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1 5|1F
1 2 ) B 1 B 1 B 2 U 2 T

22T kA B P4 (Fahle, 2005), FLIRIHEFSE#A
R, KM AT B R AR LA L EE B ELA A e
N KA EL45 7] #89 (Hubel & Wiesel, 1965),
LR YRR X sl ) T 8 e A R R T A A
i R R SE R . SR, BFSE A BRI A SR
R J2AE AR 5 B v ¥ P (Gilbert et al., 2001).
L S5SR>I BIE SR T 2RI 55, EB AR
JE WA R A Bl 25 >0 1T e 5 e i, LA e
4 600 539 51 (K ahint et al., 2011) . 32 277 ) 5% 51
(Liu & Weinshall, 2000). 20 ¥ H1T 455 (Kamni &
Sagi, 1991)%%
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XI5 038 ) AN B BE A P 4 e, [RIATaX Fh aE
JIH 4R = R IAE 5 Z AR I B (SN A,
2009; Fahle, 2005). LATEMFST A K058 U1 2k i 24 >
BCRAEHE L LT 0] LLE RS B AR YN LRI, e an
][] (J. Y. Zhang et al., 2010), %5 [a]{ & (Xiao et al.,
2008). i35 [ (Liu & Weinshall, 2000)% , 3% I8
AR AE S (5] dan 23 e R R ) B8 SR i 2 2T 0 5% R 3,
6 2] N B AT i FS % (Ding et al., 2023; Su
etal., 2014), Su 25 A (2014)F1 Ding % A (2023)53 5]
PR T (40 ~ 50 25 (6 ~ 10 KL B
P8, — 5 ) B 5 RRAE A R 2 ) B, A5 RS &
P2 > SO0 AN e A A% 3 B0 6 s ) (6] AR AR ) B
b &A%, ABTT DA A0 i 88 28 A — AN RRAE (1 (8. 5%
i) AR AGH H AR5 AF . 7E Ding 4% A (2003)%
FRZ B I AF Ry RSGHEA T e 2 >, IFoR 4 2R & Bl
ARV 2 AN AEAT N A R ERE T, B
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L

TERMG G SN EH B iR . SR, 0082~ BN
IR BT, HAL— S5 A A 2] B
¢t 5+ £ (Fahle & Edelman, 1993; Saffell & Matthews,
2003) SRR A 0 2 2 ROW H R R T IZ
(A HIBRAIE (Saffell & Matthews, 2003), il l, 76
BRI HENAT 55 b, X AT s il e pm A T I 250
e Ge P s, (R Ah R B3 B 0 F R B 3 2
%] [t (Fahle & Edelman, 1993), LR Yl 24T 55 1945
WA, HRE S 4 E A 2 MR IR AT RS BRI
ZLHR (Fahle et al., 1995),

25 PSS AR PR AR B, EL AN B
SCRYSSHT | B S YT AR S, PR R
WEEH 25 5 5 5 5 AR . Ak 2 o
FIRAE PR AR AN G, 5 8 RS W] BT
PER L HOUNAE AN (6] 3 ) 1 = # T b 48 R A
FeE W = A . HETE 28 — L5 de &
A 3 d 25 M B 0 98 o 2] 5 ) DU B )R )
{1t > (Fang et al., 2005; Maertens & Pollmann,
2005). Maertens F1 Pollmann (2005)fii FH D1 HE % 1L
PR AR (MR FE 1 158 2 > 55 11 A 08 K 22 1)
AN, S 2E R B 2 2 R BAGHE
BERT AR 58 2 S22 (V)R 28 15 2 3G - [m) i A
W2 ) RO B LA R . (B TR TS R
A 4 25 P B 0 B 2 2T 5 i KPR D g
A G, BN, PRI S A FE R T 5
TR SR AT G 0 e 8 DX Cn 80 it R T3 P B2 J23 ) 7 R 0 2
) i F E/E (Kahnt et al.,, 2011; Law & Gold,
2008, 2009) WL G B J= B PR B = 1
SEBR b R B TR A ST R S P R AE S AN [
SR X TRIRAE KRR, BTy sz B
T AT R, AN [m) A i 1) A7 8 ph A [a] 19 4 28 TSR AE,
PRI Bt R 2~ i AT, U SRR I R0 A
ZIURAE TR, BT DL R AR ] AR A ST
PG B2 AR B, 38 H = i M (Sagi & Tanne,
1994)., Bao %% A (2010)% BOGHEXT bE BE A AT 55 B
A ERE R, BAEF 25 C1 U R IR S K,
Cl #lA W T V1, KPR ] i REE THIH
PG S J2 W Bl 28 T IR AZ B AR o T 1 SO 98 e S22
AR RAZ BT, BB 2850 A] UK A [R] 9 3] B2
Bl 18] A4 & U (Desimone & Ungerleider, 1989),
PRHTE 6 S s % )2 1 2 5, R8> — R B
TR o AWK 12 3l 77 a) BT 55 PR T Mo
) py LR, & BEERIRE 4 e B LA )
ARYNGRAEL, R FMTH P (LIPS 1 5, 150 B

FAF PRI = L 2B 5 MBS T MG (Law &
Gold, 2008).

w1 1e) g M B4 0 B 2 ) BT 59— JB 0 455 T B2k B
W] [5] (Ahissar & Hochstein, 1997)F15& 22 MK 5 1]
(Bl = T IZ) (Hu et al., 2018; Qu et al., 2017)
WA, A WF5T 4 & B fT BA4R B ) i) 12 2] B
EF M (Ding et al., 2003). Fang 25 A (2005)HF5% %
PR B vl 1] 158 2 ) 50 A5 B R ARG, Bl axt
FeEwl L BO%)E, VI IXEIE K EE . Qu
85 N(2017)%F & 44 R A ) 189 02 2 23, AE I
ZiJa N2pe BorHRmEHE AR, FRIAE ZIE R W) #E %0
Be2E S JE AT LL A S E R . Sigman 48 A (2000)
(T 5% & B0 S22 0 WK  Ti) %) SR 2 ) LA 8
R SR, I LAIA O B2 2 R 1] () 0 98 2% 2] W]
e SRRV W JZ A

Qu % A (2017) W55 R F = fA TR 3 ) ik A 7
YLk, Fe2é 2] JE el i R R B E &, (R
RIERME o BT AT % BRAT 55 ME 25 W0 1 5 2
BT # (Ahissar & Hochstein, 1997), 7E Qu % A
(2017) B 78 Ul 25 J5 — M TE 48 R IEH1K (p )X
0.345, PR AS A9 38 3 v/ N8 2R AR KNSR BE AR
RS MERE, PRIE =ML s I 7 52 > Je iR M
B IE HRTAE S5 ME B IR 2 T = I A B B
ARGES S RS R . BN, SRR R R LA
ANFEIA I T8 Bt S Agbs, Wi RSk .
FR] . PR S . A IR A B R 25
Jo, BRERE K, S A BO D, ) YA
AGg, HRMCRIE S (Q. Zhang et al., 2022) . K L
S AR R A 9T & B, Y E A B TE = A
R IX 5l B A EE T AARE 23R X S5k S 389 7 A0 B[R] o D
it B} ] 5 45 (Malcolm & Henderson, 2010), K1,
ST 3 T A 23RN R S RS R B e S B 1) R
Tidfe,

A IS0 AR S5 3 4B Be(Malcolm
& Henderson, 2009) &5 3F i 25 1 i) 384 %) s 27
1N P R N 1= o R G 0 M =i =
RIGRIVE R W dets, Ri DI R 2 E] 5 —
YR Bk B TF 0 R T S B R ], AR T R
S5t Hh BE R — A R A B R, FRATBR I R
PRI AT BE S e T 7 AR Bk 2 i Y B e 9 43 B o
AW R MRS Z 0, FEmC S ams T H
b B A7 B (Casteau & Smith, 2020; Kowler et al.,
1995), Q. Zhang %5 A (2022)RIAIFFT K B, 1EHIEF
A, WEREBRIER, FF7ES — U IR BT g 2]
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T HRGU LR N2pe B4y, AT IR BRI C &
FAREESECE B0 E . I IRATRE, 2k
HveE 2 e, SR TR B RS R R
AR, U T I AT R ek 3 S PN B ROk AR R
Ko H BB AL TR B, B YR B,
B XA B — YRR Bk 1) 5 J5 — R BT 46 1
), 3%~ B B A 45 B 48 A A T A0 S EOR R R A
SEETERE ] W KB AE T s, LA
#(Q. Zhang et al., 2022)2x k428 4k, FKIAFGEF
2 JE Bk KT B R T A N2 2] S,
AR S A AR D, IR AU B R I 4 R
DB BRI 2RI QSR L R] 2 A
B2 58 BN T — A7 B AL T AR PR, 56
AN BOR E WAL I T B, e SO R —
AT ST Gf B0 Fe s Sy ok, BIVAf e B fe], AR R
B Y WL IO 75 A bR A8 A T e e A
AR AR, Y B AR EAE B AR DX A DA B[]
A7 % (Malcolm & Henderson, 2010), %L AT LA
SEPRUN F A5 o PRI AR SR A6 27 2] 5 5 L i T
Wi Be & 8 Ak, DRI 0E 27 ) 23 52 M O S Hif o7
HESA BRI . Kk, @ 3 6
By bR LA S AE TS D 22 5, T DARR A b 2
SRS ) R0 B 272 2 S0 R ART 5 Wi AN [] 4 R 5 i T By
B, Mk — 2L B A 2 ) AL PR A S B R

21 #ik

5T Hu 55 A Q018) AL 50y w00 i 2%
PERNHCN 5827 > BT TS RO R /(=
0.373), % JH MorePower 6.0 (Campbell & Thompson,

A
v | 2 A | ©1E
> PR
_|_
< (]l | > | w5
v 4 v | #F

2012)IH R B ATHEE 16 APl (power = 0.8, o =
0.05), £ 24 AR NAEAN(M = 21.23 %, SD =
2.02 %519 M)A ESIN T 5256 . IrA s
B EMIER, AATF, JF BSRS89
U o SEIRATARAT BT A Bl P 1w TR R A DL
] i O 318 T 270 B 5 30 AF 40 B 2R 61 2 i A v
(fEBEHLIES . 2022-06-01).
2.2 ZEMREK

& H EyeLink 1000 (SR Research, Ontario,
Canada)fR s {0 B IR sh B0, JFEH 9 4%
e B 7 A TR AN R, AT 55 TT iR 2
A& TR AL IE . Rl MATLAB (MathWorks,
Natick, MA, USA)¥$E T % Psychtoolbox 3.0 T.H
{i(Brainard, 1997)4: Wi Jf 2 PSR HI . 7F L30T
P PR SR FOR 1 B k3 . SRR I PR
9 1920x1080, FR#st BN 52.7 em, B IR bt 11
FEES R 63 cm. RIS M 8 A B0 — A IE 4 (&
1A), JH Spyder X (Lin et al., 2023)l75 %% BE {8 Ny
0.12 cd/m®, BT A B H 3% &6 5 B A 52 B (A
20.9 cd/m® B K AT 5 E .8 DN =MILAL K AR N 1°,
HEE BBt Aerh e 7004 . SC80h = MAIEA 4 Rl fg
s GH L. 8T B4, ).
23 XWRERF

BRI 3 K, AR . YRR R = A
HRE(E 1C) . 58— RIFATHIM AL, 5K Hik
P4y, 5 = RIS, AL
fic He H — A5 AR S U 2k = A (91 an s 1), BEL
A3 BE 55 A — A5 1) R R Y2k = MIE (B s £7),
HAb s ) 1 = IR R 2 T 2 8.
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YR = FICAT 55 (LA L R i) Fndd 22 R 0N 2 — e
5 (LLEIAT R ), 4 160 Mk, [FIEHE Pk
IR shihal . Bian, SeaaiE s RII% =M
JEEF, 78 B AR A AR IR (50%i ), R
NI 8 A= AMIEH 3 M GH T . B4 W)
SMAIERENLE I, 7E H AR BRI H (50%iK1K),
Hrp— AT = I, S0l nE 55
SRR KNG = MR, 78 B AR I Btk
(50%IRV)H, HRERA 8 =MILH 3 Fhil
T, §Z . W) = MIEREILEM . 75 BARH
B (50%100K), H— A>T oA U1 25
AR, 2Rt B R 58 M 1600 MR (B 4H
400 MK, I 4 41), RNidsRRsh#l . el
2, HOXTUN 2R T N 2k, 5 RS 4 R0 2
IG5 M TE

HJE I S S SE g i AR P (an il 1B), A
KT 4R 22 b Je i e, 760 SRR Sh i) (R J5
D), 3 T B T v ke 3 0 (8 v e R
AT 2°) 500 ms R A SR, WA IRIR
ST INZE), IR T E 2 P 500 ms 5 2 I
FGt, WRERFENZIEHET VLA RIR IR, I
FEARUE B A9 AT B2 T S PR e B A2 15 3E(50%
3 U H B, B T AR I R BRI O 2 A
A o A A T ) AR R R H AR B, sk A
BRI S HARAS B, 18 5 AR He s 5 7 B 2 5%
TE R AR 0T 2B 2000 ms J5TH K .
24 HESH
241 1TASW

TE A 2% R0 B B (RO IE A ) F8 A 2202k
2 (HARZEARL: Y= MY vs RINGR=FIE) x 2 (W
KB B vs RO A E 2D 75 2550 Hr . 34T
K LA 2 ot 48 24T 55 1 TE 1 22

p' =@ —fp)U — fp)

Herp p F1 fp 43 548 o v R i 5 R 1 H B (Hu
et al., 2018; Qu et al., 2017)., N T HHFFE45 KT H
nlEE, AT T WM F BF), (Wagenmakers
et al., 2018; Wasserstein & Lazar, 2016), BF,o/NT 1
ST WA R TR B RS (BF o i 1 ~ 0.33 2
T 855 AIIEE; 0.33 ~ 0.1 P 4EIEYE; < 0.1 H ¥
FERR AR W SR UENR ), BF o KT 1 e T A
FIFEABBEH) A UESE (BF 0 ] 1 ~ 3 SOt 73255
AITEHE; 3 ~ 10 S A UESE; > 10 S SR AU
A 5 AR o
242 MRz

AR S48 PR B B [RIRER AT 2 (HARZRAY: %k
— I vs KINZ=FMAIE) x 2 AKXHBL: Fll vs
Je D) HE A2 0 i 7 25 0 M o W AR B R 43S A
AR BEFIAZ AR, FR Bk e SO o B 2k 30°/s, i i
Hak 8000°/s%, iZ s B L 0.1°; KZHR A E X
SHal 3 ms BYECHE X0 A Y IX R A
AL, HEMEEGE A 100 ms DL BB —
AT

G0 TS — A B RIS IR bR, o R
A 2R B 5 3 55 — YRR Bk S O 0 T A A
AL 58 AN BRI BB B, R SO B — IR
KA MR B 3 e J — U EE LT A S A B 1], 00 8 o
Be P AL 55 (1 48 A T AL S BORN 1 A S 4
FEBTIH]; 25 =AY BOR B e B TR), A O g A
NI 5 J — R AR 22 R S T AR
PP pE A 7 AR SR Bk, a8 R R/ T 80 ms
AR IR AT AT 5B, (R BSHA T A B R 5 A TR A
TER BN A B o 78 B A5 SO B AR A 3
ke, /5 SIS R I = AT R I 2R = A
TE B9 IE AR R A BN 2 B

A g0l BAR ISR B ool FARA B
ﬁw— i,////////‘} f@ —
X : : X
g 40 g 40f
& - YIG=f & —~ Y= fE
= 20 FIG= Tt i 20 FKNG=FE
0 : : 0 : '
B A A JE

B2 (A)BARHBUAAE T AERTE I RN 2 = A 5 RN G = AR IEF RN (B) BB T ERTS

I8 RN LR = A 5 RN R = A0 9 IE a4 B
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3 WHFEER

31 1TAZR

X IEffFEE 3A), 2 (HFRIEH . Y= MTE
vs KINZ=MIE) x 2 (WHLBBE: wi vs 50 &
BT 2o ra R BoR, BinRAFEQ, 23) =
83.25,p<0.001,n, =0.78). MK B F R0 (F(1,
23) =49.59, p < 0.001, 2 = 0.68) X HAZ HAEF(F(1,
23) = 101.68, p < 0.001, . = 0.82) 4% . fj ALY
SR RBR, YN 2R = FA T I I ) TE i 238 J 2 e T i)
(A —0.37 £ 0.14, 1(23) = —13.31, p < 0.001, Cohen’s
d=2.77, BFy=2.99, 95% CI = [-0.43, —0.31]), RillZ
“AIEHE I 25 2N B (A 0.00 £ 0.18, #23) =
0.07, p = 0.942) Hrl A, PAAN H bR 8 TE A 2200 b
FEFXEF(A0.01 +£0.12, #23) = 0.22, p = 0.829), J5l
A, PR HARRA I IE M 22 7 B 35 (A 0.38 £ 0.15,
#(23) = 12.15, p < 0.001, Cohen’s d = 2.53, BF),=
6.05, 95% CI = [0.32, 0.45]).

T RN, 24 H AR B (& 3B), HARZEA
(F(1,23)=178.68, p <0.001,n; =0.89), MM B
FROVM(F(1, 23) = 130.64, p < 0.001, . = 0.85) /%
HAZHAEFQ, 23) = 142.72, p < 0.001, 02 =
0.86) 10 35 o 1A BN 43 AT R I, IZR = MIE 5 il ik
FZHETRITMI(A 0.50 £0.10 s, #(23) = 24.26, p < 0.001,
Cohen’s d =5.06, BF = 7.29, 95% CI = [0.45, 0.54]),
MR = AIEAT a2 A B3 (A-0.01 £0.18 s,
1(23) = —0.40, p = 0.696). i il iF, WFhHFRZEA
RV R 22 5(A0.01+0.10s, £23)=0.75,p =
0.462), JEillmy, WA H AR 50 i) 22 55 2 (A
—0.50 + 0.16 s, #(23) = —14.76, p < 0.001, Cohen’s
d=3.08, BFyy=2.28, 95% CI = [-0.57, —0.43]), 4
HARA (B 3C), HFRZEEL(F(1, 23) = 80.46,

p<0.001, n; =0.78). MHABTEL ERV(F(1, 23) =
65.62, p < 0.001, 0 = 0.74) e HAZHAE(F(1, 23) =
60.34, p < 0.001, n2 = 0.72).& . & BN 43 B %
P, UNZR =I5 DAY B B 28 TR HiTI(A 0.45 +
0.20 s, #(23) = 11.06, p < 0.001, Cohen’s d = 2.28,
BF,= 8.74, 95% CI = [0.36, 0.53]), MMiAIZ%:=F
TE I 0 52 7 B G i 35 2 57(A 0.04 + 0.17 s, 1(23) =
1.13, p=0.270), Fi Ml wF, PIAp EHARZER SO0 G
HEXEF(A0.04 + 0.11 s, #(23) = 1.64, p = 0.114),
JE e, R E AR N B 25 R (A —0.37 +
0.21 s, #(23) = —8.85, p < 0.001, Cohen’s d = 1.84,
BFo=1.72, 95% CI = [—0.46, —0.28]), jxLbskH %
B, YR =8 0 1E 00 55 R s N B 0 0 2 2] I 4%
AR Y S A e 2 S ROR, I HIXA R A ST
FIARING =AM

R TR 2] N BE R D i g A, TR
PR SN Rt -3 03 i 6 ASER 4 (U 2R 1-6). 1R
F(E 4A) W W7 22 0 B 45 R woR U Zhoi
BN i, F(1, 23) = 135.00, p < 0.001, n; =0.85,
FIF BN R LI, BRI 4 Ml 5 257
AW (p = 1.000), HAAHEBUNZE 22 535 10 3 (ps <
0.05). Hr B s g i (F 4B)HE &2 I 1 7 25
IIATEE LB, YISk EROV B, F(1, 23) = 167.38,
p<0.001,n; =0.88, FE—H4- R, FFA LRI
G ZE R Eps < 0.01), HAR B IR K S
B (] 4C)H i 77 22 e a5 R R R, Y2kt 23K
N3, F(1,23)=65.96, p <0.001, 1 =0.74, #—
HaREM, g 2 Ailgh 3 2R AR EE =
0.144), Y%tk 3 Ml Ziie 4 Z 5 AR E(p = 0.113),
HAMEE IRt 22 3 B3 (ps < 0.01), XLLLER
VR 3 RIUIZR, BRI E L HET

HiR AT G553

O @ R — O i @ A
— 'L' lLl C *rk —
B *kk '—l
A 10F P K
Y E157
2| =
o \K | LD‘(
g % 1.0 % 10
E 05+ e E
fé 0.5 Zos
= &
m
Y=, KRING=E W=/ FING=FE Y=/ KING=FE
HR AP BRI -

3 (A)ATE MR IER R R . (BRSO B A5 H B N B 25 5 o (C)YRTJE T B AR A H 3Rk s g i 45 51 o
. " p<0.001
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A 10r B 12 C
1.6 -
" =
- 0.9 g 1.0 @ 14}
& =
¥ % E 2}
= 08 X 08} Pl
& . B
3 ng
0.7 } % 06t Ik
m m 0.8
0.6 1 1 1 1 1 Il 0_4 L L 0.6 N
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
YEE YIE Y&

K4 (AARRINZGEBIERR@E)HER. (B)H b SIS PARYI S IR ZE R . (C) BARA I B YA [
SR i SO AR o R AR AR 1R 2 ARERER — R AT —=F U2 AR —2F Ik 3 A4 AU ZKHT—FUIZR A
SRR, 5 A6 AR = KAT— R INZRAE — 2RI %k,

32 HRH;MER
321 #EERKH

F bR B 8 R (B 5A)m) 2 (B bR
B YNGR =FATE vs RINZE=MIE) x 2B B :
HO vs S50 A2 IR Ty 255 B s A o, BARZk
RI(F(1, 23) = 2.00, p = 0.171)FR B B =240
(F(1, 23) = 1.51, p = 0.232)RN 3, L HAEH(FA,
23)=4.53,p =0.044,n3 = 0.16) .3 . {7 541 43 A
SEREH, =ML R R RIS B E KT
HIMI(A —32.43 + 63.95 ms, #(23) = —2.48, p = 0.021,
Cohen’s d = 0.52, BF)y = 2.65, 95% CI = [-59.43,
=5.42]), ARUNZR =ML R AR 22 548
F(A0.31 +83.42 ms, #23) = 0.02, p = 0.986), Fiilll
i, PIAh H AR ARME R IR 22 e A (A —3.99
+49.91 ms, 1(23) = —0.39, p = 0.699), T, BFh
H PR AU R AR 22 5 i) 35 (A 28.75 + 63.51 ms,
#(23)=2.22, p=0.037, Cohen’s d = 0.46, BF\,= 1.66,

B BRIk S R (=]
A 350 * 0 * 1 0 e
1
£ 250
.
g 150
50
Yg=FK KING=F/f
HWERHR

HRER I /ms

95% CI=[1.93, 55.57]).

HARA B A 18 s A (B 5B)&5 2R [A]
FERBL, HFRISH TR (F(1, 23) = 4.52, p = 0.044)
3, MR B E ROV (F(1, 23) = 1.06, p = 0.315)
AN, ZHAEMBE, F(, 23) = 8.88, p = 0.007,
no = 0.28. A BB M 45 R, =M )a
IO A 450 20 AR B 2K T (A —45.16 + 75.56 ms,
1(23) = —2.93, p = 0.008, Cohen’s d = 0.61, BF),=
6.12, 95% CI = [-77.06, —13.25]), KRII%:=FfiH
FUEARII 5 00 JC i 2% 2% 5%(A 13.51 + 101.67 ms,
#(23) = 0.65, p = 0.52), HIPIEF, PIFDHERISRIE &R
WK 2 AN B (A —9.67 + 65.28 ms, #(23) =
—0.73, p = 0.475), J5 w2 5 5 3 (A 49.00 +
67.07 ms, #23) = 3.58, p = 0.002, Cohen’s d = 0.75,
BF,=23.40,95% CI = [20.68, 77.32]), iXLbh R
B, it BAn o, 14 = MR Ris e
YIh)a &M, HFHASTERERIISG = MY

BIrA R G551 B S5
** O A
B 350 } *% T 1

N
W
(=]

—_
W
(=]

W= RING=MIE
BRER

E5 (A By IR =R . (B) HARA T 3Rk 48 28R .
H: "p<0.05 " p<0.01
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AN

H s b B (B 6 A S R LB, H
FRIERI(F(1, 23) = 76.59, p < 0.001, ., =0.77). Mz
B B SRRV (F(1, 23) = 79.39, p < 0.001, 2 = 0.78)
K HAZ HEAER(F(1, 23) = 51.74, p < 0.001, 2 =
0.69) 1.3 . Ta] BN s A4 SRR W, I =ML s
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Abstract

Previous studies have found that perceptual learning can improve the performance on visual search tasks.
However, many cognitive processes are involved in visual search, and it is unclear at which visual processing
stage perceptual learning facilitates search performance. The current study explored the mechanism of
perceptual learning by dividing the eye movement metrics into three visual processing stages: search initiation
time (the early visual processing stage), which represents the cognitive process of the time of processing the
current location and selecting the next search location; scanning time (the middle visual processing stage),
which includes the number and processing time of fixation positions; verification time (the late visual processing
stage), which represents determining whether the current stimulus is the target and making a verification.

A 2 (target type: trained vs. untrained triangle) x 2 (test stage: pretest vs. posttest) within-subjects design
was used to address the above issue. 24 healthy young adults (5 males; mean age: 21.23 + 2.02 years)
participated as paid volunteers in this study. We randomly selected one of the four orientations of the triangle
(Up, Down, Left, or Right) as the trained triangle, which would receive three days of training. Moreover, to
ensure that the visual search training was specific to the trained triangle, the trained and untrained triangles were
tested by recording the behavior results and eye movement before and after training (untrained triangle was
randomly selected from the distractors). Each trial started with a fixation cross (When eye movement was
recorded, the search display would not appear until the participants fixated on the center cross for more than 500
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ms; when eye movement was not recorded, the central fixation cross was presented for 500 ms and then the
search screen was presented). Then a search display was presented until the key response or the elapse reached
2000 ms since its onset. The response was recorded only before the fixation cross disappeared. The task of
participants was to determine whether or not the target was presented as quickly as possible. Participants pressed
the left arrow key to report the presence of a target or the right arrow key to report its absence.

A two-way repeated-measures ANOVA was conducted with the factors of target type (trained vs. untrained
triangle) and test stage (pretest vs. posttest). The behavior results found the reduced response time and increased
accuracy when searching for trained stimuli after training. However, there was no significant difference in
response time or accuracy between pretest and posttest for untrained stimuli. The results of eye movement
tracking are as follows: (1) in the early visual processing stage, the search initiation time of the trained stimuli
increased significantly after training, and there was no significant difference in the search initiation time
between pretest and posttest for untrained stimuli. (2) In the middle visual processing stage, the number of
fixations and the average fixation time of trained stimuli were significantly reduced after training, and there was
no significant difference for untrained stimuli before and after training. (3) In the late visual processing stage,
there was no significant difference in verification time between the pretest and posttest for both trained and
untrained stimuli.

In conclusion, the accuracy and search initiation time of searching for trained stimuli was increased, while
the number of fixations and the fixation time decreased. Moreover, the changes in behavior and eye movement
indexes did not transfer to untrained stimuli. It is suggested that perceptual learning can affect the early and
middle visual processing stages, and search performance may be improved by increasing the search latency,
reducing the number of saccades, and reducing the fixation time.

Keywords perceptual learning, nonsalient stimuli, learning mechanism, visual processing, eye movement



