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NP ARG I YERE . 45 1AL A F
(Aoki et al., 2014; 2015), 45FNAFRIEHE S
[F)SEAST H A AR RAS R SR A 25 3L o B andl 1 IRl T
1 Y R 51 DR 08 LA BUAH [R) ) T8 (B2 4%,
2013). BLE AP J248 AR [R5 1 2 5 BRI
PSS, DRI R 045 R (Long et al., 2022;
Yang et al., 2022), MM#EME G . #H/ LBGHS 5%
A TS LS o IS AT CBERRIE B AL A
SEARPRIEZS A (Aoki et al., 2015; Long et al.,
2022).

DMER IR Z2 RS RAF, X HLes 24 F
BT fi A X8/ (Aoki et al., 2015; Long et al., 2022;
Yang et al., 2022), 545020\ F—FE, Pl ATl E
AT S AL 2 B bR, JFTEBRITF IR . 41
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SHEA L HE . BUARS S A R RS TT A IR
T 52 (Aoki et al., 2015), il 4, Vicente 55(2021)
N, BEINACE HLa 7 Al DL s 2 A i) P4 9Bt
g1, "Em AR R, IREZE AR, S Rk
HE ), EREHIS AT

BLEs NSF- FNEE SR8 2Z 8] BE A AE — S AH RUE,
WAFFE— 225 5% FERIE M —IWF5 T, Yang 45
(2022) FL 4% LU T B R L2 2 R Es 3R DF
i, RIS A ELL R LA S
SRR TARPE: (1) AT [RIAE DOEL
AN, R AFBRE; (2) ATt
P4k A R g AR, AL AR AR I
(3) TEHARE 5T oot 55 AT 73 ) AR 2 311
AR, 0 SR T A O R #E AT 40 ) S T
AN (R N S N/ 0 B [ 1 B K (W R 0 PR R 2N
THLE MG RN Z A —se 22 57 fFiln, fi
IR, GH AT, AMTES I FEERA
Vo TEABATEIBETE T, AAMTRIPLSAN 2P i 4232 %
WE R TARAAN T AT A1 23k
JURTE T B AP /NS I DF/NS O T S R T RS/ BV
25 JL 1 ki s ) AE S A s T P AR S B A 2
NP Z IR AT REAFTEZE S o Aoki FE(2014) H YR U
REVERZ G IR G (IMRDFE AR, I T HL2 A
TR R IGUEE, A B ARXTHLE 2 T i DX A
T T AT  Feng 45(2015)% 45 8- 19 MR
WSS AT T I3 AT, K ILESH A3 24 K X
ST i I R A UG T N R (U K F TN
MU ETA MU A A N R, AN
if, T PIE T AR5 ARTA], AN A Xl 22
SIS ZE RGP, BRI AT g
N2 S R P

VIR THLES A F sk, Ml
Ml AR SE PR EE SR A PEAY o B, SR — IR 5
555 (B AR SE BR 45 SR 00 ik DT AN A6 T X6 T g 3R
), Yang 55(2022) K AEHL A 20T, D ASE
B 25 S 30 2 1 R 22 S A ST R AT e

5o R, TEAFHLSANTFRMET, HACH

SEPREEFIR AT I, TCIe R T B 45 R R A IR,
AN SEBREE R B2 S5 i3 L B 22 T
FHM. A O REIR, RTS8 R
INEEBLS, D ANTBREE R I Z 5 A S T
ML AT I, (B2, YA METRER, W
X TR 25 RO AF AR OS2 BRas SR B 2 wif A
LG AT B N FETE 1 3 22 5 ik e

S IRHLZ A5 M AR S PR 285 S A B

— BB ff 5% 3d 3T 4 A ¢ H {37 (event-related
potentials, ERPs)#i AR, #—2E485F T HLES A iy
DL R AT S ma A AR SEBREE SR VFA, A ERPs $0R
T LATE 2 R0 TR B2 b BREE DA RN T 72 (Luck,
2014), Long %¢(2022)# & T EAESE R 551 T, L
ISV NSEBREE RV ERP W (WLABATTHY
#FTAEL . TEAATRY R T, AR PR SR H EE
J5, Bl 2200 P2 (R B 100~200 ms Ji5 5
KB RAEAERIGHT R IE %% )F1 FRN [feedback
related negativity, JJ3H B 200~400 ms JFi5E & 1Y .
RAETE R HTH A R s . WAFRA medial frontal
negativity (MFN), ## reward positivity (RewP)]Jf
Mo IR, ALES P IFAS R i ARSI PRl S5 A 1Y
P300 (il 1 X 300~600 ms J5 155 & B9 1E A %) . Leng
F1 Zhou (2010)iAy, TELSRPEM N Tk #rh, FRN
RF T R0 A kI g0m 1., 300 3R 1 i
WIRAE R B EE N T . 7€ Long £5(2022)MI 5T H,
P2 Lt FRN HELAYEF R, I, Long %5(2022)
MEEREY, TR HMT, Pl A FX RS
PRl SR PE i 52 e A A FE BB B, X I B B
B i 350 o X — 45 SRR W AATHE SEBREE AP
B G 3T B B BF Sy S PR gl SRAS B, g R it —20
T Yang Z5(2022)$2 H B9 AATTX 45 1 563
PR T L A X — ik .

SR, Long “5(2018) % B, 1EZ4+5%AF T, #l
SO AR SEBRES SEPEN 3 B B,
S B S B B L EIX 0 ERP WFE Y, SR FH XA
BT 55 o BOLBEE T IR BT REA — Ik . IR
BRI 7 PR BRI [ S IR . AR AT
WUJ5 PR IR AR 22 57, ML R8s =
MM A FIHLS A A (advantage  opportunity
inequity, Al, #OXHEE T IREZ TX) . LA
SF-(opportunity equity, OE, X5 B8 B EAH [H])
FIAFIHL AN F-(disadvantage opportunity inequity,
DI, #APE R E D TX 7). FEBM R,
4 i A BT T B R B A B
) R BRI, Wb, WA e, MR
() S BR 485 AR I T X F- 1 R, RIH G0
B AT S R R B, DI & ) FRN Ui B 35 KT
OE Fil AL [FEF, fbfilte &3, HLEE0mA st
PRl RAETE A1) P300 I MR _EAE7E W & 1 28 BAE .
MPUERES, OE W& MY P300 I i 2 /NT Al Al
DI, Y@aadbmm, =Ml AR P300 IR
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ZIRAFETE 3 22 5 . AT X —BF e 25 R R W,
TESEE 5T, ML P2 (Al I me A A S Br 235
A 0 S0 RN g 0T o

fHJZ, Long %5 (2018)MAIF I8 F7 4E — L8 J5y FR 4,
X2 R B AT REXT AT AR ST S5 18 7 AR T R B A,
Long %5(2018) %A £ il B ML L 2 V4544 T By i
Wk sE . EIZIFsT T, B g IRt B nl T
PoE a7 A RS BCR B e 1, X R BT
XA RAEAWTER DTk . PO S T/ E A
LS AN AR 3R R AR B 3, i FE A AL
SRR AR BE AR R T AR, SR, AEARATTIY
WFFEH, XEF NP A, Bl iR g
R EEE R R 50%. R, fITIRER B %) ERP 2455
AT B ST 1A FSE R R 42 =22 [9] 1 2% 5% (Yang et al.,
2022), H:K, Long Z£(2018)AYMFFE h, #ikasbLL:
BOSTEARTR BRI ) & A e As . AFgE R, Jeigtil
SOBERYE LR, PO AR Y I 25 S A
HAZPREE A PEAr (Stolz et al., 2020; Zhang et al.,
2021), fxJ7, Long %:(2018)#A #41] FRN 5 P300
(53 EE & () R, BF SR R, FEZS AT ) ERP J
MR, fFE FRN 5 P300 14/ 5 & (Krigolson,
2018), fibfiTHY FRN Z5 5L AT GE2Z 21 P300 AYRZMM, 1M
P300 (45 R TTRESZ 2] FRN H5ZI0 .

R T RS RS T, IS XA
RSEBREE HAEN I 5E T, FATX Long 55(2018)11)
WG e T T okt . 55 Long 25201 8) I HIF 58 2B,
AWFGECR A ERP HAR, HUTTER S =T,
PN EXFAAR SEBREE RPE B2 o SEEAT 45
WNAERRAT S5 o FERXAMESSH, T 45 25 10,
ARWFFE Yang 55 (2022) AU E—3, B RXUHF M H
O AT BE B A R B — KL (H 5 Yang 45(2022)
() S0 AR SE A S SR (I 2 5 & 104G
FHE ST )AE], ARS8 B R BT 20 A O 0 R
AT AR A5CT R/IN 556 D R LB /N AT LR, 3R
R E At SR o RIS T i — 20 4 i 25 A T,
5 Long ZF(2018)MIHTFFY A TE] Al vk 2 [a] B 1k 1Y
ML s RAUBARE, AR T, Pliils
Bl e Ry 4, BIarE Bl b i AT A28 i g
B E N 45K, AT TIPS ECR B E, WThE
25K 45K Bl 6 5K MR HE DU LB A X 22 5, L
NSN3 AR ARPLEARATF(AD. L
2N (OE)FMIAFIHL S A A T-(DD)., HIEE] A A%
JE, BT &8 L mas R, AT A TR
— Al e, BROMAE H W W e R e sE 2 e g h, F

JRy Rk R —FE, EA DL B T A AR
XF ERP S RS, TEAR TSGR, =Ml ey A
PR aE AR AR R, =20
T FRN 1 P300 9 S, FATX ERP B0 S0ty
T FE 55 (principal components analysis, PCA),
PCA J& — il B T R 7 B ERP AL B £ R
(Krigolson, 2018), ERP LEZ55E, 5 Yang 5%
(2022) Y LB BRAE A, a7 2 43 I AE AR S PR
55 5 B 22 ORI ) R HE R 2 (R B ) VT
Tl & F 9N SEREE o 55 Yang %5(2022) B SE B HRAE AN
), et i B2 43 S S At i J PP g ol 2 A 1)
PR RE

KRTATRHER, A FEIrH, FATHM OF
BB 35 =T AL R DI, X5 Long %%
(2018) A5 R —2, FRATT L T Bl i e 7 2 - J&
WP ZART I, X 585 RA PRI —2(Yang
etal., 2022), XK TMARSEEREE IR BUHT & (RIS
ISR AR AL, S, AT S 5 R
AR = A FEGESL, IRTE Yang 55(2022)
s, HEROR T, RSE A TR 3
T RGBT . YEE R TR, FRATI0m s i s 1 2
PR I 3 T RBEET, X KON AE Yang 45(2022)
MIBFFE R, S X e T, s Rl T
PR T, A TR TR, RS R
Al 2 TR AT o S s, FRATT I S
BHH S A B HOR A B E 2 . INTE Yang 55
(2022) A FEHr, Pl 1T T, R
I ARSI SC SR 2 A

TEA SRRy T, FRATTHTN OE F1 AT (1) 1y 1id 81
HWEET DI, X5 Long Z5(2018)Ay 45 S —3K
FRATFRTI fo %) b PSR v T, S ARV B
FRAER—F(Qi et al., 2020), FRATHIMFEJ5 o4 1 Bi
BRI T R By sE R, AATXF
JRy i 2 vy S 25l (Dyson et al., 2020; Holroyd et al.,
2006) KT B i JE B A2 Ak, FRATT I 24 B
R, St R R T R ET, el
V- JRyFARTIN, S5SNI J d E AR T RIS A

KT ERP 455, FATEZOEH: FRN Al P300,
KT FRN, FATT A0 w1 i Lok 375 & 1 B R Y
FRN, 52 #bf55—%(Holroyd & Coles, 2002), Fk
T B0 R e i & 73 KA FRN, X518
A CHk—% (Dyson et al., 2020; Holroyed et al.,
2006), HIE, EASCHRE T0F5EF 5 Al i & 1Y
FRN IR & S AFTE & 22 5%, AAEAR—BUas R,
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— SE BT e BV JRy B PR Y R 5 S A5 < 1Y) FRN
W 2 [ AAFAE . 35 22 5+ (Dyson et al., 2020; Hajcak
et al., 2006; Holroy et al., 2006; Kujawa et al., 2013),
T3 — BRI 5 W) S B V- Jy B0 M ) s L i e T
K ) FRN % iE (Funkhouser et al., 2020; Huang & Yu,
2014; Li et al., 2016; Miiller et al., 2005),

T MRy s fb 2% ) B8 (Holroyd & Coles,
2002), Stewardson Fl1 Sambrook (2023)#5 Hi, FRN I
FRERMWA—F, &l T FRN A] LUR]EY fs e = Ff
TR EE 5%« L TR0 1Y T 45 1% (prediction error
valence), HJVFIWT &5 5 b fi i 4 a8 23R, (HOR ¥ &
WFIRIORR RS, R TR DR A R A [ )
4% (signed prediciton error); J& T {i %) 700 45 12
(value prediction error), B%% 5 b U 4r SRR 2 11
FIWr; sh AL & (motivtional salience) %) 7l ] 45 15,
HIESE SN IR -V N R Py NI S e b 18
B PR R TG 5 ] Y $5 49145 1% (unsigned  prediction
error), i 4 65T, Stewardson Fl1 Sambrook (2023)
PP, TR B T B 152 58 T 2 TEL Tl
IR A, L TR0 A 3000 4 158 52 1T b 1 7 40
BRI S

Hajcak %(2006)fil Janssen %%(2016)IA &, FRN
S 1) 02 S PR 45 R4 SR P A W . 2 S
Stewardson il Sambrook (2023)%} FRN ffffs, &
i1k, FRN 32 S i 2 R o D 1, A9
RS MRS, — D W E ) U A 12, B2 30
RS RS . P, FRATHUN, 7E AL A1 DI
FMEF, FERRE A FRN 2R3 AR, XIR
Dyson %5(2020) . Hajcak %(2006). Holroy %(2006)
Fl Kujawa 55(2013)9F5¢ —3 . MFE OE &A1+,
AT, PR teis & T KA FRN. BUERTE
AT, ML A B R A RS S
19, MiHAMFZMAT, LIS, BAGTER
F, i1 OE Z&F R F Rt i, KB 1 i
PSR Y] FRN PRI, X5 Huang fl Yu
(2014)5 Miiller %£(2005) NI o8 —3k . FA1dE—
AL, R, HLEs S5 & 1 FRN IR 22 57
ARE, XREFAEZ S ST, M HZ
J, T 2R AN Y048 38 IR BT 1 A F- PR (Xie et al,
2022; Hansson et al., 2021), M50 AF /A, HF
OE 411 N -V Ry 80y il U451, OE /5K
HRAY FRN; PERENT, AP FAL F
DI Fo AP 255 & B B9 FRN i o 3 g2 A Y
B I, AN S X T8 inUE%(Hansson et al.,

2021; Trautmann & van de Kuilen, 2016), IEf, A~
ISEHLE S (AT AL D) F A 21435 % K1
FRN P, o FRN X2 FUR(Liv et al., 2022;
Rodrigues et al., 2022; Hu & Mai, 2021),

KT P300, A SCHAEY] P300 3528 L i) &
T R 3 T A B A5 45 SR Y Sh AL EE 2 M (Hajeak &
Foti, 2020), Yang Z5(2022)f5 i, SHLEFEAHIH,
NATHE S F A5 o R FRATT 000 7 1 30 o B
BLSS S B R B e, 4 i B DG T 25 SR )
ISP B i R 15 & TR RY P300 I -

2 ik
21 #ik

i FH“Power ANalysis for GEneral ANOVA” T H.
(PANGEA: https://jakewestfall.shinyapps.io/pangea/;
Judd et al., 2017; Westfall et al., 2015)H & # iz
o HACkUE, A R EE TUE 3 AN
PR (BEPLFNZE X)), B2 251 (I 5 0 58 S0)Fi S PR
ZER(FEMAZN), HHEHMZET 3 MEENSE
CHrES B E 0 BN AR A DI P22 25 P R4 52
Praf 2 M8 BEAEH . PANGEA /R i d =
0.45, fE4RTBtH, BABAEs E LR AT
AOLEER B 32 o ZarFT R, SHafifh 95%1Y
G, BT 23 A0 TR R TER
FEAR LR TFIG A Rk 1k, FATAH BEHZE 35
BAERE K, BEESRDGE, GRF, M IER
SUR IE SRR, TCLLa (08 ROk phoge s . H:
H 4 XM T ERP O UG i 25% 1 4 5
FR(Luck, 2014), fRjadtit 31 ZH0A(19 42ty
BN, PR 19.52 % (SD = 1.46), 5%
By, PR B REE . b, gl
B, Al AR 2 A S M PR R AR B —
HRIM R SRR (60 TT), 2 ARk th BT AT SE R 4
W5, BEALAHBCE 2S5 b A Sl G 45 SRR
FE, BRSO 5 T, <o
5 g, BRI . ik, BB
) B A AR AE 50~70 TTZH] .

2.2 TG, #

FKH 3 (WL 25 x 3 (D ANSEBREE SR Bk N
SEEEETE . Horh, HLE SRS 3 DA AL
DA (WORA 45Kk REE SR, [FAEA 2 skpin]
BEEERE, AD) . ML A (B 4 sk bk, A
PEALA 4 5K AT LSS, OF). AFIHLEA T (BE
WA 45k EEERE, [ 6 sk Al i 45, D).
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AN PRZE R ALTE 3 N KF : Bi(win, W) - JR) (draw,
D). #i(loss, L) KL, SCoedefudf 9 fhosft: A F]
LA RO SR (AT-W) . A FIHLE AN - )5
(ALI-D). A RIHLEAANF-IE(AL-L) . L2 Ff
R (OE-W) . HLE&AFATF 5 (OE-D) . HL& At
HI(OE-L) . AFIHLEALF-H A (DI-W) . AFIHLL:
AR (DI-D), AFIMLE AR (DI-L).
RIS 15 Ry AT 43 | AR BRI 4 S B Rl S5 T 15
R 04 L 18 W
23 ZBERF

SCERTT, WX SBEANF LG —A TR R Y FE A
CEE BTN, IR, AT SR EEA
[F] P9 5 () 588 JH T SR R AR XK, 3 A s [) 23 38
1o LR AH I o B, B Al 7 LR BRFERT 80 cm Ab,
TGRS

Bl 1 AR SRR E . E e R R e
500 ms, #RJ5— 125 SRR RENLE I 600~800 ms, 47
ok, AT LA R G [ A R 5 1 AR 2 B
b, FFZE 1000 ms, B EEFEH 2RI LT
DIERRR AL, SR80 i 2 WK R A 1T L
PRI BL (BN . EERTIE 4, Fompialnr
TE 4 KM EE KB, SEETFE 6, TRk
[ 1T DAAE 6 5K ML i — 5k BHOT), Biluk A, &
TR R TR R AT BE SR 1/2/3/4/5/6/7/8 R —F
B F e E, A C AT EUIGE e R 4
SRR, XTI 2, RTRESE 2 5K . 4 5kEk 6 AL,
25 RIS HE R, ARk, g R i
MR 5IAT 8 AN TEMU B, K AEBEALS BT [H]

I 1) X5 R i, 5 40 ) (1) 2 T e ) 14 mT DA e
PEIVATRR, R HE) 2 Bl T LAE £ Y 4R,
B E o 7R AL b T AR B BT AT DLk
IZAREL(E N PR3 R R 3 K.
wHEsE R, — I HFER PRI 600~800 ms,
R RO e B 45 R 1500 ms, A T ik
IR R, G5 REE Lt FOR B G
AR, wolmt, < Rnpidn; «="&R B
AT —FER, PR, 2 AbEZ A 2
[l p Bk g R, BIRr Be 4R b BB i KN, 75
29 I 0 R el Al SN i WS E T TR
B, B Tl =" F R T XK ) B A
Mo B2 5EILSER 288 MR, BFHLE &M
R 96 MR AE B AL SRAFRIPLT, —Fhgh Rn]
RE B ME R =2 —, W 32 k. &
72 MAWIE, AT DL AR B A] o O i
B, ANE SRR EORAE)T S i E-prime #/40h
BEBLIL, PL2s S5 FIE 2 AR R FSe e ) . 78
IER LR Z AT, A T ik RS Ry, AT
77 9 W8, BMFIFRI—IR, 2RI nsE
Utert N Tab 8
i LS 0 58 K, BT B A I AE A AR S PR 2

SEIUHT IS (BBHT S )53 0 PP B A S ) A R
KM iR R o 6 SR R IATIE (1 =
AN, 6 = FEHAF; 1= EHARN, 6 = 3k
HAREL) o AN, BT A AR S PR gl R A B (S
A VR . B BIARFXS J5n] DAk £ gk, AR
ARG 2 HEAR S PR R 2 IS (R )T

. WA
500 ms
P
600 ~ 800 ms Pl .
L | 6 244
1000 ms
600 ~ 800 ms DO00O00D | s
ooooooag
ARRET
600 ~ 800 ms + Bk R (BEGIT %)
1500 ms
000EOOOE | |oEEOEECO| | DECEEEDR
00000000 | | oOoDOooD | | 000C000D 600 ~ 800 ms s 5 PR
1500 ms
600 ~ 800 ms
Bl SRF
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FEPFRE « MR AR 7 mT LR AR, A X4
EE IS /A L
24 Mg RMIMAE S

i ok 64 il iE it K #F (Neuroscan, Herndon,
VA, America)ic s #5250 B A0 ki v 5040 o R AR A
HiA 4 B PR 10-20 RGEAIARIERCE, 64 AHAAL
ML AT Ag/AgCLHLGRPENE o, S22 ilE T
FCz . #E HIRH (VEOG)it 5 i B A7 T 22 R HE
ARy, KR H (HEOG)iE 3% il HL Al A5 A T
LA AR AE ARk o FELRIC SR AISREEZR ) 500 Hz, JEIE
I K 0.01~200 Hz, fEREA LB b Fe v, sk BHPT
PETE SKQ LR,

B B 2k o T 2 A5 B T MatlabR2014b T 1Y
EEGLAB T.E4fi(EEGLAB v14.0.0.0b, Delorme &
Makeig, 2004)F1 ERPLAB T.E4fi(ERPLAB v6.0,
Lopez-Calderon & Luck, 2014), NSRS ER 5
1o AT A e, RO SR FH I IR Jk e i 17 308 0k
#% (IIR-Butterworth filters) ¥ 17 € I, &1 38 5 FR 4
0.1 Hz, MGEBIRKN 20 Hz, MHEBRT BT, 38
50Hz [f)% . KA ICA (independent component
analysis) 1 77 %Pk (IR 21 R FL S LA )4 T2 OE,
B, (A . AR AR IEXT ICA A2 IE Y
BT ES % (Luck, 2014), FRA R B, Rk
BEASR S PRt 5 & i ik fL i, MRS AT 200 ms
FE4R, FRLE R 1500 mso S ik L FEL AR 246 X6
MBIt 75wV S BB - IR 65 pv AYIk
W o2, AI-W 54 34 29 4~k (SD = 2.66),
AL-D A FFYAE 29 MR (SD = 3.06), AI-L 5%
P FSEE 29 MRIR(SD = 2.77), OE-W 444 FF
I 30 MRIR(SD = 2.54), OE-D &4 FF#14 30
AR (SD = 3.32), OB-L 44 FF#44 30 ik
(SD = 3.29), DI-W &4 F P34 29 MiAk(SD =
3.00), DI-D %A 29 1~ik(SD = 3.12),
DI-L 4 F 3344 29 MK (SD = 2.95),

25 HESH

FEREHRT . R 2 GPANBYBE: BT .
FIE) x 3 (BLex451F: AL OE. DI) x 3 (SZPr4h
B B PR D R EE WG 2500,
B AATE SEPRES A 2 BT S (BB JS ) 8 2 F- I e i

ERP #4543 #7 . < T FRN, Sambrook £ Goslin
(2015)FITTA AT, FRN (R f5c AR i e 7 11 K
240~340 ms, HTE FCz K., Y5 Sambrook #l
Goslin (2015) R WLES FRN 93k B2 4346, FeAi14E

JRi Sk Je /i R Y F1, Fz, F2, FC1, FCz, FC2, Cl,
Cz il C2 JUAHL MRS I, 4% 240~340 ms Y-F- 243
TEAE A FRN S8 o 0 T ge i pE v, FRAT 75
TIX 9 B FRN B MRSEA N — 2 %1 (Luck
& Gaspelin, 2017). T P300, ARSI AYHH S
BR(Li et al., 2010; Long et al., 2018; Zhang et al.,
2021) FXT HE B W 5¢, FRATTHE R ik =k B¢ Hij v &6
# F1, Fz, F2, FC1, FCz, FC2, C1, Cz 1 C2 Jui iz
R b, PEPE300~600 ms 14 -9 R AE R P300 I 1
[FRE, o TGt AYE, AT TiX 9 %
1Y P300 PR AT — 2 MG % FRN Al P300
WG, SR MLS SRS PREs SR w3
BRI T 2500 .

97 HEBR ERP o3 (8] H S B R W, AR
fiFF 5% X 0 4E 9 — 2 SRl PCA 43 BT (Krigolson,
2018), M4 Dien (2010), PCA 43 A W4 4T« B[]
(temporal) PCA J2 =5 [H](spatial )PCA . & ¢, 54—
A (]S AE AR AT AR PCA ROALER, XTF iRt
X 5 e B 1 A S ok s M A 0 TR A AR R
BRI, XL T4 T Promax rotation
(YRR ST o AR H B2 8 T LR 04 % A 7 ]
S S ) B 11 PR Pl P B ke, At 1 Sy Bhy 320 5 531
% o BRR S04 0 - 1 — 20 i Infomax rotation
25 [ PCA 738 fE25[H] PCA A, MR SAE
AR HEATACTE . AR Dien (2010), Z5 PCA )5,
H5H0 kB A s pR DR AR Y R B R A oA i 2
B o 7E PCA BYBHRE /A4 T 14 A st
RSy, TEAS AT EE s T 7 A2 By, 3t 98
AHGy, R T AR 89.18%, M4l Dien %
(2005)IEEIL, FEXFEEAS PCA IR ERGIIE 4T H
PR A, 36 4 0 A F AR S 9 P IR (TF2/SF L,
TF3/SFO)E#E— 581t or M. ® 1 WoR TR
PCA-ERP {4}

* 1 RBEUEEHR PCA EF
PCA HAF L4 BIFRIGE(E S (ms) ZSIE(E S B F M%)
TF2/SF1 FRN 268 FCz 12.49

TF3/SF1 P300 466 FCz 9.57

¥: SF= ZEKEE, TF = HEEE

KT PCA-FRN, 5 FRN —3%, FATLERT
rERAY F1, Fz, F2, FC1, FCz, FC2, C1, Cz F1C2 Jui>
HL 5 B, S 240~340 ms A2 iEAE N FRN
B A MERBATE, $iX 9 AsAY PCA-FRN i



4124

Julss S HLes AR RN TR B e A A SEBRES R B fr

2003

IS5 T4, % T PCA-P300, 55 L4H P300
—&, TERTHFRAY F1, Fz, F2, FC1, FCz, FC2, Cl1,
Cz Fl1 C2 JU N HLAR 5 b, BEFE 300~600 ms 4T3
AR PCA-FRN 0 o [RIRE A mst B BH M, 45 9
A5 PCA-P300 PR3 5 #4748 . PCA-FRN
F1 PCA-P300 W IR ST, HIHATHLE S50 RS2 bR
25 SR 1 R 2 A 0 T 22 0T o

TR B Hr, BT ERIE RS, M4
Greenhouse-Geisser J7 X F /561 p [E 317 22
B o 235O0 ) S5 IS K 5 4 ] Bonferroni Jy kit
TTRIE . A ST, YIHE JASP (https://jasp-
stats.org) 3 PFH 58 o mp VA 8y 22 43 M 8500
HAR/NFERR, H5 5120 0.01, 0.06 F1 0.14 B8 IA
Ry /INEERE | FR RSN TR AN (Cohen, 1988),

3 4%

31 1TAZR

2 JBR T XA A BB 2 Al
BBt JOBRAT. RE) x 3 (Mlesk k. AlL OE,
DI) x 3 (EFRZER: B, TR, ) = HEREZ N E
TENHIZER . 2 3 JBR T 9 Fh & F USRS Y

PR UM B . ALE SR RS BREE R =
Wy sd BAE N .35 o RO o BORBIL 2 25 1 1 38 AR
AN E . LR EMLRE RO EERAN R
o RSB AI bR R s EAEH B (R 2),
B IEE, SLPREs Rt AE—2 081, Gt
SR NN YRR, U B RO W, F
(1,30)=7.67, p=0.01, 2= 0.20, JHRJF I
Vo 3 = T RS (p = 0.01); 47 Jm Fiwgiatia i,
J B Be ) ERON A B ECEJR: F (1, 30) = 2.52,
p=0.12; %i: F (1, 30) =2.00, p=0.17), FHtE
HEASE—2E 5387, Geitas R R RBRAT, SEPRgs

W ERON A B3, F (2, 60)=0.02, p=0.98, Jik
Ja, SEBRESRR ERN WE, F (2, 60) = 6.10, p =
0.004, np = 0.17. & M2 TV IEPE4 i 2K T b
I Ri(ps < 0.05), {H AT JR)i5 & 1A I (1]
22 F A BE (P =0.99), Pl 50 T30 B E, F
(2, 60) = 46.39, p< 0.001, 2= 0.61, OE Ay J&IF
S E T AL (p < 0.001)F1 DI (p < 0.001), H. AI
()2 F- G431 25 5 T DI (p = 0.016).

Bl . TPANBTBL . LS SR A SEBRES A —
B 28 AR IS i 2 o Bl S5 N SEBRES SR i 28 BLAR
R h %3Gk 2). BIFRBNBUGE, PS50
EASE—2E 38T, Gt AR WoR . YRR )R
BF, MLS 2R R0 8 3% (ni: F (2, 60) = 26.13,
p< 0.001, n; = 0.47; FJ&: F (2, 60) = 19.26, p <
0.001, n> = 0.39). OE WMTEIE/ &R T Al
(ps< 0.05)F1 DI (ps < 0.001), E. AI f4 B ERIT4
5T DI (ps < 0.05). Hilkfnt, Pl rbn
FREN B, F (2, 60) = 7.08, p=0.003, n2=0.19,
OE (p = 0.004)F1 AI (p = 0.018)#) i bi B E4> i 2
=T DI, {H OE fl Al Z Al 2 %AW E(p=0.79),
MSPREE RIS — LW, SIS R BN 7E AL
DI &FTF, SCPREE M ERON B (AL F (2,
60) = 14.49, p < 0.001, n2 = 0.33; DI: F(2, 60) =
12.46, p<0.001, n>=0.29). A A DL 40 . & 0
TV Ri(ps < 0.01) A% (ps < 0.001), {HF 5 Flki =
6] 4 25 S I 2 (ps > 0.43), 7E OF £&1F T, SEPr4s
J FR0 3, F (2, 60) = 41.12, p < 0.001, no =
0.58, Jim i B BT o0t B 2 = TF SRl (p < 0.001)
i (p < 0.001), HLFJ=y iy Bk 43 2 3 = i
(p<0.001),

Rt B B FIHL S SR I 38 HAE B 35 (3% 2),
BIFEPREE RS G, MLas ki A — 2040 HT,
Geit g R WoR . BT, Pl SRR RN B,

K2 NEBRFERBIESER
- N2 i JE%
F p n F p m
St b B F(1, 30) =2.01 0.17 0.06 F(1,30)=0.91 0.35 0.03
MLox %t F(2, 60) = 46.39 <0.001 0.61 F(2, 60) = 23.65 <0.001 0.44
SPRGhE R F(2, 60) = 3.01 0.059 0.09 F(2, 60) = 41.58 <0.001 0.58
S BL x BLe F(2, 60) =2.32 0.11 0.07 F(2, 60) = 13.08 <0.001 0.30
FRB B < SCbrgt R F(2, 60) = 4.20 0.021 0.12 F(2, 60) = 45.24 < 0.001 0.60
Ml &t x SEPREs R F(4, 120) = 0.88 0.47 0.03 F(4, 120) = 2.27 0.079 0.07
SRR BE x HLEs &kt x SEBRaiR F(4, 120)=1.97 0.11 0.06 F(4, 120) = 0.63 0.59 0.02
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F (2, 60)=27.74, p<0.001, n>= 0.48., OE HJ{fi i /&
PE43E T AT (p=0.017)F1 DI (p < 0.001), H AIf
W BRI 4> B T DL (p<0.001), JBt)E, Hles
S TN B, F (2, 60) = 7.59, p=0.001, nj=
0.20. OE {6 B84 i 2 7 T DI (p = 0.002), {H
OE Fl Al, Al 1 DI Z [A] B9 22 5 A i 3 (ps > 0.10).
Mt Btk Nt — 00, Geitai R s YT
AL BB B ERON A B, F (1,30)=0.95,p=
0.34; X+ OE, BBty F300 3, F (1,30) =
20.70, p < 0.001, no= 0.41, JZI AT A DL 40
e TSR M BUEPE S (p < 0.001); X DI,
R B 808 2, F (1, 30) = 11.34, p= 0.002,
np = 0.27. SRS M DL 43 b 25 5 S4B AT 17
T BERIE 43 (p = 0.002)

J I oy BRSP4 R A BAE B (R 2).
S BREE AR BN T, St R R, )

A2

800 1000 1200

—%00 < 3200 400 600

----
g

12t
------ ALW EFILETAF—HR)
------ OE-W (Hl2/AF—H)
------ DI-W (RFIHLEAAF—HR)
R 3 P-FRN

B AHHEAAF HEAF AFHERAF

L]

TR, BRGNS BE, F (2, 60) = 1.26,
p=029, )G, SEPREsRM LN BE, F (2, 60) =
58.07, p<0.001, n>=0.66 kA M IR PE43 ik 2 )
T s i (ps < 0.001), H VR M BUREE > B
= TAiI(p < 0.001), 4 AR B Btk A A BN 4347,
Gt R WoR, X TR, KRB B RO 0, F
(1, 30) = 52.75, p < 0.001, np = 0.64. JA5tJ fR M B5i
JEPF 43 I 25 5 T R AT B4R BUEPE 43 (p < 0.001);
X IR, OB B ERON AN B3, F (1, 30) =
0.25, p = 0.62; X THi, [mibrBeny E5800 %, F
(1,30) =40.21, p< 0.001, 2= 0.57, SR8
ATy 25 5 T R R BT 43 (p < 0.001)
32 fEZ ERP &R

2 R T IR AR FRN RS P300 78 9 Fl &5
THEIEE . #IEE ., £ 3 B/R TG FRN
P300 ¥ iR Ge it

<3200 400 600 800 1000 1200

10 |

12+

— — ALD (HABLEFAF—FR) — ALL (HAIBLEAATF—H)
— — OE-D (HLEAF—FFR)
~ — DID (FRIHLEAAF—FHE) — DIL (RAHLETRAT—H)

— OE-L (JL&/AF—4f)

JRIABE-P300
EFPLEADNTE HIEAF SRS RAF

—8[uv]

El 2 JR4h FRN FIJRLG P300 78 9 FhacE FROBIE R . sWIE R . PR RSB SE b2 . (A) 9 Fh&17E 9 DS
B IR —A AR A FRN A P300 MR (B) 9 FF & 4FE 240~340 ms B [B] % N 9 FRN HuJE & FI7E 300~600 ms

B (8] % P A P300 B 1Rl . % (6 JR] L B -
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# 3 NMEGRIEEIEHAFEBEMETEIES M (SE)]

5 i AL-W OE-W DI-W AL-D OE-D DI-D AL-L OE-L DI-L
TS

RHT 3.45(0.23) 5.03(0.25)  2.84(0.25)  3.45(0.28)  5.03(0.26)  2.77(0.27)  3.32(0.21)  5.00(0.26)  3.03(0.23)
RS 3.48(0.28) 5.39(0.22)  3.65(0.28)  3.65(0.25) 5.13(0.27)  3.35(0.25)  3.45(0.23)  4.45(0.29)  2.65(0.26)
{0 BT 43

JUBRET 4.03(0.24) 4.77(0.20)  2.65(0.22)  3.68(0.25) 4.71(0.23)  2.58(0.19)  3.90(0.22)  4.52(0.25)  3.10(0.20)
RRIE  4.84(0.21) 5.39(0.16)  4.39(0.28)  3.48(0.22)  3.97(0.26)  3.26(0.22)  2.71(0.24)  2.74(0.29)  2.29(0.19)
3.21 FRN 3.2.2 P300

LER IR, WL RIS hRgs 022 HAE B
FER 3)o MHLSAMHEAGE 0T, BB ER,
PR BAT, PSSR BN A B, F (2, 60) =
0.59, p = 0.53; 4V Jmlf, HLes 40 E800 W%,
F (2, 60)=4.26, p=0.024, 12 =0.12. OE H Al i %
THMAE FRN JilE( = 0.01), {H OE fl DI (p =
0.99), Al f1 DI Z R ZF A EE (P = 0.11); Mk
AT, Pl ER R E, F (2, 60) = 4.61,
p=0.014, n; = 0.13, DI . OE iF% T H /Y FRN
IIE(p=0.022), AI It OE 5% T ¥ 1 A9 FRN 708,
Wi 2 0] 1 22 523k B ih 4 B P KF-(p = 0.062),
{H AT FI DI Z [R] ()22 5 AR 8.3 (p = 0.99),

MEBREE R AT, AR EOR, A
RIS AT 2500, FBRES R ER B3, F
(2, 60) = 16.65, p<0.001, 2 = 0.36, FJai(p = 0.004)
Flfi(p < 0.001) LB I5 & T 3471 FRN B 0E, Hi
oV JRigs & 1 FRN IR BE 17 (p = 0.042); TEHLEA
T, SEPREE RN ERN B E, F (2, 60) =
15.61, p<0.001, ;= 0.34, FJ=(p < 0.001)Fl4i(p =
0.019)H RS & T 7 i) FRN IR iR, H )5 ks
KW FRN IR, WiF 2 0258804 5
FEHIKFE(p = 0.072); EAFIHMLSALNTFHMT,
SEBRGE A RN B, F (2, 60) = 11.94, p < 0.001,
na = 0.28. FJa(p = 0.005)Fli(p < 0.001) He i &
T A FRN PR, (HSF 5 Rl 2 0] 09 25 548 b
F(P=0.99),

ML R PR s RIAS HEAE A B3 . Hla
R FRB RN G R EGER 4 B LR ER, =
FRBLE 205 % 1 P300 PR 2 M JC il 3% 25 5 . 5K
Prah a0 £ B3GR 4). R & Y P300 I 1%
WBEFERFHi(p = 0.027), HXEHEP = 0.99), i
Mz 2ZES AR E@P=0.11).

3.3 PCA-ERP 4R

& 3 /R T PCA-FRN il PCA-300 7£ A [] &1
TR . HIE R L R A K bR iR . R
3 JE/R T PCA-FRN F1 PCA-P300 i & (158 45 54 .
3.3.1 PCA-FRN

R4 BT A Ao () 12 ] PR 10 - 2 e R,
Ipfa] 7 2 Fas a1 1 (3 Do Geitai i iR, Hl
AR RN EAEH R EGE 4. SHlE
M NE—2 0, SRR, ST, Pl
LM ERUON AT, F (2, 60) = 0.60, p = 0.54;
MR, BLas SRR RN B3, F (2, 60) = 3.32,
p = 0.049, no = 0.10, OE b Al % T W iy
PCA-FRN J{iE(p = 0.02), {H OE A1 DI (p = 0.99), Al
Al DI ZHMZERAEE P = 0.36); Hpilimnt,
L& 20 500 2, F (2, 60) =4.33, p=0.019,
n; = 0.13, DI It OE 5K T 1) PCA-FRN {1
(p=0.017), Al [t OE if5 & 1 ® 11 1Y) PCA-FRN i i,
WEZ P 2EFRB ST NG EEEKTE@P =
0.074), {2 AI #1 DI Z Al A9 2= 5 AN 2 (p = 0.99)

MSLBRGS R A — 0, R ROR, TEA

% 4 FRN. P300. PCA-FRN. PCA-P300 Ztit4 R

PLE At s Bl gt x SohRss g
ERP 4y
F (2, 60) p n F (2, 60) p n F (4, 120) p n
FRN 2.06 0.14 0.06 22.61 < 0.001 0.43 3.99 0.007 0.12
P300 2.79 0.071 0.09 3.80 0.03 0.11 1.55 0.21 0.05
PCA-FRN 1.39 0.26 0.04 16.42 < 0.001 0.35 3.64 0.012 0.11
PCA-P300 1.31 0.28 0.04 5.37 0.009 0.15 0.37 0.81 0.01
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FINLS AN T 56T, SEBREE SR 800 W, F
(2, 60) =9.75, p=0.001, n; = 0.25, FJRi(p = 0.027)
Flfii(p = 0.002) L5 & T 3 1) PCA-FRN J 1,
R Jey Rt 2 (] ) 22 AR i 3 (p = 0.16); EALSA
FAMT, EPREE R ERN EE, F (2, 60) =
14.62, p<0.001,n> = 0.33. *FJ=(p < 0.001)Fl¥ii(p =
0.033)Faiifs & T W) PCA-FRN IiE, )tk
ik T EMAY PCA-FRN JEIRE, W& 2 A2 5

A 2 BPCA-FRN
]
—200 600 800 1000 1200
2F

BG4 WEMKF(p = 0.059); fEAFIBLL:
AT, SEPREE R B R B E, FQ2, 60) =
9.75, p< 0.001, 0} = 0.25. “FJai(p = 0.008)Filfi (p =
0.001) H a5 & T W 1Y PCA-FRN JiE, (H5F)5
k2 [ ) 22 5 A .3 (p = 0.99).
3.3.2 PCA-P300

HE AR B A B[] 2 ] D A P e 1, s
B E] R 3 FEs a1 1 (38 1) Geit g R R, Hl

27 PCA-P300

ot 10t
------ ALW GHRLARAY—HB) — — ALD (HRINLARAT—FR) — ALL CHRLARAT—H)
------ OB-W (W& /A F—Hh) — — O0E-D (HLAAF—TS) — OB-L (JL&/AF—)

------ DI-W (RAIHLEAAF—H)
BPCA-FRN
B ARHARAT HAAT FHHARAT

ES- .
Fg
2 EEEBE,
5 3k 3k %k ? * P
e~ 2 1* * )

L k% )

PCA-FRNJIE/uV

— — DI-D (RFAWLAARAFY—FR) —— DLL (AFIHLERAF—H)

PCA-P300
HHPEANF PLENF FRPLEAAF

o

0 1 1 1 1 1 1 1 1
N Y WC PP Ve VY
A AR

YyQQ"V?'YIyOQ’Qx

Q2 QA Q99D Yy Y
SR ARSI AR N R o

Kl 3 PCA-FRN 1 PCA-P300 7£ 9 FP &4 T HIIE B . B B . IR A IE AR 2E . (A) 9 Fh &M TE 9 LB AT
E I N — S FRN A P300 B9 IE I (B) 9 Fl 454 7E 240~340 ms B A] % P A9 PCA-FRN & & FIAE 300~600
ms B [B] % N ) PCA-P300 H1E [#]; (C)7E 240~340 ms BT [E1 4 14, 9 Fl 55448 9 A HL AR S & 91 — A~ R LSS 9 PCA-FRN
T W8 %) S Y B AR HELR FAE 300~600 ms BRI 14, 9 F 54 7E 9 AN M E A IF — AN Hadl 2 J5 19 PCA-P300 3% i 19 7

P S brifEDR . *p < 0.08; **p < 0.01. & (AT WL ALt
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SHFAF R PREE RS BARE IR 835 . ML 4R
TR AN SEPRAE R RO B (E 2). F
Ja b R, FJRE A PCA-P300 I iE B & KT
Ji(p = 0.028)F%ii(p = 0.008), {H i Fllfi = ] 4 2%
WA B E R MK (p=0.99),
34 THLERS ERPERMMEX

XF 9 B ZRAT BYAT A B (2 1 BORD i i 2% ) A
ERP %{#i(FRN . P300, PCA-FRN ., PCA-P300)# 1T
IR, GER L. TEHLE i g
(OE-WYZRMFT, EWMAFEIF5r5 P300 S REAFAE
HZ R FEEAET = 0.32, p = 0.075), T UL
W5 P300 P MRAFTE B IEASE(r = 037, p =
0.039), FMAFIEPE 535 i Bl PE 43 PCA-P300
PMRAFAEN % B3 TEAH R (A2 r = 0.35, p=0.056;
Wi r = 0.32, p = 0.079); 1A FIALEF 5
(AI-D)SAET, EWMIPLUERIES 5 PCA-P300 IR
FETEN S B TEAI(r = 0.31, p = 0.086), 4 FDR
(false positive rate)®1EJ5, WAT A Gk 2 W 2 %
Ko

4 e

AWFFER A ERPs AR, #t—P A 5o frihdt 2
BT, WAL T XA RS bR 45 SRV 1 52
M, A5 AR IR, FLEs X MR SEBR 25 SR P
()52 ) 28 BLZE R BER b o ERPs IWZ5 R BoR, ILaA
SEXFAMRSEBRES SRPE i B 5 e R BLAE FRN 0 1,
MARIAE P300 PifR Lo XLELIREH], Pl
FRZ A AT L PREE R AP, FERIAER N
AU TR B o

FPREEREIR, LA NEBRERPEH
{14 52 e R A A AT A b TR BRI Sr |, AL
SR NSEBREs SR 28 BAE ] 3 o TCie A
SLBREE RS . RS2, DI A BRI 43 4 4I
F AL 1 OE, X—&5 Y5 Long £:(2018)—2%%, £
AR HL 2 Eopl BRI, 25518 5 20 A A fay TR
(Long et al., 2018; Bown et al., 2003), iX — 25 .41 Ji2
TARNPPOERE, RPSEERALN TR, AF]
BlL& A2t 2 5] 8% A9 IR % (Yang et al.,
2022) fE=FIHLEAME T, BBt B 2 T
SR I o AR ALFI DI ZRAET, - Jm Al A i 150 /8
Vo Z M Y 22 S il 2, X 5 3RAT Y B — 3,
R UM T VR A B, AR Jmy B g 5 i
(el (Dyson et al., 2020; Holroyd et al., 2006), {H5
AT A —B &, 7€ OF &M F, VR

T3 1 25 T, AT RERY SR R LS A HE R
WA NI i B bR, el A 544 T,
- Ja A B A 3 T o FRATTRYBESE R —
R, s B S BREE R s BAE B, Y
PRI, SIS 0 M BROT o I T RET Y
LRV S O S 1 G 1 B 1 1R R 2 O
Fim T RS T BRI 4), 2R B G U A i
B st A NS Bral R S it 2 i il S sl 2
RN, Yang SE(2022)MIRFFE M A B, AHXS THL2
N, MR T EA NEPRER AR, 5 RATI
A=Y, XV R, RO S At R 4 T
25, AT REAY I PR 1 Jmy AT S B 4 2k Rl
fit, PRI S ABE I F A Ao 1 TE A2 A

IR SN RN S A NS M T2 52
YR BLTE FRN #¢0E o 4G FRN A1 PCA-FRN 4%
RN, Pl 5 LR AL BEAE M . 4R
1M 7E Long %5(2018)f) FRN £ 3R, A K MHLL:
AN PRE R B 2 BAEH o XA — ST g2 i
TF7E Long %5 (2022)F 5T HAFAE — 2L )5 B 201 o
FESCI T T, Long %5 (2018)HMF 5 AT ¥l 3£
ST 5 S PR 45 SR B9 —E(Yang et al., 2022), 1
BEAT 42 1 WAL 25 B 10 50 % 48 SR AT A 7Y 57 1
(Zhang et al., 2021; Long et al., 2022), 7E ERP illj
DT, AT ] FRN 5 P300 Y B &,

TE=MHLE SRR, SAPE R i & T
) FRN Hl PCA-FRN i, X 52 A MHFT4s
—Z%{(Dyson et al., 2020; Funkhouser et al., 2020;
Hajcak et al., 2006; Holroy et al., 2006; Huang & Yu,
2014; Kujawa et al., 2013; Li et al., 2016; Miiller et
al., 2005). 7E AL F1 DI 5504 F, $aAn-F Jmiids & 1 )
fi FRN Al PCA-FRN J MR350 . 3% 22 5%, X 5 LAE
RO 5T 25 S — 3 (Dyson et al., 2020; Hajcak et al.,
2006; Holroy et al., 2006; Kujawa et al., 2013), FH
FRN S e 1% J2& S Br &5 5% 4 IR % Bl st — 43 340 iy
(Hajcak et al., 2006; Janssen et al., 2016), £ OE 5%
T, PR s &k T8 R4 FRN FI
PCA-FRN P o LATERIBFSTE A B, FRN &2 B 3 HLih
RS2, R AN R G R FRN i 5 17
(Wang et al., 2022; Hauser et al., 2014; Stewardson &
Sambrook, 2023). FEFRATIMITEH, PLSA R
Ja RN JLar 22—, AR 8 i 25 A #R Al
APLZEE RS, Poln] REXS X —/ MR
PRIRR B, Wk, 78 OE &fFF, Fmiskm
FRN i i Loy B R ixX — R e i 4533 1 LAAESCHRAY
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T HE. BN, 7E Miller 55(2005)BFFEH, 1EMH .
R R BRI B S5 2 2 05, TR PR RN
WERANEL, Rk, FEMATRRESE o s st b
PR BRI & T KA FRN SR

MR, AL S IEA KRGS FRN
F1 PCA-FRN JEIRIC I %22 % . My, #iak
RN T B, MR A HLAS 55 5 R BT B 28 P (Xie
et al., 2022; Hansson et al., 2021), Kk, =Fil<
A KB IR AR FRN Al PCA-FRN J IR G % 2
5o 4R, OF [ Al 5k T 1% PCA-FRN
el QAT ATIAR, FRN 520 W WU A5 R 0 50, ii
HWMBER F SR A) FRN %08 3 £ (Huang & Yu,
2014; Miiller et al., 2005). HLEAF HE5 R AL AT
TESE B AT 55 i JE /MR S, i & 7 R
FRN #l PCA-FRN 5. 49%ilfins, AL Fl DI kb
OE %% T E A I E 4 FRN F1 PCA-FRN iE, {H
AL Fll DI Z [H] 1) 22 5 A8 Wik 35 o DAAE 9 BF SR 45 SR R 1,
M0l sE, SR F 1 B B N 5 21 (Hansson
et al., 2021; Trautmann & van de Kuilen, 2016), FRN
(B RS/ O S U EN O =R D O /A BB e S & i K €.
(Hu & Mai, 2021; Liu et al., 2022; Rodrigues et al.,
2022), AMFFERM, 3RS HE (RS A5 Bl
J7 %) 7] B8 W SF L2 B (DA P43 e ) 5 R TR
Y FRN % & (Massi & Luhmann, 2015; Kaltwasser et
al., 2016), Kk, 7EFRATHFTR A, Hoklns, A
IFRLE S A FIL S AN A SRR R LS A A -
KWL A FME R TR FRN A
PCA-FRN ¢, UMt AfTsxidles
AN . 7 LVA B 5T 45 SR 7 1Y SCHER
WALELRNZEAUAY FRN B, RIZE RN AT Hegh 2R
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KR, a7 T AILSs Vo A5 DA R ey 5 e A N S Bm
S5 RTEN SRR AR5 RS Long 45(2022) 45
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RGBT R A8, T FRATTAR A 54X
ki B ST 56 45 o JE XA ST T — T . 53R
MIBBFFEAI L, Yang 25(2022)A0 45 50 fasE . (H
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Opportunity (in)equity affects outcome evaluation at an early cognitive stage

YOU Tingting, ZHANG Liping, QI Guomei, LONG Changquan
(Faculty of Psychology, Southwest University, Chongging 400715, China)

Abstract

Opportunity equity is highly desired in human society. Previous studies have shown that opportunity

(in)equity influences the evaluation of subsequent outcomes. However, it is unclear whether this influence

occurs only at an early cognitive stage or extends to a late cognitive stage as well. Based on the notion that “people

seem to be more committed to outcome equity than opportunity equity,” we hypothesized that opportunity

(in)equity would affect outcome evaluation at an early stage in the cognitive process, but not at a late stage.

Additionally, we indicate how limitations in the experimental design and data analysis of previous studies may
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have affected their conclusions.

To examine the cognitive stage at which opportunity (in)equity influences outcome evaluations in a
competitive social context, we recruited 31 college students (19 females, 19.52 + 1.46 years) to participate in a
competitive two-person choice game with their opponents. To account for the difference between subjective and
objective predictions and the effect of varied choice numbers, we designed the game so that the participants had
four cards in all trials. In contrast, their opponents randomly received two, four, or six cards in each trial,
creating three opportunity conditions: advantageous opportunity inequity (Al), opportunity equity (OE), and
disadvantageous opportunity inequity (DI). Both players selected only one card from the available options to
compare their outcomes, which could result in a win, draw, or loss. Similar to previous studies, we recorded and
analyzed event-related potential responses to actual outcomes, focusing on feedback-related negativity (FRN)
and P300. We performed principal component analysis (PCA) to disentangle the overlap of FRN and P300.

The analysis of behavioral results of our study demonstrated a significant interaction between opportunities
and outcomes in relation to subjective pleasantness rating scores, indicating that opportunity (in)equity indeed
influenced outcome evaluation. Furthermore, we found a significant interaction between opportunities and
outcomes for both the original and PCA-FRN amplitudes, indicating that opportunity (in)equity affected
outcome evaluation at an early cognitive stage. Specifically, when participants experienced a win, there was no
significant difference in the original and PCA-FRN amplitudes among the three opportunity conditions. In
contrast, when participants lost, Al and DI elicited more negative original and PCA-FRN amplitudes than OE,
suggesting that participants were sensitive to opportunity equity in the context of loss. Moreover, we did not find
a significant interaction between opportunities and outcomes, nor a main effect of opportunities, for either the
original or PCA-P300 amplitudes. These results suggest that opportunity (in)equity did not have a significant
influence on outcome evaluation at a late cognitive stage. Notably, draws elicited larger PCA-P300 amplitudes
compared to wins and losses, indicating that participants were sensitive to outcome equity.

In conclusion, our study demonstrates that opportunity (in)equity influences outcome evaluation at an early
cognitive stage but not at a late stage. These findings provide valuable insights into the intricate temporal
dynamics of the interaction between opportunity equity and actual outcomes, and contribute to fostering a more
equitable society.

Keywords equality, FRN, P300, principal component analysis



