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Abstract

Relevant studies have found that Internet addiction syndrome can cause different degrees of nega-
tive effects on people’s behavior and cognition, including people’s working memory ability. In addi-
tion, when we are addicted to something, the working memory can become extremely fragile, caus-
ing our thinking and learning ability to be affected. Transcranial direct current stimulation (tDCS)
is a non-invasive neuromodulation technique that enhances human cognition and memory by af-
fecting plasticity in specific brain regions through stimulation of different polarity. In this study,
using the N-back paradigm and the left dorsolateral prefrontal cortex (IDLPFC) as the stimulus tar-
get, and the college students were divided into true stimulus group and pseudo-stimulus group. To
explore the effect of transcranial direct current stimulation on the working memory ability of Inter-
net addicts by comparing the accuracy and response of the two groups under different memory
loads (0-back, 1-back, 2-back) before and after tDCS intervention. The results show that tDCS true
stimulation can significantly improve the working memory ability of Internet addicted college stu-
dents (reflected in the improvement of correct rate and the reduction of response), while the
pseudo-stimulation group has no significant change. It is suggested that the left dorsolateral pre-
frontal cortex (IDLPFC) is a key brain region in working memory ability and can be used as a target
for tDCS intervention.
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1. 51§

BEE R RIEE, W2 H 2 BONERATARE . BOL LR BB —5 . Sl a7, s mid i
R 2 XM= ARV Z I G 3, —LEE T AR PRI S M 2% ik (Internet addiction disorder, IAD).
WA 48 BB R 2 T K U0k T P8 10 S BB O B ) B, 6 I H B B AR A 5 L 7k Db S 7
JET UL B I A R S LRI ET - 777, 2017) e A I i v 6 A0 T R H A e —m] DLJE S FAS i
HIAT N FAESE AR R 3L, (HE T MR RFAARIE, HEiihsR Raek gy Ok S5
Gt AT 565 5 BR(DSM-5)"(American Psychiatric Association DSM-Task Force Arlington VA US, 2013)s
N R RARRIE AL A, DUR U MR S TSk TR AT, FRATRE R AT b T A S A AT AL
B MHOCH LR, 28 ORI S R I H ™ B R R RS (D1 40k 45, 20085 AlkiESE, 2009), HH.
S INE OB LS FE B CRIEES, 2011). HULFER, WEE s HELERIERE I NG
25, 2008), PLAACIZ IHIEER S (Xiong & Yao, 2010; YFI =%, 2010).

AT TR ARARE N8 T 28 AR —— 22 il B FEURIB (D CS ) T T 28 e, U 1 T i i P9 e
£ N-back {155 H IE#AZ 5 RPN FRIARAL, it DARFUM Z RS T W 28 Boas LAE L1288 1560 .

L1, RIZRRIBR A FEAE KRN

W25 R (TAD) 2L — M ™ E RS AR (XU 508, 2019). HERIUE A S GEHI W BE S AR, T
FLAEREIS TR RHERS ORI (05 J thBORBAR, B AT e Feis ™ B T o mi, Bl Rk
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TEHE RSB E] . R HORES IR 2 R RN E . BERRER . ol i R MR A R R (2 15 45,
2018)0 A& LA | I R (1) = 2 5 IR 2 X 248 Bk i B0 RN Th e e Ak, £ BRI FEAS AATTI0 2% IR0 T AR &L
2, BT BUMBA T SO R . XM EFE AT RE AT AR . BE . ALz )2 BRG],
P E AT ARTE . 175 X4 RO R B AR AL, #8S X 2% BORE 3 E AT Dh e R A )
KR

AR, RHAFIEE 2 T BURNIZIR 1 2% e i SR BRAIALS, Al T80 RS2 3] 1 &R R R ) B
B, TS S IEe B EEL. RE BRTCT TAEICIZMIAI T, R 2 B0 0 2 R
HR2, KT MRS TAECAZ iR, SRR F AL, 4% e & 2 I AR id 12 RE
BRI (Zhou et al., 2016). bolul, HAEMZE uRaE L, HERILIZ DIREZ M (7 =55, 2010), I
B, Hadizii 5, Rl RE 2 e 5 D) Re i 3 SO Dh e 6 H 2 AR ICAZ 88 0 O FRAR (DL 0 55
2008).

FHIE T I 4% R B RN DL T RE S (P2 42 %%, 20125 Zhouetal., 2011), PATHEHIRE S 52457
(Dong etal., 2012; Lee etal., 2012), Btz 4h, W4 R 1012 B A P F D) st Bl i R % (Xiong & Yao,
2010). WFFRIL, A - T0 X X 26 BRI ) T 56 B TAE 1R 124145 28 9% B (Ricciardi et al., 2006), FIAH K7
A BT ORFF SRR AE I, T 5 55 [l kDA 22 00 B B g A ANSE AR o SRTAT, X248 RO 35 1)k
SERIRTREEN LT O RIS, X YT AR A B EE T, REAR TAECAZRE 2] BAK T IE R AN (L
&%, 2012; Nieetal., 2016).

1.2. ZPE it BB R E SR SRR AL

22 fi ELIR H R 3 (transcranial direct current stimulation, tDCS) A& — R i 51k, HIFEFE T4 1~2
mA [ B A SR AL 3 B R B2 5, AR AR 2 AN ThRE . AITTIA B el i 2 R TNREN
H 1. 20 tH209], tDCS 1X — o045 A& 1 15 1R 32 2K 2 ) B4, Nitsche A1 Paulus [ 5T % B,
RS2 A S ) B, 9 R A e P PR A T R B AR PR R 8, NI 5] DA 2 0 R W
S

IE AW SR 88 b 22 70 2 WAk AR e B A B i A, T B ARG R i o 6 e bB AR A - 4 sk Bh 1 L7 7=
A (Takahashi, 2007). tDCS AJ LLidik =AY 77 LR BOE ML FEARISE. SIARRNER Dyhi. ax e
WOAT DLIE I B2 JE SR TS FAE S R s A LRI D e, DT 5 S04 1 % i 14 P9 3 R A2 A2 4 (Brunoni
etal., 2012). tDCS I1E R FEAAN PR T80 AT AL AR DX, T A2 b LA 28 e A DR X, s 17 i X 1] )
AN, MM 7 R AL g (Kunze etal., 2016). tDCS A& —TH M HI AL IBE A, Hoze 4 jn)
ARRFAR L. tDCS 1% A 5 B PR o P R [R) e s 1) o ARFE 6 O (B e R P E )5, A1)
DIAFHI, tDCS IS B, KREHMEH 1~2mA FIERE, RESEMRBRE Y 15~25 8. fRZH
WA AAAERIER, RARD BRI T, Sk R 2 B2 BRI R R B AR R IR, T ELaX
ANIE B Y R AR G ey, X SC, 2011). tDCS fEREfER . NS . 2. 1 EEia2 s
TEE QU EA 2 N R R, JEHE R AR AR BE /1A BB R m e .

1.3. £MBERBRMSRBEHEXHR

FH, tDCS 7E e S 1 N R SR RO %, Fregni 46 AR tDCS FH IR K R 5 (1 X0
M AU ETA B 2, 25 3R, BIK (DCS BHAR R AT AT B PR AT T RE, AT B AR A AT T0 T AR
LR R IV SRAEEE (/2 75 T4, 2019). @I (DCS BiAR, V12 50 AR B OB g i) R a5 8, ok
ST ) BN . B, I tDCS BOR, RUREE 2 A S B BRI ARNE, XA Bh T oG
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AT B ZEANE 26 (Conti et al., 2014), RE 6 5 25 BRI 2 X A MR B A SR RE AN R MR & (Boggio
etal., 2008), tLRENS FNHITERE WO G F 0 B ZL R IKITE B (Meng etal., 2014), I AEW 5 25 FRARHEIS X B
BRI (Wang et al., 2016) J&F PIM SR IALEI AL AL, DCS AT fE 2 52 i i i AT
ThRE, T SEELHR D 0 R VR B . OB RTE R, M AT AT B2 (DLPFC)LE B A K
P VE 2 07 T RS AR o T DLPFC ORI AR 2B R SR B, RIS P AN AT DUk 21 At
WU X, IBER KR AR AR B =, 38 R DMERE BIL 2R 55 10 4 450, BARSUIRIAR . B,
A" AZ NG D4R (Bonelli & Cummings, 2007; Fecteau et al., 2010). 3X &1 28 25 0 0] BEXA I R G r=AE s i,
ELFE IR T RIS PhE) R R AE LA A R R 2, DL R4 5 ) (Boggio et al., 2008).
Bribz 4k, Z I iR HE TUEdE, GER DLPFC 4id tDCS BB AT LA ROR T & A s AT N R (Fregni
et al., 2008; Sauvaget et al., 2015).

LZ LPTg, tDCS X TH B R AT A R R BRI TIRCR, BAEMZ e, B, A 7eRm
tDCS T4 2% e 1) DLPFC i X .

14. ZFERBRBE TIECIZHELHR

WA R, WK N-back (55 F122 /il Bt HL R (transcranial direct current stimulation, tDCS)
BARGHERER, LR FRFHCIZ B, KRR ] DA HAOR 17 FL o] DA B FH T
B2 HINFIMES . tDCS & — RN ERI T2, R — AN REER I i, 4 — IS i fe e i B
W HAR I R o — N U, (AR A MR (] 1S 5 58 B (Farah et al., 2014), 321 508 KGR D g .

HHTEEREW], BAYE tDCS RERT i TAECIZ M AR R, xS SR e B 250 o 54 Fregni
Z5(2005) 43 HIAE A2 T DLPEC A5 FH BE SR B PR, %0 ML {3 BRI 3 (Fregni et al., 2005). %
15 FLIE % 32 347 tDCS F-Hl, IR HHEAT 3-back TAEICIZMEK . 4558 &ox, 1EM T /M DLPEC
FHAERIS, ARG 3-back MINAMIEREE, (FR R AR AR, BIPEHSR O R oo B ) A 2
XoF S SE T AL R 2 7= A2 5, X 150 B SRR I R S A B s, B S A AR U1 2 A [H]
45 S (Mylius et al., 2012; Oliveira et al., 2013). {H 5 —20 55 RIR, 7EFHR tDCS FIECT, R B [F] 2
EARRE, HSURBE R I a0, (H L HER P IR T B R (Teo et al., 2011). F4h, AR
KU, BHAR tDCS RO IR AN S S B B A B 5214 1E 1] 4 FH (Keeser et al., 2011).

Zx LRTR, HAT tDCS 5200 N 48 B8 TAEICIZ B8 /7 (AR 508 A FEAR R I, At 70 4k 4R A tDCS
ARSI xR 2% Jl i K2 AR HEAT T, RIS ) N-back SZ364F 25 7 sRAG I TAECIZ 68 SR fbid 72, M
MM tDCS X T W TARICAZRe JIMSGEER], R, S (DCS 1E T 1N 48 Bl A 280 B Ak i
UEAE -

2. ARFE
2.1. #iK

X R R R AR RS K 22 A2 KB Y oung (1) X 4% fil e (Internet Addiction Test, IAT) &R, ZERNHWE
x®, BEF20AMNH, KH S AmEQ = JUFEA, 2= /K, 3= A1, 4= &%, 5= &), MR
7 BOG 2 20~100 73 PP AREDTY: 20~49 43 IR T IEH I &, 50~79 4 Z IRl A iUE
Tk ML E s, 80~100 7 i) T HIEM A o, ERAEENIMIER T ZNH, 7RG
fERERE, ANHE— 2 RN 0.90 (Rodgers et al., 2013), A RFRE AN 0.90 (Widyanto etal., 2011). 7
G * Power 3.1 E £f=025. a=0.05. 1-=095, I BFHFTFREAE N 27 A(Cohen, 1988; Faul
etal., 2007). FEBENPAAG KA SLIGFE P B, FRATER: 713072 50 LA b, bR, M2 e )
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HlEFE, Hh, BF24 N, 36 N, PKRIFIERTE 18~25 Z 0], Hrr, FLHIEEH ORI %
30 N, NIEXTRIGEIE: () BAEEME BYWR; (2) AR s /M IR 5 (3) A IR
BURRIRE KRS (4) ¥IRARITF: (5) BA RGPS EA: (6) SIizilie A i b4t 5e 4
AR, SEi i R b B AR N B, JRE SIS e B 5 45 T 0 i — e R

2.2. fAEEIT

SEHG SR 2 GRS . BB . B x 2 CRIBAT ) AT S5 ) x 3 (AC1Z 47 0-back.
1-back. 2-back)IVE &L W 1T, WHIHEAT TG .  F00 A S 90 b 2 35 75 B 3E AT N-back /145, 71
Ja O ] S tDCS BT F0UA 8], S A A2 DLPFC X, T F0E (B A 20 2080 o, tDCS Al
PR R () AR i, (DCS BT [a] . e i A AR N AR &, AR & N-back 1155 (1 IE A 2R M %
IDAin g

2.3. N-back {£%

N-back i 30/2 tDCS #F 58 H 5 I — PSR XG5 55, 2016), PRIk, ARSEEGRA “BI40 N T3 (N-
back)” JE(Nie et al., 2016). ‘B ZRBRKG 77 2 ILIVHEEZ B S SRTTH n AN BT TR,
5T 0-back (n=0). 1-back (n=1)Fl 2-back (n =2)=AMCIZAKF, Zn=0K, #RE LB ENAY
A FRERIEL, JER AT RS 5 RO AT LA, ARG F A, AN[EG T B Mn=11, #k
5 O AT RO RS S AT 0 — A REET LR, AR F B, RENZ T B Mn=2 B, Bk
BB A I BRI AT R — S BRI BT L, AH R F AR, R TRR T B

KH E-Prime 2.0 & F#45T N-back Juz0dEAT 81T, fESLIGTFAART, —BAen 07 B R
Wb, RS 2 S T DL S AR . SR 2RSS IE SR 4y . FEHEAT IR SEIS 2 BT, Bl g
W n=0, 1, 2 PIFHATER>), AR R SE0A B 1) 1A, JFREMCH IERR I dc s B, TE sk
BrH O ANMHBA K, AT n=0. 1. 2 =ANAGE/KPFISEE, BRILIZ A 60 A trial £, #l
BE RN 15 AN R EENLE D, BEAEFE A, D, H, I, X, K, L, M, O, P, Q, R, S, UM Y. 7
LI TR Z B, #2A — > 2000 ms (R = 0, n = 1, n =2), #bHIER R IR IE AT
AR N . TERF 3 AN eSS, #R AT DRSS 2 Zrh, BEE GRS IR GERL 9 MHBL, RN B2
2500 ms, FEEREE A 2000 ms 7S BE, SCIRRAEWIE 1 BN, A KM R B ok, O
PR BRI R AT H S

RIBEN

J |:| 2000ms
| A 500ms

J 2000ms

[ soom
F :I 2000ms

Figure 1. Experimental flow chart of n-back
1. N-back SIS RFZEE

g SR

2.4. LUK tDCS FER
PIFERD 1 x 1 tES HUEIE S A B RIS, 3228 B gtk A A 2H s i I %, AT S FR
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TR, T AR PR NG RSN A AR e, ATV AR A R E FRR KN 25 em?~35 em?,
B AT LA TR 7 55 2 A 0 A, AT A AR A E b PR 5, T B AT H AR g —ANEE H s
1T EL, AR 20 SE A 1) FLAE A (0 DRI DX IR K, BT RA, BRI FE R AR ORI, B5A H AR X3 LA
— 8RB IE B TIUE M HLIA o BT XS kR [ B, AR SB4DL 8 FH 55 [E] Soterix medical A W] (1) 4 x 1 HD-tES 2% &,
A8 — kBRI, DU IINGEIE, %38 S AR E R A, ARSI X AR H 2 4
(B FIRHEAT 1. HD-ES /& — Ml B 28 i A, R A BN 12 2RI EE
W, W SR AR g 4 AR B AR s 7 AN /INEL A, T DASE HERf e 4 2 B AR AL, 1o BAR R S e R i
4pRirtR 2, T LAY D B IRUE B RN S A 2 TR A A 4 2k

AT R BT 2 mA A, ZHRIRCSIESR — N LRSS H. KT DCS IRl
K, H—I01 Meta 73 HTR I, 10~13 7080 J&E T G FRIESET K, T, SN @ e, Ees
TEFEZ N, 20 40l i K (2 75 54, 2019),  BRUHCK B K15 B 9 20 min. ASSCIOHRHE LA
BIFE, 2 BT 9 2% RSO 6 2 I A B85 B J2 (DLPFC)EAT B AR R . A9 X o 1 1 AR IE 12 fE
JIRIE B X, KAt AR (ED PEAR) A E T3k K2 F3 &b, BAMRIAZERHMR DY &k, BP FC3. F1. AF3. F5
oG DX B S Can Pl 2), i E O v DY R S sk 4] 3)

Figure 2. Transcranial direct current stimulation of brain regions

2. ZFE R RN X

Figure 3. Transcranial direct current stimulation of the brain heat map

E 3. ZAERERHKNXAEE
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T AMU A B 22 KRR = DI RE R 4t BHARRIRE 8 3 58 i DLPFC K2R % aitk, M54
Jorl B, SR NATB NI BE SCAZRE ST o X T ORI, JA TR AR E T RIFER AL, HAE 30 B,
TS N I R E 2 e, ANTERJS 30 B A ST I, FCAd AN (5] Py AT fT A . BITRA, Bl P4
LRI R IRFEIR(R 57, it 2007).

2.5. LSRR

SR NPT BTIUALE . FORIS A A S Dy R B AR 75 58 P B BU S5

BB 1 kR B S = I B AR ASTT 4R EAT N-back 1£55

BrEc2: BEgialm A GRS N, BB 2 FERT B 1 G5R— A 2 e B EEAT .

FESEIR 2 il 75 20 tDCS AXAS AT I . A Brl S SL i b 5, FEAETIT, IR BN E R
B, PAORYP SR — 2 BRSOl AN 2 32 21 R s [ 8] B A5, AR5 e B I i e, 721
SE S AR E B B AT M B2 5, (R AR EEAT 40 0B FR B T B id R, e
SAPIRES, I AU S22 R SRR T IR W LS. RIME AU, R S R N-back
55 SR A R P R S IR

3. ARER

BT s S5 R Y SPSS26.0 BEAT 2= 53 A0 560 507 22 o0 . JLrf, ISR AR AR R, RIS R 5
T RN AR, N-back AE55 [KIIERZ A SN RS & . fHH] excle FA%HSH0RT I HAGA
N-back £ 55 IEFIFR AR, FRU T 5 #2800 A SR AZ A BASAEAS [FACAZ 7R A TN fR S 22 57

3.1. FRARER
N-back /T4 IEff R AR G T S5 B W% 1.

Table 1. Accuracy rate (%) of two groups of each level describes the statistical results

= 1. BIKTEAERBIENEREO MG 4R

i FHE A Fh il EeE
ez it - ) - )
GEpiL Ja IR S
0-back 94.80 + 6.23 98.10+£2.23 94.83 +5.63 94.10 £ 9.77
1-back 93.67 + 3.65 95.93 +2.08 93.33 +5.36 93.23+£522
2-back 89.43 + 6.06 94.77 + 4.06 89.60 + 5.42 90.23 + 5.64

Stof BT 5 O AT 110 I T 2R 45 ] SPSS 26.0 B HEAT XU 5 20 M. 45 R, 7F tdes T
AT, EORPAE S ORI AL R T 2 2 R, F(1,58)=0.003, p=0.956, i I#RAE RS2 BT S50
FIBEHT I TAE A2 S A R P TE 22 5

o BT JE AN D AT S 0 IR A 2 B AT R 2R 07 2 b g5 REoR(ILEE 2), EREA T
N-back (E55 IEMZ R E K TAI0, ATEMIEMBLS R EZR T, F(1,58)=31.108, p<0.001; PhfliEl
J& M N-back 1F5% IERfR 5 AT IEAf R TC 3 2 5%, F (1, 58)=0.005, p=0.944. Ut IR 7EHE 52 tDCS
FRE, HCARICIZRe 0528 75, Mz Oyt ik, TARIZae A58 5321k

TE ERIEOM ORISR, iR 5 E NN R, p<0.001, KR, 0-back (5 HHIIE
B E KT 1-back {E %5 M IERI®, 1-back {T55 H1 I IERf % 0.3 KT 2-back 1155 H I IER %
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WAL, BERIBEAAET, TR E 5120 m A BEERARE, FQ2,58)=1.912, p=0.151; ARl
T, I E SR A R BEAEAANEE, F(2,58)=0.172, p=0.842.

Table 2. Results of variance analysis of accuracy before and after stimulation

2. RHAIRERERTEDNER

) af F p
FLHHT S 1 31.108 0.000
Dyt Ja 1 0.005 0.944
()i AZ fiufif 2 15.152 0.000
(Ph)ic iz fita 2 8.214 0.000
(FE)FFHTE * diz sy 2 1.912 0.151
(O TIRE * cAZ e 2 0.172 0.842

|

X FLRIEOAT -5 Dy RIBOT J5 R 2 i) ZEAE AT XU R 2 07 ZE 0 i 45 SR R BURIBT 5 IE R 2 E S
PRIl G Ef R ZEZREE, F(1,58)=12.033, p<0.01; 2w ERNAEE, F(2,58)=1.277,
p=0281; ARSI EAEHARE, F(2,58)=0.423, p=0.656.

3.2. REREER
N-back 45 S M R G 45 R L 3.

Table 3. The statistical results were described in response time (ms) of two groups at each level

% 3. HKFRERNEEN R R (ms) iR 55 R

X E A il
A2 gt . . - .
GORLL Je IR ey
0-back 541.93 £82.35 468.26 + 69.89 585.11 + 80.06 590.50 £ 90.53
1-back 650.08 = 84.81 549.54 £ 88.11 670.35£91.16 641.71 £ 84.20
2-back 778.62 + 87.12 625.60 + 96.62 790.07 + 98.92 774.51 + 83.42

SXof B SR 5 O ST 1) s S i SPSS 26.0 B IEAT XU 25 240 #T . S5 H R, {E tDCS Tl
A, BRI S ORI R B 2 257, F(1,58)=3.653, p=0.058, BB AE 32252 B BRT 5 O )
BT AR A2 058 1) [ BB 45 TG 22 57

XoF B AT S RO SRR S ) R SEET 4y BREAT R R T 25T . S5 R EOR (LR 4), EREA A
N-back £ 45 [ S B2 2 /N TR0, A 5 I e BRIl 45 R 2 7 B3, F(1,58)=73.770, p<0.001; kil
WAL S I N-back AF 45 (1) ) BB 5 5 ) J RE R TG 2 25 22 5%, F(1,58)=0.966, p=0.327. Lt BH#EAE
%2 (DCS HAlM)E, HTARCIZae 1831 T3, w2 il sil, T/EdiZa ik a5 aRE
E R

TE FRSA ORI E S 182 e E RN N 3, p<0.001, FHERIEE, 0-back (T4 HIKX
R 2 /NF 1-back {145 HH [ ORI, 1-back 455 H S R I 3 /T 2-back {155 H ) SR

Ak, BRI T, FHRE SieiZ i g BEAEHANEE, F(2,58)=3.366, p=0.087; fhHI¥EL
KR, FIETE SiciZ A A EAEHA R, F(2,58)=0.568, p=0.568.
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Table 4. Anova results of response time before and after stimulation

4. RIMEIER B EDIER

5 af F p
FLIHT S 1 73.770 0.000
Dol 5 1 0.966 0.327
(R A2 57 4t 2 80.264 0.000
(Po)ie i 2 74.983 0.000
(BE)TFHinrfE * iz e 2 3.366 0.087
(P TFHiRTfE * izt 2 0.568 0.568

X BRI I 5 D BT J5 IR N ) ZE A AT R 357 ZE 0 W o 45 R o BURIRT 5 OB 2
P fE I N ZEEZ R B E, F(1,58)=30.537, p<0.01; idi2fm ERNARE, F(2,58)=2.812,
p=0.063; HH SIS TAERARE, F(2,58)=1425, p=0243.

4. g
4.1. &RV 5N

AT 50T BRI ZE AN Oy SR R R e X8 3R 4T T 3R EE D 2 mA 19 tDCS -1, HAIERFSE T 20 min.
[i) B R AR50 N 00 36 (N-back) YB3,  FR UM 4% e K2 A 1 TAEIEAZRE I R B &2 B,
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