tACS ﬂaulﬁﬂﬂﬂﬂi‘flfﬁlﬂ [Z TR A 22 -

TET " FRRT AEFO R FY B!
(DY S K20 5 L AL BT A2, TR 610066)
C LA 31 K20 RO H S 2L 2B g dty,  HERIRE 4000)
C FFiA- B AR BHE R R S rh o, SRR 37075)
(I TIFIERZE M S A FA EREERF S G, KIE 116029)( TR A8 0K 22 O HEAF 5 & L, RES 611756)
PRV TGN A N S — 1
WE S Z M BRI (transcranial Alternating Current Stimulation, tACS) B 3 13 %5 I\ 40
TSR T LAEIEAZ (working memory, WMD) KI, (HILACREI AR5 h I A —. AR5 RI,
tACS FIBH N4 55 (LA P WM IR 8CR (K DG B AR . Sl BT A% 1T (K556, 3
4878 tACS X WM 8RR 2 RIS AF 55 I Fe s . AESe0e 1, AHECTEOIG, 2R T wi it
theta B tACS (4Hz, AT BFIRTFHAZEE BARFRE AL W0-F 51 5 e, Aot
55 B0 NG FE AL SEms B AL, (5O BB PE RS 125k 15 DAL S, B SRAH EL, tACS
O PRV B B A R B T A O . 526 2 b 2B R I, B B SR R B A 25 B
BIHAES T, BIATE 55— AME S5 TR B SRS TE BT 25 P BT i X H s, MRS IRYE T
B S B 5 RSB SRS, RPN RIE R G H . Bk, RIS 4518 tACS
AN WM % AR R T RSO N R[], 2 EZR ) B ein, 0 2 ZERg 2 80 A SRS
JEHEI, T FE AR B BRI SR S IR RIS
RKeEiE ACS, TAFCIZ, KE-EEAE, 4Hz theta, OPLBIVE

3RS B84
91 &
Lot TAEIEZ (visual working memory, VWMD) JEIA AT RERIAZ O ARG 7, A sn XS 45 2

BEATRIETI DRSS . #0580, OHAURN, Sl TARCIZ R B ME B TR S, 72 R ok

U HE: 2025-03-18

2 L WNIEREERETE (UIEHREBESRFETH)  (SCII25RKX105) « HE #imi BARBGE TAEBME
BN THE L (PER RS AY:) 2023 FEE TS (SWITUUKF23-15)

3 EIREE: 1q780614@163.com
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(Zhang et al., 2019). i & B f#(Ding, 2023) FI411] TG 5515 B (Vogel et al., 2005)55 77 T L H 50 H 4
(FIRE 7. SR, AR TAR G2 BAAE B 25, R TAEICIZ 25 & T RE PR Hil AMA A
I Rk, B E SO0 THRR LRI TARCIZ R B RIA 8077, WL MARIA I ThfE .

ITAER, theta AR (1428 i BRI BL (transcranial Alternating Current Stimulation, tACS) #{iIE
S B L 1 T T X M E IR D 1, R S AR T AR IR 2R B (Biel et al., 2022). 1X—
RIS T TARCIZ R S B I HEAA, 2N, BA EE RN {H (Pupikova et al., 2024), HAEH]
B 32 3385 theta-gamma #5451 H8 & (Jensen & Lisman, 1998, 2005)S2Hi: —> gamma J& %} N —4
12T H, 24 gamma T IR ETE—A theta I . BEAICIZT0H AN, theta I 155156 23 %
fik(Axmacher et al., 2010). tACS Hl ¥ 33 7 7€ 03 ) Ak 55 LI [R) A0 KN 72 %, AT S MDA R 22 30
(Antal et al., 2008; Nitsche et al., 2008; Riecke et al., 2015). K, K4 tACS (f1 4Hz) AJ 3@ it fEAKA
KM theta S, N theta FUAKE, MWTIAINE 2 gamma A, &7 TAEEILARE. HEEER
[f/&, theta-gamma #& FESH TAECIZM RIS B, {5 B 4EREM BN AKH alpha (8~12Hz) F
beta (13~30Hz) #&¥%;. IR M, alpha 3% 81 ] TG 5 I X 3 B - B LAE 1012 FAE Jensen &
Mazaheri, 2010), beta X} ic4Z Py 75833 47 58 55 4 7 (Spitzer & Blankenburg, 2011). IXF ) 58 73 B $2
7Nz theta-tACS (¥ 72 X1 7T BE LA B Bedy 7 M —— AR SR G S B BB I I 5 theta-gamma # &
PETHE AR, AT 4EREI BT B Rk, AHFR R AT theta-tACS St TAEICIZ A &
S, BTERR I HAEGR IS B i ks AR A

S tACS FEAR T LAEICIZ R I T7 T 78 71 AR B — g A AT, B FBF 5L 13 45 RA A7 42 22 S«
%140 Zhang S5 N KB, theta K tACS B AR THIL A ) TARIZIZ I3 I (Zhang et al., 2022), i
Kleinert Al Miller (2017) %A &I theta FA ] tACS XL A5 A TARCAZRINA FRIHER] . X Ff
TGN tACS AT R AT BE 52 2 B IK F 52 . Nissim 25 (2023) e HT#aH, (155 X FE (Biel et
al., 2022) FAHAL(Tseng, 2018) 2 &35 AT AL & . (H—LeffF 5 R B, HAWAR EH S50 tACS HIFET
B B, rEm S R, A T ORISR S AR 1Y) THZ tACS, 4Hz tACS BE i35 5 s A 1) T AE
101245 5 (Bender et al., 2019), X 5 BRI BRI 2 52 mfOCR . HOUR,  #IX R 1 (Jones, 2019)
Je— MU R . A4 AT N 4.5Hz 19 tACS X1k WM A i B 0o, 1 78 XU A (1
tACS X WM TG {2 3 52 (Jones, 2019), 15t W T £ A2 i R 4456 B 244E H (Jausovec et al., 2014).
Ak, B AR AT R — AN E BRI R . AEAT 55 AN B A R I, R AR IO T
VEACAZAFEAE B 3 AR TH R (Biel et al., 2022; Jones, 2019). 41 Jausovec KT 703 B, LEAE55 B X 5 i

2
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N 15 7350 tACS R RE & - T+ TAF L2 4E 55 R Dl (Jausovec et al., 2014). JRTM, AF55 5 it In )
PR e 4h RO I AN R . BORTE IR AT A IAT RS, S5 RER, X TR AL AR
% BT 15 25 B (K leinert & Miiller, 2017).

FRATHEN, X Fh 22 T AT e 5 OB (psychological inertia) 45 9%, BS54 7E 22 B 154
T R E SIAGAT A 17 (Haggar et al., 2019). ‘B RERE 4EFEAT RIS BTLE, B B AMA TR R AT A
(Ouellette & Wood, 1998); {H 4.0 FRAS 1 5 B PE AR SEAH bR SR I, W] e 5 BUIMA Z IS SR %, 1
RS R (Alds-Ferrer et al., 2016; Samuelson & Zeckhauser, 1988). iX 5 Baddeley 1122 i 7 B 74 [ o
RPAT R DR MWARIERL: FEAESAIH, PRIT ARG T E R ES 5 RIS A RIS %, 10
AR E LG, H5 5 F#{K(Ericsson & Kintsch, 1995; Sweller et al., 1998), RI#AZf4F5% 1] LAIE
R R G (il & ol B Bt S (SR D S A AR PR, AT 98 AR o SR AT & 48 B 11 4H (Baddeley,
2012; Shiffrin & Schneider, 1977). IXFf [ 24k (1) #4128 FL Al v] G & 200- 10 X 38080 BRI . e TAR i
ZANGRAIR I, W32 >0 75 BT DX S8 o0 P s A5 BORE ) MiEVI SRS, AT 45 18T
H 2, BT DR P AT 42 75 R B AIC, B0 > (Liu & Zhou, 2013). B ATEAESS I, theta-tACS
Al REIE AR A B AT R A ARG, K theta FIMALAANTE £ gamma 153, FEHIE LR
AT s MIAEARS %), A0-TOIX B BA, 1042 5k ms B 3 ik (Rl 214z 3 AH D , theta
RGETRE . 25 TR, WA PR % theta JH BASKIE NiAE 55, T2 1T theta-gamma AH -k
A& (PAC) At gamma #2270 1 [0 1 55 W05 58 % (Lega et al., 2016), A2 F T 12 1ZRAEK

{ELE A1 MR A BSOS RN AL — A8 B AT I E, I I 78 2 M Sidabr (W n-back
1155, MELUIRRZESBCHLE . 1 Zhang Rl Luck (2008) $& H (i HZ4R 75 36 206 LA L IZ A& 4>
R FERNECR T AN ST AR bR B H I B P9 A BB 5 10 A TR E B R FE R AR TS AZ 35 H 1
HEWTE . ML TR GedR bR, BoE SRS LR 328U (Barton et al., 2009; Bays & Husain, 2008) 5 fig S it
PR B (Ye et al., 2019). 40, 7E Guo % (2021) [M#fFsTH, AhATR A %6 B Ryl e 52
FRERSIES, FMEINtACS HI, B BT IESER . 2R, mRA PR 4Hz % 4F Fidiz
FE A RIRTT, (HCIZBE R . X — R & LR K TR e iR e, Hizut 5 of
RIS RIBEAE 55 B 00 RIUL, AR FORE o IR e 28 S0 WL A s o0 BEABEAE 1 15 tACS
X CAECAZ e o AR, EARSSTFAR RTINS, 7T DLRRARANMARY theta S%, 1EBXLE(E
S WIARI O] RS TE 2 I H , R B R ICAZ B K SR s I EAT 55 5 M IR, R SR

3
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B3I, theta-tACS RN A AL theta A, 1A 1% gamma JRIEARFETH AT SIS A AT R,
RIS AR TT

HAKTE, AWl #R\ 4Hz It ACS R N T2 55 A FIBT B SR 1B 25 ST B B AU 5
W 2 AL B, IR ISR AR A FE S T AR . SeIe— b, B BEHL 2 B2 SR
B CRIBE-2R21-1E 20 MR (ER21-R-1ERD o SRR, BaXEES5HIaG b Bosi i
TEANtACSRIEL, FEARA KM K thetadli, IBAFEFRIEEEAE T, A TBARIE, HAciZm AL,
CAZEEARTE (BB 1a). A, 25 R o 2R 20 B BOY BT BT Sk i2 ) & B e, HLAs
R GuosE (2021) WL —EL, WIZBEAR, WWIZRERTT (i 1b) o fEs2IG — b, ATk
— B IAIE S — A4 R IF PR theta-tACS & 75 BEAE 8 AL BT A 55 F R BT (1 5L U870 e SRt o ik
BRSSPI ANF RS (BEATT AAESS, WEUPEENL RO AR 58 iR —ME 55 1
ZRIBT BL RS ACS I . FRATHEN, 9 AT 23 (E 551, theta-tACSIE I AR A 5 B AL,
REMSIT AR AT AR 55 AN RS (8 AR I BT A2 55 1O i ELRT G B B0 T4, 0 T3 —MES R,
FRATTTIURA R 5 S5 — R JE A — 30 (IR 220 5 TIFESE AN RS, ikl se 2 EHTR
PEAT 55 K5 mi T OHT O AT SR, BRATTUYI LS5 2R 5 S8 — I S RIS AR 1) (AR 2b)

1 SE5S 1 tACS RS AL AR AN A & 1R 52 1

S — R B B tACS RIBAE IS TR, AR AR SR S B BOT AR, AT A 12 3
PUIRZS, AT 25 52 tACS RPN AL 15 2 S HZ RO WM IR RCR o R RBEL T, ok
FEZR M BUZ BTS2 1 tACS B, AR AARATIAEAR 55 H 00 2 BT ST 3 22 O Z B2 1 i Rk
HINFELR ST BEAS R m A 2, it il A TEEZR ST i B4 AU IE SRS T 4R 2 i, ie12 3%
BAR2I5ETT
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1.1 SRk

1.1.1 SEI&it

SR AE 2 RIS (8] SR vs JE RIS 2 RS R ORI vs BORIED <2 LB =R (2, 4D
frRaBrt, Hrb R AR O A R, RS AR N AR R

1.1.2 #i

M 25 7K S [ 2% 8 B £= 0.25(Wolinski et al., 2018), a/KFN 0.05, Stk /1y 0.95, %64k
I NS BB AR R REAR R 200 36 >0 36 &k H U INE KA R ARVESRT A HIES S T AL,
RSV IEITE 18~25 % 2 [H], “FIERE 18.97+1.40 &, Hh BMEWRK 12 4. WpBabL o N4,
—H e, — AR . AR B IEL D IE R, B OSEES, HIOR P R GR
Wi. FTAHGRYINEEZIMSEER, SRITTIARTAEZ MG FE 1S, JRAE S 45 o 5 PR A3 AH LK o
AR SLE I I DY NS R A R 012 CGHERRS: 2024LS06) [HIINE .

1.1.3 SEIE#4t

SCIG TR PPl Matlab 9 T, RIBOMORE R ILAE 23.8 ~F R BE b (3 #2308 1920 X 1080, il
BEN 60HZ) « BEHEE H0A FR#H Sy 150° o FERIBEOR I, R RUE A 70 YA
WIZTH , AT H SRS EBERIE RO (WMA: 0.8° X0.8° ), AHEEN—1
51434 360° B IR BRENLIERE. P MMBIEZEE RN 300 , AP aHehnZ [T
FEBA/NT 2° o HIZF R —DNEAEAS, OHRIMEKRN 82 , AR K 6 , bl
(G AR 4.5° o BOATEAT F AN AR & 873& 10 55 1) 58 BB AT 5%, BE B TR #4024 60cm.

1.1.4 SLIRTE

KH Guo 58 N (2021) HJSRIGHEF?, SRIGHAERMWE 1 Pis. ES5IHEE B2 1000 ZF0
ER, BES I 200 2R —ME R A sCA E L, DURR#aRI0E R RS20 51 i A2
WECE . B R 300 ZRHICIZRES], A& 2 4 NP BEE = 900 20Ok B 1818 5,
FEREI A ERL AT DR AR SR RE b R o B JE PR B Il — D3, HkdR i — M B f B b4
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BUUAS AT, Herb G 2 ) o5 LA A, ZORPGA M MR A B3 HArEith, FFains
8] 3000 ZA0 o REAMARA, CIAEBEYLIE AR . B KT AL B H o LR Rl

UM EeZE e SE9G 7 AR an & 2 o, 1RSI LS 300 MKk,

1000ms 200ms 300ms 900ms

B 1 segevnie . RSN 2 A WA A e, Gz [MBEEAME, EAWLHSGHAES,

EXP1
| s ————————— >
%3 Fatsse
s ——————————e 3
%3 BTt %3 BEHES
EXP2
e e e :
\\\\ %3 SEHES %3 ﬁéﬁ%////

B2 sele— st = tACS RIS S AR5 S JE IR RORAE A . e — —ERERS el — gl S e i, SARHSA
ZLTE SRR AR, W — A o S = — Pl S B E 55, — Bk nis i eSS, SR Z 58 B R ok 14
FLIS T 0B — J o R IN FR AR ORI, SR I RS BRI Sk K S Ao EORIO A P TR B, R A i Sk AR (R B 1

] %

1.1.5 &3 R

AR5 K F PG HE A Neuroelectrics 23 &) 427 ) Starstim8 %4 15 # 3EAT 48 A B HIEL (tACS)
TE R AT, B Sl RS R AR 3k B 7 B ARG B B, K2 B KRB 5X Sem
WAL B Tk R R AR AT K (P4 XD, SHEME TAMES 7. Bk
BUB FEUG AR AR A IR BRI . W)0A BB R R 1500pA (WEIE(E) o 7E
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FBrEs EAHEN 1500pA RIH, MR 51X BB A IE K. 35BS, MR %
SRAL; MBI, WA 1000pA JH4R, BL S0uA b K% BY 100pA P KigiK, BEEHBIA G|
ALK B TR (1 e e R L o 58— B 565 — B BUAIT A 1) R AT L U B P o ) R0
I PR AHz FORBEAERIB . (£ 4Hz FRIEEIE T, RS BRAE AT RIS B e
RTINS RIBORT e r AR A AR IR o A B P AR A 1261.18 + 196.38pA.
AT BAE RN« RIS 1R ARSI 50 4Hz, AR IR M 85 RS BATAE % . BT R oS
FErf, FHPTEIGERFE 10kQELR o PALB 70 0 852 — RS — DB (BORV B 2 4t
M By AR ] P . AR E SR E, R B IR AR ST, BRI AR HEAT IO . Sl
BT 10 2P RIBUR AT SR 2) CEIRBD » BEJRREAIESEN, 31 55 845 52 90 A3 18] £ )
WHEELRAR . JFRIBAN AT RIEZ, 5T RBOF e ks . Mt tACS
SRR TR0 20 7p Bl e A RIBARIN SEAR R SE R, M ZRERPATAR 55 BETR . 7] — Bl s 48
1RE— A, R R HE T A R B AT o SRR 85 B, Bl AN JRAmE 25 B BUYT 2 52 IR

1.2 BES

(R4 45 A 55 v A AR i 22 (A S e AR A 2 A i (B R AR B, Pt L AT A
B A . HAR#EME N 7 Matlab ) MemToolbox T. F 44 (Suchow et al., 2013) 7 i% Bt T
StandardMixtureModel. SwapModel Al VariablePrecisionModel X = AME Y xif 248 B4l 547 9 6 bR &5t
DU 445 S (BIC) 7R, SwapModel 5 VariablePrecisionModel # LLE T (ABIC 6l 32 Rf T —
AR, TEAESCHRRE —MEAD |, ERIECR ISFIYABIC 5 141, Bl R IABIC 5 1.59, 354 25
A 4% 32 % VariablePrecisionModel , it B VariablePrecisionModel 1 - SwapModel . [ifi J5 ¥
StandardMixtureModel 5 VariablePrecisionModel #F4T LLEINT H B, ECRIECT 19T ABIC 4-2.07,
RS BIABIC N-1.59, 3%F 25 A8 ik B 5 #F StandardMixtureModel o % 45 %) 72 18 # 45 H
StandardMixtureModel #4704 07, LIS E] my sd A1 g {(Zhang & Luck, 2008). %A i 77 1E
ANy, —ARERACAZESY s BANCIZIH BN T AR IICIZRAE, A AX S FEUREME A
HA YA m FIFRAEZE sd 1O « KIEW A o Imf7EICAZ A ME 5 S BRI H A 2 28 R 22 M8 53 A
(FIFERE, SRSEEMIS SR, TRIKE sd (B VR RICAZRE BEIRAR AR, B sd /NS BE T o 58 =AY
FAFIE g ARWUREE A B CAE, PORE MR AT REHUE I, W2 8 850 0. S48
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g Ron FMZIUH BUECIZ O RER R II R, WRoR il E MR, ¢ [ElMCZ A BB, Hik g
TEOEIZ R R bR, AR A 2R & Y s e rh, R 2 #AE FZ AR A s R 2 AT B &

(Guo et al., 2021; Long et al., 2020; Wang et al., 2019; Ye et al., 2017).

1.3 SCIRZER

WA ) B L o ) S R TR 46 R I g (BN sd (U3 R AR 9% o 45 B3R BH, Se sl B4 v ()
BRI SR E 5 BRI R sd 15 (#(17) =-0.375, p=0.138) Al g fH (#(17)=0.146, p=0.575) #EARH
K, HEUREE R sd B (r(17) =-0.14, p=0.592) Fl g {& (#(17) =0.058, p = 0.824) A, J5iHil
R R I L SR S I R B sd B (r(17) = -0.268, p = 0.283)F1 g {l (#(17) =-0.301, p = 0.224)
HAM I, SEHE T sd 5 ((17)=0.113, p=0.655) Ml g{l (#(17)=-0.111, p=0.661) HAH
Ko XU R ZE RO EAN SR SR IR 45 2R

1.3.1 &RIHA

K FRISEAE (4Hz FUERIED X Bty BT 5T () 2 X2 R ME T 25t J
ARSI A g AT Gt 2087 SRR RIS B RN (i 3D 5 F(1,17)=5.59,p=
0.030, 5p? = 0.25, 4Hz F LS 1E T HIRE 3R (0.3940.020) 1% TS 2E T A5 2R (0.4240.02),
«(17)=-2.37,p=0.030, Cohen’s d = 0.56. FHILEJel I, 4Hz tACS AH LG T BRI RE 08 52 = 4 k1
TAR Iz SR . AP E R R, F(1,17) = 1.00, p = 0331, yp? = 0.06;  FLEF =37 Rl 2% 4
L HANARZE, F(1,17)=0.75, p = 0.400, 7p? = 0.04,

KRB (4Hz FUECRIED X RREF 13y CZEAET 54T ) 1) 2 X2 5 W& J7 22 43 ik o
R sd M HEAT Gevt 2B o 45 R B IR 2 RA B35, F(1,17) = 3.66, p = 0.073, np? = 0.18;
WLEF 237 F AR F(1,17) = 0.08, p = 0.248, np? = 0.08; WLEF 237 R 5% 1 A2 BN AR 535

F=1.56, p=0.229, np? = 0.08 . & K H Sl 5 25 21 1977 XA S0 R 00 TAE 1120 FE A B B 1 2

3

=1 o
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* HlE R *
1 B 8 1 % 1
0.6 307
] 20-
o 0.4 g
0.2 10-
0.0 i ' 0 r y
b el JERIFA Se B =g b e

P 3 Z DN SRR G R R 2 g 2521 (B30 TR RIEER) o A BRI RIS L sd 8558 . i X
M g ERRE BRI LRI S0, i sd (HRRERZEM LIRS . 75 g Mlsd Z5 R0, TR SERIBOE R RIMAL, 14/ bar

AR FR B, AL bar HEZ BRI

1.3.2 ERIEA

K HRIFRAT (4Hz FUEARIED X AEF Ly CEME 54 E) 1 2X2 BEEWETT Z 5k s
RIS IR g (HREATSE T 00T, SR 3 fin. SRR R ERNA RS, F(1,17)
=0.62, p=0.440, yp’ = 0.04; MIFFIZ TN ARE, F(1,17) =034, p=0.564, np’=0.02; FLEF}-37
RURNEE A HNA T2, F(1,17) =0.02, p = 0.881, 7p? = 0.001 .

KARIBRAT (4Hz FERIED X AEF Y BS54 B (1 2 X2 HE W EJ7 2 5 it
JE R sd AEHEAT it AT o 25 R BR : RO BB, F(1,17)=17.13, p = 0.016, np® = 0.30;
4Hz R T 0 sd i (17.48+0.47) /DTN T I sd {6 (19.2740.69) , «17)=-2.67,p=
0.016, Cohen’s d = 0.63. FRHITE G M4, 4Hz tACS HIAH T BRI B AE U5 32 m il 1 TR E 12 ks
JEKF. PLEF 37 EMNA R E, F(1,17) =0.05, p = 0.835, np? = 0.003; F0LEF =37 R HR 4458 H AL
MR, F(1,17)=0.57, p=0.461, np? = 0.03.

LR — R LR A VG, AR 5 P AL RS2 AN IR () R 1 25 SRR 7 /R 1 AR IS
LRI . RIREE R, TERRIBSAE T, SRS, BRI IZ R AR, il
TZIBCRST GRS 1), UEH tACS A AR A A F51K theta 450%, 3 Inid iz 80 .
T 7EJE AR T, SRR, R AR S, A2 R R T LR 1)
VBB 1) tACS FIOAS B ANA ) theta 5%, 112 32T gamma FRiE, 3458350 H (iCIZRE. 4%
b B RAEY, RIS ARSI SR T 22 R tACS IR

HARTI—UEW] T tACS SAES X WM % RUR MM, (HR X P2 5 2 1 4: 3 73 4t

9
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AFAESS I AT R, I, RS i, Rk e s A R AR SS . 735k, fESEi—
ORI AT I — A R R, ARSI — PR R X — A

2 SEHR 20 tACS RGO AU SIS (R A 2 1282 BT S5

S 2 KAESEIR 1 H9SEAE b, AR IERIEC S AR S5 XS tACS MR BCR & 5 22 A 2 HoAt
S BRI, BORR RIS MESS OGRS RNIEUSESG:, 2 58— ME S5 10 2R ST B Bt gl
B xS T8 —MESS KU [F] T S50 — R 5 RIS AR T 58 —AMESS SR U 5 5258 — A 56 Rl
Bk AR BRATR I 26— AR 55 M S AR5 HIE5 R 73 5 S8 — A Ja RO SE R Bk A — B

2.1 SLWHE

2.1.1 SEERIRIT

1T LR S S RTINS B A R . SRR 2 P (5
(A vs BB <2 RISRT (Fvs ) MOURABIE. JOPIBF ARV B, RIS £
AP R

2.1.2 #iRk

K F G-power BAFX A L0 Fir 75 4% A S HEAT 1T 4047, EHL Cohen (1988) Hh 457K T (1 A0 b &
d=0.5, a=0.05, Gitfak /1oy 0.8, [ALGINGHAEAER D28 4. EAKKRIL2H, 25
BN 56 BAERREA (1 12 4, FEEREDN 17~28 %, “FIERR KN 20.96 £, SD=2.89) , Aifi
PORBEA W ER Hn 2, LEE O, s BN IER HICR o L sl g, JFH/Ek
ARSI A He o B4R 5 Y KA SE 5 . R BEAL M BCBI AN 4L, RN IRFALEA 6 4 54
TP AAAT AR R B 5 (SIS R ) FRB IR, 50 A A e i HO R

SAFAHPARIN o« A SLIGIE L DY N INE R AAE PR Pl (AR S 2024LS06) AGE .

S

10
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2.1.3 LM RRTE

SZGFE 7l i MatLab H ) T 246 PsychoToolbox 4 5 i i, AT RBHE 23.8 T, 1920 X 1080
SRR 60Hz RIHTR . BN HZEE N 150° 8RB E R, Bt —ANEFiE . RNk
BN, SR RIMEER LN 60 K. SER AP B H IR — A LA L, IR R R
VRSB0 HRAE [F]— I IR B S SR 50 e RN B AL S e M2 R 5 IO 2R S D IE T 55, LA i) [
TG GRS IERAESS o B oIES AR 40 MR, EREAK IS WIS 22 0 B2 T B4 ok

Ja PR AR N St o 1E AT S5 AR A2 200 iRIK, Tofl Z {8 5, 434 5 4> block, B block £ 40 A trial.

2.1.4 SLISFERF

SCIG TR PP 73 ) 58 B AN R AR 55 B 2 S A IE RS2SR, PAME ST BERL, — ks e
JRIREOAL S5, — PR AR . AR SRS (K 4) « SEIITIRR 23— 1000
SEL R, A B A 300 ZMHICIZEES], EAMME AN REIETTE (AN 0.8° X
0.8° ) o IEBHLRIEEANT 2.5, W5 AR 360° (3 BEHLE #5102 7 E
KT 30° HIPUREE . 5 E 900 ZR MY &, HI— B2, B—MMER 16° |
WAE N 12° « anEEhE R 4.5° O A M. BMRKT, OHESBENURE A . SELATE
17 B 5 SRS IZ RS ZILALE AN B, Her 7 (2 g iy S AL AT R, B R AR AR T3 |
W HbrEit . 1ERZI Bk AR RIS, BRIt R

i O O
i N o d
ST @)
rN
1000ms 300ms 800ms until response

K4 G s iz S AR S AR I . BUEARSS b, (RN A DR AR R B

11
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B EZIRAE AT (B 4) - SERFFARE S 2B 1000 Z R RS, AR5 £ 300 =/
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2.1.6 BIRDHT

SEOG AR M [RS8 — o D13 {E B (BIC) &7k, SwapModel 5 VariablePrecisionModel
AHECAL , EHIECT B~ ABIC 4-0.71, BRI FIABIC 4-1.38, 354 31 M i 3 3 #F SwapModel
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AT T B T 5 5% BB 0 T S B0 AT 25 O B AL WML R 45 200 SR A B i DB R 4% A0SR AT AT 55
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XA AE R CRAICAZ RS FE P Bt b, InicIZ 80 (SeB— i e A A S50 38 TS5 .
SR, AEZR ] Ja IR ORI AR S5 3 MAEL B4 )5, 28 e g 1ia iz kg .
RIS LN 25 TSR tACS B, AoprBidiZ s, AR IR (SEI6— 1) o A A s
BB —AES) S

FERIF I T R I S A SR AU 45 R, RIRIS B2 52 tACS R BOR . 5 Sl
T 58 BT 5 W 23R TR AL AR, AR TESE U I ORI RSB R—RERIJ5) it Nl
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Ho (HREEEZISLS TR, AMAE theta SR TRUE, SLET1 tACS HUHUAIE N theta i K,
i & 1458 gamma #R1E, $2FF theta-gamma [FIAH A -PRIEHE 5 (Lega et al., 2016), BEMIHE R EITZKEE .
IX 5 5 B AOBIE 7T 45 F A A (Ruhnau et al., 2016), Ruhnau & tACS 7£ alpha 455 N e 45 5 4 8 5 00t
B EES, ABFBORA T RRRES (IR AU o FERIRIRAS R, W92 alpha #R¥% %5059,
SR tACS BEAY 5y “URZ)” B “HE 7 wRiE), PAREMAEME. MEMRIRA T, alpha
ViU IR ( “alpha BT BRSO , KINATREC AL T AR ARG, X4 tACS (-4 5 24K
Pidro Wi MAESE AR, H—AE%F (nBiE) I H AT RN gamma A FHE A F#HE
% (i), EH AES T gamma IHECE SRIE AT RE 2 R AR, A RAFTENE R theta
JE A B AV RGBT 00 H it 5K o DRIk, AR5 IE SOUR Ry, AMAS FRNPAL B S B e &
S5 5 AT 5 R HE T B4 T 1 B RS AT SR

MU ERAE () f JE R AR, E 2 RE RS oId R, 5 FERIE S 120 5N AT R IEZ 1) 2
SERE IR, — EAERRAEBONE, 5 AHRIAT ARIE M 2B 2 s, AT 51 E 2k
R BAT Ay (Danner et al., 2008), Bk, fELN LRSI Z )G, HENERIIHAE TR E 5% I B
FHIE), ARk <s B i NGR TP BUREFH K SRR s . NSE SRR, IR SN tACS fili, Hid
{2 A A AR I R A O o SR, TEAR IR TE R ARSI, JEAR IR R SR — A1 55 Pt A2 e
X RO FE R 8 IR SR T A A R T AT, AR AR E 1% 55 o AT 9K %) 4 5 5 (Ouellette &
Wood, 1998). AHF 581 SE5G 15 AR IAESS 1B R AL T 2508, T S AR 9 (4 552 5K 537 43I
H & BT FACAZ IR, i S EE I BT C A2 M o SR8 i A AR R T AME R S —E 1A
FIRVENE, ABATXCAZ SN (138 BT — AR, T2 S Bl A A 55 175 55t () 5O T A R b AT 1
XL AR AR S 5 HHOPN B SRR, RIEH MRz 5, LOASIR
ERPNSIES

ACHIF 5t 2 A AN A AR B, LN K /INTE 0.334 7 0.629 TG A, AR X 808 B /N )
41 (Sawilowsky, 2009)4b T AT B e A7, UL SCER RN A BAF AR . —TERR R, K phor 2
iE R LE LARICAZAT 55 P K R DL (K Tk Bt HE 2, B 0B By 0.452(Lee & Park, 2005), 54
WIS BORN B AL TAVE . X TS g Hi S, HACRIENZE (guess rate) , SBBHATE
AT 55 F BRI (RO AR 2R o 24 PR 28 o0 T R R W CAZ FRAE [0 5 AR BOEAZ S i R o T sdl AR 012
RAERIRERE (hrEZE) , HIG AT R S wsh 42 1 75 38 N B0 5€ BE /) %2 1 (Schneegans & Bays, 2017).
XS HBAAMAE R b R EE R, TR LB TR A E R M. B, sd fEA

15


https://chinaxiv.org/abs/202512.00070V1

g TR AL T DAE A PG 22 R SR AT YRS BON R Z AL M IR 4R b7 . IR FE R, MhE RG0R
AT 2250 sd . MG EF W TR E BT RRENRE, RA8add3 A MAmnzre
fReZiPDIRIT G, A AR B I TACIZR B B i m, 13 5@ Bk P AH 2(Zokaei et al., 2015).
GiAh, NI IR R sd (HA g fH. BEFCRM, ML THERAN, EHFAE VWM RS PRI
HH B i 402 T SR A0 B A P RS JBE (Peich et al., 2013), 31X 3= ZEH K F 2 48 N (A 235 3™ SO R bl
WS, FEOCICERIMEARE, BHERARGEE (@@EMID « RN X FEOCIZRIER SR,
[Z IS AR SRR Csd (B3I o ARSRIHETE T LAIE— DR ZRIX LSRR Hyi2 Wi T B sl T R
PG TEAR T T 6

BRAN, SFAS R (GACS) HORIFI AT R, R ARG AR DI RE R R ) 12, K
S5, RT LA T B A R UK 1A 1 17 4 DR F AR AN A AR, LRI RIS T M N AR
PR 5 77 T 17677 (Tavakoli & Yun, 2017). CEWFFRY, SMACi BRI (ACS) 1EN—FERE
N s AR, AE 22 s o 2 A T 7E B ) 8 (Antal & Paulus, 2013; Elyamany et al., 2021;
zhang & 1i, 2022), EFEMZIBITIEGNT (BI/RZZGERMT . SR, FEMZ Ot 205E ., 40
AT RERAE) DL S H AR PN S 45 o A 1 7 R0 (20 R I A AN Th AR FReRs, X 4 AN Th A
(Y453 55 712 S AR 1 R AR RE SR AN I R . — TOURIF 01k HRE 5B TE H252 theta ST tACS
I RIS 58 n-back (£45 (— R T IPAE TAEIGIZIOMESS) o« SRR, ERITERE, BET
TARIRAL . ARSS AL FH AR = DA 2] T B0, IF HIHLBURFFS: 50 R (Sreeraj et al., 2019).
AT RIS T2 ST A (GACS) M RAAIRIZEIIE L. A£555 tACS RIBTTF4A 1 58 )5 i
Fe o AR A2 ROR ARG RBEAE T, A8 FE R R E iRy - By, By oxd S i (¥ i
T3 OU A LU 8 B AT 7 2R, Rt I AR AL AN 24 T AR

S ARH TR HIGE T AT LI, (RN — SR IR R AR . B, PIASRITE
Tk LAV oSG — PR B S VA R AN 1500pA FEAR, S AERIE A 1000pA F 4R TR %,
75256 52 DL SOpA 35 80582855, XA AT EN A LI Az . [N, Seie—RH T
Guo %A (2021) [Msge e, AR EINZ AT ATILR, MLk P RAATLR, =
B — RS MEBE S LU SRR — SR Jadh, AW Tt Rt — I I AL IR B R TR R T 45 4L
Hid7 . ARRIIBTE TR A0 SImNIBS 5 ROAST %5 H A T HEAT AN ARSI AR A 3T, LA SE RS #4234
SRIE S oA, AR R IR AT LU S AR Jy . FOR, B SEIRAE SR ST B B A AR B AL T
ZEAE R, XAEAH R A RO M1 B ORI SRS A k. AT, 7R IERUSEIRR B, AN
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FERSRBEA R S5t 3 BUwl 1l A BEARE 2R STBr B IR B RACAZ M R 7 B B 170 7 SR 56 — 1R 56
TAMEFWIZR I B BORK VSRR 25 5T B B SR B B B KSR, TR RO AR 55 B DR
ARSI ATREGIN T “RMB” X —BME R, ARARWF TN HeAZ 0 LA™ A 4], LS ER g6 e A
WIS . &a, (2SI — F5 AR PRS00 188 —fE55 B B, sl R 40 05 FH 5 S I TR B
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FTE R BRI, AR 1 2 A 1R S BOWAE 55 B AT A2 BOF B 0 IE B RE 7 X — il jLA
FEAR AR Z B TCHAT IR AR AL o

4 Hie

SEIGAE SRR, AL GRSI TR Z TN tACS RS n WM Ktz 8cE, A2 E%s T
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ABSTRACT

Previous studies have demonstrated that tACS can expand cognitive resources, thereby improving
working memory (WM) performance, while some studies failed to observe a definitive advantage of tACS
in boosting WM. Regarding this ongoing debate, this study sought to explore the effect of tACS on
working memory by involving the factor of psychological inertia. Psychological inertia refers to the
unconscious, automatic behavior of an individual. The conflict between psychological inertia and rational
decision-making could lead to a loss of optimal choice.

In Experiment 1, 36 participants completed a color recall reporting task. Active or sham tACS was
applied before or after practice to manipulate the amount of memory resources at the initial stage. The
results confirmed our hypothesis that participants who received active tACS after practice (post-practice)
adopted similar memory strategies to those receiving sham stimulation due to a psychological inertia. They
exhibited a trade-off between quantity and quality, i.e., post-practice tACS could boost memory accuracy
with comparable quantity; while pre-practice stimulation improved memory quantity with comparable

accuracy.
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To investigate whether the regulatory effects of the first task would carry over to the second task, 56
participants completed both color and orientation recall reporting tasks in Experiment 2, where tACS
stimulation was applied after the practice of the first task. The results revealed that memory accuracy was
improved while the quantity was unchanged in the first task, which is consistent with the results from the
group receiving post-ptactice tACS in Experiment 1. However, the memory quantity was enhanced and the
accuracy was kept unchanged in the second task, consisting with the results of pre-practice tACS in
Experiment 1. This indicates that,psychological inertia can be disrupted in new situations, leading to new
strategies.

The regulatory effects of tACS on WM are modulated by the timing of stimulation. That is,
pre-practice tACS influences the memory quantity, and post-practice tACS affects memory accuracy.
Furthermore, the regulatory effects that were established during the first task may be disrupted when
encountering a new task. These findings clarify the optimal temporal window for tACS intervention,
providing a precise reference for clinical cognitive rehabilitation, such as early intervention in Alzheimer's
disease.

Keywords: tACS, working memory, accuracy-quantity trade-off, 4 Hz theta, psychological inertia
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