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1 55

HEB 5 2615 AR N R AR 2 0
2L, HA RS B IR AT AL 2 2 AT BN Al A
A HEMAL A EIE . 7E H 8 28 R WAL
WL R OIE LR . BREE . B85,
XoF T FL R B A 2 34055 24 A5 5L AR in T3 5 R s 3
SER, BETH ML C 28 8] TR M iER
(Wi Calvo & Nummenmaa, 2016; Enea & Iancu,
2016; Hinojosa et al., 2015), AH L THLbEEE, FA]
PO Rl eR e X S SN R R T B N o | S e ]
(Liebenthal et al., 2016), &% W25 B0l LidE S
T SCREB R RIR o AT 8 45 AN T b
Z WL . TE MR R (affective prosody)&d8 Uiil A
AN T SCRIIETL S5 R, A BhiEEr e a
o, HEAE S SRR R R RN S SRR R
K G 1 245 19 )7 X (Briick et al., 2011), i35 A1
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LTI LR A B FAT A U6 TE N A1 SCRE
SORES, HIEHF A SIE UE B bR, FRATEE
M I 2 HE I 8 % N1 & Bl (Ben-David et al.,
2016). fildn, 45 A A 28 7 A vl IR =
B, AT UL AR E R ES . I,
XU I AN TS IR AT A A g gt 2 5
I AH 54 (Briick et al., 2011; Frithholz et al., 2016).
T8 75 B D 25 B N T RG2S ML, AS(EEE Bh 3R
TR KA 1 g5 Tad 2, g Al Tt A
Fh 23 )RR A A AR (A TRE « ORG #l 4 2R40E . AR
9iE 45 ) R AT B2 B A & VA (Knight & Baune,
2019; Lin et al., 2018). ILAk, 87 K Hiki X 175 45 1)
FR) AL L U] 2 N T BT 8 s i T R A 2, 3
A AR HE N T RE RN N — AL 58 B A T ) & R
(Mitchell & Xu, 2015),

FLI 56 T 25 ) A0 T A R 2 LRI R (Ross,
1981) NNy, 1B A S8 2 A P 58 i, Horb Ay
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M - Kz )2 (superior temporal cortex, STC")h 57
i Wernicke DX XTI A4 A 17 B 19 26 99 5 1 S8 R R
A, A AMUETE T 5 200K Broca X6 L B #B
PrtA T AR TR TR A . BEEUTRRITRA, #
AT B B 2 2 0 LAt A RN B 25 R
Z5 TG BN L, ZHE R TS 2En T
A9 JZ IR 5% (hierarchical model; Briick et al., 2011;
Ethofer et al. 2006; Schirmer & Kotz, 2006; Witteman
etal., 2012). IAEEIIA S AR 155 45 7 H 0 T3
N EAZEYE DX EHUER STC B H i (mid-STC)
PP 8 e AR 25 S, ATTIRBGE S Y
FEAZRG )4 STC (YR 8 (p-STC) il i 2238 1 %
Ay AR A A E A AE S 3) LA | Bl
(inferior frontal gyrus, IFG)HIHEZH £ J2 (orbitofrontal
cortex, OFC) A3 % X 71 5 X 18 & I 2615
ST VRAR AR AN T A% 25 F AN T J2 R A
K, WEad (5 BB GIT B 244 28 mid-STC 13 2
B R ) A RINER S0 T, WiAE p-STC F X i
17 BT & 15 B R B VIR 4805 4N T 55 SO T 18
AN RS 25 AL (Briick et al., 2011), #E—4
[, Friihholz Z5(2016)7EX 15457 35 (K IE ALK &
MAEE . AERNEFES S . BHRIEE. &%)
A AR ALE DF A R AT T A IR e TSR S
BN AR )02 43 A7 00 28 R 2%, Ao il DX A,
F5 451~ #% (Frithholz et al., 2015) . %9 R UK 2 W o Ji¢
JZ. A STC (Friihholz & Grandjean, 2013a). IFG
(Frihholz & Grandjean, 2013b), OFC (Kotz et al.,
2013). /i & (Mothes-Lasch et al., 2011),

ATV M IEE LR A TR Rk AILH 7, H AT
A=A R, S, AR R
IR RINRAE . ©RIAZERHTRE . POl BME |
R IR 5 55 A I 26 0 I AR A 58 2 S 1Y
g DX, B R Xk A [e] A S 15 28 1) o 2 A AR AR
P (Lindquist et al., 2012), {HiX—25iE F 2 EMKE
L5 380 T A RIS TR 1 0 (B AN T FL RS L B
B AN T AFAES5) o 11 25 i T 5 i 145
B, R ATN T, Bt & A P
FHOCHIFFE, ABATRIFHBLER 2 T Bk, R A 3K 3
18 75 X0 B WSO AN [) o S 1 4 A Y Dl e
Krg YR % (functional magnetic resonance imaging,

' STC i I [9] (superior temporal gyrus, STG). i [[](middle
temporal gyrus, MTG)FI5i_I 4 (superior temporal sulcus, STS) =
H 532 A o

MRI)EE R I TT 4328 (Ethofer et al., 2009a; Kotz
etal, 2013), Z5HR LM, X2 55H (XA
& 268 ok i X B4 G 301 9] (superior temporal
gyrus, STG) .3 I ¥4 (superior temporal sulcus, STS) .
i H [8] (middle temporal gyrus, MTG) . IFG ., i (8]
(middle frontal gyrus, MFG). Hifisiis o XIS
W, IR DX AN [ AP 25 A p i TR AT —
SE WYX BE (BB S1) o 938k Kotz 5% N(2013)if %)
Fo T Mg S B R S b PR AR EOE  IX, R B
Tl 28 BRSO TR AR D, il an, B A
PR ST SR IS AU MFG, PR AR L A
WA R H S T 2EM IFG. 2R, BT ik =
e, HETFEIE 4 BN T oA MR, K&
HOGHE TR i A S b e 22 2 R
GRAE, AR /D28 5 KM %k AN [ 15 45 Fh S ) L 10 A
P40 T.(Friihholz & Grandjean, 2013a), FATIAN,
IR B 25 5 v 25 A 0 22 SRRk X, JFANRE
ARAFNE AN TR R I DX ARG 5 58
e . RME L PURX SR PP R (Liu & Pell,
2012) H B A AR ME 018 25 7 A3 09 e S PR hn T i
X, BARAY, FRATHERT =R 28 B3 S AT I
Hea, 22X TS 5 R E 45 B N A A X
MR A AH 5 SCHik (Frithholz & Grandjean, 2013b), F&Ai]
WUHTE TFG 2540 DX ] GE & I AE X7 = Fh i 4 3 1
AR e ik X

B, CIEEE AR OCT 55 5 M 45 0 O T 55 (task
relevant/irrelevant) G i X 4 52 6] . RAREA —LE
WFFE R TSN RN BaAT: 55 Lo 3 7 WP 25 I 4
WA TS5 I 25, H B TP &4 R IE R
Z . N, A5 NBRAE 5505 T p-STG, T1ii4h
AT 45 B0 T mid-STG (Frithholz et al., 2012),
X G HTSCIT R B R A AV UM AR S o b, A
WHSER IR . ik 8 S S 28 IR X AR A AR 55 R Y
WO LN B AT 45 B 5 (Frithholz et al., 2012); 1% —
L BfF 5 D) [] Fsf 7 A1 i A A BT 55 oML B B TN 4
FRONE, RIS AT 25 L b R A X S X
Y95 % T BSR4 4236 8)(Bach et al., 2008; Ethofer
et al., 2009b; Quadflieg et al., 2008), BT & % A&,
C A WS AR A X 1) R IR — 35 A WF o i A i
TR PN BRI 254 55 249 25 3G XU 5 B0 TFG (Frithholz
et al., 2012; Steber et al., 2020), {H 77 WE F|
T OFG (Ethofer et al., 2009b; Quadflieg et al., 2008)
FI1 IFG (Bach et al., 2008; Beaucousin et al., 201 1)%
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i X AE AN AT 55 oA TSRO . AT, A
% JE B SE ] RE A T 55 1 0N G 3 1 -
R WF ST TLF- 242k < 25 B 00 4R S A AT 5%
“PENBERAE R N BT 55 o AHLE TG 290, P
VT PR S f B, DR e a7 5 )t 5o 9 AT
55 AT REIE AN B R HEAT TR 6N L i SO 4%,
ML R PG| TIRE S o AWEFEAG <50 B
SR B Oy FERI T, BITE ORI S 2R A
BAKAAE 55 R BRI A 18] B 3 B0 Lo i, ok T N B
FMERE, AR T RO IR 2 TR T REE .
W, EA W4 R 2 BOR PR AT R R R (11
41 Bach et al., 2008; Ethofer et al., 2009b; Friihholz
et al., 2012; Quadflieg et al., 2008; Steber et al.,
2020). 7% JE B 45 B A T IR IR RRAE, 1717 5
A1l (1 2 BB ) A FR(550~750 ms, £ X
A, FRATIN N AL 45 F R I 58 v R iR B
K& ool e H)VE R S sk e, tah, B
A WA 1A T SCRY# R (Beaucousin et al.,
2011; Ethofer et al., 2009b; Mitchell, 2007; Quadflieg
et al., 2008), A7 HYME TG LHIHF KL (Bach et al., 2008;
Frithholz et al., 2012; Steber et al., 2020), X1 fE
T TR A R T, HAEARBF T FATE ]
TR A TEREE T N RAE S5 A R
fif « GEA TSR AR R I ] | HERR T X
TR TYLE, AWTSE A B2 RE S0 465 75 Sh A
P BT 28 B N TR IR AL 22 5% o T T 2 A3 Sk
FERIE T JE R EE L, FRAT e ) TG v 4 th B Y
RBE R F M R o

B =, T IO P IR R AR AR B S B AR o
— 1 2R A B4 RER 1 25 A T BIL AR AF
SEM 0T fMRI £ A (Frithholz et al., 2016), fMRI
& H AT AR B 0 AR, B4 1 (4 i 28
TE S AT B Y 25 [ E AL, [H MRI 7R 5 2
rh R TR B R B E L A PR 23 7 A i DR P I
XX 17 28 1 AR TN T A5 DG T 4% B A 2 S A Yy
WA 55 25 . — 72 FUF2 I (Dieler et al., 2012), [
W TR AT A TS T P 2 SRR T 1Y) TMIRT B 97 45 2R A
b g T8 i AR AR BRI LS IE . THREIT 2151t
1% B 14 $ K (functional near-infrared spectroscopy,
fNIRS) H A JCMR | XSk SAHR A USSR i, AR
AT HE LA . AR5 A BA A INIRS
ARFE SR MRI B R — B0 48N T
Wi X o

2 ik
2.1 #WiK

K G*Power3.1.7 A FUfiFEA R, 5T
) SCHR ARV # (partial n® > 0.10; Bach et al.,
2008; Frithholz et al., 2012), iT5 55 16 £ #iL H]
AlikE] 0.95 G ITHRR: J1 (power). [AIRY, S5
ZH A —TUE 5T I FEAS & (n = 22; Zhang et al., 2018),
RFFEHSET 25 2L 13 B Kep etk
(AE1%: 20.42 + 2.13 y) 2 55280 . A w40 ) 1E
W AAT . s HERRAR A DA R R S 2) A 3k
A 473 sk SRR P S 3) A T AR 4)TPHE B
YIRS o SRR R S AN S S P A Y
HRAFE, PO E T B E, LHeR
Ja AT — R IR . LT R TR KR B

AR IRl
2.2 SEIGHHRIANSEIE IR

TR R RN [ P EE ST 45 )% (Liu & Pell,
2012). I BT 2P HE TR 5 A A DU T TR )
AT i) ARG £ Il L,
1 35 T B2 43 2 R FH G SR B, AT R T
W BT 1~2 5. ABFITIEEUTR
RAR PR R AR (RS 2 A 30
D). BRMEL S RIH 5~9 M FA K 10 s 8
FIEE B . B 10 s BIEZE & Bl 5~8
NG L5 T CF TRIFI G 28) Il 1~4 ) vtk i L TE fl
WO, P/ Z 18] JC E]EIRE o FH 120 AP /A) il 7R
o RUE A R EAS 5 B 10 BhAHRE, fhA) A
B A 10 BriEE B WA Lk kR
(A)F, TS By R A PR 7E 15 Bobbkta]
R,

ARG A 3(1E 2 R L BTAS %) < 2(11 55
A BROBR N BT 5256 b o i
AR RETC(EDIFIER-R26T, Hh[E A ZE), &0 'E T
PR B R 20 A EERT 7 249 50 em Ab, 5 ARG S
BN 60 2 70 dB, VT SR HOCE AR
FLHT)A 30 dB.

SRS R WIAAT S5, AT 45 18] R IR 7 K = (]
HEAT A I 25 40 N TAT 48 sk it x4 Bt 10
FOE AL B 10 1 4 1k g 7 R R bR A R A T AR
B BOE A5 U HOHEAE A <G g k) L P b A
T2 3 A E L BRg? 2 R BN
50%) o 1% AT 55 4 B 2L BUR (PR 3 4 block, block
W FE B K AT B AILHES ) . B block L7 10 B
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10 FP Y8 & (BT S M RS M ), 155 ARk
BE ML P 52 B, 5 5 BEUE 5 ARk 1) B e i
15 BBl 25 SO B o I & P B AT 55 SR Al X
FEL 10 FhiBE i 24 Lot B R B ) iR T
T, B B E RS H AR5 < 44 SRR O
ARSI Z KT 2 s B 2 R,
“EE I 50%) . ZALSFRIFEALE 3 A block, R
block 7 10 Bt 10 #PAYTH ¥ . TEMMES T, A
block 544 4 434, block 8 #iak H F H IR KB I
[ (AT Rl 2~10 205 Al il L5500
KAR G| ANBIRE, WE5 1R 30 Be 10 #0iE
AR A A
2.3 IELISMNIIRIER

fliFHZ38iE INIRS RSG5 SE P 0 5% K
1% 3 (NirScan, HuiChuang, China). YG2288 3k A E L
FHEPBR 10/20 24019 NIRS-EEG 324 ME(EASYCAP,
Herrsching, Germany). AR#E T A SCHR, A6 52 0L
{4 I DX SR U e At . AT T 13 A&
PEFN 15 AFEM S AL T 37 AN SO E (8 1),
RS A AR 2 22 18] () P-4 BE 25 5y 3.2 em GEFEL K
2.8~3.6 cm), fEICSEAREHFEA K AR S T
TR RS o FRATTE SCAREA38 3 Y v (8] 5Ky 1208
PRI A EZLAGIK, T LA o8 B0 4 7 A 3 3 1
W X AR E o B 55K NFRI T HA9 (http://brain.job.
affrc.go.jp/tools/) I T EEAEIA R MNI 445, SR
768\ Brodmann Talairach fiif 41 (Lancaster et al.,
2000) 2 F& XF B AKX o 45 38 T8 ) A b B X b
FEWE 1,

@ a3
@ Hu
i‘.::f:': b iEJ‘E

E 1 NIRS AR E

24 ELOIMNEIES

KA NirSpark 2 {4:(HuiChuang, China)if17%%
P AL 3, D)l 3 TN B 3 X B A T ik
(Molavi & Dumont, 2012)%} J5 4% B K i sk 1112
BRI IE; 2)ff FH 0.2~0.01 Hz B8 0% i 4 Bodis it
TPy BRI 3) R TE IEH) Beers-Lambert & FKIE
VIR 6% BEBCE e 48> HbO Il HbR 143k 2 22 1k
%4 A[HbOJH! A[HbR]. 7EAHHFFEH, A[HbO]LL
A[HbRI{ M [b v, % A il 3 19 22 4k 57 88K (Tong
etal., 2019), SUGZ:4E 5 MR A[HbO &

it F— £ AR A (general linear model, GLM)
RSN S5 N AR S A G BAE, 4 B IEAE it
AHRE AN DX B9 bR . SR block #¢it, LLAEECH
B 10 s BT EIFEN block MK, LALL AISHIZR
5 HRF #EATEM. GEit R SPSS 20.0 HifF
(IBM, Somers, USA). MK EH 0.05,
WG RS bR 2 . X EASEE R B
EFEAT 3(E 4 RYE RS L &2%) x 255 Ah .
B ) Y E I i 5 2253 B, SR Greenhouse-
Geisser HATERIE B 1E, K Bonferroni #7255 £
IR IE . &5, 7EEiERCR A FDR kX p
(HE T 2 8 LT IE, 3 — 2 PR PP

3 4%

W (628.35 + 151.11 ms)FIIEAAZ(91.42% +
6.30%)TEA JL I A5 R 0 W3 22 5w (F < 1)

F S B e T A R AR . B S, AR
3,9,32 RYL TG4 ER00GGR 2, K2 KB 3A),
J5 2 R kB, Ze By R AR RN HE AR R
(frontopolar/orbitofrontal area; E[J % = [a] A1 % I 7]
FORIHR, JHIE 3)X BT & R BUR(F(2, 48) = 1251,
p < 0.001, partial n* = 0.343; corrected p = 0.001; 15
Boys, BUE p=0.007; 1% vs. P4k p=0.001),
ZEM %5 T [0 = £ 3% (pars triangularis; Broca XY
—hBoY; JWIE 9V PRARTEFE S BBUER(F(2, 48) = 24.26,
p < 0.001, partial n* = 0.502; corrected p < 0.001;
SRovs. PRGBS ps < 0.001). A% LAl
(supramarginal gyrus, SMG; i 32)%f RYHEIE 5 i
HUB(F(2, 48) = 12.53, p < 0.001, partial n* = 0.343;
corrected p = 0.001; ZLH vs. 15i%% p=0.001; ZLH
vs. IR p=0.003).

Hok, RAEMEIE 27~29 KB T AT S ERN
(3 3, 182 K I& 3B) o AEA g 9 =A~E A, b
N 4N TAE 555 R 1 sy 258 . H
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F1 EIWH 7 NIRSHEEMNZEEARER
MNI 4 by .
JHE R AR 5% Brodmann 43 X % i [X 5 A B
X y z

1 Fpl-Fpz -10 68 -5 10 - Frontopolar area (0.62)
2 Fpl-AF3 -25 66 4 10 - Frontopolar area (1.00)
3 Fpl-AF7 -32 62 -8 10 - Frontopolar area (0.58)

11 - Orbitofrontal area (0.42)
4 AFz-Fpz 3 66 11 10 - Frontopolar area (1.00)
5 AFz-AF3 -12 65 20 10 - Frontopolar area (1.00)
6 AFz-AF4 16 65 20 10 - Frontopolar area (1.00)
7 F5-AF7 —46 48 0 10 - Frontopolar area (0.46)

47 - Inferior prefrontal gyrus (0.34)
8 F5-F7 =52 39 0 47 - Inferior prefrontal gyrus (0.62)
9 F5-FC5 =56 27 16 45 - pars triangularis, part of Broca’s area (0.64)
10 FT7-F7 =57 21 -13 38 - Temporopolar area (0.68)
11 FT7-FCS5 —61 8 2 22 - Superior temporal gyrus (0.61)
12 FT7-T7 —66 =7 -14 21 - Middle temporal gyrus (1.00)
13 C5-FC5 —64 -2 24 6 - Pre-motor and supplementary motor cortex (0.67)
14 C5-T7 —68 -17 8 42 - Primary and auditory association cortex (0.51)
15 C5-CP5 —66 =30 28 40 - Supramarginal gyrus, part of Wernicke’s area (0.73)
16 TP7-T7 -69 =31 -9 21 - Middle temporal gyrus (1.00)
17 TP7-CP5 —67 —44 11 22 - Superior temporal gyrus (0.92)
18 TP7-P7 —64 =55 -4 21 - Middle temporal gyrus (0.58)

37 - Fusiform gyrus (0.42)
19 P5-CP5 -60 =56 28 40 - Supramarginal gyrus, part of Wernicke’s area (0.58)
20 P5-P7 —58 -68 13 39 - Angular gyrus, part of Wernicke’s area (0.42)
21 Fp2-Fpz 14 68 -5 10 - Frontopolar area (0.66)
22 Fp2-AF4 28 66 4 10 - Frontopolar area (1.00)
23 Fp2-AF8 35 63 -8 10 - Frontopolar area (0.63)
24 F6-AF8 49 48 1 10 - Frontopolar area (0.45)
25 F6-F8 54 39 1 47 - Inferior prefrontal gyrus (0.56)
26 F6-FCo6 58 25 16 45 - pars triangularis, part of Broca’s area (0.69)
27 FT8-F8 59 21 -12 38 - Temporopolar area (0.62)
28 FT8-FC6 63 7 3 22 - Superior temporal gyrus (0.63)
29 FT8-T8 67 =7 -12 21 - Middle temporal gyrus (1.00)
30 C6-FC6 66 -3 24 6 - Pre-motor and supplementary motor cortex (0.66)
31 C6-T8 70 -17 8 42 - Primary and auditory association cortex (0.50)
32 C6-CP6 67 =30 28 40 - Supramarginal gyrus, part of Wernicke’s area (0.78)
33 TP8-T8 70 =30 -9 21 - Middle temporal gyrus (0.98)
34 TP8-CP6 68 —43 11 22 - Superior temporal gyrus (0.92)
35 TP8-P8 64 —54 -4 37 - Fusiform gyrus (0.54)

21 - Middle temporal gyrus (0.46)
36 P6-CP6 61 =56 28 40 - Supramarginal gyrus, part of Wernicke’s area (0.61)
37 P6-P8 57 -67 13 39 - Angular gyrus, part of Wernicke’s area (0.54)

TE:* WML LINEE AT REE B T 2K, AT IS SCE ], AR ES T 0.4 MK

HHaEGE 27 XN F 8B (temporopolar; F(1, 24)

Wi 29 %R TR E(MTG; F(1, 24) = 15.81, p =

11.63, p = 0.002, partial n> = 0.325; corrected p = 0.001, partial n* = 0.397; corrected p = 0.003),
0.004), HIE 28 X T3 E[FI(STG; F(1, 24) = 26.10, wJa, RATEMIE 32 K7L 55 BG4

p < 0.001, partial n? = 0.521; corrected p < 0.001), B HAEFH(F(2, 48) = 14.24, p < 0.001, partial n* =
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K2 REXTHNER

BB i DX F p* T B 1E RUR B PeoR B 1H
3 L Frontopolar/orbitofrontal area 12.51 0.001 0.21+£0.20 0.12+0.23 0.06 £ 0.20
9 L pars triangularis/Broca’s area 24.24 <0.001 0.10+0.16 0.10 £0.15 0.21 +£0.15
32 R Supramarginal gyrus 12.48 0.001 0.10 £ 0.56 0.36 £0.51 0.11 £0.45

#: *The p was corrected using FDR method across fNIRS channels.

x3 EFEHEER

i 8 Jigi X F p* M B 1E SR B E
27 R Temporopolar area 11.62 0.004 0.04 £ 0.36 0.32+0.42
28 R Superior temporal gyrus 26.17 <0.001 0.05 £ 0.45 0.37 £0.43
29 R Middle temporal gyrus 15.84 0.003 -0.03 £ 0.49 0.34+0.53

#: * The p was corrected using FDR method across fNIRS channels.

I s I 5 4
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07 07+ 07}

0.6 0.6 0.6
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S 04| S 04t g 04}
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02 0.2

0.1F 0.1
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304 204 8 04f
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B
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0.372; corrected p = 0.002; &l 2 & [& 3C), i@ A XT
N TF A0 SMG o fa BN 43 BT 26 A, 74N AT 55,
FH SMG g X X ZUE (B {H: 0.63 + 0.43) HE X 5i 4%
(0.06 + 0.44)FIHLERFIHE(0.10 + 0.34)HEUR(F(2, 23) =
102.27, p< 0.001, partial n* = 0.898), [fii% 1% 4% %00
TEN AT 55 TR B 5 (F < 1; ZYE/BER/HUR BIE =
0.10 + 0.44/0.14 + 0.66/0.12 = 0.55).

4 e

ARWEFEHF INIRS £, #RF 1 Hh AN B
AL, SR TR RN R TE 5 . 45
R, ST 55 L BT 55 TSR b 0S4
M) STG. MTG HIRA, 156HH A5 M -7 1
AT S5 AR OGS A T 4 T LRI . K
TR AT, AN [RIFh A 28 1 1% 1) P fogp el ARG 17401 X
) IFG. OFC, HICIBTE/M ik JE N RELE 55
X BL N XA 2R . TR SMG il XA AE S i
55 vhm] B 5] L AR

T4 RN R, KRIGTETE 24T 55 FHOCHITE K
FRAF T YR 3 PEAS [ FP 2 B 17 25 B et o AR TR
FPUR B, BURH A TR A0S 1 22 M B 4% Fi
OFC JiliIX. ., X — & B 5 AT 1E 1S 25 3 A P BT 55
(Kotz et al., 2013)F1# SIS Wr {155 (Zhang et al., 2018)
TS 2] A 45 R AR H AL OFC AMEFETAE 25 1 m
T B #EAE ] (Lindquist et al., 2012), [AR
T DT PG A DRI RSG>5 5947 (9 an e A7)
(Beyer et al., 2014), OFC i £3 5 \ S HA B i
M, HAEFWIELIRSEAL | BB ERESG . K8
PR A7 AE I 35 B f (Fox et al., 2018; Herpertz
et al., 2017; Paulmann et al., 2010), 5 155 &) HE X hi
OFC (&5 RN, FRATTIE K B A% X (4 IFG AT LA
TEAN BN BT 55 254 T« AR AR A v ke
S P Do Y PR AR R A, X — 45 2R 5 AT AR LA
(Zhang et al., 2018)F1H14= JL(Zhang et al., 2019)/#
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Abstract

Emotional expressions of others embedded in speech prosodies are important for social interactions.

Affective prosody refers to a way to express and convey emotions through the dynamic changes of various

acoustic cues such as pitch, intensity, stress, and intonation in speech, without relying on vocabulary and

grammatical structure. Previous studies have shown that STC, IFG, OFC, and other cerebral cortex and

subcortical structures are involved in emotional prosody processing, and gradually formed a hierarchical model.

However, existing studies on the neural mechanism of emotional prosody processing mostly focus on the

difference between non-neutral emotional prosody and neutral prosody, while the comparison between various

non-neutral emotional prosody is less investigated. Besides, the differences involved in brain regions of

emotional prosody processing under explicit and implicit tasks are still not clear. Furthermore, it is necessary to

further accumulate experimental evidence based on noise-free brain imaging technology, such as the noise-free

features of fNIRS are especially suitable for speech processing research.

This study used functional near-infrared spectroscopy to investigate how speech prosodies of different
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emotional categories are processed in the cortex under different task conditions. A group of 25 college students
participated in this study with a 3 (emotion: anger vs. fearful vs. happy) by 2 (task focus: explicit vs. implicit)
within-participant factorial design. We manipulated task focus by adopting two different tasks, with emotional
discrimination task as explicit condition and sex discrimination task as implicit condition. Ten phonological
materials for each of anger, fearful, and happy prosody were selected from the Chinese Speech Emotion
Database and consisted of the corresponding emotional prosodies and neutral prosodies. The emotional explicit
task was to count the emotional and neutral sentences contained in each 10-second speech, and the emotional
implicit task was to count the sentences played by two women in each 10-second speech. A multi-channel fNIRS
system was used to record brain activity in a continuous waveform. According to existing literature, the brain
regions observed in this study are the bilateral frontal and temporal lobes. Therefore, we used 13 emitters and 15
detectors to form 37 effective observation channels.

We first adopted NirSpark-2442 software to preprocess the data, and then conducted general linear model
analyses to calculate the cortical activation related to the task. The results showed that the brain activation was
significantly higher when anger was contrasted to fearful and happy prosody in left frontal pole / orbitofrontal
cortex, and when happy was contrasted to fearful and anger prosody in left inferior frontal gyrus, and when
fearful was contrasted to anger and happy prosody in right supramarginal gyrus. Importantly, there was an
interaction between emotion and task. In the explicit task, cortex activity in the right supramarginal gyrus was
more sensitive to fearful than to anger and happy prosodies. But no similar results were found under anger and
happy prosody. In addition, the brain activation in temporopolar, superior temporal gyrus, and middle temporal
gyrus with the explicit task was greater than that in the implicit task.

The present study demonstrated the specific brain regions for processing angry, fearful and happy prosody
were left frontal pole/orbitofrontal cortex, right supramarginal gyrus, and left inferior frontal gyrus respectively,
and the important role of right superior temporal gyrus and right supramarginal gyrus in emotional explicit task.
These findings partially support the hierarchical model of emotional prosody and question the third level of the
model.

Key words emotion, phonetic prosody, superior temporal gyrus, orbitofrontal cortex, inferior frontal gyrus,
supramarginal gyrus



