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Roles of perception and reward in decision-making: an integrative
study using fMRI, single unit recording, and computational models
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WFZERC R OMEEE (3230) :We investigated roles of stimulus processing and reward information
processing in decision—making by using human fMRI experiments, monkey electrophysiology,
and computational models. Using random—dot motion stimuli and gabor patch stimuli as
reward—predictive stimuli, we found that the basal ganglia predicted rewards based on
sensory input information of perceptually salient stimuli and that the medial prefrontal
cortex predicted rewards based on discrimination output of ambiguous stimuli, thereby
suggesting multiple reward circuits according to multiple stimulus processes in the
brain.

A IRTERR
(BHHAL - )
(RS e 2 & @&t

200 7HE 5, 300, 000 1, 590, 000 6, 890, 000
200 8E 4, 200, 000 1, 260, 000 5, 460, 000
200 9FE 3,900, 000 1, 170, 000 5, 070, 000

L

FEE
&t 13, 400, 000 4, 020, 000 17, 420, 000

W E - AR
FHFEE DR - HH

LEE - ERLIS

F—U— N EERE, BT, ARABERE, P =a—m . BE-BREE,
PURTERZE, IL2EE £ 70, HEAERY MRT

1. WHZERRAR S K DT =

ZHIVE T, FFE ORI BOGITRS3 2
DORERA B BRE IR L TIRERN ek Hl &2

RIcF 2 LandERT — 7 OHRmAET
TNBEHRE SN TS,
WHIE TR T S TP TR AR - 58

LovL, kD




BRLOENY THY , BEREDOXG L 72
2 I 23 B C 722 W G52 2 O FR A B &
RIS AN & D X 9 I EEREICE D D 0
WZOWTIEIRBATH -7, BB, FRAIICHA
MR 72 RIPL D Fr e N T G ke D TR« BLRR D
A TIE, ASTRIBE AN EN R A3 S A, i
FEOHIE R OAE & 52 1 TSR - 1
NENDIZEDNEBIEHRLEE A B = X AT
BEF SN TWirho Tz,

2. WFFEDOHW

& ZCARMIZE TR, AHIBR TR B IR
REE WS Z L2k . DA DN
s DHFNCE 2 BB E BRI T 550
B T & b PN R AL ER O B AR A BRI M
AET S E L BT, Tk )RR AEAFERICH
32 X BLERNTHRIRRFE - BERRED
HEET VERBTLZE2HME Lz, B
MFEICARAE L W a R 22 i R 2 i 7
W, b OBEBER) MRI (EMRI) 328k, EEREHY
(P IZH T DR iRTEEh ek, 72 D NS
AR ET LD 3 HEAHEIICHA LT-AF
REATIR ST,

3. WrgED HikE

(1) RSB LEk

L O T 15 B % BRI BET D 2
ENRHKD T U FA ARy bE—V 3 VR
(F U FLBRGHCELSZHDO Ky oo b
FRLED—FIZI—H L TE Ry b3S
HEETEEN DR A R —L Ny F i
T OFF B A3 TE SR B 12 22 [ 450 A L CARR/AELT
BT fERR 2 AT 2RI 2 Bom LT
FDIF A e FITHERE |2 Y = — AN & T
MEEHMEEHRE L, ERTITETUD
W2, HFHA B PR (ETO Ky MB3ED
EO—HFmcE< 100%=2 b —L 2 ADE—
voa VRIS DTS TR O 1L &S OREE
ENRTH D HR—1 3y F) & A TH
WD FHIE LY 2 — AW O ST 38 %
1ToTe, D%, SHBRE BT IMFRBIIES
Y 90% (BB HITL) & 2\ i 60% (BEBRHIEL)
LB kolzar — L RAOMEREE A BE
L7l 2 2R Uy 2 A0 S RIS kb3 2
TR 72 TR Eh 2 5odk U7, YL B R
JOTE B E0 ek O R CIIAF S, RN E S Eh &
AT AHETH D 2 & DATHIZE D & B
BRSO TWVAHHMEBEED R— I =
=B NIERERY, =R UL 28N
PRI T H DR TR B A FREk LT,

(2) B fMRI FHH|

P xR L CTIT R~ 7= FidifEE %A & b
fMRI ZHAIIC T Lo L IRIER U RS
B A BT TREE NDOE) 5 MRT FH 21T
S, FUVAALARYy hE—YVaryZHEE
B AR — Ny T &2 AW HERE R 2|

1TV, EZE 30 L REE DB 3 FEBR I
S LTz, MRI BEEANTY L ERBED Y 2 —
ZHNAE BT A TF 2 —T 2 AT KA B
THLZ O, [F UERR THZER
TREROBRBPITZD L HIITEE LT,

(3) HmitHE=ET L

PERHRE ST X T T RIRR ZE 58
FHEE T VIR R R B OB (90%<0
60%) DT 7 7 X —ENBk L7z ET L EREE,
EBRIC L VSO N MIEE ORI L T
JVRHELD B HEE 2 S 72 © O M
FHEAEMEOZE & OB 2 e L=, FFic.
HR—3 sy F % Tz IMRT EBRIZI5 VT
WENTRRE A 5 X TR ITOE S
KD 50%E L, ftHEET IV E OB Z LR
IR cx b L HEB L,

4. WFFERCR
(1) RSB L ek

HIMEE LY kSN F—RI v =
— B OIFENE, FMEREZE, 2 LD
¥oE 2 U RRICENTA LIRS E O 2 5%
DIMHRY | BIE IR OREEIC L 50k
BRAR ORI 2 s AR A . 23 13T
DFHER A — L K> THRF 5
R ZENENMRS D NP LNE R
-7~ (Nomoto et al., Society for
Neuroscience 2007), T 72bH K—n_I =
oo— 1 R (B 1 A s B TR
i (B 2 BT \THT T, &R C DR
% OB U 7 B 1 o 2 BRSO B 95 2
EDNRIBEIND, EHIT, B2SIET LD
TR T e < A TR O F AR A7+
5 EH ool Nomoto et al., Society
for Neuroscience 2008),

(2) ® b fMRI FHHl

bt b MRI F2BR A 51k, BABRZR BT kF L
CEREN IR 2 77515 D BT B A3 R
EAZ (BARBZTEE) I B W TRV S, BBk
7o RN k3 2 B AR BITE Eh I X 2R AL Tl
7 < PMRIATERZE BB I D72 S vz (AR,
PR AR SRR 2008), & BT, WERAE DH)
WHRORBERST-30T. T7obbb x5
LT IR D 7 18] & WeBRFE A3 W L 7= 1 m) &
\CTREENAE U 2RI TORNT N S, FEJERE DO
BB X G- 2 O AU T2 I D 05 18] D P AR AT
L. W PRIRTEE R E OFEEN IR E O
HWFERDOAIAKAFT H b hoTz
(Yamamoto et al., Society for Neuroscience
2007) , Bt > TP LT HITEL 0 S8 155 S AL ER
DEFEIZIS U TR 207 EH 2 20%
P SRALER L — R MEET D Z & DIRIE X
N5 RIMEERZ TR O T A T IE % %
T B AR OMEIEE & I R L7
P SRALEE 24T 5 DIt L. PRIRTEEEE BB



TR AN RE O R O WIS #2345
TRWGEICH ORI RIRE R Z I L
TR R R 72 R T AL A2 D B = L B
bbb,

(3) HEFHHETET LV

FHRET VLD EE LI HRR =0
PR ORITZ & O E L AR 5 MG E)
., HR— Ny F &= EMRI EZ5T —
HNZOWTHRF L7 R. RN D BBl T
WHIREFE MR & Bam et Bl & 3 A R ICHEES
T LN RO o T, X5, T OHNHE
W OTEENE, R TSR B O BE R A ek L
T2ET RN T, ZAEME LRWIEkRE
BOOETNVLID LHEEIZROVHEBEZRL
7= (WA, 13580 2007; H AR
22 2007), £7-. ZOFETFILEOFEBILHE
ey arounrom Asns b
DTHY , BRI & Wi & oA FRE
Zil U CIRA IS SN TA LR R TIX
Wk EZ N, ZOZ AL, BHT
Tbi 2 HmEl THRIREZ ORI, EERIC
TERRER L TR W BBBR 22 LT, 2
U CREBR U 7= B0 o0 SREIA 2 0 O BRI
PEIZ L > THYNZHI Y 5l THET S L v
S ZMR I HE DM o > TNV D T & B
HHDTHD,

DlEFEdBE, b k- HEETT L
Z O LI ARBFZE D — B R RIx, R RE
\ZF3 VT B I A S i — R O ffe
RIRLFH) 72 NS S~ & BRI S
5707, Wil 2 TIThh B E TOME
W GETE T RO E) D3 @ G i Ik
DSUINTZ RS A2 N AERT D EV D, 2
DO 7RIV — N OFEE SRR TS, =
D 2 ODN— ML, FERIFEN DR S
TEXFHREB R 2o0FE 7 LTy XA F
T7 Y =8 RN TRERZE O RIS <
H B8 il 58 & T A _— 22 (8
METRET NV EA LI BER 72 EH ) o4
RIEICENENIET D EEZ LN
b, S IOBRERBEIE, KEHIZ1TD
D153 5 BEERERRIZBIT 52 WE D
FERER) 7o eE0, | & AL - MO T
EO LX) ITHERPHFEA SN TRERERE~E
DO, WEZERIN 72 A AE B R G AL EE & B &
PZ LT ZENERLBETH D,

5. ERRERLE
(RFFEAREEE . WFSE 003 M ONHLEERTFZE 3 12
=Y

Udessemsr) (R 1 6 1F)

(1) Manami Yamamoto, Xiaochuan Pan,
Kensaku Nomoto, Masamichi Sakagami.
Multiple neural circuits in

value-based decision—making.
Attention and Performance XXII, in
press (2010) [#&#&iA]

(2) SR BHEE, [WARZE. BEIERE DM A
71 = A LA-BETERH W & TR - F
SEPFEE 42-2, 29-40 (2009) [AEEriE

(3) W IHHE EEREREICEADDL 2 20O
PR BB . FRH & HE 48(1), 4-10
(2009) [EFHiA]

(4) Xiaochuan Pan, Kosuke Sawa, Ichiro
Tsuda, Minoru Tsukada, Masamichi
Sakagami. Reward prediction based on
stimulus categorization in primate
lateral prefrontal cortex. Nature
Neuroscience 11(6), 703-712 (2008)
[&EFef]

(6) BLHWKER. KBe~DTF HIZHED D it
T WU =7 EJKEF AR
22 1, 13-23 (2008) [&#A)

(6) HHEZ, PR, HAERS, K
17, BLHKER, FHAME RS, SaEiE.
PEIE % £F O e R ENES R E I B 1T
He FOEBREICET DR F#R
HUPRZEAGFIER . BIO, oA T IFHF
58, 67-70 (2008) [# e

(7) AR, BEHKES, #EMIT, Sk
HEIE. b P R R AL R R E A

BOBSBRM: DB, H ARKHRE O] 5 2 2 5.
15(1), 3-17 (2008) [&#eA]
(8) Jiro Okuda. Prospection or

projection: Neurobiological basis of
stimulus—independent mental
traveling.  Behavioral and Brain
Sciences 30(3), 328-329 (2007) [#
A
(9) Ak g, BEKES, fEMIT, Wb
HEIE. 0T R DS T I RR A2 K UE
B BEHOEE TS ER e R

. 107(410), 69-74 (2007) [&EFiE
(Fo%E] G4 710
(1) Masamichi Sakagami. Signal

interaction between prefrontal cortex
and striatum in reward prediction.
Batsheva Seminar on Reward and
Decision Making in the Brain, 2010
£ 2 H 16 H, Hebrew University,

Jerusalem
(2) Manami Yamamoto, Noriyuki Hayamizu,
Tetsuya Matsuda, Jiro Okuda,

Masamichi Sakagami. Brain activity
for monetary gain and loss prediction
based on salient and uncertain
perception. 39th Annual Meeting of
Society for Neuroscience, 2009 4 10
H 17 H, McCormick Place, Chicago
(3) W E HEE. BEEREE AMO BRI




VURT T L ARMEOREL - ME T m
Y AFE A, 20094510 H 12 A, X
RRF EREE

(4) Masamichi Sakagami. Reward inference
by prefrontal neurons. 5 32 [A] B A4
BB % 42 Symposium: The role of
prefrontal cortex in
context—dependent adjustment of
executive control, 2009 49 H 18 H,

4 B E RS
(5) Manami Yamamoto, Madoka Matsumoto,
Tetsuya Matsuda, Jiro Okuda,

Masamichi Sakagami. Brain activity
for monetary loss prediction based on
ambiguous perception. % 32[H]
H AR 74, 20094E9 H 16 H, 4
R E RS E

(6) Takehiko Yoshida, Makoto Ito, Tetsuro
Morimura, Kazuyuki Samejima, Jiro
Okuda, Junichiro Yoshimoto, Kenji
Doya. Brain mechanisms for evaluating
probabilistic and delayed rewards. %
32 [A] A AfR A4, 2009459 H 16 H,
4 R E RS R S

(7) Jiro Okuda. Memory and prospection of
the brain: What can cognitive brain
science suggest to inductive game
theory and decision—making? Logic
Game Theory, and Social Choice 6, 2009
£8 A 29 H, HIEKE

(8) W EHEE. EIEREDOHREA T =K A,
FEE S~ — 2 7 —/L 2009, 2009
8 H29H, KK

(9) Masamichi Sakagami. Multiple brain
circuits for decision—making. IUPS
36th World Congress  Symposium:
Perspective of Decision Neuroscience:
beyond the Biological Approach of
Brain Science, 2009 4~ 7 A 30 H, Kyoto
International Conference Center

(10) Jiro Okuda. Prediction, prospection,
and planning: Some basic concepts on
future-oriented human cognition and
their neural implementations. TF4E
Workshop 2009, 2009 4 3 H 27 H, Kyoto
Sangyo University, Kyoto

(11) Masamichi Sakagami. Reward inference
by monkey prefrontal and caudate
neurons. Gambling, Reward
Decision-Making, and The Prefrontal
Cortex, 2009 4 3 H 1 H, Kyoto
University, Kyoto

(12) Masamichi Sakagami. Multiple
decisions in the brain. Neuro Social
Science Workshop, 200942 H 23 H, T+
B AR T L, KK

(13) Kazuyuki Same jima.

Reward-based

action selection and cortico—basal
ganglia network. Neuro Social Science
Workshop, 2009 42 A 23 H, THIK&
KT, KR

(14) B EH KA. #&Bk - &5 - 70 & 85 S0
B, ¥4Iy 77 v A0 &AIEMSE
A B =X LHFIES, 2008 410 H 31 H,
FJINR, HK

(15) I LHEIE. BREREDHA I = h —
BRLERYHI W & IAERHINT —. B AR
VIR0 41 [A] (2008 4F) K& VU Ry
7 2 TRy & fhas ), 2008 4F 10 A 19
H, f&hKX7, &

(16) Masamichi Sakagami.
stimulus discriminability and choice
bias on dopamine activity. Workshop on
Open Problems in the Neuro—science of
Decision Making, 2008 4 10 A 16 H,
Okinawa Institute of Science and
Technology, Okinawa

(17) KA. KFHE & W7 — R 7
BUE & W R O 1R R B A SE D F A )
O, HARLDHFRE 72 MRSV URY
7 A, 2008 4F 9 H 20 H, dbifEEKRZF
FLIR

(18) ¥ EHEE. v NI D i B N
B &R OBEBRYE. B REN LER RS
7568 [BIK4x, 20084E9 A 13 H, &K

(19) Masamichi Sakagami. Multiple neural
circuits for reward prediction. EijE
KEFBZEAEE Y R Y 7 A “Brain
and Society”, 2008 47 H 29 H, Soeul,
Korea

(20) Masamichi Sakagami. Cortical systems
& affective learning. International
Symposium Attention &
Performance XXIII Decision Making,
2008 4 7 H 14 H, Stowe, Vermont

(21) Xiaochan Pan, Masamichi Sakagami.
Dissociable roles of lateral
prefrontal cortex and striatum for
reward prediction. 5 31 [B] HASHRE
BEEREs, 200847 A 11 H, HE[EEE
TA—T L,  HIR

(22) Kensaku Nomoto, Wolfram Schultz,
Takeo Watanabe, Masamichi Sakagami.
Temporal evolution of reward
prediction in dopamine neurons during
decision—making. 5 31 [B] HAHRE
R, 2008457 A 10 H, HAREEET
F+—T L, HH

(23) Masamichi Sakagami. How does brain

information in

Influences of

create new
unexperienced setting? International
Symposium on Reward and Decision
Making in Cortico—Basal Ganglia



Networks, 2008 # 7 H 1 H, UCLA
Conference Center, Lake Arrowhead
(24) HFWEZ, PR, HAERS, K
17, BLHKER, FHAME RS, SaEE.
PEIE % £ O e R ENES R E I B 1T
5t FORBEREICET A BT
fFdEiETs AN FIHHRFEES,
2008 -6 H 26 H, EiEKAKY:, il

(25) Jiro Okuda, Nobuhito Abe, Maki Suzuki,
Toshikatsu Fujii. Activity in the
medial  temporal lobes predicts
realization of intentions for future
actions. 14th Annual Meeting of the
Organization for Human Brain Mapping,
200846 A 19 H, Melbourne Convention
Center, Melbourne

(26) Jiro Okuda, Masataka Watanabe, Maki
Suzuki, Nobuhito Abe, Minoru Tsukada,
Toshikatsu Fujii. Roles of the medial
frontal cortex and hippocampus in
memory—guided future planning. 15th
Annual Meeting of the Cognitive
Neuroscience Society, 2008 4= 4 H 15
H, Hyatt Regency Hotel, San Francisco

(27) Jiro Okuda. Neuroscience of the reward
system. Workshop on Experimental
Economics, Economics Education and
Neuroeconomics, 2008 & 2 H 17 H,
Kyoto Sangyo University, Kyoto

@8) Ay &, BLHWKES, fEMAT, b
HEIE. 0T R DS T I RR A2 K UE
TEE —a—oal bt a—T 407
WFge4s, 2007 4E 12 H 22 H, 4R K%,
4z

(29) Masamichi Sakagami. Multiple brain
circuits for reward prediction.
Tamagawa—Caltech Joint Workshop
“Neural Mechanisms of the Social
Mind” , 2007 & 12 H 6 H, Tamagawa
University, Tokyo

(30) Kensaku Nomoto, Wolfram Schultz,
Takeo Watanabe, Masamichi Sakagami.
Dopamine responses to complex
reward-predicting stimuli. 37th
Annual Meeting of Society for
Neuroscience, 2007 4% 11 A 6 H, San
Diego Convention Center, San Diego

(31) Manami Yamamoto, Jiro Okuda, Kazuyuki
Same jima, Masamichi Sakagami.
Differential reward prediction on
salient and uncertain perception as
revealed by random dot motion stimuli
and fMRI. 37th Annual Meeting of
Society for Neuroscience, 2007 £ 11
H 4 H, San Diego Convention Center,
San Diego

(32) Kazuyuki Same jima. Action value in the

striatum and reinforcement learning
model of cortico—basal ganglia
network. # 30 [A] H A#REIFE K,
200749 A 12 A, /U7 ¢ ke, f
(33) Hiromasa Takemura, Jiro Okuda, Kazuyuki

Same jima, Masamichi Sakagami. Perceptual

ambiguity by luminance contrast and reward
predictive activity in the brain. % 30
[ B AR RS, 200749 H 10 H,
RU 7 4 AR, B

(34) Manami Yamamoto, Jiro Okuda, Kazuyuki
Samejima, Masamichi Sakagami. Brain
activity for reward prediction on
ambiguous perception. 5 30 [B] H A
PERFRES, 2007429 A 10 B, S 7 4
TRRE, R

(35) Kensaku Nomoto, Wolfram Schultz,
Takeo Watanabe, Masamichi Sakagami.
Dopamine responses to complex
reward-predicting stimuli. % 30 [A]
A AR BL SRS, 200749 A 10 0, <
7 i, B

(XEF) G240

(1) Bernard Balleine, Kenji Doya, John
0’ Doherty, Masamichi Sakagami. Reward
and Decision Making in Corticobasal
Ganglia Networks. Blackwell (2007)
300

6. AFFERERE

(D) BT g

B EE (OKUDA  JIRO)
FHEERTE « 2 Ea—XHE T -
HEHH%

e 3% 5 80384725

(2) 9oy
P & FESE (SAKAGAMT  MASAMICHT)
F)NK: « BEHEIFIERT - 2%
g8 &5« 10225782
(H20—H21 : HHEMEE)
g Fn4T (SAMEJIMA  KAZUYUKI)
FJNK: « BEHEIFFERT - HEE
7835 30395131
(H19—H20 : HEERFIEHE)



