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The big data revolution Is ongoing
— In neuroimaging also !

Nature Reviews Neuroscience | AOP, published online 10 April 2013; doi:10.1038/nrn3475

Power failure: why small sample
size undermines the reliability of

neuroscience

Katherine S. Button'-?, John P. A. loannidis®, Claire Mokrysz', Brian A. Nosek?,
Jonathan Flint>, Emma S. J. Robinson® and Marcus R. Munafo'

https://en.wikipedia.org/wiki/Replication_crisis
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Problem: generalization across
studies

“You cannot play 20 questions with nature and win”
[Newell A. Visual information processing; 1973.]

 Joint analysis: Use large studies to inform small studies
(“transfer learning”)

— Principle: co-analyse studies, leverage joint representations

* Mega-analysis: find semantic commonalities across
studies

- Difficulty: what common vocabulary across studies?
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Large studies to inform analysis
of small studies:
joint analysis
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Predictive modeling across datasets
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40000 task
fMRI contrast maps
into one model

(a) Aggregation
from many

fMRI studies

[Bzdok et al. Plos Comp Biol 2016, Mensch et al NIPS 2017]
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Predictive modeling across datasets
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(b) Deep linear model

[Bzdok et al. Plos Comp Biol 2016, Mensch et al NIPS 2017]
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Predictive modeling across datasets

Non-negative Study-wise decoding
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Transfer learning

Classif. learning & reversal
Stop-signal & classification [retake)
Balloon Analog Risk-taking

Miedl gam bles Decoding from
Weather prediction voxels
Rhyme judgment )
Auditory & Visual Oddball Decoding from
Maotar task & waord fverb generation I mulh_gtudy
BART, stup-sigfn:aL Ern-ut.i:}n nE‘tWDI'kE
Gmpression

Stop-signal & classification S o
Classification learning
Wisual object recognition
Face recognition
False belief
Incidental encoding
Brainomics localizer
Arithmetic & saccades
Spatio-temporal judgement
Sentence /music complexity
Emation regulation
Constit. struct. of sent. & music
Word & object processing
Twin localizer
Spatio-temporal judgement [retake)

Chance level

Crosslanguage repetition priming
High-level math =

Localizer

CamCan audio-visual

Flain ar mirror-reversed text

Stop-signal

Simon task

UCLA LARC

Stop-signal w/ spoken & manoal resp.

The Human Connectome Project

D:E”E: o IEE;%I | -4[]-%- | IEDI%I | IBE;%I o -EI%ID:}F:IE:%lIE;%IIEI%I
Task fMRI study Decoding accuracy on test set Multi-study acc. gain
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Standard decoding
from voxels

. Decoding from
functional networks
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Small studies benefit more than
large studies
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Resulting atlas

false bellef audic
visual right motor false belief story visual left motor
valld OoTher 1 | eC . "_‘. :-.“' ]_]eﬁ;_\flsual C]_lcl'(
pump_:S__,_lldemean left video clickleft hand, .

ion hand scramble | T 1 audio click
left quditory visual click

or

right auditory visual click

L 3 - S ilatio
'.-.'::;‘rll'.!::r-_JI;JIt.'«l"'_: '1'-."(=lJ.|..l addition larger . ™ 3 1 sCcissors auditos J Ct'!lctl:%k‘ :IJ'-EJ’"[-I
P Tenglish spanish abstract repest £ 4 & / dlstance_fr'olrn 1?dllffe_r'er1ce
. | visual calculation
calculation Sty
classification =~ S \ S \NHH/ @300 a0 ST ' el cO2

z=56
Right motor R

Y Vi
=T I ol 'Y A
T o © & X L
oo ) b ! 4 —
= \;&C 3 ~
I oPng 0
P Y= A,
T, D
v Co )
y & ERTF n o
b i W .}
< — i C? =
- O ¥ o — =
3 O c
TS w3 *
E v - P [
o - W -
o ':Tiu';" =+
tw 53 Ownw
5 Yo = 2 '-TF’D
. -
© - - ™
> ® O
(M )

vertical checkerboard auditory calculation

korean

Fusiform gyrus

3¢k lace - . hOuSe

__2back body

face

Right cerebellum VI .
spanish spanish abstract novel face 5ex
spanish english abstract novel

false phote sty

task kiart o . oy g o - - -
- 1id miss object object look negative stim
suppress negative attend neutral second operand ir £ Lir_:11-;)'1 emallei Oback body
' nEo look neutral cue

Nov 21%, 2019 Bertrand Thirion



Mega-analyses

[Costafreda et al. Front. Neuroinf. 2009]
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Indentifying cognitive tasks In
brain activity
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In the wild brain activity decoding

e What is
% this brain doing?
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Which regions are predictive of tasks containing a given term?
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In the wild brain activity decoding

What is
this brain doing?

Which regions are predictive of tasks containing a given term?
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Default mode moral self-referential Theory of mind
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An image database

@f Task fMRI repository
NEURO\/AU LT [Gorgolewski et al. 2015]

Currently 48k independent
usable fMRIs

Poldrack 2011], knowledge-base

* concepts: cognitive activity/state (e.g. working memory)
o tasks: standard experiment to probe it (e.g. n-back task)
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Open-ended brain decoding

——r——

T4 A% What is
f\, %,a this brain doing?

Which regions are predictive of tasks containing a given term?

* Multilabel classification problem

— more than one class may be associated with each sample

* Predict occurrence of frequent terms

wwwww
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Classification results
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Decoding
maps
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Discriminative patterns

Visual atlas

v

&{Q | &
@:ﬁf Hey

Motor atlas Parietal atlas

[Schwartz et al. NIPS 2013, Varoquaux et al. PCB 2018.]
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Our pipeline

Original Target
concepts concepts

Enrichment

atlas

—

(A) Label space

Concepts
extraction

NEUROVAULT

(B) Feature space

Maps
selection

Preprocessing Compression

Original Standardized fMRI
fMRI fMRI components
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Results (nhaive approach)

right toe response execution
left toe response execution
relational comparison
visual form recognition
place maintenance
pattern recognition
— auditory arithmetic processing ——
animacy decision
decision
—— left finger response execution
detection
punishment processing
visual body recognition
body maintenance
visual tool recognition
face maintenance
arithmetic processing
tool maintenance
reward processing
emotional face recognition
— right finger response execution —
emotlon
feature comparison
face recognition
auditory sentence recognition
visual face recognition
story comprehension

perception -
response execution
updating _
recognition
rEEﬁﬂnEE selection —I
eory of mind
memory — " NNoD
maintenance I GC LDA
working memory = = (common labels)
discrimination ———————— ___ui
0.75 050 025 000 0.00 0.25 0.50 0.75 1.00
ratio in TRAIN dataset AUC on IBC dataset
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Fixing labels

Problem:
synonims, false negatives (missing annotations)
- Simple rules to impute labels:

Audition lanetiane
Auditory perception guag : Visual perception
: : Language processing
Listening )
Voice perception Syntax Semantic processing Speech production Reading

Sentence Word

. . Word repetition Word generation
processing comprehension

Speech perception
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Open the box

Left toe Right toe
Decoding Decoding

d

Non-controversial case

1
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Open the box

Left toe Right toe Syntax Syntax
Decoding Decoding Encoding Decoding

g

decoding > encoding
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Open the box

Left toe Right toe ey RS (C) Face perception Face recognition Emotion perception
L De‘d'"g e De“""“ o [ncodns Decoding Decoding Decoding Decoding
L R
), A _ -
| right . )
hand \ * ~

Experimental
biases

[Menuet et al. In prep]
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Find good image annotations

Mining the neuroscientific literature
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Need curated annotations

e Current ontology incomplete

* Bigger limitation = lack of consistent vocabulary
[Poldrack & Yarkoni, Annu Rev Psycho 2016]

* How to get those ?

Knowledge bases
with concept
representations

Similarities
learning

Wikipedia ]
medical lit. —* Word2Vec > NLP sim.

neuroscience lit.— Text2Brain —> tables sim.
Neurovault —*>  OLS —> fMRIs sim.
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Mining neuroimaging literature

* Neuroimaging observations often stored Iin text.

* e.g “[...] In the anterolateral temporal cortex,
especially the temporal pole and inferior and
middle temporal gyri”

* Objectives:

- transform neuroimaging publications into brain
maps

— meta-analysis of text-only corpora
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“Text2brain”

Extract

b x Y z
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Text2brain

Destrieux "' i I Label Constrained Lea:rn.lng
(76 regions) :ll B Mean of Training Set Stat|St|CaI
——— correspondences
Talairach o T Least Deviations p
e I A T N across the
o literature is more
AAL " :
(117 regions) i effective than
RN A relying on atlases
(118 regions) :1:: |
Voxel-wise th [Dockes et al.
(28542 regions) I-I-l'@ MICCAI 2018]
—10.2 —10.0 —9.8

Log-likelihood of coordinates in left-out articles



Leveraging semantics for better
encoding

"melody"”

o ¥ s . )
melody - ﬁ,’f 4 - . H/ !
Music - music - YR d
musical - auditory -INEGN . . ' Y
auditory pitch - ;l. 6 . . Y J
pitch - J

query expansion mapping result

“meaning an *" Semantic structure

semantic 4 semantic - ‘G & ', - map concepts
) Sy —— S ﬁ‘:‘" ' with few/no data

comprehension - ‘ \f : | l-l'"-
query expansion mapping v result
"agnosia” !‘ o W Y
[ i 9
agnosia - ‘ v [ ' 'r.?‘; I :"
word - word - gy ! ] , 1
visual 4 visual N Y S~ _l
recognition - object - N
object - i b w
query expansion mapping result
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Neuroquery

calculation computation arithmetic  digit number addition subtraction
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https://neuroquery.saclay.inria.fr/

Get more good public images !
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Importance of annotations

response execution, right toe response execution,

visual arithmetic processing, sentence processing,

response selection, response execution, right finger
response execution, visual tool recognition, grasping,

working memory, visual word recognition, word
maintenance, sentence processing, syntactic parsing,

Nov 21%, 2019 Bertrand Thirion




IBC In a nutshell

e 13 subjects
* About 30 acquisitions completed per subject

* Mostly fMRI, plus diffusion, relaxometry, high
resolution anat

* 1.5mm isotropic resolution for fMRI

* Retinotopy, HC teries, free
movie watchinc = Please share

social/pain/self /o, self,
numerosity, me Y 04T protocols !
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IBC: deeper phenotyping

. . 60 independent
‘; ontrasts in 13 brains
ol (200 more coming !)
read sentence
story
~ read words tongue
fixation cross
right hand

consonant strings random motion
visual matching

i
5]

b

4 face image
AVELL
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https://neurovault.org/collections/4438/
https://openneuro.org/datasets/ds000244

Reproduce previous experiments

HCP contrasts ARCHI contrasts

story vs. math

social-interaction motion vs. random motion
punishement vs. reward

tongue vs. any motion

right foot vs. any motion

left foot vs. any motion

right hand vs. any motion

left hand vs. any motion

face image vs. shape outline

relational processing vs. visual matching
tool image vs. any image

place image vs. any image

face image vs. any image

body image vs. any image

2-back vs. 0-back

sentence reading vs. sentence listening
sentence reading vs. checkerboard

left hand vs. right hand

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

left or right hand vs. hand palm or back
object grasping vs. orientation judgment
social-interaction motion vs. random motion
false-belief story vs. mechanistic story
false-belief tale vs. mechanistic tale
expression intention vs. gender assessment
face trusty vs. gender assessment

0.8

IBC contrasts
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Structure underlying contrast
maps

Proportion of well-predicted voxels

RSVP Language

HCP Working Memaory
HCP Social

HCP Relational

HCP Language
HCP Motor

HCP Gambling
HCP Emotion
ARCHI Emational
ARCHI 5ocial
ARCHI Spatial
ARCHI Standard

B consistent
scrambled

.25

0.00 0.05 0.10 0.15 0.20 0.25 030 0.35

Prediction of the response for an unseen Prediction per prtocol and
contrast, given other contrasts subject dependence

Highly subject-specific response and contrast between primary and
associative areas
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Conclusion

 Joint decoding/encoding for
better functional specificity

* Finding commonalities across
cognitive studies Is hard

* Big data approach:
- Extract weak signals from

huge amounts of data WIP

- Common representation  « Strycture underlying
across datasets cognitive concepts
(bottleneck)
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From good ideas to good practices:
software

* Machine learning in Python

learn

machine learning in Python

Machine learning for neuroimaging
http://nilearn.github.io

Ely) o + BSD, Python, OSS
Wy G — Classification of (neuroimaging) data

- Network analysis
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http://nilearn.github.io/
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