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I: REEHFHEXBEMNIER

oW OYER FREE WEHE HiEs

MR HF 22 BRI S IR 2L T, 7 510006)

i OE RS A, BRGSO RN B SR e A AR AN R . AR AR R
BRI, I ARAHSEENEEESL, RITERNM A LA EIR S B kil 28 bl
TR R A BB, #0055 TC RIS 4 LA T IR EYUKT, £ B BB, A gl 145 o 1 44
LA T HEYUKT; 16 C BrEL, I s 45 A I 25 LA T K. 85 R WoR, HR45 Jo R 4 1 LAY
BEULUIFRA AU IR 5% (visual awareness negativity, VAN). Wil IFE i3 (late positivity, LP)FIRGEIARL X IE B4
(late occipital positivity, LOP). Ioh, JCRETRM1H 2 1 FLAETE & 56 52 UL AT £ % (visual mismatch negativity, vYMMN),
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1 HiE

BOR B R 2 AH DG S FE o MO U B —
SE R AT I R/ Dl 22 BL T (Koch et al., 2016), JT
AR, B ZAE G OISR S A A T R A T
(Koivisto & Grassini, 2016; Koivisto et al., 2016), i
D VR 1R R X AT A R A B AR Y
R (Railo et al., 2011), FRFT IR LA S8
KR e g it BRI B P R — 3K
PTG O T, P B R TG B R R s e 1) R B 1
L AT MR AY 2 5% (Rutiku & Bachmann, 2017).
FEZBITT, WA I T P T BE e B IR PR 28 G
YIRSy P B R U (visual awareness negativity,
VAN) FIHE B 1E %3 (late positivity, LP) (Forster et al.,
2020). VAN 3 2 AEHIHEE BL 200 ms J5 TR 5

W H 3: 2021-12-03

B X H B B 43 (Forster et al., 2020; Koivisto &
Grassini, 2016; Koivisto & Revonsuo, 2010); i LP
W EFERIFCR I 300 ms S5 7E R T X B IE
%41 (Lamy et al., 2009; Salti et al., 2012).

VAN Fll LP 5 Z R SCR AL 5 —Fhl
FOAR, LP i i Ho il 5 0 s R A0 0, H
WL RS2 BT FA SO X AT 45 R S (Lamy
et al., 2009; Salti et al., 2012), 734k, VAN S Bk [ J2:
e I R T A P — 7T, AR
Tl B 25 A T I (O'Regan & Noe, 2001), 55—
Dy, A AR T AL SRR AN R HL
Mosr RY I FR, T LLAH B 43 B (Maier & Tsuchiya,
2021), Pk, 5L AR5 6E T e A5 A 5 [ — il
WL AT i, T H VAN 53R A O
PEFE 1 (selection negativity, SN)AG AH &) 1 # 1H: LA
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JeARABL B B8 PR 399 1 3k K2 4347 (Koivisto et al., 2005),
SN 245, HAE AR, X B AR g SRR Y
P B A B L 200 ms J57E Sk B IR A &
() 4B 43 (Koivisto et al., 2005), [HI, VAN 55
BN ERA LR, 5 MU, HA VAN
RN LY, W LP A5 EIRASE, Hme
FA e WA A BT 55 AR O M R 1y TAEICAZ | o
FEAF G e N & 2h,  HAazowl sl sz #14E - ia =0
WFFE 45 R 235 (Pitts et al., 2012; Schlossmacher et al.,
2020; Shafto & Pitts, 2015), =R FE I B £ Bk ¥
PR TR Y RS, izl R G AR JE A
BN L 2l AT e 23 AR T I R ) K S A TR W
(Koivisto et al., 2016; Tsuchiya et al., 2015), 5 =#}
WA, VAN Hil LP #R2 BRI 240 ) (Rutiku
et al., 2015), AT L S BERT ] AZ L (Aru &
Bachmann, 2017). HIk, "HEFIELS N BEIRMZAH
KWy, M VAN I LP Al g s e 1 Al i Rt 72
AR AT M A G, B L EIRIOIZIN
SR A 28 T FL R CA F) 48 78 2 UM 2R O
Y. Shafto 1 Pitts (2015)K AR =M L= Fn
PEFLRIBA S5 R R, VAN 5EiHHIE, i LP
SRS AHOCHEAT O o B A AT e 1 T L A7 45 T
LAY 5] (Santesso et al., 2008; Wirth & Wentura,
2020)F185 8 (Duval et al., 2013; Eimer & Holmes,
2002; Luo et al., 2010)il T /7725 . —J7 [, Wirth
il Wentura (2020)R s #RIFE, IFAESRH P
(] B S FEPRAR A e AL 25 R R, 5 e R
ARG, G PRER T LA S8 75 2R 00 3R R 4 3 S v B
Peo XPEm 5 PEmfLAREE, 1545 L AE ST PR b A
PR, H— 1, Luo S5(2010) AW 78 245 51 W ow,
S LA L, 8 28 T FLAE R T X 375 & BT K A
P3, X HE 5 MALIE BN PP A G, X4
PN AN F P T L 2 T AL B G B I A A 2
o PRI, SRS 25 LA R T 25 2 5 0 R ) 1Y
EPERAT R, iR VAN Fl LP 5 E
Fo MAHh, RAEHEE B A H TR R
AR o AE T BB WO R A R H. & A SR
Ho BRI = i (Schlossmacher et al., 2020), H.fg
AT S5 A O MR PR R R . PRI, R
it 3B VAN Al SN, DAFRTT VAN 5HL5E &R0
KF o M HAZE R T 32 WL i 9 iR it
FE, AT 55 A OCHE R IR VA S R, 4R
LP H5EHIKLR . ARUFRIE A H iRk
T EAUE G 4 LR, AR ST RR A 248

K.

Br T EIRRREZ AN, ARG T IR
5 HKMPLH RO HR . A ShA IR 221 1Y) R
XA DRI AEAF ZOCE Ay —FhSF AR DG HLAL
B4y, PHE R DEBE 17 % (visual mismatch negativity,
VMMN) S B 1A AR 354G 0 1R o B4 458 28 A 18 R i
i 8l (Czigler, 2014; Stefanics et al., 2014), vVMMN
— P AT A Sk B J5 B DR, I 7 R
J5i 9 200~400 ms Z ] (Kimura et al., 2012). AF55#
HH KA Oddball JEXIEA vMMN. fEIZIEA,
AN W A 0% s I O S PR R 2 e A AR B Y
P 22 RIBLFTHE, M % vMMN (Stefanics et al.,
2014).

VMMN Sz e i) 6z 0 25 A AL ] Y 3 7R R 5 5
g — P EZERN R, CAPRERIR, EEE
R R RER & vVMMN (Kuldkepp et al., 2013; Stefanics
et al., 2012; Stefanics et al., 2018), 1HJ& JC it JH 4 i
HAER S K& vVMMN A4 4+, —J5 T, SR LA
XS] BRI, T L e R R B R
WFFE 45 (Czigler et al., 2007; Flynn et al., 2017) %
™, TEBPRIEARETE L vVMMN, 7 —J7Tf, Chen
25(2020) R F AL v e N B, IR IS 44
TR LR B 25 3R R, TR RV LR S &
VMMN (Chen et al., 2020). %452 22 550 fe i 1% 2%
T AL e S PR B, 1k 75 2 N 7 TR AT 26
—, 17 28 T FLFIAF RS ] B0 00 5 i 8075 2 vMIMIN
(I HL I ] RE AR (Czigler, 2014)., 1% 24 i FLAIEAR H
2 3E A Y P v AR AR B B2 S ok S R
VMMN, Il 238 3 1 45 205 B & vVMMN, 55—,
EL A K E A 5T 4 R4 T ALAE 2515 B Re Jo =R
T.(Axelrod et al., 2015; Morris et al., 1999; Pegna
et al., 2005; Sato et al., 2014), U1, Pegna %5(2005)
BRI, IRLSE B J2 2 M TC kA WAL 8 HIE e A
TE 53 B 1E 5 TV 53[5 33 Al 7 S0 5 i 380 ) E A 3R Ak
THLE KT, (RS2 B 26 L A 00 5 2% v
THLEIK- o X R IR A shin T 15 44
1w FLAIECA A T8 vVMMN 59 [ shid K& 50068
BRI R, WAL, RAFETE W E A A 75
¢ VMMN S5 EIHAY R . BIR Chen 45(2020)
K AL FE MO AR T B IR S LS4 1R
BAININ TR, (BRI 0 R UK 8
AN R, PR TR JC B KT T T FLA 46 19 1E
TR0 2 TALS K. I, A ECR AR &
M O A R A5 T UK, DRSS R
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TS5 I 4 T L B U A ) S TR R E S T R B SRR AR G A Y TR 3R 869

HHEALEZEE A TR,

AW 540 R R e B E v RN 45 e L gl
W, VTR RS A L RS vMMN
)% . Shafto Fl Pitts (2015)% P P FLIR I &
PR 2 A 45 R B R, VAN 5204 56, 1 LP
HEESMEER X, SRR, hTEgmils
oM LA AR BRI N T2 5, ASHIFSE 00 1 4% i AL
1) 2R TR & VAN FiI LP, B VAN Fil LP #BJ2 &
PRI . LAk, A BFoE 4l SR 4 /R LAY
(5 DT RELE th K22 T 3l B PG i T (Tamietto & de
Gelder, 2010), AffF5EF i i FLAE 2515 8 09 B shn
TS PSSR AR, AW e
1525 M FLAETS & vMMN, H 0B R 22 2R 6

2
2.1 #ik

56 24 KA PHAGT 2k, FHAFRE N 20.09
&, bRUEZEN 0.99NS A S . Ko, 26 24 9AR
FTREIRA ., KH G*power 3.1 #K{F, KR
Rt (f = 0.25)h SR B (a = 0.05, 1 — B = 0.95),

BN T RIEEA T R 23 N L, ANBFSEREAR
AT G EOR . A9 B IEAL ) TR R, Ok
M s, HA G WA AR T FTA AT 52 5 T
W2 T S AE R 1S, SE USRI R R T —
FE RN . ARSI 2 M K HH F B s e B
DS HEHER]

22 XS

SCERTERRE | 5506 . FLRE B R Y S B E kAT
AWF5E K [ E-Prime 3.0 (Psychology Software Tools)
i SCIGFER, fd ] CRT fom 52 P52 56 13k, H
I3 7% 5 B R 7 28l 85 Hz, Z0HER N 1024 x 768 4
#. MEEH 60 cm.

2.3 R

SO B4 1 5 Y R SRR SR
HEA S DL LTS (WE 1A) s i E gk ke
R AR, —FRRHLL S, o5 — PR PR et
A TEL L, TH45mFLIE LA Shaft F1 Pitts (2015)
Sk H ) 17 2 i L 4 B, 7R Photoshop Cs6
(Adobe Systems)#/4H H 36 5% I ZE/R L2 .
A8 LTS 45 T LA ZR AR 3 IR, PR R HLHBAZ i
FETE LI N EB AN, TERL TR L 5% . dETH AL
LS SR « S RN T A5 T FLARRAE DX — 1
WS, RS HOGH I FLARE A RS . B Aftereffects
2020 (Adobe Systems)# 4RIk IE T FLZk 2% 1Y 5

], e AR UM SR AR T AL 45 40 sk IE
1B) o K 44 PR SR R T FL A £ 2R 4 B A 2 IR, 7
SEBEYLIL L S0 B A, A AL 40 TkZELAY
BEMLZE S EDE o SEg B RO I BEAIL L S5 R 45
TFLERM 25 B Y 40 SR IEEE B BENLIIRG. BT AT i
HELAME FRAT =L, HWMAHR 100 x 10°,
155 28 T FLRE AR R 9° < 8°, FERT ML, —
AL A FIEME(0.5° x 0.5°)— H EHAEFE 5+
e, SN RESEACERAS R 1.8°, 3.4°, 5°) L4y
B 4 AL AR SRR 0.41°,0.32°F1 0.24°),
X 12 AL B L 50°/s 14580 38 S I N 25 3
B 7 01 AT R o

E—A R, T s R B LR Ak S
700 ms, FEEFLMILEM 100 ms, EEEENT
— AR, hSR e R BB 5%, PRI 45 1
flo TEZIE IR, BEMLER SRR 26 T PR R
TEIR R, ARSLHR R abn S (Schlossmacher
et al., 2020; Stefanics et al., 2018)5 1% £ i FL il i
JEHI(ULIE 1D). %3 2 — M e B st ] 1 4 2
R, 2ot 2 B BRI bR ERTR, IR
R AR A HEOR D 22 R . AEARRIE G, R —
T s L 2x A2 B 4 3 8 Yk, AL 5 Fhk
FERRNEOT S . FEARREGE Y, BRI 5 05—
A 2 LA O 22 0 o g 2 SRR R I 2 i 2
HEE WM 4 WA S L. B, T i
P P B B BRI, A ST S8R 5 v & > 2
4 W Z 5 WA E AR RN . BT 51 2 4]
AN AL, T ELRT S P A T8 FL T 5 118 26 2 A
[ edh, b T BENS 4 LRSI A, T
B 9 = 3 MELE I FLEIET I, e — Rl
730 B B S — A1 28 T LB R ok e L 2R A
Sto PRI, 7E H I g T LRSI R AR A, i SR
B = MRR AL B BE 4 mfL, MBEPLL 508
AL, BALR B AL 5 4 block, 7
B> block ™1, 5 B BE PSR LR I FL RO 51
HOE A B 4 W, PSRRI mFLAIOF 5145 20
Ao B block A 240 MR BEASSLER By BEs
K29 20 5350
24 XBERF

ARIAR KT HLHEAT AL B, C =B KB,
TE A BB, BT BT S AR e . YRR
43.8 9 s, 12 DL ALY — DL BB 2 4F
222 s #iAF 5L, B RGB H (127, 0, 0)754(204, 0,
0). Wil ZEAE RN PP N B N2 58 S 0 o R 2T 5
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A
C
R EEEZS
El 4w
200 B oL R LA
| PEEEEEE
N |
AR
D 100 ms
Bl vormn
AL
| I— —
ISI: 700 ms . ZRE
B o
E F
HHH HAORERL ( AMB: RWOANESE )
HHHHH \ < PR
HHHHHH (o g se s
HHHHHHH \ < BPREE
HHHHHHHH (cmee: pemmaLEH% )
1 A SRR WUR T 12 AR PRI AR . PR A LI A R A

ApsEit, WEP AL BIESE AL, N B
SR WEARBOK SHE N, Z0 AN AR5,

24

Ko B: fH&EmfLRIE . ZRDEPRTAL, ABRDERMREAL, C: SLRMmARR . LA R, WAL B LLKAL
MAFFEESE O HRRYJEIE A P =R SCI R e — M Ucb, BN AR SE R B 700 ms, $E 7 45 T L 2 B
100 ms, 7EEELE R T — M, R MRALA KT R, HERFHEmIL. 7E2FMuch, Rl
37 A 4% T AL AR L LR PR 22 B 78 A R B B BL, B Fs EE AR S8 4 B 210 i AR SE I EA T Hi B SO o7 C B B, 9k
it LR E L B 25 T FLAR S R N AT F R S vy, B UG EAT — W B SV o 7 Y BRI 445 T LA 00 2 4R 1
W, B2 = KK 2 BT AL, MIBELZ AU L . 78 C BB, b TiRREMHAE S B &
B, LLEAR AN — Rl SR $ R, TETS 28 T FLIFSE I R A MFAS RS IR B, D Wahbr e s UR E I’ . BAF
B VB B — A SR O 22 R, A B 4 UK BRI BOR AR HE R . TST (Interstimulus-interval)F A9 2 Jil 3 7]
B E: DLPUR LGB, [R)— il 2 i fL 2 5042t BRDU )\, ARG B0 5 - RE B 303807 51 o AR 1fT £L [ B¢
A5 MRKEMREFES . F: SSRBBORRERE . AL B Fl C BrBARIRFHET . 1A A Bl 15 25 1 £L A% 2R
W&, BT LRI A A B BrBn &S — ) MUUR S A 7] 4

o 18 C BB, BolA & E RIS, i
e SR INAR 25 10 FL IS R AF 2l 2k o 76 H LR 28 1 L

I H 12 DA RS Tr 1A o AR BEAR S
N7, 752 s J5 12 L0 R BT 75 1] 78 A B BL, i
TR RN 28 1AL 097 e HLA BRI LD
Ak, TR AARHE 55 o o B 1 26 T FLAL TR R
Ko TE B BB, TR s g AL AETE, B
AR 1 2 T LA TR PUKE . [BAE B BB, w
AT R LL AR AR A, T 28 LR AR 55 TE R

FRELIH R SR, S0 = AR AN 23 th B 26
AL, MR A m AL B $alis 2
St P 25 T FLAF SR R N AT H i N, B
PEAT— YAV . 75 C BB, N T $E it 55
B, LR — MR PR, (R0 4 i
FLIFELIE R R A RS B =S SE B B B S B
R —E, RAES KB T2 T i ieE
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N SEHATSS, BBt A FIBEE C ZRTEREH 4B
Bt 7E ABTBMZG I BRI R A S MBS 4 E
fL, R BAALRY LR 5% .

TR A O 28 T L B VIR, AT
BAESEN A B BB IS — {5 B PUIRAS KA 7]
B (Pitts et al., 2012) Pl 2 1 Z 2 B e 45 75 5
S 2 AL, JF HE B0 FE R T RE TR AN Hh i
Wk Ak, BRI T B % 1w LR HA 4 FhoR
BB T 2 i B (T BY T VR4 AT R
() A S FE R TR T 5 S0 Ah, N TIEE
T LRI, 7 29 seil(18 Akt T
Wh 23.41 %, B2 N 2.18)i 3o In) 45 34 i 1 £L )
TG I 9 s RV P 100 B R i
25 EEG {ESidRFLE

i 23R (EEG)H 64 5 Ag/AgCl HUA i FEL &R
% (NeuroScan, Texas, USA)REE, AT Bk K H
FHE/NT 5 kQ, RAER A 1000 Hz, T HE 2 2= MR
i BN 1.5 om B4 B CE R GE SR EH R B
(VEOG), THEBAURSMI 1.5 om (47 B E FLAK
1E KR L (HEOG), 37 F CPZ F1 CZ Z [a] (1 —A~
HARAE MRS i, DLl FHE B LS %
HLA o {1 ERPLAB #fi {4 % B i1 A 7B 4 47 - 7
0.05~40 Hz iy 7 MU J5, #5417 50 Hz B BAE I AL B
TERAE 53 B s A3 4 57 14343 B (AC A5 1E R FL £R
i ASTIFGE 2 UG 2 1 FLA O BRAT 200 ms /E A
gk, WFLR S FUS 9 600 ms VE A ML L 7
B INF- 3 Z T, ARAE 5L 50 T B B AR Ak . B —,
FEREAS block Y SZIRINIFF B, g il R AU 7%
T 20 T R i L B e AR s e . Uk, S BR R
block BRI 5 MUK 85, R T bk fo e 5 s v %o i
FL S RS2 e, ) I ST 0 A B S B
BRSNS PSR 58 =, 76 BN 28 T LR 2k

TR SR, LR =AY 45 AL 2 B,

MBI 5 R E L B, T LSRR & 15 45
T FLRREE I R A 810, O 1SR i 7E Y
thilk, 7EHE HIRA FIR(EES + 35 pv, SCETFEK
PR B £ 25 pv, SCEFE A A A TR
fE#E + 75 pv BRI SR . 34 13.7% (br
2 2.75%) B IR B 5% o
26 HIESW

VMMN 38 5 2 b 22 S5 A HE I ERPs 7Y
ZEH o AT HER I 2 ] —Aefss 28 T FLAE 53 Bl E
it 2 S RIBR RIS 1Y) ERPs 22 5% o PR Ik O 22 301
PR IR AT 58 2 AR IRl ) P 2R P, s 211

R A AL P SR EEANTR] . TEARAIF SR
A bR, A RSO 90 05— 25 T
LR O 25 i, i 22 ROl Bz i 2 b S E A
B4 YRR IS AL . A T T A b R S A
FIZI, AR ERET A 20t 4 IRE R 2 )5
PRAE R b o 0

R I IF 58 RUAS B 9 19 - 35 [, i 4
PO7.PO8 P~ HL I 13 YU 73 1 vMMN (Stefanics
et al., 2012). VAN (Koivisto & Revonsuo, 2010), SN
(Hillyard & Anllo-Vento, 1998)F1 LOP (late occipital
positivity) (Pitts et al., 2014), LOP & {2 Jl 3 &2 B
300 ms i ZEAL DX H B0 e TE B o 3X 4 A4S B Y
Asf 18] 7 203152 250~350 ms . 200~300 ms . 180~250 ms .
400~600 ms, F 5k vMMN Fl VAN [ ] %5 45 8 &,
{HIZ X A L3 3557 AN ] . vVMMING 2 s 22 il
P PRAERIFLAY ERPs B 25 {H . VAN & B BUKFF1

B ERPs AY22(H . R, RIS a) o A

EE, XA AT LU E X 45 % F LP (Polich,
2007) 9007, WIEEHE FCZ. CZ. CPZ =AHibL A
) 300~400 ms HIHHRE .

K H SPSS 21.0 B4, ¥R URZS KA A4 rh
) A5 B8 B FUCR DA 434k 15 48 T LA R 2
(R &5 TR LU B = A S 56 B B A8 MR SR A T 40T o TE 43
Br R s 2 AH I, B9 E 0 O T e IR LA
A BB (EEVUKE B BB (EIH/KFE)H ERPs
M 25 5 I, JEARJEHT B B BT A 8 1 £,
M2 B EIRALE A B AN BEUE ., XT
HIRM ALY, XICEIRAR A F1 B B B bRiE
A ERP MR HEAT /4T, R 2 (BrBL: AL B) x2
(AR PR, Z4H) < 2 CEBR: 42 =K
REE MG T 2508, RTAESAHER R, X)
J A 8 B AT C B BE A BRAE R Y ERP I I
7000, RA 2 (BBE: B, C) x 2 (5452 . Pk .
BUME) < 2 CRBR: £ AWM =REEE MG 2250
Mr o R F b IR S LIS 45 B A shin T e R,
XA BB BRI T 2 GRS AL I 2 . BRifE) x 2
(e, iR, RUE) x 2 CGEBR: 2. H) x 2 (F
PUreH . oER . BRI R E 7 25007, &
PUFRBOR A A ZR, IR | IF 4 SRR
AR A AR/ p HRA
Greenhouse-Geisser K 1E o

3 4

31 1TAZR
HUURSRA M EL R TR, 15 A BrBai s,
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A 26 AR BN R 4 FLAELE, 30 Ak
BINEFER AL, RIRE R, AR el
I A BB ER RO E R . TE B BirBesh
G, B RBEERFRN, Irf se 2 E iR
B TS AL

X ICEIRYIE A A1 B 9 B b HoAth B Fi i
gh T FL B A SRR PR A B (L DAY 2
(B2, HAWEDE | g mel) < 2 (BB AL
B W A 28 2 0 o 22008, A5 AR R, BB
FRON B, F(1, 25) = 286.46, p < 0.001, n;= 0.92;
FRIE LRI R0 8%, F(1, 25) = 44551, p <
0.001, n3 = 0.95; [ BeAEIE A 138 AR 83,
F(1,25) = 781.23, p < 0.001, n3= 0.97, faj ALY 43
Mres R oR, 76 A BB, AL ETE FriG 245 1L B
ERRE L EZER(p = 0.16), M7E B B, %450
LY FEREEE o 2 T HALEDE (p < 0.001), 1H%%
TR0 L S B ) PEA 70850 1 2 RS S — B, ax sk
R UL RN A ITE A M BORBERIN BTG %
LA AETE, R AS BB 0 X 4315 4% 1 FL AN HAth
Y, 7 B B B 2 1R A il ol 5 I &5 1 L 77
T, MM REA S0 X 43155 45 o FL A H A e . x4
TR T RO B A b

* 1 BREEREMMEATENS (M (SD)]

EREFES: S i
M Bt —— —
HAEIE  Egmil HAEDE  Egrmil
A
FR4L 1.60 (0.63) 1.46(0.56) 1.10(0.25) 1.04 (0.19)
B4 1.78(0.57) 4.08(0.79) 1.22(0.32) 3.02(0.84)
B
4 1.33(0.46) 4.90 (0.40) 1.01 (0.05) 4.00 (0.62)
BN 1.23(0.44) 5.00 (0.00) 1.04 (0.12) 4.23 (0.69)

XN M RATE A By BOw HAth B A
155 28 L B B A R BE PPN o BlaE AT 2 (B
KAy, HABEDE . Hgrmfl) x 2 (Eiad: LE
A . BRADPHE T 2001, SR ER, BEi)
YA ERY B, F(1, 54) = 131.5, p < 0.001, n)> =
0.71; KDERABIR F3500 2 E, F(1, 54) = 77.376,
p <0.001,n,=0.59; EIJEIAVFR o 15 HAE
i, F(1, 54) = 97.81, p < 0.001, 0’ = 0.64, fijH
B AT AT A SR B, FE TG R R AL H A EDE s 2
T LAY 5 R TG 3 25 57 (p = 0.46), TER IR
TELEFLIY B ISR & K T HABEIE (p < 0.001),
5 4 T FL S BUBCR  PEAN 435005 25 R — B,
XL R TE A BB, TERIR AR BB

T FLIAETE, PN BEAG A50Hh X 415 28 1hr L AT
MBI ;T TR N R R R B 2 AL A e, BT
PAEAT 850X o015 2 T LA A EE o X R T &0
PRI R

R TG L H AL BT, 15 46 28 1 E A
R IR, AW R AR AR AR o FL AR B
TR BT ZE (PR - 0.97 £0.19; RHH: 0.93 =
0.26). ILAb, PRARTEFL(6.97 + 0.94) W6 B .2 =
TRUATFL(2.97 + 1.72) («(28) = 10.87, p < 0.001,
d=2.02); PURTEL(5.9 + 1.29)FIZMA T FL(5.41 +
1.8) A M L TG . 35 24 S (1(28) = 1.23, p = 0.23, d =
0.23),

XF 3 SIS B B TR R (WL )i T R R
(BrBt: A, B C)=IK V- Iy 225007, 45
REIR, BrBeny ER0V R E, F2, 110) = 42.04, p <
0.001, n; = 0.43, A BYBIWERR B &5 T B Wi
(p= 0.017), C B AIMER R EILT A BrBi(p <
0.001)F1 B BBt (p < 0.001), Z&EH4R-R C W B
TESMERERT AL B BBL. AR, A B BOE IR ATG
FIRARMER R IR & 25, 1(54)=-0.53,p= 0.6,

R 2 EATLEMEBEMRER(Ms)., HEFBENERKIE

[M (SD)]
B B S R ES MRS
A 718 (106) 0.97 (0.06) 0.70 (1.11)
B 719 (105) 0.96 (0.06) 0.65 (0.95)
C 1386 (239) 0.87 (0.11) 4.65 (4.37)
3.2 ERP&R
321 MREIRHMHMEZEERXY

XFTCERER) A B BRI B 5 B BT A s e
) ERP PR T 0B (WL 2A) . XF 200~300 ms
AfE % ) PO7. POS WA FL AR S b % ds, 64T
2(BrBt: AL B) x 2 (THZERAL: PUR . BYE) x 2 (3F
BR: A2 A SR EEE W 22500, SR EOR,
B E 200 B3, F(1, 25) = 16.385, p < 0.001,
na = 0.396, JLRIR4I7E B B ERP IR 3 7
T ABEBL(p < 0.001), X471 44 m LI = P FE
WK VAN, MrBHIE42mmsc e EE, F(1,
25)=6.03,p = 0.021, 3 =0.19, fa] AR 43 B2
R, PURHFLLE B BB s & 1) ERP IR 3% 1T
A BrB(p < 0.001), ZYMAELTE B BrBeifs & 19 ERP
BOE R E AT ABTE(p = 0.005), X PR FIRL
ALY B PSRRI & VAN, Jf H 524 AL
A, PR LA & 19 VAN IR {E T K,
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A AFIBY BE: VANFILOP AFIBIYE:: LP
PO7/8 — ABYB: (BREIRY]) Fcz/cz/cPz

2r BF’\E& (EREIR4)
L "/‘-"\ SSEES
W \/—“. L,_‘L———Q%A&&.L*\J/
2L
1. — ERW )
L . . 1 /\l/\ L 1 1 L L
200 %00
0.8 pv : : :
—0.8 pv i
200~300 ms 400~600 ms 300~400 ms
; AL
=
kg
§ -0.7F [
U:ER S
% *

B BHICKBt: SNAILOP BHICKEt: LP
PO7/8 —BF/“& FCZ/CZ/CPZ
r T CHE )
[ L ’TT‘\I L L = ”/T R Vi v
—tes \‘\/7"’/: == \\y = =
/\ P L 4_/“-/\
w \/
180~250 ms  400~500 ms 300~400 ms
0
-0.7 I
1

E 2 ERESAACY UL S5 A A TER I . A CEIRATE A B BOF B By B ECEIIE R . 22 SR 80F 16 Tt
WK, Z5hLEIRAN B BBk A A BrBi ERPs 15 . 7F PO7/8 W&LH@ 200~300 ms FI 400~600 ms
B 22 5 U438 VAN FIl LOP, FEtR B R PR AL I LI & 1) VAN Bl . IR ZLFRIRIER, *RRA B #F
Z5, H*UE p <0.05, **{LF p < 0.01; B: CBrBAI B BrB S EHIIEIK . 2 S e R g E ., 2
SUH C BB B BYBLH ERPs 5. 7E PO7/8 Hifl B A 180~250 ms 11 400~500 ms )22 5% 43 1] /& SN Al

LOP, HFEAR A& B 4 ARV TG FL 3% & 1) SN I

X 400~600 ms B [A] % 1Y PO7. PO8 Pi-1>HLK
O EREE, T 2 (B AL B) x 2 (TEZE27.
PR . B x 2 CRER: £ A S HEREE &
TrE5HT, SRR, BB ER0N B, F(1, 25) =
15.79, p = 0.001, 13 =0.39, B BBty ERP P 3%
IET A BB, U 25 LY SRS AR5 & LOP,

X} 300~400 ms Hf[H] % A #Y FCZ. CZ 1 CPZ
EREE, JEAT 2 (BBE: AL B) x 2 (fE4E2RAL.
IR, RUMHE) < 3 (AR E . FCZ. CZ 1 CPZ)I) — A
REG R T 2500, SR WK, BBy FE 2000 b
%, F(1,25)=11.481, p=0.002, n; =0.32, BHr Bt
ERP 05 i 25 1E T A BB, Ui W% 25 L 2R
5k LP,

AL, XA BB JC R R A R ) T A b
HER) ERP R 4T 04 . £E POT #1 PO A
HLH 5 |, X 200~300 ms £ 400~600 ms 54~ Hf []
f’ﬁi&ﬁ 2 (BPUrdl: LEIRA . BiRd) x 2 (154

AL, PR BH) <2 CRER: £ ) S EE
SN T N, R EL R (s > 0.05). TE
300~400 ms Y [E] % F1 FCZ . CZ Fil CPZ =~ )
Mb, BT 2 (B TR IR < 2 (1
ZERA . PiR . RME) x 3 (AL E : FCZ, CZ
CPZ)My — I &R E & W &t 5 2240 M, TG i & 45
(ps > 0.05).

322 EHMEXMEMII

X C BrBeAl B B Be B bR HERIE Y ERP I i 2
TAAHT(ILE 2B). XF 180~250 ms B[] % N 1) PO7 .
POS P~ I %t #1472 (B :B.C) x 2 (1F
SR PR RME) < 2 CPEEK: £ M =RER
RN T 22500, RN, BB E800 B %
F(1,55)=120.93, p <0.001,n> =0.28, C B/ ERP
iR ENT B B, MRS R SN,
MrBFE g 2 s HAEH 3, F(1, 55) = 7.06, p =
0.01,m5 =0.11, fal AR A A 45 9 o, DRk T L
£ C BRI ERP IR R EHT B M@ <
0.001), ZMATAFLAE C BrBEif A M ERP I i 3 1
T B BrBt(p = 0.005), X/ FRH LA AT
FHKNERIE & SN, I H S5 RUMEmEFLA e, PR
T L7 & 1Y SN MR K

Xt 400~500 ms B [A] % B PO7. PO8 P-~HL
W %R, #E1T 2 (BBL: BL C) = 2 (1EZ5 28
PR . BME) x 2 CREBk: £ AN HEELZN &
722500, BB 800 B3, F(1, 55) = 6.12, p =
0.02,m> = 0.1, C KrBeAY ERP I iF & 3 15T B BB,
LT 55 AR OGS & LOP,

X 300~400 ms WfEIE N A FCZ. CZ #1 CPZ
AR ERE, P72 (BrBE: B C) x 2 (5%
JEHRY PR RYHE) x 3 (A7 & : FCZ . CZ il CPZ)
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5 54 4%

L

) = R G M 25500, SRR, BB 3
BN 3, F(1, 55) = 29.77, p < 0.001, n3 = 0.35, C
B BB ERP % 1 35 15T B By By, BT 45 A ek
R LP,
3.23 X vMMN B4

Xt F vMMN, 2 50%F = AL B Ry 250 ~
350 ms ) PO7. POS P~ FE AR A5 I B0HE 3647 70 AT o
T, XA BB T 2 CRIEE R IR 2E .
PrRif) x 2 (L6280 . PUR . BUE) x 2 (CBEEk: 4.
Ay x 2 R EERA . BRI UE R TT
22500, AR oR, RIECSEAN FER0N W, F(L,
54) =9.43, p = 0.003, 0> = 0.149, fm2=H| ¥ ERP
W k25 0 THRMERIN, XHR A BYBAFETE vMMN
(ULIE 3A) . B AL 5 HAth PR 2R 09 328 BAE T A
F(ps > 0.05), A PrEEHY vVMMN A2 252050 &
P (WL 3C) Rk R 152, X R TE A B
By B iRl M JC BR L b, 1F 45 1w L AR B S Kk
VMMN, H¥k, Z50%F B BrBefil C By B B 61 7
2 (RIS . 2%, brifE) x 2 (IR, Pk,
RE) < 2 CRBk: 2. A =IREREEZ MG 25
Mr, @5R BN, 76 B M C BB, Sl R 328500
#BRE®B: F(1,55)=6.77,p=0.012,1, =0.11; C:
F(1,55)=28.9,p <0.001,n3 =0.34), B fl C {rhy
i 22 R ERP R AR 5 3 0 T AR, X
B B 1 C WrBe#SAEAE vVMMN (WL 3A). Jl3e I
HHALN R ML AR E (ps > 0.05), X4
75 B Il C By BeA vMMN S A2 25 2R Ff 2R IK 22
s, feJa, BOXTREAR ¢ RIRES R BoR, TEIR

p =0.88), XHE/RIGLE LIS L vVMMN IR {E A
ZIREEW B A B VMMN 25 55 R T R
R (BB AL B A1 C) = /K1Y 8 5 I 2y 2543,
SRR, BB RN B, F(2,110) =524, p =
0.007, m; = 0.087, {E55AHISEH C BrBLYy vMMN &
FERFALSTCXM A B Be(p = 0.019)F1 B BrBi(p =
0.003), A BrEHI B BrBc) vMMN JCi E 2 75 (p =
0.89) (WLI# 3B), X H& R 1% 44 HFL75 & ) vVMMN 1Y
WEELSZ AT 55 AH DG M IR

4 THE

AWFSE B FEIR I 25 AL A B IR 2 A0 e
PLR s R S LSS R AN TR A
WA DU FEEEER . 56—, (F 55 JC QI 2 1 fL
A EIRITFEA & VAN, LP Fil LOP, X427/ 1587
UBEE B IR E R, VAN &R 2 4,
T L7 388 G0 AT 55 A S PR TR IE 2 A T, LP J& 2 iA
ZAHEY; B, P 4 T AL A A B R AE AN R Y
I ] 3R A ASIEI ) ERP 4845—— VAN fz e 5L 4
HIBEZ5, 1 LP F1 LOP J Ml ) aiiad L 55 =,
TRINMIEL mLAEA L vMMN, HHIFEARZ
IR, XN ALIEE RN A s T T
MUBE RN, 2B, 1 26 1 FLI% & 1Y vMMN I {8 52 4T
S5 FASEPETE T, 3k 47RO BE 1 2 R e 1 FLAE 4515 B
Hahin T #RATIA, ARBF RS —A KRR
S E U IR 45 1 LAY R 2 A e L K
M3E R 5 LS4 5 B A sin T RIS .

ZHIY A F1 B BB vMMN BE{H TC 2% 5(1(25) = 0.14, P 3CK#E— 2% EIRGER AT IHE
A AMYE:: vVMMN B Er: vVMMN CHrEt: vMMN B
PO7/8 — R 2 0 A B C
21 R [ i &
[S— ' ! A TP S [I— o ! /’\\\ 1 1 — [} 1 ﬁj\l 1 1 ~ §
A% A N A VA Vg Y
L L L e ;T'
-0.81 — -
— A/ . LA AN N ~ .m
200 400 - c ABTB:
0.8t L - TERA ZRA
0.8 pv 0 T
—0.8 pv
250 ~ 350 ms

K3 vMMN BT8R R o A =SS B B0 D 22 FIRR JHE S0 A0 5 BT B vMMING 22 5304 1 0 (TR IR 5]

22 S5 I P Ml 22 SR RSO 25 B R R ERPs A3 0 B

AL B EBETE 250 ~ 350 ms B [E] B B9 vMMN (75 21

B, BRELFIRIRUER . *FoRA BF2ESF, K p <0.05, **{LFE p <0.01; C: A BB ILEIRA M ENALW

TE 250 ~ 350 ms A [H] 5 A Y9 vMMN [ 27 8 4 .
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TS5 I 4 T L B U A ) S TR R E S T R B SRR AR G A Y TR 3R 875

VAN Hil LP 5EIREYRR AP H—F
KA, LP s dc i HAf il ) il s 24156, H.
IZ WL 5, 52 B L T AR A Y8 SR F 5T 45 R SR
(Lamy et al., 2009; Salti et al., 2012), #H4b, BT
e VE AR R, VAN 500950 B R R A 15K
I8 (Koivisto & Revonsuo, 2010), &% —Fh X 55 IA A,
HA VAN 2 BRI AHCH), T LP A 52 RAK,
HCP e i) J2 ph T S R A BT 55 AH DG M R 1 T
YRGS . PSR ARG e I L& 2, HazWei 2 84k
i 3 =X B 5T 45 SR S FF (Pitts et al., 2012;
Schlossmacher et al., 2020; Shafto & Pitts, 2015), %
AN, VAN Al LP ARJE B I 2 A )
(Rutiku et al., 2015), AWFFEEERWIR, (55 TLKH
TE&EEFLAY B RS & VAN, LP fil LOP, [A Ui,
ABIFFELE R SRR = o X5 BN =07 T AT
Wt

T, TR T IR A R T, VAN &2
UMY o T VAN 1 SN A A R] A B 1 LA
FARRLR PRI AN Sk B2 73 A1, VAN B2 B 2 A 5 7
PULSE I ETE A R, APFsiE AR S E
ORI R0, Il AT 55 AR DG 4R A5 e
TR, 48R R, 1155 To 1% 44 LAY 2l 7
VA T VAN, MHES AR A SN AAF5TiE g
53 5 1 4 T L A AL SRR PR T R A 2R T
31, i VAN 2 EIRM A W St 7 UEdE . 5 —
B, PIEWFZE R H F+E (Koivisto & Revonsuo, 2007;
Koivisto et al., 2005)F15:H(Koivisto & Revonsuo,
2008)ix J& ] FAALE AP, 3870 #5 VAN TSN, A
VAN Sz Wil v R L IESE . i 5h, AP s i
7N, PR AL BT L5 & 7 ORI VAN
SN, X 1 it 5 RME T FLAR e, PRAR TEFLEA 9 %0
I TARF TS, A WA R R AR AR T LR
# (Becker et al, 2012; Calvo & Nummenmaa,
2008). 40, Calvo Fll Nummenmaa (2008)Ffiff 57 45
R, HHURMRMA LA, PR T AL AEEE PR
MR, 107 A AT B R bR AR T AL A TS
DX 35l R PR SH A AR P B AE A ST, VAN AT SN
R PR AR T FL G 3 T BE 2 TR 1 W P R DR 11 o {HL
& 73 A W 5T 45 2R 32 7 A7 78 T A% 1 L AL % (LoBue,
2009; Segal & Moulson, 2020), A, VAN Fll SN f
PUR T LA TP AT R 5

HR, AR 55 HHOCPERIR B M R, LP 2
BRSO . BT WS BT 55 A DG HE TR
B, LP 5RO R A R . AP 4R W

N, ARSI RE LY BRI A & LP, X iR
/N LP JE iR A . [ERHE RN, E55 40
KMEFRFEFE & LP, X UL LP 5 EIRMCR &2 F|
AT 55 ARG TR VRS2 o (HLE X ) RE S B 1 AT 55 AH
AT R WX B BRI S RN i % 3. AHSY
3 ik 3 B A B AR R 55 AH S T R 1Y JS RN hn
TGl b LP RN LA S8, T 4 0 7 i
BIUEE . 5 IASIE], Shafto Al Pitts (2015)% FHH
AL R4 R B, LP 5B LX, H5F%
FRMEA G, MR S AR A R 2 22 7] g
LI 2615 B R R ME T 8. B I RE 45 SR s, 4
A P T AL ORI 2 1L A R DN AR AE 22 R
(Duval et al., 2013; Eimer & Holmes, 2002; Luo
etal., 2010), 40, Luo ZF(2010)AYAFFT 45 B,
b LA L, 5 2 T FLAE RN T X 35 K TR Y
P3, XAl g5 mALIE R B PR A OC . X 4R
7 X T FLAE 2515 8 r I 2 R TRl g5 & LP,
HR FARIR 00 17 4 T LR A T 4878 LP 5 iR
RFR o

fe e, WAE 28 1L A A0 B R AE AN 7] () B[] s
LA ARY ERP F8AR——VAN J it 4 50 ok 28
B, 1 LP A LOP e Wl 9 il 8 . Uit
e 2 Bf ] ] 284k (Aru & Bachmann, 2017). Koivisto
ZF 01 7)HRIIAS [R] I 7K S X0 A0 5 25 R 4552 il 1) fF
FEAST RN, BN EBER AR, WO AT P
ANFEB B . Ha R Ew, B HRECE S B
ARSI TAR 5 V8% VAN & {E; i) HFR%L
FHE KRS A LP IR, X R EINA,
VAN S e 7 B 301 00 i S5t 7 A 1) FE WA B s T
LP S W 1 s S0 S8 ) v G B PR R A TR L 432
PPN . Hit—3, A#F5EIAN VAN, LP Al
LOP jXSCAHZK I BLAY ERP AL ] fE ST T A ) 2
TR B B 4 2876 51 . VAN 1T RE S 1 X475 4 1 L Y
SR 250 XA S PN T e (Lamme, 2010)
A ff R, RGBT Y 2 LA 56 o B L, SR AR
P08 Bz 2% R e G0 0 e 2% 22 TR A i T 45 4
VAN ) 54 7 R X HE B0 %) B 23 434 R AIE 577 2R
TN T BRI Y i R — B BL Ak, LP M1 LOP S T X1
AL AR5 S B B R R . XA R
M4 TAE23 ) 315 (Dehaene & Changeux, 2011)75%
SR IS R B, A o
WERAEENL TR Zh M TSN T2 )5, 4
AR TEAMEE T, O e e i 4 LS
Al BEAR 2 i — PP T FLAE 43 i, BV &5 i FLTE
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5 54 4%

L

TR R0 o 3k AR I B R0 SR AR T R S AR T AR A5 1]
WA B2 USRI — 20 BN T iz ]
AE 23 WOE AT Z J2 R LA R G X 38, Jf5 & LP I
LOP,

T L& 26 15 B0 A 3o T 37 T 90 2R
Chen 55(2020)K & 25 LA, IRk AL e il
R, SR ER, TERNRE LGS
& VMMN . (HIZ 20 58 1 TC R UK R AN 7 4%
PRI 1 7 TG T TR T 4 7 T LA 2 1) T o I
m TALEIKE o AP R AR B E DA
RO TC B P UK. AT G R R, TEIRATE
B A5 VG 2 T AL AR FE Z T, ASRE X 4317 26 T L AT
Hofth R B LR ETE . ERP 454K, ORI
AIRLE T FLARBE S & vMMN, H H IS E A Z 520
REM o 3K B A AR BB TG B TR B mT L 45 1 S A A
JF A shia g 4515 B a8 4k, T Bz AL At T
. AT EME, 5 Chen %(2020)1F 1 HA
RAR LA TC RN H 3 TR &5 RARTE, AWFoE1e
HEALIE L B R IR A S Tg5eiEH T
PR AR RV o 4 T L o 465 SR 2% 57 1T RE AN (W) 52
5 0 CHRAE ) T B UK ] ik . A BF R 5 4 1
TCEPURKEA R —RPIRAS, S [F] A 52 46 i g
(TG B UK - T BEAS [A] (Pitts et al., 2018)., 8 a1 $45
SR B A VR RN T — P R B AR
R BE, iR B T AT R A Al
AL TR R (Pitts et al., 2018). 5B F A iRAI L,
R B R R T RE T = . ik, 5 Chen 4§
(2020) 2 FH A9 B8 o 48 i 70 =8 (90 R iR K ) A
JEFEME WX GTE B EA R L TER
VMMN, #5815 Chen 55(2020) 145 2R 22 74 A
[Fi] ST 3 1 2 B A 119 0 R KT 5% il T LA 4615 8
MTCEIRH SN T, 1Ak, vVMMN KB [ 3l
EACHLTR S I SR R WA P SIS
SRS, R FAR B A% X S fT A v B, R AR
B 1 i T 2 B 1 R A W 5 45 2R (Czigler et al.,
2007; Flynn et al., 2017) &7, ToRRHEAGES A
VMMN., SR AT a7 ER A S0 J35ORT 17 45 1 L i 5 245
Rz 22 50T et 1% 45 LA R SR T B X L
55 B ARSI T AT B AR IEAL PR R A9 1% BT
T 38 24 94T M )2 i (Brosch et al., 2010), X X}
T AR A4 A7 7] BB JE H B % (Palermo & Rhodes,
2007). AR A RE R, WALIESE BRI EiRm
T.(Axelrod et al., 2015; Pegna et al., 2005; Sato et al.,
2014), i H o] sgii ok N b i | oAz B8 4%

Bz 2R 3 kA7 P i T (Morris et al., 1999;
Pegna et al., 2005; Tamietto & de Gelder, 2010). 1
un, Morris 45 (1999) % FH AL & HE i v X4 4% B
WA R W, JoR R By R B AR DG T LIS 1 A il
ARG, M HAMS A S E
REJEHE 52 TEAR DG o X T AL 2515 00 K J2 T 3 %
I AR LT R AR . PR, LS 25 1E R T
REZE K2 FaE I T, 5% vMMN, i HixXfp
It H A shiy, A2 iR 08m . X5k
HAE Ham ML E 2 E R, AR THR
VMMN sz e () A6 00 A2 AR AL TR Y 3l A 5 s
HIHW KR

L T T 5 e T ALY 2805 8 Bl T S& T
LB A ST, BAREMREEmIL S5 T
JBF 8 97 1% 0] f81 (Stefanics et al., 2012; Stefanics
etal., 2018), {HJ& 5 A W54 7E M fL -5 1F 5540 H
1846 51155 To R BT 5T 1% M8 (Kimura et al., 2012;
Kreegipuu et al., 2013), U, Kimura (2012)i1:#{
2 AL B R A5 R, RO AR i Lk
F1 RN, LAFRGEAE T AL 54T 55 A OGS, AMAXT: 55
ToRMEALEL N Ashim T, 5—3 AHRTE
55 AT, Lh ) B T L AR R 2R 2k, AN
JE T ALE 28 AT SO o PRk, BV T L S AT 554
K, VMMN /3 Sz e % A v 2 i LA 5 109 B 3l
o ARS8 1A 55 FH S PR P42 %o T FL I I 10 1 5
PEVER . TEAESTOCHT, WL THRE RS m
TEATL S5 AROCHT, THALZ B AR R R T, 45
RN, 55 ICRMIEL, 55 AHCH vVMMN IR {E
TR o 3 4 AL T 2 5 e T FL 15 28 1 2L 0% B 3l
T %5 S RE DT 2 i B 75 3] i B (Feldman &
Friston, 2010). ZHIEIA A {3 B eI 1 8 17 f =
25 PRI 5 il 3 25 R 4 5 BONRG BE . 5 ASKE B i Tl
DUAR e, X4 0 TN 174356 75 5 i B 22 0 00 B R A
5 (Friston, 2010), VMMN Ay 52 B 17 R 5 T30 45
1215 5 (Stefanics et al., 2014), [FI, M5 =0l fig
T o 2 e PN FE AR vVMMING R HE R
RS vMNN R R A P SARWT RS RAH S,
% F LA R #il i (Schlossmacher et al., 2020)A5 W
FAER IR, WA 55 AHOCHE B B T B AR
Wil VMMN , 32 45 2R 22 S 19 I R AT e 55 T LT BTE
FHEE, TEAR S A C MR TT BE A E Z I BT
TS T LS 2515 B . AR as R eR, 4 mfL
AE NS L M il #5573 72 (Santesso et al., 2008; Wirth &
Wentura, 2020). BtAh, AAF5T 15 0 S AR
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T L 2615 2 0 B 30 T8 25 5 0T G 24T 55 M
FERREL AT M R R, 515 oM I,
55 AHOCHT RO MERR TG, PROTTHERE ST, (HZ A
FEARILR, S MEREATE I vVMMN B {H (Kimura &
Takeda, 2013; Pazo-Alvarez et al., 2004), EZ, /K
WIF 5 Ry W0 3 5 e T L 15 R B Sl 4
T AR T TR

TERE A S 7 T, ASHIFSE R A1 45 T AL
I, 5 R A A AL SR A R A 2 5
Shafto #1 Pitts (2015)>% FH M i FLAI A5t VAN
HERMZE, LP SALS5 AR ¢ H2 5 Z AN,
A5 R A 28 10 LRIt VAN ATLP AT E#R 2
RO . WET IR, T PR LR 2
TH L B B3 0 T 7E 25 5% (Duval et al., 2013; Eimer
& Holmes, 2002; Luo et al., 2010), H{: i £L F11% 4%
AL B IR A Y AT REAN R A, 7E v 2
5 vMMN BSCR T, AR G 44 L
W, 5 DA SR AR X 7 BR300 98 i) 0 5 45 2R A7 A 22
5t o LATEAIFSE SR FHAF A5 32 248 ] S0 o 3 B I
25 (Czigler et al., 2007; Flynn et al., 2017)#&/~, J&
BEIHHIBAGETE A vVMMN, 52 A6, AiF58 R
55 2% T LRI A 1 15 4 T LA BV A gln s
T B, R RME 4 fLAES & vMMN,
HIREAZ R ® . iEs g, TSl
{5 BRE LB RN T.(Axelrod et al., 2015; Pegna et al.,
2005; Sato et al., 2014), BFFE4EH 22 5 0] fe i HfL
1215 B A S TP, ik S g gt ok
5 24 T LA A A T 48 s B R SR e LA B L
W VMMN B R .

ARWTFAFAE—LE R IR o 55—, ARWFFEBA R4
AMIVER . SCR B, 14 AL AL TR
— A TR A ) EEEN . B, aEER
A REAZ 25 (M) IR VB SE W o ARz se ), Aok
OGS R 1 O SO 1 = 2 S R 1 e
AW R T PR AR S A AL, I, AR
TGRSR HE) BIH A T AL 45 (s . R0 55 i
o YR
5 4518

AR EBLELUWT o 5B—, XS H LA
R RTEAN R B ] R AR [R]Y ERP F8R
VAN SRR 2256, 11 LP AT LOP S i 391
PO 5=, AL SR B A S T T
R, (HIE I T A

Z % x M
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Neural correlates of consciousness of emotional faces and the unconscious
automatic processing: Evidence from event-related potentials (ERPS)
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Guangzhou University, Guangzhou 510006, China)

Abstract

The neural correlates of consciousness are debatable due to the confounding effects of subjective reports. In
addition, although previous studies have suggested that vMMN is relatively insensitive to the manipulation of
visual attention, the relationship between vMMN and visual consciousness remains unclear. The inattentional
blindness paradigm can not only effectively manipulate visual consciousness, but also explore the conscious
process without relying on subjective reports. Therefore, we used this paradigm to manipulate visual
consciousness. Moreover, we introduced emotional (happy and fearful) faces, which are biologically and
socially significant visual stimuli, to explore the neural correlates of consciousness and the relationship between
automatic detection of changes and visual consciousness.

Fifty-six Chinese participants took part in the present study. We recorded electroencephalography (EEG) in
three phases. In phase A, the participants needed to detect changes of the red dots. However, because they were
not informed of the existence of emotional faces, some participants were unconscious of the task-irrelevant
emotional faces. In phase B and C, all participants were informed about the emotional faces. Thus, they were
conscious of the emotional faces. Specifically, in phase B, the participants still needed to detect changes of the
red dots, and the emotional faces are task-irrelevant. However, in phase C, the participants were asked to detect
changes of emotional faces, and thus they were task-relevant in phase C. To check the conscious state of
emotional faces, subjects were required to fill out an awareness questionnaire after completing phases A and B.
Then the participants were divided into unconscious group and conscious group according to their conscious
state of emotional faces in phase A.

Results can be summarized as following. (1) Two primary contrasts were made: conscious versus
unconscious (equally task irrelevant) to reveal the neural correlates of consciousness and task-relevant versus
task-irrelevant (equally aware) to reveal the effect of task relevance. In the early stage, the results showed that
the standard emotional faces in phase B evoked significantly stronger negativity than in phase A for the
unconscious group, suggesting that the conscious process of emotional faces evoked visual awareness negativity
(VAN) (200~300 ms). By contrast, compared with the task-irrelevant condition (phase B), the standard
emotional faces under the task-relevant condition (phase C) evoked significantly stronger negativity, suggesting
that task relevance evoked selection negativity (SN) (180~250 ms). This provides evidence that VAN is a neural
correlate of consciousness by separating the neural activity of visual awareness and selective attention of
emotional faces. Moreover, in the late stage, the results showed that the standard emotional faces in phase B
evoked significantly stronger positivity than in phase A for the unconscious group, suggesting that the conscious
process of emotional faces evoked late positivity (LP) (300~400 ms) and late occipital positivity (LOP)
(400~600 ms). By contrast, compared with the task-irrelevant condition (phase B), the standard emotional faces
under the task-relevant condition (phase C) evoked significantly stronger positivity, suggesting that task
relevance evoked LP (300~400 ms) and LOP (400~500 ms) that may reflect the post-perceptual processing of
target stimuli. Therefore, this study also provides evidence that LP and LOP are neural correlates of
consciousness without the confounding effects of task relevance. In short, VAN may reflect the early perceptual
process of emotional faces, LP and LOP may reflect the further process of classifying and recognizing the
stimulus representations of emotional faces, such as assessing the emotional valence of faces.

(2) The ERP results showed that a vMMN effect was found in all three phases: compared to standard
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emotional faces, deviant evoked significantly stronger negativity at the 250~350 ms latency in three phases.
Importantly, a vMMN effect was observed for the unconscious group in the phase A. Furthermore, no amplitude
difference of vVMMN was observed between the aware (phase B) and the unaware (phase A) conditions among
unconscious group, suggesting that the deviance processing of emotional faces is independent of visual
consciousness. Compared with Chen (2020), this study provides evidence that the deviance processing of
emotional faces is independent of visual consciousness under the condition that the unconsciousness level is
manipulated more effectively.

(3) Compared with the task-irrelevant condition (phase B), the vMMN amplitude under the task-relevant
condition (phase C) was larger, suggesting that task relevance modulates the amplitude of vMMN and the
attentional effect of task relevance promotes the deviance processing of emotional faces.

The conclusions of this study can be summarized as following. (1) VAN is the neural correlate of
consciousness under the condition of avoiding confounding effects of visual attention, and LP and LOP are the
neural correlates of consciousness under the condition of avoiding confounding effects of task relevance. (2) The
visual awareness of emotional faces has different ERP indicators at different time stages. Specifically, VAN
reflects the early perceptual experience, LP and LOP reflect the late conscious experience of non-perceptual
information. (3) The deviance processing of emotional faces is independent of visual consciousness. (4) The
attentional effect of task relevance modulates the deviance processing of emotional faces.

Key words inattentional blindness, emotional faces, visual mismatch negativity, visual awareness negativity, late
positivity





