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W OB AEELSE TIN5 Stop Signal Jus N IIZHMES, %% 3 FUIZOR XS5 AR I T2 RES
NGBS TSN . R IE DA A SEI FIERBAR R 2R e B T IR0, P SE g2l 24977 2 T 0 U
il Go/No-go AL 55 FE AL (H A ARSI L 1 XTI Stroop 4155 AU REALN o WA SEH2H FIAR
WP RIZLAR L TR 2-back 4155 MER R, (A AT AAFESIRALIN B 77 2-F1 3-back (£55 L AYIEREALNL . Frfy
LURIHRARE B ILRE S AOITRS o WEFEUENI T AR B AR, 56T RIS 5t 4 B Rz 4 I 2R REAS X R T D iE
FEAEYNZRANE RSN, (HIERSA R Tl A TAECIZ AR RISy, Toik e 4f P g

KR RONAEIIIGE PATIIRE; 154, BT
HES  B844; G44

1 55

TE AR Z N F I RE H, AT ) BE (Executive
Function, fijFX EF){EH #& M M H 2 A 09 b B &
U, R A8 55 g b T A 4 A e 0 R (2 ol
0 A e (anf B . 5l G . A S & T AL
&), Hp v 2 AR TR G R 1 R (Moffitt et
al., 2011). FAAT D) HE S A A e 1) B e i v DA 20
RN —Fh DI RELEAE, BEAHMATE 56 U 2N U E:
Sl S R A W G s L |
(Diamond, 2013), £ =4 FE M4y, J3 923 ]
(Inhibition) . T /EictZ(Working Memory)FITA %1 5
1% PE(Cognitive Flexibility) (Miyake et al., 2000), #
P TR AR R A R R R RS T AR
17 UIEEFE b (Diamond, 2013), 4Hij, £ 4hATIhEE
(N S B2 AT 334 i 5 i BURRAR. . Diamond 55 X
PATIIREVI Zrbt 9T 64T T A2, KIMHT EEH 6

ks H3: 2019-08-16

FKNorE, AR . TR L
R AU, RARSESS% . iftamer it
4N FE AT 12 3 (Diamond & Lee, 2011), Hrf,
TG T RS R R T %, R
FTAERAZ, Rl AT 55 M gr Z it ss 2
SR T XTI RE, LR AR AR AR Y
iE RN (Melby-Lervag, Redick, & Hulme, 2016),
FRIFN RG2S A X B =, R )
il U Zr et A TR R0 7= 4 (Enge et al, 2014; Zhao,
Chen, & Maes, 2018; Zhao & Jia, 2019),
HRATIFSE B, LN ARGk I I SR
T IR RN, fH = Z [H] J6 2% 5 (Johnstone
et al., 2007), Zhao %5(2018)HYMFZE ] % 3K 5 i A 21
L, JLEZ YN HBL T BRI . LLEF
FEAETRARSF 0 S T AMEREY, RN ZRARCR
EAERBEL AR R MG, EINGRBORA A — &
B PR OL T, A2 KPR B R A AT s i =5

* HE A 2B ARSI H (17YJC190025) AR AL K247 2 A E 2o RE 220 PN 7 AR S < 7 47 AT AT H (rp e R AR
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(6] & /b A 98 Pk B {IK (Gaultney, Bjorklund, &
Goldstein, 1996; Karbach & Kray, 2010), {HAR$E1%
25 S HEWT T /D A R BN I D) R U1 ki IR RS 2K
I AT 28 TR AT RURS: 1 o 32 R R A e kst 7 7 401,
B ILE R A IR . WILEN S HE
W, AR L R RESY A B R TR SR T
(Diamond, 1985; Diamond, 1996; Eriksen & Eriksen,
1974; Stroop, 1935), FIRTE 6 % LIRT LMK 2T
GRREHUR R, EXHATT S8 R A A DG
{5 ATRAFAE 5K IR ME(Dowsett & Livesey, 2015),
AT AN SR AR L LA LB R AN R SR, 2L
LIRPEXT LB AR UM LIS S WA 55, (EXT KU
1155 LG oy I RACHRAE ;A B FE R AR
MERE IS A P4 55, (ER LB R AT 55 il & 5 ) Pt
MR o AARTE LIS 2 B AE, anxi AT 55 #1
DUABE & ) AR 56 TIFE T I DAL AR S 32, g
1 (197G 2 il (Best & Miller, 2010), %] T AL A
W, A0 e & R BRI TR E (Williams,
Ponesse, Schachar, Logan, & Tannock, 1999), A i,
FEEBINGAERAE S L, JLEN HLFH D4E . A
XMEREAR, /45 A1 R W) AT AH X 58 — (Anderson,
2002), {H LA B RO 58 34 B = 35X 5 TR % &
(Johnstone et al, 2007; Zhao & Jia, 2019), ik, &
R B IR LT DAE R ATE L s M d s, 2
A B BT B i i I 5800 FE RS 0N

PEBEA RPN DIRE N LAV SR R4, 2 X Fp
Tl D REFE T AR R B B 1) R S B 25 . (B
HOERREASILEFER R IHIEE T, &
HOATEAPE 5 3230 T RIS B — BN 4518 . MR YR 4E
J& ¥ & 3 i (Dimensional Overlap), 3 wh 5 54T
55 HH O JECRNAT: 55 AN AR OGRS Z RIAEAE AR UME, %)
i vk 22 HE AT A AT 55 BD T B AR 55
(Interference Inhibition), 4 Stroop {T:45#l Flanker
1E55; SN AT 55 AH ORI AL 5 SO A7 AE AR

£ (Kornblum, 1992; Kornblum, Hasbroucq, & Osman,

1990; Kornblum, Stevens, Whipple, & Requin, 1999),
XF RN g E AT A A AR 55 BRI s R o AR 55
(Response Inhibition), # VLAY Simon 1£:45 .Jongen
F1 Jonkman (2008)35 i 6~7 % 1) JL = REME 52 1l T4
THIAESS, T 10~12 2 JLEETESE B N 0 AT 55 i
B2 1R, X U0 I B 5% %) K e A T
SRS, R S AL AT e B 2 T AR el A A
FRIA G . B—WFRE LM, 5 ¥ ILEE
Simon Fil Stroop 155 HAFFE th 90 W AL, 1T 7E

Flanker 1T: 55 %AW A B 2. (Ambrosi, Lemaire, &
Blaye, 2016)., Ambrosi, Servant, Blaye # Burle (2019)
K FH 43 4 43 #7 (Distribution  Analyses) 1t — 4 iF B
5~6 % JLESEM 3 Fh b 24T 45 (Flanker, Simon,
Stroop) AL 5 AR, H 2 E] #E R A A, Liu
SN (2018)45 5] 1 JLEE AR b 28 0 S i 5 rh iy
PhERIE NN . 5 & L . 10 & L3 . REEASE
Flanker 1T 55 #1 Simon 1T 55, %& ¥7E5E M Flanker /T
G5 IF, AN AF S B A w5 5 I AR B 22 AN
K, MAESER Simon L4550, 5 & JLELL 10 % . K
S N ORISR OV T LV N V7 B b QU BT (PN
I HLAITE 5 2% iy &AL, (SN v 5 4 i AL 1
TE L2 B0 B A i, 7T RE 28 AR L A B
b S A ol A SRS ) N IR B 7 i = |
IRPE, REMEERZR T PUHM I 6E ) AT RE M A B
Rueda, Rothbart, Mccandliss, Saccomanno I
Posner (2005)ff F & T4z HAE 55 12N B9 — DI 25
54, &t 5 R, RIRRBITHE 4~6 &
JUEMHERLRE ) o B B, X R 2T 5
VI ZRBF5E (Denckla, 1996) & JCTAHERT H B4~ 25
A 55 s MBS AN Zh BE AU 257 AR YIRS 800 . 2
ZAT 55 R A BEAR RN SRR 0 50T B8 500 S A,
Thorell, Lindqvist, Nutley, Bohlin #l1 Klingberg (2009)
(7] B el ] T A 40 o R o 00 1) ) DI 4 0F 5 30 R
IUTAT TR R o R 22 B3 AN ik 2
YA 55 8% 2 74 UI| 254 55 (Diamond & Ling, 2015;
Friedman & Miyake, 2004; Shilling, Chetwynd, &
Rabbitt, 2002), P AiX 45 5 80 gl i I il o fig
YR EA R, ZMES . 2N Z A8 AT
RE P A AHELAE T, X LU PRI A% 8800 7 A= R T
A 1 P2 400 ) B A 55 4 D I 24 55 A 0 52 AH
X2, U0 Zhao %5 (2018)#k & FL T Stroop VI AT 55
XRAT DI fiE 22 B4 RS e RS S5, (HA AT — 2k
W 5% I K K& AT {n] 1 #8 5L (Strobach, Salminen,
Karbach, & Schubert, 2014), MEAT Stroop 1155
FR) o R 02 X I B4 S I Cin T 3 SCA RO #EA T 1l
I 58 B AR 55 A1 SGAE B (B ) B9 T i ad 7R
(Verbruggen, Liefooghe, & Vandierendonck, 2004, 5
Stop Signal 4T 55 FEAN AL S iy 1) ik A S EAA AP
#; H:5 Go/No-go 1155 Fil Flanker 4T 55 78 2 v £ £%
B Bt 2 A T A M i i B2 )2 (right DLPFC)
FIET 04T Bl (ACC) %% [X 3 (Nee, Wager, & Jonides,
2007), iXLEHRSy Stroop AL 55 Yk m M HIATE 55 1L 75
S 17 7 v L DO Rk . o 7 W L b L )
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fie 5 TAEIC1Z N-back 55 0 kilHT DI ReAAAE AL —
P (Zhao & Jia, 2019), XA HESE Stroop {155 BEAS
XPALEE TARICIZ . HERRSEPAT DI RE L5 7 A I R A%
NS s sE Al . (H DL 258t ] B8 S ) o5 A —Fi iR
W, ABHLE Stop signal {E:551EN—Fh5 Stroop 1T
%5 . Go/No-go 1155 I Tk FEAHAL, X J6 & B g il i
T TIRE, FUNZXT AT DI RE R 25 K A DI 253K
Jof FIE LR

Logan £l Cowan (1984)L) Stop Signal 1155 Al
AT S5, KB 6 /NI B T B S A Y ZRR%N
{HR K BIE RN o 3K — 25 1S TEXT RE A A 31 2k
r #5837 54IF (Guerrieri, Nederkoorn, & Jansen,
2008) . BA 77 HEIE RS RN 1Y S A —Fh AT R, 7F
YNGRy A 1 S 52 Sk > i, R S oy 3 45 AN W A A
AR, 0B AR B BRI R Rk B SR A AR,
RELAG T H Zh Akl i & e, B LA Befd 0 i g 115
#| 3% (Spierer, Chavan, & Manuel, 2013), %5 —Fja]
AeSE il TR SN S B, 1 X stop IR B IE B AT
Fr M, FEATS RAMAEM, FE L, EfE
JEPRBEATE stop Al go I IR HE £ ¢ stop 3 IK
IERfR, RIEEIDIRE R EEA bR . G B M
A X IE R A G, AT RE RS B A 306l K,
oY TERL AP ZE802R (Enge et al, 2014) . #3358 1k
PRI, AR SO R, ST B 2 0 B =
IEf . AR RIEM Y, RIBT RS2 —Fhosfb
Yy, WnARIE SRR, BIES S5 Bt 2] 1
Jii o ATV, RS RVES A fE A ff s Ak AR AR 2 S 47
() %& ¥ (Melanko & Larkin, 2013). A LAk Ky, it
TEVN R IR AU S5, REAS R B =2l . 4k
1B 25 (1 F (Littman, 2015; Mnih et al, 2015), [R A,
FEGR R ] A BIVEE S 45 3 A B T A (A 40 40 ik s —
1E# R AU (Kohls, Peltzer, Herpertz-dahlmann, &
Konrad, 2010; Leotti & Wager, 2010), 7E Il 255 72
INA RS, AUEFAME T YR B R T
KB SN AW, SRR AR Sy — ARk, A
SR TS TERR B RO, SOOI IE R R . I,
AW ST UAE T A AE RN ZR A Ao AR B B2 45
R, ARSI (L) 2R Stop Signal 1155,
Z 5 WIBT 5y Stop Signal {45145 26/ &7
AINGFEREAER .

Zi b, REBENE F IR R BB, SO
I 2R 0T 2 e A N ZRR00; FIE RS RN, ASBIFSE
DL T BB s 45k (%) B g 41 il AT 55 Stop Signal &2
KA IGAESS, W20 )E 4R ATERIT

RE R N Y Go/No-go 1F55 . THE#M I Y
Stroop 1155 . TAEICIZH) N-back 1145 FIHERL I 2
KA LRBN SR RSN, R RSN 2 75 A7 7 4T
25,

2 R TIE

2.1 #ik

TE 75 PRAE — T i 1 A — JIF op 22 48 55 A 93t
150 A, P08 60 A PS4 65 A,
L 85 N, AR 20.55 £ 0.79 % HAER
PN 34, FAELHE 26 A, FIAER 15.1 £ 0.30
%o BT R AR T, ) SO8F L IR
AR RSN S0 BRI H A S S5 AR K
S . SEERHFAATT H ESE R K T4 E (il
[F) 745 Do S0 45 o T g Y 3k A% 10 Jo/ kB4
o R AE B/ N SCELE SR 4 o 2 s A i Bt A1 43 i
BN TZI A L N BAR 4 l) 2E R A 2
Horp 16 24 BB v ags iR i sl A A PR R 52
BLECER (SEER A 5 44 L BRI AL 3 44, TH AR
844), LN T A BAEA T 47 N, AT
WA R R 45 N, THAERIL R 42 N #4554
BB LA AL 2N D4R 30 A, HAFERR
4 30 A
22 WMRES
2.2.1 Stop Signal £5%

Xf 2 # Stop Signal 155 (Verbruggen & Logan,
2008) AT R g, A A YN ZRAT 55 07 410 s 0 AT
% o THEHLBE R de e R BRI OIS +), FF
SEEFIE] 500 ms; FifiJ5 H AR 7 1] L EAETSLAE N
go il (A A7 7 I BE ML H B R 452, RS2t A
1000 ms, ZERBERF W B bR R I o e
N, e Sk HECPRE, A Sk eI 8, 7E stop
W, A5 1R 155 (5 3k b5 i/ = £ ) 1 LR,
BRI X A vh s, AP TARAT RN
A~ block WA R LUSE 2 MIUE X 2B, 1155
DL Ay 2 B2, B stop i VR AT Sk IS =
£ B 2 1] 4 e (] (8] P& (SS D)l Al — stop 1R K F 8
AW, S R R A ok, AR A Bl
oM 250~750 ms, N IERAEEN 50 ms, S22 N
/150 ms, SCHAH S R T AL A AT 55 L X )
B, TR AR TR A BN b, Bl —iRX IR,
TE B v ke 2 B2 25 5L 902 Yk S 0 1) 2 0 B R )
WiiEiR. 34 32 A0k, ERTRItsg 4 4
block, %1 block A5 100 MK, HAARRFELIA 1,
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Fixation onset Stimulus onset

+

Stop-signal onset

Feedback offset onset Stimulus offset

1EH

733 ms

Y

500 ms 0-500 ms

SSD

Max 1000 ms

Bl 1 AR BE N A3 Stop Signal 4155 12

AWFFAE R 2 MR AFIXAE S5 85 (1)SSRT it
S 0L B 4 L R TR g s T ) B, B 45
1115 5[] B (stop signal delay, SSD)F-14{H, F go
FR g 234 SSD kA9 3 T R A 45 1k
{55 X W 5} (stop signal reaction time, SSRT), SSRT
B, SO HIGE T2 . (2) stop IR IEHHHE
2.2.2 Go/No-go 155

K FRZAT: 554 Sy B g 30l g I A 55 o A 5531
Bl — AR TF (1~ AR, HEYLURFR b Ry
S P A <4500 ms, BEERENLILIL 1~9 NIE
BT 1000 ms (“37 5 HAECT BB o AR
B 25%5 75%), BORWOE BIECT 3" A HATIR
i, AWK 4 2SR BT ROV . B block T
ARV SE 2BV )T U2 . HA 4 4 block,
A block % 32 AZh 21k S 100 A5k A
T ] 3 MEFRRIZAT 55 5% (1) Go 1k
N (2) No-go iR IEHK; (3)d'.
2.2.3 Stroop 5%

AR SR TR A AT 55 AR 55 IR
AN TR CL B B2 3] (<41 < L <l <R ALK, T
LSRR e e 2 I A A <4500 ms, B
Ja BEHLH S 3R 1000 ms, FRGERXT FAEIE
PEAT R, (L0 (di R 4, SRR Pk, ¥ @O
“U”EE, 5T, 7 —Baloh, oA E
i) S B R EA—S0R0ch, iR i
X5 ARR . Hip—80 kS5 A — 80w o
i) AR UE) 75% .25% . LKA 44> block, 4
A~ block 175 36 2RI B 100 A>3 K, A
WFFEAE ] Stroop BN ARKIZAT 55 LS, EIAS—H0L
R s 5 — B0 VK R B 9 2508
2.2.4 N-back {£%

e N-back 1E551E R TAETCAZ B HTRE F
HAES, fENEEBAEIRZ — 5 KRS 3%
FFRHA~Z) AL, BEwET R E e 2 500 ms AR

L, B BEAL 2 B B SO R, R EAR
TEZHU?—HXT&IHU?ﬂlﬁﬁfﬂh{ﬁﬁMtﬂfif”o E—
Fokue, YT 2T o AL ERET R TR
[F], SRR P AT RO, A —Bukd, 2
MFREAARIR], R8T RN . AT 55 21 2
> block 2-back block Fll 3-back block, ZERK#f

AR 2. 3 AR Z TR IRk B Y
FhE, B block f4F 20 42k I K& 100 525
K. PUIE#f R FRIZAT 55 Gt
2.2.5 I 3CHRAEEIR NI

1 FH B SCHR EFE BRI 56 (Raven, Raven, & Court,
2000) 1 S AT ) e B P M 48 bm 41 LR 7 1 D £t F:
%, WM AEbRZ— o I ARSI, EOR
AR A 45 R A 28 30 sk P sk 2 i
I e ARG 60 FEMH o KI5 43R A
JFEI 3 R0 0 I 5% . A g 4L AL CLE
T 56 ()27 5 5 B, D MBS R H, &1 30
AL JEIIE S AL CLE D5 A9 & H Al
B. Dl a8 H, A1t 30 B8, DIERZEN
fatw o
2.3 WMRERF

A SRR . N2k FI =B, 7ERT .
Ja BB, $0H| D BEE 55 (Stop Signal . Go/No-go .
Stroop). TAEICIZAT 5 (N-back) . Hfi SR i B i
95 >k FHBEMLUY 364700 1, Sy dh B 55 38000, Y4943
RWRIAT o FEVNZRIT B, o 52 56 2 BB 2 i 4
TR 3 8, BE 3 IR Stop Signal F55 Y14k,
oA S 2 YR AT 55 hoin A BRES B e, BRAR 458 i 40
T ik N2 d Sk 8 4 block, F4™ block 422 100
AR
2.4 SEEENER

AR5 R E-prime 2.0 4Gl 1217 L0 FE
JERE SR R o A S5 I & ARV R,
BIRERH 18.5 JiF /R E1916HM, Bt 55 50HEE N
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1366x768, WlHTH 60 Hz, #iA MR B 2 BoR
ABEREZ) 60 cm, TESEREIE T MR E
PR TSR
2.5 WEHH

fii ] SPSS 22.0 #AF AT B /3 A, Xk
S AT A o AL AL B R A0 T 25 43 B vt
okt SOE RO T IR . o, ROV AR IR B
NEF > 4000 ms FIRIR, SOHABAE S5 th OB <
200 ms, 8 3 AR HEZE PRI T DL AIBR B E
AL

3 4

3.0 IR RGN

21 ME 2 ZENGN B, F AR —
W2k i SSRT 1 Stop i UK IEHAR . 93 1~9 Wl
SRy < 2415 . SCEA . BRI 4L) x 2(4F IR B .
B RN E R G 2250 KB, AR 323K
N $ % (SSRT: F(1, 43) = 104.05, p < 0.001, n; =
0.41; IEFIH: F(1, 43) = 27.39, p < 0.001, 1} =
0.416), FEH4AE N SSRT H i /AR T4, 1Ef R
15 o IR UE R0 A2 35 () (SSRT : F(8, 405) =
19.78, p < 0.001, n7 = 0.12; IEAHIZ: F(8, 405) =
91.36, p<0.001, > = 0.38), EIEEMLALAY SSRT Al

IEBf R EBRE G YN SRR A VR ks . AR 2 . A
S AN 2 B B 1Y 28 BLAE O 3 W (SSRT = F(3,
148) = 4.97, p<0.05,m; = 0.33; IEFIFF(3, 148) =
8.04, p < 0.01, ny = 0.23), VLHIF 4 AL B 5L
B . B AR A AEAS W2k B Be i 22 A6 1 AN
[Fo Ak, 43R AR A AT 9 1~9 Ik
YIgk) = 2415 . SCHRdl . B il 4l) 5 A Iy
25500, TERUNZH & B0 25 ) 52 HAE FH(SSRT: F(1,
8) = 4.19, p < 0.05, n; = 0.04; IEHIF: F(1, 8) =
32.37, p< 0.001, n2 = 0.27), X EWRE AL PEH
YRR R AR T ot . 75 /ADAR Al i 30 1 2l Al
B B A B AR (SSRT: F(1, 8) =26.52, p<
0.001,m2 =0.31; IEAIH:F(1, 8) = 123.49, p<0.001,
Ny = 0.68), HLAZE B 7E S 50 4 R R 44 i 41 76 2
1~4 WG HRBEA I B A S 25 5, iFESS 5~9
WINGREE, PR 22 53880 T E K. B, A
S0 A RN AR A5 i 20 =2 [) | 7 /A S I 2 R AR
Tl 28 22 [] B I 4R350 0 2 BB 0 340 Wihr K
32 ERUN

F RS I A 25 SR 20 A I AT S5 1Y
FEPRIEAT 200U FE B T) . WO L S < S(AL):
ARSI DR AL . ARSI AL . AR
WA . IR ZE)E R 22 AT, SR AT

F1 [EMNIINZLLBE S H Stop Signal {E SIS B HHIA ST
p— NS EE| NG AL BRI BAE R A
YNZR b
SSRT (ms) EHI R (%) SSRT (ms)  IEHIZ(%) SSRT (ms)  IE#i#(%)  SSRT (ms)  FHIZ(%)
D1 156.09 (30.00)  0.58 (0.08) 156.88 (29.35) 0.58 (0.07) 161.28 (24.51)  0.53 (0.06) 166.35 (23.49)  0.51 (0.07)
D2 146.40 (24.64)  0.62 (0.10)  145.50 (26.40) 0.63 (0.09) 158.78 (20.38)  0.55(0.08) 163.32(17.41)  0.52 (0.06)
D3 140.15 (23.16)  0.66 (0.11)  136.39 (20.08) 0.64 (0.10)  156.75(10.49)  0.59 (0.08) 162.76 (20.90)  0.53 (0.07)
D4 134.66 (20.17)  0.67 (0.13)  133.41 (19.71) 0.67 (0.10) 150.52(22.73)  0.65(0.07) 158.45(22.29)  0.52 (0.07)
D5 126.56 (19.21)  0.69 (0.10)  130.40 (19.36) 0.67 (0.10) 142.43 (17.80) 0.76 (0.09) 160.78 (19.99)  0.55 (0.08)
D6 123.12 (16.30)  0.72 (0.10)  132.49 (19.03) 0.64 (0.09) 141.25 (22.66)  0.74 (0.09) 155.28 (21.63)  0.59 (0.09)
D7 119.79 (21.32)  0.73 (0.10)  126.86 (25.74) 0.65 (0.09) 140.56 (25.29)  0.77 (0.09) 160.55 (19.88)  0.61 (0.07)
D8 116.74 (16.12)  0.75 (0.10)  122.79 (23.14) 0.66 (0.11)  134.10(25.97) 0.78 (0.06) 162.68 (17.82)  0.57 (0.08)
D9 109.49 (20.65)  0.78 (0.10)  124.24 (19.66) 0.65 (0.11)  125.94 (24.90)  0.82 (0.08) 162.94 (19.15)  0.54 (0.08)
SSRT (ms) StopIRIK IEHHZ (%)
170 1 323 Te— BASRA BB
160 S~~~ U1 —rhasties] = iRl
i 0.75 -
150
140 4 0.70
................................... 0.65 -
1307 R e 0.60{ "
120 A - 0.55 - /‘\//\
IIO_O—ﬁEA%%zﬁ ------- AT AL 0.50 |
— s - R :
100 T T T T T T T T 1 045 T T T T T T T T 1

1 2 3 4 5 6 7 8 9

[l 2 Stop Signal 4%:55 Yl £kt #2 &
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®2 BESERRNENE LTBHMA#MEGEITER

FE55 Redbr Dt A ) NS 2 BN R A2 i 21 HOETRA  HOERMR A TH AR i 4L

Go/No-go i 340.33 (19.49) 341.51 (41.78) 348.60 (36.95) 349.92 (52.99) 340.44 (26.82)

2N I Ja i 316.94 (26.35) 337.39 (37.57) 323.91 (49.64) 337.23 (39.88) 338.43 (26.95)
Go/No-go i 0.89 (0.07) 0.85 (0.11) 0.79 (0.11) 0.77 (0.09) 0.87 (0.11)
NRIES Je i 0.97 (0.02) 0.87 (0.09) 0.92 (0.44) 0.80 (0.05) 0.88 (0.11)
Go/No-go T 0.83 (0.15) 0.84 (0.14) 0.75 (0.12) 0.73 (0.08) 0.83 (0.06)
a Ja 0.91 (0.06) 0.86 (0.11) 0.87 (0.05) 0.77 (0.06) 0.81 (0.04)

) i 32.83 (24.06) 32.54 (26.10) 65.16 (28.95) 69.07 (24.65) 33.42 (28.13)

Stroop ALJi Je i 30.04 (28.99) 34.50 (33.25) 44.81 (19.08) 66.54 (23.40) 32.01 (27.33)
2-Back GO 0.71 (0.06) 0.71 (0.06) 0.63 (0.05) 0.61 (0.04) 0.71 (0.03)
E#f % Je 0.73 (0.05) 0.75 (0.05) 0.77 (0.04) 0.63 (0.04) 0.72 (0.06)
3-Back i 0.61 (0.07) 0.63 (0.08) 0.53 (0.04) 0.52 (0.05) 0.63 (0.03)
EHE Je i 0.64 (0.05) 0.65 (0.06) 0.59 (0.04) 0.55 (0.04) 0.64 (0.03)
Tty SC A P 567 i 0.80 (0.11) 0.83 (0.10) 0.82 (0.10) 0.85 (0.09) 0.78 (0.11)
IE#f % Je i 0.80 (0.11) 0.81 (0.10) 0.79 (0.09) 0.79 (0.10) 0.79 (0.10)

3.2.1 RRHNFIES——Go/No-go 5%

X Go/No-go 1155 By S B | TEAf 2 . d'43 )2k
ITE T 2238 .

X N B8 B 9 3 AT S s, 00 S R] 1) 32 3500
B3, F(1, 189) =24.09, p<0.001, 1> = 0.11, FHJF Lt
BRI, T 0B B B N B TR S B D A ]
FIZH A2 AR 3%, F(4, 189) = 3.35, p < 0.05,
N = 0.66, faj Sk A5 WoR, HA RS2 A
FH/AESEHTE Go/No-go 1155 1 e b ik BE = T,
HoAth = A ERBAT B

XFIE i R A8 bR B9 o B & B, DU A B (R (F(L,
189) = 49.68, p < 0.001, 02 = 0.21)FILFI(F(1, 4) =
18.88, p < 0.001, np = 0.29)fY F= 851 #6514 5] g & 7K
F, ZHMKEHAERE, F4, 189) = 1234, p <
0.001, np = 0.21. FRI BN RM], HA AL
B 20 A A AE S G 20 A0 IE A R AR B T, Hifh =
L AER IS DB E) 8 AR 2 5

X AT Ay 2500, TR BT
B[R] R 2H 5510 1% 32 R0 N7 2 I S ) (O = s IE] . R,
189) = 16.04, p < 0.001, n2 = 0.08; 41%]: F(1, 4) =
19.00, p < 0.001, 0} = 0.29), % HAEHIAF] T &
%, F(4,189) = 22.63, p< 0.001, n3 = 0.32, #F—#
() ] PR Sk, BRSO B A il 2H Ah, HoAth 4% 2
d'J& W 4 # AA F R

LEA AR PR SE T L, R SN A
YILEXT NN DAEAE Go/No-go 1155 &A1 H i
AT, Go/No-go 1T 45 A HABAT: 55 # 3 RS 5500 AR
S IE LA 3,

322 FHHIIFIES—Stroop {5

X} Stroop A5 4T & W R Ty 25 40 B, & B
SR 0 A () R A A8 BAR AR 2, 3
) FROV B EN B K, F(1, 4) = 12,17, p <
0.001,n; = 0.21, B AR5 LA R, M SE56
H . BRI SIER ARSI Z [ e 22 5, BRI
IR E N ZRm X Stroop N = A ALAT IR RN ;
HEL AN T H D FE BRI | IS 2
FIRGAS N, 7 B S B I R0 i /D4R
DR R il KV E I RTA e 2 A
323 TERIZRIFESE—N-back £5F

S WIAE 2-back Fil 3-back {145 F %2 IEHIHR 15
PRy B I 5 255007 o 1 2-back 4R 45, G
(] . 20 591 B LAz B A 349 2 G S s 1) (1, 189)
=69.90, p<0.001,n.=0.27; 4L51: F(1,4)=53.37,
p<0.001,mp = 0.54; 2CHAEF: F(4, 189) = 15.82,
P <0.001, n; = 0.25), & SR AT 50 KB, BN SL
2 RN TR A ] 2 R T 2 A S 0 2 S 0 2 S
o WHUEBL, XTEANE, JoR & & A [,
FAM RN ZHBREXS 2-back 145 B9 IE AR 77 A 1T
BAEH; [EXTE kUL, RA WA R IIZGA
e Bk 2 A 17 2-back T4 b A %5% .

1 3-back {45 Hv, I 2 B[] F1ZH 0 1) 2 3500 I
¥, THAEHAASZEMIERE . F(1, 189) = 26.49,
p< 0.001, ni = 0.12; 4H%I: F(1, 4) = 58.25, p <
0.001, n; = 0.55). )5t IR, J5 st g i
THrM . BASEE A B S IE RE  AZ
(B G255, /D4R S N o i T A A5 4,
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355 - 0.95 - 1.00 -
350
7 345 " 0.90 - 0.95
= 3401 & )
5 3351 g 0.85 g, 0.90 -
X 339 & S
S 7] S 0.80 A % 0.85
& 3254 £ S
% 3201 © 075+ 0.80 -
315
310 . . 0.70 . 0.75
AT JE iy Ja AT Ja
80 - 0.80 0.70
70 A S————— ]
_ . 0.75 4 065 .
2 60 1 = !
= £ 070+ g
§* 50 - = £ 0.60 1
5 S 0.651 2
a0 o “0 55
- . -
30 e====3% 004 7 Pl
s
20 . . 0.55 . , 0.50 . .
gL Jal LiipUL| Ja iU Ja

—e— RALRH --u--

BABWRIERH —— FOEEWH  —-o-- FHOFEPUERIE —— WHRIEHIA

B3 NI A A A% R0 ) 444 55 it 2 fl i 4

B /D AE B A i 2H i 0 T I AR A i 4 P,
TE 3-back 41 55, iy K215t i S g 410 il SO0 75 2D A Y
WG T IR
3.2.4  ERICAREIEIENLG

53 S 20 A R BN FE I O D g v ] gk
T B SCRRUEAME RIS, ST 2000 5] R
JEy < S HAAELIRA . FHAAEBURA . L
AESLIR AL . BAE R AL . T AR A ) A AR T 25 4
Br, ZBLMEEETE] . A5 & EH AL EAEHEA R
FH(ERTE . F(1, 189) = 0.43, p=0.51, 1, = 0.01;
M. F(1,4)=2.5,p=0.12,n7=0.03; ZHAEH:
F(4, 189) = 0.01, p=0.001, n} = 0.91), XEHH I
FIPRIEWMIEE ) R AT

4 e

8 o ) 3 27 IR BY Stop Signal {5512k, A
WY & BT RIS )2 45t %) Stop Signal Y1 Z54T55 RE
W X D AR RN = A N RN o 7 20 4F TR
) A S 2 A 1) Go/No-go 4155 L #b &4 T i,
TETAEICAZ bR AT, (E7E Sin SChR HEAE BRI 55
B FHR AN HAOENI TR TR
Stroop 55 YT, (HAR W ATEXMMES |
R . G55 SCFF Stop Signal AT 55 YII 25T DLk 3
AT I BERY 4518 (Johnstone et al, 2007), {HIT#% %
BTN AT BB A A 8 22 S RIAT 55 BT ) U R

BRI 257 A 3 RS 0N AT 55 LG A8 Ak i 34

ARG RIR, AR ATEN D Re Ul 2k
R AR RSN, FAFFE2 S, 5 Johnstone 45(2007)
il Zhao 55(2018) 1 [AIF 45 1R AH ELEMIE,  [R]I 54352
F5 DUAE N 28 35 1% U 25 JC 3F 7% 8500 1Y 45 18 (Enge
etal, 2014), ZERWAFGRIH M K2 AT S50
T e ¢ £ i & JREHE (Diamond, 1985; Diamond,
1996), F117 M4 UEPE(Anderson, Anderson, Northam,
Jacobs, & Catroppa, 2001). R #}i Best I Miller (2010)
B o3BT, A D RE #Y K g DL AR A B,
DUSAT R T o FRATT A 45 SRAR G b 5 52 T 00
K TR S ) LB AR i A8 Ak AR AR A
ML, (HESE 35 B4 A0 728 A e i A 2 41 i A
KPR R )R, 1T LB K R A e 1) 2 BE AN RE S 1
F )R 7 /AR ) B AN T i iy R 1Y) L e 44
SRJE B BT AR ST D BB AH OGN RN B RE 1 A2
o GERIFFAMEBBI WAL, 75 DA IINHAT 55
Y IE B AR B LK T A (L3R 2), &t
Yk, Hokss W00 F AE41(Gaultney et al., 1996;
Karbach & Kray, 2010),

ARG IG, #RI T X FH DEFMBAR
Go/No-go 1145 BN, SZFF T Enge 559 A
Y2k B (Enge et al, 2014), Stop Signal {55 HYAS Jit
SEN TS HIAE S5 Th IO stop {75 fil & (R4 1k
TN =38 Z [ B a4, HEATAE 55 B0 T 04 S i s
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5 stop {5 HER I stop 155 N B Z F KN
B, HBUE T R0 SO i 210 ) (Logan &
Cowan, 1984). 455 IIZRiIEREFIA TCHI I 52 15t 19 %L
PE et SaT DAL, SSRT AlIE#G R ARA HH 5 1 ik
e, UIGREE & T AR I < R — I ff AU A >, RITAR
A5 7 TR A R R TR AIR Y R R . XA T S i
T 3] [ A 5 2 X TR 24 ) 4 A << 85— I A 2R A A
Y] Go/No-go 1145 I #£ Go/No-go 1E:55H1, ELRA~
REF] Go RFLAT P KB, 1% No-go Kl
AN, SCHE RS Go i) i s W B R EE AR Y
No-go P B FRACER Tt 55 sl ss, Xl
T TR ELAT BRI 1 1R — IR B AT A, De
Jong %N K, ARJEALH] (Peripheral Mechanism)-5 it
Y L AR BEME R I EIAE 55 A OCHR, U No-go 1555
1M} stop 445 W 3Z il F H .0 ALl (Central Mechanism)
(de Jong, Coles, & Logan, 1995). {H Van Boxtel 1A}
1 stop {5 5 HEIR (SSD) Y B K AR 8 1 B FR B, No-go
455 stop E55 27 HLALE] 5 A0 R HLE L [F /R
T IR, MAAE S5 )8 T Al — AL (van Boxtel,
van der Molen, Jennings, & Brunia, 2001), A It Stop
Signal 1T 45 B9 Bk 35 %00 XF Ab F [5] — HLH T #Y
Go/No-go 1E:45 KA TR 2T E T 1 .

HFANTE T DA KB T X Stroop 4155 Ui
RN, Stroop 1145 Fil Stop Signal 1T 55 &R AFAEXT 11
S A B TR B, RE 8 RS I A AN Y A
Ao BAFEEERE KA TR, AFEAHER S Enge
SE RN 2525 5 (Enge et al, 2014) 11 Wilkinson
Yang (2012)2% F Stroop Yl 24T 55 3% Go/No-go 1T
5 BYEE R IE— BN . X AT RE S Stroop T 45 X #E
TR S AR AE X R . Stroop 11455 Flanker
FE55 25, #REESRXT T IR /O kA Tk g, DA
SERU N, RANIETE Stroop 4155 H 4304 FIEE 145
SE Rl — R AR EYE . T 0 | 3 T
FREE S, BAA B YetE, BIAE Stroop {155
L) e AP U e e D=8 SUR/ N/ vk
HETE ) LE B H DN R L R, BRI AN A
i #(Brodeur & Pond, 2001; Karatekin, 2004), &3
AMEAE A (Gaultney et al.,, 1996; Karbach & Kray,
2010), /D45 A GG Y 2 456 1 2 DR I e T g
AYFRRE R TN, X AT DI —E R iR D4R
LT UIZRXT Stroop 1T 55 BYIE RS RN o

B X HAT D) B8 TAE 1L 12 158 50 TS AR 48 h 4 28
RE IR A R R, Rl T D 4F
AR TARICAZ I D ae, oK ek R pe

FEPAT I RE VI ZRAR DGR F o b, I | 3B ERBY B,
5 YR 5 Y1 i AT: 550 1 A8 [0 3 D) e AT 55 1 5t
A W SZ BN A A% o il ghas (8] AR
FEAE S5, TERFEI & TARICIZ) B F i TAEIEZ
JTREARSS AR T, AT LA R S ] T
YEICAZ )™ BEAE 55 N 25060 5 38 T AR LT AT %5 7
ATIEER, W, EER R LAY R T
55 Z N6 o AR, PRI 2R de s 1 i Ao 2
DIREMAT: 55 s, i hee I Zxik st TAEICHZ
NN R TEE . ARE Ty AR DR Lo B, A
FNGr i T imiE B . WK, ik
YIZRREON 5 BRI 2RI, 5 IR AT 55 = 28 b
O 5 b - & A5 ) (Dahlin, 2013; Jaeggi,
Buschkuehl, Jonides, & Perrig, 2008); MAT k7K
FE, AR A A IR N I BE I 3% S I ZRAT 55
EA KRN A HLE (Morrison & Chein, 2011),
Conway, Kane #1 Engle (2003), LA} Gray, Chabris
F1 Braver (2003) A9 57 41 32 15 M08 R RO 145 Bt
J TR, PUATERIALR S LA,
SYMEE RN TARICACAT: 55 i it () R A5 i B 2 B4 0 o
TEAT 2 100, i) BT R4 ) 0 7 40 8 G AE R
(Maraver, Bajo, & Gomez-Ariza, 2016), FRAT1HI%E
BB W% S RF 38 R PR A SE AR HTAIL I A G M Y
e o AR SO I A B EL A SR R B A R T
{HZ T KA IE RN A FAEFE 4+ (Ji, Wang, Chen,
Du, & Zhan, 2016; Loosli et al., 2016), AW AKX
PR AEHERE [ IR B0, X AT g e v At 5
e B 2 [B] A OGRS =545 % (Bellaj, Salhi, le Gall,
& Roy, 2015).

IOABPES )i hs, BN RN ZR80W IF AR % 7R
b, T AR MZEN RS 5~9 IR 3 T ]
WHEE, RIBGEFRE 2] T B AFE Go/No-go
{55 F1 2-back 1£:55 L AIIERERU, [EARFENE Stroop
fE55 . 3-back {55 Fldu SCHEBLI I8 M5t . 7EFH DA
HAEB T SGAEAT YR A TAR IS A2 8
IR MERRON 25 5, HEEL S R 325
DL B85 A M SCRE T S RE 8 A o B - IR A
AL WL 25 (Leotti & Wager, 2010; Kohls et al,
2010) A TR T A THEE T K stop E55
1M 4E 4 24 §ij 4E: 55 B9 )2 i B} (Boehler, Appelbaum,
Krebs, Hopf, & Woldorff, 2012), 5% SSRT AL
stop IR IK IEHA R B 2 N R B (Leotti &
Wager, 2010). IG5 BAE A —FhoR b e ts i &
AR B 4, SEm 2 at BRI ER RS
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L

Fna i — [l ke S HL 2R GE A8 EAE R T — 21
HFrTg 18] 147 A (Hare & Casey, 2005), #/V4E4 [
B SRS NAUR, 5 AR BARER M R
155 1% 4515 5 30 N 50U OC & % U (Monk et al,
2003), JLEE FIE AR R BT S AL (E B F e
FURNE S m I o FEAIEIE h, SO B A5 i AR
R R T AR R AR, A SR b 3 SR B IR A
ROLE 2, Nt stop IR IERIRAAELL).
% FF Enge %5(2014)%f Stop Signal YA 55K & 4
AR A HEWT, BRASRAEAE 55 b TaB SR U,
120 T IEH%, SRALBEE W A — 2, A RIR
B RE S R T AT s AR F, T IE A BN AT DA
YR A, TR AT 8 AT AAS 3 R i iR I .
I, AT FEAE R U S5 S N A RIVEE 9 S 45 A 4
PR IE R R O B, AR ORI MR A g
Xt 7 O R RN TIHR, M B A e T ik
U RN 4%

AW 5T R FH B — W R AT 55— i 4 il Stop
Signal JEECHUNGATESS, iR BTE S B 58 A
[ AT DD REERAE R, 5 D AERR A8 DA S #1011 2
Ak as K WS A 78 T I 2R B AT 2
BE & A s, HEEIUE T 3 7 0 H A7 30 A i
YRk 25 SRR, TE B I 2R A% F= A 5
IR LA T R A2 I 3 I Ak T AT B DA A AT i
BrBt. EIEFRINGATE S L, AT I T “IA g
537 RERE A /D (8 S g A RIAT: 55, UE W AR K Hii w28 Pk
BRI, BP0 R R AEA T o J2 T AR i A
il N ZRAT 55, R RE AT LA eS8 A 1A ) 5 20A 50 1)
figo (R 2 I ZAT 55 P RS AT 55 Z [RIA HIHL A |
ST G 235 R 1 R T ) B A 0 R T AR 12 %
SEREHZ o XA AR e AR RE ki, Il
GRXEFEA BASJE o TEBH TP 30 i R0 B g 3 A 551
AR RN AT 55, R BN A AT 55 38 B8 50 R AR X Ak
%, WESE R BLRD B B 05 AR A% B2 T I 2R R B RN,
UE BH Sl AL R0 25 1 R A Dl b & 4 R
B JIVER, $2m AR A AT b2 R B RS AE by i
HATIMANGRRT, VA BERTHINGRER .

[, BN B AW S — L5 R,
AR N . B, AR T
/AR TP R AR A R SR AR A, /T
3T L EE Y 0 A 0 401 R 2L T RAE I 1Y
HREUEBARA, Bob & R IT R Sk
AR N T A D ) AR U I A i AR b
5T, Hk, ARWFGEA M E N R IE M. AW

AN R 3G P 2 PR A 2 R 3 TA R0 R I A 1) S AR
1255 AT 55 S 40iu =X, A IEYE R WITE 55 e 40 2l ik
B R LR R D he, #Emiingk 5 S ohe,
Hhn T B K 5 98 T R Hr B BE (Boot, Kramer,
Simons, Fabiani, & Gratton, 2008). 2 il S HEA ik
2, (AR B RIS A s, OCh 46 s
B 5 [ Be A S TE], R T IA R R P
TE B B [B) AN 20K ) RV IB LS, A SR ST #b
FEXHERATM G . PR, ASHEST BB S B T A
RS — M AE, AT — MR A )5 E B
e, WA 5 B RIS B 5t 1 S5 B (on-line) 80K . LIS
Ui A I S Sz — T A 2 A SR A B8 &0 A i R
froael 2T 48, IR HZ — sl R AESEA Tk
suy s R i I B SN N AN o G
A AEREATE 55 IR, AT DAAS ] W7 b A2 31 S 15t 2%
PR EysR AL o A J5 AT AT AR S R I 2 b 52 i S 4B Y
ik, AMUERRGE 2GR, [FBAEREAE
TR 20t B 48 58 BRI A1 28 B2 7 B TP 34 1E
28, AT RES T NEE FH M AR U R38R

5 4Eip

FT RIS R Stop Signal VIR 55 REASTE
AW RSAR B B A YN RS o 3RS 00 32 F) A
ST SR P A i 2 S RV S5 PR B I DU S ) . FE TS
AR, R AT X R R R ARG
Go/No-go 155 Fl TAEICIZIiE RN, {34 AR
B HERERE 1 AR RS o X TP il Stroop 1T 55 1A iF
B AR T AR R D o AR5 S 04 D s I 25
T HRAE T U Rkt &1, 7ETHSEHLAE U SR i A
BV RS} J52 15 E 0% A5 S0 T I Ry R RS S0 ; #b 7
TR GRS AT I RE ) K ek sy, HAERIE T
B AL AR S AR ke rb 3R 2 SR B WA, 2
7 AR A ] D) HE I 20T B4R 19 DA %) 4R 5% B B
HAMEVER

Z % x W
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Abstract

The plasticity of executive function (EF) has been discussed as a core topic in the recent cognitive
development research. However, inhibition training research remains inadequate. According to dimensional
overlap theory, inhibition has two types: interference and response. The neural networks of the brain that
respond to conflicts do not mature until early adulthood. By conducting a comparison of the plasticity of
response inhibition between adolescents and adults, the applicable age group for response inhibition training is
explored. Introducing online feedback as reinforcement improves the training effects and helps individuals to
balance further accuracy and speed. Therefore, we added online feedback in the training groups but used the
original Stop Signal task in the active control groups to investigate the training and transfer effects of this task
with online feedback.

This study included 194 participants (134 adults and 60 adolescents) that were divided into five groups:
adult training group (N = 47), adult active control group (N = 45), adolescent training group (N = 30), adolescent
active control group (N = 30), and passive control group (N = 42). The response inhibition training consisted of
nine sessions, and it was held three times a week. In each training session of the adult and adolescent training
groups, participants were guided to finish eight blocks (100 trials in each block) of the Stop Signal task with
online feedback. In the adult and adolescent active control groups, participants completed the same amount of
the Stop Signal task without online feedback. The passive control group received no training. The participants’
inhibition, working memory, and fluid intelligence were measured before and after training through six tasks
(e.g., Inhibition: Stop Signal Task, Go/No-go Task, and Stroop Task; Working memory: 2-back Task and 3-back
Task; and Fluid intelligence: Raven’s Standard Progressive Matrices).

A 9 (all training sessions) X 2 (training group, active control group) x 2 (adult, adolescent) repeated
measure ANOVA was used to test the training effects. Both age groups exhibited improved performances with
the continuation of the training sessions. However, the adults performed significantly faster and more accurate
than the adolescents. Next, four 2 (pretest, posttest) x 5 (all five groups) repeated measure ANOVA were
conducted to test the transfer effects. The transfer effect results revealed that (1) on the Go/No-go task, both
training groups showed significant improvement; (2) on the Stroop task, only the adolescent training group
showed significant improvement; (3) on the 2-back task, both training groups and the adult active control group
improved significantly; (4) on the 3-back task, only the adolescent training group gained significant transfer
effects; and (5) on the Raven’s Standard Progressive Matrices, no group showed significant improvement.

To sum up, the results suggest that the Stop Signal training task with online feedback has produced training
effects on both age groups, and the transfer effects are influenced by the age difference of cognitive plasticity
and the nature of the task. Thus, adding online feedback to computerized training can effectively improve the
training and the transfer effects. Finally, inhibition training has a more formative effect on the pre-adult age.

Key words response inhibition training; executive function; adolescents; online feedback





