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Very hard to achieve!
Lack of generality. A



Background and motivations

Individual Brain Charting

In cognitive neuroscience:

¢ ¢

Brain systems Mental functions

Task-fMRI experiments allow to: e

> link brain systems to behavior .-—

> map neural activity at mm-scale ——————
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Individual Brain Charting

v

High-resolution fMRI data
(1.5mm)

TR = 2s

v

Task-wise dataset:

» Many tasks
> Fixed cohort - 13 healthy adults
> Fixed environment

v

v

Inclusion Of other MRI modalities NeuroSpin platform, CEA-Saclay, France
. . Siemens 3T Magnetom Prismafit
Not a longitudinal study! 64-channel coil

v
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A task is:

» a well-controlled sequence of behavioral operations

1
Paradigms: (@ ’ ®®
» block-design i; L.-!
» naturalistic stimuli w /

Long-range cognitive order:

Perception = High-cognition
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First release

Individual Brain Charting

Tasks

» ARCHI tasks
» Standard
» Spatial » Sensory processing:
> Social > Retinotopy
» Emotional Tonot

» HCP tasks
» Emotion » 59 independent conditions
» Gambling er:
» Motor - <aicuiauun
» Language » Language
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Behavioral protocols
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Software Tools:

EXpPY IlimeEnns

Presentation

Psychtoolbox 3.0 ; .
sy.i“:io.n:,’:m W o neurobehavioralsystems
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Behavioral protocols

Individual Brain Charting

Software Tools:

Presentation

Psychtoolbox 3.0 ; )
A W =4 neurobehavioralsystems

Protocols available on:

O hbp-brain-charting/public_protocols

sychoPy

Psychology software in Python
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Behavioral protocols

Individual Brain Charting

Software Tools:

/Mﬂ?/m@/w & L 2PsychoPy

on

» More public repositories of behavioral protocols to
reproduce experiments!

» Normatives to describe the experimental paradigms!

Protocols available on:

O hbp-brain-charting/public_protocols
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Storage of raw MRI data

o HBP Knowledge Graph Data Platform
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https://openneuro.org/datasets/ds000244/versions/1.0.0
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Storage of raw MRI data

Individual Brain Charting

‘. HBP Knowledge Graph Data Platform

"' Open ds000244

Data organization: BIDS Specification
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Analysis pipeline

Spin echo

BOLD images -
images
dcm2nii distortion
conversion correction
anonymization
FSL / Topup

experimental

T1 image paradigm
l mask l
realignment extraction session-glm

v

compcorr

coregistration QcC
with anatomy motion fixed effects H
parameters across AP/PA
spatial Nistats
normalization .
Nilearn +
SPM + pypreprocess

pypreprocess
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Analysis pipeline

Individual Brain Charting

Python package of the IBC analysis pipeline
available here:

o hbp-brain-charting /public_analysis_code

i . Spin echo experimental
BOLD images images Tl image paradigm
dem2nii distorti l mask J’
cmeantt istortion realignment extraction session-glm
conversion correction
v compcorr
coregistration Qc
anonymization (i) EMENEIRTY motion fixed effects &
FSL / Topup parameters across AP/PA
spatial Nistats
normalization .
Nilearn +
SPM + pypreprocess

pypreprocess
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Publication of data descriptor

Individual Brain Charting
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Post-processed data

Individual Brain Charting

ARCHI Standard ARCHI Spatial

L~

ﬁ ‘u- >
x=-1 @ x=32

orientation judgment
horizontal checkerboard

left hand
sentence reading

left or right hand
saccades

sentence reading

ARCHI Social ARCHI Emotional

&

x=54

mechanistic tale
false-belief story expression intention
social-interaction motion

—AAN— Collection id=4438 Group-level z-maps
NEUROVAULT grpr < 0.05



https://neurovault.org/collections/4438/

Post-processed data

HCP Emotion, HCP Language, HCP Relati I and HCP Social HCP Motor

g 21

Lo

¢

x=-1 x=32

shape outline . any motion
story . right hand . any motion
relational processing . left foot . any motion

social-interaction motion . any motion
any motion

HCP Working Memory RSVP Language

g l E L J
x=46

read words
body image read sentence read jabberwocky
face image read words read pseudowords
place image . consonant strings

tool image consonant strings

—EXN— Collection id=4438 Group-level z-maps
NEUROVAULT grpr < 0.05



https://neurovault.org/collections/4438/

Brain coverage

Group-level F-map

x=-43

Comprehensive brain coverage of functional activity
already in the first release!



Activation similarity fits task similarity

archi emotional
hcp language
hcp social
hcp gambling
hcp motor
hcp emotion
hcp relational

hcp wm

rsvp language

LS,
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cognitive

archi emotional
hcp language
hcp social
hcp gambling
hcp motor
hcp emotion
hcp relational

hcp wm

rsvp language

Individual Brain Charting



IBC reproduces ARCHI and HCP 0

Individual Brain Charting

HCP contrasts ARCHI contrasts

o . story vs. math
social-interaction motion vs. random motion 0.8
punishement vs. reward

tongue vs. any motion
right foot vs. any motion 0.6
left foot vs. any motion
right hand vs. any motion
left hand vs. any motion 04
face image vs. shape outline N
relational processing vs. visual matching
tool image vs. any image
place image vs. any image 0.2
face image vs. any image
body image vs. any image
-bac

. 0.0
sentence reading vs. sentence listening

sentence reading vs. checkerboard

hand vs. right hand

horizontal checkerboard vs. vertical checkerboard
mental subtraction vs. sentence reading
saccades vs. fixation

IBC contrasts

social-interaction motion vs. random motion

false-belief story vs. mechanistic story -0.6
false-belief tale vs. mechanistic tale
expression intention vs. gender assessment
face trusty vs. gender assessment



Variability of Functional Signatures

body image vs. any image

face image vs. any image

Group-level z-maps
qgrpr < 0.05

Individual Brain Charting

HCP Working Memory



Variability of Functional Signatures

punishement vs. reward
face image vs. shape outline
face trusty vs. gender assessment

expression intention vs. gender assessment

false-belief tale vs. mechanistic tale ————
false-belief story vs. mechanistic story { =———

social-interaction motion vs. random motion f———

object grasping vs. orientation judgment
left or right hand vs. hand palm or back

saccades vs. fixation

mental subtraction vs. sentence reading
horizontal checkerboard vs. vertical checkerboard
left hand vs. right hand

sentence reading vs. checkerboard

sentence reading vs. sentence listening

0.0

0.1

0.2

0.3

0.4

read sentence vs. read words

read sentence vs. read jabberwocky
read words vs. read pseudowords

read words vs. consonant strings

read pseudowords vs. consonant strings
2-back vs. 0-back
body image vs. any image

face image vs. any image

place image vs. any image

tool image vs. any image

social-interaction motion vs. random motion
relational processing vs. visual matching
story vs. math

left hand vs. any motion

right hand vs. any motion

left foot vs. any motion

right foot vs. any motion

tongue vs. any motion

0.0

Average and standard deviation of map correlation across subjects

Individual Brain Charting



Effect of subject and task on brain activity

Individual Brain Charting

Group-level z-maps grpr < 0.05




Effect of subject and task on brain activity

Individual Brain Charting

Group-level z-maps grpr < 0.05

» IBC data suitable for cognitive and
individual-brain modeling!
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Future releases

Individual Brain Charting

Next release is coming up soon!

» Passive-Watching of Naturalistic Scenes
» Retinotopy
» Movie Watching

Other releases:

» Anatomical data + Resting-State

» Chronesthesia, Positive-Incentive Value, Theory-of-Mind, Visual
Short-Term Memory, Enumeration, Self-Reference Effect,
Tonotopy and more...
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Concluding remarks

Individual Brain Charting

» Data acquisition till 2022
» Final dataset: 50 acquisitions per participant

» Encoding models for cognitive mapping
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