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Neural mechanisms for formation of impulsivity and self-control in intertemporal
choice behavior
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The current study aimed to elucidate neural mechanisms underlying formation
of impulsivity and self-control in intetemporal choice behavior. During fMRI scanning, human
participants performed an intertemporal choice task in which they first directly experienced delayed

liquid rewards, followed by free choice trials. Formation of self-control was associated with
temporal dynamics of anticipatory utility in the anterior prefrontal cortex (aPFC) during delay
period, whereas that of impulsivity was associated with reverse dynamics in ventral striatum (VS).
During consumption of delayed rewards, impulsive individuals showed greater activity in aPFC and VS
and stronger functional connectivity from aPFC to VS. On the other hand, difficulty in
decision-making was associated with prefrontal control mechanisms during choice.

MRI



L C—19, F-19—1.
1. WFZERM LD &

A ETORFELEENRELR DRI OWT
OFR(EEFARPOIT, BHRITENCI T D E
kL BOflEE KBTS EZ 5T
5. BEFRERIICE T S EEIE & B SRl

SR AE S 0 %50 ) (8 P A ) 0 B D

(FEBIBC Ko TSN TE 2. Ll
W 2 D EEMES B Al S & o & 9
LTSN DT IS Do TWnied

-7z,

2. WHEOHEM

AW CIE, FEe FNEIMEBRO TR A E B
WA L7 TERRE 2 VT, R AL &
HEZEERRT 20O b OMEE) 25
W+ 5. 2T, REMFRERICEIE L 7o M S
R L, #RER % 03I R L2 SRR ) 0 B
RERDZ Eicky, HOHEE HEhitx
TR T 5MEZHALNCT L2 L2 AE
L.

3. WD

(1) AWFEIE, WFEREEBT Lz, I
T DRI L D R EIRGEE (Jimura
et al., Psychon Bull Rev 2009; Behav Proc
2011; J Neurosci 2013) % % LT, FEAEEHEN
A TEERRT 2O b OMIEE) 2

WIEL, ©O%ROBRITE & OBFE T~
E PRI, B RAET % R &

FEFE U720 (RDEE) ISR 2 58 &R IR A 1
L RERT 5. WO BT EREN O 7 2N K
V. LT 2 MEOBMARRLIZDDL,
HE®ERIZEY,
Z ORI EMRI (Z
179.

FRAT TIE, ITEVRB FOBIATEIET L O
—OTHLIIEFHAICH &SN T, BIERER
O RIEEYENRE 2 F0aR L 7~ (Jimura et al. J
Neruosci 2013).

£V TS OFHA 2

(2) EREORNERMEREZMET 57201
FFEREE DB EITNE LT —# (Jimura
et al. J Neurosci 2013) D RIEFKE 4 % 1B
g L7z

F9, AEBRIETEIINT-EBLE T HIRIE
N2 VT DB OMISEh A2 i L, sk
OB ERAN. LT, BEERICK
V% BEELAEIE I OIS RE IS & 2 A~ T2

F 7o, BAGREZITHROMNIEE) &, FBIET
5%5‘&%&@}”@:%Té;ﬁﬁ#ﬁ@%'@ﬁ%ﬁﬁ%E
DIMIE B D BEfR & TR~

4. TR
() £, BEFRFFIZE T 2 GBI ORFEZE
fbzMfHET VICE > TET B LT
(Jimura et al. 2013). HHEEREFTIE, &
%@ﬁ%f“ﬁﬁ?éﬂf:ﬁﬁﬁﬁﬁﬁ@?ﬁﬁ@ﬂﬁﬁ%
I H oK E T~ LK 1), £z
HEMFR AR ClE, BOMIFFZHICBEE L Ty
7-.

Z—19,

ED LSO W 2 E 5.

CK—19 (Jm@)

E1

51 i) e PRRF L2 35 1T 2 IFE D o 2 B % 78

R LA, O H BRI T®ITN D EBIER
B CIx, AT ATEEATE R L OMEMIRR SR T F
NENIHE 2R & AW H O RN A
b= (X27/). —FT, HHERTEIN
7Rl T BAEREN T, HIFFRH OB R IT A
%ﬂfcﬁﬁ)o 7-.

X2

D ORERIL, BRI 5B,

BERM TN RE WS, TOH%ORE

RCEBIEFRMA RTINS Z EEREBL T
B

WAz, SRERNGRITIZR T 2 N RF O
MMTEEY 2 R REMIRRSR IR T, BN
DOHERFIZBWNT, %o HmEGERIT RIE
e ho T h GERGERIN), I8/ &< 7
ofmé:kﬁﬁéénk.:n@,wﬁﬁ
A2 E LTV DERIS, BERARSAEDIEEI)
INEWE, EEMWED B B IBIITEI /NS K 72
HIZEHREL TS,

%change WHRIR

FEHOER
04 x

0.0 +— —

04

[ Pesassi]
[ RS

-0.8

-12

***P<.001,":P<.05

&3

LI E G RIT, FRpAY IR AE O LR AE Ky ]
EWETHE BT 5, B OO ORI
ATEY « BEAURRS A 2 e LT 5.



(2) HMIMEEREOMIEEB 2= L 25, 15
ik O SO RBRE TIE, BTEERTEF OGBS K
ELL o TWDL I ENbholz. —FT, &
PRSI CIERT & R TRz > Tz, T
e, BIERCITEEMNE O BV ERE 1T SIS
RV, BERTIE, BRI &R
FITZ, HREZRPEHRE THIREA K E

> 7.

% 2T, AiBHATE, MEMBRSIKORIE - %
HBD 3 FEIRIC I T HRERERIFE B A D T2
(2, DERAEPRR B AR 21T o 72, EM
FRR IR AT ER I I AT EE AT B 5 & OVIE R BR 2R 1R
BN L DOMNEENBIE SR (X4 k).
— 05, MEARREAR D ER D & I XATER~TR Y
AN INT.

NS OEEENREANEEIMEO R SIZ X

FUEEEIESS RS 5K
AIER ®p

0.2 *
04

0.0 +
0.2

-02

-0.4 0.0

FEHME: AS AP mE
4
STEDEIZEDLENERTEZA, B
MR SR & R~ OREE 1L, EEED
EWHEBRE TR o TWVWAH Z LB S
e (K4 4).

INEORRIT, 3 FIMOTFEORE S &,
TR ] OBERERIRS I K D, TEEhPEIC BEE
3% TS AT EF - BB ER AR OB 2 7Rk L C
W5 (X5). $72bbH, EEMEN O HERE

AERIER M?
T 5

Y—=Tvhk
PEfRIRSRAAR S5
RISERIEF AUER 23R
r 6 L K hH

vk

D P < .05 corrected

=4

T ,mﬁm%k@@ﬁ*%%%®%wﬁﬁ
S, JERIRR SR IRETER~ D FR O RE RS & 12
@,%@ﬂk%<@é.~ﬁf,¢@§@%
B T, MERIRRSIRRE I TR DS, B
5 BTER~DFEA T\ T O I RITE O 1& B 1
R&EL B0, Dl bEns, misERiE - fEHl
MR BE T OTERB DS, RIS BT 52 L
DEEE LB L CTWD EHEERIND.

it & Wt P wEhtE (€

Lok LUk 24 LD A4 LoEC Lk

© @
<(_ _(_. .49_.
B WA B WA B BEE

LUEY e Lok @ LUE s

®5 I ' t

LSRN BT 5 B B B E R
1%, RIREREN & & 2 i oo =B e & 0)
EEBRICEBET D Z Licky, BEERE
DOHEEFE DN R %P5~ 7= (Jimura et al. Cereb
Cortex in press).

VRO IR O A faf S R % 75 7 58I & [F)
E L, Z ORI CHEER 2h A BE T 5 K
EERRLIZE 2 A, AIEBATEHATE 23 FE S
7o, ZOfEETIE, HESENSKI VHEBRE

E, MEERBOAMDENKRE o7,

SIZNESMAIBTEERTEF TIL, BN RANE
FESREIC X A EEE EHBE L TS Z &
Dbohol-. Thbb, EHEENMEW (AL
HEINTR) HEBRE T L, MEERESKE M
ST,

PLEORERIZ, ASEATEICIHIT D, RIFH
B E I B E T S A 2 e LT
5.

5. FpFEEmE
(BFgefhgeds . WFFEoy 8 R ONHEERF 224 |2
=)

CGdEaEamse) GE 718

@ Jimura, K., Chushak, S. M., Westbrook,
A., Braver, T. S. Intertemporal
decision—making involves prefrontal
control mechanisms associated with
working memory. Cerebral Cortex, #rt
Hv, HIRHE.
doi:10. 1093/cercor/bhx015

@ Jimura, K., Hirose, S., Wada, H.,
Yoshizawa, Y., Imai, Y., Machida, T.,
Sirouzu, I., Koike, Y., Miyashita, Y.,
Konishi S. Relatedness—dependent
rapid development of brain activity in
anterior temporal cortex during
pair—association retrieval.
Neuroscience Letters #@id» 0, vol.
627, 2016, pp. 24-29.

@ Terai, A., Nakagawa, M., Kusumi, T.
Koike, Y., Jimura, K. Enhancement of
visual attention precedes the
emergence of novel metaphor
interpretations. Frontiers in
Psychology, #atd Y, vol. 6, 2015, pp.
892.

@ Osada, T., Adachi, Y., Miyamoto, K.
Jimura, K., Setsuie, R. Miyashita, Y.



Dynamically allocated hub in
task—evoked network predicts the
vulnerable prefrontal locus for
contextual memory retrieval in
Macaques. PLoS Biology, ##id Y,
13, 2015, pp. el002177

Chen, M-.Y., Jimura, K., White, C. N.,
Maddox, W. T., Poldrack, R. A. Multiple
brain networks contribute to the
acquisition of bias in perceptual
decision—making. Frontiers in
Neuroscience frmcd» ¥, vol. 9, 2015
pp. 63.

Jimura, K., Hirose, S., Kumimatsu, K.
Ohtomo, K., Koike, Y., Konishi S
Late enhancement of brain—behavior
correlations during response
inhibition. Neuroscience Zied» 1,

vol. 274, 2014, pp. 383-392

Katsura, M., Hirose, S., Sasaki, H.,
Mori, H., Kunimatsu, A., Ohtomo, K.,
Jimura, K., Konishi, S. Decreased

fronto—temporal interaction during
fixation after memory retrieval. PLoS

ONE & Fedh 0, vol. 9, 2014, pp.
e110798.
(FapE] G114

(D Tsumura K., Aoki R., Nakahara K., Huk,

A. C., Poldrack R. A., Jimura, K.
Prefrontal—-temporal mechanisms
involved in response inhibition under
perceptual uncertainty. 5 40 [a] H A4
BEZARE. 201747 H 21 H, HEA
vk, TER - THER. BRREFH)
Tanaka, D., Aoki, R., Nakahara, K.
Jimura, K. Prefrontal-Striatum
Mechanisms Involved in Formation of
Self-Controlled Choice. % 40 [0] B A%
BEZARE. 201T4E7 H 21 H, HEA
vl THER - TIER. BREEFS)
Jimura, K. Statistical mediation as an
approach for brain mechanism
inference: analyses for delay
discounting with large—sample open
resource data. &5 40 [A] B AMPREFK
2. 201THETH2 A0, HEAYE. T

BER . FEER. (BRIEFH)
Terai, A., Nakagawa, M., Kusumi, T.
Sakagami, M., Jimura, K. Dynamic

neural mechanisms associated with
emergence of creative metaphor
interpretations. %5 39 [0 A AR
KE. 2016 7 H 21 H, Xy 7 4 akf
. AR UL - BT

Noro, Y. Jimura, K. Periodic
polarization of brain—-wide functional

network revealed by resting—state fMRI.

%5 39 [a] B AR RS, 2016 27 H
20 H, /v 7 ¢ affie. %R - Bk

vol.

6.
(1)

.

Misonou, A., Jimura, K.
Prefrontal—-striatal mechanisms of
impulsivity during reward attainment
95 39 [A] A AR R, 2016 42 7 A
20 H, /U7 4 ik, ma)IR - Bk
.

Terai, A., Nakagawa, M., Kusumi, T.
Sakagami, M., Jimura, K. Neural
mechanisms for generation of emergent
interpretations in metaphor
comprehension. Society for
Neuroscience Annual Meeting. 2015 4F
10 A 19H, ¥ha (TAYBERE.
Osada, T. Adachi, Y., Miyamoto, K.,
Jimura, K., Setsuie, R., Watanabe, Y.,
Miyashita, Y. Hub—centric prefrontal
network predicts lesion—effective
site for contextual memory in macaques.
Society for Neuroscience Annual
Meeting. 20154F 10 A 19 H, > = (T
AU B ERE).

Osada, T., Jimura, K., Hirose, S.
Kunimatsu, A., Ohtomo, K., Koike, Y.,
Konishi, S. Temporal changes in
brain—behavior correlation during
response inhibition. Society for
Neuroscience Annual Meeting. 2014 4
11H19H, ¥y hDC (TAVBE
KE) .

Hirose, S., Jimura, K., Kunimatsu, A.
Abe, K. Ohtomo, K., Konishi, S.
Cerebro—cerebellar network associated
with learning of response inhibition
as revealed by functional connectivity
analysis. Society for Neuroscience
Annual Meeting. 20144E 11 A 19 H, U
by DC (T AV IERE).
Jimura, K., Hirose, S., Wada, H.
Yoshizawa, Y., Imai, Y., Akahane, M.,
Machida, T., Shirouzu, I., Koike, V.,
Miyashita, Y., Konishi, S.
Fronto—temporal mechanisms involved
in rapid formation of pair—association
memory. Society for Neuroscience
Annual Meeting. 2014411 H 16 H, U
Y b DC (7 AV BEFE).

WFFERA Ak
W AEH

HiAT 5L (JIMURA, Koji)
BEEFEEANR T - BRSPS - S
eSS : 80431766



