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fMRI/FIE : Blood Oxygen Level Dependent signals (BOLD signals)
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BOLD signal change (s.d. units)

BRERFOBOLDIEESR L. FHERLKY+ELocal Field Potentials&k<tHR89 %,

LFP = postsynaptic potentials (+voltage-dependent membrane oscillations, after-

potentials)
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MATLAB toolbox : SPM, FSL, AFNI
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AEYINFETIRTE (C K DEENMRE (Bennett et al. 2009)
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MBEVRFRETRIE (C KL DEEEL (Eklund et al. PNAS, 2016)

Cluster failure: Why fMRI inferences for spatial extent
have inflated false-positive rates

Anders Eklund®P“', Thomas E. Nichols®¢, and Hans Knutsson®*

aDivision of Medical Informatics, Department of Biomedical Engineering, Linképing University, S-581 85 Linképing, Sweden; PDivision of Statistics and
Machine Learning, Department of Computer and Information Science, Linképing University, S-581 83 Linkdping, Sweden; “Center for Medical Image
Science and Visualization, Linképing University, S-581 83 Linkdéping, Sweden; dDepartment of Statistics, University of Warwick, Coventry CV4 7AL, United
Kingdom; and *WMG, University of Warwick, Coventry CV4 7AL, United Kingdom

PNAS

Edited by Emery N. Brown, Massachusetts General Hospital, Boston, MA, and approved May 17, 2016 (received for review February 12, 2016)

All fMRI studies 40000 studies

TN

Height threshold Height threshold Height threshold
(with multiple correction) Then cluster threshold  without multiple
correction
/ \ 13000 studies
Random field Permutation  height p < 0.001 height p < 0.01

3500 studies
https://blogs.warwick.ac.uk/nichols/entry/bibliometrics_of cluster/ 16
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* BrainMap
http://www.brainmap.org

neurosynth.org

* Neurosynth
https://neurosynth.org/

* Neuroquery
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Activity pattern

neural code

What information is represented ?
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2001 Multi-voxel pattern analysis (Haxby et al.)
2003 First machine learning-based decoding (Cox and Savoy)
2005 Read out subjective experience (Kamitani and Tong)

2006 Search-light method (Kriegeskorte et al.)

Sparse classifier (Yamashita et al.)

2008 Visual image reconstruction (Miyawaki et al.)
Natural image identification (Kay et al.)

2011 Between-subject classifier (Haxby et al.)
Decoded neurofeedback (Shibata et al.)

2013 Decode visual dream contents (Horikawa et al.)
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Haxby et.al, Science, 2001

- Between-category correlations
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Attend to either
45° or 135° grating
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model FRARZFZAET

CIaSS|f|cat|oh ERE DRI T
model TO—5E%E

Kamitani and Tong, Nature Neuroscience, 2005



FERARERODSE A U~ET I—FT 0 >

L,

SER TV EENHAREMREBREENZER TV SR DMREIRERDIALIE

Fa—F e EAER ENAREAER

“male”

“building”

6 images/block 6s
+ 0.67 Hz flash

* Images of all base synsets
were presented in 1 run

+ Total 32 (Subject 1) or
40 (Subject 2, 3) runs

“Well, there were persons ..., inside
some sort of haII There was a male,

y “I/ a female, and ..

Horikawa et al. Science, 2013 30
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book building car character
commodity  computer-screen covering
dwelling electronic-equipment
female food furniture male
mercantile-establishment point
region representation street

Horikawa et.al 2013 Science https://www.youtube.com/watch?v=inaH_i_TjV4
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7~D4>7‘yt">7“':tt&-t%l,\m& ﬁ%ﬁ?o B Smoothed data

(4-mm-radius spherical kernel)

O

face region place regions

C Local-pattern-effect map Information-based
(4-mm-radius spherica Mahalanobis searchlight)

. y £ %
threshold (FDR) - Lp=0

D Comparison of maps B and C

activation-based (map B) B information-based (map C)
intersection of maps B and C

L ———
—— E Voxel sets and their intersection 4+ group
o (average +/-SE)
: S s0%
o
1247 607 44% 21% 5 T
£ 40%
2
o 20%
single subject group 2 x| N S
(n ”mbfﬁo\%"l GED) (@ feragg ppop ?;) 100% = all voxels marked

in either map = or C or both

Kriegrskorte et al. PNAS, 2006 32
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Automatic Relevance Determination (ARD) BRI 5 faZ{E>71= (Mackay 1994, Neal
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Yamashita et al. Neurolmage, 2008 MATLAB SLR toolbox : http://www.cns.atr.jp/~oyamashi/SLR_WEB.html
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Contrast-defined image fMRI signals

Presented image n
Reconstructed image n

Miyawaki et al. Neuron, 2008 34
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Presented image Reconstructed image

Subject S1

i Run 1 } Run 2 } Run 3 } Run 4 0000

Miyawaki et.al 2008 Neuron
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120 DEHEMNSEHLVIEEZE (70%LL L) CRIERIEEIZ,

Ioa—T42TETIL : BGEE = f(RIME

%)

Stage 1: model estimation

Estimate a receptive-field model for each voxel

& /H TN
@ \E-..../
l]*“

Images

> —0.1

j

Heceptwe—fleld model for one voxel

Kay et al. Nature, 2008

1.3

—»

0.5

Responses
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120fE DiEME ML= LIEESR (70%LL L) TRIE RIEEIS,

Stage 2: image identification
(1) Measure brain activity for an image

Voxel number

Measured voxel
activity pattermn

(2) Predict brain activity for a set of images using receptive-field models

D0 —» -~
Voxel number

& - o2090 > M

Predicted voxel
activity patterns

Set of Receptive-field models
images for multiple voxels

(3) Select the image (¥ ) whose predicted brain activity is mast similar to
the measured brain activity

1750 images for training

120 images for testing

The best predictable image is

chosen from 120 test images.

High performance 92% and 72% correct

Kay et al. Nature, 2008 38
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(A) : : Common model
Stimuli Individual brain activity spaces .
representational space

Voxel 1

. Subject 1 Stimulus 1
@J@ﬁ“/%& Stimulus 2 ®
@
Voxel 2
[
Voxel 3 Stimulus 3

‘ Dimension 1
= A
1 ‘ : Subject 2 o
2 A -
— >
m\’/ - Dimension 2
A A
[Stimulus 3 g Dimension3 @®™ B
| ;
Subject N
IR TAKM
(rotation, uniform scaling, translation)
Nishida and Nishimoto 2016

Haxby et al. Neuron, 2011 39
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Within-subject classification Between-subject classification

1000 voxels 1000 hyperaligned dimensions 35 hyperaligned PCs

1000 anatomically-aligned voxels

Stimulus category

> LS, , 2
Classifier output category

Percent
Classifications
100

90

80
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Willful Modulation of Brain Activity in Disorders of Consciousness

Martin M. Monti, Ph.D., Audrey Vanhaudenhuyse, M.Sc., Martin R. Coleman, Ph.D., Melanie Boly, M.D., John D. Pickard, F.R.C.S., F.Med.Sci., Luaba Tshibanda, M.D., Adrian
M. Owen, Ph.D., and Steven Laureys, M.D., Ph.D.

T_ADT L% EFHEE) = yes
g':&‘ E%) t%:ps{% (UIDFEﬁIL.\1%) = Nno

Is your father’s name Alexander ? Is your father’s name Thomas ?

MM Monti et al. 2010
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For further study

“Circular analysis in systems neuroscience — the dangers of double dipping”

Nikolaus Kriegeskorte, W Kyle Simmons, Patrick SF Bellgowan, and Chris | Baker, Nat Neurosci. May
2009; 12(5): 535-540. doi: 10.1038/nn.2303

56



RS EN

1. fMRI&(E

2. TLA1o=vEVY

3. WIEHRTI—T12Y

4. 2o0aARIb—L
5. ¥&H

W

57



e.g. genome

ErDiNER AT S BERES/ AT —07
O e & Y73 FE

Sporns O, Tononi G, Kotter R (2005) , PLoS Comput Biol 1(4): e42.

“A comprehensive structural description of the network of
elements and connections forming the human brain.”

EFDINDTIOR—)LLANILIZEITS
X#E & D RIERIZEEE R

Van Essen, D.C. et al. (2013), Neurolmage, 80, 62-79.

“To generate maps of brain connectivity that are comprehensive
down to the spatial resolution of the imaging methods available.”

<7035 b—/ (Macro-connectome) ~ °OMe & MRHICLOER
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Tournier, OHBM2012, educational
course slides
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INT &%+, DSmall world network

Hagmann et al. Plos Biol.,2008

TEERDEZE (949 subjects, 8-22age)

Ingalhalikar et.al, PNAS, 2013
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TRk AETa S 5T

e LAMFFDMNBEREILE S D FH R (Biswal et al,1995,1997)
e TIAILMNE—FRR YT —2 (Raichle et al. 2001, Vincent et al.2007)
B SIS EHEERE S DRERT™E (Honey et al. 2009, «+- )

~ 0

o {BAND4FET A
« FHEEBDINAAT—H (Yahata et al. 2016, Grecius et.al. 2004, Anderson et al.
2011, Drysdale et al. 2016 )

o F#nFiHl (Dosenbach et.al. 2010)
- {BAEREE. Fingerprint (Finn et al. 2015)

« ARVFFITEHIALT S TRy T—0 LD B %
o AR AREHTED B (Smith et al. 2009)
s HABENDEBRFDKEHZL AT —20LFBITSETIL (Tavor et al. 2016)
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Idle Minds

Kerrl SmitTH 201259820885
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https:/Awww.nature. com/nd|gest/Journal/v9/n12/pdf/nd|gest
2012.121210.pdf?WT.ec. [d=NDIGEST-201212
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fMRI time series Anatomical parcellation Time-course extraction

Graph-theory analysis Connection matrix Correlation matrix
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P.Gleiser et al. 2010
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frontal Left front-parietal  Right front-parietal

BM : BrainMap # AV A2 DF&RICICAZE A (30000 subjects)
RSN : 673 DLART—ARIZICAZ#E A (36 subjects) Smith et al, PNAS, 2009 g7
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