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5 SO, AR [N T 8 2 AR T 3R 5 X — 40 H T AN 2 . WFFERAT 2-1 e (2-1
mapping)JX, KEHUTIE 1 — BRI — B RO ETA—BORRN A —BC=Rh A1, 25 SRR I R Rif
IRV AR -5 38 1 i IR GE T RN R . S 1 ZE RN, AU AR TR SR KT B R
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H &AW T, AT 2R 20 80t 38 18 i A
BB, M5 BN — i 5] & %538 18 b 58 (Van
Veen & Carter, 2006), WFFEEM, FEALNT 5 2440
TS5, A—FU VT sE R B R + gl
Y 7 ) 2 B 3 AE K R B (Yuval-Greenberg &
Deouell, 2009; Diaconescu et al., 2011; Molholm et al.,
2004), ZIMEAESHEIE Stroop 1L55 Fll Go/NoGo
Flanker {1T: 55 H [R] BE A7 7E (Fitzhugh et al., 2019; Fong
etal., 2018) X Fh AN — Z5CHL T i) 38 A9 S5 1 1 - —
SR B G R S T 800 B — BUME AL (the
congruency effect), PZAUNLM H LAA—FAMF 5 —3
A SO 2ZE(E EE AL (BP RTncongruent — RTcongruent),
ZE{H B SR B AUV B 55 (Mayer et al., 2016) . {H1S7
B, — SO RION 7E 15 38 18 ] v 5E P AETE A KR
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(Hecht & Reiner, 2009; Hirst et al., 2019),

AR oK P MBS fife 8 15 3 T v 5 v ) J%
W3 JE ROV BRI T BB HESE (Chen & Zhou
2013), AR ULIR T4 H S HIAY (Kornblum, 1990),
Je 5K RGN 4 Sk SR B B GRS v 98 ) S i
BB i mh5e), N 500 I8 AT 55 A G 4E i 5
155 o R dE BEAE AP & I T Be i & . Chen HI
Zhou (2013)2K JH 538 3E 2-1 Wi (mapping) X, il
It 45 AL W o i A AE R0/ S B B Y — M o B
TR B, BRI, —BU4 1 (congruent, C),
e IE E B R TR S R e B
B AR ), ELSUE T8 IS 1) A [7) i) o 107 B8 (40 41
B LR 75 8); O AT AN — E 25 (incongruent
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pre-response, PRIC), IF ¥ & & £ B A T P8 51 %
SR HARRIE A 53 A8 SO, HLAS RS A o] i iy
(N ZL B DL R (B Y S ), IO — B ok
{4 (incongruent response, RIC), FiEEHiEEIAY
TP R e A R B E AR 8 5 —A,
XSU3E T B S 1) A [] 174 o) 7 B (G 21 A 0L 7 R 4 1)
) o BT K AR KA i — B RN 43 51
AR ST SRS 25 5 RTpric — RTc Ml RTgic —
RTpric 8o AL AIIT SR -, KN
TR A JEL X W i fin T3 B A T 4 5 R (R
7= SR /071D WA ) N T DS D N | G
A TR R (BT 58 03, HAZ A 24T 55
A R M B A SN R 22 R i R e
U TR Bk g T et £ AN Y 7 0] . Hirst
45 \(2019)7E Chen F1 Zhou HIFERY i — 40T T
530 18 PP AEAN [RIAE IS B B RPN, 45 3R & P HR. il
SR VSR RU Y 3 B SR L e N N
B, HE— 2R SE T 0 T B Gt 5 i 5 o Ek
DI IE TSROV OCHEE ] . B, XY S
S| I G (82 VA1 N L N T i s S A
TR W B 5 B8 325 R o

SR, DAFEWFFEAL ST T NI TS A i 0
o W BRI B N B e, 22 g v ] 7K SF- (4 0 T g B 4]
R B E ph R TP ARG 5 DIFEMFSOIA R, &
PRSI T A& A=A A T 52010058 i T KCSF- g 1
BN T KA 2Z2 8] (4 A )i T 7K~ (Martin, 2007).
DRIk, 3 0 ) A 5 N (2025) FIATFFE R T 2-1 BSHE
v 2 S R B R R D I el S| R D
2 ) FEAE AN a5 M 1255 38 1 pp 22 JBRE T AU . SR
—J5 M4 UE T Chen 1 Zhou (2013)H9 % BH, HIAS[A]
F AR BT 200 T BN T 7K P S R o G 4
F 5, WK REVTEE SR ER; S — e
TN TR AR 2 S o A 0 3 G o v Y RO
R 2RI 22 S 45 /N, B K- R B Lo 32 e
BRI 22 R KT, SO K- R I AW oE £ 5
JEH, XFT R 2 RS v I ek,
2 B Z2 ST IS S A RE e (A A 4, 2025) [RIE,
B FRATT R FH ARSI 00 I T A2 458 B A Aoy 40 B
F AR R B SE YA 55, SR R B, Ko S40E
TR S FEA A S 25 1A X, RIFE S i
FRKAF RIS W o 5, M7 SR KPR 30 Ao 3
T, WL — 20 IR T % AR R AR BE S 52 i 5

AR RAE X — e [A] 0 K- BE A% A 00 9
5 300 3 i 5 v SRR RO

MR8 28 51 2 > 19 Dt 720 398 FIAE 451 3812 (Ashby
& Ell, 2001; Folstein et al., 2017), &A% S
JE — J5 Tk TR ORE LV B9 R BE (Little &
McDaniel, 2015; Zeithamova et al., 2008), 5 — 5 1
YR He T 00 38 = 18] 9 L0 Je R (Little et al., 2011;
Nosofsky et al., 1994), LIfEAFFE R, A
B 5#E9)(Little & McDaniel, 2015)5% JF &1 (1) A1 L2
J¥ K 4325 (Ashby & ElL, 2001) o HIBLPE R 43 4 94
U (RIS AR R A b Y B A ) T 5 A
RUP: (5 1) 22 ) e =2 0% W b W] R RN 1) (Abdel
Rahman & Melinger, 2009; Liu et al., 2011; Yeh & Li,
2002) LITEBFFE AR, IO LI BEAS 52 i 401 0n
T, DT R W ih 583808 1) K/ (Gerlach et al.,
2015; Marmurek et al., 2006), EAK 5, 5 A
PRI A R A B AR AR RAE, DI N T 4
JINTR%F (Joseph & Gathers, 2003; Mate & Baqués,
2009; Quinlan & Cohen, 2012). 5|41, Mate Fl Baqués
(2009)2K PR AT 55 %5 ST AR AR AL X5 405 T2
YEICAZ I SEMa, 45 2R IR e A0 o B 31 1 P D7 42
THRG BRG0P DU T
It B R AR A . RS, W E AR Rl e 3 S i
ERHERSR T, My K ZE808% (Bosworth et al.,
2021; Marmurek et al., 2006). 41, Marmurek 55 A\
(2006)i# 1 Stroop 1F 55 & PLIET 17 B A YE 22 4
FECTIAON R A, AR B0 S AR ) iR
R &N (A rock” X} B “red”) T RN 2, 1
KRBT H SN “sad”) W JG B EFE A

DIAEWT TR B, B 2 i os 0 (n S ) i 3R
R TR AR 1 S0 0B 3 i 0 B T 3 %) O A i 3 i 1X
. lhn, T R 2 (inferior temporal cortex) X 5
2 55 5 9% ) 1 AR50 12 51 % AiF (Grill-Spector &
Weiner, 2014; Martin, 2007) B —S6fF 55 fg Hi, XF
TICTFRRE, ARl A B 45 R A AR 0 A S P
T, ZEMRRAR BN R DR A, FE 3h 5 AR
XA BE AEARL 4 %) BBURR 8 %5 ) 4 5 (Dehaene & Cohen,
2011; Kho et al., 2023; Vinckier et al., 2007), [a]FEHE,
HE R RN T & — N EHd R, W% i)z A
3 (] CRE 0 2 B b 18] 5 350 ) % P 2 REAE 23 A A
£ X 43 B A KLl /E A (DeWitt & Rauschecker,
2012; Hickok & Poeppel, 2007), 2R, ¥ K iF
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I G ] ] 45 5 3 T 5 B SRR RN

Zi b, AWK 2-1 Mg a0 85 T A
P P AR R AT T o8] 475 1530 0 b R JERvE 32 A0 o
ST O sk A rp A A X T o 3R R S
f Il T34 B AN ] (Abdel Rahman & Melinger, 2009),
I R0 T 5 R0 38 1) G — SR T SO I8 XA TH 3 ) 38
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ALY S BEHER T e AR, SE5% 1 8 SR I
AR ST B T i A RL A X 1857 38 1A o e b
F RO P o R T A AE AL T A SRAE B AR op
ST b A ABL PR 3G R T R TRk, S 1R
TR A AFARL A 1) 553 52 1 i 7K F- B A 3 0, W
b AEARL P 3 58 5 107 i 7K P B RN . S8 T AE
4224k Al (Dehaene & Cohen, 2011; Vinckier et al.,
2007)RIZEMITE B/ (B 5 2%, 2015; Booth et al.
2002) 73 511 76 A0 5 A ABUAHE T A AR i T b ke
MY SCHEVEIT, S0 2 7ESE 1 A9EEAE R TS
25 Ji5 B T F ) 8 4% K (high  definition transcranial
direct current stimulation, HD-tDCS), 435X} Z& M
BOIR [] (258 2a) A AN THUT /NI (SE 56 2b)3E 7 42
PaA o A PR O R PR SREORN BR A R — Fh
AR S5 53 1 ph o v RO 2 R, R
P 55 A S A R0 X6 5 3 T v o€ PR 3 AR
N B SENE . SE ARG DR T B 32 A
Nf 5 SR 1 AT A R 2 BIBORI AR 1 A%
e BT AN 5 LI 1 A A DR T D AR AR ) JERebE
FF RN A —E, BRI Z .
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AR SERGREA B B TE ] 2-1 Bl = AT R i
F(JE M 4§, 2025; Zhou et al., 2025), HAFH 2
(R FEEWEE vs. FEUEHE) < 3
(FRWTE T —8hE . —80 vs. IV ATA—3L vs. X
M A —F0O 38 HAE Y effect size f = 0.25, A,
ARSI A B AR AS i T G*Power 3.1.9 F1 TR,

B S8 power (1 — B err prob) = 0.95, o err prob =
0.05, effect size f = 0.25, K FrrEA R 2 /0
14 4 KL, ARSEE LI BE 35 SRR,
W 1 24 s R S R I 3 AR i 2 BB,
At 34 ZplCA T 14 44, otk 20 &4, 4R 20,12 +
1.90 2 AL 538 o BT A Wl T (88 iE A0 D)
FIT Sy IE R, YU E I 5 —15 kA IR
WG A GE BB KT . BAT7E LR T AN T
SEU H Y, IR SEU S S S 20 RS — 2 A
ARG AT T RN KA AR B ZE 2 S BT HE
212 SEIG{UEEFASY

S MATLAB 2019b (MathWorks, Natick,
MA, USA)F1 Psychtoolbox (3.0.14)4iF2, Jf-7E 27 9
SR AR R A5 (60 Hz, 43313 1920 x 1080) 1 28,
B 5CONIRAA(RGB: 127, 127, 127), 2B TERE % HOG
LRSI G M N AT o Bl AR AR R A BR AR, AR
i 5 R Pe I BE R 60 cm. W& 1a R, SCHHE
R SR B FNT S8 AN AR LD A FRARL) . 05 A B
AT AN AL (RIASEAEARL) T 56 AR AU 5 AN A
FNQENTR% 2 T R 4 S 0 B S s o L N
P 4 M. BRI S, AR Z0R 58 A L
P I IE SR R B & R B (Liu et al.,
2011; Yeh & Li, 2002), P54 R . A 3[R 5%
1S L A i 55 8 1 ) 2 T AT 25 S ) DU L
B AT (Yeh & Li, 2002), R, #LucAH
(Rt | AN 5 N S i L s A o HE W )
A0, B 45 #4 FARBLY) 28 AR, W5 35k g ST
X R Y 18 & 3 (RIewa” . “xa”, “shu”fil “rong” ).
X F DIAE A IE & P00 T S8R L3 e K A — X
R IR 2888 M3, 1) (GRFEBE, 2005), WragHH{L
TSRO G, 072 R R ((xi”, “qi”.
“xU”FICquy, WEE ROk T & R Ry L 25 #e) AN
AT 2R SCF(R “HL IR AT
Bk =4I Z A R R H
EAARIZE AL, AHRRIZE B8 RS 4 4>
PPl Ry, Wrsk 535k X 10 )
A& (OBl wei”, “ye”. “fa”fil“yang”), Ar
A DU i ki 1 E s —e e, HEA
PUF I — N8 5 (syllable) 4 %, A48 1 P
B & (phoneme)ZH Al o Horhr, WS AR (B
T I S 56 R [ 2 (o x> AR 2 35 (A G B AR 9 ),
W5 A AL H ) 2R 7 O S 3 v [ 1 P e 1Y)
BE (AN 2R7), AALLL A9« & 1 B SE 56
o] (o P e Fa A 3 8 (< Ji ) o [T 8 I i
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K1 (a) AFEARBIESAE T BRREATEL (b) BT —BEZ R, IALSEAUR B (c) 2-1 mapping SEHIR R o

B PRS2 56 P R B2 55, T REA SRR 23
TP AR 22 T AR R S 4 R P AR W A B
MV o BRI, PR UE T A0 SR T B 35
I JE - —3, T WLl LA 5°OKF) x 6°(af:
EDIIALA K/NE I 300 ms., FIFA 7 35 RIS 4
Pk SCRE T 5 DR AT M R SR, SRR SRR
48000 Hz (16 - bit) HYRIE 20 brvfifl, i@t 374k
FHHLRS : ATH-WS99) L2 60 dB ()5 FF XUH- 5
P 300 ms.

213 LWwigitfimiE

il 1a frs, 8 I R RIPE R AL vs.
PLSEARARL vs. WFSE AR R 5 30 38 R GRS vs.
TERWTHE), 25588 & IR I B b 56 4 B 7 14
P AT 3 2 2553 1 pp 9 SR B RN o SEERAT 55
SRR A BT T A B AR, TR 22
b 3 T P T PR AT — Bk A
mE 16 Fios, fFE—BE0F T (), Rk E 2
0TI T 38 5 1 T S PR R O [, XU
T L S5 380 A ) 1 e o7 B s E BN BT AS —BUR R T
(PRIC), ki =l iE 5 P TPl 2k B Ar i
() 55 SR I, ELAN BRI AT Ao w07 5 7 SO B AS
— U (RIC), HE i 2 i 2 By TP fil 34k
TE R E AR 0 5 —A, XGHE T8 B E AN [H]
fhyma B, PRI, ARSEEGSA 3 (R . AL vs.
PAEARRL vs. WESEAIML) > 2 (FEEGEE : HEAE
HIE vs. EEVTICEE) < 3 (MUrEE 2k —
Bovs. W ATA—EX vs. W A—E)R =HE 8
KNI,

PRI S AR E S A R 3 ANy, B
ARSI SIS PR RRAR R, ORI R TR, 1E 2SS
BB E 1c Fros (LA e A0 LA R 1)), B4
block JFHA R 5 B 2000 ms (45 S8, DL At 54
TR B Y H AR, (R 2 R e R

IR TP . AR 500 ms 1y g AR
(1.5° < LS°HAOVENITER, SRIG TR 28 300 ms
YRR IT 52 3%, B 75 78 3000 ms PIARSE B A7 3 3%
SO R, 4 Xt I A S I B (F Bk e, iR pl
A o FEEZE HE S B 500 ms Y S5 (IEH
FER R ), JFETER I 500 ms AU a] ] b e
TR —3R o S T HERR 2 2 B Xo) i85 1 o€
TR 3 TR0 1Y B (Napolitano & Sloutsky, 2004),
PAAAE I I AR HT T 58 60 IR HY %k~ S5
DUBA PRACE R R AL v R D R o 2520 5256
A4 55 2K 5 IE A SR AR ], B0l A 25 2] TR %
L 90% (W] H: 8 R DUF AT 55 i feE ), A hE
HEATJE B2 IE S5 , IE S 00 A 7 864 MK,
RN SIS A5 B 48 UG BR T R BEAS[R], AN
AFALLZH 5 W7 5 AR 2 (%) ST 56 i A2 15 55 10 o AL 2
ARl BRLH S5 53 block-by-block T2 S Bl
& 24 4 block, £ block A 12 MMk, HEF
SIS AR (— B N R AS— BRI R AN — 20 i 5L
FAHE] A AT T Y block 38 Y BE,
block 22 I T e 5 £ 1 1k 1] P A o BB 58 B 3
A~ block SLEG TR AT R — PP IRE, D
SR 55 RV
22 H#R

T A &0 TP ERRS B E ST 95%,
HLAS [R) 25 A2 ] 11 SF- 259 AE B SR M I AT 3 22 5 (ps >
0.05), PRtt, AXXF TR 45 1 T il (9 - 349 Sz g e g
T, IHRIBRAEE + 3 A hr i 22 M s S5 s 4
P . MR LIFERTSE (Chen & Zhou, 2013; Li et al.,
2019), R T8 38 A —EA A5 00T G — 3K
S5 I S s 2 (A o 153 T o 5 14 Tk, B
— RN /N o o3 BTSN K - 5 T 3 e
RN (RTpric — RTc) 5 SN 7K -85 38 38 1 558007
(RTgric = RTpric), LAEACAS[RITAHUIN T B Bt 19 v 5
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Z5 . HAN, SR RT3 18 5 v A T Y OIS RO W, F(1, 33) = 855.25, p < 0.001, 0 =

— B BRON e 25 (B A e RO T RO ol
R T T 3 T A A 1 — SO E RO
ZHE BT s — BRI SMF sman),
PEAR L5855 WT 52 0 3 1 32 22 5 o IE(E R AE AL
F RO, PERIEVTSE R RO A fabntick
FH RStudio (4.2.0)#1 BruceR T H AT 4347, X F
J7 2= A R W R BRIE K I i B R, AT T
Greenhouse-Geisser 1 12, #{JW fit i 2 n; 1 Cohen’s
d &, AN, F5 HLEISR A Bonferroni 2 1E DA
il 22 o A ok R (B PR SR . J5 2R 3L 30 352k
1) A 50 Ak BRI A o

(1) S zmst

XF SN HEAT 3 (RHABLE . ASARAL vs. BRLSEAH
L vs. Wrag Al x 2 (FF EEIE . FEMEEIE v
RV EE) x 3 (MUrEE -2 —32 vs. LV:
NHTA—3 vs. WA —BO R EE W & 257
Bro S5 RAB, ARARIPE 200 W 2, F(1.60, 52.63) =
23.42,p<0.001, > =0.42, PV — M =500
3, F(1.55,51.14) = 151.54, p < 0.001, > = 0.82,
A AV B, F(, 33) = 956.68, p < 0.001,
Mp = 0.97 AHRLEFIRL T 38 T8 — Bt 38 HAEH] %,
F@11102B)—784p<00m'ﬁ—019 AR
I R EE A HAE 3, F(1.97, 65.12) = 71.78, p <
0.001, np = 0.69. AT i T8 — S A i 738 3 28 .
YER B3, F(1.97, 63.71) = 63.85, p < 0.001, 0} =
0.66 AHALIYE . RT3 TH — B AE 7 3 i 22 AR
AW, F(3.69, 121.86) = 13.01, p < 0.001, n; =
0.28, N T B AN [R]AH AR I: S A2 1) 5 3 1 o 2% 1) S
IEE, X = AR AR A 1 Y SO B A AT 2 (U
RO . FEESEEE vs. FEEVTEE) x 3 (M
WriE i —28E . —& vs. W RIAA—E vs. R
AN—FO M W 7 25538 .

B, XM TAMRGOLE 2a), 2538 %8

@ b)

~

0.96, I 7 W it 38 3 19 [ W I (581 ms) fb 25 /& T
EALEIE 1H (447 ms)o ARWT I IE — B0 R0 B,
F(2, 66) = 55.61, p < 0.001, > = 0.63, L RETA—
RN (523 ms)FIR N A—E T (526 ms)
i T — A (492 ms). T R TE AT TE
— MR AR B, F(2, 66) = 40.42, p < 0.001,
Ny = 0.55. TRIEALELN r Tt R & BN, 78 TE AL 8
WM, —3 &M 439 ms)FR N i AS— B 5
(446 ms)Y B WA 22 SR 2, t(33) = 2.20, p =
0.104; —FEAF(439 ms)FISNA—EEAF(455 ms)
B S 7 I 22 53 52 2, 1(33) = 3.13, p = 0.011, Cohen’s
d=0.50, 95% CI = [0.10, 0.89]; S FijA— &1k
(446 ms)FI WA —BUEAF (455 ms) Y S I 22 5
AN, 1(33) =2.01, p=0.157, FEIF 2 W58 18 45
T, —35kAH(545 ms) AN FTA—BE4E(601 ms)
B S N7 B 22 53 B 3, 1(33) = 9.78, p < 0.001, Cohen’s
d=1.78, 95% CI = [1.32, 2.24]; —Z5M(545 ms)
FS N AN—BER (597 Ins)ﬂﬁﬁir”afééjfﬁia§~ t(33) =
11.56, p < 0.001, Cohen’s d = 1.64, 95% CI = [1.28,
2.00]; SN HTA—EEA(601 ms) RS AA—EE A
(597 ms) ) e NI 22 AR 3, t< 1,

HK, XTI AR LIE 2b), 4558 A8
Hﬁﬁjﬁiﬁﬁﬁ%fﬁl33—3%85p<0m1
ne = 0.91, ¥RV EE A SR (537 ms) i & =
FHE MM IE (425 ms), t(33) = 18.02, p < 0.001,
Cohen’s d = 3.20, 95% CI = [2.84, 3.56], #LWriEE
— Bk TR0 B, F(2, 66) = 17.68, p<0.001, 13 =
0.35, R HTA—E(486 ms)FI N A—F K
B (486 ms) i 2 17 T — B (471 ms) . 1 B 3E E
PR 1 — 3 M BAE TR 3, F(2, 66) = 7.10, p =

omzﬁzmsﬁiﬁfﬁﬁiﬁﬁﬂ FETE A
AR ST, —8EM (421 ms)FI N BiA—EE

#HMSm@%ﬁFFﬁ%wﬁ%ﬂ@%—Z]&p—&%&

—~
o)
~

~1000 BT SERT ~ 1000+ BEIEEMIE CEEUTIE = 1000} EEEREG CO T

< 800 é 800 g 800

& & &

iz 600 ._‘ iz 600 ? % .,‘é 2 600 ?

& 400 b 4“‘»" & 400 §+>r—'}+}——;+$ 2 400 » H} ‘H>

£ 20 = 200 . . | £ 20
Ji[Zﬂu Jir“ —5 SUVERT JUNE —ﬁt JJ'U“ DA Jir“
A= A= A= A—E A= A—E

B2 Aol ST Y R hE
Wz W AT AR AR 2 N s 250408 14 4 A
SRR VA8

VTSR, (a) AFHIA; (b) MBEABMIL; (c) Wrat A4 .
A SANFREA AR AY S BT, A8 1A 2 S RE IS A DY 337 B,

AR PR ) 2 AR g
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Cohen’s d = 0.20, 95% CI = [0.02, 0.38]; —& &M
(421 ms)FI S A —FFEAF(427 ms) i S0 I 25 57
AN, 1(33) = 2.50, p = 0.053; i A—F A
(428 ms)Fl A —BLIEAF(427 ms) Y S I 22 57
AR, t < 1. TEFEEVEEE ST, —83EM0
(521 ms)Fl SN B A — A1 (544 ms) Y S I 22
S, 1(33) = 4.36, p < 0.001, Cohen’s d = 0.66,
95% CI = [0.28, 1.04]; —E&MF(521 ms)FJ i A
— B (546 ms)HY SN I 22 55 3, t(33) = 4.81,
p < 0.001, Cohen’s d = 0.71, 95% CI = [0.34, 1.08];
FUSRIA—EUEAT(544 ms)FI W A—ES5F(546 ms)
(SN 25 S AN 3, < 1

BJa, X T W AU (LI 2¢), 458 KB
R IE RO B, F(, 33) = 690.92, p < 0.001,
na = 0.95, RN IEE A9 SN (623 ms) i
TrE B IE (433 ms). AT E — B F 5500
B3, F(2, 66) = 101.62, p < 0.001, n; = 0.76, JZL
A —2(539 ms) WA — L T (539 ms)
B EE T —85M(505 ms), T 2 I A T
— AR TR B, F(2, 66) = 58.67, p < 0.001,
na = 0.64, fA] B AT 45 SR & PR, A i AL
WEMT, —8&M(430 ms)Fl B TS — B
(433 ms)Y I iAF 2 AR E, t(33) = 1.04, p =
0.924; — &AM (430 ms)FI B A — 5 4 14 (435
ms) S I 22 AR B3, t1(33) = 1.44, p = 0.476;
SR A—EE A (433 ms) Rl B AR —F (435
ms) W I 22 AR 2, t< 1, fEIEEV @A &
R, —BEM(580 ms) N i AS— B2k (646
ms) B9 SN I 22 5 2, 1(33) = 12.38, p < 0.001,
Cohen’s d = 1.67, 95% CI = [1.33, 2.01]; —& &Mt
(580 ms)Fl AN — A (642 ms) Y S I 22 57
3%, 1(33) = 12.97, p < 0.001, Cohen’s d = 1.59, 95%
CI = [1.28, 1.90]; SR AIA—EEAF (646 ms)FIL
MAN—BERA(642 ms)H N 22 AN B, t< 1,

80 - (a) 80 )

(2) —EHER

T HEERERA AN TR Be i wh e 22 5, X —
RN R PR T 3 RN . AFRL vs. HLHEAH
L vs. WFBEAEARL) * 2 (G EEE : F AW EE vs.
TR W38 IE ) < 2 GAHIIN T K SO FTKSE vs.
SR K ) B A I o 22 4B o S5 SRR IR, AR
FRL 3, F(1.69, 55.91) = 12.85, p < 0.001, n3 =
0.28, TAHIIN T /K- 3500 8 3, F(1, 33) = 89.53, p<
0.001, mp = 0.73, FERMIHE Y 3, F(1, 33) =
69.86, p<0.001, > = 0.68. LY FIAEIIN T /K
ZHAR B, F(1.55, 50. 99)—353 p=10.048, 1} =
0.10 AHARL M N v 208 38 22 BAEF W 2%, F(1.96,
64.81)=16.25,p< 0.001, ns = 0.33. AN T K
MEF AL HEAEMEE, F(, 33) = 5514, p <
0.001, np = 0.63 AHRIYE . TN T/K i 25 38
R = H R HAEH B, F(2.00, 65.96) = 1047, p <
0.001, np = 0.24, A T HERRIAUME S 22 R Y

GG RN TATAET 25, 43 B AS [R] A A
rélz AFHAT 2 (FEEE . {fauiﬁiﬁ: vs. R

Wi e 3 E) x 2 GAEIIN T K. KW RTKF vs. 2
I 7K ) 8 i A T 22 53 AT

B, NS FIEREZHOLE 3a), 7E
%ﬁ‘ﬁiiﬁﬁﬁ% F(1, 33) = 39.50, p< 0.001, 1} =
0.55, {EEWTIEIEIE 1) — BN (25.87 ms) i E
i T A 8 %i(7 80 ms)o AR TIKF- F 2400
3, F(1, 33) = 25.14, p< 0.001, n} = 0.43, SR i
I — SO RON (31.47 ms) B = T R K
(2.20 ms). W& Z [F1 32 HARLN 3%, F(1, 33) = 41.39,
P<0.001,m;=0.56, fAIFARN SHIEs KK, 1ER
N HTAKSEA R, R T 0 38 8 2 1 — BN
1(56.09 ms) i 3 5 T 1 B U0 8 4 1F(6.85 ms),
t(33) = 8.92, p < 0.001, Cohen’s d = 1.28, 95% CI =
[0.98, 1.57]c TERMWAKF-Z5MFT, =Wy ii 18 45
11 1 — BOPE UM R (—4.36 ms) B K T i 2 0 il

80 (©

— 6ol , el s e EEUE gl [D e R
g g g
S 40 S 401 540
N : N
ﬁﬁ 20 - _{ ﬁﬁ 20 . ﬁﬁ 20 |-
ok ! x ] % ol !\_. 0+ !—-x:
=20 L L —20 L L -20 : L
BRIHIAE BT FHTAKE BBEKE BRIRTAE viea

Bl 3 SRR ST A — B E RN
. "p<o0.001;"

W, (a) AEMIA; (b) AL, (o) Wrae a4 .
p<0.01;'p<0.05 T,
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1B 4511:(8.76 ms), t(33) = 2.28, p = 0.029, Cohen’s d =
0.34, 95% CI =[0.04, 0.64], XELLE UL, AHIL
S 1 SR I K ST 26 BRI GE 3 RN, T S
TR IR W bt T AR o

Hk, AL T g5 R 2 B(LE 3b),
TR I O W, F(1, 33) = 11.32, p = 0.002,
na = 0.26, 1R IE B —FERUY (12.39 ms)
i TR AL (2.87 ms) . AN T K
BN 3, F(1, 33) = 7.77, p = 0.009, n3 = 0.19, JX
I 7K S ) — B RN (15.02 ms) i 3 5 T I i K
F(0.25 ms), R IE FA N T K52 HAE R
W F(1,33)=2.15,p=0.152, BARZHAEHA D
F, ALH THRGEEAS R AN T /K T Bl 1 i —
BB R R AFAEZE S, o BIR RNE AiT ZK P
I 7K ) — BN S AT RO R AR t ARG . 45
RINAE TR S5, R T o 18 A5 i —
FOMEARN i (23.09 ms) db 3 S T R G E A5
(6.95 ms), t(33) = 3.13, p = 0.004, Cohen’s d = 0.76,
95% CI = [0.26, 1.25], iX—Z5 KM, i —2
PEAEUN, KTWT 58 B — SO R o 78 SR 7K 25T
T 38 T 451 (—1.20 ms) 5 v 2 T 38 I A
(1.70 ms))— MR BB 25, t < 1, XUl
1 it v U = LT Bl = R e < e
AT YA, (AP T E 25 Xy i,
P8 AR LS5 52 i K P 32 30 A5 32 53800
M 52 07 7K - TG 8% bt 2 53800 o

Ja, Wk AL T 25 R RO IEL 3c),
TR A O W, F(1, 33) = 79.88, p < 0.001,
na = 0.71, ¥ BN 538 38 A — B (31.35 ms)
BESTEEMNREIEQ.56 ms), ANFNTAKFFE
B 2, F(1, 33) = 53.13, p< 0.001, 3 = 0.62, JX
R 7K ) — SO (34.51 ms) i 35 5 T OBk
F(0.59 ms), PIEZIE S EAN W, F(1, 33)
37.53,p<0.001, ;= 0.53 faf BN 43 BT 25 S & B,
FESN R KZ60F T, T8 A0 18 251 i — B
L (a)

oy

k%

150
100 |
50 |
AR 0r
M50 F
§—100 -

-150 £

SN (ms)

AHL PEEAEML AR BRBEARR
S BIRKF BRLKF

E 4

AL

PLHE T RO (ms)

ROV E(2.99 ms) i AT BT LI 25 14(66.02 ms),
t(33) = 10.70, p < 0.001, Cohen’s d = 1.65, 95% CI =
[1.33, 1.96]c FER N KF-F50FT, v B0 I8 4%
(213 ms) 5 3 BT G 8 5575 (-3.32 ms)i—E
PESUN R TC R E LR, t < 1, XU TR0 ot
H Az 5058 TP 68 B bR dd 2374 Tk, B
HIRE2ES XS RULl, WAL T
JNf HIE 7K P 2 3R LB 2 T AR, T SR 7K P TG B

(3) B R

R T HC AL E AR AR AT E AR LAk F SR A
LA A IR 32 F AN & B AETE2E 5, A A
AEARLFTIVT 52 A AR 25 T A JRR i 3 S 3000 4 s (3 3
W oE 25 0F sonnn — TERMIEZAT sonwon )5 A HIL
SAFIATECOSFEAR t K50 (UL 4a). PLSEAH IR
LR T AR R, RV AT 50T,
AR 25 A L8 2 AN (16.14 ms) B E LT A
AL 45 115 (49.24 ms), t(33) = 4.71, p < 0.001,
Cohen’s d = 1.14, 95% CI = [0.63, 1.65], TES /K
TS, AR ARLA A AT 58 3 SRV (2.90 ms)
E BT AL (13.11 ms), 1(33) = 2.11, p =
0.043, Cohen’s d = 0.51, 95% CI = [0.03, 0.99], iX—
SRR, 5SS, AR RS 1
A VA1 A /N7t S 5 A i1 R T
TR AR B T 5 3 RO (R AS R AL 25 14 T A2 7E
Wrbe 25, AL SEAR LA T TR £ ) o T SE A
USRS A IIZE R K BLOLIE 4b), 782
A N 3 S T ity B S L e e 3V A
(63.03 ms) & = T AL AAF(49.24 ms), t(33)
2.21, p = 0.034, Cohen’s d = 0.54, 95% CI = [0.51,
1.02] 7E S K EZ60F T, Wrst AL S5 F(—5.45 ms)
SRR 1311 ms) 58 3 2600 6 1 %
ZEF U< 1, X4 RRY, SRS, U
WK (V8 3 G | N I 1 N L il o
AN i L S N a9 it = VA = B
(b)

AL WEREAERL  ASAEML WESsEAE{
AR SRS

200
150
100
50

0
=50
—100
-150

T T T T T T T T

AN TRV RR AR 2% P78 B 7 i 7K SF B A R R 0E T 00 22 575 (a) ARLSEARLZEL S5 AN ARMLAL; (b) Wrad ALl S
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58 4%

L

3 SZIG 2. tDCS PEFEA[E N 7 2
Xof 5 30 18 1 28 R R T RO Y

Al

S 1A AR R B AR R S BRSO i K P
(AT 3 RO RRARR, T S ARBL PR 3 BRI 7K T
(AT T2 ROV N o ST IR AT 4R R 2 AR AR
[ 00 2 00 T80 /0N W3- ) A7 A 00 A ARL A R 5 A
LB T B C £ ik IX (Booth et al., 2002; Cao et al.,
2010; Gerlach et al., 2015), 3255 2 % HD-tDCS 4
ARHE o A 5 2 MR 0] (S 56 2a) A1 22 M TR /i
(SE55 2b), e Fe A DA . AR SR BORT B AR i
SRS [A) S5 T 15530 0 i 58 SR nE 32 RN Y 22 5
AT PR SR A4 e 50 ol )RR RA 1 %o B2 3 3 e 5 v Je
PR, S 2a (R SOhRIBLARE
AH LG, AR R0 P 228 a0 4 2 MR AR 1] BE 8 0/ I8 S vy
HIKV A58 32 R0, BB i 28 42 e iR
AR 151 BE % 38 10 B 7 AiT 7K P O A58 3 R0 . S5y 2D
fBeise: S EARINEER AR L, HAR SR A 28 ] 4 20 )
TR /N BRAS 3G 0 S 0 JiE 7K P A0 o 32 3000, FH
AR o 2 A 9 2 T8RS /N ik BE 8% k> 2 i 7K
B 3 ROV
31 Fik
311 #ik

AR SRS REA B S FH A 2-1 B AT A B
%% (Zhou et al., 2025), HA il 2 (EEEE: dE
MAEEIE vs. HEETMIE) x 3 (YT iEE —2
P —20 vs. RN ATA—EL vs. W A—F)RIZE
AR effect size f = 0.25, HI, AIE 18K
FEAFE T G*Power 3.1.9.7 #47i145 . HE S
power (1 — B err prob) = 0.95, a err prob = 0.05,
effect size f = 0.25, TR HEEARE N 14 2 H,
S 2a 48 5E T 26 BN 19 44, LMET 4, A
% 22+1.92 %), S5 2b 55 24 LKA 7 4,
w17 4, 4EIE 20.88 + 1.62 %) T A i M 1 (2%
B IEML R IR, HIR T AR SE 5 B i,
B AT HE RN S S S tDCS A T A 2R (UL B
F DR EBOLRR 2). 5255 B gl
37— AR .

312 UM

AT R S50 1 S 30 SR FRE 5 52 56 1 5 A AL
2H (Group2) # 7] o /=5 K5 & 28 fil B3 H 301 % (high-
definition transcranial direct current stimulation,

HD-tDCS) %) 5 46 {8 75 2R 1 Jo 2k % G 42 il ) L I 3%

£ (NeuStim NSS14, Neuracle, Changzhou, China).
HD-tDCS i [ 5 >3 Ag/AgCl FRIR L (4x1 H
WAL AL, Horb 1 A ARy B (BRI ), HoAth
4 A B U DA B AR (8 B A ) i [l H Al
3.1.3 EIEigitfiRiE

G E PR 10-20EEG & 4t LA S LA g 2L 4R A
HD-tDCS (A7 (Phillipou et al., 2019; Wu et al.,
2021), SZ5; 2a XF FZEMAIR FI R R P9 (1.5 mA)
Ak BEAR A (B BA AR FL %), P3 (—0.15 mA). CP5
(-1.04 mA). AF7 (-0.18 mA)#I FT10 (-0.13 mA)/E
kg IFI AW AR (i B AR F AR )RR [l AR SIZ 3 26 X
ZEMTHR /N2 35 FH P3 (1.5 mAE A BH AR B A (55
FHH HL#.), CP3 (—0.375 mA). P1 (—=0.375 mA). P5
(=0.375 mA)FI PO3 (—0.375 mA)E Hy B fo A (5%
FFAR S0 AR [l FL K, 250 3k 7% v HD-tDCS [ HL
TR 1.5 mA, f56 BT % 4248 M (Nitsche
et al., 2001; Nikolin et al., 2018; Parkin et al., 2015;
Poreisz et al., 2007), [F I, LU 2a FI5LE 2b 44
3 (HEAL . PR vs. PERRRIE vs. BABZINEL) x
2 (FERIEE RS IE vs. EREUTIEHEGE) x 3
(PAVTmIE —3 . —2 vs. W ATA—E vs.
R —FO I = R RO BT, AR R A
DT 3 A 1 A R S I

WE S R, BT g 7 250 58 2k 2] 5256,
SRJE FREAT HD-ADCS Fli, ) HFATIESESEE, IE
KL AE S 1 AHR], 5050 2a A BT[R5 1
HRLE AL, S25G 26 BB TRI S5 1 HR T aE AR
I BRI 7, Bl 2 e T 10 438 0 25~ 52
55 VAR GRAT 55 i e, FLIEAG R T 2183 90% LU
EAREH AT HD-tDCS Bl R 1 gl S A
1% LUK AT e 77 AR PR ER, HD-tDCS 7E LI P 4R
FZE AT A 30 s FIR AR H B [E] o X5 F DA il 4,
FEL AR A 3 5 BB R 55 AR B A SR — B, S8 T4
A HLAE 30 s INHETHZE 1.5 mA, FJS7E 30 s P
2 0 mA, DIBA PRGN I E H2 32 1 A2 B 0
RF AR AN BH AR R LA 1.5 mA H i 5 38 ) 384 A D AR
AR /ZEDM TG /it 20 2350, 0S5 BT
BESER 15 A A P IE GRS, S5 2a SRR
PESEARIPE AT RE, SE8 2b SR T Y2 W S A 2L
PERIREAT R, T 4R IE HD-tDCS SZE6 ] g 2 /0 50
BB (Boggio et al., 2009; Ragert et al., 2008),
FLR PRI L = K52 =k HD-tDCS L5 (Ph il
P AR ISR o A T eSS R0, AR5
SO XT AT . PEASRIER AR SRR A 7 4 N A
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2350810 min ———> HD-DCSHZE#E20 min — $EFEH (BT AR L)

15 min

1.5 mA

1.5 mA

oma 30s @ e 305 oma

2a: £MARIKE

/

T

2b: ZMIAT Aot

Kl 5 HD-explore KA ILA 1.5 mA 1) HD-tDCS il J5AE AL HR: [1] A1 A2 T00 T /)N I 18 o, 357 558 8 400 e 3 2 1] [

314 %R

S5zt 1 MTE, S2E 2a FISLE: 2b A S
T IR R B =T 96%, HANR &R 1)°F
I IER 50 13 22 5 (ps > 0.05) Rk, (X IE
B 25 A SRR 24 SR IR A T 434, IS B it +
3 bRAEZE A EECE . seAh, [RIAER A — 2k
A8 b (A e 15 3 T 5 1 oK, DL R R
F RN AR AR A RN TR B nh e 22 5

F I 2a

(1) KRS

T %%% HD-DCS BRI, 0 5IRAS [F]
F IO A B (S By I AT 2 (T RHIE . ML
vs. Wrat) x 3 (Wi — 2ot —30 vs. VAT
A= vs. M A—BOREE NI 200 th
R TSR E (LA 6a), EHIE RN
3, F(1, 25) = 384.92, p < 0.001, 03 = 0.94, 7E&
Wr 5 388 T8 B4 52 W (552 ms) Sk 25 v T T e PR i o T
(438 ms), WLUTIEE — B F ROV B E, F2, 50) =
19.06, p < 0.001, n3 = 0.43, JJ {if A—3(498 ms)
FIR AN — i) S (504 ms) i 3 88 T — 8 &1
(483 ms). (R IE FILUT I 1 — B AR W
%, F(2,50)=19.40, p<0.001, > = 0.44, A HLA% R
SIRTEE R R, R EE AN, — 8
(437 ms)Fl SN BT — A (439 ms) Y 52 i B 22
SARE, t<1; —BERMFA437 ms) A i A—E 5

(439 ms) R 22 AN B E, t < 1; W HTA—
A (439 ms)FIR N A —BER (439 ms) 1R
2R ARE t< 1, FEEREVEEER T, —%
25A(528 ms)FI N HTAS— B (557 ms) Y i
M 22 5 3%, t(25) = 4.86, p < 0.001, Cohen’s d =
0.90, 95% CI = [0.43, 1.38]; — & & 1(528 ms)Fl
P AN —BEME(570 ms) 1Y VI 25 7 i 2, 1(25) =
5.13, p < 0.001, Cohen’s d = 1.31, 95% CI = [0.65,
1.96]; J R AT AN —FE&E(557 ms) F S AS— 4%
(570 ms) Y S W B 22 55 0 2, t(25) = 2.87, p =
0.025, Cohen’s d = 0.40, 95% CI = [0.04, 0.77].

PR RS 2% A T I 25 3R 2 BL(ULIE 6b), il
T ERN B, F(1, 25) = 300.05, p < 0.001, n; =
0.92, ¥4 2 W 5 38 18 1Y S B (535 ms) i 2 = T
AL E (434 ms). PLWT I T —S0HE BN B,
F(2, 50) = 33.70, p < 0.001, > = 0.57, I RETA—
(487 ms) NN A— B RN (495 ms) g 35
F—EEAM (471 ms)o {37538 18 AT 8 1 — 20
THAEHEE, FQ2, 50) = 12.07, p < 0.001, n) =
0.33. A BRI A3 BT 45 S A B, 7F 1 R A0 A
T, —8055 (427 ms) RN HTA—EER (438 ms)
(1) 2 I s 22 53 i 3, 1(25) = 3.55, p = 0.005, Cohen’s
d=0.35, 95% CI = [0.10, 0.60]; —Z 514427 ms)
FI A — B 25 (436 ms) Y 7 I 25 S I 3%
t(25) = 2.27, p= 0.096; S Hi A —F 4514 (438 ms)

»glooo () W R e EERUTRE ?1000 ®)  weEplE e EEEE 210000 - EEE o HRUTE
; 800 _T_j 800 _T_j 800
21 600 b i 5 600 y ool & 600 Ty i
L] ¥ by g w 3 % 5
}5 400 ﬂ#;-ﬂ}-iﬁ} E 400 3*’5}._._@’_._.,&;’ }5 400 ’éﬁéy—é\“»-e#}
By 200 | | | ] 200 | | | 200 | | |
—5 RN s —5  RMAT KR —3 BRI i
A~ A= A= A M~ I

Bl 6 ARSCHAFR ISR . (a) P (o) FIBORIEG (o) BRI
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L

A —ELEAMF(436 ms)BY W ZEFARE, t <
1o EFEEWEEFAFT, —BEM(515 ms)Flz
N AT A—EEAE(537 ms)HY N 22573 3, t(25) =
7.98, p < 0.001, Cohen’s d = 0.70, 95% CI = [0.48,
0.93]; —F&MF(515 ms) I A—EEF(553 ms)
B B2 07 I 22 53 S 2%, 1(25) = 6.33, p < 0.001, Cohen’s
d=1.26,95% CI = [0.75, 1.78]; JZ % i A—F A
(537 ms)FI R A—FFEAF(553 ms) i) S0 i 22 57
3, 1(25) = 3.29, p= 0.009, Cohen’s d = 0.56, 95%
CI=1[0.12, 0.99].

AR 3 5 T S5 SR 2 BLILIEL 6¢), 1 EGH
i RN W, F(1, 25) = 325.02, p < 0.001, n3 =
0.93, 4 B WT 18 38 AY S (542 ms) i 2 = T
B VE I AE (434 ms) . ML IE — B0 E R0 B,
F(2, 50) = 36.11, p < 0.001, n} = 0.59, R/ HjA—
(493 ms)F1J WA — B S B (497 ms) 3 =
F—8 (474 ms). TE R IE AT — 0
L HAEHRE, FQ, 50) = 20.13, p < 0.001, n}; =
0.45, fAJ PRV A BT 4 R 2 B, 76 7E B8 1 18 4%
PER, — 35428 ms)F B Rif A — B4 (440
ms) 1Y 52 B 25 5 3, 1(25) = 3.11, p = 0.014,
Cohen’s d = 0.39, 95% CI = [0.07, 0.72]; — & &M+
(428 ms)Fl A —BLFEAF(433 ms) Y S I 22 57
AEE 4(25) =2.12, p= 0.133; W ETA—F 5
(440 ms) 1A —BEF(433 ms) B S B 22 5%
NI, 1(25) = 1.77, p= 0.268, 7E 1 25 Wi i 18 4%
PR, —BURME(520 ms) N AT A — Bk F (546
ms) 1Y 52 B 22 53 1 3, 1(25) = 5.76, p < 0.001,
Cohen’s d = 0.88, 95% CI = [0.49, 1.26]; — & &M+
(520 ms) 1WA —BUEEAF(560 ms)H) S B2 57
3, t(25) = 8.24, p < 0.001, Cohen’s d = 1.34, 95%
CI = [0.92, 1.75]; RWATA—EZ51F(546 ms)FI A
—BAR(560 ms)Y i 22 5 2, 1(25) = 3.43,p=
0.006, Cohen’s d = 0.46, 95% CI =[0.12, 0.81].

(2) —EHER

Xof = o L I A8 A Y — B M O A AT T 2
(HFEEGHIE . e vs. Wrad) x 2 GAFIIN TR
NG vs. RN ZKSF) Y 8 &2 I i 7 22 0B . B
TSR N AZE R R LI 7a), 1 558 E FER0N
3, F(1, 25) = 26.00, p < 0.001,n3 = 0.51, R
B30 T8 Y — BERLOV (20,82 ms) g i TE R
WIA(0.98 ms). NHIN T /K E3500 .3, F(1, 25) =
5.90, p = 0.023, n3 = 0.19, SN Fi 7K A9 —Eotksk
N (15.42 ms) i 2 5 T O 7KF-(6.38 ms) o 1 B 38 1
FRAHIN TR EAEIAR B2, F(1, 25) =2.61, p
= 0.119, BARZHAEMANRE, B0 THIAMH
TNHUIN T KSR {76 38 38 A — BOHE 8500 22 A7
FE2E S, A R SN K S AR R K S 1) — 350t
SN HEA T X REAS € ARG 5 o 45 SR e BLAE SN i K
LT, T R TE A B — BOME RO
(2.09 ms) i AL T 1 B WL IE 8 4% (28.75 ms),
t(25) = 3.96, p < 0.001, Cohen’s d = 1.10, 95% CI =
[0.51, 1.68]c FERMW K254, T B0 iE 4%
1 B — B P AR (—0.13 ms) i I T BT B 1
2611(12.89 ms), t(25) = 2.86, p = 0.008, Cohen’s d =
0.79, 95% CI = [0.22, 1.36], VL E&5HRULH, T
PRI A A, SO I ZK S 0 10 7K - 35 2 B R

WA, S T LA S 55 A0 v A AR, S A %) O i
ST MAT NS I 25 R, W — RN #EAT T 2
(LA TR vs, DI SEE) x 2 (R
B FENAEE vs. EREUIEEIE) x 2 GAAEN
TR RVETKE vs. SN EIR S 7 225
Mo 459k LI 2 500 AN i3, F(1, 58) =
1.58, p=0.213, AHIN T K ER00 B3, F(1, 58) =
11.96, p < 0.001, 0y = 0.17. VEEMEIE R %,
F(1, 58) =39.13, p< 0.001, n3 = 0.40., SHZE A 5k
FIM TAKEZHEAERAANEE, F <1, AEN T K

80 - 80  (b) S g 80 - (¢) .
@ 0 —— EEUR R
—— R = . —e— ERE
= 60 - HEH - 60 HERITE - 60 L —o— TR
& g g
= 40 - = 40 - pe 40 L
£ : 2
§ 20 + % § 20 + 3:’ § 20 *
-20 1 1 -20 1 I -20 1 |
SRR RKFE SN RS SRR SV RGASE R K

7 =R R BT A S AR A — BN A R . () DRI (b) BEAREG (o) FABORIE
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H5@EmiEg EEMAEE, F(1, 58) = 447, p =
0.039, np = 0.07. SEHE A5 1 T8 38 58 HAE ]
#,F(1,58)=4.84,p=0.032, 17 = 0.08, LA
TR IE 5NN TR P EAEIARE, F <1,
o S 56 A A 5 30 3 3 28 VR R AT BT SRR
Br, G5REIAEAT LIS T, d G E &
P Y — BOPE RN 2 (2.87 ms) b I T 2 T
T 451(12.39 ms), t(58) = 3.08, p = 0.003, Cohen’s d =
0.29, 95% CI = [0.10, 0.48]; 7EDHRARAT T, HE
P08 388 T S A Y — SO RO (0,98 ms) i EH AR T
T W 8 38 38 45 11 (20.82 ms), t(58) = 3.08, p <
0.001, Cohen’s d = 0.61, 95% CI = [0.39, 0.83], X
B, JCIeWIRFhSC g6 2 A0 R i e 3 ) — BOPE R
N A i 25 S o ARSI X B2 AR TR ) —
DT HEAT T 8T, a5 A, TEIE R T,
17052 55(2.87 ms) 5 h R SL 55:(0.98 ms) ) — Pk
RN TG 25 5, 1(58) = 1.05, p = 0.298; TEIF i
Wr 58 8 1E T, 478 5256 (12.39 ms) -5 Oh 40 3 55 5
(20.82 ms) ) —EUHE RN 1 TG P 35 25 5, t(58) = 1.83,
p = 0.073. XFEH, JCIRWERIE: B E, PIFEEE
AR — B ROV B 1 TG 2 2

BEAR 3 45 SR 2 BLOILIEL 7b), 4 Rl 3E 8500
B3, F(1,25)=17.17,p< 0.001, n) = 0.41, HEIT
e 3B T Y — BOPERLN (18.88 ms) i 3 i TVE AL
JHIE (4.28 ms), ANFIINTOK-F500 3%, F(1, 25) =
5.49, p = 0.027, n3 = 0.18, LAl /KF-AY—EEsk
B (15.71 ms) b 3 5 T S K P (7.45 ms) . 1 B 3E
AN TR PR EAEIAR R, F <1, TR
H2AF R, B s A KPR K- — et
BN AT X REAS ¢ A0 o & S & B S K
WA, TR A GE A R Y — B RN
(10.35 ms) I &I T 22 W 33 8 2575 (21.06 ms),
t(25) = 3.25, p = 0.003, Cohen’s d = 0.92, 95% CI =
[0.33, 1.50]c FESACEZ&FT, R 6HIE 55
T B —BOPE O F (—1.80 ms) i I% T 1 22 I i 3
1 414(16.70 ms), t(25) = 2.67, p=0.013, Cohen’s d =
0.76,95% CI=1[0.18, 1.50], LA F&55UE0H, *FFFH
WRHIEEEAT, BN i 7K R0 S 7K -1 3 B R R

B AR 01 e s SR & B L Te), ¥ T 3 R R
W3, F(1, 25) = 36.55, p< 0.001, n = 0.59, =N
B30 T Y — FCPEROW (19.90 ms) i m TUE B
I (2.56 ms)o AN TR F50% B2, F(1, 25) =
8.01, p = 0.009, n; = 0.24, SR /KB —EHERL

J(18.89 ms) i 3 & TS I /K F-(3.58 ms) ., Vi 238 iH
AN TOK PR BEAEA R, F < 1, A T3RHL
225 B, 430 %t 0L i 7K S SR K Y — Bk
RO e EATBCXRTRE AR ¢ A5G . 45 2R R BAE ROV T K
SESEETE T T O E TE A5 1 R — BObE RO
(26.07 ms) & = T A IE B 454 (11.70 ms),
t(25) = 2.43, p = 0.023, Cohen’s d = 0.69, 95% CI =
[0.11, 1.25]0 FESMIKN-Z60F T, TR 68 18 45
P — B RN FE (13,73 ms) i 35 i T 2 0 o
T 5411:(=6.57 ms), t(25) = 4.29, p < 0.001, Cohen’s d =
1.21, 95% CI =[0.60, 1.81]. LA EZ5R UL, XFFFH
WA, BN 7K g 7K S35 38 30k vk

(3) Bt £ RN

R T LR LA [R] b 2 B 2 ] A R R
BN 255, B 5T, XA DN T KT 1% BH AR ORI 5
A RN SR A R b 32 U A T X RE A t
o 56 (U0 5] 8a) o 5 SR &I, FE T4, FH
PR 5 A B AL 32 33500 (10,71 ms) i 2R T8
) B 4 1F (26.66 ms), t(25) = 2.18, p = 0.039,
Cohen’s d = 0.62, 95% CI = [0.05, 1.18], fES /K
SSRAET, PR SR AE(18.50 ms) Rl PR I % AF
(13.02 ms) Mot EFRBN T EER, t<1, 25
KW, SOAMIBLA AR L, HAR RS 1t = ek /D
T RN AR A . R, X RS IA
I 7K P 8 B AR Sl 38 2% 424 R O il 8 2% A 7 U
RN HEATBCXTFEAS t A 56 (UL 1K 8b) o 45 R A B, FE
RS2, B 08 4% (14.38 ms) Rk
P %A (26.66 ms) B AL B 35 T AKON TG 3 2% 5
(25) = 2.04, p=0.052, 7E N AKFZAF T, BABH]
B 251F(20.30 ms) FENHI A4 (13.02 ms) I3 32
SRV TC B F 2 H 1(25) = 1.16, p= 0.256, 45H%
B, SO0 SRAAR L, BIRRORIBE AR A P R

%3 2b

WERFE TR ML £ 3 AbrifE2E 0 I i
Bil)a, X 24 2B T T o B Ty
- 359 1F # R H5 v (DM I . 96.69%;  BH B il 34 -
96.35%; BAMLHIEL: 96.73%), VIR REAR(Th
H38 - 0.03%; BHA AT - 0.01%; BB : 0.01%),
S N 7 N E G B o RS b S o T €7
ST AR TE Ty 25 T2 1 AT

(1) Skt

X = ol F SRS A ) S B A Bl AT T 2 (U
R A vs. UTAE) x 3 (WU IE — Btk —



582 T - %58 &
2 150 (a) = 150} (b)
g * n.s E n.s n.s
e 100 |- - - e 100 -
S 50+ 50 -
o i
AR EEILEA RS
8 =50 | 1 1 1 = =50 L 1 f I
Pl FRBCRE Dh FRBUIE Podilds BIRRM DR BIARORIB
RNEHGKSF R RGN BRI

P8 AN [a] LR 2K TR S IO T 7K P S L 7K R E 2 AN 28 5o () BEARRI S DRI (o) BITARRIE S O 8

Bovs. N EIA—E vs. W A—E)IEE N &
TN PRl Bk (LR 9a), T EHEIE £
BN 3, F(1, 23) = 512.31, p < 0.001, 13 = 0.96,
T o W5 18 ) B N IR (654 ms) i 3w TR AL
TIB(486 ms), FLWTIEIE—EME R0V 3, F(2, 46) =
46.71, p < 0.001, n3 = 0.67, LI A AS—F(582 ms)
FIE R AS—F B SN B (583 ms) i 5 i3 T— 8 &4
(545 ms). R E ALY E E — B BAEH B
#, F(2,46) =26.44,p<0.001, > = 0.54, ] B4R
SIS R R, R B EE A, — 8
(476 ms)F N AN — BS54 (493 ms) 1 J N B 22
S, 1(23) = 2.67, p = 0.041, Cohen’s d = 0.45,
95% CI = [0.02, 0.88]; —F 44476 ms)FI LA
— B 55489 ms) Y S W I 2 B B E, 1(23) = 2.72,
p = 0.037, Cohen’s d = 0.32, 95% CI = [0.02, 0.63];
FSRTA—B51:(493 ms) R WA—FE51F(489 ms)
B B0 I 25 58 [ 2, 1(23) = 1.00, p=0.981, 7EIE
W EE AN, —3 (614 ms) N A
—BUAA(671 ms) Y SN IR 22 5 8 3, 1(23) = 7.86,
p < 0.001, Cohen’s d = 1.51, 95% CI = [1.01, 2.00];
— 84614 ms)FI A —EKA(677 ms)d
B 25 5 B 3, 1(23) = 9.29, p < 0.001, Cohen’s d =
1.67, 95% CI = [1.20, 2.13]; W HTA—EEA(671 ms)
FI AN —F A (677 ms) Y B I i 22 T A i 35,
t(23) = 1.38, p = 0.540,

PHAR J R 25 2R & B(UL I 9b), ¥ 53 1 F2 800
W3, F(1, 23) = 313.33, p< 0.001, ) = 0.93, ¥
W5, 380 3 114 B 7 IR (646 ms) 835 /85 T 18 78 0o i i

HHEWE SEETRE

(482 ms), PLUTIEE —FE F RO B E, FQ2, 46) =
65.41, p < 0.001, n3 = 0.74, W ATA—E(580 ms)
FIS AN —F 5 S F (576 ms) g 25 8 T — 8k
(537 ms)o {7 I A AT I I — B S BAE ]
#, F(2,46)=33.99, p<0.001,m>=0.60, faj B8
SIATEE SRR, TR AL E AN, — B
(475 ms)FI N AN — B (488 ms) Y 52 g B 22
SR, t(23) = 2.74, p = 0.035, Cohen’s d = 0.31,
95% CI = [0.02, 0.61]; —E(&MF(475 ms)FlJ W A
— B AF 483 ms) I NI 2R AR E, 1(23) =
1.52, p = 0.429; S W Aif A —F 551 (488 ms)Fl S i
AN—FUEAF (483 ms)HY SN B 25 o8 i 3, 1(23) =
1.30, p=0.618, FEEENTMIESRMET, —8&M
(599 ms) R HTA—BEA(671 ms) ) K I 25
SR 1(23) = 10.13, p < 0.001, Cohen’s d = 1.65,
95% CI = [1.23, 2.07]; —&L&44(599 ms)Fl S A
—ESAF(669 ms) B S I 22 55 3, t(23) = 9.30,
p < 0.001, Cohen’s d = 1.60, 95% CI = [1.15, 2.04]; <
N RTA—BEEAE671 ms)FI A —E (669 ms)
RN 25 S AN I 2, t < 1

PR e R A (UL 9c¢), v B IE 80N
3, F(1, 23) = 584.35, p < 0.001, 0} = 0.96, 7E&
W5t 38 3 %) 5 07 INF (638 mis) i 2 ¥ T 1 o 00 o 1
(466 ms), LU E —FCH R B E, FQ2, 46) =
43.82, p < 0.001, 3 = 0.66, J i R—3L(564 ms)
FIS I AS— i 2 B (567 ms) i & 8 T — 8 &1
(525 ms)o I A AT E I — B BAE ]
#,F(2,46)=35.67,p<0.001,m;=0.61, fafHLsl

21000 | (2) glooo (b) EEFEUR CEEE 21000 | (c)  EEIEEMIE CIEEUTE
£ 800 = 800 £ 200
£ 0 -'é ‘%! 5 = g - B b 3 4
PO SRR = S S I S S S
8 200 ] I | oy 200 1 | | w 200 ) | |
—% A 3] —% A s —5 A A
A~ A A~ A —H I

PO = e I B P AT 230 SR AR ORI 2 2R . (a) ARG (b) BEARCHIEL (o) BRI .
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EEH SR ORI X 253 1 e 5 R S ROV Y R 583

SITEE SRR, TR EE A, — A
(459 ms)Fl SN BTAS— S5 (475 ms) Y S5 g B 22
S R3E, t(23) = 3.06, p = 0.017, Cohen’s d = 0.42,
95% CI = [0.07, 0.77]; —&X&1F(459 ms)FlJ v A
— B KA (464 ms) NI 22 5 OR B, t(23) =
1.07, p = 0.884; J Wi A—F5&AF (475 ms)Fl S i
A=A (464 ms) Y SN IS 22 5 0 2, 1(23) =
2.96, p = 0.021, Cohen’s d = 0.28, 95% CI = [0.04,
0.52], TEEEWIEEIASM T, —8&MFG91 ms)
H AT AS— B4 (653 ms) B S 07 v 22 57t W 35,
t(23) = 7.09, p < 0.001, Cohen’s d = 1.56, 95% CI =
[0.99, 2.13]; —3X&AF(591 ms)Fl I A —3k &4
(669 ms)fY iz vy B 22 5 d 35, 1(23) = 9.83, p < 0.001,
Cohen’s d = 1.97, 95% CI = [1.45, 2.48]; R4
—BUEAF(653 ms) R A —F 5 A(669 ms)HY L
R 22 R 3, 1(23) = 2.22, p=0.110,

(2) —BPER

X = R I I A A — B SO A3 AT T 2
(EEGEIE . EEMCEE vs. FEEVTEEE) x 2
CAEIN TR R BATAKE vs. K EH A
W 5 2253007 o PR s R R LB 10a), 78
T8 E RN 3, F(1, 23) = 52.87, p< 0.001, n; = 0.70,
T W i T Y — SRR (31.63 ms) i 3 R T
FEALVEIEIE (6.12 ms). KN TKF E 800 B %,
F(1, 23) = 23.35, p < 0.001, 3 = 0.50, JZ ¥ Rij /K-
R —SERON(37.11 ms) .3 = T UBZKF-(0.64 ms)..
T B I AR TP A BEAE TR %, FQ1, 23) =
4.79, p=0.039, np = 0.17, fa] BRI S A7 &5 % % B,
FES K250 T, 1 T Bl 8 2% 1 i — BobE
RN HE(57.20 ms) i T A 6 8 G R
(17.01 ms), t(23) = 4.75, p < 0.001, Cohen’s d = 0.94,
95% CI = [0.53, 1.35], TESR K200, T
Ve 3E 1A 25 1(6.05 ms) 5 i B GEIE B 45 F(—4.76 ms)
) — BRSO i 0 W 22 R, t(23) = 1.65, p =
0.113, X—Z5RRW, v T e H b 5 W T

P v B AR 38 2377 A TR, (H 3 0 W 35 22
5o LLESERUEW, X T ORI AR, SO ETKF
RIUAASE RN, 117 S 7K TCRevs 33800

WAL, ST HCE AR S 56 W B A AL 4% 14 1) Dh o 35
STH AT LR A E SR, W —EER T T 2
(LRI . AT TR vs, DR ER) x 2 (FEEE
T FERMSEEE vs. FERUTEEE) x 2 GAEN
TR RTKE vs. WK EIR S 7 225
Mro S53REBLSLEG AR ER0N A B E, F <1, WA
hn TS =808 i 2, F(1, 56) = 70.23, p < 0.001,
ns = 0.56, VERGEIE FRN WE, F(1, 56) = 126.00,
P<0.001,ny = 0.69, FHHH 5N HN TR P22 H.
ERARE, F <1, INEINTOK PS5 & #iE s o
YER B3, F(1, 56) = 31.48, p< 0.001, 0’ = 0.36, 5
RS F EEEL A RE, F<1, LRE
R TR S TR AR AR B, FQ,
56) = 5.03, p=0.029, 03 = 0.08 i B AL 43 Hr
SER I, TERLHT K-, A SR T,
17052 565(2.99 ms) 5 P SE S (17.01 ms)—3K
PR TC B E S, 1(56) = 2.21, p= 0.188; 1EJThY
RIAKOF, VT EE AT, 17 895(66.02 ms)
5O S5 (57.20 ms) Y — ECHE R G i £
S, t< 1y FERBMAKY, FEEWEEIBESET, 178
LI (2.14 ms) 5 PRI T K (—4.76 ms) i — L
NG EES, t < 1; FERNKY, EREVTHIE
HEEMET, 17525 (—3.32 ms) 50 HI 52 56:(6.05 ms)
A — SR I T R 25 R, t< 1 IXR WL, TCin il
PRI TSP RN VE B3, PR Fh SC 56 2 A () — 3K
PERON T I 2 2

PHAR R 345 R 2 BLOALEE 10b), 7 25 £ 4L
I i3, F(1, 23) = 41.96, p < 0.001, n} = 0.65, &
W5 388 T8 B — SPE SN (34.86 ms) i & 1 T R
VEIMIE (4.19 ms). NFIN LA E800 8.3, F(1,
23) = 53.76, p < 0.001, 03 = 0.70, J L A7) —
FHPERL N (42.83 ms) i 3 & F K F-(=3.78 ms).

80 r (a) 80r (b) N, 801 (o) o N
60 HEHE __60f HREHE 6oL BRI
=40 % = 401 g =40 %

B * 7 £ *
=20 s 201 #H 20|
& s &
I ol I ol ; I ool ¥
4
—20 L L -2 L I —20 I 1
SRS S SRR SRR SRR SRk

& 10

=R T BT SR AR AT Y — B ROV A R . () DRI (b) BRI (o) AR



584 1N B

58 4%

L

TR B A ToK-F A AR 3, F(L, 23) =
19.95, p<0.001, 3 = 0.46 fa] BRI 4347 45 L % BN,
FER VTR A5 00T, 1 T Bl 8 A% 14— BobE
AN T (71,96 ms) i 3 g TR R T A% (13.69
ms), t(23) = 6.97, p<0.001, Cohen’s d = 1.45, 95% CI
= [1.02, 1.88]c FEMAKFAAET, B W o i E
2 (—2.24 ms) 5 i B E 45 (-5.32 ms)Y
— RN R R, t< 1 X—Z R, W
TPV AE H AR5 058 TP H AR &7 4 T
Yoo, HMELREZES ., U LGSR, X T
IH AR R 3 2% 4, s Iz i 7K SF- 2% B0 R SRR
[ S W5 o 5 ST

B AR i 5 SR & B (UL L 10c), 7 AL
N, F(1, 23) = 111.77, p < 0.001, n; = 0.83, F
T B3 T8 ) — BOHEALY (38.75 ms) i 3 R T AR
563 1 (2.83 ms) o IAHIIN T K 8500 5 2, F(L,
23) = 27.57, p < 0.001, 0} = 0.55, JW7 A7l —
FHMHERLN(39.05 ms) i 2 5 TSN 7K F-(2.53 ms) U
I E AU TACE R BEAE AN B2, F(1, 23) =
1.09, p=0.307. N THIREUEZ(5 8., 4 5% 5 v Hif
TR I 7K 18— S5 RGO e R A T B X R AR t A
5o Z5F R IAE RN HE KA AF T, R W b i
ZF I — B PN HE(61.57 ms) i i TUE AL
1 38 45 7F (16.52 ms), t(23) = 4.40, p < 0.001,
Cohen’s d = 1.27, 95% CI = [0.64, 1.89], fER WK
AR, T R T O G AR 0 — B RO
(15.93 ms) ik 2 5 TV B0 I8 25 7F(-10.87 ms),
t(23) = 3.19, p = 0.004, Cohen’s d = 0.92, 95% CI =
[0.32, 1.51]. X—&5H3R, e i) —EtERon K
T8 0 — O MERON o DL ESE R, T B
A, TS TA TN T K S 35 26 30 o o 3 8%
Mo SONRITEAR AR L, BRARORI A& 1A 52 1 7K
HELT B A

200 F @ *
150
100

n.s

T

|
(%]
(=]

HUBE UL (ms)
W
(=]

—100

LB IR (ms)

o PRI DWRRE PR
SRR BREAKF

K11

(3) Bt £ RN

T AN [ H R IS A 2 ] 8 SR v 32 8K
N 2258, T, PR AU T 2K ST i BH AR R 38 2%
AT ER S A v S S AR A T B AR A £ K
WL 11a), G558 LB, TR BATKFEAMT,
RIS A B A 00 S50 (58.26 ms) i 2 1 T EA
) B 4 18 (40.19 ms), t(23) = 2.31, p = 0.030,
Cohen’s d = 0.67, 95% CI = [0.08, 1.25], fESIi/K
SEAAETS, PR B A5 (3.08  ms) ATk Al 3k 5% 14
(10.81 ms) Mok RN L EEF, t< 1, Dbk
SRR, SONRIBA AR L, PHARRI S 1 o 2
S2 )| N VA 17 S < e S A S R P O W
TA TR 7K P 18 BH A il 388 2% 471 R O il 38 2% 471 7 Jk
B FF ROV AT RO A t Kz g (UL 11b). 455 &
M, FERMATKTEZEAET, B 514 (45.05 ms)
FEON % 25 7F(40.19 ms) Y ALHE = 000 TG il 3% 2%
St < 1o FERNAKTZMT, B 55 1F(26.80
ms) FIOh 384 25 424 (10.81 ms) 1Y W 5t 3= 5 8500 TG .
FHEXER 123)=1.51,p=0.145, VI F45REH, 5
PRRINBEAEAR LG, BSOS R A A OB o 3 7
BN RN o

4 Eifig

AFFER A 2-1 BATE S, k4T e (e
1) 52 SR (S5 2)B 58 1 RO PR X B
1 5 AR E S RO B PR o SEE 1 &
TR AT 22 57 98 55 17 BN RiT K 1 RS 7K -
AR RRSE 2T R0, BRI Lo R AR S 25 e A1
IO IVA 1 S Y U /7 S5 S VA D VA N 5 LU
TR, W BE AR 2 R T SRR AR
i 2 RO LA BR T SO AR W E 32 S R0
S 2 2L 3E 5 tDC'S B ) A 45 A0 58 AR AR (2
PR [0 ) W 5 AH LA (ZE M T /0N ) fin T ) S
DX, 4t R S B R SR8 A A A R [ ) 3553 52 oL g 7K

b) n.s n.s
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EEH SR ORI X 253 1 e 5 R S ROV Y R 585

B FE RO, BHBRCR A I THT /)8 e 58 s
I i AK PR 32 RO0E, 3 28 e B PR SR M b 6 T
Z AMPARHR R RT TOUTS /)N 2 9 S8 RH AL o T v )
SEEER

HUAERR AR —3, A58 30RO AT KF
CU NS 1 B1E WA e s L VAN T D@ IV & Y as 1 B L= N
F FHu{ii (Chen & Zhou, 2013; Huang et al., 2015; Li
et al., 2019), R 2-1 BGHEWAFFE NN, h—
A BN SN FTAS — BOR A B SO A — B,
S o B 2 4 N (Chen & Zhou, 2013; De Houwer,
2003; Zhang & Kornblum, 1998), AHlF 5% [Rl A % FX,
TR TE R T B MR T il i, A — kT
() S0, B 1) d K T — B A, X — IR T
T e e ) — B RN AR E P (Diaconescu et al.,
2011; Donohue et al., 2013; Misselhorn et al., 2019),
JEH, AFRRUEAETS, SO0 AT 7K - 2 W o i 1 2%
A — SO O T 2 T TR R T AR A,
2O 7K A3 W 0 3 T 2% Y — SRR B
T B T 55 o X — S5 RS TR L
IKAPABCE,  BIRLSE AR JEAE SO AT 7K 158 5 AR AR 3
BRI, MMITE SN A KF o 98 5, i sd £ 8
T HZE RGEET N ER, WELTER K5
& #h5€(Chikazoe et al., 2009; Swick et al., 2008;
Zatorre et al., 2007),

B, WESE A I REARAL Y BE 8 A1 %M 1
S5 i 7K V-1 K - B T R0 o BRI
AHEEASAHAL A, ST AR 980N T S L i 7K P 1Y
PG 3 RO, X AT RV T AL AL RS T H AR
R RN TROR, BEAR T e T P05 B se P FE i
(Gerlach et al., 2015; Joseph & Gathers, 2003), PIf:
TR, AL AHARL A X 5 LEAS ARG 2 0 2 531
K F TR (Gale et al., 2006)S2& 5 E H050 FH L1 fiE
U LA RAE, FRARHEL 0 M oE gk, st
H bR %% (Quinlan & Cohen, 2012), H A
ST BN, Y BT 38 A A, R AR LT R e R
AT A B AR RAE, S — BRSO FEAR, 32 17 e 7540
W RO AR T AR oAb, BB AR
ARUPHE /N S 7 7K P B4 Wi i 3280z, YR TN
PIEELRME, S A DEIN TREAS 52 e B % DR
TR 55, 2025) A0, AHECA AL, WAl
(DRl S VA1 N G R e R Y G 1B B
THER T R K P BT 06 3 200, X A] BE A2 B T8
AR R T 080N, FECH bR 5 TG
B RYSE S PEIn R (Bosworth et al., 2021; Montgomery,

1995; Storkel et al., 2014), XLe45 5 R T LI 0F
FERY R, R T RSN RE A% 52 5w A
T. A9 %% % (Bosworth et al., 2021; Gerlach et al.,
2015)c AT ML A 3 A, X RRELG AT BEYER T3
B A ALPE 51 % 1) IR e AE O 0 AR b
(Breining et al., 2016), 40, 7E5% ] 5 AUH M
AN B AR ABL Y TR L (“cat”-“cap™), 4 Xf—A~T1 H ik
from4 e, EARGm % 5 i K P 22 6] A5 & e,
At ] 00 1 1 AH ORI 5 1 KT B BB &R
Wyys s, HEMTTE A 24 51 A OCI H i, TP
HR(Qu et al., 2021), FEARBIFEWT AR,
WO VR, B AR R Y 5 K
W Z b, THRIMAS S KRR Ry, R4S
B—EERLR 3G 0 . 7 Stroop 4T 55 H I 75 B R 1
AT P N B AL TR, R AL R R
BOR R H R B & A TR0, BRI &E R T
Pt & B T K (Dalrymple-Alford, 1972) . [F) k¢ Hi,
Bosworth 5 A (2021)2R FIAS [F] Wt AU R JE A Rk
17 Stroop Fl a4 4L 55, [RIAEIE ST 58 AR AL 1B sy,
TR R, B, KGR AN &
B, RTS8 A LI PR BE RS 2 SN K P AL 32
RV

ABIFFE i — 25 B 7 20 ARIR [l A0 Ze 0 T80
NG 530 2 5 40w R B AR RL P R N T, AR
M, S8 1 & AL e AR 25 W 55 1T BB ZK
B T AN, A AR B AR AR 1B S,
VA 17 O Rl SR G AT <5 T I I st 1
R 181 A 5 A BRI T Hb 4340 a) T B RO 1Y
YER o DAAEARGE R, 22 MR HR [a] 40 hy Ab 38 SC
FARBLE N I RRAE 1Y SRR X, B0 2 B 5 A0
BEALYE 5 1E A& (Dehaene & Cohen, 2011; Guo et al.,
2022; Vinckier et al., 2007), AT F8 1% — 45 5 5 LR
WFFEIN R BOR [0] 2 5 0058 5 B AR AR SR AE 19 T g S
fL—3. WAk, WA BFIEHE T JRAE R E
PR 388 5 1Y B A ARy, RS AR R A S R ]
AR R R BT AR, U R B SRR
# 23H 51 (Grill-Spector & Weiner, 2014; Martin,
2007). J3—J7 M, SCH 1 &I o0 A RS 14 2 3
N FRIA 1 N <R Ao s 3 VAN (BN R @ b et 1
B0 NV N e VA 1 N G e s Y VA T3
XL THUT /)N it 7 W 5 AR BL M A7 B A T rp R
1A 2 0RO B A (Mummery et al., 1998;
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G W B 22 AL 8] E AR ) P A AR 3 B A
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BN A T T JER R ) A6 Ak BRI P T L
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SR, R AR UM in T DXl A 7 BA BRI O A b
R RN . BARTTE, BB A: iR
ARIET(14.38  ms) I AL AE S TP 19958 -5 2%
IO 2 R R 2% (26,66 ms)Z [ 3K | e 122 7K 7
ERBEZEREP = 0.052), {H AR
F RO LT 5 AR T (16.14 ms)f™ 4=
YRR — 3 BRI ZE M T30 7N (45,05 ms)
SRR E S0 AR F(40.19 ms)
ZIRA B2 . X—45 R aE & T (DCS ¥
P 280N 32 B A4 22 S5 R0 B )22 2 ar 40 o (/D) P 1)
SEMR, S B AR BEOR B I SO XY %Ak,
AT 2R B H RGN B AS 2 E (Krause et al., 2013;
Weiss & Lavidor, 2012), 41, Wu % A (2021)i i
HD-tDCS AW 2o MR AR 7T, S B BH AR o 8
()28 AR P R TR R R B, W) hR e I 227 1 4
TR, iSRS R A, X S AR A SR AN
—3, CAMTERY, MR B JE X Fm iz
5] A F¢ £E - # (excitation and inhibition, E/I SF-f)[H
M5+ (Krause et al., 2013), BB B AR BERF- B
Frhi X 24, H AT RS | A& ok B My P AR e AR B
(Floyer-Lea et al., 2006). A HWF5EE AR, RN
B2 A I A A E— B U B,
BRI 2 A 1 258 0] BB 5T A AT M W AT 55 19 58
f.(Krause & Cohen Kadosh, 2014), {H514 5 Y2,
N[5 il DX0F A A 1 o o7 A 7 W 3 22 5, BB xeg
e SR P9 80 N P T 00 DX 3t o IS R R 38 mT A
WA R RSP, XA H T BRI o
TR X JC AR B A S8 DI AE(Weiss & Lavidor,
2012),
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R B BRI BIRAE AR (R S, 2025),
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ATEF /N ZE R T S AR AL I T rp i AR, (H
R I AN 375 2 At 252 kg DX (A 000 R 5 3 e v 1)
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5 45t
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Abstract

The levels-of-processing framework posits that cross-modal conflicts demonstrate modality-specific
dominance patterns, with visual superiority seen at pre-response stages and auditory dominance seen at response
stages. However, prior studies have not systematically examined how representational modalities of stimuli
during cognitive processing modulate these sensory dominance effects. Given that stimulus similarity influences
processing efficiency and conflict magnitude, the present study aimed to examine how stimulus similarity
influences sensory dominance effects at both the pre-response and response levels.

Experiment 1 (N = 34) adopted a 2-1 mapping paradigm to categorize audiovisual congruency conditions
into congruent, pre-response incongruent, and response incongruent conditions to investigate how stimulus
similarity influences sensory dominance effects at both the pre-response and response levels. Experiment 2
utilized transcranial electrical stimulation to neuromodulate the left fusiform gyrus (Experiment 2a: N = 26) and
left inferior parietal lobule (Experiment 2b: N = 24), causally verifying how stimulus similarity regulates
sensory dominance in cross-modal conflicts. In addition to reaction times, the congruency effect index was used
to measure the processing level of cross-modal conflicts, and the sensory dominance effect index was used to
quantify differences in conflict across different cognitive processing stages.

Experiment 1 revealed that visual dominance emerged during pre-response cross-modal conflicts, whereas
auditory dominance manifested at the response level. In addition, visual similarity significantly reduced both
visual dominance at the pre-response level and auditory dominance at the response level, whereas auditory
similarity markedly enhanced visual dominance at the pre-response level. More importantly, Experiment 2
revealed that the effect of visual similarity on the sensory dominance effect in the pre-response stage was related
to the left fusiform gyrus. Electrical stimulation of the left fusiform gyrus decreased the visual dominance effect
at the pre-response level. The effect of increased auditory similarity at the pre-response level was related to the
left inferior parietal lobule, and the visual dominance effect at the pre-response level was increased by anodal
electrical stimulation of the left inferior parietal lobule.

These findings reveal that stimulus similarity modulates sensory dominance in cross-modal conflicts, with
visual and auditory similarity differentially regulating sensory dominance effects at the preresponse level. This
study provides novel insights into cross-modal conflict mechanisms across different cognitive processing stages
and enhances the understanding of the sensory dominance effect in cross-modal conflicts.

Keywords cross-modal conflict, sensory dominance effect, cognitive control, stimulus similarity



