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JaRATELT, Jhsssmia vl 259 (Belin et al.,
2013; Dalley et al., 2007)., B £ MW o9 MA, FHEL
%LAﬁﬁ?ﬁﬁﬁEWEﬁTﬁﬁ' o

JE DT 32 B X IR AH DG R I Y i 28 Al 2 —
(Jasinska et al., 2014), “J&&5—iz 20 TJ& T Al
il g FUH ORI, RGO T, FL TR 1 R
AR R T Ry Bat—iz 8RB (A s AKX
WA WOE, FARASCSIVE R sy B R, 5 > 15
PE 2 S ELE S S TRORCA &, @20 TR IE N
TR SR, K FIFIE BI(Logan, 1988), Al ik,
FEETE LA WA SRRSO T, PG 3
H 3k iy 245 9 SR Al AT S (B 40 %%, 2015;
Yalachkov et al., 2010), £ B> BHP:AT 4L

H AT 2C T A OG22 T i R U & 2547



1194 N H

L

5 54 4%

AT 3 PV S KAL) A I FE AR 520 o FRATTAY
HIIAT TS 5 R UG S ER R TR T /Y N2
PR FNEE A P3 oo 2 WU X 25 M) AH G2k
FACAE S AN BB, H 25 s VL3 L H A AR ¢
LR AR AR b 52 W O ) SO A BE Y, S ke
W pyshfErhshte, BIRE RS A S LA S
AT R RN o i N2, P3 ANBER M H 3hikAT 0 .
KM, Mue N1 B s e R3] 0 # o S £t
AA S AR T, J& T 548 B gh 4 R v n T
[ BZ (Mangun, 1995; Williams et al., 2016; Wong
etal., 1997), UWiHIH LS N1 Bsr 258 B alifb
M A bR (B S5 M 4, 2015; Bruin et al., 2000;
Lee etal.,, 2011). [, AlidEd o8 N1 oy, #R5¢
R TEAH R Z R T 2547 R PR SR 22 L

WPRBEAS I I N1 IR U H AP TEA R T
B S 251T R, R4, WU T T & 2 AR
e R A A S AL SO o SRASBE T B Bl HE X
G AR Y SO 5 A R AT R, soxE LATE i
U MU AR B BUOREA T o R, T R IX Al
FLIBT G AT 15T S AT SR R OB AT S B T LR
BAEM

HRLRT A SLRAT R SR 23 3 3 H 2 il
AR RIS . BFFE R B, KI5
it ] 25 5 B0 & 0 A OC 2 R AR i AR i )
(approach bias) (Barkby et al., 2012), WU # 7Ei& 1S
P 1] 4= 55 v 2 2 3 L X8 A DG 2 R A3 [l it 14 B vy Ff
PFARETT B SONE I, 33k BRR A i A i [ S5O0, 2 A
RLRT BEAT IR BRI, WIE R sfEIC
JCR—FRAE(HE AR 58, 2017) IR A 50
FUR RO ZI R 2= i 1], BEE AU TR 2R, X
Tl o) 2 — BLORFE . PRI, W9 IR 0 3l )
A RE A IR A G Y A2 D 6] Y B ZRFAE (Wed et all,
2020). IXFRELE 3 ) 2ok A T 7R U T
fii I Y 2k A TP E B S-R S o

25 A O 1) 80N I 25 AT R, JF S 2
& e — A H B SR AL A 3 ## (Curtin & Fairchild, 2003;
Robinson & Berridge, 1993; Tiffany, 1990), &% 1
7] ¥ 1E. V)| 25 (Approach-Avoidance Training, AAT)7E
FTIR AR ACIHIR S 1 S B A b, 3l 2k DA )1 25
wa, s CAA B . B skt &
SVENABIE R BYE 2, T A B RS nORE %
REAVR 385 758 A ) 25007, D/ T 0 Ve SR S R AT 2R,
AR T8I J5 1) & & R (Eberl et al., 2013; Wiers et al.,
2010; Wiers et al., 2011), % 4b, BRI (VR)H )

AAT AT 55 FiE % T T09 A A T g 2 oK o W 4 T i
5T A R T FU T 15 (Keijsers et al., 2021),

TERFRSHE T, WA HGE : 5T AAT B
2B A H i 1] 95 1E AT LAY 2 T 2 AR KRR A
(Jacobus et al., 2018), i, XFYIZRICRAGEL
AR IR 2 AE RRRAH S 26 R T 1Y # 48 2 N (Karolya
etal., 2019), XA AES AAT YIZRMMEFA %, AAT
SR R -2z 2 e, eaE U 2k, I BT
AL R M4 25 A shiksh i, BRE A AR
KR T WAL 259 s 7E . PR,
AAT %5, HEMbAT AT kA3, (HA D)
AT R M BT AR Ak, Foph 28 FEil AT BRAT) SR 445
JrAE

WA T, SRS NHRGE T V% D R & 1 s 7
B R 1E 5 (Zhou et al., 2012), {HEA N AT T
NS, FRATTHT AR OCAT Jy 52 40 AT 1 B B &%
o R I AR e 1) 5 LE T AR I 25 AT DA e 1A 3 PR A
Ja A B AR I T 8007 A SR B (M A 4, 2017)
ik, T B TR AL TSGR B B, JUHOR B X
B R, B A R, 75 2T 2R i Y
WE5E LA HE— B R FGUE AAT 78I R 55 b i
R .

MR T A e LI T B 2178
(Everitt & Robbins, 2016, Zeng et al., 2018), VifH 5
R EE B SRS L (TRt VAR )5 W & S Tax v <
BRE A 25 5 5 W ok FR o AR 2 OA X 85 4k
(Volkow et al., 2010). H T, Xue 5 A(2012)K 2
B3 18 J7 00 20 4 RN i R sliea 2 T SR 2, XoF
TH 1R BRI 2 R DG 2 R RO AT R BRCR,, (HAE 2K
B EASRRIA SR, XAl e 5 IF R ICICTH
IR A 55 B A FE R H BT X AN [R) 28 80 10424 5% . i 8
YEICAZAE S — PR P R IE A2, AXT I, BB HE T
iR A REE X BUREICIZ R s RIS Z, R <P -
eI, BRI G R aifET R, LU
SEICICIH IR Bt 25 shPEidAe, Wir A Haf
YRR o

Iy —J7 i, TEL MR Y ZRdr, XFaUREIC
A& 2 3 BN W BURE 259 0 L R . SO
ZLIRE L 5 i 45 o BRI B8 5 SRR 2 A 3%
1y, (HED> 525G R Y B 30 DL N 22 8 Tl
AIRES, AR, SR VR 35 &0 3R KA
SJRYE 2T ), AR S B R R R A T
A 5850 (Lee et al., 2003), A WFFE AT VR 3£
R R SER B F&EiFRIEH T R
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HANRLR 2], SR 88 VR LRBEFH
Je T TR SRR HT T R R £ R T 2 (R ) Y
45 2017; Lee et al., 2003), Hit, 1ERUGEsITEICIZ
MR, RA VR $REGCIZ, wTRE] LUE A 8 i
HETH AR Y 2R 52 1%

Zi b, ARWFFAE AR E A ERP AT A S
b, #5448 VR BiRA AAT Y%k, RIICIZFILE Y
“HRE-E 25 (Monfils et al., 2009), @it VR
TIMKLER LS5 ETE VR H5 1 S IRSIE,
OIS U CA W R S R ICAZ, SR R RITE PR
[ B[] 0 AL P AR MR R, iEA T TR (R R+
SE) ISk, BIFEC 12 P 30T6 2 05 dE 17 37 2% )
(Forcato et al, 2011), #|FHE I Z:H BT BRI+
KRR 46 24 shVE1CAZ 30 3 R Se 1 A e 2 & -
HZihVE 1842, IR ICAZAS B ILIE 6 A7 o 2
G F T A SR R — 2T WU 24517 Ry M0 1) BB 485 114 ol
FashEICAZ IR VI 2R A Rk

ARV : (DIEAHRLERT, 5 I
o ——FH 2547 R i) (s SR BO B A A shfk . BE
TR, RIHBUBE TEAH LR LN N1
P RNV AR (3 /N T R R (A1) . X R4 (41
[f]); (2) VR #EHBUHZY S ILI2-AAT TR UIZR, 1]
DL 55 5 1R BSOS AR DL R B N i ), IR
Y5 A TR E R T 19 A2 BAR bR A& A2 e 1)
ARV 43 3 AR AT

2 WFE 1 MHOCER RN PR BT K
ML BT

21 FHik
211 #ik

Wt Sk AR i O AR R
TR T 48 S D R A B, AHARHE R . (DA
1% 18~50 %5 (2)Wc A7 )™ 1 S A A 3 A 48 R G
I, VAT IR FH IR O 2 fif FH 1 e 25 9 A1 i Hofth A v]
RESZ Pl 22 RGN 254, (3)4F & DSM-V 254 Ui
IS WARIE; (SRR AHZR R =2 1 AHA L,
G K VL BB R . SCEHT— RASREMSTA , 5
55 Y RAEAT IR . R4 G*Power 3.1.9.4 Tiiflh
FOREAS I, JLOfive il 19 44 3= B At A 3% IR (W] A2
AHS R A5 FH DK 25 4 LA S BORa 1 ot ) ) B8 P i o =
Sy g T BB A 19 &4 Bk, Yok
NG, WAl R PR 2 I R 2 1, TOKS PR
FRh 2 RGP L, AR . MBI Z ZE i S
IREA YAV, i S 5 &8 AL RRi T 4%

AMERESS, FFEE] 120 JCIREN . iZscs e SR
I K20 B R A BT O R B B Sk
212 EImMBEFZE

(1) BUREAT N R R

K A g scEE A DL 25 OB T A R R,
G EE A BUMER . AR E . ZEE R R EIAR AN D
SER, DS R] Rr RR O BRE . K
o o P £ A OREAH AR B

(2) PLBEARE 2

K FHAR e AR UL ¢ (Visual Analog craving Scale,
VAS )i 5t 185 9% R 8 4 %ot 1 4% DXL )0 BB oR . g
FARIE [ O 7E 152 VR A B X 24 9 G S O SR R
FE 0~10 ZI B2 A4 Bt i AH B 7 B HEAThRIE, 730K
, RUVESR ARG . VAS S H TIPS R
Mt T H, BA RIFESIEGE %, 2019),
ASCHSH ) Cronbach's a 2400 0.96,

(3) KL RE A

XBERE Oddball JEH, SEEA R R br i d
ORI 22 FBL (LA 70% vs. 30%). s K
ERF IR, i 22 38 A T ABAE i B 24 0 R 5%
LRE R A RE FFER 5, 2020),
2.1.3 KRR

SR 2 (RIS VI D R L X R
) x 2 (RRFA: YLK . M RER)WUH KR
BT, SLEALE 2 > Block, 43925 M
KR FTNFX AR, B Block 4275 300
A trials o PP & AT B U 7E K] P, Bl AL G B
— PR I A R R AR5, B — 2kt
TR 5 58 BN RER 2R AR 55 o SE B0 i Bl e 2 A
SIS E A, EOR . EEFIA, SRR, BEaEhok
BRI 1000 ms B+ FER A, RIFHEPLE
PR o R 8 22 R, R E R R T O,
] _EBR A 1200 ms, FEEEE 1000 ms FI2E5E . H]
P, W B O R SR S
HEATHE RN A PR PR, e 2 SR T
G B Block 4505 52 BN A9 1E A 25 SR A
R, RS min, #47F —> Block, SEE AR
K1,
2.1.4 ELIuidiE

oG FEL SIS T, R A B R o8 SRR T A SR 0
%, JEIEAT D EE SR B Sk A, RSO
R R PRI, XA AR B WA AR 1 2
AR, WTLAR e S 535 i SRR A, X
25 YE SRR TEAT VAN o Bl SE I 45 R R, AR Al
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BT B I _E RS AR IR A O R SRR, Ik
Tt UiiR, 5 B AR AT B Hh S50 5 & i 17
TG 26 o % REZH Bl A 5 UK FEL S22
2.1.5 ERP HEXRES4IE

K BP ERP i3k, /AT RS, #&EPR 10~20
ROy RN 64 FHMNIE LS EEG, N HL id SR 45
WS T MRS, BN LA . FMzls
WA N ESH, mimh ez, = EIRA
(VEOG)HL M 433l A ZE AR B F 1.5 em &b K
ViR FL (HEOG) LMK 430l B T 22 47 IR At . T i
SEHIUENE TEA 4 0.01~250 Hz, RFEHIZ 500 Hz/ 4,
kB FHBT< 5 kQo

SEESERUS, BRI HTEAE T AR 750 ms,
DL SLE E PEETAY 150 ms /E ML, WAL R
i 22 B bR AE RIS & 1 ERP 43 Bk T & i
YIo BEME KT+ 80 uV 1Y trial B NP SHIBR,
Ja R 20 Hz fIGEJE AR, MIEA5E HEY, I
SO AWSR, ASCEZST SR A shikin TAH
KHINT (70~150 ms) sy, FIFEEPELAT 11 A~ AL
HEICEM ERP IR T840 #r: F3. Fz. F4,
C3. Cz, C2, C4, CP3, CPz, CP2, CP4, ERP
AL, GBI R T80 pv MLk 3 A
AL 1N, XFTRRAL 2 N), WAL
Wik h 34 4. il G*Power 3.1.9.4 BEFTREARR )

G430, effect size £ 4 0.49, JB 1 245 IRIHER o
err prob 24 0.05, EFEAIE total sample size A 34,
T3 KB REE Power (1 — B err prob) iy 0.8, AL,
AR 2B 1) doe LA AR o T ARIE S0 45 SR ] FE
2.1.6 ERP %it4#h

K SPSS 25.0 XA LE T N1 -3 fE Fnv
PRIHEAT =2 J7 22508, Hoh sl 2e AL (%
BOREL | AR BEAL) Ry i ) A e, 2R R (2
YA IR R X BRZEZR) AN AR s (11 A HLAR 50 R
N AR & 7 22501 09 25 B R F Greenhouse-Geisser
PRETE A BB p fH
22 R
221 EXEER

W2 5ETEFWE . 2208 IR 8 8K |
I B S o MR AR YR R S SR A i
20 %, SFBUERT S 193 N H, SF BT
35 AN A, R WTRT IS A 4N 0.56 g/
KOLE 1),
2.2.2 REAHIR KW RIEME KB R EBISIR

ERP LU0, Fif RS 55 M2 T8
SRR [ FAR 5 NS T BES BR BRI, T AT SR
ZNF L SR BB & R AR TS WS L o R P X R
A ¢ K, kBT AR S bR AR T S G
25, RS ISR B TE 22 5 (LK 2).
2.2.3 ERP LEITAHLZER

2 5 50 T A I SO TE A 2R R A 96%
XFIERfE | SN B A TR B R R B
M5 22500 B, AUREALTE 2528 R EIYIERI R
BEM TR, F(1, 32) = 437, p = 0.045, n} =
0.12; S iy i 2 TXT IR, F(1, 32) = 4.89, p =
0.034, m; = 0.13, UL LG ILRER LI NI i 2
KTXTHRZER, F(1,32)=4.43,p=0.043,n, = 0.12,
2.2.4 ERPNIE&R

N1 RGN BB R FRLOB[F(10, 23) = 7.90, p
<0.001, n; = 0.77]. LRREB EKN[F(, 32) =

F1 AARKHAOZBERBBANGYERBER

TR PR R 2H (n = 18)

X IELL (n = 16)

AR t Cohen's d
M SD M SD
E (%) 39.80 3.34 42.38 13.14 -0.81
ZHEN R () 9.63 1.45 11.27 435 1.51
AR 5 (/) 5.79 2.12 2.49 2.18 4.33%% 1.53
RGO (ml/JA) 379.39 280.00 67.91 67.63 4.47%% 1.53

H: **p<0.01
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x2 BREMBEAET ERP LK ATE S IAERIEIR KB R BIELRR

. ERP Hi ERP J5

s M SD M SD ! ?
SRR (C) 36.88 0.34 36.93 0.25 -0.62 0.55
FeHL (30 s) 5.94 9.68 -0.31 21.26 1.36 0.20
JZHL (60 s) 0.75 9.45 -1.75 12.79 0.61 0.55
W45 s (mm/Hg) 127.75 15.02 127.19 10.57 0.22 0.83
&5k (mm/Hg) 81.56 12.11 82.94 9.78 -0.73 0.48
DF RIGT) 76.56 8.92 76.75 11.72 -0.10 0.93
T8 R 2% 1.00 1.27 1.13 1.36 -1.00 0.33

14.59, p = 0.001, 2 = 0.3112h Je ZR R ISR Ha b o5,
38 HAL R [F(10, 23) = 3.52, p = 0.006, 13 = 0.60]
W RN ERN B E(F(, 32) =3.92,p =
0.056, mp = 0.11], V& PR BUBELLF K Y N1 JiE L
o HE A f 3 T /N o Bl R R I 1 28 HL ALY
B3, F(1,32)=17.72, p = 0.009, n; = 0.19, A& LH 7
WA 2L RIHE L) N1 PR 2 /N T % R4
F(1,32)=7.14, p = 0.012, 3 = 0.18, Tfixt LRI
WEMAMZER (@ = 0.232); WIBAHAME YLK
BFA AR N1 PR W &/ N T X R, F(1, 32) =
23.13, p < 0.001, n; = 0.42, 1%t HRAIME BFHLL R
WAR NI IEIELREZRP = 0.479), XHAZE
AU LR R ISH B 1) = B 38 RO et — 243
MrigsR, WG A 25 PR RFTERIX . g XN
rp T DX 75 Y NI MR 1) 30 2 /N T X R [F (L, 32)
= 7.57, p = 0.010, n; = 0.19; F(1, 32) = 6.04, p =
0.020, n; = 0.16; F(1, 32) =4.97 p = 0.033, 0} = 0.13],
T UL Yo BB 2 2R Bsf 45 X375 & 1) N 308 G 35 1Y)
Y2 5 R VLR 25 RINFERIX . rhe X
AP e T XA & B N1 JRIR Y 83 /DT Ik &R
[F(1, 32) = 12.59, p = 0.001, n; = 0.28; F(1, 32) =
18.67, p< 0.001, n3 = 0.37; F(1, 32) = 26.94, p <
0.001,n, = 0.46], 1%} HLICi% % 2 5 .

XFNT BRI 7 A R I b B e R A
BERE[F(1, 32) = 6.78, p = 0.014, 5 = 0.18] A K ik
& U R A A5 A S HLARONE[F(10, 23) = 2.29, p =
0.048, M, = 0.50]. 1fi% P ORI 7E WA 2 W 2 Rt
VR N1 WK W 0 TX LR, FQ, 32) =
4.04, p = 0.053, n = 0.11, T =HEFZ M
N, RREYI LG 25 Lk R FE b e XE & Y N1 i
R4 2 X RRZR R, F(1, 32) = 6.19, p = 0.018,
ns = 0.16 (WLE 2).

225 FEUBEARIRRE. K SNEGYE R
FHR K N1 RIERIHE X5
JIUIB A 114 JICR N 5 7 v e DX e e T X 45

4 NL I S 22 0 % dnb 2 R A G [r = —0.42, p = 0.083; 7
=—0.43, p = 0.072]. WA 5 N1 SR TG B A0

3 WS 2. FETFeMSeR RN
2547 Bt iy VR $EEUH 24580
YEiC1Z-AAT MBI 25T

3.1 FiE
3.1.1 #ik

W YFEETE ) AR SRR T SR, BTl
FHZSMIRFIZE | 4RI . B ARG A 7 T H S0
I G5 1 v g DRI R TR A5 0 D T 34 1R R o e 1) B0
HEATORE, DIABRUER] S 1, L 60 44 %
PR S UK B3 TR A 25 W 0 FH 1 55 P e & 2 AR Yk A
9% A BIRTEM Z BT RS T e 5E . Bl
MK 60 A8 M IIZRAL FIXT 2, 4341 30 A,
SFHIENZS SE AL 3, TAS 55 EH
HIZS 5N B ML AR, JF28 28 5 R &
Po ST AF RN IR0 B IR B 5T T fe
PR oI
3.12 EBMBEES

(1) RS 1 AHE A BREAT A S A
. MR B R AT AN DL A

(2) WU E K- F 347 4 1) 4 (Craving-
Automatized-Scale Substances, CAS-S)

K JH CAS-S M4 Hils 5%, 2019)% 2 5 & 1
BUREAT N IT R A o I CAE S A R AR5 AL
JE A 16 5% H, BAETERFAH H EWA
YRz, W LSRR X T RO o L A
B EPURAE, RA 0~5 Zadsr, MPOREA 3|
“EgT, arBulE, Fom Ashife . TR AR
AMZ . B, ZIR ST SRR P Cronbach's o £
¥ h 086, HI(EE N 085, TEATL
Cronbach's a %4 0.89,

(3) VR 48 M il #0375 il 1

VR %% KA HTC 5 Valve BEAF & H) HTC
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K2 WMAEZYLL RN IR RIS K A B 4] L3 (M 5 . C2, Cz, C4, CP2, CPz, CP4)

Vive, VR &5t il 3D Max B {445 8 Ak,
L KTV 5 K/NR 3 m x 2.5 me AR
THE T —X—L 25 DRSS SR . b 4
2 TEFE S 24 W W it 0 DR e, 1RO EHAE L 7K
A DL B 8 4% 55 FH 24 T EL AL ) e 5 5 2% JL
El 3 i),

B3 m KTV 5

(5) LREF

MEEES 1 Zeid W BIBETE R R B 25 5K2h
PIARASCLRR I Fr F 25 5K% BRZCR K A A S8
ARSI PR A Jm RS Z K 2 — 2K

3.1.3 LIt

R 2 (B2 . YIZRA . XRRAL) x 3 ()]
Mo UIZRAT . IZR)E . JBER) S BT m .
J 538 BRI A Tl B 2 S H SR A ) 4 34
%, WA A AT S, INGHS R

WA H 3w g X BRI S
AAT fE55 A R 2R, R i MAE .
IS

3.14 MR 5ilgA %

(1) T VR B BUREEIE)ic 28 H

LA VR Sk B REAL, 7E R S R Y
X 38 5 (B AT B AE 3l 3 400, IR FARE 3 Ik
S IO T R 3 i 2 A R R (P e &~
M 1E), 8@k Fh 2 Pl 1 B iR s e, $EH
BURBSIMEICAZ o B RS i B B — 44 F X TE
WA, VB 7ER st fi a2, VR Widigis
WU, BURE S s B, WA R e A2 s IS
(45 T A BRAE AR IR F IR A, 2L 10438, 1R
ICICHIR BT R %, AR5, HEAZIEIS VR [H5E
ALY 25 A S R A AAT YIlZkrf, FFE RIS
LRI L A IME 2], LLEENER 258
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(2) AAT P51 25 321 #HIEAMWERER

155 96 4 35 KU AH — 30 SR s AE T R A3 YIZRIITE], — 22 0 BR A9t il 1 4 ok SR R T vk
WIEIEIZ B THR I Grrp, BRSO B Z I gk S e g, KRR A AT 29
AE4)FI KL R, HIE4sh/ERCh AT R A UIZRd At BRAL &35 b 5 T B 35 25 S (L3 3),

AL B B NE, LA e 300 i SO 7 1) > 158 1k P 245
17 M(Casartelli & Chiamulera, 2016),

3% H Presentation il AAT JIXFRRE o M3 A,
S LR IR R E Fr, BRI ARG R B
A 2RI R AT EAEONE, [ S EGHETT ) BAT: 1]
PLGEAIT)—A~ 5 Up F1 Down %5 % 75—k
HRINFT o TAT 1 20 2 035 LA P61 R 1 7 o O
KB, FORPORIETF B E BB R, DU E
L0 BE Y P R DA [RT R HETT SR 2 B BE I A 328
g/, AR LR R, PR ShAE AP Bl R B4 34 7
Wk, AR EFE I LR R (zoom-effect), ML 100
A trials, YIZRATAGIHAIE N 10 4> trials 2R .
M, 5P HH RN LI . 25 1S (50%)
RHETE, 25 A(50%) M EIfr; X HRZ &R B HEHL
B K. 25 4~(50%) MHETF, 25 4~(50%) R 1E B, il
GRJa e, A %, EHE,

YNrrh, ZERBWINLR5E R 200 4> trials, Y%k
WRASBEBL, s A R R, T R [ A DG
FIURET 5 90%F1 10%; RIRLEZRAM R, 90%
frlml, 10%EH . LRE R BEVLE B, 2R
BF 10 230%p, SRIGHEAT S5 08 VR A .

3.1.5 gkt

WS A 4L 10 wegIIg:, Fx)I1%:
29 25 Grh . REABEE SR T 3 YR, AR RTI
Je 0 LA e 25 AN 2R A~ 5 BB BRI . ZE DI S
FErh, BURH XS A gl E ez 0 F L I
MR L A AR B AR I, SR HEAT 3 404 VR
TCICHRI, AR 5E 58 J5 I 10 434 (£ 1k 19 1) = U
A BRER ARG, JFRE 5 P AAT Y%k, &5 5
34N VR R
3.1.6 SZitfEtREHE

SR MU |« AR A R fp S A S R 1) 22
fE(VR AR5 M A BRFE bR — VR RIS T I 2R BRHE47)
R A%l 1) 3808 3 (2 W e R HE TP ] — 2459
RRPLIIET]) — WIR RIS — X AR R
o7 151 B[] ) 0D B 2R 0 4 ) 21 N 22 SR b e iR
bro RADERIEG 225007, HREA2EE . &
A5 T S50 A B5ORT IE B SR I 2 (I 2 P 25 57, BRI
HIE AR DGR R O 25 57, ik I 2R AT R

x3 WARKWAOZHESHYERBR
W (n=30) XHEL (n=29)
M SD M SD
i (%) 33.47 495 3257  6.07 0.53
ZHFWME (4F) 843 2.00 797 171 0.34
WARE (Z/K) 12,79 773 12.38  13.81 0.89
WAR (¢/K) 0.87 0.67 1.02  1.85 0.69
AFER K (H)  136.79  57.69 120.33  78.28 0.37
W (F) 11.76 2,70  11.07  2.65 0.32

2

izl
S

3.2.2 CAS-SAIELER

BB CAS-S L0 T A4 B A 455334 O v
(W3 4). 48 CAS-S WA & H 5 iufea I Ao 2¢
Srtrieos, 85 12 R 1A R A IR BRI
XEE R B, B 13 IR R D e
J, AHSEBRfd & iR 2 DL 14 R IT
AN Ve B IR 6 s o, (HFRATI IR 23 1 =4 [ it
AR, SRR KEREEMXE = 027, p =
0.043; r=0.31, p =0.018; »=0.23, p = 0.083),

F4 BINHFFESE5EN CAS-SHBHW=060)

55y
i H
M SD
CAS-S 4y 34.50 14.57
ToER 10.20 5.75
NEIEESD 24.30 11.20

323 VRIZIZIREMAEBIEIREZETHER

H e, 2% I A RS bR 22 (34 TG b 2 1 A ) 22
S, ORUE TP Bt O E M 22l 1Y
T BRATAn] 5k 2 1 RGO RS BRI 25 L
XA R ERV[F(1, 57) = 10.78, p = 0.002, 05 =
0.16] A1 [a] &5 B9 RN [F(2, 114) = 10.63, p <
0.001,my = 0.161% &, JC b 3 (58 H.AL .

A QAT = [ S mve < 1 N SR D RS
NG W3, F(2, 114) = 2.57, p = 0.082, ny = 0.04 (I
Bl 4)o Ja i, YIZREE iy 2508 2 /N T30 B4, F(1,
57) = 3.84, p = 0.055, 02 = 0.06., YIZR& T, J5MH
168 BRI 25 (E 1 W 2/ NV RTINS DU 38 ER
T EZESR, FQ2, 56) = 5.10, p = 0.009, n; = 0.15;
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X R Y 2 (H 0 0 & AT S I 22 5%

W 4 R 228 - ) A0 E RN [F(2, 114) = 3.65,
p=0.031, 02 = 0.0614 K 4 1< RN ] o5 %) 58 L
BERI[F(2, 114) = 3.40, p = 0.039, 0} = 0.06] & & (I
Kl 4)o e, YIZR2H iy 2508 5 25 /N T-XF B 21, F(1,
57) = 4.28, p = 0.043, 02 = 0.07. YIZ4ld, JEiRY
ZEH /N TR, 5558 BRI W 22 R
F(2,56) = 7.15, p = 0.002, 0o = 0.20; XF HRLL A9 2 (K

324 AAT ERFERBNIBEBRENTH
B
T4 A% i 1) 250 Nz A 1 i 3k 2 AR S A0
F(1,57) = 6.80, p = 0.012, n7 = 0.11; PRI Fiipsf
6] 5 A2 BN B3, F(2, 114) = 3.04, p = 0.054,
Ny = 0.05, I BB A AT o : RN H, A i 1)
BN AT BOTC B A A R 25 5 e, YIZRgL Y is
722 A T 250 4343 I X BB, F(1, 57) = 10.97,

TG S 22 5 (WL 5). p=0.002, n; = 0.16; B EEMA, YIZRA 0 3512 i
30 |
20 | 40 + o
g 20T .
. 20 | o
@ @ - B
U o SRS
=] Moo b e\ o ) 2
-2.0 | -20 | W
5ﬂs’—lo -
-40
—40 | -20 L
1 1 1 1 1 1 1 1 1
iU B GBER EipiL] B iBER HT B GBER
Fiof ] A5, s ) A, Fif ] A5
gH e pait:]
El 4 WA ET I E U R AN AR i 1] 5500 43 B0 TE = A ]S R AR 1k
x5 MWAHKK VRAEBEREEEI MHER ENTK
. ) Y4 (n = 30) Xt HEZH (n = 29) AL s [i] 32 s ] A5
AR Aisf 1) 2%,
M SD M SD F p F p F p
PIINE: 0.20 0.655 0.38 0.683 1.03 0.365
AT -0.57 5.85 0.83 6.74
Je i 1.27 7.86 -0.38 9.26
BIEY 1.48 4.52 0.43 1.79
g S 1.23 0.273 2.00 0.140 2.57 0.082
AT 2.07 7.13 -0.10 6.70
S -3.10 7.93 0.55 6.25
Bl —2.48 6.09 -0.29 9.19
W s 0.18 0.671 3.65 0.029 3.40 0.039
AT 4.13 10.78 0.03 8.92
J& il —4.23 7.20 -0.17 7.88
I -0.31 6.34 1.29 9.20
ESI=Y 10.78 0.002  10.63 0.000 1.36 0.260
AT 0.00 0.13 -0.04 0.12
Je i 0.09 0.17 0.01 0.22
BIEY 0.17 0.15 0.03 0.10
J L 1.73 0.193 1.04 0.360 0.53 0.592
AT 17.60 107.04  -12.03 75.62
Sl 5.40 (53.90 2.83 54.63

i R —6.07 36.15 —10.50 18.13
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[R5 B FAR TR R, FQ, 57) = 391, p =
0.05, np = 0.06, U HLAE & B, YIZRglrh, JaimlA

TE I P AR A D 1 28O0 0 B A T A, -

B2 | T W2 22 5, F(2, 56) = 345, p =
0.039, mp = 0.11; X BRLLFE A B [ 14 22 ] 14 3 22 D
Tr) 3800 3 KA O b 35 2 5

FEREURFTTTH, PRI TE 4 I a) S A R R
M AEITE 2%LLF, A& BT AR i 35 1Y £ 300 58
BRI 6).

5 HHe

AWE5EiE S ERP FIAT N SL8, dE—PHAE 1
T8 D SO # AH G ER R RONE I A B ARy . Te R
fiE. TESLIERE b, SR VR-AAT Y270, # B
T AL MR R AL I W IR 4, Bt T
FI 3l A S R A 1] FE SR, T2 T MR 4 T 25 Y
1A SR, HANGRRORIFLE B0y . I FEA 36 Uk 5]
I R0, SE8&E Mgk T A SE R4 2R, A EE Sk
BAR AL T ) — RIS SE SR A A
51 HEX&ZETHBERENBEEAGITANER

R E

WE5E 1 BSEAR Wo, R iy Hh e DORT R S T
XML R TR T BENRE AL T
N1 3, R EHE A RLR A A 8k | oA
PERT, BERGEIE 3 IX 2 SR CL R, & H A
2Pl Z — . X5 LR RSB0y, KB
J5, AHRECR TR 2 s —Ah A sk in Ty
SIBEAT (R # 4, 2019), T /037 2T il )
HEAYFZ W (Copersino, 2017), FIAEFT HALS AP
Ry SR I TRIA i A4 33X TE A DG 3R B 1 A R
(Robinson & Berridge, 1993; Volkow et al., 20006),

5T BRI BRZG AT LE, U TE 25 W AH O
LR T W BAEh R XA R N1 BRI, B

wAE

FIAHSCER R T RS 5K A shibin T2, & skl 5
LR T AT A E 4D a5t R JE A s s,
91T NPT DA G B, RS AR R T S B
24T A AR o RN o AR i 2 %) M P D8 e ARG,
5 Copersino (2017)#1 Washburn (2016)FJ#F55 45
— 3, MRELR TG BR, <BE—iz 5K
DX TG S M DG ZR R T Y ST B 2547 A A b 42
Btz —CR%E 45, 2017), “BE—is 3 X 59 15
T A R gRE 2 AR R /b 7 PN 9 VR (B R N1
TR/ AL R, RS SR N1 WA
2SRRI N, 5% H sk 25 3R A
AT (B 41 45, 2015; Yalachkov et al., 2010),
IEAh, ERP 459 5 CAS-S &5 2 —E . BB
H CAS 1350, RWHHLGIT N EA“TLEIR
FARH [ FE7RRB, I H, XSk SR
s ] %) 84 I o A ™, X 5 AR RAF(2010) L K
Belin % (2008) YA 77 45 2 — 3y - B 28kt
[F) P T DB, R R A A DG S R B, A &
Xt 25 (Ve SR AN ST FH 2517 h, X — 2518 A 3
T MRI W58 45 3R 1) 2R R (AR R, 2015).
]S, 96965 PR O 2 1) SR e 55 O A G 2k
FI e e DRI R T XIS 2 1 N IR 52 6740 G
B U B R B ) A 3, I PR o e R
SRR LTI X ) N Y% IE 22 WA, R IATE &
WIHZI IR, MXRLE T A WMt K-S
FHBF IR 3R & . 245 RS CAS-S &S
RSS2, B I SRR T R BN
MICER L A SIS AT )25 Bl e B ] Y 2
M35 o
52 ETF“HX&ER-SREABITAHEREN
VR 1REXAAENEIRIZ-AAT HiB I %
KRR, BORE A MO IE 6 N, 270
BRI R A s n Tad FR (I B 2517

Fo6 WAWILH AAT A=/ E S EHTK
Y4 (n=30) Xt IR (n = 29) (ARt Asf 1) 2% WA < s ) o,
A s ] A
SD M SD F P F P F P
TRAR A 1] 2500 3 HK 6.80 0.012 1.41 0.248 3.04 0.054
GOl 19.98  64.71 14.50 52.79
JW -17.90  52.69 23.55 42.76
EN -9.07  37.95 16.22 58.50
FRE (%) 1.03 0.316 2.13 0.128 0.55 0.578
i 1.75 4.72 1.43 1.75
Ja i 0.24 0.51 0.93 1.34
3B 0.38 0.74 1.08 1.72
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A Ta] ), A S IRE 35 R ER A7 A S g 410 ] 8RB (Evertti
& Robbins, 2016), JoEEA GO LR X ik
. Bk, BA @ YIZ8 R —Far B shik
JNE, A6 AT e I S N BN E AT R . AR
WFFE P BT RO BT 1 AAT Y2RS5 R BoR,
V% D BURE B 7E VR FR AR ZR R T, A RS b (i
FE T 5K FE RS04 R ) FN A& 42 i ) REO0 43 034 H BR
BT R, BRI SR g 3 42 i ) A5 31 5 2% 4
e, MR RIS, MRS B 2118
657 ) R0 B VB SR US55 X — 25 R 55 Wiers 55 A (2015)
XPIPY A BOIRE 5 7 2 A8 O 1) (4 TE SRR AR R
UL VR $REUHZ S0 EIC1Z-AAT BRI ZRxT e
HRA 0 R ZRZE— S M FH 247 2 2 Bk 25
TR MR, IERAE VR il i s R
PRESIVEICAZSS EIRE 10 435, 8 gy AL &R~
A2 F 2547 R BR A5 A M R R -~ B 2457
R, BRI CER R A AT . XS
ZHT AT 45 R AL (M A S, 2017; Xue
etal, 2012), I, XTJe T BRI IF5E oK,
VR LRI LIS T i RFERE P B ek T
Jin i 3 (Lee et al., 2003), &I R 8 i 3 11 15 11
HIFHOCR R 50 VR HR AT DL &5 iRa i 42 $2 e
() 25508, T S b USSR & 1) B s A 42
SR AR RN, MR 1142 1R Y1 Zr g i
T A TR A

B BRI LS SR B oR, Ao B A T IR DI 2Rk
ST DAAERR R st R), 5 Bl i 3 DR RioRe 3 T8 i 4
AR R W shESI I, Ik, @i VR S22 3h
YEIEAZ-AAT ShETHIR YIS, S B e 8 i B4
SR S A SR B B 4 24547 R e 4 DL AR
AR - 25T ks, T AR A R
b BER AR B8 T B3 A S S
53 ZAHARBFR

WFFE 1 R HESE R E R R . RS
LROCYPIFIEM R A RB LB RN T H, HhE
AT MR T BT IS A WIS B RAE, X AT AR ok
TEIF RN TAE. J5b, WF9E 1 i R & 1734
WS T AR, BT S 558
VEWIH, X B E e Xt g 1= A . ANt Bt
FE I A UE B DA RO 258 A 7K P 2 75 5 i) 3
g RO R R . Bedn, BFAE 2 P, iCCiRBUR
FE VR P88 TR S, e 12T 18 A9 AAT D)2 e B S
TEEE Y, BARES R B, (HFRATHE LI E X
Rl & 05 A SRR . BiF4AE T L2iitic e

SRR IR VN SRR ICAE VR 175 58 S0

6 4Eip

HHSRLR R T U & 1 B (T 24 sl s oR) He
A A TCREIRMPER, Hph 2L Z — 8@
IBEIIX NI PR RE sl dlid VR SR BUSURE sl 1
ICALJE TF R 3 T B IR S AR I G o i) <M G R R
—IRZ 2577 kAl Al DI AR R -
SR T 2547 ok As, A5 B U T 151
T2 24T R SO, B AU B A SRR T Y~
2577 0, W RE AT LAY Bl SO 5 e B S 5
Wl s T2 . SRATON

B RS AES B BERENE SN KF
SAERE (REANTAG A BN B SRR
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Abstract

Under relevant cues, people who are addicted tend to use drugs with little attention, purpose or cognitive

effort, conforming to an automated “habitual” response behavior. When the substance is not available, this

habitual response behavior will be transformed into psychological craving.

A common goal of addiction treatment is to reduce cue-induced reactivity that has automatic and

unconscious features. Based on previous research, this study used a self-report questionnaire, two behavioral
experiments, and measures of Event-Related Potentials (ERPs) to explore the characteristics and neural
mechanisms of cue-induced reactivity in heroin addicts under drug-related cues. On this basis, a training
program using Virtual Reality (VR) technology and an Approach-Avoidance task (AAT) was designed to weaken
the association between drug-related cues and automatic drug use behavior.

In Study 1, the participants (N = 38) were men who were addicted to heroin (n =19) and a matched sample
of healthy controls (n = 19). The Visual Analog Craving Scale (VAS) was used to investigate cue-induced
reactivity by self-report. We then assessed ERPs to explore the nature and neural mechanism of cue-induced
reactivity. We hypothesized that compared to the healthy controls, the participants who were addicted to heroin
would show more cue-induced reactivity in the form of automatic response outside of awareness.

Corroborating our hypotheses in Study 1, we proceeded to Study 2. N = 60 men who were addicted to
heroin were equally divided into a treatment group (n = 30) and a no-treatment group (n = 30). The treatment
was VR-AAT training for 10 sessions over the course of two months, with the goal of reducing or eliminating
cue-induced reactivity. Before and after the treatment, VR-AAT and the Craving Automatized Scale-Substances
(CAS-S) questionnaire were used to test the difference between the two groups.
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The results showed that 1) In between-group comparisons, VAS scores were higher in the addicts than in
the control group. And in Study 2, the within-group analyses showed that self-reports of drug use behavior being
“unconscious” and “involuntary” were significantly correlated with the duration of addiction. 2) In within-group
analyses, N1 amplitude was smaller, latency was shorter, and reaction time was longer in response to
drug-related cues versus neutral cues. Other between-group analyses of the ERP data, addicts demonstrated
smaller N1 amplitude and longer reaction time in response to drug-related cues compared to the healthy controls,
and these differences were concentrated in the central regions of the brain (i.e., the parietal lobe). 3) After the
VR-AAT training, the physiological index (based on temperature, diastolic pressure and systolic pressure)
decreased significantly, and the coefficient of approach bias of AAT [(Avoid behavior RTS gryg-related — Approach
behavior RTs grg-retated) — (Avoid behavior RTs neural = Approach behavior RTs neuqal)] Was significantly smaller
than before training. The results were the same at a two-month follow-up.

Our findings revealed that cue-induced reactivity showed characteristics of being automatic and
unconscious, with greater N1 reactivity in sensorimotor and related brain areas. The VR-AAT training was
effective in reducing cue-induced reactions among men addicted to heroin, suggesting that this method has
potential applied value in treating heroin addiction and in designing relapse prevention programs. This research
contributes to the addiction literature in two ways. First, AAT training has been used in the treatment of alcohol
addiction, but not for other forms of addiction. This is the first research to use AAT training to treat heroin
addiction. Second, the treatment in the current study is the first one to combine AAT with virtual reality
technology. The VR-AAT method might also be a feasible approach for other substance abuse treatments,
although more experimental evidence would be needed to support this. One limitation of this study was that the
basis of automatic drug use behavior and automatic refusing drug use behavior cannot be distinguished. This
issue can be investigated in future research.
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