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KA P2 (160~260 ms)Fl P3 (370~600 ms)if I, HAMERGRAMA L TR P3 R4 . 25 L350, ML HALE
B, BEEARES IR R AL AR S B, X B AHSAE BT T IR 4R AN T, 25 LTk, Joigke
VAL EE TGN T [RIHERR, #RAFAE ) 25 ek v i) Ak B 2 O T34

XK Mgk, (LESIR, T, ERPs
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EHIE M H 5 Z R =T, Mgkt
2 R ANATTHEATHE SRR AR 1) E B 5 AR 2R 46
U B R 2% IR DL S TH A, B 2020 4F 6
A, FRE MR P RARS] 5.40 12, % 2020
A3 HE4IN 8051, i EAAN R 57.4% (Hh [ HER
W25 45 By, 2020), Fo ek B A Sl SR I 2%
TP O R Z— @ 4, 2014), I —
B AR AL, Ak B (58 B HTF R 45 1011 7
R L AR DL S T B A T LB Y i —
4 (Mancini et al., 2019), M X &, ME&ER
1k 5 5t 8 B A AR R B A Y, BT T
I BRIz S BARTE L (Yee et al., 2009); M)~
R, WL AL B R R A O A ]
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Guadagno, 2012; Pefia et al., 2009) ., &ML S # A
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“FoME N BB R E IR [ Ak AR G 2 1 25
FUEAZ o A5 — [ FROCIHR MR A e xk i i B ¢
AMUNANE R B, A REE R 1k B B G g il 4k
BATh, XPOE TS S ARZ M EE, Wi
LB 5 A 3R Z 10 A B R B % % (Ratan & Dawson,
2016).

H IR RIS AR A8 A B3R 2 AT
AL O BIHLZ —(Aron & Aron, 2010), 14,
HER WSS AT AT, W giEk e 8 v UG
PR RAE 2 AT i A Y R X &2 o LIRS
X2 R R E B AnmL . A% AkERE
IETR] 55 () T 52 45 SR 45 e B B R AH G A5 B e ic A2 m
TG THE A A S, BIRRINTE
TCAZ I 55 FH B S J, TE B 8 5 5 (Caudek, 2014;
Klein, 2012), B AETE th 5 7 F0 B2 AH G R %
ANCECRE, WA NS IR T A KRS
FESALA I AL, 75 E+E, 2008; Sui et al.,
2007). P& 3 X% Ak B A R 8L B FRAE O AE B AE
25 TS S [ IR FE AR BRA,, XFELSE A 3R B UATR
17 7= 4520 (Green & Bavelier, 2015; Yee et al.,
2009), U] e HA ML [ IR RS —3
BN T A3

K 4 hn T H S A o T — 4> 3R 5 EAE iR 12
TR L% B 5 AN AR R 2 F B R . g1 B
SRR AL B 5 H ik 24 R S S R AS, AT R B R
b B M I IZER LT 23548 (Wisco, 2009); ZH41n
T HIE WA A e 12 Bl ik nT L3 i 40 40k n T4
SERAPENZ R IE LR, IR RS B4Rt 2 4%
I (Klein, 2012), WH -1k 5 ER 7= A T [/ — 4~
e, BAT—Se IRy EZRRE . AR 400 T2 e
FLHZUN T RS, W2 B 2 A g%tk 5 4
KA BHATREAL FA 2U N T2, JE e e &
KR, —H 5%k B M M5 B S, ic1e Mg
RS N TS S N R = VA Uk e I N1 5 ) T VY 3 &
o ICCERGHIS TIHA KXW FEE M, Y=
FEXT 5 5 AR EA & B R R RN, MAXT %S
JEXT I RAEE ST MRS A, R B
HgAZ I T CUHT, A, 2002), 25 FRTR,
SRS 1R MBS BN, kB RAHES

EA TG ie iz in Tst, Bk RaaEs
MRE BATICC i TARH .

H A M5 B EAICIZm TR, DAEf
R0 B H IR AR AT B RE S T AR b RS K
i) P2, N2 Fl P3 B4y, REMEIFS & B KA IRGE

ff 4, 2016; Fan et al., 2011), X0 KX &5 1
FOARSCAF B HEAT T T IIORS 40 AR AN T o,
P2l o3 A B X R IR PR 0T (B BT AR,
2014), S5AAH A ZE N TA7 X (Doallo et al.,
2007), BIFFE S B 19 FRAH G Y 0 B RR A8 I TR
Y P2 I i (Mufoz & Martin-Loeches, 2015), jE5Z T
1o FRAH SRR A8 P H W | I Y T3 o P3 y
W) 5 2R i 1) 3 T8 9 R 4 TRC R AZ 0 T AE A %% D) Bk
FR(HUEHE, 2015) WFoE i 24E 55 A o2 L 1
P3 SRR T B IRAEAT 55 Z W A 43T, S Bk
R X R Y H e R D) g (Huang et al., 2015;
Nash & Fernandez, 1996), i} ™A EAG & ZAEH
() 15 FAH S A7 B AL 4R 55 e 6% I 42 v O n T
HRRCIE 45, 2014), BRiLZAh, iCtZmAF I
THYBL, mges . AERERSRIT B R BT P3 AR
4r(Liu et al., 2017; Wiswede et al., 2007), AL, P3
{14 I MR RIS 5 1 A W R0 T e /0 DA R A2 i L kg
A BRA 5. Chen %A (201 1)t & B [ FRAH AR
R HNRE S A SR P3 Bl . BR T P2 I P3
LN, N2 iAo 5 A FAH SC R
T B A S W9 Rk 1843 (Chen et al., 2012; Zhao et
al., 2011), AWFFEF NN, H K RAE H S M
RIS 200 ms A2 4700 HAEA T T T (Fan
et al.,, 2011), HI7ZE N2 frEefmlsgsi &l 17 A
TSz, HREKEAE P300 BrEenl geaxf A&
AF DG A A T SRS 200 B L o R R X AT
I T A FRAR G 0945 BB TR A A BRI A 2
SC, T LAE H FRAR R B A5 BB 5 AMATE 2 19 1T
R, DA A5 21 A S PR SO 40 N T (Fan et al.,
2011)fb B M 2 Ak b 5 1 FR B B AR O R 15 B
W] BEAATE G AL T HE 2 MU A Tl 28 n T
BUl, HETE A DRI Tk 52 Ak
LN TALE  faf 22T R IMRI 4 T 5105
Z RSN X, 2550 % BUAE LL B R A, i T
Ak B A0 DG A5 B il % 22 T Tt B 2 1 3 W
TR, RN EE =LA R T 3RO R Y DXL,
Z X IR OE UL MR —E R FR B AT
A 3 IS = A Xk B 471 5 A0 i T.(Ganesh
etal., 2012), #E A W5 A LRI A B EURE
R EMR, R EEG TESE T #xd [ 3R AHSCHE
B ds B IR L B BB T 20 T
(Seo et al., 2017), 5 [ frik, SC8 2 flik: AL
NS BREEAT, M ARAL B BRI S & SRy P2
N2 Fl P3 P, 760 THE R SRR AR b FAE A
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INTAEH HARUE BT R 2 e S e A A B B —E 4,

DLA B 5% DA B 16 )2 1T AL B TR SO0k B DA R
ARSI EL ARZEEER, I HEED T -
A & LB (Ratan & Dawson, 2016)%5 545 Y
Rk Z SR RO S 5 A Z R R . |
SRUAEI S WA TR Z Mt A 5 Q3B %
FHOCHA5 B AIEAZ I TARS., ki 4 . K855k
WMAFTER T BA T+ %, 2012; Seo et al,
2017), (HESHE AR ZB I A, W45 EEk H
(A B BN 2 g2 Ak, HAT R I n g P R I A Jak
(Sibilla & Mancini, 2018), SEL S H LWL R FIH
ST % o BRI 25 P45 v ) — Rl RE iR A
T2 3 T R I 285 it X v ) B AR AR M B X 42
M8 TRZHE N CE, (HET I M ARA
TFF 58 35 DTN R0 T 1) 71 5 5 5% I 488 it e v v Ak
Z MO REAEAE B I TR . A 5338 4 PR 0 52 31X
A3 TIN5 RN T )RR A 25 R A8 A, SR
B — IR DRI & B FRAH 515 BT
RO TEM TR i #A G 4F, 2018;
Rogers et al., 1977), &R I TEM T EHL
# (Chen et al., 2011; Jiang et al., 2016) ; &K K
TOAZECR HBE IR B AN AR E B i T 2558, J2—
P J5 B b I FL 832 S XA A T
FROUREL, J&—Fh RIS 38R . 255 H5m T.45 3%
AN T A8 b B PE AL RE % A5 Bl 50 b i A Ak
B2 B S BA MBS 3 A OCF B —Buwin T
Predi, B REHE B AT T f- b B A A Al Xk &
AT T, &5 B FriR, AWK E A7 o 5250 A
ERPs 4353l M0 T4 S R0 T (] E 72 A 1 2%
Z2 I £ i 2% i AL BV S 2 BROR A S B AEAE N T
Pt

2 SEE 1. MR AL B2 R
TR

ARIEG LA T O S AR, i R/K FEA AL
POATEAR RS RAMF (B4 5. A& T Ab
N2 BITCAZ TN TSt oA 40 W 0 24 1 kv ) 16 B
AN TALH . BFFEHUY . M LBl A S B 2%
F, LB F A S BAA EL-RiCAZm TS, R
H &S AL & 2 I BA I T

21 FHix
211 #i

SEHS 1SR T 40 4 (HCHERRE ) TR ET R (34
FBA, 6 Z 1 E), SFHER N 20.6 3 (SD =2.71),

FT A DL A S I T 250 3 b, sl
SRR AEGE N 4.68 4F(SD = 0.89); FRRBTIFAR Y
I3 3.48 /NEH(SD = 2.12), T B4k M4
T, FURAE T8 IEAL T TR, ToM sk ik
WL, ICHTAR SNt S0, SIS S PR
—
21.2 i%it

K B B R R (R 2 BN TAE 55 . &4k
BT . ACMAF . ABMAE)HZTF)
B BT, PR AN R 2 BRI TAR 55 19 B A
IEAf%E . R/K SN A B iE A 22 FBE 7 o
213 ##l

TR 100 A4~ AAS T 2538 (B B X5 (1990) 4 il 1Y
CORARDUEE & FH il ] i) e )OSR 52 bk}, 7
50 N SCIRVFN 50 ANz L] o Forf 48 A1) 9 3443
Besfb & {30 Bl 3 S AT, fER<IHIA”
PR B By AN 48 AR A Brial” B LE F
NG BE, B4y 4 WA T2 o fEIEN S8 TT iR 2 A,
21 A RS (A INER S SN 100 S A TE 2530
MY . T DLRE . MREEFE AT T 1~9 RUVHAE, Z
JE¥RE B S AT . FEMERE
B M BEEAMT NIEIEEAREFQ, 45) =
1.33, p=0.274]. Wi E[F(2, 45) =0.66, p=0.521]
FIMR R EE[F(2, 45) = 0.21, p = 0.809] F ¥R AETE ik
W25 IR BRI 5 FH 1] 3R] 4R )
PR HC AR, 1990), J7 2243 45 R & I — 4 i 1
TETR[F(2, 45) = 1.01, p = 0.371] B ANEAE &2
So BRMEZ AN, ZAiRE A RE E 2 5R
[F(2, 45) = 0.98, p = 0.384]I2E W 22 F[F(2, 45) =
0.76, p=0.621], MMV T 453 B4 2 (] i) 4 |
L MR . MRERRE  BGRERAER LN ES.
214 BF

52 R A2 R/K . R/K JE AR A 3K
BT S, B — o 2 E T BB .
T BRI 56 B B = AN BB

FI M BERETPREESER A+
M500 ms, SRJE REALSEE B A fr i AE AT S5, a0
A BT B TE T NIR S A X AT 45 16
REMSAE 2 KPR iR fk B/ F O/, 3597 1~5
FPEH], HIEEET R 4000 ms, RG-S 500 ms AY
75t , Wil i 25 ) B BRI S O iR 1 X2
o TR BT 4 e A AR, L
PRUEBE FE ] B 300 (B AS XA 301 H 845 & 3k . w36
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M- . 7 FRL i B v e SRR 4+ VRS, 500 ms, 7
P ASH 2 5 BEAL 2 B — A AAS R T 10 (48 A~«IH 1R]”
F 48 Aspiia]), ZERPCHIWE S H B, N
L IR PR, WA B B TR e, G
AR R XA RFE DA S B P g B (I F
BN, TR EE— 2T R/K W an il g A
AR UL 3 AN]SR R R4 HS A1) 22 B0 A A9 2L
PRANY, Wi <G ;a2 wik B AR A I I ad X A~
i, HANBE M2tz H B0 A ) AR 0, w4
“H 8, Hd, GERMZ4017BFK R (remember) 7 I ;
REEWRMZA TN K (know) S o #% i 75 B AE
4000 ms P I, H )5 S 1000 ms (9755 5 (1
TLE 1)
22 H#R

VEFES N  T 100 ms H7E S 7 IS4 {5 +3
SD LINHY trial EdEdb 70120 04, S5 A H
INIERf RG] ) dESAEAEE S22 5, NILTE)S
21953 BT AR A LS P S (Bennett et al., 2010),
221 BHEIAEMWmE

SR FHH A 00 oy 25 S AT S B8, T 22 T
p { % ] Greenhouse-Geisser ¥ 4% 1E(F 7)), 4505
BRI 1), ANESEERIN T RS B
ERZ AR B3 25 5, F(2, 78) = 19.84, p < 0.001,
n. = 0.34, FHJ5 K5 (Bonferroni #F1E, T [A]) & Pl

AL B B N IE 0 R S T AR A (p <
0.001); HERSBAMW L FINEMFE R E ST
PRAL B (p = 0.007)FIZEAL A (p = 0.027)
222 R/IK REBIANEHE
AFEFAEG A FIAER, RK P R
A2 45 ) B 3 L 1 W 28 1045 01 BB % 12 48 15 11 31X
eI H, K RS — e aE i, R A
gy, A HEE KON, RN FEICIZIN T 54 Jr i
MR TSR (LT, R, 2004), ARBF5EXF R
JCRE A K P IR A R A T I 254y
MraEILR 1), S8R EKMS BEAIE R RV FAE
R 0N 2, F(2, 78) = 17.17, p< 0.001,
n =031, HFHEEIATBM G S AN R X
I PRI TR B B2 i 2 v T AE A A S M (p < 0.001),
H5HAXSMEMNTH R YA AEF 252K 5
F(p = 0.072); ARSI R KW PN IR E R

EETAEMAS I (p = 0.001), {HJE R 2% 7k
H4k B 2 BN T AR I B R BAE K R A

Wr4gHs I, F(2, 78) = 1.54, p=0.221, 12 = 0.04,
223 #|AAd

FEn R AR o b R R R R R AR Y,
AE A% I A TH ) DA I8 1) 2 4R A0 35 B 4 (Sui
& Humphreys, 2017), =557 22504 45 2L & 8
S IEMFEREON F1 o L i RO B GELE 1),

s / PN:SiZan|
500 ms 4000 ms 500 ms _
23] ~
B Bt
| v
FHB B
3SR |
Jri rucul T+ A 2 ki
A BT B 500 ms FAMEL 1000 ms
AR B ERIE
[EJ I 1950 W i |
£1 FETEHER(N =40)
N BFRER R J2 S FINE I B ¢ K LA Wil o
M D M D M Sh) M D
(=T 3l 0.56 0.03 0.40 0.19 0.15 0.13 0.83 0.54
HES R 0.65 0.03 0.46 0.19 0.19 0.12 1.17 0.84
YN 3] 0.49 0.02 0.33 0.16 0.16 0.13 0.65 0.41
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F(2, 78) = 12.96, p < 0.001, > = 0.25, )5 lL# Kk
WAL B S AR ) J 2 3w TN S8
(p< 0.001); AXRSIEFEMMIGT dEREST
B S &P = 0.02) b NS B &P =
0.020),
23 itig

SCEY 1 AR R, S A IS AR
FRINTERRAR . R SO HI W IE A AN B ) o B3R
B TR TS BECAZ i T kis:, BA T
P BRI B S RN A a0 H IR S RN R, (0
JE X — S5 AL — R LSS E T Ak B R
Mg pbih 5 AR E BN EEEANTHE
HRMICICM TR X —45R 5 DA FREIA
S AN B S5 18 — B, BRATRIR 26 2¢(2017)
SR FH I TR 3 R B R G B 9 R 52 T 4R A
Be rh iy ) 44 4 2 g AU B FRAH O E BB B A L2
TARH . ML AL B 2 BRI T AR AT LA A
LA R (Bargh & Chartrand, 2000) K f# 8. K1k
BAE R A R T —FP AR ) A R 2, AL

HAEMAKMIES, & HAT A B (@B 45,

2017; Yee & Bailenson, 2007), BHRIES5Z H )
R LIS S A E X M2 EN S, B
DA B R R — BT, AR I 5 | Bk R
B AE N 45 8 AR SR AL S AR AT g & X A
BN AT T SO 40 AR A B0 T.(Fan et al.,
2016).

BRI | fE—E R E LIE T B S AR
TCAZ I T AR, (HRZ SN TS H fig S w1k B A
RAF DA AR B, i 2 gtz T
25 A i A AT e R R N T B 25 5
DA B 58t 3 A FRAH SCA5 BRI 1 7E
T 25 RO ET 45, 2018; Rogers et al., 1977),
R THEM T L P (Chen et al., 2011;
Jiang et al., 2016), EARZRI K, & A FAH A 4115
P At 05 A& T ORI P2 N2 Fl P3 IR Gufh
&, 2016), 28 1 FER A2 AR R AP
WAR S TRRVAR (=E 7 = O 0% T i N = S Y | B =R iR 4
B2 AR B P SR EFROR f i B (HJR X —I0 12
I T B AN fig B A 1A 2 e Xk 2 B (5 B AT
TR FET I, 250 2 R I R w1
ERPs 7 AREHE B 2 BEAE A HUIN Tk 72 ok Hds
NS BESEAR N TR B4R 0, 0F— 25 B0 I 4% i
XA S FENFIN Tad F g I3

30 SEEe 2. ALB SN AR ]t
P2 LA fR 2 AL

AL AR LA FAE RSB R, Jdat Oddball
WA YW IAAEARFSBEF TS Z T AE
LS NC A P NE L S Y NEAS S T -4 )] | NiD]
) AR R (P2 L N2 | P3) V- Y JB id ATE AR 40T 1 22 5
PR A Ak B 2 R0 T AR 34 % el B 2 i il N BT
ARSI, WSS B TR RN S50 )
T T RS Ak B ARG ZR A TR EAL T A A
S, W HEK | C&fE—E R LIESE T M
HKHAR PGSR ARSBYRAB THT
M AS B AICAZ I TS, ek 52 A %A
HIRS Mg Bk, 5080 2 EA i T g2
FERIA N Z: B T AR 52 30 328 T 1) 1) 248 i X 28Ry
COCHERR R ), R (1 1k B 28 A0 2 DU ) 9
XA, M7 6 H AR S DOEZE S EOR, T
ZHAE . B SUHSEGRIRES, B8 Xayhn ik
HATBT AR E 25 FREE, 2RI, 2001), KA
oAy s IR 25 R 1 B T, S22 AT
S EREAMN X — S BEGEE, BRI A He A
NS BENE, MZ U A B R 875 & TR Y P2 (N2
FP3 I RN R AR AR I, N A )RR AR A
AR RA I T
31 Ak
311 #ik

SEHG 2 R T 21 44 (T MERREE ) WA .
JI A B A Wi A B IRk E  250 3, OfF H AR
Bl B AE 1 AELL b DR G H Dl 3 ™ B S5 5
e ), Sk 1 ek R sk 20 417
HIE, 3 2, AR R 20.75 2 (SD =2.73),
Ji A B A R T, SR A S0 E 0 E
T2 BORE PR S, AT AR St RIS 5
312 i&it

KRR, A2 S B EAN
AN T BT . AEABMANL T HPE KA
ANZF), NASHRN P2, N2, P32 30k i FrvEs AR 1
55 ERPs 4548475 -

313 ##

SEHS 2 R S 2 ML = 2503 Oddball X,
Oddball 2 1) 52 55 4 B 2 il AL 1] 1o 22 B — 24N
[F AR, BOARYESINEG . B A RNl 2 Rk,
SRRt B QR IR (R v iy il = K e B @ K
ZERN o AE LB R g R B A T — S T AT
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55, X = s 2 ) S (FPORTR) B9 2 BR &R G Jn
ToE—RredE £ IEEIR . A sy T.(T /vt
4, 2020), TEASZIG Y, ARUERIRLIR E O = R
“ergxiE”, FI 760 K, AL trial 201 76%; HiR
R B =AU A, B 60 YR, AN AR
trial 0 6%; i 22 HIW o3 51 A BGEAL B A [E 2%
LYNENEE RPN VI PN E S NE S F RS
N) =R AT, 300 L trial 208 6%, Bk
SUXF B AR AT R, AN o o ) 38 R 22 31 9
[ % (Snyder & Hillyard, 1976), {H 2525 2 %0
A3 A3 DGR = 0 22 R 2 R A ki e 5
314 BF

B R A S5 D 3 N A w1 TR
$7, s BEEG R AT & IfEs TR, A5
B R B AR AR KT SR RN A B o S e & . IR
MR B I R R4 70 em, IENSCBRT, Bk
5y EAE B 4,

ER LR K E-Prime 2.0 4’5, 524640
b 8 4~ block, %2 125 4> trial, 3 1000 4> trial,
FB R e P U, BB AT, 50 5 Courier
New FAK, X FH—A> trial, HILEH— 200 ms
A+ RS PR, A REVLE I 500~1000 ms
OB, SRIGFEHL B 500 ms AYJLFDSZEG I 2
—, HJEEH 1000 ms MR, BTSN A
S AR, 25 30 bR o i b AR B R AR S
HEML AT T B e e T T g, i T R e
T ATAR S o block 2 [H] 3% & Rl 74R 8, KA 5
JGARSETF IR T — block, PEARFEILE 2,

IERTRSE NG, BORPORSIES Ch i A
A BAIKRER) DI B3R5 M 5 5 % B (Aron
et al., 1992), SRJGVFEX AR 24 FHAKE ., LK
GEiRE T — 2R
315 REIERSSH

% F 1% [ Brain Products 23 &) B¢ ERP ic s Hr
A5, HHAEPR 10-20 REY B 64 T HKIE T
ik EEG, HRFHPLIET 5 kQ, REER A 500 Hz/

Fo TELBTLL FCz SN S H Mk, TELRTAIRIET
D74 B H A C SR AR, B R R FTO 1E K
TRRH

B 2R BUE R ] Brain Vision Analyzer 2.1 #4743
B, AN G 3 i 2 ) 33 2 B 0 i FL Sl . RS
B R UM FLEE AT 2%, Rk Bon i &
0.01~35 Hz LA ZBRMe¥, FIH] ICA LERIRHL, A3h
SR IR AL £100 wV O, Bt Rl g m
PEIME 1000 ms, PAFIFAHET 200 ms ALk, &
15 B B S BT 1Y EEG. iR A
58 1Y S 2 U 8 FURRAE, PSS A BB W58 (P 3
S5 2014; JuAE %, 2016)FIAHFSE H Y, BEH
P2 (160~260 ms; F3, FC3, C3, Fz, FCz, Cz, F4, FC4,
C4). N2 (270~350 ms; F3, FC3, C3, Fz, FCz, Cz, F4,
FC4, C4)F1 P3 (370~600 ms; F3, FC3, C3, CP3, P3,
Fz, FCz, Cz, CPz, Pz, F4, FC4, C4, CP4, P4), X A
7] 2 HE 2 AR 100 S 250 I8k ot R s AR 0T a0 4 7 o 4 )
5 22531
32 #R
321 1THER

SIS FEOULPE A B At A B, AE A TRt
NGEHE L, SR 00 B3, FQ, 38) =
10.35,p=0.002,n;, =0.35, FFtbREH, AFKE
AR EBEM = 3.10 £ 032)m THIREGA
FE AR EEZEM = 1.65 +£0.22, p=0.011)4
F B3 AGHNE BN R EBEM = 1.45 + 0.31,
p= 0.008), 3574 EEKM AN EEEMNAK
HANEABMANY REEAFIEREZRP =
0.99), TEZ4FIEE [, SRR TN A B3,
F(2,38)=2.46,p=0.099, 1> =0.12,
322 fNEER

SRR MR 5 R R E LB T P2 A1 P3 s,
MAE N2 SR AR _E e & S B4
EERGEWE 3),

fE P2 JEmE b, SEEWE T 2Z0 LR, S
S RN 3, F(2, 38) = 3.60, p = 0.038, 0. =

200 ms

500~1000 ms

500 ms 1000 ms

Y

B2 s25e 2 mARE
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—hBAT
—— FEABMALTF
..... SMEREAMASA T

B3 AN[EIZMBEMAE Fz, FCz, Cz. CPz fll Pz Bi#k 5 i) ERP M FH &

0.16, FHF b XM T F 24 FM = 5.06 +
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Processing priority for avatar reference in online games.
Evidence from behavioral and ERPs studies
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Abstract
As one of the ways to present oneself in virtual environments, avatars in online games exert an important
influence on players’ cognition and behavior in both virtual and real life. The self-reference effect suggests that
materials related to oneself are easier to remember than materials related to others. Due to the manipulability
and high emotional involvement of avatars, players may feel close to their avatars and can sometimes even be
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integrated with them. Therefore, for game players, avatar-related information may have the same processing
priority as self-related information. In the current study, we designed two experiments to investigate the
processing priority of avatars in online games.

Experiment 1 recruited 40 players of League of Legends (LOL) to investigate the processing priority of
avatar reference in online games from the perspective of memory. This experiment adopted the R/K paradigm to
compare memory performance under three different reference conditions (avatar-name, self-name and familiar
other’s name). Experiment 2 recruited 20 players of LOL to investigate the processing priority of avatar-related
information in online games from the perspective of neural mechanisms, with event related potential (ERP)
technology. This experiment adopted the oddball paradigm to compare the brain mechanisms of three kinds of
stimulations (the names of familiar avatar, familiar other from the same country and familiar other from other
country).

Results of behavioral experiment (Experiment 1) showed that: (1) The total recognition rate, R response
recognition rate, and discrimination d’ in the avatar-reference condition were much better than those in the
other-reference condition, which preliminarily suggests that there were memory processing priorities of avatar
reference in online games. (2) When referring to self-reference, the total recognition rate, response recognition
rate, and discrimination d’ were much better than those in the conditions of the avatar-reference and
other-reference. In summary, the preliminary results of Experiment 1 confirmed the superiority of avatar
reference in memory performance, but the avatar-reference effect was not as strong as the self-reference effect.
Results of ERP (Experiment 2) showed that in the P2 (160~260 ms) processing stage, greater amplitude was
induced when processing the name of the avatar than that of familiar others from a different country. In terms of
P3 (370~600 ms), greater amplitude was induced when processing the name of the avatar than the names of
familiar others from the same country and other country. Moreover, compared with processing the names of
familiar others from other countries, the latency was shorter when processing the avatar’s name.

Both behavioral and ERPs results indicate that there exists processing priority of avatar-reference effect in
both memory and neural mechanisms. Specifically, compared with familiar others, online game players have
processing priority for information related to avatars. The present study expands the theory of reference effect
and provides evidence for the processing priority of the avatar-reference in online games from cognitive
neuroscience.
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