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Abstract

Decision-making is an important ability for living in
various social situations. This ability is thought to be
consisted of two processes, one is the reward learning
process and another is the top-down process such as a
cognitive bias. In this study, we investigated how these
two processes for decision-making worked in healthy
and autistic participants and try to argue the
relationship between the cognitive bias and the reward
learning in decision-making.

Keywords — Decision-making, Cognitive bias,
Reward learning, autism

1. [FL®HIC

Bz 2R CE YN B E AT OB, £
FOOIZHETHDH. ANECtoE OB R
L, ATEIOR RS DN LW A FIH LT &
WD ZENZN. L L AMEBUE <t 3EM
ThHY, BRIZFE—OWRRPAET D Z LT,
o TTNTORBUE L) 2 IR EZ, WO
HNBFET L EIFAFRETH D, £ 2 TAM
VLBAFASA T A2 EORBHINAT 2% 5 F L FIH

LARLERREZITo-TWNAEEEZLNTNAS.

FOHEINA T A LNL, ER R E 2 TS A DR

BRSO BTN ERIREZ1T ) 2L ThH 5.

RIS A T AT O BERREIE, LILLAS
HIATEN ZFHRET D0, Z<DGE, #RIHD
FREMEU 2 EEREZITH 2 ENARRIZRD. £
D—J5T, NI b AOEY) &[RRI 7S %
WL CEE R B E L, EITL TV TR
T LMo TS, BRREICZ» DD IEED
RMBFZEDN D, FBENSA T A2 H &S BEREI
WX EICRTERATE 70 E ORI E D B> TR Y

TR RN L RSP Rk AR 72 & D BB T O
BN BB RS RE A RS> TN D T E R o T

7zl 2o, MPIC FEEOME R
72 % BIRRE O & OB BALFERAFIE L, WHIRIIC
BTV DZEERLTND, LMLIBTEDE Z
A, T ZODOERLEN ED L HITHWIZE
DY &> TEN TN D DN DN TIEHIREIZIESY
o TRV, FRIZ, o0/ RLE )N, Yok
IENFTENTNDLONEELEbrLRNE
EIMRB. T TARMFETIE, WEAESY YT
JVEREE Z D CRBEI N A 7 A LS s E o &
DI AR E b o TN TV DO ERET 5
Z L ERAATz. B{RRYIZIE Matching pennies
game & W IOMEEZHWLLITOME 21T 7-.

2. RERRTE

Experimental stimuli Pay-off matrix

. Dedision selection opponent

L or R?
o Yo Feedback H
. :

Accumulated
.
*s, reward

-50yen i 50yen

. 50yen -50yen

X 1 FEBRIZH VM~ matching pennies game

>
subject

[
100yen EAY

g
.,
ag
Taa,

Z w7 by 7Y 2 OWEETIT 9 Matching
pennies game([X 1) % U 7= SEER A FE AR B O3E
EREEAE A L2 W2 KR A (healthy
participant) & EHEAED B PSE A X2 kT LARKA
(participant with high function ASD) % %4217
STz, FEBRTIE, RHERAETF 2 9ERE ORFRBE IS
50% 783 Ba —ZIZIEE L, HERE O TR
T 5tk % Al (Human opponent : HO 1),
a2 ¥ =2—4 (Computer opponent : CO 5:f4)
&R HA\ZEA S 72 R (Experiment A) &, K



D=t a—%(Robo A & Robo B) &AL HIZ7—
LEATV, HBREORREFEHRE Yy a o TEIC

BE L7238 (Experiment B)D — 2% 47572, £
LOOFERS 1 tyvar 50 17 THS.

(Experiment A {3 HO & & CO 5% Z DlEfF
TEREN3 By a P, 56 VIR LT,

Experiment B i3 Robo A & Robo BT %A
4 [E$o, #H 8[EE v a 1T->7-. Experiment
A ODHEBREBEOBRITEDOE Yy g b 50%,

BT HHE Y 3 OBERITH
MBIEIZ, 80%, 20%, 80%, 20%, 50%, 50%,

50%, 50% T -7, ITEIOMNTIE, HWEDHER
F L XA T OITEIEIEIC G & O HHRE O1THE)
BIRO KRN O U TOXTEHA LIz B
BE—H%Z 05 1 OFEMTERELZEDEZH
W (e IIATE), s i3S — A EORILETRT).

Experiment B |

H=-> > P(s)P(c|s)log, P(c|s)

Z OMEA 0 AT T AUV IE SR o R
BERPITHDZ EEEKRL, 113 b\i&%&%ﬁ
F B EOITENBIE ) HIRST L7 BB E &2 1T -
TWeZ baRBT5, = bhab—idkyva
LIl EE LY.

3. ERER

L EHEFSAENT L Ea—F TR L
BRWENZE/L (Experiment A)

Experiment A (21T % healthy participant 19
ANDE Yy ar oz kv — L ERREH O
WD 7T 7 &M 111 BRI
Ha S0NCHEE L TWD A, RIFMICAREIIF
HFE L. LA L healthy participant Tk 5
(T, = b o E—OfER, HEHITA FIT HO St
DIFHCO KLY bl Ro7e, K 1-21F
participant with high function ASD 19 A+
ya DTy b B — LERERE O O
75 7T b, participant with high function
ASD TOFEHRIT, EAHE, —> Fo b —ofl
IR CHE R EN D S 7o, PEBRE B X R

FMEToOxT U b u B —OEICET 50T 21T
Sl ZA, ZHENICZENEMD® - 7= (ANOVA,
F[1,36]=4.35, p<0.05). F7-WrBr#EM, FEBRSE
[l COATEHIRE % T OSSR I ITHEFHRY 22 A &
ZEPFAE L2 o7, T b OFERIL, healthy
participant [ZXfEAFR T A2 2 — 4 )
EVIHRITE L THL OB EEZZE(L ST
W= DIZxt LT, participant with high function
ASD TIEZ D L 9 Il A g5 7 o 72 2 & Z R
5. F£T-NAHRE T, healthy participant b
participant with high function ASD % HO £&{f
TIETRTOHERED, B O OXHEAFR AR
ERBETHEL W EHRE L.

0.95 7 4000

1 2000

o
premay

- -2000
0.65 —O—Entropy - @ - Reward

0.6 - - - - - -4000
HO co HO co HO co

2-1. healthy participant IZBITA =
E—CESERMOt Yy a T OEY
(Experiment A)

095 - - 4000
—O—Entropy - @ - Reward

09 F
085 | \O/O\O\_O/@ 120%

08 [
®----- .- ... ®----- PO ®------ e g

Entropy
premay

o7 r 4 -2000

0.65 -

0.6 . . . . . -4000
HO co HO co HO co

2-2. participant with high function ASD (Z
Birszr hubv—LtEEREMOEy g T
DY) (Experiment A)

3.2. BRIILLEEBRPENDEI (Experiment
B)

Experiment B {2351} % healthy participant 11
ANDEyvarlloxzy bt — L EAHREO
SERID 7T 7 2K 31T, AR E &
NIEB=RICHEB L Ty v a v TEICELL, =



b B OEDERHRIMIES) L T2 L L T
L2 ENbnd. BARENITIE, BERDm < ESHR
AW E EIZiE=y FrE—OEANE L, B
BMK L EHBHR A AOLAIZIZ= S hrE—D
AR REL 2otz 3-2 1%
high function ASD 10 ADE vy v a T Enxzy
fe v — L ERRMOTHD 77 Thb.
participant with high function ASD TO#ER ¢,
healthy participant & RIERIZIESHRBNILIERE S
NEBRICES LTy v a v TEIZEkL, =
Y hwu =D, ESEHIIEE) LTk L T
WD ZERDIND. RIPEREE X KR T
Ty hu B —DEICET L 08O 21T o7& 2
5, ZHERICRAERIA NIRRT ZORG
B0, healthy participant % participant with
high function ASD &HJESMMDBEREIZG L CTH

O EIERTE DM 2 2B STV Z & R
THLDOTHD.

participant with

095 7 4000

0.9 L] o
0.85 “ -1 2000
>
8— 0.8 0 §
= 2
c 075 I
w s
07 . - -2000
0.65 [ ‘. ® _O—Entropy - @ - Reward
0.6 . . . . . . . 4000
RoboA RoboB RoboA RoboB RoboA RoboB RoboA RoboB
(80%) (20%) (80%) (20%) (50%) (50%) (50%) (50%)
¥ 3-1. healthy participant IZBIFH =

-t ESHRMoOE Yy a T EDRY

(Experiment B)

095 r 7 4000

—O—Entropy - @ - Reward

1 2000

o
premay

1 -2000

0.6 I I I I I I I _4000
RoboA RoboB RoboA RoboB RoboA RoboB RoboA RoboB
(80%) (20%) (80%) (20%) (50%) (50%) (50%) (50%)

3-2. participant with high function ASD
BTy hrbe— L EERMOE Yy g T
L DY) (Experiment B)

4. BREFLED

Experiment A TIL, EERITITHERE OB
:ﬂ%?%@,ﬁﬂﬁi#k%ﬁzytn~&#

& D TR O BRI E O RIZITR B A
Hz 72w, UM L. healthy participant OE /&
WEICB T DT br e —d, SEMAFOHFRIC
SR UTE L Ui, BURMIZIE, HFESARE LG
CTW DR TIIEMRBERREL, TN
B o — 72815 U T2 5 CIRERIN) 72 B B
EZAT OB R STz, TV F IO %
HMETHZET, HERZLLOITEIZHA T
HEVOEBBANAL T AL LT, #BREOE
JEPTE Z AR TS N2 & oo T Geft CHEMEC
LicboLlBbhsd., £2ZOfmNE, WEES
BICRMMICHBEZEDEVCHE LT, ROk
FFETHE L7, ZHIEMEFERAMMNA = Ea—
ZEW D THFRDFRI)IRFRBINANA T 2L LT,
healthy participant OEEHREIZHEL 5 2 -
Lo EEbisd., FUIxt L, participant with
high function ASD TIXZ D X 9 ZeiBKn/ 34 7 A
DOE X 1T 7.

Experiment B TlE, #BR#E OXHAEFIXH =
VEa—HThDHEHRL, “MEDa L a—
2= LEIToTWD L) ICEMIEL504%
MEL, S&FEZEITIT 2. L LERIZIE
Tny 7 ZEICEREMTHEERAREL, £
i U CHEIBRE O 7 1w 7 TOBERIN 2L L
7. ZTORR, £H0OWBRERICE VT HES
WM OZTIGE LTy b =38k 52 &
WRENT, EHIZABEIOFEBRTIIRYO 4 78
v T IIGMRICEROEZLZF TN, #¥4 7
Y I ED XD BRBEROELZR T o7, b L
PRE D, AIEICr ARy FOBROEL I E L

THELT, TRERPITEIM AL T AL LT
NI OTHIUL, BFICHRIFMIZT= b —
DENELDHITT THDH. L LEFITITERMEMN
lZzy haE—0ENE LT, EHNIcES L
HRRITERAANA T AL LTHERE L 72N 2 & A3
>7~. F7- participant with high function ASD
LHRIE LTy bre—RE b L T2 &



DD, RIS U CEREREEREST S
FDHDOIZIX, participant with high function
ASD \ZIFAFF L) 70 RN N O TIE 7R WD &R
.

UbZaElLddd, A E Vo T-RHN
(CHERS L7 an A 7 2 & L CEBIREIC
SN E 2T D, — T TSR U ik
(FRFAR, 5507 E) 1FBEIANA T AL LT
Bd, T OBICITERIEI TR N — R
HZ xR L. ZHUTRTIZ B ORI - T
WD ERIRE Y AT BN, EHIIICES Uk
WZxF LTI T8 2 mod, RWIRICHERS U 72 ke
WX L CIX T2 T 5 2 & TRFMZR AT v
AEMFFLTWDHZ LEZRETLHHDTHD.

F IR SRR B PASE 2 x5 & L7 AR D it
T, BEREIEIMAAL T ARG 2 5 2 BH55
W5 T, IR IR & FERICAT O 2 &
MRS, ThbORRIE, BRREICEDS
TODERLEEDO AT U ZADRY A, HEIEDH:
DR MEOE RIS D A ReEZ RRT 5 H DT
%

S%IL, BEAA T R LR 2 FRECAT D
BHIET, TNHDVATLANED X HITHAE
ER L& > TNDDNTHONT, kv BARMICH
HLTWTHIEEEZ TS, ERBEZREFED
AEZA TR OMIEEI 2 MRI Z2 W CEHAIL T8
D, TNHDOY AT LOMEDOBERITH LRk E
BEZOWTHBMNZTE D LB X TN,

ZE IR

[1] Daw, N.D., Niv, Y., and Dayan, P. (2005)
“Uncertainty-based competition between
prefrontal and dorsolateral striatal systems for
behavioral control,” Nature Neuroscience
8:1704-1711.



