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Univariate searchlight analysis of brain fMRI data on language
meaning processing
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Abstract

According to the embodiment theory, the motor cortex
is believed to be involved in understanding the meaning
of action sentences. Our research aims at validating this
claim using the technique of univariate searchlight as an
integration of voxel-based machine learning (MVPA) and
random effect analysis in GLM. The participants of our
experiment were requested to read four types of
sentences during an fMRI scanning session, where the
sentences represent either bimanual actions, unimanual
actions, mental states (without motor implications) or
nonsense fillers. As a result, significant clusters were
found in the left angular gyrus and middle temporal
gyrus when subjects were presented with sentences
representing hand actions compared to those representing
mental states, which can be considered as regions
responsible for amodal, but not embodied, cognition

processes.

Keywords — embodiment theory, amodal theory,

functional MRI

1. XLtoIZ

DMK, B - B - 5358 D L5, T Ok
RESRTELL T2 2Y, B FHIEIEMNZ L TS DI Tl
2L, HOWBDIE WD D 72 DIZBERERIZHAE L T
%, BAETIIMHEREA A=V 712 XY, S 3B RALE
2B DI TS O BEREKEAE I 2 DWW TR LI5S
DT O, W< OPDERLILET NARIBI N
T\W%, embodiment B Gm[1]12 kAUX, 5 FHERMARIZIZAN
ORI - HERAAREICE S U THY, #HEPCH fE%
BRET DX RGO RIS & S FEE AV EE L TR
ET2LIND, — HCIOMERIIN LT 5L, JHE)

B OG- IIAENTEL, 50 ERME B KISk
HISE A % NSRBI O E— RE A TSN D
&£9% amodal Hi% X F 9 DR EFAET D[2], A
HTIRINOZHEA EBZEETD HDONMILAN
X OEWAIEISZ R E T 5, T80, FEME1T 4
RS LFTHXE, SRR EDROORITT 2
XEFRRUZZ RO OIRIE % IR U, 5 55 D R LR
2B 5 DN EIR A (R E S B AWFZE Tl JA<SFI Y
N — AR ET IV (GLM) Tld < fMRI 7 —& D%
WEFETHD L RN INZ—2 13K (MVPA) DB,
“searchlight”[3](D 2 &%) H /3 M7 T dh2 “univariate
searchlight”[4]% F\ %, 24X MVPA & GLM Z@h&
IRABIEEHETE D, AR TIE B EEET )V
DA 7= FHID 728D, R D SCRIE REFE (H ARGE) L 26
TS aB(HEE) DS THR R 9 %, 24U embodiment B
ARV B RE DRI H Z Y TN E DN EIRGE
THREREVERFD,

2. FEBHE

2. 1. EBshn#&

AFEDORBRSMEIL 20 KDOB AN 39 % (5 24
B EI5R)THERRIFERZDIAER/REL
HRBEZERIOBEE EKREB/BTEELTWS. S
MERFLTHAET MESFERITFEY 479. 154 R
E=2.62 TH2,F/=. BINED TOEIC D R#d 450 =
~960 MDBTHLZHHFICOBLTEY., E1Y 662 M.
TH(RZE 150 R CTH D,

2. 2. EERGHHE
EGRT —9 DIRFITIT.RERIEKRED 3.0T
General Electric Signa 2 ¥+ +—%f L. #eERMHS
HIBERE MRl AWz, BEIEHZF vy DR
1%, TR 7.284ms, TE 2.892ms, FA 11 &, NV RIF
31.25kHz, R I YA X Imm EAHMETH5, LR T
(E BT RE BREEEERNICA—DEAREX

— 422 —



201800 000000OO0O35000

FAW fMRI 2F+F—DHRTXZRTI L. TN EKE
BITHEIDEFETORY VL TREIE . RBD
1R 7RICIE E-Prime 2.0 #Z2#Y 7z 7 A AL fMRI B
FALZARY Ry R 17KRyS X 27KR% > (Current design
HHSC-1X2-BY)ICLYERSMEBORIGZLFRL 7. 1
HITOMRMERRIE 125(3XDRT 5s. FREERE 1.55. &
£ 5.55)THY. 305172 1 DDEYIIvVEL FEEX.
HEAEXTThTh 3ty arvdO%ELL. EyY s
> B DR S 4 1E,TR 3000ms. TE 30ms. FOV 24 *
24.Flip 90 ETHY. 1 RTHIC4 TAYa—L%EE
FLEE 1),

Etime (sec) 0.5 5 1.5 5
|Stimulus
iScans TR3 TR3 TR3 TR3 !
1: 1347l
2.3. BRI

fMRI 2F+F—RTSMEICRRLAXIE 4 85
(AFTELFFITAH OB EERSBSLNY)T
HY  REXEHAREXTENThEKRMNICA—DX
FRAWEL(R]D). T EFTANEF BEEEFZ
FITAERITNTHY, FFTANEITBEIIELS
N—HDFOHEITAERT I THD, XDHR
W, FAT 432 20 18, i F47 432 20 &, 0932 20 18,
BEEAESRWI 30 BDET 90 B THD. ZhoHDH
BIE. B XUTDEMRI ERICE ML TWRWEAREE
BEEEEE 19~20 AN B E (REE- BAERI). 1
A—ILR T IRB. BEHNEIN(BABR). b
YXF I (REBERR) OB RS EL. /LI TR
T2 TV Fo. XEB MBI LIS VY LRIEICIR
TL. By avOXDORREERDLIITLE,

F 1 EBHIBEUTHALZX

X DFEF HI X flEl

W AT 29 3C I wash the dishes. 20
mzsE>,

FFT R I use the spoon. 20
AT =V %D,

IDNAT 24 3C I make a judgment. 20
HrzE T,

RRANESRNC I wash a judgment. 30
FIWTEBED,

FIRDYE SN, FERS N IZEERD H 2R
UREETHAZIZHI A TESS 200D 747 —Tdh
D, 2O BSOS I RN, F 7z, Ek
WA — R FE S E HAFE X Z WS LW MHE k|
FAZHARGEXZIRRUTUED & G X DHRIZ &
EHEATUEOHREMD H D720 KAEBRTIZHFE

sP1-8

v arv b HARGE X by Y ava L HICHYES £57%4
T =Y N7 AN 7 S R ORI AT D807,
2.4. 9WMAE

I D I FRENEEIEE DY — 71, KD R 0 S5
BNDZEDRHILNTNDDT, AICIEERTO 4@
DEFEDIE.3EBE4FBDT —IDFHEAW
T o S M D FIIZ, £ 7 — X 1% connectivity toolbox
2017a(CONN)% AW TRTALEL, 97205 Wi [H + D
A8 & X (realignment), TE A IE (unwarp), AZ7 1 A
A4 IV J i IE (slice timing correction), fi# 1] 7 b 22 ¥E
{t (normalization) % 47 = 7=, R 27 ¥ IV D - ¥ 1k
(smoothing)ld, % R/ 3Z—> 434 (MVPA)IZBE N
TIIMEZ LT IR L7720, 1708 >72, MVPA D%
W ET N OEHEIZIE, PyMVPA 2.0 £\ 5, fMRI
T — R DM E D72 ORI FE X /2 Python 2.7 D /3y
T=YVRRMAU £ BEEET VORI,
PyMVPA 2.0 /N7 —YND” RFNT ST A
T2 AR (PLR)” Z{FH LU=,

“searchlight” Cld, M7 —ZDILEDKRZ IV
KU, Z DL DRI IV TR RIS R D /N
I EE 2 TOHEBN TR H2 7O HIETHD,
T, &S (M FAT 23 vs DHIIT 23X Fr FA4T
Fy3Cvs DIAT 25, B FAT 25X vs F FATAX)TOD
BRTE /8 &— > DFENE T 2B T V& GHA
95, /NEIEE X, radius = 1 DEHE. W RETEHRY
TV EFMIULAZ 3 RIS 27T K7 EIV),
radius = 2 DHE N RETDHHRI72IVEFNILEZ S
RIRIVSL S (125 R e D, ZD/NEIBHN T,
PghEy Y ay OFERN SR OYHET IV EAE K
U, BARGEZY Y ay OfEREFAWTET IV VM EE
AHET S, RNTRyYayHTHEET AMOKE %
MU 7= R GBI 2 AT Wi DY % 2 D /NI D
B RETVV TREEDEE LT HIOICRE U
RO BIIHEMNT %, 22T radius D K F X E GLM (2
BIBDAL—YVTEIIB L2 REED,

I5IZ, “searchlight” DA D V)N — TRk LT.”
BAZ5 &Y —F F 1 M(univariate searchlight)”[4]%17 57z,
RO RICNBOREE 2- A TITEH#LU 7214,
SPM 12 OZ &R AHIZEY BFHL VT tMEZ
1127,

3. #ER

CONN D7 hF ALFUHRZ 2P A X 2mm x 2mm
x 2mm C, radius = 3 (Z351F%” univariate searchlight”
fl % Sk 212 3D WG E BN D 2D B TRY
(WG FAT £ 3 vs DT 23X (4 2), v FA4T 23 vs D

— 423 —



201800 000000OO0O35000 sP1-8

AT 230 (B 3), M FAT R vs JT FATAX (K 4)TH
B)o MRSEOHMNIZHRI L p MHAY 0.01%KHETHERR

7RI THDB, THIE (A A flgEmE | AR E
MNI i £ -52, -56, 24 -44, -60, 20 -4, -42, 32
Z-score 1 1 1
< D5 A=Y AR 314 314 4
2 (R IVEY
25 A% — p-FWE 0.000 0.001 0.000
Y¥'—2 p-FWE 0.046 0.007 0.045

&3 R FAT R vs DT R XUIB I H BRI T AL —

F FAT A3 vs IITT 2 XX

e e Ze vl gE[A] 7 N AgE (]
. . MNI £ -50, -50, 10 -54,-52, -8
2 MFAT A vs DIFT 253
Z-score 1 1
(p < 0.0001, radius = 3) 25 28— A X 174 106
(R7RIVE
P 25 A8 — p-FWE 0.000 0.000
: Y —2 p-FWE 0.069 0.346
4. ER

T R4 T A5 X & SO FRIZ SN T, A Il EE [
LA RIDAHEIZHE DI DN THEBERERE2E DY
T AR —INRDONTZ, TNHD KL, o LY S 55
Td % Wernicke B D J&LIZHY) . Binder DL Y 2 —5fi
X[2IZARFEIND LDIZ, High level convergence €
TINZBWT, EB R E DFRFEDE—NEER 72 ERAL
HIZB T DHORLENZDOWT, L DIFEIEI N
TV T H D, F72. i FAT 2 XL XD HLIRIZ
BWTE, [ARRDOFERPEEN/Z, — /Tl FAT /X
&R FAT RO IETIE, W& 2 gt A B
T B ISR T E o7,

ANZEBRD “univariate searchlight”% F\ M /zfE R IZEHE W
T, EHE S T EBE (&2 DRIV D
TAR—IHEFRTE o7, Z3UE embodiment ¥ 3
EXAIL, BREDERBLRIEEN I AL W TIREL, £
(I BE ] % DM E B D E—RE2 X TUBLX WD &
WD amodal #l i x X KT HEDTH D, 72720
“searchlight”(ZBAL T, B EZ L HUBROFER DA
DFHAMXC, GLM R E D B 28 & DFR AT S & D
gy RERMEIERIN TS, 25U UZEL
TIE S HBILZRDME A ER T B ENHLLED

2: MFAT 2L vs i FAT /X
(p < 0.0001, radius = 3)

F BEMITBOT RHIAERRI I AR—IZDWT,
FHIS %, E—2 D MNI AR, p-FWE fHZEZ LA R DR
2. RKBIFEDD(MFAT AL vs F FATAXTIE 75 na.
AR—|IHERTE RN 72),

F 2 MTAT R vs DT R UZB T E BRI I AR —

;9% \
FITFA7 23 vs DA B 5& 3k

— 424 —



201800 000000OO0O35000 sP1-8

[1] Roel M. Willems, Daniel Casasanto, (2011), Flexibility in
embodied language understanding, Frontiers in
Psychology, v.2, doi: 10.3389/fpsyg.2011.00116

[2] Jeffrey R. Binder, Rutvik H. Desai, (2011) The
Neurobiology of Semantic Memory, Trends in
Cognitive Science, v.15(11), 527-536

[3] Nikolaus Kriegeskorte, Peter Bandettini, (2007), Analyzing
for information, not activation, to exploit high-resolution
fMRI, Neuroimage, v.38(4), 649-662

[4] Koji Jimura, Russell A. Poldrack, (2012), Analyses of
regional-average activation and multivoxel pattern
information tell complementary stories, Neuropsychologia

v.50(4), 544-552

— 425 —



