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Abstract

A Study of Feature Selection for Brain Decoding from fMRI

Signals

Noriki Koike

Brain decoding is a method to predict human activity or internal state of brain
from brain neural activity information. MVPA (Multi-Voxel Pattern Analysis) is usually
employed for brain decoding. Each brain voxel has small information and it is insufficient
to predict. MVPA use a combination of multiple voxels as a pattern for recogniton.
The dimension of signals retrieved from fMRI is too high to employ machine learning
algorithm. It is required to reduce dimensions by statistical analysis like ROI(Region
of Interest) analysis. In this research, we select 3 tasks which are considered to activate
different brain regions and generate datasets from brain activity of human subjects in
the tasks. Imitate hand motion task, watch visual stimulus task, and evoke emotion
task are selected. We apply 4 machine learning methods, support vector machines,
neural networks, random forests, and sparse logistic regressions. The results show that
support vector machines achieves the best accuracy in situation of the imitate hand
motion task, and sparse logistic analysis achieves the best accuracy in the emotion task.

It is because the feature selection is more difficult in the emotion task.

key words fMRI, brain decoding, feature selection, support vector machine, ran-

dom forest, neural network, sparse logistic regression
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contrast(s)

ge
S o
=
SPM{Tzso}

SPMresults: .\datadinMU130204\fmri_mat
Height threshold T = 3.123150 {p<0.001 (unc.)}

Extent threshold k = 0 voxels

10 20
Design matrix

Statistics: p-values adjusted for search volume
set-level cluster—level voxel-level
P T ) X,y,z {mm}
P c P corrected E P uncorrected P FWE—corrp FDR-corr = P uncorrected
0.102 2 0.000 407 0.000 0.000 0.000 693 662  0.000 14 -50 -24
0.000 0000 570 552  0.000 34 -54 -30
0.000 0.000 554 538  0.000 24 -46 -32
0.202 10 0.418 0233 0007 340 336  0.000 18 -56 -50

043 00O0OOOO0OODCOOO1000000ODOOOO

04300000000000000000(00000)0D00DO00OOODOOOO
obo20000000000b00b0bOO0bOoO0bU0o0Ob0oUbOOo0bDbOoOobDbOobObOo

o000 407000000000 ¢tO0D 6930000000 1000000DO0O0ODOO

goboobooodn
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~ e contrast(s)
Q=
g5
S o
%S -
SPM{T,. )}

SPMresults: .\datadinMU130204\fmri_mat
Height threshold T = 3.123150 {p<0.001 (unc.)}

Extent threshold k = 0 voxels

10 20
Design matrix

Statistics: p-values adjusted for search volume
set-level cluster—level voxel-level
P T ) X,y,z {mm}
P c P corrected E P uncorrected P FWE—corrp FDR-corr = P uncorrected
0.002 2 0.001 100 0.017 0.000  0.000 1003 Inf  0.000 -36 —22 50
1 0.829 0.015 0001 355 350  0.000 -34-22 38

0.048

044 00O0OOQOOOOODOOO 1000 400000000DO0DOCOOOOO

0440000 4000000000000DO00OO00OO0ODOD0ODOOOOODODOOO

gboo2000b000b000ob0o0oobooboobobooboobooboobobo

oo loooooboooogoboo+«goboobono 10030000

— 18 —



41 00 (0DDD)0O0O00OO

-
contrast(s)

SPMmip
[0, 0, 0]

SPM{TZSO}

SPMresults: .\datadinMU130204\fmri_mat
Height threshold T = 3.123150 {p<0.001 (unc.)}

Extent threshold k = 0 voxels

20 30 40

10
Design matrix

Statistics: p-values adjusted for search volume
cluster-level voxel-level
. T 5 xy.z{mm}
p corrected E P uncorrected p FWE—corrp FDR-corr ( E) p uncorrected
24 0.210 0.013 0.037 3.88 3.82 0.000 -8 -4 50

0.025

045 00O0OQCOO0OODOOO 10DOCOOOUOODOOCOoOOOO

0450000000000000000O00D0ODODOOOOOODODODOOO

0100000000000 240000000000O000¢t00 3880000
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oog 2

000000000000000 (0460000 (0 47)000400000000
(0D 48)000 400000000 (0490000000 (0410)0000000000
157200000000000 24561 0000000400000000000 800000
00 4000000000002 00000000000000210000000 4062
0000000000

000 100000000000000000000800000000000000
000000000000 ROIOOOO0O0O0000000000000000000000

gobobbooobobbodoooboobooooboboooobbooon

contrast(s)

SPMmip
[0, 0, 0]

SPM{TZSO}

SPMresults: .\datadinNF130705-1\fmri_mat
Height threshold T = 3.123150 {p<0.001 (unc.)}
Extent threshold k = 0 voxels

10 20 30 40
Design matrix

Statistics: p-values adjusted for search volume
set-level cluster-level voxel-level
XY,z {mm}
p ¢ p corrected k E P uncorrected p FWE—corrp FDR—corrT ( ZE) p uncorrected

0.116 2 0.000 1572 0.000 0.000 0.000 842 Inf  0.000 -28 -68 —22
0.000 0.000 7.64 7.24 0.000 -36 -70 -22
0.000 0.000 7.25 6.90 0.000 -20 -66 —20

0.000 296 0.000 0.000 0.000 5.42 5.27 0.000 -28 -26 -12

0.001 0.000 4.94 4.82 0.000 -12-20 -4
0.122  0.001 368 3.63 0.000 -26 -20 -20

046 00O0OOOOOODCOOO20000000DCO00O00O

O0460000000000DO0ODODODODODODOODOODOODOO20000000
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OO00b0oOd0o1kh2000000000000O00DO0O00O0O0 200000000000

0000000000000 000DO00DO00O0DbO00D t00 8420000

contrast(s)

SPMmip
[38, —64, —28]

SPM{TZSO}

SPMresults: .\datadinNF130705-1\fmri_mat
Height threshold T = 3.123150 {p<0.001 (unc.)}

Extent threshold k = 0 voxels
10 20 30 40
Design matrix

Statistics: p-values adjusted for search volume
set-level cluster—level voxel-level
X,y,z {mm}
P c P corrected k E P uncorrected P FWE—COI’Ip FDR—corrT ( ZE) P uncorrected
0.003 4 0.000 2451 0.000 0.000 0.000 12.74 Inf 0.000 38 -64 -28
0.000 0.000 10.53 Inf 0.000 14 44 -22
0.000 0.000 6.81 6.51 0.000 6 -66 -20
0.379 1 0.839 0.247 0.001 3.39 3.35 0.000 -8 -58 -16
0.379 1 0.839 0.332 0.002 3.26 3.22 0.001 26 -26 -12
0.272 6 0.559 0.380 0.002 3.19 3.16 0.001 -6-32 -4

047 0DO0O0OOODOOOO 2000000000000

047000000000000D00DO0ODOODOODOODOODOODOODOO40000000
OoobO245100000000D00000D0OD0OO00bO0 20000000D0ODO

O000DO0O0000¢¢+0000DbD 200000000012.740000000
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S
contrast(s)

SPMmip
[-38, -10, 50]

SPM{TZSO}

SPMresults: .\datadinNF130705-1\fmri_mat
Height threshold T = 3.123150 {p<0.001 (unc.)}

Extent threshold k = 0 voxels
10 20 30 40
Design matrix

Statistics: p-values adjusted for search volume
set-level cluster—level voxel-level
P T ) X,y,z {mm}
P c P corrected E P uncorrected P FWE—corrp FDR-corr = P uncorrected
0.002 2 0.033 8 0.494 0.001 0002 4.43 434  0.000 -38-10 50
0.021 0010 348 344  0.000 -56 4 32

0.045 3 0.693

048 00O0OO0OOO0OODOOO2000400000000O0DOCOO0OOO

0480000 400000000000 O0OODOODOOODOODOODODOO
obo0obdob 20000000000 b00O08UUbOo0obDOoOoboUoboobOoUobo

ob10b00b0o0obooooboobo0obOo 1000 1boo0booboobuoobo

O0t¢t0043400000000000D00C0O0OO
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s
contrast(s)

SPMmip
[-4, -10, 62]

SPM{TZSO}

SPMresults: .\datadinNF130705-1\fmri_mat
Height threshold T = 3.123150 {p<0.001 (unc.)}

Extent threshold k = 0 voxels

10 20
Design matrix

Statistics: p-values adjusted for search volume
set-level cluster—level voxel-level
P T ) X,y,z {mm}
P c P corrected E P uncorrected P FWE—corrp FDR-corr = P uncorrected
0.000 3 0.016 21 0.262 0.001 0001 427 419  0.000 -4-10 62
0.049 1 0.839 0.043 0009 323 320  0.001 8 -8 62
0.049 1 0.839 0.046 0010 321 317  0.001 8-10 58

049 00O0O0OOO0OODOOO2000400000000O0DOCO0O0OOO

0490000 4000000000000 0OO0DOODOOODOODOODODOO

ob30boboooboboooobobn 2100b0boob0oboobobDooobooO ey

04270000
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&
contrast(s)

SPMmip
[-6, 0, 52]

SPM{TZSO}

SPMresults: .\datadinNF130705-1\fmri_mat
Height threshold T = 3.123150 {p<0.001 (unc.)}

Extent threshold k = 0 voxels

20 30 40

10
Design matrix

Statistics: p-values adjusted for search volume
cluster-level voxel-level
P T ) xy.z{mm}
p corrected E P uncorrected p FWE—corrp FDR-corr = p uncorrected
0.032 21 0.262 0.004 0.010 4.24 4.16 0.000 -6 0 52
0.074 0.066 331 3.27 0.001 4 054

0410 JO00ODOCOCOOOOODOOC200000000D00C0000O

0410000000000D00000DOO0O0ODOO0OODODOODODODOOn
00 10000000000000¢t0O0 424 0000000000000D0ODO 10O

gbo0oo0obooobooboboooboob 2000b00bO0ObODOO0ObDOoODbODbDDbO
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4.2 RGBOOOOOOO

000030000000 (00000)00000oUooo0oooooooooooo

00 (0 411) 200000 20000000000 100000

4 scans
lrun ) 32 (scans)
0 I 160 (sec)
20 seconds
0411 RGBOOOOOOO (1000)
4.2.1 00O

0000200000 1000000000 fMRIODDOODDODOODOOOOOOOOO

gobobooooboboooooboboooooooobuoooooon

4.2.2 fMRIOOODOOOO

fMRIDDOOOOOOOOOO00000000000000000000 SIEMENSOO
MAGNETOM Verio(3T) 00 0000000000000FOV = 192[mm], 10000
0000000000 64 x 64 [matrix], 1000000000000 3 x 3 x 3[mm], 00

0000 5000TE =50[ms], 00000000 90°, TR =5[s] 0000

4.2.3 0O0O0OOO

fMRIODOOOOODODOODODOOODOOOOOOODDOOO0ODODOOO0 3000o0o0oooo
00000000000 00oDo0oooogoooooooogooog ftMRIDDOOO

00000 420000000000000000000DO00ODO0ODODODOOODODOO
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4.2.4 ROIOOOOODOODOODOODOOO

000000000000 0000 40000000000000D00 320000000
64x64x490000000000000000000000O0O0O0O0O ROIODOOODOO
o000 17018019 000000O000DbO0ODO0OO0O0 1vOoobOooOOoobOooooDo
(V1)OOOU 8000000000000 0O (V2)000 1900000000000OO0
00 (V3)0UOOOO0OO0ODO [2200000000000000D000DO0OODOOOOO
SPMOOODODOOOOODOOOOOODOOO0O0OOOOO MNIDODOODODOOODDOOOOO
00000000000 000ROlIOOOO0OO0O0O0OOoOoOUDODO0OO0DOOOoOOoDoOOO

000000000000000000 1700000000000 160000 (O 4.12)0
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42 RGBOOOOOOO

00 1700000000000 50000 (0D 4.13)000 1800000000000 62
0000 (0 414)000 1800000000DO0O0O 1730000 (O 415000 190
0000000000 50000 (04.16)000 2610000000000

gobobbooobobboooobooboooobobooooboboood

contrast(s)

SPMmip
[-30, -88, -2]

L SPM{Tzso}

SPMresults: .\datadinNF130705-2\fmri_mat
Height threshold T = 3.123150 {p<0.001 (unc.)}

Extent threshold k = 0 voxels

10 20 30 40

Design matrix

Statistics: p-values adjusted for search volume
set-level cluster—level voxel-level

D T 7 x,y,z {mm}

P C P corrected E p uncorrected P FWE—conp FDR-corr ( E) P uncorrected
0.001 2 0.011 16 0.313 0.000  0.000 484 473  0.000 -30-88 -2
0.001 0000 425 418  0.000 -22-92 -4
0.029 1 0.833 0.013 0004 344 339  0.000 -24-88 4
0412 RGBOOOOOOOOOODO 1700000000000000O00AO

04120000 170000000 0DOO0OO0OOOODODOOOODOODOOOODODO

oboob0oOo 2000b000b0bU0o0bO0o0obObUo0obOoUobooboboOooboOo 1600

00000000 0DO000t0b0 48400000
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contrast(s)

SPMmip
[26, —88, —6]

SPM{TZSO}

SPMresults: .\datadinNF130705-2\fmri_mat
Height threshold T = 3.123150 {p<0.001 (unc.)}
10 20 30 40

Extent threshold k = 0 voxels
Design matrix

p-values adjusted for search volume

Statistics:
set-level cluster—level voxel-level
P T ) x,y,z {mm}
p ¢ p corrected E P uncorrected p FWE—corrp FDR-corr = p uncorrected

0.000 4 0.019 5 0.585 0.010 0.009 3.50 3.6 0.000 26 -88 -6

0.021 4 0.630 0.017 0.009 3.34 3.30 0.000 12-88 0

0.027 1 0.833 0.028 0.009 3.17 3.14 0.001 16 -86 -6

0.027 1 0.833 0.032 0.009 3.14 3.0 0.001 12 -84 -4

0O4.13 RGBOUOOOOOOODOOOO 17000000000 OOOODOOO

04130000 170000000 0DO0OO0OOO0ODOODOO0ODOODOODOODOODObDO

004000000000DO0DOOOOOOOOOOO  SODODOODODODbDODbOOtO

03500000
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contrast(s)

SPMmip
[-30, -92, 2]

s
wn
)
<
—_

N

(o)

o
-

SPMresults: .\datadinNF130705-2\fmri_mat
Height threshold T = 3.123150 {p<0.001 (unc.)}
10 20 30 40

Extent threshold k = 0 voxels
Design matrix

p-values adjusted for search volume

Statistics:
set-level cluster-level voxel-level
P T ) x,y,z {mm}
p ¢ p corrected E P uncorrected p FWE—corrp FDR-corr = p uncorrected
0.001 3 0.009 62 0.057 0.000 0.000 5.69 551 0.000 -30-92 2
0.013 0.001 3.90 3.83 0.000 -32-86 -4
0.101 3 0.683 0.001 0.000 4.70  4.60 0.000 -22-94 2
0.109 2 0.748 0.028 0.002 3.67 3.62 0.000 -8-82 -8

0O4.14 RGBOUOOOOOOODOOOOD 1800000000 OOOODODOOO

04140000 800000000 DO0OOOODOODOOODOODOODOODOODODO
obo30odbobooooboobobuooe2bibobbooobbooboboooboo

0000000 00b00ob0oboDoob0oobobDoobOoottoO s690000
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contrast(s)

SPMmip
[16, —96, 12]

SPM{TZSO}

SPMresults: .\datadinNF130705-2\fmri_mat
Height threshold T = 3.123150 {p<0.001 (unc.)}
10 20 30 40

Extent threshold k = 0 voxels
Design matrix

p-values adjusted for search volume

Statistics:
set-level cluster-level voxel-level
. T 5 x,y,z {mm}
p ¢ p corrected E P uncorrected p FWE—corrp FDR-corr ( E) p uncorrected
0.001 3 0.001 173 0.003 0.000 0.000 553 5.36 0.000 16 -96 12
0.000 0.000 4.94 4.82 0.000 28-90 4
0.120 2 0.748 0.003 0.000 4.31 4.23 0.000 14-94 2
0.040 22 0.237 0.025 0.001 3.73 3.67 0.000 16 -80 -10
04.15 RGBOOOUOODOOOOOO 180000000 O0OOOCOOOOOO

04150000 80000000 0DO0OO0OOO0ODOO0DOOO0OOO0ODOObDOOOOoDOobDO

O0300000000000000017300000000000000O¢t00 5.530

oon
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contrast(s)

SPMmip
[22, 92, 14]

SPM{TZSO}

SPMresults: .\datadinNF130705-2\fmri_mat
Height threshold T = 3.123150 {p<0.001 (unc.)}
10 20 30 40

Extent threshold k = 0 voxels
Design matrix

p-values adjusted for search volume

Statistics:
set-level cluster—level voxel-level
P T ) x,y,z {mm}
p ¢ p corrected E P uncorrected p FWE—corrp FDR-corr = p uncorrected

0.000 4 0.093 5 0.585 0.057 0.080 3.47 3.42 0.000 22-92 14

0.130 1 0.833 0.101 0.080 3.28 3.24 0.001 28 -88 10

0.118 2 0.748 0.123 0.080 3.21 3.17 0.001 24 -76 -8

0.130 1 0.833 0.128 0.080 3.19 3.6 0.001 20-78 -8

0O4.16 RGBOUOOOOOOOOOO 190000000000O0OOODOOO

04160000 1900000000DO0OO0OOODOODOODOODOODOODOODODOO

0040000000000000D00D0OO  SO0DbOO0OOODOODObODbOODtOO 347

gooo
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4.3 U0O0OOOUOooooon

0000000000000000000000000000000000000000
000000000 (O 4.17)0

L run 5 scans 3 scans 63 (scans)

rest 1R | rest | ASPR | rest | R | rest | R | rest | ASfR | rest | R | rest | SR | rest

189 (sec)
15 seconds 9 seconds

0417 00D0OO0ODOODOOOOOD 1o0oD0O)

4.3.1 0O0OO

0000200000 1000000000 fIMRIODDOODODOODODOOOOOOOOO
gobobboooobbuoooobbooooooobbuoooobo
4.3.2 fMRIOCODOOOOO

fMRIDDDOODOOOOOOOO0OO0OO0O000000000000000 SIEMENSOO
MAGNETOM Verio(3T) 000000000000 000FOV = 192[mm], 10000
0000000000 64 x 64 [matrix], 1000000000000 3 x 3 x 3[mm], 00

D000 4700TE =50(ms], 00000000 90°, TR = 3[sj0000

4.3.3 0O0O0OOO

fMRIODOOOODDOOOLCDOOOOODODOOOOOODODOO0OOOD0OOO0OO
000000 00000ooooooooD IMRIDODOODODODOOO 430000000

0000000000000000000000000000000 IAPS(International
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Affective Picture System) [5] 000 “Arousal” (000 ) 0000000 50000000
0000021000000 “Valence Mean”(0OO0OO)000O 70000000000

Oo030000000DbO0O0O0oO0O0o0obOobDOobOOolbooboooobOO sOoboOobOonDO

OOooOO0bl1000v7y0000OO0bOO0oO0oOO0bDO0obD 3oboOoboooooo
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4.3.4 ROIODOOOODOODOODODOO
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0000000000000 oO0o0O0o0 SPMOOOOODOOOOOOOOOOOOO (O
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SPM{T

1'."4}

corfrazt(s)

2 4 3 g
Dezigh matix
Statistics: p-values adjusted for search volume
set-level cluster-level peak-level
ML I e
p ° pFU'lE-GﬂIT qFDH-\’.OIT RE pLII'Il:OI'I' pFlllE-COIT qFDH'GﬂlT [ZE'II puncnrr
Q.005 24 0,000 Q. 000 13472 0,000 Q. 000 0.001 .27 .98 0,000 -3 -394 -§
Q.000 0.001 E.Z2 5.90 0.000 £0 =78 -F
Q.000 0.001 E.15 5.84 0.000 24 -EE L]
o.oo0g o.o0ng Tin o.oo0g 0.155 o.o3z 4.53 4.40 o.oo0g 16 =53 56
0.153 o_02z &_ 52 &_40 o_oog 2 -&60 53
0.159 o_02z &_ 52 &_40 o_oog -3 -8 43
0,525 0. 546 42 n0.133 o.51% 0,203 3.490 3.581 o.oo0g 38 30 2
i.000 0. 546 1 0. 546 0.9%0 0.326 3.71 3.63 o.oo0g -25 42 -22
0,953 0. 546 25 0.240 0.975 o.3a7 3.63 3.56 o.oo0g -13 34 -13
0,230 Q. 546 ig 0. 348 0. 954 0,425 360 3.83 0,000 -28 g0 -1
0,938 Q. 546 iz 0.417 Q.95 0,425 3.59 3.82 0,000 30 10 Zg
0,993 0. 546 10 0.460 0.953 0,437 3.57 3.50 o.oo0g 1z B2 4
0,335 0. 546 iz 0.417 0.853 0,441 3.96 3.43 0,000 =30 (2] &
0,378 0. 546 z1 0. 250 0.831 0.457 3.54 3.45 0,000 g 4 -1§
0.9496 0. 546 1z 0o.417 0.9492 0.463 3.53 3.47 o.oo0g -34 -10 -22
i.000 0. 546 2 o.weT 0.9496 0.503 3.435 3.42 o.oo0g 32 -56 -6
0.947 0. 546 2% 0. z222 o.94a7 0.513 3.47 3.41 o.oo0g 25 -B0 42
1.000 Q. 546 E 0,708 Q. 927 0.513 3.48 3.40 0,000 -14 -5& 1f
0,963 0. 546 23 0,259 0.94939 n.573 3.41 3.35 o.oo0g 22 -54 63
i.000 0. 546 1 0,546 1.000 0.655 3.38 3.29 0o.o01 24 32 4
1.000 0. 546 z 0,787 1.000 0.655 3.34 3.23 0.001 4 -g0 -§
0 4.18 DDDDDDDDDDDDDDDDDDDDDDDDDDDD(1)
set-level cluster-level peak-level
FAF B e
4 ¢ pFUlE{nn IEI’FDH*:OI‘I kE pLII'I':OI'l pFUlE*:OI'I |:']'Fl:lFi{\'ﬁlT [ZEII pI.IHWIT
i.000 0. 546 4 0.656 i.000 0.655 3.34 3.29 0o.o01 14 16 -1z
i.000 0. 546 2 o.weT i.000 0.671 3.33 .27 0o.o01 34 -30 44
0,993 0. 546 10 0,460 i.000 0,685 3.31 3.26 0o.o01 25 -80 28
i.000 0. 546 2 o.eT 1.000 0.4z 3.28 3.23 0o.o01 22 =30 2
i.000 0. 546 1 0,546 1.000 0o.9&7 3.15 3.10 0o.o01 25 22 i)
i.000 0. 546 1 0,546 1.000 no.9a7 3.14 3.09 0o.o01 24 -22 -10
1.000 0. 546 1 0. 545 1.000 0,337 3.14 3.08 0.001 R L

0419 0000000000 DO0O0DO0OO0O0ODOOOOOOOOOO0O (2)
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