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Abstract

This study employed transcranial direct current stimulation (tDCS) to investigate the regulatory role
of the left dorsolateral prefrontal cortex (DLPFC) in Chinese cognitive conflict processing. Twenty-
six healthy participants completed the Flanker task, semantic conflict task, and emotional conflict
task under anodal stimulation and sham stimulation conditions. Results showed that anodal stim-
ulation significantly shortened overall reaction times under incongruent conditions, with the most
pronounced efficiency improvement observed in the semantic conflict task. In the emotional con-
flict task, processing under both congruent and incongruent conditions was optimized, whereas the
Flanker task showed weaker sensitivity to stimulation. Further analysis indicated that DLPFC acti-
vation may significantly enhance accuracy in the emotional conflict task by strengthening goal-di-
rected control and cognitive-emotional interactions. At the neural mechanism level, the DLPFC not
only participates in general cognitive control networks such as the fronto-parietal pathway but also
adapts to different conflict demands through task-specific pathways, such as language network in-
tegration and emotional regulation. The facilitative effect under emotionally congruent conditions
suggests that the DLPFC may coordinate the allocation of emotional and cognitive resources through
implicit monitoring mechanisms. This study provides causal evidence for the functional differenti-
ation of the DLPFC in linguistic and emotional conflicts and supplements experimental support for
the representational reorganization mechanism of cognitive space theory at the behavioral level.
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1. 5|8

B SN TAE IR AR TS B AES S B Do 2kt b SRR DR BE T D D S0 ] B0 B 4
JZ, AUARBL R — AR v RAT 55 (30 Flanker #5377 [ ) M0 TR, SEAER SLBOGH Ml &
SO SR A 2845 BT PECUn 15 28 3 1 L 99) S5 R 2k st JE I 2 4 i & itk . RV ST Wt FCIIE
S SN BT AU (DLPFC)E -6 28 1 b 5% o A A AZ O PR T, B X A 7] v R 288 70 f) AUasl R S A L 1)
PAEAES UL EERIE, W RDE SCETEEE SR ERNRE, OIS - 5472
FARFIRIEAR S 1 o 22 ELIA RIS (EDCS) BN — AR AN VE MOV, B L3 I 1 R e fii X
FIRh 23, RN R I I X SR A T B, AT EE— P48 R 1 5 AARA K 52 TLAT S
ZeIEfl . AHTTUR DCS BIR VORI RALS Hi 6, B = Mh R (Flanker (E55 . i M RALSS
FE G 0 AT 5 AP PAEE AL, 7R 15 5 RN 128 B FH R HA 20 b B A (1) SR A 3

2615 25 N FnEEH] S BAE AL MR S RHE RO B0 2 — . BEFURET, 1B 2R B itk
TSl B RAATD) B A SRR R I T 2 oA 25 i L 548 S 75 (Rl BRI, K 5 22
FEA PR A A0 B U5 P B 3 A7 SRR 55 98 SO A DR IN LRGSR, XM B 58 4 W] BE - B e AL (e 57
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PRI 1T, 20225 Lietal., 2018). MMEIERIE, B MIHTHIH K 2 (dACC)S5 4MuUlFT A 5 J2(DLPFC)
A S PR AT T2 ) D 268 A A A9 A SRR 25 S S o )38 FH A 2 B i ——dACC 3 I 5% {5 %5, DLPFC
ME H B R R T PUE E(Botvinick et al., 2001; Egner, 2007). {EIG %M RFFREE T, Atk
BRI RIE S O E LG RGN, ZX iR RYE JACC MI)ReEs:, (RN B %
5 IR A U N A ) (Vailleumier, 2005). X RS RGN B 8EA 0] AL S 20 4 vh 28 5 3R &5 i S
B H B 53 55, ) an s 26 b 58 b DLPFC BIBUE TR T =y, HS5 W& RSN B AT (Yang etal., 2024),

AR OV RTEE R GG RAOMEES 50 BRI 7 EHEZSQ019)3H, AR
AR (A B L A AT — et SR e, AT A il P AR 2R O, AT AR SR DX AR
Pt e R VEREAT R A% . — DD REVERA LR R (EMRO) I SR B, 15 28 D TAE 55 RV RN FIK 5 — R
WNEIHRAT 55 (i Sk Flanker AF55) 3L A B M ETHI B2 2 XU I ON AT B 2 (R0 I80 , 3% L)l X ) e
PR [ 28 0 9 e FF 9 % o AL 28 1 SO R R RS A AMI AT &R 52 2 (IPFC) s Fe iRl RS X 4, 42
S 48 N L 75 AN P 57 IR T A G (R A R g o X — 45 R 3 R PR X E AL
g —— R [RIZR B () SAK 0 73 BB AR IR, (R 4 PP R TR AA M A 1 1B IR AL BRREERY(Li et all.,
2018). AR, IXUeLEE 3BT WEMERT 7T, B b X PR 54 A B 06

EARERENE, DUBEARE T RS, HiAE N - MR s N ] e 5 P8 CF AR 2
S o PEE ST IE SUIN T s FEARA /e 2 BR1E S R (U0 7280 [81), 1 B0 D0 i B 58 )32 Ao - 1 SR
BIIX, U (B R 7 254 FR s S PR B (Xue et al, 2006). 2415 2515 B (i 7o i £L) 5 BGE RN B
W, 224k (S B SRR AT RE TR LA DLPFC X A58 15 S 28 (TR i 1] 712 [X)) -5 17 S o T P9 8% (n 485
{2 BAT B S . S R (DCS) I FE R B, BHARSIE/ Il DLPFC R 34 3 DX 3 i) % A 1k
HETT B THE SUAE 55 o B T H0 301 80K (Pereira et al., 2013). (BEPIEIEE T, XFEE RGBT
DLPFC S8R Bl & Besm B s Bl, Tt — P WAE. Bhat, BOERE BRI AN T2 SRS P S0 M
LRI A% R 2%, 0 75 BT 2 0 LA

AHIF AT B TE I 20 1 B I B (tDCS) B, #R 78 76 Ml DLPFC 715 26 vh 9% 5 -4 4 M o (0 LI 5
— NSRRI E R . BT S, ASCEERTLLT R 1) 2RSS R R B A
LI 2E AN TS AN R A B2 2 (DLPFC) ML 2 2) Al DLPFC TEIE 25 1h 98 5 1% 45 i 5 v 1) B AR
ARl ? TR EEE AR DCS Bl N DLPFC A J5 AT NI BB . IER2R), R RIE% -
28 HAE AR 2 AR AL R SRR SR, O DGEAE S T 5 45 B s (1 o 2 TR SR AT TR 2
2. 53k
2.1. ik

ARSI RS 7Ok BV R X — BB (1) 26 2418 B2 IR, BL4E 13 44 FVEA 13 2 2ok, FEIRE 18~26
%, VIR 22.22 % (SD=2.043). FTAHGCHDUERHE®, AFF, HREKLUN &M 1) SR,
TokiBAMA: 2) oW BB AR s s s 3) MLV IEW B IE R IER AL 4) JCEN s Pk
FHTEDL . ASHE IR IEE (R /R ¥EFHEE T ) (World Medical Association, 2013) /135 & NJE524838 (146 B
W, BTG B SR o 38 A% AN« HERRAR AR IE X, B A S50 BT 2 8 1
Al R TR A R, B T ARSI AR . YR e BRI MR, I AE 5L 50 J5 IR 1 AR
2.2. SKIEHRY

WFFE SR FH (R RSO g = Rl 28 b 9 & F : Flanker $IB0(— 8. AN—30). 18 U8 A —%)
RS LRI (— 3. A—F0). PR @i Adobe Photoshop (2019)# 444k A 45— R ~1(800 x 800 14
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3R, FER AT EOC AL B K LR (AR RS, K/ 128 px).

Flanker £ 458/ T Eriksen [¥] Flanker 1T-45 1) U4 it A< (Eriksen, 1974), Flanker {1-55— %2 i T-3E15
FAdE R R I, A EF SR PR DY AN KT SR A S (AN, R —Bolkh, B kS
s BAREA R AR A FEAS — SO, Tk 5 B AR k81 mAH 5 o 18 P RAE 5515 28 Noga Oren (2023)
SEYEE, E BB PR 55 5k R, TR B 2 NI R R SO R (S B R AT 5B R AT
BB S A B R, S 110 ANE SORI . P9k 28 T FL I v (BRI T AR E o A 1 26 Th AL &R
Hi(CFAPS), BEANTHIFL I3 0] A B 5 1 4 ml I R i i), e B ] 5 Y AR ] &% 15 A, MR 2
(FRARRIEIFL AR AL) x 2 (BB A T AR IE 60 MG R, 0 th 4 — S IEEA 3. KXy
SYBCE] 2 RSE R (BHARRI B D), R seattt 288 MR (=R % 96 MRIK). SLER A HN
PHRBEAT (BHBRRIS . O, BRGNS TA] -G R A BA B (LA 1)

F—X —_1 B—RXE
(20 532 A EL i B, PRI AR R8s £ R0

B-X —_ BIRXE
(Gi=18)] (20 53 $he2 A 7k e PHAR s £ %0

v

Figure 1. Experimental timeline
B 1. SSIORTiE ZHE

23. SKRESMRE

FEIESSLIR 21, #3224y Flanker (L5518 M RAMELE M RAL SR 2 (AR TN A 5IEX
KIS AER), B PR BT PRI, RS, alkdeti sz 20 2B B AR R e Oy )
W IRNJE SRR AR S5 (R ST R A AL 2 7)o — i s BlHEAT 38 — IR SR, 132 538 — AN AR
FRRPAT PP RAE S5 o T ARk RO 22 LB FEL R 5 2~ A )
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Figure 2. Schematic diagram of the task procedure
2. EWREREE
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SEIGAT S5 i — G 35H E-Prime 2.0 AR BN 2. BIREEIAS 3 MEBUFF)(blocks), LS 288
AR K (trials)o BEMEERTHI 2 [AH — KR SB[ . FEAMEET 565 96 MMAIK: 32 IK Flanker 1155,
32 KE XM IATSs, 32 AEE I RAT 5 o = PP RSB AC B

e o 6] B S 2 I — AN+ T2 TEAL (1000 ms), SRJE H BB Fr, B SR At v i b
BEAL B =i B (Flanker 4145 90O Sk 77 1005 26 45 8 Sk 7 & 15— 350 18 U R RAE ik 2 15—
B, B AL AE BN R B — 80, HR TR YU S 2B F — 2, T A—B0Mut LR, #
Wz fa | ahiE N T — MR WgeE 3000 ms PYRMH A, W E SN T — ARk ik
B0 tH B 1000 ms FERL AL 2).

2.4. EFEREBRIE

SEEG R I 7= 8 22 1 tDCS W& (115 DRORIAN2019)X Sk sE it fil i R4 E PR 10~20 R4
(Kounios & Holcomb, 1994), FHHK HLAR# AU E 7E F3 AL B G2 M ZMU AT, 1 B AR H A5 D) i 8 72 Fp2 4L
BOHRIEET7, WK 3). ZTa7 NFIREFT, tDCS JIB ] — B AE 15~20 434 . (Homan et al., 1987; Nasseri
ctal.,2015; Huang et al., 2020) . Jyfffi O A 8 HMU A 4545 31 78 73 W0, A< SE56 150 BRI 18] 2y 20 434,
HIRGREE AN 2 2%, FEFINCRIBERME T, BIRAERIEOTE 1 08 N gese ETHI 2 2222, JFRREE 20 704,
G 1 BN 22 7£ 5] 0 (Holland et al., 2011; Cao et al., 2018). RIS T, HIREAE 1 8N E
T3 2 = R EE 0, 254 10 FPHIL— Rk FE A 0.5 FPIRIEL,  SOREEY 100 . ERIEuR
Ja 1538, MM 2 Z2LRELZFVEE] 0 (Rivera-Urbina et al., 2022).

magnE o B electrode_currents z
[ 0283 0.566 -0.002 0 0.002 lﬁ
[ - [ |

magnE electrode_currents z
o 0283 0.566 -0.002 0 0,002 x
- - . _— |

Figure 3. Stimulation of electrode placement and electric field intensity during transcranial direct current stimulation (pro-
duced by simNIBS software)
3. SFUEREBRIZTIE B AR A E L B K B 1758 B YRR (F simNIBS R 4HI4E)

2.5. BRWERAM S A

TESLEGIS R, B-Prime 2.0 3R AAR H5 42 5 S0 = HF US4 1 81 e B2 [H] (Reaction Time, RT) A IE
i (Accuracy, ACC). {#H] IBM SPSS Statistics 26 XS5 21| [ NI (B FE R 34T T 0 dr. RAHES
W77 72 53 BT (48 Bonferroni A2 1E), ARSI (O BN BH AR R0 « /145258 (Flanker 18 S SR I 44
PR CA L — B (— BMA—BOE AR N A&, Beah, X7 Z 00 ds Brh A 358 BN et — 25
T B AR N, 40T o

3. 858
TR 3 (525, Flanker 18 X5, 1Mo < 2 (— 8tk —#. A—%) x 2 (tDCS il
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A BEAR DRSO FEAN EE N E B, 0T NERRBE  IERR) R E 8N KA AR, 4
BTF:

3.1. KRR

ANRIRINEERAT B I FRAE S5 1~ 35 S S S hRvEE R BAREAR N4 | P, RN RS Ie 2 R SR, nf
FERBSR Y 1 LN 2 (F (2, 50) = 265.243,p<0.001, 7, =0.914), F M =Ff Rl A (Flanker. i 2R
TE LI RN I S S AFAE R 22 5, AN R 2RI o SR B 2 S EUR I AR . — B AR 2
RN (F (1,25) =70.887, p <0.001, 77, =0.739), A—BURM T RN 22w T—BUkAF, B2
PRSI EIIN T ASE B i . RISOR AR RN E(F (1,25)=6.115,p=0.021, 7, =0.196), [H
W tDCS FIRECT S NI B R AT T DR, 7R 76 ) DLPFC 2 M3 5iton] Jsg 7 33 A 873 i 32 FH

TR G — Bk S AT BN 3 (F (2, 50) = 11.240, p < 0.001), FEIARFEMIRREAL “—5
- AN—E RNE EAFAEZE S, RIS S AR T AR T . — B SR A R A R A LN
WE(F (1,25)=12.852,p=0.001). FE—BRRLPI TR, E—BRAT, (UFHMPRT, BHE
R NI (¢ (25) = —2.867, p = 0.008); Flanker (¢ (25)= —1.550, p = 0.134)F1iE X 58(r (25)= —1.140, p
=0.265) 11— B TE W35 RS (WL 4) o FEA—BURAE T, =T 5 (1 BH AR R B55) 2. 2 47 2 [ S I (Flanker :
1(25)=-2.394, p=0.025; & XPR: 1(25)=-3.151, p=0.004; HEEMHIE: 1(25)=-2.292,p=0.031), %
UEZE N DLPFC 78 S AL R AR b AR OAE R o RIS AL S RO AT 28 BN 23 (F (2, 50) = 3.675,
p=0.032), &SGR — EUAC AR XS BHAR R BUR (p = 0.004), 111 45 0 9 11— B0 26 A R B URR (I 23k 23K
Ri(p = 0.008), S BILAN[F] 758 144 2 Y s 1k

Table 1. Mean reaction times and standard errors of conflict tasks under different stimulation conditions

F 1. NERIESFM TRRIESZ TR M SR ER

R4 2R —EE plbse-2id P18 2 B B (ms) FrifEiR
I AR 8 589.005 19.555
P 621.604 20.748
Flanker {£5% .
_— IS B ) 662.268 24.143
PRI 719.791 24.006
IS A% 1 35 967.919 29.865
A PRI 1017.321 34.383
VB S RAT 5% ‘ : '
S B 993.404 20.379
PRI 1151.257 45.637
FH AR 924.139 30.345
A PRI 1025.483 31.203
T RAT 5% ‘ : i
B B AR 941.338 32.83
P 1041.627 35.954

=RFERZEIEH R F2,50)=8.83,p<0.001, 7, =0.261). HEHRHTER, % HRIEANK
PE R ) — SO BN B (p = 0.008), T TE S RAEDN R EAT T AN — B RN i B3 (p = 0.265). Hids
FW], IR AN LA O R R, KRR 8 BN R RO, >0.9). ZCHAFR 24
AN T AN SRR S A RS A TR il o — B A R R Y, DOZSAE T, PRI “ e
SVEFRZE” R, 3N SR (p = 0.008) 5 7 175 25 Uk B4 26 A5 A DT RS, (I “ A v 51K
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Figure 4. Reaction time results of conflict tasks under different stimulation conditions (ms); *indicates p < 0.05 after
Bonferroni correction; **indicates p < 0.01 after Bonferroni correction; Error bars represent standard error (SE)

B 4. TEIRHMZETAHRESHR TR (@ms); *RRE T Bonferroni #IE/F p < 0.05, **RRZ3id Bon-
ferroni &R IFfG p <0.01, RELFRTIFEIR(SE)

3.2. IEfHE

AR RIS AT T RAT 55 1 IE 8 3 SRR BAREER 0 2 Fos. ERNNRE SR, R
HUBS T RN 235 (F (2, 50) = 43.87, p<0.001, 7, =0.636), 2B =Pl SRS A0S IE# 26 (K RN 47 7E
REES. HAAME, Flanker (T4 K P IEHZENE NP = 0.837), MEHMRAEFENREQP =
0.047), FERIELMRTTEE SR E G PRI T TR SR B FE R0 23 (F (1, 25) = 6.21, p = 0.020,
17, =0.199), BRI Oy RIS 22 7 B2 o — B SR B RON AN B3 (F (1, 25) = 0.31, p = 0.585),
T — B A — B AR B A B 26 B ST R M A 55

Table 2. Mean accuracy rates and standard errors of conflict tasks under different stimulation conditions

= 2. PRIRNHMFH THRESZSHFHERRSIRER

fE 45257 —FrE plbse-2kd S IERR (%) FrifEiR
g IS A% 3 35 99.2 0.003
PRI 99.1 0.003
Flanker {£5% ‘
— BB 8 98.0 0.003
P 97.7 0.008
- BRI 96.2 0.007
P 97 0.006
B S RAT 5% ‘
S B BRIl 8 96.2 0.009
PRI 94.9 0.010
. BB 8 93.9 0.006
P 91.4 0.014
T AT 5% ‘
IS A% s 38 95.8 0.007
A—5 ‘
PRI 94.7 0.01
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2 H KN BARITEAL G B EVE(F (2, 50)=2.155, p=0.127), {EECXTREAKG U6 465 5 i ds S vk, I b o
TE—EAE N, BHARR S 2 42T IE B3R (¢ (25)=2.089, p = 0.047), J&ME—7E —F 2% N RN 5.2 1
MREA(GNE] 5 FroR), PRSI 45 i “ A5 g% — Bk R ERYE ", 578 DLPFC W45 A I A 4 1% 2%
PRI SN I 5 HERA Y o oAt € (Flanker AS—3: £(25)=1.783,p=0.087, iH%Zk &% & L5 p>0.1)
ORI SR b SvTE & B S A T - U LN AR E b = e

Flanker{E&% BN MRS 1B INSESS
100~ = *
I I —
I I
£ 9 I W (ERE
Kt Rl
g
H 80_
70-
¥ F—¥ —-¥ F—H ¥ F—H

Figure 5. Accuracy results of conflict tasks under different stimulation conditions (%); *indicates p < 0.05 after Bonfer-
roni correction, Error bars represent standard error (SE)

B 5. TNRIRIBEG TARESHERRLER(%); *FRREL Bonferroni #IEE p <0.05, IREZL T RIREIR(SE)

=R AR RIEREE (2, 50) = 1.904, p = 0.160), {Ef5%%phoe— 8% LPUMER < dE -
HERR Y FIEAL” RFAE, PR tDCS BEANIEZ AT 1 Bi(p = 0.008), X IEH R (p = 0.047), 0] WLZC AN
DLPFC XA 3G 5RINT, 17 24 b R — SOk 1 R S FE 5 e 14 [ 2P 238, $27R 72l DLPFC X1 25 R
—HUERE N TR, FEAT N 2 R SRR XA AR A
4. Wig

AWFFE 3 % 2 x 2 Wil JRILT =M RBBEMSNIH L E S S8, v A k]
48 AT S I R RS SR T OEEE

= RSB B AL B A, AT 4% 38 ) S AT SR R . SR RS RTE A — Bk
N BARR tDCS P 1 sONIE S, BT REOE 1 LA DLPFC A% G BRI M 4, AREI 1IN s il 1
. AT R R (dACC) I R M, AE AP A A% 01 58, dACC TEA—BURAE T 1S
BogE, —FMATREIMRR R LSS TP RE S 1R8I0 5 (Botvinick et al., 2001). BHHRH] AT #8308 i 1 5%
DLPFC-dACC [FJ3ERE, Ik ph 515 5 & 5 kb3 (Egner, 2007). 15 AN FT 4 H (dmPFC) K H bR £,
dmPFC KI5 DLPFC KM FHIE, 1X AT A8 S RHTS HARRIFEEIE (Miller & Cohen, 2001). 4,
Flanker {F55 HP4ERE “ FIWr RO/ ” BIEBR, 8 X RARS rp4EFE “im B — S0 7 B, 456
dmPFC ) TAEICAZThEE . (TSR REMIAL S5, Flanker (T 55N 5289, NAEA B Lg%,
AT B8 R 2 By 7 428 i) B 22 A T 17 J2 (A5 100 /i) I 9E DLPFC (Corbetta & Shulman, 2002). %% [E] 3!
RIERAB A N ERERE M, 1 DLPFC W H IR 60018 5 8Us 25 m R N R (Xu et al.,
2016)0 1B S FRP AT, SNBSS R (@ <0.001), TTAES M E] . BRAR B 518 XERAE
W 2% 5 2 A S5 (Bedny et al., 2008). PUBMENAEHIE LT, 15 UM TR AR % 7T 518 LM I 8B 45,
DLPFC [0 AT A3 ol 7 20 LERIE 5 X M IIRe RN &, IdiE OB U B (Yang et al., 2017). TH&EHI5E
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L, —EEA—BRAY SZ a T BRI, R RE SO T IR N T SR —— B S A 1 26 R £ P 1]
TR T FL I AN, SURR GERERN FUBT 1 B AR X — i FE T RESS T DLPFC S5 4% . S ridss,
NTARE T 185 26 i 9l i - 102 R 48 058 B#% (Phan et al., 2002; Guo et al., 2022).

AW T IAALF AE IR I, B4R tDCS H37E ) DLPFC AMYARAL T A—EU5& A F I S fg vk, ik
RAMRTE T 15 4 P9 — BUR AR (U A% T L5 9 BT DT RC) R R VAL o 1% — IR TG AR Ge i) “rh o i
T - fk” B S8 A RRE, TN 28 A1 B Sy FAR AL 78 (0 ) B A —— 72 fUl DLPFC ] R S A4) 155 4%
= 1B SUE BRI 2 (8] R R RAERE B, BRI BRI I 3% 4, AT SEBILR N R0% 132 TH(Bellmund et al., 2018;
Yang et al., 2024),

MANENZS [BBRVR R, 18 28 RIS 8 XAT55 B ARTE N 23 () A B AN IEACHERE . A48 R 4 2 (1
PR/ 515 XN B (EE R S). 1E—B0ME T, REHERN 515 LA TLEC (I “ PR 7 mEHRE
SRI), ABAE 205 5 R S 3 1 T e S AR N 8] R T S TR SCH BRIRAE AL, P 2 (A 0 BRER
27 L Re 5| R BRI T35 4+ (Kanske & Kotz, 2011). Zcfl] DLPFC % #4385 ] B30 i A Fhog 42 0 13X
—id . H—, R N ET AU K2 (dmPFC) S TR /N ThRE &z, Kb s - 8 G B RAE S
FEWE A (AR “RfE” , AE—BUR AT PRERA & B AT %5 H AR RAE O, AT I I B2 IR R T
RIHFE(Guoetal., 2022); =, DLPFC W RE FIAAAIZ SBRINME HER DR E, TR 1 240 4 B 1) R AE S
(), st f5 28 R N 2 BE a1 S S5 1 H AR s (Yang et al., 2024) . IX AR 5 LE] ATt — 2D i i
N R 7 AR —— /M DLPFC ERIARIZS A PR A", i 38 5 AT 25 AH G 4R FE (3
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