@MW
initiated - N W A

SRPMR

® movement plans are about the
hand’s movement in space

® movement plans evolve
continuously in time

[Erlhagen, Schoner, Psych Rev 2002]



Neural basis of movement preparation
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Theoretical concept: dynamic fields

experiment theory
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Movement plans evolve
continuously in time

Emovement preparation is graded and continuous in time
starting out from preshaped representations

timed movement
initiation paradigm MQTIVEXMZI WXMQYPYW
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Behavioral evidence for preshape
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Behavioral evidence for preshape

Experimental results of Henig et al
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Dynamic Field Theory (DFT)

Etheoretical account: movement parameters are
represented in dynamic neural activation fields

' - Experimental results of Henig et al
theoretical account for Henig et al. perimental results or Renig et a
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behavioral evidence for preshape
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short SR interval:
observe preshape

long SR interval:
observe stimulus-defined
movement plan



Studying movement preparation in
the reaction time (RT) paradigm

iImperative
sighal=
go signal
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task set

mthat is the critical factor in most studies of
selection!

Bfor example, the classical Hick law, that the number of choices
affects RT, is based on the task set specifying a number of choices

B (although the form in which the imperative signal
is given is varied as well...)

Bhow do neuronal representations reflect the task
set!
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using preshape to account for
classical RT data

® Hick’s law: RT
increases with the
number of choices
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metric effect

Bpredict faster
response times for
metrically close than
for metrically far
choices
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experiment:

metric effect
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