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MM, WFFEH RIS AF S DL S S R 45 AR A
Z Y HE R R T 3 2 1% 19 7098 (Kato & Takeda., 2017;
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MM A N BT U6, 32 5 i T2k %8 (Nadtidnen et al.,
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JIFF7 R B (Armstrong & Olatunji, 2012; Cisler &
Koster, 2010), Dodd %5(2017)F—1it# 24 i fLAL 5 1%
FATS T R B, AR R FE AR R A AR T AP
TG LA AR I o JF H, 3 — 20 B9 AH M o3
Bras R woR, e T A R 5005 T O e 48 Rl R A7
FE 525 B IE AR G, B e R 0T AR S (AR T 2 7
TIRE R TR m L, XS RUH S L
U, SR, 5 —SEFsE I, SR EE S
ORI GE B Y 2605 2., PRI A UAUET X 67
5 28 R, TR T TG 2 SR A ke U
(Morel et al., 2014; Donges et al., 2012; Somerville
etal.,, 2004), WFFEHENHRME TAT M F MM L Rg (82
PITEDE o BN, 76— B FRAE 73 244E 55, Morel
SE Q014 1 4 ot £ JE AR T AR 2 18 I 5 0 e B
FIFER . MfTRI, M TFridmfl, 2RI
FL IS o 4R T 8 BB Y TR IX 305 & 1 O 5 ) S
1T AVR A5 SO 5 3 70 AS ] TR 30 3R 1 =2 1) IS A7 7 22
S AR, R BT AR AT X AR T ALY
I o AR R R A A, XS T R T
FE PR TG 2015 AT AE T 3 o) B SRR W R o 05
#b, Holmes 45(2009)id % B, BRAHFERG N T 2 50AT
G5 AT TGO, e 4R O A R AT T A7 28 ) ke
JFF5 & BRI LPP R I, ARG o £ i W B 28
IR R, —I MRI WP [RIAE SCRE T AR IR X
T 4 2% 1 A7 A 57 38 1) 38 0% ) O R 4R I 1 5
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TALFLAEZE A L v e 2600 A A0 i 400 P ) J8 G A 2
Y TEARDG, AR AN A8 S5 AR B 8 T F B AR AR R
(Donges et al., 2012), &2, VIFENFFRRM, SFEE
FRIEFH A EAE A VEIE 2w ], 07 ELS AL 46 PR R T
FLTE N BAE 2515 EAA e e 1) ok 2 dUR% . IRt 4R
TR AR R AR 2515 B T rh i VE AL, X581
iff v 45 T A R T T 45 AR B0 T 1) H A
RN A, RWEFRER AT R AE A
TR B, T07E R E AT RN TR B, e AR
SR AR T R X 1 26 1 J20 7 O o) 2 2R B I 5 AN
THAE . R T AR TR T BB AE T R IR AR X A
A AE SN A 2= N D Tk R, T 78 By ek
() Jii EL RN R 22 AR R BE 5 DLAE S Y A7 R 2
R TR BB 2 w1l o BRI, PR 4 S5 £ RO T ¥
FAG BRI T2, A BT T A IARTE B B
XA 25 JHEAT TR BE A PEAS, A BT
(8] 24 950 3 A 5 v O T R SRR o B 1 1 4 i 1)
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AIE ) W& —> B sk i FE (e.g., Kimura et al.,
2012; Astikainen et al., 2013), ZEVCHL 7 (MMN)
& ERP WF5 o i F AR S 0 (— 8¢ R oddball
ST v KM 48 5 B SRR 5 i 25 BRSO (— ik
oddball S35 /IR 12 0 A4 O AH Dek 15 21 9 25 S5 U8
BLGF, SO T IR A0 v i A e A e T 3
AT AL U T, SR R R A B R R
TR T B bR (Nddtinen et al., 2007). K,
XF MMN B3 PR A B T 1 i o AR B FE R T &
T BB I AEAE AL . Nédtédnen 55 (1978) 156
TS E A R oddball SEESUESE AR T MMN
AR AEAE 7€ Nadtinen 25 A9 5250 b 2 90 1 75 35
T A AE R B AR L, R RHER S
T TR0 23 75 A R MR, /MBS b T o —
A 7 A A O 2 R o el SR S A S 5
155 M JC T TP & R, AR R B, AR I 22
P ] B 22 5155 % T W MMIND 7). MMIN
T H AT R A S gy, AR A,
S RN A3 ST i 2 R B o S SRR A S I AR
S5, B R e T X e A2 F B T(Kimura
et al., 2009; Pulvermiiller et al., 2003), Pulvermiiller
A5 (2003) (i FHWT e AR, [FIAEUER] T MMN 1E
P I BAFAE AN F] X B30 - 7229 136 ms I3
DX G, DA 2 158 ms B 451 B2 J2 A 300

ITAER, XFF MMN F5E A P J IR iy o ]
o WEFEE R, AR E R, WGl . B
SRR AT LIS & MMN %43 (e.g., Astikainen
et al., 2008; Czigler et al., 2002), JEIiIT4hICHEE I
PRI I, AN TR T & 1)) MMIN (Astikainen
et al., 2013; Stefanics et al., 2014), PAfEWFSE Eos,
TR 1175 & B9 MIMIN A B[] 9 11K 2480 7 3
5 #) 70~360 ms Z H(e.g., Astikainen & Hietanen,
2009; Kimura et al., 2012; Li et al., 2012; Stefanics
et al., 2012), TEHM S BER: B, DR E 15 BI7E
L NG S P SV Al v i iR b e Y =]
RI, HHALIEL T EARCH MMN 553 BES
TELEA R X AT R W 2] (e.g., Astikainen et al.,
2008; Kreegipuu et al., 2013)., #— 11, Zhao F1 Li
(2006) A& BH, FrifE 5 O 2= T ALRNEAE S 4607 5
AR H BN, I & 5 REHCH MMN
BT o WF5E K e D 22 033 (17 4 T FL ) 5 A v ik
(T LA I A5 2 ) ERP 43 v 44 8 EMMN
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%51 1)

N A e PR B T SRR T B T BERY 2 Ok B ERP AYIESR 3

B I BT 20 A T8 A i XY P7/8, POT7/8
FCB1/2o AL DX Ik DA K F AR o5 AR e 6 [ A AT
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TCRBY IS5 o A5 R, w22 TR LRI R 98175
& EMMN 41, Jf HRUWR AL R AR fLis & T
TR EMMN I3 M RIS 0 A T AR 4, i o 57 2% A
TR RIS TR A5 . 4R EMMN JEA
AASER X T FLAS A RRAE, T2 S e 1 %o 28 T L LA
e TR A I TN E 1Y - Vogel 45(2015)iE— 2 55 UF
T EMMN J 5375 1 26 P00 5 T AR ek o Al &
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Csukly et al., 2013; Maekawa et al., 2013), T4/
P R NAS R T, AR R BB S AR EAE O
YA 58 R Z BRI T 78 AR A 1 5 JEI 26 noie 1 1 10
T, AT BEE GE RN T (e.g., Cornwell et al.,
2007; Schirmer & Escoffier, 2010), 40, Schirmer
F1 Escoffier (2010)f#i [l ERP A Fl— 2L/ HiFE R
TRIE T W RS AR TR T 5. MMIN 1 R 3K
o8 R8T B 2H ) T SO T AR A i 22 R I8 i S 1)
MMN I il i 2 KT i O SO R 22
R AT . Jioh, BB ARSI A3, 15
TAE 22 I B MMIN DA RO SR I SR B0 M I 35 1)
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TR R, o RS R e 1S 45 I 22 AR T 15
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B BRI TR e, B RIATERE

WAL, B SR [ B 5 3 T X6 T LA Y AR R
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W DAAEAIRGE &R, N 170 540 3 2255 A 78 22 AT AL
DB, S e 1 LB B Be Y T AL S5 M g i, Ry
TETR AL S IS 170 ms ik F 5 K4 (Hinojosa
et al., 2015), HF N170 F1 MMN 7E 3k J2 4345 DL &
FEIE BN AIBTTE % LR ARIYE, Astikainen 55(2013)
1 o S T LA R A S 8 a3 0 B O O 6 B
B i) R DI REHEAT 1 28 o AT AR, N170 J )
FETENG & WU, 78 bV T FL AT 25 T L 2 [ A7 AR
225, MAEH AL 46 7 912 e b %A 2 5% MMN
B AMAE PR L ARE 25 AL Z [ AR 25 7, b
TETE LG 45 7 5 AE A AFAE 22 50 D3 4h, N170 B4y
R EZ IR, B e e S
W ABFE R, AR TR LR, A T L R
FAFT N170 KRB R BRE, TS A%
"7 i A 22 I (Rossignol et al., 2012; Walentowska &
Wronka, 2012), 2R, 55 —Setffoys kM, LT
e I, s AR o AR T TR T PR A I
KR NL70 5o 2% B HY B ORI W R B v AR 0
(Williams et al., 2007; Kolassa & Miltner, 2006),
W, AR R P T R S B BOXT TR AL LR 1
TR REAS G TE
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SRR I AR, e A 2 O [ PR R, AR ESE
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W B AN SRAE A SRR 28 D 1), IS 2 4 A6 405 T L 75
BH EMMN iR b SRR PR R A TE 22 5, AN
SRAFAE 0 11 28 i 1), OIS A DR S AR 49 T L
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%] Spielberger R 2~ it £5 J& 1] % (State-
Trait Anxiety Inventory, STAI) (Spielberger et al.,
1983) (Y i it XS B AL AR AL R 24 436 Ak
fr e . RAE RSB TR L, 121537000 T/
27% P T AL BEHC 20 A ARy e e o £ R4,
TERF ML TR 27% R i BEALZE L 20 AAE A
el fR A . R AR I 7T N, Lk 13 A, P
AERE N 19.02 £ 0.63 % 0 IRAGFEEITE 9 N, Ltk
11N, PR R 19.63 + 0.88 %, X4l skl
R ER AR o AT 22 A S R B, L AR AR

FEHH 2 (R AFAE I 3 22 S (R AR AR AL M = 57.21,
D = 4.92; {REFFEEL M = 30.64, SD = 3.83;

t(38) = 19.632, p < 0.001), AT #1715 iE M
FIEH, LEIEEH, ¥AAFT, BT L
FNGRIGHE 5 50 o S0 S 56 14 T A 4k 35 g 4 2 i
IR AR, RS MR TR R
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S50 v (8 P ) T 2 I Ak A e A T L
152518 i 2255 (Chinese Facial Affective Picture System,
CAFPS) (ZEH %, 2011), BEHUHAR | B4 FISE 3
BN TFLERTE E A 45 10 5N RIEA R, B 42k
Kl gi— KM PhotoShopCS6 #f#E47 M I Ab B,
VR K/ . B BE A FL R . AT T FL A ) 25
BRHSL & . HZR%E, (R B 1 FL PV ERAE (AR 5201
G 48 55
23 XERF

K F 22— AR ME R oddball Y55, 7EIZIER T,
Jo 5 v e B, A A [ 1R 4 T L (PR AR IR
Pl ) [A] B A <+ PN, kR O T L
HL I K/ NAE AL, I MR A AR A i 2 B I
O (FE 38 R /N 32 T Bl F o, 0 k) o
i), T2+ A A AN S Y TR AR RN T . T
FLIE F R B0 150 ms, 4520 1 L& A =2 18] ) B
450 mso H AR 38 R s N B R A AR
AR 2R WAL LIRS Z b, DLk ST 50 50
SRAEZ B ST 55 MG S T4 o S8 A 0% D 22 340
BRI R AL R, bRl K 2
B AL R o b 22 — b o B9 S5 R B Sy L s
block HAE A i 2= H1 384 %) T FL 1€ - #F 73— 26 block
RV A A TR S B, 4 Ay s o S 384 B ) 1
FLIE R DR B R 22 0. Rk, SEgfds 4 Fh

B AR 3 4 block, 4L 12 4> block, %4> block
FLHG 412 AL, o312 ASERAERTEL, 90 M
ZERN L B 10 AR #E T B e A AR b o 3
AN . 1 block BN FEBR ] P-4, 7643
FEE eh, TR R T R A R T R S D B L
IR o 91 20 7 PR A o S DR A 25 Y block
SIS FFIPKE R 10 PP M R K AR A
FRUER, SRS 5 IO Sy i 22 A PR AR T 1
BR,  HL A 25 A0 38 2 ) 22 /0 [a] B R A s o 38, A
HEE 4 R I DC A oE R O 22 SRR
BARSE m AR A 1,

SR BRI E RE | IR T A A B B 1] N 2R AT
THEALE S8R I EE B 70 em, BEASSEEG
T A R B OBUIR T e % e, B AR SO IR
A, REE SIS IR . AR SESh R,

24 BIERIERS S

Y 2 54T S BHE 1 e Sk A8 E-Prime
2.0 #£47, fdi 1] NeuroScan Synamps2 fixi i 5% 541
M 22 48 K 52 AN 4341 i B (Electroencephalogram, EEG)
g, R 68 T Ag/AgCl B IE T 5% 3k f A7 B
EEG L) & 3 B R H (VEOG) FI/K - HR H, (HEOG),
W Ar B HEFRHE FE PR 10-20 PR RS . LABIAEN
S tlk, R AR A e S A E T A RKE BT
10 mm &b, ZKF-HR R e S5 A AR s T 19 AR A
10 mm &b, AC RHE, RAEMARHA 500 Hz, A7y
0.05~100 Hz, HLBK 53k S ] BHAT4E 47 7E 5 KQLAF o

K EEGLAB T_HA4fi(Delorme & Makeig, 2004)
XTI EA T B 2653 M1 o R FH 0.5~30 Hz 7l sk, B
HHT 150 ms B RS 400 ms Mo Hrat AR, LI
FLAHEBUET 150 ms RHELR o SR AT 5S40 AT
(ICA)W I T 3h LR AR sh P, SR 5 2215 I iR
80 pV MIEBI KB, a5l & a4
PATE R AP T B RAR 5 o 15 SRR 22 0L TR
SRPRAERN . AR 0w 22 300 . AR5 v R U e 2%
PERBEIRIS, o SRR AR 45 25 o 0 e ek 2
AR 0, 3 2R AR AR EMMN 553 9F:
MFREMNGETT T, FTLAI T N170
1 EMMN B4R (e.g., Righart & de Gelder.,
2008; Xu et al., 2013; Song et al., 2017; Li et al.,
2012; Astikainen et al., 2013), F145 G AWF5E 1) SL 56
BT LA S BRI EUR Sk B2 534, EMMN B3 1Y B[]
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450 ms ' * .
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150 ms t
BB THE 5 R B 150 ms +

(BEHLH )

'+

150 ms

= /

IRZEHNFL150 ms

7RI AT 4 0 ks A 100~220 ms, B
220~380 ms, ZEfill P7. POS. PO7, £ifil] P8, POG6,
PO8, N170 AYHFEI T 18 150~190 ms, HLAK AT H:
ZEfill P7. PO7, ZEfill P8, PO8., K] SPSS 25 X fr
D)8 i P 853 1) T8 S AR A 7 o A e T 25 53 AT

3 4
3.1 1THEIEER
EIERR b, & R 2 M2 5 A8 0

#,F(1,38) =037, p= 0.547 (FH%H: M =091, SE=
0.028; fKZH: M =0.92, SE = 0.023), K Mt
F R T B SR B It 90% HI% A B B 1 2%
S, H AT UL R TR B ) PR R TE T RN AR
BAESS b, DNITTGRAIE T TR 215 A i = Ty
.
32 ERPHIELR

43 50 N i AR TR A R R ER R TR A 4 v A B
T 2 Ml 2 i pkik o 76X o A s 1 7 S n

PRZE R 7] 2= /0
16 PR L

450 ms

'+

£33 150 ms h
450 ms ' + .

FRERIEL150 ms +

450 ms

PRZE L 150 ms

YIRbERSE, XF N170 B PR T 2 (B2 &
PRI EA] | (RER R IEL]) x 2 (HZEI: PR .
M) x 2 GRS PR 2= L . ArifERE) < 2 (F
Bk 22 AP EE S Ty 25 0 Mo xR R g
EMMN J 53 B9 S4B R AT 2 (Bl Ay mde i
R | AR RAH) < 2 (g8 PR, AR
i) < 2 CEER: 220 ADMEEN I 2500, H
PSR R A B A, AR N AR
321 N170

T 3500 2, F (1, 34) = 30.86, p <
0.001, np = 0.476. i ZZHIBL MM = —1.55 uV, SE=
0.20) ! & T TARMERIEL(M = 0.51 pV, SE = 0.14),
NBREHY B, F (1, 34) = 5.38, p = 0.027, np =
0.137, PERAPARA L HAEH B, F(, 34) =
4.85,p=0.035,n,=0.125. FF—LoWEH, &St
Joi A A A P BRI L T AR (A M =
—0.217 uV, SE=0.23; £i: M =0.349 pV, SE = 0.24,
p=0.003), MfFEFAEEA T, 4 PERAEE R
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EES, HAFESMZ EAEHSA T B4R np = 0.118 T BARLI 43 & B, X T i e o A SR A,

IR IANE 2,
322 EMMN

TEHFI EMMN A5 (100~220 ms) |, 1E 252
AR Z s BRI 3, F (1, 34) = 4.34,
p = 0.045, mp = 0.113, AT AN S BT L3, X T
e I8, PORFAR 42682 )] EMMN )%
22 A B E (SR M=—0.74 uV, SE=0.17; FE05:
M =-0.62 pV, SE = 0.21, p > 0.05); ¥ TAR4E 5 A
e, 05T B EMMN R SR T R 4k
(PLsR: M =-0.27 uV, SE=0.17; EHi: M=-0.81 pV,
SE =021, p=0.021). MFEPRRZMT, S
JEA IR R TR R, —HBENE R E
H: M =-0.74 uV, SE = 0.17; {&4: M = —-0.27 pV,
SE=0.17, p=0.059), HAth F=%00 F2E HAE LA
2 (ps > 0.05),

TEMEI EMMN 53 (220~280 ms) |, #if2 s
FUEER S HEAE B3, F (1, 34) = 4.55, p = 0.04,
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5 1
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5 1
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Aﬁé
i
# 0
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-1+ ‘.;;.

300

& 2

100 200 400 ms

LA EERZ M 22 AN 2 (AE: M = =0.57 nV, SE =
0.15; #5: M=—-0.64 uV, SE=0.17, p=0.456), Xf T
R A, A akif &) EMMN IR B 35K
TAEBRG: M = =070 pV, SE = 0.15; £i: M=
—-0.49 pV, SE =0.17, p = 0.03), HAth F 20 F58 H.
ERRIA 23 (ps > 0.05), BARJZ IR AN 3,

4 THE

ABIEFE AR | 6475 1 2 17 PR h SRR
o P i 2 — A HE SRS ST T TR R A AT
T T LA R e o A A T T 9 Bt 1 4 A
T PR R AT R BAR AR B, BRI W+ B AR
R/NEACHIATE 5 b B B A IE A %, JX R W9
T T W A 5 S R 1R JC SR Y SR 55
L, BREEM TR BRI A . 75 ERP S5 L,
AT R N170 o ATE R b A7 (e 22 57,
FEI A i 22 RO A 1 IR N170 P06, 1 717

P8/PO8

uv 3

o 1F
g 0
# 0
iz
_1 (—
— 1 1 1 1 1
—-100 0 100 200 300 400 ms
P8/PO8
puv 3
2 (—
1
W
=8
# 0
=
_l -
_2 ! 1 ! 1 !
—100 0 100 200 300 400 ms

AT R BT
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o P7/POS/PO7 o P8/PO6/PO8
AARE pv L
0.5 03¢ HREMMN AEHBHEMMN
\ Z It )
fres 0 i 0
& A | | | | |
i 0.5 = 0.5 ] 3
i i
g g
-1.0F -1.0
I +1.5
_1'5 1 1 1 1 1 _1'5 1 1 1 1
100 0 100 200 300 400 ms ~100 100 200 300 400 ms 0
P7/PO5/PO7 P8/PO6//PO8 | -15
uv 1.0 uv 1.0
05 o HIREMMN AELFEMMN
\ 3
g ol i AHEMMN % L k) L W
= : = e &
E 05 E i ) ] : )
= . = _ 7
-1.0
,15 1 1 1 1 1 —15 L 1 1 1
100 0 100 200 300 400ms -100 100 200 300 400 ms

K3 [T EMMN B B R IE

LERIM R AR 7ER] EMMN 8 b, %
"R T £ 1 2 LA T 15 - 4 T k2 R T PR

SRIATTRRNE, e o A BB 2 DR AR A 0 T BB = T
BFERS. IFH, R RAEIEALEDIR T8 B0

RS O IELH . X R, e AR i i =
TadArh, & R R AR 2E 5, R
FE T XS PR T AR A [ AR I Tk 1] o 25 |,
NSRS B S ) T PR 2 N T B R, R e ot
FE D8 T AT I R0 B B AU AR AE T 1 2
i 16, 100 i % PR AR AR AR 0 T FLAF AR A S RN T A
2, RIS R4 T 2 155 DX 53 PRIYE
BIAWTFE C & 8 ERT, N170 5ok BA T AL
TURE, JF a2 BN ALES 2, TEAN RS20 2%
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Abstract
Facial expressions are important for understanding the emotional feelings of other human beings. However,
individual factors, such as sex, age, and personality traits, can influence the perception of facial expressions. For
example, individuals with an elevated level of trait anxiety—which is a measure of the frequency and intensity
of occurrence of anxiety-related symptoms—show attentional bias toward emotional stimuli; that is, they pay
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greater attention to emotional information such as facial expressions. Previous studies focused mainly on the
attentional processing stage, but whether trait anxiety affects the pre-attentive processing stage of facial
expression perception remains unclear. Pre-attentive processing is an automatic evaluation of whether attention
is needed to react to a stimulus, thereby filtering out irrelevant information to conserve cognitive resources and
improve information processing efficiency. Hence, the present study is aimed at investigating the pre-attentive
processing of facial expressions and the bias toward emotional stimuli of trait-anxious individuals during the
pre-attentive processing stage.

According to Spielberger State-Trait Anxiety Inventory (STAI) scores, 20 participants who scored in the top
27% were assigned to the high-trait-anxiety group (13 women; mean age 19.02 + 0.63 years) and 20 participants
who scored in the bottom 27% were assigned to the low-trait-anxiety group (11 women; mean age 19.63 + 0.88
years). The stimuli used in the experiment were happy, sad, and neutral face images selected from the Chinese
Facial Affective Picture System (CAFPS) that included 10 pictures (five females and five males) of each of the
aforementioned emotions. The deviant-standard-reverse oddball paradigm included four types of facial
expression sequences: neutral standard stimuli/happy deviant stimuli; happy standard stimuli/neutral deviant
stimuli; neutral standard stimuli/sad deviant stimuli; and sad standard stimuli/neutral deviant stimuli. “Standard
stimuli” means that this type of stimulus appeared approximately 80% of the time in the sequence, and the
deviant stimuli appeared approximately 20% of the time. Participants were instructed to detect unpredictable
changes in the size of a fixation cross at the center of the visual field and to press a corresponding button as
quickly and accurately as possible and to ignore facial expressions.

The results revealed that the amplitudes of N170 elicited by deviant faces were significantly larger than
those of standard faces. Importantly, in the early expression mismatch negativity (EMMN) results, the mean
amplitude elicited by sad facial expressions was significantly larger than that elicited by happy facial expressions
in the low-trait-anxiety group, but there was no significant difference between happy and sad facial expressions
in the high-trait-anxiety group. Moreover, the early EMMN amplitude of happy faces was significantly larger in
the high-trait-anxiety group than in the low-trait-anxiety group. These results suggest that the high-trait-anxiety
group had a similar amplification of EMMN amplitude for both happy and sad expressions. The results further
show that there is a difference between high and low trait anxiety in the pre-attentive processing of facial
expressions. This, in turn, suggests that personality traits are important factors influencing the pre-attentive
processing of facial expressions, and that high-trait-anxiety individuals may have difficulty in effectively
distinguishing between happy and sad emotional faces during the pre-attentive processing stage and have similar
processing patterns for both.

Key words trait anxiety, pre-attentive processing, facial expressions, EMMN





