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Confusions

n the brain st

The theoretical notions associated with some measurements led some authors to imagine options
such as a “coding” in the brain of space, time, numbers, movement duration, speed, acceleration,
geometry and arithmetic.

Encoding of movementtime | letters to nature
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e BLEMENTARY GEOMETRIC KNOWLEDGE AND 118
PHILOSOPHICAL IMPLICATIONS
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Arithmetic and the brain

Stanislas Dehasne’, Nicolas Molko, Laurent Cohen and Anna J Wilson

‘Current Opinion in Neurobiology 2004, 14218-224 2004

Compression of visual space Saccadic eye movements cause compression of time as
before saccades well as space
John Ross*, M. Concetta Morrone' & David C. Burrt: M Concetta Morrone', John Ross? & David Burr¥*

Nature Neuroscience 2005
Saccades compress space, time and

number

David C. Burr'*?, John Ross®, Paola Binda"® and M. Concetta Morrone®’

Trends in Cognitive Sciences 2010

Recruitment of an Area Involved in Eye
Movements During Mental Arithmetic

André Knops,#7* Bertrand Thirion,>* Edward M. Hubbard,***
Vincent Michel, > Stanislas Dehaene 3%

Science 2009

Eye position predicts
what number you
have in mind

Tobias Loetscher'2,

Christopher J. Bockisch23,

Michael ER. Nicholls'
and Peter Brugger®

Current Biology 2010

Confusions

Over the past decades, confusions have arisen in the brain sciences between
- the concepts

- the measurements (and their subsequent numerical transformations) and

- the physiological processes that generate the measured phenomenon.

The theoretical notions associated with some measurements led some authors to imagine options
such as a “coding” in the brain of space, time, numbers, movement duration, speed, acceleration,
geometry and arithmetic.

In the neuroscientific study of movement generation, kinematic parameters were imagined to be
"encoded" in the activity of neurons. While they emit spikes, the neurons would "speak a coded
language" imbued with notions of classical mechanics.

Yet the movement of a body segment (like the eyeball) is the ultimate measured product, the
outcome of multiple processes occurring in parallel in the brain and converging on the groups of
neurons which are responsible for muscle contractions.

To the totally ordered structure of numerical values (measured positions of the moving segment), a
radically different structure is associated: dynamic, firstly diffluent then confluent, whose elements
are spatially distributed and whose activities temporally overlap in the brain.
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The eye is not only a retina

)

Projection of the target on the fovea
IF & only IF proper contraction of extraocular muscles
(direction of gaze)

Projection of the target on the fovea
IF & only IF proper contraction of neck muscles
(head direction)

LOOKING AT A TARGET =
contracting several muscles
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AE : acceleration error

VE : velocity error

PE : position error
etterent pathways

y Motor Error =
A Desired - Current Positions
(DP-CP)

Motor Error =
Desired — Current Displacement
(DD-CD)
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ity | The Role of Eye Movements in Perception, Cognition, and Action

Neurophysialogy of visually uided cye movements: eritical review and
altcrnative viewpoint
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Kinematics and the
neurophysiological study of
visually-guided eye
movements
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Mathematics is

[a language]

Trends in

Cognitive Sciences @ Coltroes e

i Neuroethology of number sense across the animal kingdom
eview

The Evolutionary History of Brains for Numbers | L Neuronal population coding of continuous and
et discrete quantity in the primate posterior

— baok sconcepiect Neurobiology parietal cortex
2

ELSEVIER udusciue and Ands ieder*
The Adaptive Value of Numerical Competence Neursl constraints on human mumber concepts Oana Tudusciuc and Andreas Nieder

Andreas Nieder'*

Evolution of cognitive and neural Lettor The neuronal code for number
solutions enabling numerosity Number FaCU"[y Is Andreas Nieder

judgements: lessons from primates Rooted in Our

andjonids Biological Heritage

Andreas Nieder . 1%
Andreas Nieder"

Coding of abstract quantity by ‘number neurons’

of the primate brain Time (ms)

Andreas Nieder

Representation of Number
in the Brain

A parieto-frontal network for visual numerical

Andreas Nieder! and Stanislas Dehaene? information in the monkey
‘Andreas Nieder* and Earl K. Miller




Neuronal population coding of continuous and
discrete quantity in the primate posterior
parietal cortex

Oana Tudusciuc and Andreas Nieder*

Time (ms)

Neuronal population coding of continuous and
discrete quantity in the primate posterior
parietal cortex

Oana Tudusciuc and Andreas Nieder*
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Neuronal population coding of continuous and
discrete quantity in the primate posterior
parietal cortex

Oana Tudusciue and Andreas Nieder*

Time (ms)

Neuronal population coding of continuous and
discrete quantity in the primate posterior
parietal cortex

Oana Tudusciue and Andreas Nieder*
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Monotonic Coding of Numerosity in Macaque
Lateral Intraparietal Area 2007

Jamie D. Roitman'™, Elizabeth M. Brannon®?, Michael L. Platt™*

1 Depanment of Neurobiology, Duke University, Durham, North Carolina, United States of America, 2 Department of Psychology and Neuroscience, Duke University,
Durham, North Caralina, Urited States of America, 3 Center for Cognitive Neuroscience, Duke University, Durham, North Carolina, United States of America

Neuron B Neuron C

Firing rate (sp/s)

Firing rate (sp/s)

Neuron B

Neuron A

S0 wos03ad, 1. ac 38,1
2 a 8 16 a2

Number of visual stimuli

Firing rate (sp/s)

Firing rate (sp/s)

Firing rate (sp/s)

Firing rate (sp/s)

0050727_1, A= 14.5

0050810,4= 222

Neuron A

Neuron D

w080207, A= -30,2

N
3

w0B0324_1, A= 38,1
2 4 8 16 32

Number of visual stimuli

Neuron B

0050727_1, A= 14.5

2 4 8 16 a2
Number of visual stimuli

Neuron C

0050810,4= 222

Neuron A

[ wosos2d,1. 4= 351

Neuron D

w080207, A= -30,2

2 4 8 16 82
Number of visual stimuli

2 4 8 16 a2
Number of visual stimuli




“accumulator” “decumulator”
neurons neurons
w| 2 NeuronB 50 Neuron C Population of 14 neurons Population of 17 neurons
Q ° SN “accumulator” “decumulator”
8w o | \
i i ANL
Sl ¢ A1y , i il
S I T .713 1T = %Lﬁ‘ A ; ‘nur‘nbsron B ‘ ‘
s 10 160f |~ i
L dl | :
0050727_1, A= 14.5 0 = |
a2l |~ :
B = no difference ! Ho difference
0 = g i between 8-16 f between 8-16 °
— N A = '
z,, euron . Neuron D e [ \ AN
2 | £ ! ! ~
© S| o [N | e | | :
8 o ¥ N :
g / 1 : U o | ! .
i
0] wos0324_1, A= 38,1 ‘ W0B0207, A= =302 Time (ms) Time (ms)

2 4 & % %2 2 4 8 6 @

Number of visual stimuli
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400 ms are necessary to distinguish the curves

The post-synaptic neurons receive distinct signals IF they accumulate
the number of spikes from LIP neurons for 400 ms,

provided that the spikes they receive from other (non LIP) neurons do
not interfere with the integration.

Number of visual stimuli

modified from Roitman, Brannon & Platt PLOS Biol 2007

How do post-synaptic neurons distinguish the spikes emitted by the
"counting” neurons (LIP) from those emitted by a multitude of other
(non-LIP) neurons ?

The correlation between the firing rate of neurons and an external event (number of
items in the visual field) does not necessarily imply that the spikes contribute to the
behavioral response.

Pharmacological inactivation does not
support a unique causal role for intraparietal
sulcus in the discrimination of visual number

Nicholas K. DeWind' *, Jiyun Peng®, Andrew Luo®, Elizabeth M. Brannon', Michael
L.Platt" 48

PLOS One 2017

Number Task

Color Task

Discrimination task

Motor Planning Choice
up to 500 ms

Monkey is free to make
several saccades

Look where there
was the largest
number of red balls

Look where the
balls were the
color was closest
to red

Fixation Stimuli
700 ms 70 - 300 ms 400 ms

DeWind, Peng, Luo, Brannon & Platt PLOS One 2017
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color  number

task task - We have seen that this is not the case
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Neurons in Monkey Parietal Area LIP Are Tuned for Eye-Movement
Parameters in Three-Dimensional Space

JAMES W. GNADT AND LAWRENCE E. MAYS

Department of Neurobiology and Behavior, State University of New York at Stony Brook, Stony Brook, New York
11794; and Department of Physiological Opiics, School of Optometry, University of Alabama at Birmingham,
‘Birmingham, Alabama 35294




