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Abstract

There are two forms of impulsivity: impulsive behavior and impulsive choice. The
adjusting-delay task can measure both forms. Working memory ability is negatively correlated
with impulsive choices. Working memory training in human drug-dependent participants further
reduced impulsive choices than in the control group (Bickel, Yi, Landes, Hill, & Baxter, 2011).
However, in male Long-Evans rats, there was no difference in impulsive choice between the
working memory training group and the control group (Renda, Stein, & Madden, 2015). In the
present study, we examined the effects of working memory training on impulsive choice in three
male Wistar rats. The study consisted of three phases: pre-training, working memory training
(WMT), and post-training. An adjusting-delay task was used for pre- and post-training, and the
titrating-delay non-matching-to-position task was used for WMT. Despite the improvement in
WMT performance, there was no difference in the mean adjusting delay between pre- and post-
training. Focusing on the number of delay time occurrences and the selection rate of larger-later
reward lever, it was suggested that after WMT, choice behavior may be based on the length of
the delay time. The results of this study may help establish a training method for controlling high

impulsivity.
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F &

FEYE (mpulsivity) 14, 2 L B0k
REed7oo3, HEHEoORSIE, Z2Z0ZL &%,
RIHOKME, BER) A7 BERRIIHY) T
HWiTEIE L CEHR TS (Evenden, 1999), BITE,
RN IIEBIATE) & E BN RIRD20 DI EE
BHDHIENPMENTWD, HEIRITENL, [
S Zk -[ik®5 (stopping)] T ENTE LW
1TE & B 215 (Robinson, Eagle, Economidou,
Theobald, Mar, Murphy, Robbins, & Dalley,
2009), EBJHYEIRUL, BN THEL 2ITHOR R
W2 2 EAZFMAERE T L 5 ERITH)
(Evenden, 1999; Winstanley, Eagle, & Robbins,
2006), [ ®hHEM 2@ T8O R0 | (Anker, Perry,
Gliddon, & Carroll, 2009) & &1, WD 1TE) &
LTRBEEHTH D EEZEZONT VD,
B ESUE AL, SEWELH, 1R MRS B 1k e
(attention deficit hyperactivity disorder: ADHD),
W e ¥ 7)) VT ERR A R B O
#MThbHEEND (Moeller, Barratt, Dougherty,
Schmitz, & Swann, 2001).

B 2 W CEEI R EIROFEE 2 | E§ 2 3R
MBI, BT (adjusting-delay task) 25 5
(Mazur, 1987), EIEFERE L IZENTFIZAS
K (larger-later reward: LLR) & 9 IZTFIC
AL /NREN (smaller-sooner reward: SSR) AS$E7R
S, BERIADS & B 5 2 #IRT 2012 & o TRIR
B E CORMERM 2K IEL I 2D RS
RETH BHo LLRIE/R £ TOWREM 1L, SSR% #4R
5 &AL, LLRZEIRS 2 L8N 2, R
fRIZLLRESSR% I L, F @AY ICLLRO il fiEl 7
REWEHWS 2 & RIERHIIIER L, SSROfh
TEDSE > EHIWTS B & IR LT 50 LLR
ESSROFHERPEE L 72 5 L BIERIXZEE L,
Z OFEUEIEH 12 3315 5 LLR & SSROififitl 1% T8
WL o2 EZ ON 5L, BIERHK ORE
Jeik 2 T, B 2 1XPerry, Stairs, & Bardo (2008)
1%, 1t v ¥ a v OEERH O % MAD (mean
adjusting delay) & L, MAD® Z8 8 A% # fit5t v

AW WA B

T a YT DN E LT\, 5 L 72 R R
S, WERRDSEEIC X o THEZ S ) 5T v
LRETH L, BIEMBERGIORE ST 5,
K& 70 BIEATfE B S NI E B EIRDS LS N2 &, /)
S R AEfEE S IR EIRS D w2 & 2k
¥

T2, COREIZBWT, HRTOEE 2 LIZITE)
L72HE I HWRIBRERS RO NE, S 512,
P2 GE By ] 2 54T M ) B (inter-trial interval: ITI)
H D SUS LI A N0 D e 72D, #fil92 X
EITHTH D, 2O L Hh O BEFHERETII,
PO Ry & MR S 01 55 2 i B AT B O Fr i &
LTHWAZENTE S,

v I (Shamosh, DeYoung, Green, Reis, Johnson,
Conway, Engle, Braver, & Gray, 2008) X7 » b
(Renda, Stein, & Madden, 2014) Zx} % & L 724
THE7E & 0, 5L (working memory: WM)
REJJ L BIEEFG O R E S L ADHMED D 5
NG, TWhH, WMER, BET>Tw5
HE OO —RICRFT 2RETH L, £
7o, BIEAREE GO K X 213, K 2 (temporal
window) ODEZS ELEOHELRH 5, Z2I12B
AR B L, A EE) FREE RO Z L
T&E LM OIE% 89, Bickel, Yi, Landes, Hill,
& Baxter (2011) &, B B OMEZHIX4 2 & T
IEAMEEG [ 523t 5 L IR &2 32 CTlzo & DA
Db &, HEEFIELE 2 GE R O BE 2 ouf RIEE
LR (working memory training: WMT) % 4T
v, WMTIZ & o Tl B EIRAA L 72 & ey
L7z LAL, FFORHICESNTTy P&
W CHFE L 72Renda, Stein, & Madden (2015) 14,
7 v MEWMTIZ & o TSIy #IR % Wb S & 7%
Molz LS L7z,

AHF%21%, Renda et al. (2015) DL % 534 (12—
HALE LZZWMTA, 7 v b OHEI:ERIZS
ZAHHEIZIOWTHLNMITAZIERHME L
725 Long-EvansZ v b % ffl\» CHF%E L 72Renda
et al. (2015) 1&, WMT & L C, i @ HEAT & LA
& b & (titrating-delay matching-to-position) %
FH Lz ZOMETE, BATHGRICIR S
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ZEAWCTNDOFI LN— (RALN—) (20
L CHEBRIA DS UG 258 T3 5 &, RARL N —03%%
M, B LN =R ETRFFIPE (retention
interval) % MG L 72 RIFFMMBHE T AL
IN—= =T 5 LRI O L N— (JbE L
IN=) BHFRREN, RARLN— LR T LN—IIK
I5d % L LSRR S 7e . PRFRRHI R IS AL R
REDEIZBIT L EBIERHTH Y, BB ILIREE
[ PR #< T 2108 LNIZ 27 LN — 12 BUS L 7=
WL, ARV N=~OIE LR D E L 2RO 5
Nizo RBIFETIRES LN—ORb ) IZHRIHE
R AAVAYAT SN WOV AY S uav/ Nl I
LCh b RFEMEZ MG L7z, 72, ABFZETIE
Wistar A7)V E /) Z v PR L, L N—D
IBRARLN— LIETHO L= G L 7B E12
AL 3 %, HEELAEIE AR S b (titrating-
delay non-matching-to-position) % £/ L 720

JeATESE (Bickel et al, 2011; Renda et al,, 2015)
DI & FARIZ, WMT % #5689 5 2 & THBRK
ZEBEFFREEE L LT EDTE LR OETH
HIEHEZMES Y, HEHNERz B S DL L
V) IR R 3L CCERRE it L 72,

7k

RER{A

bRk & L C, FEBRBHAG R 123 H i T FEERAEBR
D WHEOWistarsza 7V Y /5w R3JL (#], #2,
#3) 7z FEBRIIE I EN LT 7 )V —
T (400 x 250 X 200 mm) TREBNZEFE L7z, Bk
R B I1205 B (08:00-20:00), %121 [ (20:00-
08:00) DU A 7 VT IZED»N, FEBIT4TH
H D14:00-20:0012 4T - 720 EBEHIM 2L T, H
H 8 £ 0 85-90% K B & A 537 % & 9 |25 £ il
BRA& 2T 720 KIZEBEILE L7ze RERRIZILE
KEFWEBHRTE S TEREEZ T 72 EHFHE O T
THEMS N7,

KB
I DOW T Figure 1WZR L7z, EEBFEE L

T, 727 I)NVEFRT MRy 7 A (210 %250 X
380 mm) &\ 7z, K v 7 AR O
7. L 2¥ — (ENV-112CM, MED Association Inc.)
RORFEE L7z Ky 7 ZAFH ISR W
(E3JK-5, OMRON) % i L 720 2AD L /N—D
MICARIN % 3% L, 45 mg®D XL v ME (Dustless
Precision Pellets, Bio-Serv) % mifb 1 & L CHEHH
EEZHTIIR L7z, RIFEICLEDT A + &
B L7z ATV MRy 7 ZAFMAF O E0E
IAEIZRRTE L 720 Ry 7 A5 ol NI E R
WIRRHDOA Y =7 2 3%#E L7, LEDZ 1 b3S
HITL T2 HIH ITIH) &0, 7 v FOITH)
EBIET A 720\, HiE ORI A A T Lk
B4 M ERBELZ AT Y PRy 7 2D
e F— % OREFITIZN— Y FLara—%
(MT7500, EPSON) % H\w 7z,

Fhex
EEOFHN % Figure 21218 L7z B3 g L
oy ia rFEERT, ERIIIHIEYy a3 o F

O'ﬁ‘o 7):0
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kil - #rA - WH (2015) 252, JEIEFREGE
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A ¥ 7, sl TR S 7z, FEERFEBIEIR
EBROH 205 MEmL 720 Ny Fyzf s T
IBEBRARICATED & RO IR A S8 S5 72012
1To 720 WBRIAD L N—IZHZ 72D DV
D55 it FadRd bl enrbid Lo, 1
FOGTH 5 LN—H LATE 2 B S/, 1y
> a VIEERIEAT100[IAT b L B 223055738 L 72 B
CHET L7z e bid Loy —4 LIRSk L
T bz 1T Fhi& Tho7o 1y v a vid
O L= LT &500E 92 UG $ % 4230
Gk L 7o CRT L7z 3048 LIS A EFL00
MOV N—$ UATE 2 R L7z & &, 8BS b
L—= U ZIZBAT L7,

RO b L — = 7, it c— oL
IN— I ZHEFRIOB S L7212, b ) —FHDLx—|
HEIOMN T A2 L1y PEL, ThE#D
BT N ==V 7 THo7zo 52y %3055 UA
\ERTE 5 FCTERML 72,

BIESRR ML —= 2 7Tl —HDLN—% 4
TESHORERICIOEEILRL, ) —F
DUN=Z§ L3 CICIHOM AR L7z, 12
MEFREEGRREIC BT ALLRD LN — Z B HE L )N — |
SSRO LN—Z IR L N— & LT in o720 1
v a YIX60AT, ¥ 4 477 MiE10047, ITHE
TRIERE 2 &0 CTARC 2 5 X IZRE L7 (1
B AR O S DTAR ISR OBRITHIEE - 72)0 B

AW WA B

BRAKICHHIEIRES &, IHot v ¥ 3 v CHIKF L
IN— BRI AIT5% LA 72 o 721 5T, 855 b
L—= 7RI L7,

BN L == 7T, — O L= %49
EFIBH OB EIRRL, ) —HDOL/N— %4
FTET IO Z IR L7z, EIEFTREE S
BIFALLRO L/N—=%3k L /¥—  SSRO L /N—%
LRI L N—& LCIs o 72, 1k v ¥ a v id60:
11, ¥ 4 &7 7 ME10057, ITHE7480 & L7z #E
BRARICHHEEIREE, 1aot v ¥ 3 v TR L
IN— FERRATE% L FI e o 2T R L — 2>
TRET LT,

PBIEFRGRE 230 v ¥ a Y fTo .1k vy 3
YiE57 ey 7, 60T TRER I N T, 17
Oy 7 34347 TR S Lz 13T H L2347 B
IZLLRL /N —=2°SSRL N — D WF N DI T ~
L NECHRIR S, BEBRR IS AR [] & SR &
%5 S L mALEREIT Th o 72, BERIEDS
LLRL N— 2 L7z & |\ ZITEEREH O #1234,
DO ZIRL, SSRLUN=ZH L 728 X213 d <
[ZIRL O & $7R L 720 s LTRICITIC AT L 72,
SHATH LARITHIEM A O L N— DR &, #
BRARIC F @R S 2 5 HHBEIGIT Th - 726
H HGEIRBAT © b sl B IR T & MRS, LLRL
IN—=F L 7o b AL IERE ] O 12 (23K D f A3
FORL, SSRLN—Z L 72 & 123§ ko
2R L7z

FBIRE R E IS TH 5 (A, 2008) 72
b, TEUERE R T RE R 1-64F0, JEIERE [ 2200 B &
L7zo L7 LEBIESERIEASK E v E MADD 2 B
MRKEL DL EPHSENT WS (Mazur, 1988).
Z D728, F K328 O IR LR IR B ERAR D 4T E)
TRESHERWITRENED D o 720 £ 2T, IRIER
[ DO YE I % 1-168013200 $i 3, 16-648013 =8Fp &
5. 1,2 4,8 16, 24, 32, 40, 48, 56, 645> D11 &
U7z BIERE R E E HEIREATIC BT % #IRUC
Lo TS 7z LLREFEIRL 72 & ZI2IZRkD
AT O EIERE 2 1B RS IER L, SSR% #IR L 72
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LI RS A4 & 8720 BaEIREITIC BT 5
BPULBIERE RSB L ool 1y 3 v
HOBERFIZI»SGL, 22y ¥ a Y HEL
Beldmio €y > a v ORBEOHBERICECT,
ot & OBIERER A & FiliG L7z ITHEEIERE R %
GO TTARICEE L7,

1T H L45UTH L, B Aotz Clc L
IN= RGN L 720 2807 H L 33T H O USRI
i LN — % 30K L, dRIERRR] - ITIFF o5 kI O
D77\ SRR SIS 2 0 E L 72,

LEDZ A MEBEATHIGRIC AT L, &7 0
{LIRIZTHAT L 72o SRk S b Lox—3f LI & L
BEICIEAE = b =T EHEEZFIR L7z 60541T
BT E72121000 %@ LB ETEy v a v &K
T L7 EADLN=OFML, 7y M1L T v
M #2137 L N —=25LLR, £ LN —A5SSRE L 72,
v F#3134 LS—ALLR, /£ L /N —ASSRE L
775

[WMT]

fL—=>7

ML—=v 7L LT, AL v ~O BT
B, LoN—ICRT A EERER N L —= 0 7, R
Hrfto72,

TRAVRE O UBTER T, Ky 7 ABH
DAL DL 5 T LI b F 2 fR L
720 3043 PP ERAL 25100/ TH I B F THEJi L
7oo FERE N L —= v 7, ITT L ICKHL
INEBEDLLELAEL SO LN— |2k 57z
KOS L7, )ik v o ed % Lafb 1%
PR L7720 LN UGBS 2 EEUZIE A 513 C
9, 804 ANIZB0FAAT 2 3 5 & & 1 b
VFC20ml, 50, 10 DNEIZAT - 720 HERRSE T,
BT v AR ENDELHDO L N— (AL
IN= ) IZI0M RS ST BB v RIS &
72, FOBRICAARLNN— LMD L N— (L
N=) OHREFRLTRIST 5 Limfb L7z, HER
FEIFIIE Y v a3 Y8OFATTHER S, 10ty ¥ 3
YATo 77,

WMT

WMTE L ClEEREN EIERARE b iE %
Sv b4l v M#21340k v T3, Ty M 431
0ty ya ryERmL,

1RAT O N & Figure 31278 L72. XAT BAAG I
W2, ARV N=Z 3R L7z, RO L N—D$IR
NEFE X, B o LN — A% e T4 DL EFER S
BWEN BT v F LI LR E Gz B
BRARDS AR L N — 1210 U $ 5 & Loy — 2 4%
L, LEDZ A F % 5T &4, b D
IBEME L, By HICRST 5 ELEDT A
ML L, IEREERIC X > TEE§ 2 B AR
(FREFRIRR) % BAG S 2720 PREFRIR OB I
BELN—& LT LN— 23R L, BBk (2 391
SR O L N—EHRECIH ST 5 & ¥ —
TEHEERRL, WML N2l L7z ARV N—
LD L N—ZREINT 5 L IERS & L CRiER L,
BT AR L CERATIZ T & L7z RARL N—
ERULN—%BINT 25 LG & LCRIERL,
sAb & FER IS EATIIR T & L7z. ITHIE20
WTh o,

Bt o & L N — O JUS I I HI BRI ] %
o L7zo 101 H O RA L N =~ FL A 560,
Bl RIS HRE IR L N =D ERH O
S 51082 0 [ B 237 72 - 723547, omission

. EFEf-lFHLA—
RAELNR— 10[E R it
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ELTCREEL, ZORATORMGR (AAL /Y=~
DIEHOKIER) 25 ) E L7z,

PREE TR LR IE T R & AR, 1, 2, 4, 8, 16,
24, 32, 40, 48, 56, 4RV D11BERE & L 720 22 ¥ 3
YHUEOEKE Yy D a s izBWC, vy a U
BREE & QFRATHE T T L ICRFFHMIR 2 8 L 72 R
FEMIR ORI 1L, LEIZS L TRIOY Y ¥ 3
YOS AW TERR0ITO N JHH L
720 IERUBFE%LL FCLERSIE R L, 70% A C
LB RS JAE S 720 2 NLISLOGE 1T IL PRI b
LS holzo IERURKHIZIERT 5 i b+
D=L, REFHEFRA 248 LT Tl A, 328 DL T
E3kr & L7,

1ty ¥ a YIE8OFEATHHE T % 2, 805 #%¢ T #%
WL RUTHRET L7zo #7 L723ATHD2054T
DFThBLy T ar»3Efin725a12iE, ko
v ya VIIMEEER LI S0 72,

F2Z b

M=V 7T TANE LCHBROME
IERAGDOERE 2 RFFHEBLIY 2 54T 5 720 5
v v YT F AR R 2640 I FE T 5
FCTITo720 T EIIWMTEFRBETH 720

[Post-training]

EIEAREEE Pre-training® WEEO T & & H
W, BERB ML —= 7@ P L =
T wAT o720 58 V112, Pre-training & [ #ED T
S HWTEBERZEREZ30t Y ¥ a3 Y 1To 72,

AW WA B

eoxiil

Pre-training, Post-training? J2 i # % SR RE (2 D
WG, BIERER & BIRL - LoN— 2Rk L7, %
COEATHIFETIRLE v ¥ a v O R <2
MEEFE D32 MADE L C, %o 2R #E R S {1
DI L Twi/z (eg Anker et al, 2009;
Mazur, 1988; Moore, Blasio, Sabino, & Cottone,
2018; Perry, Larson, German, Madden, & Carroll,
2005), AW 78 T & [F £ 12, Pre-training, Post-
training® Z ML Z1UIBWT, K710 v 7 OIELERE
2 APy L7z, SNEMADE LC, EB)Y:E
RO 720

WMT & 7 A MZB U 2 PRAFRHIIE b [F AR A AT
FHL, ekt yvaryTEOFREREY
FH L TWMTOREAROIRRIZH 72,

TR RIS B TH 5 (AH, 2008) 72
%, MAD & “FIgRFF IR O 5 1213584y %
(RVA

& R

Pre-training
Table 1 FEtIZ, Pre-training® & it 57 45 5L 78
0ty va iZBIFAMADER LT,

WMT

Table 20> FE - B ICWMT O 5 F)) & H& 45D
&5ty va YOI REFMEIC O W TE R L7
bOERLE &ETCOT Y MTHRMALYD HE

Table 1. EERERBENDELt v ¥ 3 > DMAD (¥)

#1 #2 #3 VLD -1
Pre-training 6.36 16.69 14.42 11.53
Post-training ~ 10.31 6.82 13.07 9.69

Table 2. WMTORM EREDEEY >3, T X MIH T3 ZEEOFIRERDRE (7))

#1 #2 #3 3P
BYD5E Y g 123 2.13 8.06 2.76
KHEOsSEY 3 5659 21.00 64.00 42.37
F A |k 18.13 16.22 17.42 17.19
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D5ty ¥ a rOVFHRFHEBEPRE S B o7z,
Figure 407\, £HBREICBIT A2y v a v 2
EDVRFEMIBOHER ZR L7727 v M3D
57 -11-113t vy v a viZBWT, Kty a ok
B0 T CTHolozo, 8- 14ty v av
BRFHBZ D2 OB L7z, £TDT Y M 2°
64F DR FFHIBE 2 £k L 7225, T v M1 - 204%
FHRIZIES2EHH Y, 7 v M3DAD 6 D
DRAFIHTIE 2 MERR L AT 720

TANMNEZZ v M1, J v M2I5E Y v 3 v
(2025817, 3235 1T), 7 v M#3i1F2t v 3 ¥ (98
RAT) EMi L 720 7 A MIBU B FIHRERE %
Table 20 T EIZ/R L7z 3IEOBEER{A4TT, b
L—= V7 ORMNOSty a7 AMD
FRHBI RS R o/ze TAMNIBT Ay v 3

FHREHOIVU el

=]
—o

-
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T T T T T 1
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tyay

Figure 4. WMTI(C & |} 2 FHRERBOHE
5Ty M, #2, #3IZ DWW TR L 726

¥ 2 E OIGRFF IR OHERS & Figure 404512718
L7z0 7 A MZBIT B BHERIK O R R ORFFH IR 2,
F v MH1DAEY, #27340%8, #30°64W T o 72,

Post-training

Table 10 FE&IZ, Post-training? & 4 F % 3 HE
0ty ¥a IZBIFAMADEZ R L 72, LD
¥MADIZ, Pre-training® It # L CPost-training
TLAF WA L 720 &£HEMAET & ODMADIZ, Pre-
training& It # L CTPost-training™ 7 v b#1iZ
3ORVEEINL, T v M2 T v M3IZZENZENILT
0, 1L.35H A L7z,

SIEDOHERRDOMAD DEE DAERS—FH L T
o 12728, KB IEREH OFIE SR E L LLR
LN — B D S BB DATEN I D WA L
Too BIEFRERETIZ T v POEIRIZ X - TR
HERS S22 B9 % o LLR & SSROAMiE A F A 12
FELL B RIERM X0 b, BIEOEIERH 235
WHAIZILLR % AN L CREERIIE R L, BAE
DEIERE 5B\ 54 1ZSSR % 3R L HERRR
(344 5o LLR & SSROMMifEAS EERAYIZEE LW
VEIERF] CIZLLR & SSR% [A A2 IR ¢ 5, 7]
(2010) I BICEF I ICE - 72 E RS T 7, %
BIERFRC BT ALLRL N —BIRE Z P 7 5
ZIZLTI2D 7T 712K L, WEkkiEr L TO&E
HE R [ 00 F8 4 [A1 B ASLLR & SSROD FE R A 7 fffi il 78
L e BRI 2 THA & 3 2 BB A IR 72
D, @QLLRU NN — RSB ERBOE — 7 03H
B IEIEIRER] THI50% L %2 1), @FEREO Y -~
HIfACLIN— DRBIFASRLE T 5 &\ ) 3BT % i
7og & L7ce WBRIRDSEIERE R & il = & i L
TERNFTEZ Lo ZICZ03EZEHTEE
Z N5 720, RUFFET O WERA O EIRATE) & B
5 LEbLETHE L7,

Figures 5(Z, Pre-training, Post-training® 26-30
v ¥a YIIBIT B KRIER OIS A R &
LLRL N —#IRK(ZOWTEE T — 7 2R L7z,

F v M#1I2 B W T, Pre-training T3 Z8 4 [0 #%
DY — 7 PRIEEMIAICE SN 00, LLRLY
IN— BRI EAIRTIE 7 <, BEEER & ORI
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5 7% A o 726 Post-traininglZ 3\ T LLRL
IN = BEPCRIZEALIK TIE % 22 o 7228, IR HERF[R]40
FOLLRL /N =& FEIL0% TH - 720

Z v M#3I2B W, Pre-training T34 M5 D
Y= 713241216 1, 168 DIEDLLR L /N — 5
PERITEMIRTH o720 72721, 16 LT DR IE
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