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SM 2L 74.6%, TM ZHq A= 57.1%
7ol AAeh= SM 2AA T™M 24

& BgEo] #AHJY M 24
mpr et 2Rk AAE Qe o] W CM
279 ZALES g 37 o] dFEH=E <
sto] 768%31 M o= FY 27MelA A
ZE(80.7%)F rolgk 2ol

l?;
Aol Hloem of W &4 19 At
=
=
=

p:
oo
e

r

= 370 27l
T SRR F
/‘éﬂi’ii b 2ae 4ﬁ‘4 BT AW
Aep 7 WA Ao 2HE SM, T™, F
270 2o s\, T™ 277 vlssht A7 B
fo] ohizh WA o] A% ATon Fol
A= F ZZ(SM_white noise, TM_white noise)©]
Halel BE g 2ddo] AAHUT A
2= flol AEe ™™, aM, F 271 9]
o T™M, (M 213 AAH o= FUahAT
obrE 7t AFe] ANHA R T 24
(TM_no sound, CM_no sound)°] F7}2 ZEx3}
S 2 GFeIAE of o2

Bl
A7t AFe] gRow Tom 200 A1e

b 20 2AEL B2 SAE AAE
z27 F7Hblock)e] AA]

1 ERE a0 o] AAH

At g AAE 23 219 Hee <

= 50%, AAJ] T 0% T - MRI 2~

Ne <] dummy T UG ZHL/N15F)S E
et F 9w 4527t A8, 152E A
QI gt 93 30%9] FiFo] B ol A& ATH

Jlsdy vy 9 471 H1F MRIF
DI 7159 EE A7) AT MR FGE Y

ojFoAR oMM 5Y, A
<), MRl F7 5o AHEE Gradient Echo
Planar Imaging (EPDQ] 91 & WH¢e U
I Zth TR = 3000 ms, TE = 60 ms, flip
angle = 90°, 9% 85 4 = 195 frame, ©¥H

& =20, BAFA = M el 5 mm, Ak

3

5 mm. fMRI2] %01 xM]
Tl MRI 973 A/ H(sagittal plane) . 2 &<
3R, ©o|2FE] AC-PC (anterior commissure
posterior commissure) FHo| HsIA AL
AAE Aope ololM e Al dHd
AGPC U FHtes @yl 9AE =
Attt oleldt ReA 2070 3 ©A
9] T1 MRl QFAEIFEA G| &=,
oloin] el A3 A ERL A0
715%9%e 99 ¥eE ZFJsd 18
A7 B Folle AT TI MRl H3)
s Gk

24 Py
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AMEM 23 JAS MATLAB (Mathworks, ¢ HIEA Aoz H st

nc., USA) EH30A 3 x & SPM99 (Statistical

Parametric  Mapping, 99  version, Wellcome — ZHA HQio| MEH SA7|x ZAF HZ4 &
Department of Cognitive Neurology, London, UK) o] A|A|E w] gz x=o] AAFHAEA Al
AEEQOIE Agsel A MY 2d wweN Az sz Wy
A 9 e BAS B WL ES]  (Lingal Gy, BA 19199 F39] 4 35
Ao} FAs)o AAG 72 ATt 9(Superior Temporal Sulcus, BA 42/22)3} #=2]
FEAA T, 20053). E AFNE I 24 Broca 9 H(Broca's area, BA 44/45)0] FEAXOZ

o

25, 7 49 20¢ A4 2A% Mm BYSUANE b 5 A A

<)

El

= HT H o
ste BAdME P < 0001 (T=4029 &4 T™ ol +59 Broa @J% T ABA
A FAE MR AR e AF 2 409 R EA3E , 4 Aol
o] Aolg Wlwste BAAAME P < 001 AHA £ R o 1%}—5— %%}—t— 4
T=272¢] FAE AH&ste] EAHCR fo o Sl M HHdME FFEEFF 99
b Avoxe) FolE](dusten®] A HIA (VS/MT, BA 19/37)0] &/dsteliet. w3k A7k

E 1.2 Ad =7o| 71 =2 gdstE 39

Talairach Coordinates

Region L/R SM ™ CcM

BA X y z T X y z T X y oz T

Superior Temporal ~ Left  22/42 -50 21 -1 955 51 -25 9 88 50 -21 -2 1125
Sulcus Right 22/42 57 27 -2 1579 53 35 -2 936 61 -14 -8 1119
Lingual Gyrus Right 1819 22 -78 -6 752 10 -76 -6 716 0 -84 -1 105

Inferior Prefrontal ~ Left  44/45 48 14 18 641 50 15 21 577 44 9 29 808

Cortex(Broca's area)  piohc  44/45 36 11 25 521
Occipito-Temporal
P Righe 1937 48 70 0 7.02
Junction(V5/MT)
Cingulate Gyrus Left 32 -12 14 40 554 -8 18 42 651
Left 30 20 10 635
Insula
Right 42 16 1 603
Thalamus Right 4 -15 10 541
Superior Parietal Cortex  Right 40 53 50 41 5.4

Bold: A2 EAo] #Al oJd BA: Broadmann area
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Talairach Coordinates

Region

BA x y z T

Anterior Superior Temporal Sulcus 21 57 27 2 15.79

Posterior Superior Temporal Sulcus 22 61 44 11 6.57

Lingual Gyrus 18/19 22 78 6 7.52

Broca's Area 44/45 46 6 38 645

V5/MT 19/37 50 -68 0 8.41
Ao] JRE 2e wjol] g7 AAEE Al Ty 9o XY (Region selection): 3 HA|
AFo2 A e 4 BEIMT 92 240 WAE AR BAS g B o] Mo
A Fe wWews Hlas] 2 2 FFo o ] dgoRe A freld 43
VSIMT 9ol ™M X34 o Be] @43t & HQl 3t A7 A tolert &
HTh ¥ AIZE ©A7 o] JRE UE " 2AE Fod GAstE HolA] &%
g ooel sM 20 ™M 24 vwe A oy Ak s XEE s A9
+59 o5 FAHUBA 40), FFo|FEusiform  F UTh B AFolMe 71ES T 24 2
Gyrus), 28]1 29 AUIAS|(Anterior HE EBEOE ZASAA ZstE G995
Cingulate)7} SM ZZoA o £& FA43s  F2 A J98 Hdgsnh B ATelA
Boloh &8 9% B A ol = sM, ™ 203 oM 2719 Al 219 &
Tt 22 o] HIFHOR AREUTE  AZIA 23 3] Apo] @AY AFEDNE &
Broca 99 (Talairach #3¥(x, y, 2): 46, 6, 38), AglE o] <k uHifoA F=E FEEY
T35 4 ST @1, 4, 1), A5 S5 o au A3 248 e 24 3 243
57, 27, 2, AXI (22,78, 6, VSMT . E Fee] 2 Aol= L pREvE AES

3
(50, 68, 0), (p<<0.001 uncorrected)S A1 €l 5}o]
AR BN ALESIATHE 2.

A2 2M(Path Analysis) Z=Z ¥49 7]
& AFEMacintosh 5, 1994a,b; Nyberg 5,
1996, Cabeza 5, 1997; Seminowicz 5, 2004)°]]
A AHEE 471 A AAp) AeEdom,
ofgfell 71w 7= B #AS f&l AMOS
4.0 (SmallWaters Corp., USA)7} A% ST}

A7l 2 APl e L85 vt 9

S
o

TH(aSTS, anterior Superior Temporal Sulcus)
29| ASFT(pSTS, posterior STS)F A, 13}
AlZy 9l AdA3|(lingual  gyrus), $HHE

Broca®d & (tBroca), 12|31l VS/MT o] A%
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Jon

8 S/ Y MY Al Tt

O =

2t oot R|Ziol DIAlE P8 PR A 2E 6P

gt 23y 2 3 Jdods
2 o] 2y A(voxe)olA] MRl BOLDAEE

oA AA

P9 YETA FAUA o Bl F g
she 99s Adetr] sl ™™ 23] A
71A 230 wlste] 7P L 243E Bl
M AHEAT. & VSMT G2 T™M
F3ol eM = BlsiM Rt 22 2EE

BHE doelA =7t A=
AeE F99 local maximaZFH 2

2mm o] d9E A (Volume of Interest;
vone g ftgsta o 9 ¢ke] BE BAM
= BE 3R A7 omARFTEH FF
Stk o] W fMRI HolHNA EAVE He
hemodynamic | A(delay)?} Z729]  F7Hblock)
k] olgrle] dEFe Haglelr] sl wle]
HE F&cke Aol 24 F 3A7F AlEst
= AHCZEEH 6 A FHO HoHE &

SHA E At Winder 5, 2007).

AZ 23¥ FA(Path model construction):
S WAz o 9ds el 99 2 4R
(interregional correlation)9} 7] Ao A &
7 ek <l ¢7Z2 A (anatomical
network) S HFE o2 o 7+ A4 A= A
9e BRI, olF 8, 2 2AZoIN

FE3 HolHES e dHolHE v §

oﬂ oﬂ Zl’

of o] & dlolHE /M & AWE F dn
BE Hdd A&l A2 72 By v
St oEA FgE R A #=H
o8& 71 & Awdtta & 4 Q) o]
W 2Ee] AR2e 7+ 99 1t A=t e
A o] W EAjsts AR Wado] ¢ W
1A ofl ¥ 5% WRERIAE ARE tlet
3 owe FYE B s A5 Fol
2dlo] oA (model stability)S A7 S Th
olgA 7P A HAE2E xFste e
Tz 28% dF&rte s AResie] F#
Z 233} dolEzte dA oAFRE APEE
Bl gleta AT 7Rl 7 HAQl 2y
< AFsanh agA AAl 49 dHelHE
7P A At & £ e HE R R
= 2 He Aotk o] W o= & 4
qomiy 9% we ade a e
Jd9 ZAzresidua)E 1 7FEAE 052 1F
S A% g ggenn 88w @
= 999 BAE 12 wgTend 1 99
o 7} 2N AR e e

S AREARQl A A=e
593k FJo]7} 9= Ao oJRE Folar] 9
gl HbHo 2 A8l Fdl(Stack model) HT WH

o] AMg= ¢ tHMcintosh 5,

T, 2004 ©] W BE 271 7o) T 4B

1994.a; Seminowicz
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S AdstE Ao 94 2wl 244 A
Qo] B% 2uim 13S A7 G &g
ol Rdl(null mode) A2 AZ Zw=r}
e 274 7h gads 1 e dg
3= ZFd(alternative model)o] AFR-Eo] Tdl}
dolEle A3 =S el AL F E
dola A2an 2 Aol T kel o]

7F 593 71E Al BAF R AS a8t
Ak et £ vl kM 29T gyl
A rdhe] Apo|7h fel sirhHp <0.05) A2
AR BErt 2719 9GS ol 27 1

coefficient) 7} %) A (positive)o] 2FH o] 3+ ]
o] @A ZrtebH 1 o riE A4
0 ¥ 999 2t Srte Ae
ouletn], Wl dZd AZAGYT HA
(negative)o| 2} &k Fo] A3yt Flshd
ozHE dZ49 v= Jdo A3

S Aoz At

a1 e

do 4 X

RE
AERYS Z
o ASol
dre AR A
(Estimate), L Q ZKS.E, Standard
Erron) 9 ZHTES 2] dF FA%
RE THE FAAY Aoz R 7

(Critical Ration,

T S Hetd 4 9tk o] A £
49 % 19 AAE AT
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UeY S/ U BXY AlZt BAIZH B2E 0101 XIZi0f DjxE HEk A WHA 2Y o7
¥ 3.7 =AY, Bl HA9E 74| Pearson AEEHA HEZA

M V5/MT LG rBroca aSTS pSTS
V5/MT 1 - - - -
LG 0.145%* 1 - - -
tBroca 0.156* -0.128%* 1 - -
aSTS -0.125%* 0 -0.051 1 -
pSTS 0.072 0.052 0.057 0.295%* 1
™ V5/MT LG rBroca aSTS pSTS
V5/MT 1 - - - -
1G 0.226%* 1 - - -
tBroca 0.051 0.016 1 - -
aSTS 0.045 0.105%* -0.018 1 -
pSTS 0.080%* 0.043 0.004 0.502%* 1
SM V5/MT LG rBroca aSTS pSTS
VS/MT 1 - - - -
1G 0.083%* 1 - - -
rBroca 0.056 0.080%* 1 - -
aSTS 0.061 0.142%* 0.027 1 -
pSTS 0.112%%* 0.046 0.047 0.444%* 1

N

Abbreviations:  VS/MT, Occipto-Temporal Junction (Z-Z%F AHFA); LG, Lingual Gyrus (A24+3]); aSTS,

anterior Superior Temporal Sulcus (A2 A Z%71); pSTS, Posterior Superior Temporal Sulcus (

); 1Broca, Broca's area ($-= HEF} ),
*p < 00594 f2f; #* p < 0.014] £

A dte ¢ Zdnul moded)I F= FHA
P24 e AR g2vde gt

(alternative model)< H]wale] 1 A3} %7

0.001). o|ZA gle B zF 7oA 2F A (positive)
=¥ EF3} ARAG WMEYAS <F 4> HFH Ado
AAIBEAE Solox 4
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M p path coefficients CR

LG - V5/MT wok 0.262 3.671
VS/MT - pSTS 0.179 1708
pSTS - aSTS -1.101 0.875
aSTS — pSTS 1.060 1.638
aSTS — 1Broca -0.067 -0.659
rBroca — V5/MT w% 0912 2.692
V5/MT - 1Broca -0.888 -1.925

™ E CR

LG - V5/MT wok 0.226 7.042
V5/MT i pSTS * 0.083 1.997
pSTS - aSTS 0.566 1571
aSTS — pSTS -0.089 -0.169
aSTS - 1Broca -0.020 -0.609
rBroca — V5/MT -0.021 -0.147
V5/MT — 1Broca 0.073 0.504

SM E CR

LG - V5/MT * 0.160 2.367
VS/MT - pSTS * 0.150 2.034
pSTS g aSTS * 0.686 2.158
aSTS - pSTS -0.345 0.662
aSTS - 1Broca 0.044 0.665
rBroca — V5/MT -0.968 -1.602
V5/MT — 1Broca 0.968 1.784

Abbreviations:  VS/MT, Occipto-Temporal Junction (Z-Z%F A <), LG, Lingual Gyrus (AA}3]); aSTS,
anterior Superior Temporal Sulcus (HZ AFZ5F71); pSTS, Posterior Superior Temporal Sulcus (= A&,
tBroca, Broca's area ($-= HE7} ),

*p < 005904 F9; #* p < 001904 £-2]; CR, critical ratio

2 4% A4 9ol BRUAG 94 1 A7 G AZE At AT Fust
wel AEE A 9ol BRAUL 5 VIMT 99O e ARG broca GGl
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A9k e Az 4o A VSMT 9
o7

0.0, VS/MT FHlA F5 & SFEFeR A HJat
o] dAZo] fFofatdthp < 0.05(1% 1B) Al FBIRtHad 10
:LE| 1. Aﬂ I7-|O| de 8 Ai =l=]
{(A) CM (A)CM =7 (B)TME?J(C)SM =A
B2 EAS 9o MME AAS o F fOos FAL S
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(B) TM

CrEo| M EAISIE e 2 sMoz 212 A2

(LG: lingual gyrus, V5: occipito-temporal region, pSTS:
posteriror superior temporal region, aSTS: anferiror
superiortcmporalregion, rBR: Broca area,

*. p<0.05, **; p<0 01); & H(—), positive path

coefficient, H A (-->), negative path coefficient
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The influence of visual mouth cue on auditory speech
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Visual cues emitted from a speaker, such as mouth and lip movements, are critical aspects of sensory

information that influence auditory speech perception in face to face conversation. The way in which

these complex visual cues are processed remains to be elucidated. Here we apply fMRI to a cross-modal
speech perception paradigm in order to determine how functional connectivity between brain areas changes
depending on the type of visual cue. Data obtained from a previous fMRI study in which three conditions,
closed mouth (CM), twitching mouth (TM), or speaking mouth (SM) were delivered during an auditory
sentence perception task. Structural Equation Modeling (SEM) was used to estimate functional strengths of
links in a network among the brain regions activated in these three conditions. The chosen brain areas,
which were modeled only in the right hemisphere, consisted of visual areas (lingual gyrus and V5/MT),
both anterior and posterior superior temporal sulci (aSTS and pSTS), and the area equivalent to left Broca ’s
area (rBroca’s). Significant differences were found for the functional linkages between V5/MT and rBroca’s
area across the three conditions. The path from V5/MT to tBroca became positive both during the TM and
SM conditions, whereas that in the CM condition was negative. However, the connection from rBroca to
V5/MT became negative both during the TM and SM, whereas that in the CM condition was positive.
Additional linguistic information, such as the mouth movements of the SM condition, resulted in increased
statistical significance of these linkages relative to the TM condition. The dynamic changes in functional
connectivity between V5/MT and Broca’s area in the right hemisphere may subserve the cross-modal

processing of auditory speech by inhibiting irrelevant or interfering visual cues from mouth movement.

Key words : Cross-modal processing, Structural Equation Model (SEM), lip-reading, speech, fMRI
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