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Abstract

Decision-making and learning in anxiety is volatile. There have been
inconsistent findings on the learning patterns in highly anxious people.
For example, anxiety level often showed a negative correlation with
adaptive learning measures during aversive tasks but not during neutral
ones. Recently, psychologists investigated learning in anxiety based on
two decision-making systems: model-free (MF) and model-based (MB)
control. MF control reinforces habitual behavior by repeating previously
rewarded actions, whereas MB control governs goal-directed behavior by
internalizing the structure of a task. Previous findings examined that
anxiety was not associated with MB control deficits under monetary
gains. However, it remains unclear whether this null association is
domain-general or subject to change depending on outcome valence. In
this study, I probed whether state anxiety, trait anxiety, and worry are
distinctly associated with MB control deficits under monetary losses. I
recruited non-clinical adults and asked them to perform a multi-step
decision-making task in both reward and punishment conditions. Using
computational modeling, I estimated individual MB control measures
and tested for between-condition differences in the association between
MB control and three anxiety levels. Here, worry showed a significantly
negative correlation with MB control in the punishment condition. Also,
refocus on planning strategy moderated the relationship between worry
and MB control. This study suggests that worry negatively impacts MB
control in punishment when it interacts with certain emotion regulation
strategies.
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Introduction

Reinforcement learning (RL) has blossomed in the fields of
computer science, neuroscience and psychology. In cognitive and clinical
psychology, RL theories have been used to explain instrumental learning
in humans and animals and connect observable learning behaviors with
the underlying neural correlates (Collins & Cockburn, 2020; Sutton &
Barto, 1998). Psychological research has investigated decision-making in
humans and animals by utilizing the framework of such computational
RL models (Niv, 2009). Most of the previous literature on learning and
decision-making were based on two parallel systems of RL: model-free
and model-based systems (Daw et al., 2005). Model-free (MF) RL
requires no explicit model of the environment and leads to a choice
based on the aggregated reward history, or cached value (Daw et al.,
2011; Daw et al., 2005; Gläscher et al., 2010). It is closely tied with
habitual behaviors, repetitive actions due to a strong stimulus-response
association after overtraining. These habitual and inflexible behaviors
tend to persist regardless of the change in the valence of outcomes. In
contrast, model-based (MB) RL occurs when an agent has an internal
structure of the environment and uses it to flexibly adjust its action in
order to accumulate reward. MB system modulates goal-directed control
that allows us to successfully regulate our behaviors and prospectively
make decisions by taking the learned model of the environment into
account (Daw et al., 2005; Gillan et al., 2016; Gläscher et al., 2010;
Voon et al., 2017). As the MF and MB RL systems have been often
mapped to the habitual and goal-directed behaviors, respectively, I will
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use these terms interchangeably here.
These dichotomized RL systems have been used to understand

the behaviors and symptoms of each psychological disorder. Especially,
MB control has been suggested as a ‘/BK2MbBQM�H +QMbi`m+i’ i?�i
mM/2`HB2b b2p2`�H Tbv+?QHQ;B+�H /BbQ`/2`b �bbQ+B�i2/ rBi? Q#b2bbBQM �M/
+QKTmHbBQM UoQQM 2i �HX- kyRdVX � H�`;2 QMHBM2 bim/v 2t�KBM2/ i?�i
2�iBM; /BbQ`/2`b- �H+Q?QH �//B+iBQM- �M/ P*. r2`2 �bbQ+B�i2/ rBi?
;Q�H@/B`2+i2/ +QMi`QH /2}+Bib i?�i Q7i2M H2�/ iQ bTQMi�M2Qmb �M/
+QKTmHbBp2 #2?�pBQ`b U:BHH�M 2i �HX- kyReVX �HbQ- i?2 P*. T�iB2Mib
b?Qr2/ ?B;?2` ?�#Bim�H #mi HQr2` ;Q�H@/B`2+i2/ +QMi`QH b+Q`2b +QKT�`2/
iQ i?2 ?2�Hi?v +QMi`QH /m`BM; � KmHiB@bi2T /2+BbBQM@K�FBM; i�bF UoQQM-
"�2F- 2i �HX- kyR8VX _2+2MiHv- ?Qr2p2`- � 72r bim/B2b `2p2�H2/ i?�i
Tbv+?QHQ;B+�H +QMbi`m+ib bm+? �b /2T`2bbBQM K�v �HbQ #2 `2H�i2/ iQ i?2
H�+F Q7 �#BHBiv BM ;Q�H@/B`2+i2/ /2+BbBQM@K�FBM; mM/2` +2`i�BM bBim�iBQMbX
6Q` 2t�KTH2- ?B;?2` /2T`2bbBQM b+Q`2b T`2/B+i2/ KQ`2 /2+`2�b2b BM i?2
mb2 Q7 J" +QMi`QH /m`BM; � /2+BbBQM@K�FBM; i�bF- #mi QMHv r?2M i?2
T�`iB+BT�Mib r2`2 2tT2`B2M+BM; bQ+B�H bi`2bb U>2HH2` 2i �HX- kyR3VX h?Bb
BKTHB2b i?�i i?2 J6@J" +QMi`QH /BK2MbBQM +�M #2 � TQi2MiB�H +QMbi`m+i
i?�i mM/2`HB2b KmHiBTH2 Tbv+?QHQ;B+�H /BbQ`/2`b +?�`�+i2`Bx2/ #v MQi QMHv
?B;? BKTmHbBpBiv #mi �HbQ KQQ/ BMbi�#BHBiv B7 `2b2�`+?2`b bim/v Bi rBi? �
T`QT2` 2tT2`BK2Mi T�`�/B;KX

hQ i?Bb /�i2- ?Qr2p2`- i?2`2 H�+Fb � `2b2�`+? i?�i 2t�KBM2/ i?2b2
/2+BbBQM@K�FBM; +QMi`QHH2`b BM �MtB2iv Q` Qi?2` KQQ/ /BbQ`/2`b BM p�`BQmb
+QMi2tib �M/ 2KQiBQM�H bi�i2b 7�+BM; /Bz2`2Mi p�H2M+2b Q7 Qmi+QK2X h?2
�bbQ+B�iBQM #2ir22M KQQ/ /Bbim`#�M+2 �M/ ;Q�H@/B`2+i2/ #2?�pBQ`b ?�b
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MQi #22M 7mHHv T`Q#2/ v2iX *QMb2[m2MiHv- QMHv P*.- "1.- �M/
bm#bi�M+2 mb2 /BbQ`/2`b r2`2 `2TQ`i2/ �b i?2 K�BM /BbQ`/2`b b?QrBM; J"
+QMi`QH /2}+BibX h?Bb KB;?i #2 #2+�mb2 KQbi Q7 i?2 bim/B2b i?�i
+QM+Hm/2/ �MtB2iv ;`QmTb /B/ MQi b?Qr �Mv J" +QMi`QH /2}+Bib
+QKT�`2/ iQ i?2 ?2�Hi?v +QMi`QH mb2/ � `2r�`/@#�b2/ KmHiB@bi2T
/2+BbBQM@K�FBM; i�bF U2X;X- .2b2`MQ 2i �HX- kyR8c :BHH�M 2i �HX- kykyc
:BHH�M 2i �HX- kyRec PiiQ 2i �HX- kyRjVX �HbQ- i?2`2 Bb � TQbbB#BHBiv i?�i
J" +QMi`QHH2` BM �MtB2iv KB;?i ?�p2 b22K2/ BMi�+i #2+�mb2 Bi r�b
2biBK�i2/ BM �M 2MpB`QMK2Mi rBi?Qmi �Mv bB;MB}+�Mi BMM2` Q` Qmi2`
�p2`bBp2 biBKmHBX amTTQ`iBM; i?Bb �`;mK2Mi- b2p2`�H bim/B2b 2t�KBM2/
i?�i +QMi2tib- 2KQiBQM�H bi�i2b- �M/ Qmi+QK2 p�H2M+2 BM r?B+? H2�`MBM;
Q++m``2/ bB;MB}+�MiHv �z2+i2/ /2+BbBQM@K�FBM; Q7 �MtBQmb T�`iB+BT�MibX
6Q` 2t�KTH2- 2KQiBQM�H /Bbim`#�M+2 /m2 iQ �+mi2 bi`2bb �M/ 72�` �Hi2`2/
/2+BbBQM@K�FBM; BM �MtBQmb T�`iB+BT�Mib U�vHr�`/ 2i �HX- kyRNc "`QrMBM;
2i �HX- kyR8c a2#QH/ 2i �HX- kyRNVX Ai Bb +H2�` i?�i 7m`i?2` `2b2�`+? Bb
M22/2/ iQ b2i mT KQ`2 p�HB/ 2tT2`BK2Mi�H 2MpB`QMK2Mib i?�i `2b2K#H2
i?Qb2 r?2`2 �MtBQmb T2QTH2 �`2 HBF2Hv iQ i?BMF �M/ #2?�p2 �#2``�MiHvX

aBM+2 QMHv 72r bim/B2b K�MBTmH�i2/ i?2 i�bF bi`m+im`2 Q`
2MpB`QMK2Mi- Bi Bb /B{+mHi iQ 2t�+iHv TBMTQBMi r?B+? +QMi2ti- 2KQiBQM�H
bi�i2- �M/ Qmi+QK2 p�H2M+2 Bb `2bTQMbB#H2 7Q` bm+? �Hi2`�iBQM BM
/2+BbBQM@K�FBM;X AM/22/- KQbi Q7 i?2 T`2pBQmb HBi2`�im`2 BMp2biB;�iBM;
#Qi? ?�#Bim�H �M/ ;Q�H@/B`2+i2/ #2?�pBQ`b 2tTHQBi2/ i?2 HBKBi2/ `�M;2 Q7
i�bF T�`�/B;Kb i?�i BM+m` TQbBiBp2 `2BM7Q`+2K2Mi rBi? T`Q#�#BHBbiB+
KQM2i�`v `2r�`/ BM �M 2KQiBQM�HHv M2mi`�H bi�i2X h?2 H�+F Q7 p�`B�iBQM
BM � i�bF /2bB;M +�M #2 �ii`B#mi2/ iQ i?2 �#b2M+2 Q7 � bvbi2K�iB+
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7`�K2rQ`F iQ +QMbmHi r?2M /2p2HQTBM; Q` b2H2+iBM; �M �TT`QT`B�i2 i�bF
�M/ 2MpB`QMK2MiX AM i?2 7QHHQrBM; bm#b2+iBQMb- A rBHH bmKK�`Bx2 i?2
/2}MBiBQMb Q7 J6 �M/ J" _G BM Tbv+?QHQ;v }`bi �M/ #`B2~v `2pB2r
T�T2`b i?�i ?�p2 miBHBx2/ J6 �M/ J" _G i�bFb iQ mM/2`bi�M/
Tbv+?QHQ;B+�H /BbQ`/2`b BM ?mK�M T�`iB+BT�MibX L2ti- A rBHH 7Q+mb QM
�MtB2iv �M/ Bib �#2``�Mi /2+BbBQM@K�FBM; �M/ H2�`MBM; T�ii2`Mb i?�i ?�p2
#22M `2p2�H2/ #v T`2pBQmb HBi2`�im`2 i?`Qm;? M2m`Qb+B2MiB}+ �M/
+QKTmi�iBQM�H KQ/2HBM; �TT`Q�+?2bX �7i2` 2tTH�BMBM; ?Qr +QMi2tib-
2KQiBQM�H bi�i2b- �M/ Qmi+QK2 p�H2M+2 BMi2`�+i rBi? Tbv+?B�i`B+
bvKTiQKb BM+Hm/BM; �MtB2iv �M/ `2bmHi BM /BbiBM+i T�ii2`Mb Q7
/2+BbBQM@K�FBM;- A rBHH T`QTQb2 Kv i?2bBb B/2� �M/ 2tTH�BM Bib bim/v
/2bB;M iQ 2Hm+B/�i2 /2+BbBQM@K�FBM; �M/ H2�`MBM; BM �MtB2iv mM/2` 7Qm`
?vTQi?2b2bX

Reinforcement Learning (RL) in psychology

Model-Free and Model-Based (MF and MB) control

_G i?2Q`v Q`B;BM�i2/ 7`QK +QKTmi2` b+B2M+2 �M/ +QMbBbib Q7 }p2
2H2K2Mib, �;2Mi- 2MpB`QMK2Mi- � TQHB+v- `2r�`/ 7mM+iBQM- �M/ p�Hm2
7mM+iBQM UamiiQM � "�`iQ- RNN3VX �M �;2Mi Bb � H2�`M2` �M/ /2+BbBQM
K�F2`X Ai BMi2`�+ib rBi? i?2 2MpB`QMK2Mi iQ H2�`M iQ K�tBKBx2 Bib iQi�H
`2r�`/- r?B+? Bb QM2 Q7 i?2 F2v 72�im`2b BM � _G T`Q#H2KX � TQHB+v
/2}M2b i?2 T`Q#�#BHBiv Q7 2�+? �+iBQM �i � +2`i�BM bi�i2X h?2 `2r�`/
7mM+iBQM ;Qp2`Mb � `2r�`/ ;Bp2M �7i2` 2�+? �+iBQM- �M/ Bi /2i2`KBM2b i?2
M2;�iBpBiv Q` TQbBiBpBiv Q7 i?2 2p2MiX G�biHv- i?2 p�Hm2 7mM+iBQM Bb bBKBH�`
iQ i?2 `2r�`/ 7mM+iBQM- #mi Bi `2~2+ib iQi�H `2r�`/ BM i?2 HQM;@i2`K #v
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BM+Hm/BM; i?2 2biBK�iBQM Q7 i?2 7mim`2 `2r�`/b i?�i rBHH #2 ;Bp2M BM i?2
7QHHQrBM; bi�i2bX h?2b2 }p2 2H2K2Mib +�M +QMbi`m+i MmK2`Qmb _G
T`Q#H2Kb #v ?�pBM; �M �;2Mi BMi2`�+i rBi? i?2 2MpB`QMK2Mi iQ H2�`M-
K�F2 � b2`B2b Q7 +?QB+2b- �M/ �++mKmH�i2 `2r�`/bX 1p2M i?Qm;? i?2 _G
KQ/2H rB/2Hv mb2/ BM Tbv+?QHQ;v ?�/ #22M �/QTi2/ 7`QK i?Bb _G i?2Q`v-
i?2`2 �`2 bQK2 /Bz2`2M+2b BM i?2B` /2}MBiBQMbX AM Tbv+?QHQ;v- i?2 _G
KQ/2H ?�b #22M mb2/ iQ /2b+`B#2 H2�`MBM; �M/ /2+BbBQM@K�FBM; Q`
bi`�i2;B2b 7Q` �+iBM; BM ?mK�Mb �M/ �MBK�Hb U.QH�M � .�v�M- kyRjVX
PM2 Q7 i?2 K�DQ` K�TTBM;b Bb i?�i i?2 J6@J" /B+?QiQKv 7Q`K�HBx2/ �
/m�H bvbi2K i?2Q`v Q7 #2?�pBQ`- ?�#Bim�H �M/ ;Q�H@/B`2+i2/ #2?�pBQ`-
`2bT2+iBp2Hv U"�HH2BM2 � .B+FBMbQM- RNN3c .�r 2i �HX- kyy8c amiiQM �
"�`iQ- RNN3VX h?2b2 irQ _G K2i?Q/b T`QpB/2 /Bz2`2Mi T`2/B+iBQMb QM
7mim`2 `2r�`/b- H2�/BM; iQ /BbiBM+i �+iBQMbX

>�#Bim�H #2?�pBQ` Bb /2}M2/ �b `2T2iBiBp2 �M/ BM~2tB#H2 �+iBQMb
#�b2/ QM biBKmHmb@`2bTQMb2 �bbQ+B�iBQMb- `2HvBM; H2bb QM i?2 Qmi+QK2b
U.�r 2i �HX- kyy8c oQQM- .2`#vb?B`2- 2i �HX- kyR8VX h?Bb BM~2tB#H2
#2?�pBQ` Bb KQbiHv ;Qp2`M2/ #v J6 +QMi`QH i?�i 2biBK�i2b i?2 p�Hm2
#�b2/ QM +mKmH�iBp2 ?BbiQ`v Q7 i?2 T�bi `2r�`/bX AM i?2 _G i?2Q`v- i?2
i2KTQ`�H /Bz2`2M+2 _G �H;Q`Bi?K BM r?B+? p�Hm2 Bb mT/�i2/ #v i�FBM;
`2r�`/ T`2/B+iBQM 2``Q` U_S1V@i?2 /Bz2`2M+2 #2ir22M T`2/B+iBQM �M/
�+im�H `2r�`/@BM i?2 T`2pBQmb i`B�H �++QmMib 7Q` J6 +QMi`QHX "v miBHBxBM;
i?Bb i2KTQ`�H /Bz2`2M+2 �H;Q`Bi?K BM M2m`Qb+B2M+2- i?2 M2m`�H
K2+?�MBbKb mM/2`HvBM; ?�#Bim�H H2�`MBM; ?�/ #22M bm++2bb7mHHv `2p2�H2/,
#Qi? TQbBiBp2 �M/ M2;�iBp2 _S1b �`2 2M+Q/2/ BM /QT�KBM2 M2m`QMb �M/
�+i �b TQbBiBp2 Q` M2;�iBp2 `2BM7Q`+2`b Q7 �+iBQMb Ua+?mHix 2i �HX- RNNdVX
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:Q�H@/B`2+i2/ +QMi`QH Bb +?�`�+i2`Bx2/ #v �M BMM2` `2T`2b2Mi�iBQM Q7 i?2
2MpB`QMK2Mi Q` i?2 i`�MbBiBQM T`Q#�#BHBivX � J" �;2Mi /2p2HQTb �M
BMi2`M�H KQ/2H Q` � +Q;MBiBp2 K�T Q7 i?2 2MpB`QMK2Mi �M/ ~2tB#Hv
+?�M;2b Bib #2?�pBQ` iQ �/Dmbi iQ � pQH�iBH2 2MpB`QMK2Mi U.�r 2i �HX-
kyy8VX *QKT�`2/ iQ ?�#Bim�H #2?�pBQ`- ;Q�H@/B`2+i2/ #2?�pBQ` /Q2b MQi
/2T2M/ bQH2Hv QM `2r�`/ ?BbiQ`v #mi bBKmH�i2b TQbbB#H2 Qmi+QK2b �7i2` �
b2`B2b Q7 �+iBQMb #v BM+Q`TQ`�iBM; i?2 bi�i2 i`�MbBiBQM BM7Q`K�iBQM BMiQ �
/2+BbBQM@K�FBM; T`Q+2bbX h?Bb T`QbT2+iBp2 T`2/B+iBQM ;mB/2b KQ`2
~2tB#H2 /2+BbBQMb BM i?2 pQH�iBH2 2MpB`QMK2Mi #mi `2[mB`2b ?B;?
+QKTmi�iBQM�H +Qbib UGQQb2M � >�mb2`- kykyVX

RL and psychological disorders

o�`BQmb _G i�bFb ?�p2 #22M /2pBb2/ iQ bim/v bT2+B}+ H2�`MBM; �M/
/2+BbBQM@K�FBM; 72�im`2b Q7 2�+? Tbv+?QHQ;B+�H /BbQ`/2`X lbBM; � bBKTH2
`2r�`/@H2�`MBM; T�`�/B;K- `2b2�`+?2`b 7QmM/ i?�i T�iB2Mib rBi? TQbBiBp2
Tbv+?QbBb bvKTiQKb b?Qr2/ bB;MB}+�MiHv r2�F2M2/ M2m`�H �+iBp�iBQM
�bbQ+B�i2/ rBi? _S1 BM bm#bi�MiB� MB;`�fp2Mi`�H i2;K2Mi�H r?2M
+QKT�`2/ rBi? ?2�Hi?v +QMi`QHb UJm``�v 2i �HX- kyy3VX Pi?2` H�i2Mi
K2�bm`2b Q7 H2�`MBM; ?�p2 �HbQ #22M 2biBK�i2/ #v +QKTmi�iBQM�H
KQ/2HHBM;X PM2 Q7 i?2 +QKTmi�iBQM�H _G KQ/2Hb- i?2 _2b+Q`H�@q�;M2`
_G KQ/2H- 7Q`K�HBx2b ?Qr i?2 p�Hm2 Bb mT/�i2/ #v i`B�H@#v@i`B�H _S1 �M/
?�b #22M rB/2Hv mb2/ BM +QKTmi�iBQM�H Tbv+?B�i`vX Ai +�H+mH�i2b
i`B�H@H2p2H T`2/B+iBQM 2``Q` p�Hm2b �M/ i?2 /2;`22 iQ r?B+? � bm#D2+i
`2~2+ib i?2 T`2/B+iBQM 2``Q` iQ ?Bb Q` ?2` +?QB+2- r?B+? Bb +�HH2/ H2�`MBM;
`�i2X AM � `2+2Mi }M/BM;- mMK2/B+�i2/ KQQ/ �M/ �MtB2iv T�iB2Mib
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H2�`M2/ 7�bi2` �#Qmi TmMBb?K2Mi Qmi+QK2b �M/ #�b2/ i?2B` +?QB+2b QM
KQ`2 `2+2Mi M2;�iBp2 Qmi+QK2b- +QKT�`2/ iQ i?2 ?2�Hi?v ;`QmT U�vHr�`/
2i �HX- kyRNVX h?Bb �Hi2`2/ /2+BbBQM@K�FBM;- ?Qr2p2`- r�b MQi b?QrM BM
i?2 `2r�`/ /QK�BMX am+? BMi2`�+iBQMb #2ir22M Qmi+QK2 p�H2M+2 �M/
Tbv+?QHQ;B+�H +QMbi`m+ib ?�p2 +`2�i2/ BMMmK2`�#H2 +QK#BM�iBQMb Q7
TQbbB#H2 i�bF T�`�/B;Kb- H2�/BM; iQ BM+QMbBbi2Mi �M/ BM+QKK2Mbm`�#H2
}M/BM;bX h?Bb +QmH/ #2 T`Q#H2K�iB+ #2+�mb2 i?2 +QM7QmM/2/ }M/BM;b
?�KT2` Qm` BMp2biB;�iBQM iQ TBMTQBMi r?B+? 7�+iQ` +�mb2b � /Bz2`2M+2X
6Q` 2t�KTH2- `2b2�`+?2`b 7QmM/ ?B;?2` i`�Bi �MtB2iv b+Q`2b r2`2
�bbQ+B�i2/ rBi? H2bb �/�Ti�#BHBiv iQ � pQH�iBH2 2MpB`QMK2Mi BM �M �p2`bBp2
H2�`MBM; i�bF- #mi i?2`2 r�b MQ bm+? �bbQ+B�iBQM BM i?2 b�K2 i�bF #mi
rBi? `2r�`/ U"`QrMBM; 2i �HX- kyR8VX AM i?2 bim/v- i?2 T�`iB+BT�Mib r2`2
TmMBb?2/ rBi? 2H2+i`B+ b?Q+F BM i?2 �p2`bBp2 p2`bBQM- r?2`2�b rBi? KQM2v
BM i?2 `2r�`/ p2`bBQMX Ai Bb mM+H2�` r?2i?2` i?2 Qmi+QK2 p�H2M+2 U2X;X
`2r�`/ p2`bmb TmMBb?K2MiV #v Bib2H7 Q` Bib BMi2`�+iBQM rBi? �+mi2
2KQiBQM�H /Bbim`#�M+2 U2X;X 72�` BM/m+2/ #v 2H2+i`B+ b?Q+FV +�mb2/ i?2
�Hi2`2/ H2�`MBM; #2?�pBQ`b BM T�`iB+BT�Mib rBi? ?B;?2` i`�Bi �MtB2iv
b+Q`2bX hQ /BbbQ+B�i2 i?2b2 7�+iQ`b �M/ T`Q#2 /2+BbBQM@K�FBM; BM
Tbv+?QHQ;B+�H /BbQ`/2`b KQ`2 bvbi2K�iB+�HHv �M/ i�BHQ`2/ iQ 2�+? /BbQ`/2`-
Bi Bb M2+2bb�`v iQ mM/2`bi�M/ i?2 ivT2b Q7 /BK2MbBQM i?�i +�M H2�/ iQ
bvbi2K�iB+ +?�M;2b BM i?2 /2+BbBQM@K�FBM; #2?�pBQ` Q7 T2QTH2 rBi?
Tbv+?QHQ;B+�H /BbQ`/2`bX AM i?2 7QHHQrBM; bm#b2+iBQMb- A rBHH bT2+B}+�HHv
HQQF BMiQ �MtB2iv �M/ Bib /2+BbBQM@K�FBM; �M/ H2�`MBM; T�ii2`Mb i?�i
p�`v mM/2` /Bz2`2Mi 2KQiBQM�H bi�i2b �M/ Qmi+QK2 p�H2M+2bX
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Decision-making in anxiety

Origins of anxiety: neuroscientific evidence

�MtB2iv Bb QM2 Q7 i?2 M2+2bb�`v 2KQiBQM�H bi�i2b Q` `2bTQMb2b 7Q`
?mK�Mb �M/ �MBK�Hb iQ bm`pBp2 U.2H;�/Q 2i �HX- kyyec G2.Qmt- kyRkVX Ai
?�b #22M +HQb2Hv iB2/ rBi? 72�` �b �MtB2iv b?�`2 � HQi Q7 +QKKQM�HBiB2b
rBi? 72�`X >Qr2p2`- K�Mv `2b2�`+? }M/BM;b ?�p2 +H�BK2/ i?�i i?2v �`2
/BbiBM+i 7`QK 2�+? Qi?2` U2X;X- avHp2`b 2i �HX- kyRRVX hQ i?Bb /�i2- i?2b2
irQ 2KQiBQM�H bi�i2b ?�p2 #22M +QM+2Tim�HBx2/ BM K�Mv /Bz2`2Mi r�vbX
LQr- KQbi Q7 i?2 �z2+iBp2 Tbv+?QHQ;Bbib b22K iQ `2�+? � +QMb2Mbmb QM
i?2 /2}MBiBQMb, 72�` Bb b?Q`i@HBp2/ �M/ 2HB+Bi2/ #v � bT2+B}+ biBKmHmb �M/
b?Q`i@HBp2/- r?2`2�b �MtB2iv- �HbQ FMQrM �b � ‘bmbi�BM2/ 72�`- ’ +�M #2
BM+m``2/ #v MQi 2tT2`B2M+BM; � /B`2+i biBKmHmb �M/ /Q2b MQi /BbbBT�i2
[mB+FHv U.�pBb- RNN3c >�`iH2v � S?2HTb- kyRkc avHp2`b 2i �HX- kyRRVX 62�`
?�b #22M 2�bB2` 7Q` M2m`Qb+B2MiBbib iQ B/2MiB7v Bib mM/2`HvBM; M2m`�H
K2+?�MBbKb �b Bi +�M #2 K�Mm�HHv 2HB+Bi2/ rBi? �+mi2 �M/ bT2+B}+
b2MbQ`v biBKmHB UhQpQi2 2i �HX- kyR8VX >Qr2p2`- HQ+�HBxBM; bT2+B}+ #`�BM
�`2�b i?�i ;2M2`�i2 �MtB2iv ?�b #22M `2H�iBp2Hv ?�`/2` /m2 iQ Bib
+QKTH2tBiv �M/ �K#B;mBiv �b Bi +�M #2 2pQF2/ #v MQi@T`2b2Mi #mi
�MiB+BT�i2/ �M/ �#bi`�+i i?`2�ibX AM 7�+i- Bi r�b �`;m2/ i?�i r?�i r2
mbm�HHv +�HH ‘2KQiBQMb’ HBF2 �MtB2iv- ?�TTBM2bb- Q` b�/M2bb K�v K2�M
MQi?BM; KQ`2 i?�M Qm` bm#D2+iBp2 BMi`QbT2+iBQMb QM 2KQiBQM�H bi�i2b-
‘722HBM;b’ UG2.Qmt- kyRkV. .m2 iQ i?Bb bm#D2+iBpBiv BMpQHp2/ BM Bib
/2}MBiBQM- �MtB2iv ?�b #22M H2bb mM/2`biQQ/ i?�M 72�`X

_2;�`/H2bb Q7 i?Bb HBKBi�iBQM- i?2 M2m`�H K2+?�MBbKb �bbQ+B�i2/
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rBi? #Qi? 72�` �M/ �MtB2iv ?�p2 #22M BM+`2�bBM;Hv BMp2biB;�i2/X
*`m+B�HHv- i?2 +HBMB+�H `2b2�`+? QM �MtB2iv `2p2�H2/ i?�i i?2 T`Q+2bb Q7
2tT2`B2M+BM; �MtB2iv Bb p2`v bBKBH�` iQ 72�` +QM/BiBQMBM; UJBM2F� �
wBM#�`;- kyyeVX 62�` +QM/BiBQMBM; 2tTH�BMb i?`Qm;? r?B+? T`Q+2bb 72�`
+�M #2 2HB+Bi2/X PM2 Q7 i?2 7�KQmb 72�` +QM/BiBQMBM; T`Q+2bb2b Bb
S�pHQpB�M +QM/BiBQMBM;- r?B+? �bbQ+B�i2b � M2mi`�H biBKmHmb rBi? 72�`
`2bTQMb2b #v +QMM2+iBM; Bi rBi? � 72�`@;2M2`�iBM; biBKmHmb HBF2 2H2+i`B+
b?Q+F Q` �p2`bBp2 bQmM/X lbBM; � S�pHQpB�M 72�` +QM/BiBQMBM; T�`�/B;K-
`2b2�`+? iQ /Bb+Qp2` i?2 M2m`�H +Q``2H�i2b Q7 72�` �M/ �MtB2iv ?�b #2+QK2
Km+? 2�bB2` �M/ KQ`2 b+B2MiB}+X

h?2 BMBiB�H 7Q+mb Q7 i?2 `2b2�`+? r�b iQ B/2MiB7v bT2+B}+ #`�BM
`2;BQMb ;2M2`�iBM; �MtB2ivX 6Q` 2t�KTH2- i?2 �Kv;/�H� ?�b #22M rB/2Hv
FMQrM iQ #2 i?2 K�BM �`2� `2bTQMbB#H2 7Q` 72�` �+[mBbBiBQM �M/
T`Q+2bbBM;X h?2 �Kv;/�H� +QMbBbib Q7 bm#�`2�b BM+Hm/BM; H�i2`�H- #�b�H-
�M/ +2Mi`�H Mm+H2B- �M/ Bi r�b �`;m2/ i?�i 2�+? Mm+H2mb TH�vb � bT2+B}+
`QH2X h?2 H�i2`�H Mm+H2mb /B`2+iHv `2+2Bp2b b2MbQ`v BMTmib 7`QK b2MbQ`v
+Q`iB+2b �M/ i?�H�Kmb- �M/ Bi i`�MbKBib i?2 BM7Q`K�iBQM iQ i?2 +2Mi`�H
Mm+H2mb r?2`2 i?2 QmiTmib �`2 b2Mi Qmi iQ KQ/mH�iQ`v bvbi2Kb-
T2`B�[m2/m+i�H ;`�v Q` ?vTQi?�H�Kmb 2HB+BiBM; T?vbBQHQ;B+�H `2bTQMb2bX
AM i?2 KB//H2 Q7 i?Bb T`Q+2bb- i?2 #�b�H Mm+H2mb +QMM2+ib i?2
�7Q`2K2MiBQM2/ irQ Mm+H2BX AMi2`2biBM;Hv- Bi �HbQ T`QD2+ib iQ bi`B�i�H
`2;BQMb i?�i +QMi`QH #2?�pBQ`b Q` �+iBQMb UG2.Qmt- kyydVX �b i?2 T�bi
M2m`QBK�;BM; bim/B2b 7Q+mb2/ QM i?2 `QH2 Q7 i?2 �Kv;/�H�- Bib �bbQ+B�iBQM
rBi? �MtB2iv ?�b #2+QK2 +H2�`2`X aQK2 bim/B2b 2t�KBM2/ i?�i i`�Bi
�MtB2iv b+Q`2b Q` bQ+B�H �MtB2iv bvKTiQKb r2`2 +Q``2H�i2/ rBi?
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?vT2`�+iBp�iBQM BM i?2 �Kv;/�H� UAM/QpBM� 2i �HX- kyRRc S?�M 2i �HX-
kyyeVX �MQi?2` bim/v T`Q#2/ i?2 BKT�+i Q7 � b?Q`i@i2`K 2tTQbm`2
i?2`�Tv QM i?2 �Kv;/�HB+ �+iBp�iBQM �M/ 7QmM/ i?�i i?2 k@r22F 2tTQbm`2
i?2`�Tv QM i?2 bTB/2` T?Q#B+b bB;MB}+�MiHv `2/m+2/ i?2 ?vT2`�+iBp�iBQM
BM i?2B` �Kv;/�H�b U:QQbb2Mb 2i �HX- kyydVX �T�`i 7`QK i?2 �Kv;/�H�-
i?2 ?BTTQ+�KTmb- BMbmH� �M/ /Q`b�H �Mi2`BQ` +Q`i2t �`2 �HbQ FMQrM iQ
KQ/mH�i2 72�` �+[mBbBiBQM U6�Mb2HQr- kyyyc JBH�/ 2i �HX- kyydVX

>Qr2p2`- KQbi Q7 i?2 `2+2Mi }M/BM;b bm;;2bi i?�i �MtB2iv `2+`mBi
KQ`2 i?�M QM2 #`�BM �`2�- �M/ bm+? 2KQiBQM�H bi�i2b �`2 i?2 T`Q/m+ib Q7
KmHiBTH2 #`�BM `2;BQMb i?�i 7Q`K M2m`QM�H +B`+mBib Q` M2irQ`FbX h?2b2
M2irQ`Fb +�M +Qp2` 2Bi?2` /Bbi�M+2/ +Q`iB+�H �`2�b Q` HQ+�H M2m`QMb
UhQpQi2 2i �HX- kyR8VX 6Q` QM2 2t�KTH2 Q7 i?2 HQM;@`�M;2 T�i?r�vb- i?2
�Kv;/�H�@p2Mi`QK2/B�H T`27`QMi�H +Q`i2t UpKS6*V M2irQ`F ?�b +�m;?i
`2b2�`+?2`b’ �ii2MiBQM 7Q` Bib `2;mH�iQ`v `QH2 QM 72�` �M/ �MtB2ivX
aT2+B}+�HHv- i?2 pKS6* 2M;�;2b BM `2;mH�iBM; i?2 +QM/BiBQM2/ 72�`
`2bTQMb2b #v /B`2+iHv T`QD2+iBM; iQ i?2 �Kv;/�H� U:�`+B� 2i �HX- RNNNVX
lbBM; i?2 `2biBM;@bi�i2 7J_A /�i�- M2m`Qb+B2MiBbib b?Qr2/ ?B;?2` �MtB2iv
b+Q`2b r2`2 �bbQ+B�i2/ rBi? r2�F2` �Kv;/�H�@pKS6* 7mM+iBQM�H
+QMM2+iBpBiv UJX CX EBK 2i �HX- kyRRVX h?Bb �Kv;/�H�@pKS6* T�i?r�v
�HbQ BM+Hm/2b Qi?2` `2;BQMb BM i?2 i2KTQ`�H HQ#2 bm+? �b i?2 #2/ Mm+H2mb
Q7 i?2 bi`B� i2`KBM�HBb U"LahV �M/ i?2 p2Mi`�H ?BTTQ+�KTmb Up>S*V
U*�H?QQM � hv2- kyR8VX h?2 "Lah Bb FMQrM �b � K�BM QmiTmi T�i?r�v
Q7 i?2 �Kv;/�H� �M/ i`�MbKBib i?2 b2MbQ`v BM7Q`K�iBQM 7`QK i?2
�Kv;/�H� iQ p>S*- r?B+? 2p2Mim�HHv `2�+?2b i?2 K2/B�H T`27`QMi�H
+Q`i2t UKS6*VX h?2 `2p2`b�H T`QD2+iBQM Q++m`b �b r2HHX 1bT2+B�HHv- i?2
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`2+BT`Q+�H +QMM2+iBQM #2ir22M i?2 #�bQH�i2`�H �Kv;/�H� U"G�V �M/ i?2
p>S* KQ/mH�i2b �MtB2iv@`2H�i2/ #2?�pBQ`b, i?2 �+iBp�iBQM BM i?2
"G�@pS>* bvM�Tb2b BM+`2�b2b �MtB2iv@`2H�i2/ `2bTQMb2b U62HBt@P`iBx
2i �HX- kyRjVX

hQ bmK mT- i?2 BMBiB�H `2b2�`+? 7Q+mb r�b iQ HQ+�HBx2 � bT2+B}+
#`�BM �`2� 7Q` 72�` H2�`MBM; �M/ `2bTQMb2bX JQbi Q7 i?2 2�`Hv bim/B2b
BMp2biB;�i2/ i?2 `QH2 Q7 i?2 �Kv;/�H� QM 72�` T`Q+2bbBM; #v Bib2H7X
>Qr2p2`- `2+2Mi }M/BM;b `2p2�H2/ i?�i �MtB2iv �M/ 72�` +QM/BiBQMBM; Bb
`�i?2` �bbQ+B�i2/ rBi? i?2 /Bbi`B#mi2/ M2m`�H M2irQ`Fb �+`Qbb i?2 #`�BMX
h?2 K�DQ` `2;BQMb BM i?2b2 M2irQ`Fb �`2 i?2 �Kv;/�H�- "Lah- p>S*-
�M/ KS6*X h?2 7Qm` �`2�b 7Q`K #B/B`2+iBQM�H +QMM2+iBQMb iQ i`�MbKBi
#�+F �M/ 7Q`i? i?2 72�`@`2H�i2/ BM7Q`K�iBQM �M/ K2/B�i2 #2?�pBQ`�H �M/
T?vbBQHQ;B+�H `2bTQMb2b HBF2 7`22xBM; �M/ 722HBM; Q7 +QM/BiBQM2/ 72�`X
_2+2MiHv- bQK2 M2m`Qb+B2MiBbib `�Bb2/ i?2B` pQB+2b iQ �bb2`i i?�i /2bTBi2
i?2b2 +QM+`2i2 }M/BM;b QM i?2 M2m`�H +B`+mBi`v Q7 72�` �M/ �MtB2iv-
+HBMB+�H T`�+iB+2 ?�b MQi #22M 7mHHv #2M2}i2/ 7`QK i?2K UG2.Qmt � SBM2-
kyReVX hQ BKT`Qp2 +HBMB+�H Qmi+QK2b- � MQp2H �TT`Q�+? iQ mM/2`bi�M/
72�` �M/ �MtB2iv BM #Qi? M2m`Qb+B2M+2 �M/ +HBMB+�H Tbv+?QHQ;v KB;?i #2
`2[mB`2/X _2+2MiHv- +QKTmi�iBQM�H KQ/2HBM; ?�b #22M bm;;2bi2/ �b QM2 Q7
i?2 bQHmiBQMb iQ +HQb2 i?Bb ;�T #2ir22M �/p�M+2/ M2m`Qb+B2MiB}+ 2pB/2M+2
�M/ +HBMB+�H T`�+iB+2bX
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Computational modeling: a novel approach to probe
decision-making and learning

*QKTmi�iBQM�H KQ/2HBM; Bb � KQ/2HBM; Q7 ?mK�M +Q;MBiBQM �M/
#2?�pBQ` i?`Qm;? +QKTmi�iBQM�H KQ/2Hb i?�i �`2 K�i?2K�iB+�H 2[m�iBQMb
rBi? 2Bi?2` FMQrM Q` mMFMQrM T�`�K2i2`b �M/ p�Hm2b UqX@uX �?M 2i �HX-
kyRdc G2r�M/QrbFv � 6�``2HH- kyRRVX JQ/2HBM; Q7 ?mK�M +Q;MBiBQM �M/
#2?�pBQ` b2`p2b p�`BQmb `QH2b BM Tbv+?QHQ;vX 6Q` 2t�KTH2- `2b2�`+?2`b
b22F iQ bBKTHv /2b+`B#2 Q#b2`p2/ #2?�pBQ` #v /2p2HQTBM; Q` }M/BM; i?2
#2bi KQ/2H iQ }i i?2 /�i�X q?BH2 bm++2bb7mH /2b+`BTiBQM Q7 i?2 /�i�
T`QpB/2b p�Hm�#H2 BMbB;?ib BMiQ Qm` H�i2Mi +Q;MBiBp2 T`Q+2bb2b- `2b2�`+?2`b
2tT�M/ i?Bb �TT`Q�+? iQ KQp2 #2vQM/ bBKTH2 /2b+`BTiBQM �M/ 2p2Mim�HHv
T`2/B+i �M/ 2tTH�BM 7mim`2 #2?�pBQ` �M/ +Q;MBiBQMX >2`2- i?2 i2`Kb
+Q;MBiBQM �M/ #2?�pBQ` #`Q�/Hv `2T`2b2Mi +QKTH2t �M/ MmK2`Qmb
/2+BbBQM@K�FBM;- BM7Q`K�iBQM T`Q+2bbBM;- Q` T2`+2TiBQM BM i?2 #`�BM- QM
r?B+? `2b2�`+?2`b K�F2 BM72`2M+2b #�b2/ QM i?2B` }M�H QmiTmib- #2?�pBQ`X
h?2 mMQ#b2`p�#H2 �M/ H�i2Mi M�im`2 Q7 +Q;MBiBQM ?�b Q#b+m`2/ Qm`
mM/2`bi�M/BM; QM r?B+? K2+?�MBbKb ?mK�Mb i?BMF- H2�`M �M/ K�F2
/2+BbBQMbX >Qr2p2`- rBi? i?2 �/p2Mi Q7 +QKTmi�iBQM�H KQ/2Hb- Bi #2+�K2
bB;MB}+�MiHv 2�bB2` iQ +H�`B7v Qm` ;2M2`�H �M/ BM/BpB/m�H@bT2+B}+ +Q;MBiBp2
T`Q+2bb2bX h?Bb MQp2H �TT`Q�+? ?�b b2`p2/ iQ }HH BM Qm` ;�Tb BM i?2
FMQrH2/;2 Q7 Tbv+?B�i`B+ bvKTiQKb �M/ /BbQ`/2`b- r?B+? H2/ � +`2�iBQM
Q7 � M2r �`2� Q7 }2H/ +�HH2/ +QKTmi�iBQM�H Tbv+?B�i`v UqX@uX �?M 2i �HX-
kyRdc 6`BbiQM 2i �HX- kyR9c >mvb 2i �HX- kyRec JQMi�;m2 2i �HX- kyRkc
S�mHmb- kyRNVX AM i?2 `2�HK Q7 +QKTmi�iBQM�H Tbv+?B�i`v- Tbv+?QHQ;Bbib
�M/ M2m`Qb+B2MiBbib ?�p2 2ti2MbBp2Hv rQ`F2/ iQ T`Q#2 p�`BQmb
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Tbv+?QHQ;B+�H +QM+2Tib #v �TTHvBM; 7Q`K�H K�i?2K�iB+�H Q`
+QKTmi�iBQM�H KQ/2HbX lbBM; +QKTmi�iBQM�H KQ/2Hb iQ /2b+`B#2- T`2/B+i-
�M/ mHiBK�i2Hv 2tTH�BM �#2``�Mi #2?�pBQ`b mM/2` Tbv+?B�i`B+ +QM/BiBQMb
?�b b2p2`�H �/p�Mi�;2b Qp2` Qi?2` bBKTH2 /2b+`BTiBp2 K2i?Q/bX 6B`bi- Bi
+H�`B}2b �#bi`�+i Tbv+?QHQ;B+�H MQiBQMb �M/ i?2Q`B2b i?�i r2`2 bm;;2bi2/
� 72r /2+�/2b �;Q #v T`QpB/BM; mb rBi? i?2B` 7Q`KmH�bX 6Q` 2t�KTH2- QM2
Q7 i?2 7mM/�K2Mi�H [m2biBQMb BKTQb2/ QM /`m; �//B+ib �`QmM/ i?2 RN8yb
r�b r?v i?2v T2`bBbi BM miBHBxBM; bm#bi�M+2b i?�i H2�/ iQ `2;`2i7mH Q`
mMr�Mi2/ Tbv+?QHQ;B+�H �M/ T?vbB+�H bi�i2b UC2HHBM2F- RN9NVX h?Bb
[m2biBQM ?�/ #22M BMp2biB;�i2/ #v +Q;MBiBp2 Tbv+?QHQ;Bbib mbBM;
/2+BbBQM@K�FBM; i�bFb HBF2 i?2 AQr� :�K#HBM; i�bF �M/ +QKTmi�iBQM�H
KQ/2Hb iQ `2p2�H BKT�B`2/ H2�`MBM; BM /`m; �#mb2`b UqX@uX �?M 2i �HX-
kyRec "2+?�`� 2i �HX- RNN9c "mb2K2v2` � aiQmi- kyykVX a2+QM/-
+QKTmi�iBQM�H KQ/2HBM; 2M�#H2b mb iQ [m�MiB7v i?2 H�i2Mi +Q;MBiBp2
T`Q+2bb2b �M/ 2biBK�i2b BM/BpB/m�H@ �M/ ;`QmT@H2p2H T�`�K2i2` p�Hm2b
i?�i +�M #2 �TTHB2/ iQ i`�+F i?2 M2m`�H 2M+Q/BM;b Q7 i?2b2 T`Q+2bb2b
UqX@uX �?M � "mb2K2v2`- kyReVX .2bTBi2 bQK2 `2K�BMBM; +?�HH2M;2b-
+QKTmi�iBQM�H Tbv+?B�i`v ?�b #22M `2;�`/2/ �b � K2/BmK iQ #`BM; �M/
�TTHv M2m`Qb+B2MiB}+ }M/BM;b iQ i?2 +HBMB+�H b2iiBM;b U>mvb 2i �HX- kyReVX

Decision-making and RL in anxiety

LQi QMHv Tbv+?QHQ;B+�H +QMbi`m+ib HBF2 �//B+iBQM i?�i b?Qr
�TT�`2Mi bvKTiQKb BM � #2?�pBQ`�H H2p2H- KQQ/ /Bbim`#�M+2 �M/ �MtB2iv
?�p2 �HbQ #22M QM2 Q7 i?2 K�BM 7Q+mb2b BM +QKTmi�iBQM�H Tbv+?B�i`vX
�MtB2iv ?�b HQM; #22M +?�`�+i2`Bx2/ rBi? Bib 2t+2bbBp2 `BbF@�pQB/�M+2
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/2+BbBQM@K�FBM;- �M/ � MmK#2` Q7 i?2Q`B2b ?�p2 bm;;2bi2/ TQbbB#H2
K2+?�MBbKb ;Qp2`MBM; bm+? bvbi2K�iB+ `BbF@�pQB/�M+2 2bT2+B�HHv mM/2`
�p2`bBp2 2MpB`QMK2Mib U2X;X- J�M2` 2i �HX- kyydc J�M2` � a+?KB/i- kyyeVX
S`QbT2+i i?2Q`v Bb QM2 Q7 i?2 r2HH@FMQrM KQ/2Hb i?�i /2b+`B#2
/2+BbBQM@K�FBM; mM/2` mM+2`i�BMiv UE�?M2K�M � hp2`bFv- RNdNVX lbBM;
i?Bb KQ/2H �M/ +QKTmi�iBQM�H KQ/2HBM;- `2b2�`+?2`b ?�p2 7QmM/ i?�i
�MtB2iv T�iB2Mib i2M/ iQ 2t?B#Bi ?B;? `BbF@�p2`bBQM U2X;X- *?�`T2MiB2`
2i �HX- kyRdVX .m`BM; Kv K�bi2`’b T`Q;`�K- A ?�p2 T�`iB+BT�i2/ BM QM2 Q7
i?2 H�#Q`�iQ`v@#�b2/ bim/B2b iQ BMp2biB;�i2 /BbiQ`iBQM BM i?2 T2`+2TiBQM Q7
Qmi+QK2 T`Q#�#BHBiB2b mbBM; � KQ/B}2/ ;�K#HBM; i�bF UaX EBK 2i �HX-
T`2TVX AM i?Bb bim/v- i?`22 +QKTmi�iBQM�H KQ/2Hb rBi? /Bz2`2Mi
T`Q#�#BHBiv 7mM+iBQMb r2`2 �TTHB2/ iQ i?2 /�i� +QHH2+i2/ 7`QK #Qi?
`2r�`/ �M/ TmMBb?K2Mi /QK�BMb iQ [m�MiB7v BM/BpB/m�H T2`+2TiBQM Q7
Qmi+QK2 T`Q#�#BHBiB2bX q2 2t�KBM2/ i?�i T2QTH2 rBi? ?B;?2` �MtB2iv
b+Q`2b b?Qr2/ KQ`2 /BbiQ`iBQM BM T`Q#�#BHBiv T2`+2TiBQM- K2�MBM; ?B;?2`
�MtB2iv r�b �bbQ+B�i2/ rBi? Qp2`2biBK�iBQM QM i?2 HBF2HB?QQ/ Q7
HQr@T`Q#�#H2 2p2Mib BM #Qi? `2r�`/ �M/ TmMBb?K2Mi /QK�BMbX

o�`BQmb H2�`MBM; i�bFb ?�p2 #22M /2p2HQT2/ BM Q`/2` iQ bim/v
H2�`MBM; BM �MtB2ivX 6Q+mbBM; QM i?2 �MtB2iv T�iB2Mib’ �ii2MiBQM�H #B�b
iQr�`/b M2;�iBp2 BM7Q`K�iBQM- `2b2�`+?2`b ?�p2 miBHBx2/ bBKTH2 _G i�bFb
iQ `2p2�H �MtB2iv r�b �bbQ+B�i2/ rBi? i?2 BM+`2�b2/ mb�;2 Q7 i?2 `2+2Mi
Qmi+QK2 ?BbiQ`v Q` H2bb �/�Ti�#BHBiv iQ � +?�M;BM; 2MpB`QMK2Mi /m`BM;
�p2`bBp2 H2�`MBM; U2X;X- �vHr�`/ 2i �HX- kyRNc "`QrMBM; 2i �HX- kyR8VX
_2+2MiHv- i?2`2 ?�p2 #22M � 72r �`iB+H2b 2bi�#HBb?BM; � +QKT`2?2MbBp2
J" +QMi`QH T`Q}H2 mM/2` p�`BQmb Tbv+?QHQ;B+�H +QMbi`m+ib i?�i
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Q#b2bbBQMf+QKTmHbBQM �M/ BKTmHbBpBiv �`2 +Q``2H�i2/ rBi? J" +QMi`QH
/2}+Bib- r?2`2�b �MtB2iv �M/ /2T`2bbBQM �`2 MQi U:BHH�M 2i �HX- kykyc
:BHH�M 2i �HX- kyReVX >Qr2p2`- H2�`MBM; BMpQHp2b +QKTH2t �M/
KmHiB@/BK2MbBQM�H K2+?�MBbKb BM r?B+? p�`BQmb 7�+iQ`b TH�v � `QH2 �M/
BMi2`�+i rBi? 2�+? Qi?2` iQ 7Q`K bBKBH�` #mi /BbiBM+i bi�i2b i?�i +�M
bB;MB}+�MiHv �Hi2` T2QTH2’b +?QB+2bX AM i?2 7QHHQrBM; bm#b2+iBQMb- A rBHH
HBbi i?`22 K�DQ` +QKTQM2Mib #v r?B+? H2�`MBM; +�M #2 BKT�+i2/ #Qi?
rBi?BM �M/ #2ir22M BM/BpB/m�Hb �M/ 2tTH�BM `2b2�`+? ;�Tb i?�i A 7QmM/ BM
`2;�`/b iQ �MtB2iv �M/ Bib ;Q�H@/B`2+i2/ TH�MMBM; �M/ H2�`MBM;X

What alters learning in people with psychiatric symptoms:
contexts, emotional states, and outcome valence

Contexts: spaces where learning happens

G2�`MBM; +�M Q++m` BM p�`BQmb +QMi2tibX >2`2- � +QMi2ti K2�Mb �
bBim�iBQM Q` bT�+2 r?2`2 i?2 H2�`MBM; Q++m`b- �M/ Bi b?�T2b i?2 bT2+B}+
;Q�H Q7 /2+BbBQM@K�FBM;X 6Q` 2t�KTH2- T2QTH2 +�M #2 Tmi BM � +QMi2ti
r?2`2 i?2v ?�p2 iQ H2�`M iQ K�tBKBx2 iQi�H KQM2i�`v ;�BM- r?B+? Bb i?2
KQbi +QKKQMX h?2`2 Bb �MQi?2` +�b2 r?2M i?2v �`2 ;Bp2M `2r�`/b �i i?2
#2;BMMBM; �M/ ?�p2 iQ H2�`M MQi iQ HQb2 i?2KX �HbQ- T2QTH2 +�M #2 Tmi BM
+QMi2tib �bbQ+B�i2/ rBi? TmMBb?K2Mi �b r2HHX h?2b2 +QMi2tib +�M #2
/BpB/2/ BMiQ ‘�pQB/�M+2’ �M/ ‘2b+�T2X’ AM i?2 �pQB/�M+2 +QM/BiBQM- T2QTH2
H2�`M iQ �pQB/ TmMBb?K2Mi- r?BH2 BM i?2 2b+�T2 +QM/BiBQM- i?2v H2�`M iQ
2b+�T2 7`QK �M �p2`bBp2 bi�i2X

S�`iB+BT�Mib b?Qr2/ /BbiBM+i H2�`MBM; #2?�pBQ`b #�b2/ QM r?B+?
+QMi2ti i?2v r2`2 BM- �M/ i?2 rBi?BM@BM/BpB/m�H Q` ;`QmT /Bz2`2M+2 BM i?2
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`2bmHi�Mi /2+BbBQM@K�FBM; Qmi+QK2b r�b �bbQ+B�i2/ rBi? +2`i�BM
Tbv+?B�i`B+ bvKTiQKbX amB+B/�H Tbv+?B�i`B+ T�`iB+BT�Mib �M/ MQM@bmB+B/�H
Tbv+?B�i`B+ +QMi`QHb b?Qr2/ bBKBH�` H2�`MBM; #2?�pBQ`b BM i?2 �pQB/
+QM/BiBQM- #mi bmB+B/�H T�`iB+BT�Mib 2t?B#Bi2/ bB;MB}+�MiHv ?B;?2` 2b+�T2
#B�b i?�M MQM@bmB+B/�H +QMi`QHb BM i?2 2b+�T2 +QM/BiBQM UJBHH2` 2i �HX-
kyRNVX h?Bb 2b+�T2 #B�b `2T`2b2Mi2/ bmB+B/�H T�iB2Mib’ i2M/2M+v iQ i�F2
�+iBp2 �+iBQMb iQ 2b+�T2 7`QK i?2B` �p2`bBp2 bi�i2b- r?B+? r2HH
/Bz2`2MiB�i2/ i?2K 7`QK MQM@bmB+B/�H T�iB2MibX G2�`MBM; +QMi2ti �HbQ
BM~m2M+2b i?2 i`�MbBiBQM 7`QK ;Q�H@/B`2+i2/ iQ ?�#Bim�H #2?�pBQ`- r?B+?
rBHH #2 /Bb+mbb2/ BM i?2 Qmi+QK2 p�H2M+2 bm#b2+iBQM BM /2i�BHX Ai b22Kb
+`m+B�H iQ b2H2+i � +QMi2ti i?�i �HB;Mb r2HH rBi? � /BbiBM+i #2?�pBQ` Q` �
+Q;MBiBp2 #B�b Q7 i?2 K2Mi�H /BbQ`/2` i?�i `2b2�`+?2`b �`2 BMi2`2bi2/ BMX

Emotional states

1KQiBQM�H bi�i2 Q7 i?2 �;2Mi- i?2 H2�`M2`- Bb �MQi?2` bB;MB}+�Mi
7�+iQ` i?�i �Hi2`b /2+BbBQM@K�FBM;X am+? 2KQiBQM�H bi�i2b BM+Hm/2 bi`2bb-
7`mbi`�iBQM Q` +`�pBM; �7i2` �#biBM2M+2- �MtB2iv- �M/ 72�`X ai`2bb BM/m+2/
BM i?2 KB//H2 Q7 i?2 irQ #HQ+Fb Q7 � KmHiBbi2T /2+BbBQM@K�FBM; i�bF-
r?B+? 2biBK�i2b r?2i?2` � H2�`M2` 2t?B#Bib i?2 J6 Q` J" +QMi`QH-
/2+`2�b2/ T�`iB+BT�Mib’ `2HB�M+2 QM J" bvbi2K- �M/ ?B;?2` /2T`2bbBQM
b+Q`2b r2`2 �bbQ+B�i2/ rBi? KQ`2 /2+`2�b2b BM J" +QMi`QH U>2HH2` 2i �HX-
kyR3VX h?2 2z2+i Q7 bi`2bb ?�b #22M �HbQ Q#b2`p2/ BM � MQM@Tbv+?B�i`B+
;`QmTX h?2 ?B;?2` bmb+2TiB#BHBiv iQ bi`2bb BM ?2�Hi?v rQK2M- K2�bm`2/
#v i?2 +?�M;2 BM +Q`iBbQH H2p2H- T`2/B+i2/ bK�HH2` KQ/2H@#�b2/ r2B;?ib BM
i?2 HQr rQ`FBM; K2KQ`v +�T�+Biv ;`QmT UPiiQ 2i �HX- kyRjVX Ai Bb
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MQi2rQ`i?v i?�i bi`2bbQ`b r2`2 MQi i?2 b�K2 BM i?2b2 irQ T�T2`b, bQ+B�H
bi`2bb r�b BM/m+2/ BM i?2 7Q`K2`- r?2`2�b T?vbB+�H bi`2bb rBi? +QH/ r�i2`
r�b BM/m+2/ BM i?2 H�ii2`X h?2 /Bz2`2Mi M�im`2 Q7 bi`2bbQ`b +�M �HbQ ?�p2
�M BKT�+i QM H2�`MBM;- bQ i?2 bi`2bb@H2�`MBM; `2H�iBQMb?BT `2[mB`2b KQ`2
BMp2biB;�iBQMX 1KQiBQM�H bi�i2b �7i2` �#biBM2M+2 +�M bB;MB}+�MiHv +?�M;2
bi`�i2;B2b 7Q` /2+BbBQM@K�FBM; BM bm#bi�M+2 mb2 /BbQ`/2` T�iB2MibX
�H+Q?QH@/2T2M/2Mi T�iB2Mib r?Q �#bi�BM2/ 7`QK �H+Q?QH 7Q` �#Qmi k9
?Qm`b b?Qr2/ KQ`2 `2HB�M+2 QM ?�#Bim�H +QMi`QH i?�M ;Q�H@/B`2+i2/
+QMi`QH BM #Qi? #2?�pBQ`�H �M/ M2m`�H �M�Hvb2b UaDQ2`/b 2i �HX- kyRjVX
1p2M i?Qm;? i?2 �bbQ+B�i2/ 2KQiBQM�H bi�i2b r2`2 MQi `2TQ`i2/- i?2
HQM;2` /m`�iBQM Q7 �H+Q?QH �#biBM2M+2 r�b �HbQ +Q``2H�i2/ rBi? KQ`2
r2B;?ib QM J" +QMi`QH UoQQM- .2`#vb?B`2- 2i �HX- kyR8VX AM �//BiBQM- BM
i?2 7�+2 Q7 TQbbB#H2 i?`2�ib- �MtBQmb T�`iB+BT�Mib i2M/ iQ H2�`M KQ`2
bHQrHvX >B;?2` i`�Bi �MtB2iv b+Q`2b 2t?B#Bi2/ bB;MB}+�MiHv H2bb ~2tB#H2
�/DmbiK2Mi BM i?2B` H2�`MBM; `�i2b BM i?2 i?`2�i +QM/BiBQM rBi?
T`Q#�#BHBbiB+ 2H2+i`B+ b?Q+F- #mi MQi BM i?2 `2r�`/ +QM/BiBQM U"`QrMBM;
2i �HX- kyR8VX h?Bb `2bmHi KB;?i #2 +QMbBbi2Mi rBi? i?2 }M/BM; Q7 i?2
M2m`�H K2+?�MBbKb Q7 �MtB2iv i?�i i?2 �+iBp�iBQM BM H�i2`�H �Kv;/�H�
BM/m+2/ mM+QM/BiBQM2/ 7`22xBM; #2?�pBQ` r?2M 7�+BM; b?Q+F@T`2/B+iBp2
+m2b- r?B+? +QmH/ H2�/ iQ #2?�pBQ`�H BM~2tB#BHBiv U*�H?QQM � hv2- kyR8VX

Outcome valence

Pmi+QK2 p�H2M+2 K2�Mb i?2 TQbBiBpBiv Q` M2;�iBpBiv i?�i �M
Qmi+QK2 #2�`bX h?Bb b?�`2b bQK2 �bT2+ib i?�i r2`2 �H`2�/v /Bb+mbb2/ BM
i?2 +QMi2tib T�`i- #mi ?2`2 A rBHH /2Hp2 KQ`2 BMiQ i?2 /BbiBM+iBQM #2ir22M
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;�BM �M/ HQbb UQ` `2r�`/ �M/ TmMBb?K2MiV �M/ ?Qr Bi TQbbB#Hv �z2+ib
/2+BbBQM@K�FBM; Q7 Tbv+?B�i`B+ T�iB2MibX "27Q`2 bT2+B7vBM; 2�+? /QK�BM-
Bi Bb BKTQ`i�Mi iQ mM/2`bi�M/ i?2`2 �`2 � MmK#2` Q7 TQbbB#H2 Qmi+QK2
ivT2b, KQM2i�`v- bQ+B�H- �m/BiQ`v- �M/ i�+iBH2 Qmi+QK2bX � +QBM ;�BM Q`
HQbb 2t2KTHB}2b i?2 KQM2i�`v Qmi+QK2- r?B+? Bb i?2 KQbi +QKKQMHv mb2/
QM2X .m2 iQ i?2 HQbb �p2`bBQM 72�im`2 Q7 ?mK�M #2BM;b- KQM2i�`v ;�BM
�M/ HQbb �z2+ib Qm` /2+BbBQMb /Bz2`2MiHvX 6Q` 2t�KTH2- i?2 P*. T�iB2Mib
2t?B#Bi2/ KQ`2 ?�#Bim�H #2?�pBQ` BM i?2 `2r�`/ /QK�BM +QKT�`2/ iQ i?2
?2�Hi?v +QMi`QH #mi b?Qr2/ KQ`2 ;Q�H@/B`2+i2/ #2?�pBQ` BM i?2 HQbb
/QK�BM �b Km+? �b i?2 ?2�Hi?v +QMi`QH /B/ UoQQM- "�2F- 2i �HX- kyR8VX
h?Bb `2bmHi ?�b �M BKTQ`i�Mi BKTHB+�iBQM QM Qm` mM/2`bi�M/BM; Q7
Tbv+?B�i`B+ /BbQ`/2`b, Bi +QmH/ #2 �M Qp2`;2M2`�HBx�iBQM B7 r2 +QM+Hm/2
?B;?@BKTmHbBpBiv /BbQ`/2`b b?Qr J" +QMi`QH /2}+Bib BM 2p2`v bBim�iBQMX Ai
rQmH/ #2 +`m+B�H iQ mM/2`bi�M/ ?Qr /Bz2`2Mi KQiBp�iBQMb BM i?2 ;�BM �M/
HQbb /QK�BMb #`BM; Qmi /Bz2`2Mi #2?�pBQ`�H `2bmHibX

h?2 BMi2`�+iBQM #2ir22M ;�BM@HQbb �M/ biBKmHmb ivT2 �HbQ �z2+ib
/2+BbBQM@K�FBM;X Pp2`i`�BMBM; 7Q` +Q+�BM2 �//B+ib BM i?2 KQM2i�`v
`2r�`/ /QK�BM 2M?�M+2/ i?2 i`�MbBiBQM 7`QK i?2B` ;Q�H@/B`2+i2/ iQ
?�#Bim�H #2?�pBQ`- r?B+? r�b BM/B+�i2/ #v i?2B` BM+`2�b2/ BMb2MbBiBpBiv iQ
/2p�Hm�iBQMX >Qr2p2`- bm+? BMb2MbBiBpBiv r�b MQi 7QmM/ BM i?2 i�+iBH2 HQbb
/QK�BM rBi? 2H2+i`B+ b?Q+F U1`b+?2 2i �HX- kyReVX PM2 +�p2�i QM
BMi2`T`2iBM; i?Bb }M/BM; Bb i?�i Bi Bb ?�`/ iQ /BbbQ+B�i2 r?2i?2` i?2
BMb2MbBiBpBiv r�b /m2 iQ ;2M2`�H HQbb �p2`bBQM Q` 72�` 7`QK T`2/B+i2/
2H2+i`B+ b?Q+FX hQ KQ`2 �++m`�i2Hv /`�r � +QM+HmbBQM- Bi rQmH/ #2
`2+QKK2M/2/ iQ mb2 i?2 ;�BM �M/ HQbb /QK�BM rBi? i?2 b�K2 biBKmHmb
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ivT2 �M/ i?2M +QKT�`2 Bi rBi? �MQi?2` biBKmHmb ivT2X

Study goals

Research gaps and study design

S`2pBQmbHv 2bi�#HBb?2/ /2+BbBQM@K�FBM; �M/ H2�`MBM; T�ii2`Mb BM
T2QTH2 rBi? Tbv+?B�i`B+ bvKTiQKb +�M #2 KQ/B}2/ #v i?2B` 2KQiBQM�H
`2bTQMb2b iQr�`/b /Bz2`2Mi Qmi+QK2 p�H2M+2bX �MtB2iv- QM2 Q7 i?2 KQbi
+QKKQM �z2+iBp2 bi�i2b i?�i #Qi? ;2M2`�H TQTmH�iBQMb �M/ Tbv+?B�i`B+
T�iB2Mib +�M 2tT2`B2M+2- ?�b #22M +?�`�+i2`Bx2/ #v Bib �#2``�Mi
/2+BbBQM@K�FBM; �M/ H2�`MBM; #2?�pBQ`b 2t�KBM2/ i?`Qm;? +Q;MBiBp2
i�bFb �M/ +QKTmi�iBQM�H KQ/2HBM;X S`2pBQmb HBi2`�im`2 QM
/2+BbBQM@K�FBM; BM �MtB2iv T�iB2Mib Q` T2QTH2 rBi? ?B;? �MtB2iv H2p2Hb
?�p2 K�BMHv 7Q+mb2/ QM i?2B` 2t+2bbBp2 �pQB/�Mi #2?�pBQ` mM/2`
mM+2`i�BM 2MpB`QMK2Mib U2X;X- >�`iH2v � S?2HTb- kyRkc J�M2` 2i �HX-
kyydVX h?Bb `BbF@�pQB/�Mi /2+BbBQM@K�FBM; BM �MtB2iv +QmH/ #2 �ii`B#mi2/
iQ 2Bi?2` ?2B;?i2M2/ T?vbBQHQ;B+�H `2bTQMb2b �bbQ+B�i2/ rBi? �MtB2iv i?�i
H2�/ iQ i?`2�i@�pQB/BM; +?QB+2b UBX2X- `BbF �p2`bBQMV Q` #B�b2/ �TT`�Bb�Hb
i?�i �MiB+BT�i2 M2;�iBp2 Qmi+QK2b KQ`2 Q7i2M UBX2X- HQbb �p2`bBQMV
U*?�`T2MiB2` 2i �HX- kyRdVX AM i2`Kb Q7 H2�`MBM;- BM/BpB/m�Hb rBi? ?B;?2`
�MtB2iv H2p2Hb b?Qr2/ 7�bi2` mT/�i2 Q7 �+iBQM p�Hm2 �7i2` `2+2BpBM; �M
�p2`bBp2 Qmi+QK2 bm+? �b 2H2+i`B+ b?Q+F Q` � TB+im`2 rBi? M2;�iBp2 7�+B�H
2tT`2bbBQMX AM � `2+2Mi +QKTmi�iBQM�H KQ/2HHBM; bim/v- T2QTH2 rBi?
mMK2/B+�i2/ KQQ/ �M/ �MtB2iv /BbQ`/2`b 2t?B#Bi2/ i?�i i?2v #�b2/ i?2B`
+?QB+2b KQ`2 QM i?2 `2+2Mi ?BbiQ`v Q7 M2;�iBp2 Qmi+QK2b `�i?2` i?�M i?2
HQM;2` Qmi+QK2 i`�D2+iQ`B2bX lMHBF2 Qm` 2tT2+i�iBQM- i?2v /B/ MQi b?Qr
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;`2�i2` b2MbBiBpBiv iQ TmMBb?K2Mi- K2�MBM; i?2v 2p�Hm�i2/ M2;�iBp2
Qmi+QK2b bBKBH�`Hv iQ i?2 ?2�Hi?v +QMi`QH U�vHr�`/ 2i �HX- kyRNVX

J" +QMi`QH �M/ Bib �bbQ+B�iBQM rBi? H2�`MBM; BM T2QTH2 rBi? ?B;?
bi�i2 �M/ i`�Bi �MtB2iv ?�p2 #22M `2+2MiHv BMp2biB;�i2/ mbBM; � KmHiB@bi2T
/2+BbBQM@K�FBM; i�bF- Q` i?2 irQ@bi2T i�bF U2X;X- .�r 2i �HX- kyRRc :BHH�M
2i �HX- kykyc :BHH�M 2i �HX- kyReVX S`2pBQmb bim/B2b b?Qr2/ MQ `2H�iBQMb?BT
#2ir22M �MtB2iv H2p2H �M/ J" +QMi`QH /2}+BibX LQi QMHv /BbTQbBiBQM�H
�MtB2iv #mi �HbQ BM/m+2/ �MtB2iv /B/ MQi BKT�B` J" H2�`MBM; r?2M
2tT2`BK2Mi2`b K�MBTmH�i2/ BM/BpB/m�H �MtB2iv H2p2HX h?2b2 }M/BM;b
bmTTQ`i2/ i?�i KQbi Q7 i?2 +QKTQM2Mib Q7 �MtB2iv r2`2 MQi �bbQ+B�i2/
rBi? /B{+mHiv BM i?2 mb�;2 Q7 J" bvbi2KX >Qr2p2`- QM2 Q7 i?2 K�DQ`
HBKBi�iBQMb Q7 i?2b2 bim/B2b r�b i?�i i?2 i�bF i?2v mb2/ r�b QMHv 7`�K2/
BM i?2 `2r�`/ /QK�BMX :Bp2M i?2 MQM@M2;HB;B#H2 BKT�+i Q7 M2;�iBp2
BM7Q`K�iBQM QM /2+BbBQM@K�FBM; �M/ H2�`MBM; BM �MtB2iv- Bi Bb HBF2Hv i?�i
i?Bb MmHH �bbQ+B�iBQM #2ir22M �MtB2iv H2p2H �M/ J" +QMi`QH KB;?i #2
`2bi`B+i2/ iQ � H2�`MBM; 2MpB`QMK2Mi i?�i /Q2b MQi �++QKT�Mv �Mv
i?`2�i2MBM; Q` M2;�iBp2 Qmi+QK2bX

Ai biBHH `2K�BMb mM+H2�` r?2i?2` �MtB2iv H2p2H Bb MQi �bbQ+B�i2/
rBi? J" +QMi`QH /2}+Bib mM/2` KQM2i�`v HQbbX JQM2i�`v HQbb BM+m`b
M2;�iBp2 �z2+i HBF2 �M;2` Q` /Bb;mbi iQ i?2 /2;`22 iQ r?B+? BM/BpB/m�Hb
�`2 b2MbBiBp2 iQ HQbb Q` TmMBb?K2MiX 1KQiBQM�H `2bTQMb2b �`2 +`BiB+�H iQ
+Q;MBiBp2 �TT`�Bb�Hb Q7 i?2 bBim�iBQM i?�i +�M H2�/ iQ bvbi2K�iB+
�Hi2`�iBQM BM /2+BbBQM@K�FBM; �M/ H2�`MBM; UJ�M2` � a+?KB/i- kyyeVX Ai
Bb �HbQ TH�mbB#H2 i?�i b2[m2MiB�H KQM2i�`v HQbb2b BM+`2�b2 +Q;MBiBp2 HQ�/b
/m`BM; �p2`bBp2 H2�`MBM; /m2 iQ T2QTH2Ƕb ;2M2`�H i2M/2M+v iQ �pQB/ HQbb2bX
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h?mb- i?2`2 Bb � TQbbB#BHBiv i?�i J" +QMi`QH /2}+Bib +�M #2 Q#b2`p2/ BM
T2QTH2 rBi? ?B;? �MtB2iv- #mi QMHv mM/2` KQM2i�`v HQbbX hQ }HH BM i?Bb
`2b2�`+? ;�T- A ?�p2 T`QTQb2/ � i?2bBb bim/v iQ `2+`mBi MQM@+HBMB+�H �/mHi
T�`iB+BT�Mib rBi? � `�M;2 Q7 �MtB2iv H2p2Hb �M/ �bF i?2K iQ T2`7Q`K i?2
irQ@bi2T i�bF mM/2` #Qi? KQM2i�`v `2r�`/b �M/ TmMBb?K2MibX >2`2- A
�HbQ +QKT`2?2MbBp2Hv HQQF BMiQ i?2 +QKTQM2Mib Q7 �MtB2iv #v i�FBM;
rQ``v BMiQ +QMbB/2`�iBQMX

qQ``v Bb QM2 Q7 i?2 i?2 K�BM bvKTiQKb i?�i �`2 +QMbB/2`2/ 7Q`
i?2 /B�;MQbBb Q7 ;2M2`�HBx2/ �MtB2iv /BbQ`/2` U�K2`B+�M Sbv+?B�i`B+
�bbQ+B�iBQM- kyRjVX >BbiQ`B+�HHv- `2b2�`+?2`b ?�p2 �ii2KTi2/ iQ /BbbQ+B�i2
rQ``v �M/ �MtB2iv- #mi KQbi Q7 i?2 `2b2�`+? }M/BM;b +QM+Hm/2/ i?�i
rQ``v Bb � +Q;MBiBp2 +QKTQM2Mi Q7 �MtB2iv U2X;X- w2## � "2+F- RNN3VX
_2;�`/BM; i?2 #`Q�/ bT2+i`mK Q7 �MtB2iv bvKTiQKb BM i2`Kb Q7 bQK�iB+-
+Q;MBiBp2- �M/ #2?�pBQ`�H �bT2+ib- Bi Bb BKTQ`i�Mi iQ /Bbb2+i i?2 +QMbi`m+i
BMiQ /BbiBM+i +QKTQM2Mib BM Q`/2` iQ T`2p2Mi Q#b+m`BM; i?2 2z2+ib Q7 2�+?
bvKTiQK /BK2MbBQM Ua+?Qmi2M 2i �HX- kykyc qBb2 � .QH�M- kykyVX h?2
+Q;MBiBp2 KQ/2H Q7 T�i?QHQ;B+�H rQ``v +?�`�+i2`Bx2b rQ``v rBi? i?`22
+Q;MBiBp2 +QKTQM2Mib, 2KQiBQM�H T`Q+2bbBM;- �ii2MiBQM�H +QMi`QH- �M/ Bib
p2`#�H 7Q`K U>B`b+? � J�i?2rb- kyRkVX qQ``v Bb �bbQ+B�i2/ rBi? #B�b2/
2KQiBQM�H T`Q+2bbBM; Q7 M2;�iBp2 BM7Q`K�iBQM- BKT�B`2/ �ii2MiBQM�H
+QMi`QH Q` pmHM2`�#BHBiv iQr�`/b BMM2` Q` Qmi2` /Bbi`�+iQ`b- �M/ Bib
BMi`mbBp2 �M/ p2`#�H `2T`2b2Mi�iBQM BM KBM/X �b J" +QMi`QH `2[mB`2b
KQ`2 +Q;MBiBp2 Q` K2Mi�H HQ�/b iQ mb2 +QKT�`2/ iQ J6 +QMi`QH UEQQH
2i �HX- kyReV- rQ``v KB;?i TH�v �M BKTQ`i�Mi `QH2 BM HQr2`BM; i?2 mb�;2 Q7
i?2 J" bvbi2K #v ?�KT2`BM; �/2[m�i2 /Bbi`B#miBQM Q7 +Q;MBiBp2
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`2bQm`+2b 7Q` bm++2bb7mH i�bF T2`7Q`K�M+2X h?mb- A 7Q+mb2/ QM rQ``v
�HQM; rBi? bi�i2 �M/ i`�Bi �MtB2iv BM i?Bb bim/v iQ +QKT`2?2MbBp2Hv i2bi
7Q` �bbQ+B�iBQMb #2ir22M �MtB2iv b+�H2b �M/ J" +QMi`QH K2�bm`2bX

Objectives and hypotheses

h?2 K�BM ;Q�H Q7 i?Bb bim/v Bb iQ 2Hm+B/�i2 i?2 mMFMQrM
`2H�iBQMb?BT #2ir22M J" +QMi`QH �M/ �MtB2iv H2p2H mM/2` KQM2i�`v HQbbX
hQ /Q bQ- A rBHH +QM/m+i bi�iBbiB+�H �M�Hvb2b #�b2/ QM i?2 7QHHQrBM; 7Qm`
?vTQi?2b2bX 6B`bi- �MtB2iv H2p2H rBHH MQi #2 �bbQ+B�i2/ rBi? J" +QMi`QH
/2}+Bib mM/2` KQM2i�`v ;�BMX �HbQ- T2QTH2 rBi? � ?B;?2` �MtB2iv H2p2H
rBHH b?Qr � i2M/2M+v iQ mT/�i2 i?2B` �+iBQM p�Hm2b 7�bi2` #�b2/ QM i?2
`2+2Mi ?BbiQ`v Q7 M2;�iBp2 Qmi+QK2bX h?2b2 irQ ?vTQi?2b2b �`2 iQ i2bi
r?2i?2` A +�M `2THB+�i2 i?2 T`2pBQmb }M/BM;b i?�i `2p2�H /BbiBM+i H2�`MBM;
�M/ /2+BbBQM@K�FBM; T�ii2`Mb BM �MtB2ivX L2ti- i?2 +QM/BiBQM@bT2+B}+
2z2+i Q7 KQM2i�`v HQbb QM J" +QMi`QH rBHH #2 2t�KBM2/X A ?vTQi?2bBx2
i?�i i?2`2 rBHH #2 � bB;MB}+�MiHv M2;�iBp2 �bbQ+B�iBQM #2ir22M J"
+QMi`QH �M/ �MtB2iv H2p2Hb QMHv BM i?2 TmMBb?K2Mi /QK�BMX G�biHv-
i?`Qm;? �M 2tTHQ`�iQ`v �M�HvbBb- A rBHH BMp2biB;�i2 � TQbbB#H2 7�+iQ` i?�i
�Hi2`b i?2 �bbQ+B�iBQM #2ir22M J" +QMi`QH �M/ �MtB2ivX aT2+B}+�HHv- A
2tT2+i i?�i +Q;MBiBp2 2KQiBQM `2;mH�iBQM bi`�i2;B2b rBHH KQ/2`�i2 i?2
`2H�iBQMb?BT #2ir22M �MtB2iv H2p2H �M/ J" +QMi`QH b+Q`2X

h?Bb bim/v rBHH #`BM; i?2 `2�HK Q7 �MtB2iv J" /2+BbBQM@K�FBM;
�M/ H2�`MBM; `2b2�`+? iQ �M mM2tTHQ`2/ /QK�BM- TmMBb?K2Mi rBi?
b2[m2MiB�H KQM2i�`v HQbb2bX Ai rBHH T`QpB/2 2KTB`B+�H 2pB/2M+2 iQ bmTTQ`i
i?2 BKTQ`i�M+2 Q7 BM+Q`TQ`�iBM; #Qi? `2r�`/ �M/ TmMBb?K2Mi +QM/BiBQMb
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r?2M T`Q#BM; /2+BbBQM@K�FBM; �M/ H2�`MBM; BM �MtB2ivX h?2 }M/BM;b rBHH
�HbQ bm;;2bi r?B+? +QKTQM2Mi Q7 �MtB2iv Bb KQ`2 �bbQ+B�i2/ rBi? J"
+QMi`QH- r?B+? rBHH �/p�M+2 Qm` mM/2`bi�M/BM; Q7 2�+? Q7 i?2 �MtB2iv
bvKTiQKbX 6`QK +QKTmi�iBQM�H KQ/2HBM; iQ �M 2tTHQ`�iQ`v
BMp2biB;�iBQM QM TQbbB#H2 +Q;MBiBp2 �M/ 2KQiBQM�H +QMi2Mib mM/2`HvBM; i?2
�bbQ+B�iBQM- i?Bb i?2bBb T`QD2+i rBHH mHiBK�i2Hv ?2HT Qi?2` `2b2�`+?2`b �M/
+HBMB+B�Mb iQ #2ii2` ;`�bT i?2 H�i2Mi /2+BbBQM@K�FBM; �M/ H2�`MBM;
T`Q+2bb2b Q7 �MtB2iv T�iB2Mib Q` T2QTH2 rBi? ?B;? �MtB2iv H2p2HbX
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Methods

Participants

One-hundred eighty-three healthy adults were recruited through
online and offline advertisements. They voluntarily agreed to fill out
pre-screening survey questionnaires, which consisted of 18 questions to
check participation eligibility and took about 5 minutes to complete. 15
participants failed to pass the screening because they either had histories
of psychiatric disorders, were addicted to substances (e.g., nicotine), or
were in a situation where involuntary participation might be possible.
The pre-screening survey answers were manually checked by the
experimenters, and the eligible participants were contacted individually
through their preferred contact mediums (i.e., e-mail and phone
message) for scheduling. Due to the unusual pandemic situation in 2020
and 2021, 39 of whom passed the screening did not respond to our
request to visit the laboratory. 18 of them responded but either cancelled
their visits or did not show-up. Thus, a total of 111 non-clinical adults
aged from 18-35 years participated in the experiments. Each participant
visited the laboratory once on the scheduled date and time. They were
informed to take enough sleep during the night before the experiment
day and refrain from drinking caffeinated beverage right before the
experiment. All participants provided an informed consent by signing
the agreement forms. They were compensated for their participation
time at a rate of 10,000 ($6 in U.S dollar) per hour. Some participants
received extra payment based on their performance on a cognitive task.
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Cognitive task: two-step task

Figure 1
Schematic of two-step task trial in reward condition

< 2 s

Reaction Time - 2 s

1 ~ 3 s

< 2 s

Reaction Time - 2 s

< 2 s

Time

Each participant conducted a multi-stage decision-making task.
This task, also known as the two-step task, was developed to dissociate
two systems of decision-making, model-free and model-based, and has
been widely used in various psychology research (e.g., Daw et al., 2011;
Gillan et al., 2016; Voon, Baek, et al., 2015). Each trial consists of two
stages, and in each trial a participant is given with two different and
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Figure 2
Task stage transition structure

A B

C D
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(rare)
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randomly selected fractal images. When the participant chooses one
fractal image in the first stage within 2 seconds, the second stage, or the
second pair of the fractal images, appears on the computer screen. After
the participant selects one fractal image in the second stage, a final
outcome appears on the screen (Figure 1).

Each of the two stimuli in the first stage is assigned with certain
probabilities that determine the stimulus pair in the second stage
(Figure 2). For example, if a participant chooses A in the first stage,
there will be 70% chance that the stimuli with pink background (C in
Figure 2) appear in the second stage and 30% change that the stimuli
with skyblue background (D in Figure 2) appear. If B is selected, then
vice versa. After the second stage pair is conditionally determined and
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Figure 3
Task outcome probability

shown on the screen, the participant makes a choice to maximize the net
monetary outcomes. Each of the second stage stimuli is associated with
distinct probabilities of monetary outcomes, which were pre-programmed
to slightly vary across the trials (Figure 3). Each of the four outcome
probabilities was randomly generated with different initial points: 0.4,
0.45, 0.50, and 0.55. By using Gaussian Random Walks with the mean
of 0 and standard deviation of 0.025, drifting outcome probabilities were
determined with the lower and upper boundaries of 0.25 and 0.75,
respectively. This variation was to make sure that the participants not
only exploited the outcome histories when determining their next choices
but also explored new second-stage options so that they did not stick
with one first-stage or second-stage choice. To minimize any potential
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Figure 4
Experimental procedure

Reward condition Punishment condition

Task block Task blockSurvey

*Condition order was counterbalanced.

learning biases caused by the probabilities assigned to each condition
and stimulus, the same set of probabilities was used for the reward and
punishment conditions and randomly assigned to each stimulus.

Most of the previous studies used the two-step task only with
monetary rewards (e.g., Deserno et al., 2015; Gillan et al., 2020; Heller
et al., 2018). In this study, however, all participants were asked to
perform the two-step task in both reward and punishment conditions
(Figure 4). In the reward condition, the participants gained either a coin
reward of 500 ($0.45 in U.S. dollar) or no reward per trial. In the
punishment condition, they either lost the same amount of coin or did
not lose anything. The participants were informed that they would
receive the net amount of money they earned during the task, and at the
end of their experiment sessions, some participants whose net amounts
of the task outcomes exceeded zero received extra payments. The order
of the reward and punishment versions was counterbalanced across the
participants and treated as a confounding variable in multiple regression
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analyses. All participants were required to finish 1 block of 15 practice
trials per each condition to make sure they understood task instructions
properly. They completed 2 blocks of 75 trials for each condition, with 1
minute break between block and 10 minutes break between condition.
The entire task lasted for an hour and 10 minutes on average.

Inclusion and exclusion criteria

Screening survey

The screening survey included questions to check whether or not
the subject had had neurological injuries, had hospitalized for psychiatric
disorders within the last 5 years, had been medicated after being
diagnosed with mental disorders within the last 1 year, had had addicted
to alcohol or any other substances, was taking psychotropic drugs, had
difficulty reading or listening task instructions, was not fluent in Korean,
and had possibility to involuntarily participate in the experiment (e.g., a
student who was taking a course from any experimenters). Participants
must be able to answer no to all of the questions above to be eligible to
participate in the laboratory experiment. Also, participants must be at
least 18 years old and at most 35 years old. The questionnaires were
distributed online through Qualtrics, and individuals who were
interested voluntarily filled out the survey. Experimenters manually
checked the collected answers and contacted those who were eligible to
set up date and time for the laboratory experiment.
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Behavioral data

Data with poor behavioral performance was not included in
analyses. Poor performance was determined by the task accuracy.
Specifically, I excluded the data from 17 participants who failed to
demonstrate sensitivity to rewards (e.g., probability of stay after
receiving rewards in common transition trials being less than 0.5) in the
reward version of the two-step task. Also, 10 participants who chose the
same first stage option over 95% of the entire trials in each condition
were excluded as they were not deemed to adequately learn the outcome
contingencies. These criteria were based on previous studies (Gillan
et al., 2016; Otto et al., 2013) and reported in pre-registration. The total
of 86 participants was included in the analyses.

Measures

Before conducting the two-step task in reward and punishment
conditions, all participants were asked to fill out 9 survey questionnaires
for about 20 minutes. The surveys included Liebowitz Social Anxiety
Scale (LSAS) (Liebowitz, 1987), Penn State Worry Questionnaire
(PSWQ) (Meyer et al., 1990), State-Trait Anxiety Inventory-Y
(STAI-Y) (Spielberger, 1983), Beck Depression Inventory-2 (BDI-2)
(Beck et al., 1996), Patient Health Questionnaire-9 (PHQ-9) (Spitzer
et al., 1999), Cognitive Emotion Regulation Questionnaire (CERQ)
(Garnefski & Kraaij, 2007), Yale-Brown Obsessive-Compulsive
Scale-Symptom Scale (Y-BOCS-SC) (Goodman et al., 1989), and Barratt
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Table 1
Summary of survey information

Construct Survey Number of questions

Anxiety LSAS 24
PSWQ 16
STAI-Y 40

Depression BDI-2 21
PHQ-9 9

Emotion regulation CERQ 36

Obsession & Compulsion Y-BOCS-SC 58

Impulsivity BIS-11 30

Impulsiveness Scale-11 (BIS-11) (Patton et al., 1995). The summary of
the survey questionnaires is provided in Table 1. The distribution of
survey scores for each questionnaire is included in Appendix A.

LSAS. LSAS measures social anxiety and avoidance with a
total of 24 questions (S. Y. Park, 2003). This study used the Korean
version of LSAS that was translated and validated (S. Y. Park, 2003).
The internal consistency of the Korean version of LSAS (Cronbach’s α)
was .85-.91 (S. Y. Park, 2003).

PSWQ. PSWQ was developed to assess pathological worry
level (Meyer et al., 1990). Pathological worry is defined as excessive and
uncontrollable worry. The survey consists of 16 questions, and each item
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is scored with a 5-point Likert scale. Kim & Min translated and
validated the Korean version of PSWQ (J. W. Kim & Min, 1998). The
internal consistency of the Korean version of PSWQ (Cronbach’s α) was
.92 (J. W. Kim & Min, 1998).

STAI-Y. STAI-Y measures trait and state anxiety in
non-clinical populations (Spielberger, 1983). It consists of 40 items in
total. 20 questions assess state anxiety (STAI-S) and the other 20 ones
assess trait anxiety (STAI-T) with a 4-point Likert scale. STAI-Y was
translated into Korean and validated (Han et al., 1996). The internal
consistency of the Korean version of STAI-Y (Cronbach’s α) was .92
(Han et al., 1996).

BDI-2. BDI-2 is aimed to measure depressive symptoms with a
total of 21 questions (Beck et al., 1996). Each question is assessed with a
4-point Likert scale of 0 to 3. This study used the Korean version of
BDI-2, which was translated and validated (M.-S. Kim et al., 2007). The
internal consistency of the Korean version of BDI-2 (Cronbach’s α) was
.80 (M.-S. Kim et al., 2007).

PHQ-9. PHQ-9 was developed for a diganosis of depressive
disorders (Spitzer et al., 1999). The range of scores is 0 to 27, and the
higher score represents the more severe symptoms. Each item is assessed
by the frequency of each symptom with a 3-point Likert scale. This
study used the Korean version of PHQ-9 that was translated and
validated in 2020 (S.-J. Park et al., 2010). The internal consistency of
the Korean version of PHQ-9 (Cronbach’s α) was .81 (S.-J. Park et al.,
2010).
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CERQ. CERQ is aimed to measure individual differences in
which cognitive emotion regulation strategies a person uses when
experiencing negative events (Garnefski & Kraaij, 2007). It consists of
36 questions, and each item is scored at a 5-point Likert scale. CERQ
was translated into Korean and validated with the internal consistency
(Cronbach’s α) of .84. However, the internal consistency of the
’acceptance’ and ’putting into perspective’ subscales were relatively low,
.68 and .77, respectively (H.-n. Ahn et al., 2013).

Y-BOCS-SC. Y-BOCS-SC measures 8 categories of obsessions
and 7 categories of compulsions (Goodman et al., 1989). A total of 58
questions are included in the survey, and each item is answered with
either ’Yes’ or ’No’. The internal consistency of Y-BOCS-SC
(Cronbach’s α) was .69-.91 (S., 1995). This study used the Korean
version of Y-BOCS-SC that was translated and validated in 2004
(S. J. Kim et al., 2004).

BIS-11. BIS-11 measures impulsivity with a total of 30 items
(Patton et al., 1995). Three constructs of impulsivity are measured by
BIS-11: attentional, motor, and non-planning impulsivity. Each item is
scored at a 4-point Likert scale. BIS-11 was translated and validated in
Korean in 2012, and the internal consistency (Cronbach’s α) was .58-.80
(Heo et al., 2012).

33



Data analyses

Behavioral analyses

Introduction to task logic. This task is based on an
assumption that model-free and model-based learning strategies lead to
different decision-making choice patterns. This choice pattern is mainly
characterized by how the second-level choice impacts the first-level
choice. Given the task structure where there are two possible transitions
from the first- to the second-level (i.e., common and rare) and two
possible second-level outcomes (i.e. rewarded versus not-reward and
punished versus not-punished in the reward and punishment conditions,
respectively), participants can incorporate either only past reward
history or both reward and transition information into their choices on
the next trial. If a participant exhibits more model-free learning, then
the first-level choices will be made solely based on the previous reward
history regardless of the transition type on the preceding trial. For
example, assuming a model-free participant is rewarded after a rare
transition on the previous trial, then he or she will be more likely to
select the same first-level choice on the next trial. However, as the
transition type is rare, it is probabilistically more plausible to view the
second-level pair that includes the previously rewarded fractal stimulus.
Thus, in the same scenario, a model-based learner is more likely to
change its first-level choice to increase the likelihood of landing the same
second-level that has the previously rewarded stimulus.
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Figure 5
Stay probabilities of a purely model-free learner (left) and a model-based
learner (right)

Stay probability. To visually assess the interaction between
reward and transition and its impact on the first-level choice, stay
probability on the current trial based on the reward and transition type
on the previous trial was calculated separately for each of all possible
reward and transition combinations. Also, the same four stay
probabilities were calculated for both reward and punishment domains
and compared. Figure 5 illustrates example patterns of stay probabilities
of a model-free and a model-based learner. If a participant only uses
completely model-free control, there will be no interaction effect between
reward and transition on the stay probability, whereas if one is a
complete model-based learner, a clear interaction effect will be inspected.
Previous literature has suggested that humans exhibit both model-free
and model-based strategies, which support a hybrid theory of
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decision-making (Daw et al., 2011; Gläscher et al., 2010). The hybrid
theory specifies the human decision-making process that humans make
choices based on the weighted combination of the action values that are
driven by both controllers. In this study, stay probabilities were first
calculated for both conditions, assessed whether they aligned with the
hybrid theory, and visually inspected to check if there were any
significant differences between conditions.

Mixed-effect logistic regression. To quantify model-based
learning, mixed-effects logistic regression analyses were conducted using
the lme4 package in R. The logistic regression models were constructed
to predict the first-level choice with the predictors including binary
variables of whether reward was received and whether transition type
was common or rare on the previous trial. The dependent variable, the
first-level choice, was coded as 1 if a participant made the same
first-level choice as the one in the previous trial, while 0 if switched. For
the predictors, the rewarded (or not-punished) and common trials were
coded as 1, while the non-rewarded (or punished) and rare trials as -1.
Using the models, I examined the main effect of reward and interaction
effect of reward and transition on the first-level choice. The main effect
of reward indicated the stay propensity on the first-level was
significantly governed by previous reward history or model-free learning.
The interaction effect between reward and transition showed that the
choice behavior was significantly controlled by model-based learning. To
more accurately capture individual differences, the logistic regression
models included within-subject factors as random effects, including the
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intercept, main effects of reward and transition, their interaction,
condition, and order. Condition was coded as 1 for reward condition and
as -1 for punishment condition, and order was coded as 1 if a participant
was semi-randomly assigned to perform reward condition first, 0 if
otherwise. The basic logistic regression model was tested while
controlling for age (z-scored), order, and sex as fixed effects. The
following is the model syntax specified in R:

Stay ~ Reward ∗ Transition ∗ Condition ∗ (Age + Order + Sex) + (
Reward ∗ Transition ∗ Condition + Order + 1 | Subject)

I conducted additional tests including the state and trait anxiety and
worry survey scores (all z-scored) in separate models:

Stay ~ Reward ∗ Transition ∗ Condition ∗ (Survey measure + Age +
Order + Sex) + (Reward ∗ Transition ∗ Condition + Order + 1 |
Subject)

Computational modeling

Reinforcement learning models. Three reinforcement
learning models were fitted to the data from the reward and punishment
conditions separately. The models are nested to each other, and the
standard model, which consists of 7 parameters, was adopted from Daw
et al., 2011. The model assumes that people make decisions using the
weighted combination of the model-free and model-based systems. Given
that there are two stages in the task, stimuli presented in each stage are
updated distinctly as selection in each stage is followed by different
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types of outcome. A first-stage choice leads to a stimulus pair in the
second stage, whereas a second-stage choice to a monetary outcome.
Since monetary outcomes are presented after the second-stage choices,
each of the four second-stage stimuli is updated based on the actual
outcomes a participant observes across trials. This action value update
in the second stage follows the model-free algorithm, SARSA(λ)
temporal difference learning (Rummery & Niranjan, 1994). For each
trial t, the action value V of each stimulus i (i ∈ [1, 2, 3, 4] in the
second stage) is updated following the equation below:

V is2(t+1) = V is2(t) + α2(r(t) - V is2(t))

where V is2(t) is the action value of the chosen second-stage stimulus i,
r(t) represents actual reward (or punishment) presented on trial t. α2 is
second-stage learning rate that determines how much of the difference
between the actual reward and action value is taken into account when
updating the stimulus in the next trial, t+1. This reward prediction
error is then added to the action value at the trial t to calculate the
action value in the next trial.

The first-stage stimulus pair, however, is updated according to
both model-free and model-based algorithms based on the hybrid model
(Gläscher et al., 2010). The weighted sum of the action values distinctly
calculated by the model-based and model-free algorithms is determined
by a model-based weight parameter ω. The estimated ω close to 1 means
that a participant acts like a pure model-based learner who updates his
or her first-stage action value based mostly on the model-based
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algorithm. The model-free update of the first-stage action value follows
the same SARSA algorithm like in the second stage. However, here the
action value is updated by reward prediction error, the difference
between the action value of the chosen second-stage stimulus and that of
the first-stage stimulus. Also, the model assumes that there is a
stage-skipping update that a certain portion of the difference between
the outcome received in the second stage and the action value of the
first-stage choice is added to the first-stage action value. This
stage-skipping update is determined by both the first-stage learning rate
parameter α1 and eligibility trace parameter λ. The formal equation for
the SARSA update in the first stage is the following (i ∈ [1, 2] in the
first stage):

V iMF
s1 (t+1) = V iMF

s1 (t) + α1(V chosens2(t) - V iMF
s1 (t)) + λα1(r(t) -

V iMF
s1 (t))

One of the crucial characteristics of the model-based algorithm
that it takes transition probabilities into account. Thus, the action value
of each of the first-stage stimuli reflects not only the action values of
each of the second-stage stimuli but also the transition probabilities.
Thus, each of the maximum action values in each second-stage pair is
weighted by the corresponding transition probability and then summed
to calculate the model-based action value of the first-stage stimulus:

V 1MB
s1 = 0.7 * max(V 1MF

s2 , V 2MF
s2 ) + 0.3 * max(V 3MF

s2 , V 4MF
s2 )

V 2MB
s1 = 0.3 * max(V 1MF

s2 , V 2MF
s2 ) + 0.7 * max(V 3MF

s2 , V 4MF
s2 )
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The weighted sum of V 1MB
s1 and V 1MF

s1 becomes the final action
value of each stimulus in the first stage:

V iHybrid
s1 = ω * V iMB

s1 + (1-ω) * V iMF
s1

where ω represents model-based weight parameter.
Based on the softmax function, the probability of selecting one

stimulus (i.e. stimulus 1) in each stage is then calculated:

Ps1(1) = 1 / (1 + exp(-β1(V 1Hybrid
s1 - V 2Hybrid

s1 ) - π(C (t)-C (t-1))))

Ps2(1) = 1 / (1 + exp(-β2(V 1MF
s2 - V 2MF

s2 )))

where perseverance parameter π reflects the tendency of repeating the
first-stage choice in the previous trial (i.e., C (t-1)), and inverse
temperature parameters β1 and β2 determine the randomness of choices
in the first and second stage, respectively. This model has 7 parameters
in total, which together form the standard model (7-par). I also modified
the model by taking the eligibility parameter λ out, leading to 6
parameters (6-par). Lastly, I added the model with one learning rate and
one inverse temperature parameter, resulting in 4 parameters (4-par).

Hierarchical Bayesian analysis. Model parameters were
estimated with hierarchical Bayesian analysis (HBA). The parameter
estimation using HBA is based on Bayesian inference, which is to
re-distribute probabilities across candidate parameter values after
observing the data (Kruschke, 2014). In Bayesian inference, parameter
values are assigned with initial probabilities that reflect prior knowledge
or beliefs. Using Bayes’b `mH2- i?2 T`BQ`b �`2 mT/�i2/ BMiQ TQbi2`BQ`
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/Bbi`B#miBQMb i?�i b?Qr i?2 KQbi T`Q#�#H2 T�`�K2i2` p�Hm2b 7Q` 2�+?
BM/BpB/m�H ;Bp2M i?2 /�i�X "�v2bB�M �M�HvbBb ?�b #22M bm;;2bi2/ �b �M
�Hi2`M�iBp2 Q7 K�tBKmK HBF2HB?QQ/ 2biBK�iBQM UJG1V- � i`�/BiBQM�H
T�`�K2i2` 2biBK�iBQM K2i?Q/X PM2 Q7 i?2B` +H2�` /BbiBM+iBQMb Bb i?�i
JG1 ;Bp2b TQBMi 2biBK�i2b i?�i K�tBKBx2 i?2 HBF2HB?QQ/ Q7 /�i�- r?2`2�b
>"� T`QpB/2b 7mHH T`Q#�#BHBiv /Bbi`B#miBQMb Q7 i?2 T�`�K2i2` 2biBK�i2bX
AM +QKT�`BbQM iQ JG1- >"� +QMi�BMb � KQ`2 +QKT`2?2MbBp2
BM7Q`K�iBQM �#Qmi +�M/B/�i2 T�`�K2i2` p�Hm2b �M/ Bb #2ii2` �i `2~2+iBM;
i?2 `�M/QKM2bb Q7 /�i�- 2biBK�iBQM T`Q+2bb- �M/ T�`�K2i2` 2biBK�i2bX

>2`2- A �HbQ �TTHB2/ ?B2`�`+?B+�H KQ/2HBM; iQ 2�+? `2BM7Q`+2K2Mi
H2�`MBM; KQ/2HX >B2`�`+?B+�H 2biBK�iBQM �//b � ?vT2`@+QMbi`�BMiUbV QM
BM/BpB/m�H@H2p2H T�`�K2i2`b iQ i�F2 #Qi? BM/BpB/m�H /Bz2`2M+2 �M/
bBKBH�`Biv BMiQ �++QmMi bBKmHi�M2QmbHvX AM Qi?2` rQ`/b- i?2 BM/BpB/m�H
T�`�K2i2`b �`2 2biBK�i2/ BM/2T2M/2MiHv HBF2 BM � MQM@?B2`�`+?B+�H
�M�HvbBb- #mi i?2v �`2 +QMbi`�BM2/ #v i?2 ?vT2`@ Q` ;`QmT@H2p2H
T�`�K2i2`b UG2r�M/QrbFv � 6�``2HH- kyRRVX h?Bb K2i?Q/ Bb FMQrM iQ
T`QpB/2 KQ`2 `2HB�#H2 �M/ bi�#H2 2biBK�i2b 2bT2+B�HHv r?2M i?2 MmK#2` Q7
/�i� Q` i?2 �KQmMi Q7 BM7Q`K�iBQM U2X;X- MmK#2` Q7 i`B�HbV 7Q` 2biBK�iBQM
Bb BMbm{+B2Mi UqX@uX �?M 2i �HX- kyRdVX

>"� r�b +QM/m+i2/ mbBM; i?2 hBayesDM T�+F�;2 BM _
UqX@uX �?M 2i �HX- kyRdVX h?2 T�+F�;2 mb2b �M QT2M@bQm`+2 TH�i7Q`K 7Q`
bi�iBbiB+�H KQ/2HBM; +�HH2/ ai�M rBi? � >�KBHiQMB�M JQMi2 *�`HQ b�KTH2`
U*�`T2Mi2` 2i �HX- kyRdVX AM i?Bb bim/v- i?`22 `2BM7Q`+2K2Mi H2�`MBM;
KQ/2Hb i?�i r2`2 �H`2�/v BKTH2K2Mi2/ BM i?2 hBayesDM T�+F�;2 r2`2
}ii2/ iQ i?2 /�i� +QHH2+i2/ 7`QK 2�+? +QM/BiBQMX �HH T�`�K2i2`
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2biBK�iBQM T`Q+2/m`2b r2`2 T`2+2/2/ rBi? 9 BM/2T2M/2Mi J�`FQp +?�BM
JQMi2 *�`HQ UJ*J*V +?�BMb rBi? Ry-yyy Bi2`�iBQMb �7i2` k-8yy r�`K@mT
b�KTH2bX h?2 :2HK�M@_m#BM _@?�i ai�iBbiB+b +�H+mH�i2/ #v i?2 T�+F�;2
r�b mb2/ iQ +?2+F i?2 +QMp2`;2M+2 Q7 i?2 J*J* +?�BMb U:2HK�M �
_m#BM- RNNkVX h?2 _@?�i p�Hm2 +HQb2 iQ R BM/B+�i2/ bm++2bb7mH
+QMp2`;2M+2X

Model comparison. JQ/2H T2`7Q`K�M+2 r�b +QKT�`2/ #�b2/
QM G2�p2@PM2@Pmi AM7Q`K�iBQM *`Bi2`BQM UGPPA*VX GPPA* p�Hm2b 7Q`
2�+? KQ/2H r2`2 +�H+mH�i2/ mbBM; i?2 loo T�+F�;2 BM _X h?2 HQr2`
GPPA* p�Hm2 BM/B+�i2b i?2 #2ii2` KQ/2H T2`7Q`K�M+2 bBM+2 Bi Bb �
T`Q/m+i Q7 i?2 2tT2+i2/ HQ; T`2/B+iBp2 /Bbi`B#miBQM U2HT/V iBK2b �
M2;�iBp2 BMi2;2` UBX2X- kVX h?2 2HT/ Bb � miBHBiv 7mM+iBQM iQ K2�bm`2 i?2
T`2/B+iBp2 �++m`�+v Q7 i?2 KQ/2H #v i�FBM; i?2 TQbi2`BQ` /Bbi`B#miBQM �M/
HBF2HB?QQ/ BMiQ �++QmMiX GPPA* ?�b �/p�Mi�;2b Qp2` Qi?2` bBKTH2` KQ/2H
+QKT�`BbQM K2�bm`2b HBF2 �F�BF2 AM7Q`K�iBQM *`Bi2`BQM Q` "�v2bB�M
AM7Q`K�iBQM *`Bi2`BQM Uo2?i�`B 2i �HX- kyRdVX h?2 }iiBM; T2`7Q`K�M+2 Q7
i?`22 `2BM7Q`+2K2Mi H2�`MBM; KQ/2Hb mb2/ BM i?Bb bim/v r2`2 +QKT�`2/
rBi? i?2 GPPA* p�Hm2b T`QpB/2/ #v i?2 printfit 7mM+iBQM BM i?2
hBayesDM T�+F�;2X

Main analyses

Correlational analysis. hQ �bb2bb bBKTH2 +Q``2H�iBQMb #2ir22M
�MtB2iv b+Q`2b �M/ T�`�K2i2` p�Hm2b- i?2 S2�`bQM +Q``2H�iBQM +Q2{+B2Mib
U_V r2`2 +�H+mH�i2/X h?2 bB;MB}+�M+2 Q7 2�+? +Q``2H�iBQM +Q2{+B2Mi r�b
/2i2`KBM2/ #v 2p�Hm�iBM; Bib T@p�Hm2X
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Multiple linear regression analysis. AM �//BiBQM iQ bBKTH2
HBM2�` +Q``2H�iBQM �M�Hvb2b- KmHiBTH2 HBM2�` `2;`2bbBQM KQ/2Hb r2`2 mb2/
iQ i2bi B7 i?2 T�`�K2i2` p�Hm2b r2`2 �bbQ+B�i2/ rBi? �MtB2iv b+Q`2b r?2M
�;2- ;2M/2`- �M/ Qi?2` Tbv+?B�i`B+ bvKTiQK b+Q`2b r2`2 +QMi`QHH2/X h?2
K�BM /2T2M/2Mi p�`B�#H2b r2`2 KQ/2H@#�b2/ r2B;?ib �M/ b2+QM/@bi�;2
H2�`MBM; `�i2b 2biBK�i2/ b2T�`�i2Hv 7Q` 2�+? /QK�BMX ai�i2 �M/ i`�Bi
�MtB2iv �M/ rQ``v b+Q`2b r2`2 BM/BpB/m�HHv BM+Hm/2/ BM i?2 KQ/2HbX h?2
KQ/2H T2`7Q`K�M+2 r�b 2t�KBM2/ #�b2/ QM Bib 6@bi�iBbiB+b- �/Dmbi2/
`@b[m�`2/- �M/ T@p�Hm2 7Q` 2�+? 2biBK�i2/ #2i� +Q2{+B2MiX

Moderation effect analysis. 6Q` 2tTHQ`�iQ`v �M�Hvb2b-
`2;`2bbBQM KQ/2Hb rBi? BMi2`�+iBQM i2`Kb r2`2 i2bi2/ iQ 2t�KBM2 �
TQi2MiB�H KQ/2`�iBQM 2z2+i Q7 +Q;MBiBp2 2KQiBQM `2;mH�iBQM bi`�i2;B2b QM
i?2 �MtB2iv �M/ KQ/2H@#�b2/ H2�`MBM; `2H�iBQMb?BTX AM/2T2M/2Mi p�`B�#H2b
r2`2 bi�i2 �MtB2iv- i`�Bi �MtB2iv �M/ rQ``v b+Q`2b- �M/ i?2 KQ/2`�iQ`
r�b 2�+? Q7 i?2 2KQiBQM `2;mH�iBQM bi`�i2;v bm#@b+Q`2X h?2 /2T2M/2Mi
p�`B�#H2b r2`2 KQ/2H@#�b2/ H2�`MBM; r2B;?i T�`�K2i2` p�Hm2b 2biBK�i2/
7`QK i?2 `2r�`/ �M/ TmMBb?K2Mi +QM/BiBQMbX AM/2T2M/2Mi �M�Hvb2b 7Q`
2�+? /QK�BM r2`2 T2`7Q`K2/ mbBM; i?2 b�K2 b2i Q7 T`2/B+iQ`bX
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Results

Demographic information

Eighty six participants who passed the pre-screening survey and
performed a multi-stage decision-making task (see Methods for exclusion
criteria) were included in the analyses. They filled out 9 self-report
surveys and performed the cognitive task under the reward and
punishment conditions in a psychology laboratory located in Seoul
National University (see Table 2 for the full demographic information).

Survey measures

Nine self-report surveys were used in the study (Table 2). To
comprehensively examine the impact of anxiety on decision-making and
learning, anxiety was divided into three components: state anxiety, trait
anxiety, and worry. In the analyses, I tried to rule out any potential
impacts from other mood factors, mainly depression. Depression score
was included in the regression analyses as one of the confounding
variables. Depression was measured with two different surveys (i.e.,
BDI-2 and PHQ-9). Given the high co-morbidity between depression
and anxiety, self-reported depression scores were highly correlated with
anxiety scores in previous studies. Thus, in this study, the correlation
coefficients between anxiety level and each of the two depression score
were compared. The depression score that had lower correlation
coefficients with anxiety level was included in the analyses to prevent
multicollinearity. In Figure 6, the Pearson correlation coefficients for all
pairs of the surveys are reported. The correlation coefficients between
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Table 2
Demographics and survey measures

Total (N = 86)

Measures† Mean SD
Age 23.31 3.77
Education 15.19 2.04
BDI 10.69 8.55
BIS 62.58 9.24
LSAS 23.41 13.39
PHQ 5.06 4.57
PSWQ 46.22 11.72
STAI-S 41.60 11.08
STAI-T 41.81 10.73
Y-BOCS-SC 6.92 6.72
CERQ - -

Acceptance 1.32 0.26
Catastrophizing 0.93 0.40
Other-blame 1.06 0.34
Positive reappraisal 1.70 0.35
Positive refocusing 1.34 0.45
Putting into perspective 1.52 0.36
Refocus on planning 1.82 0.31
Rumination 1.39 0.40
Self-blame 1.39 0.35

† Education = years of education; BDI = Beck Depression Inventory-2;
BIS = Barratt Impulsiveness Scale-11; LSAS = Liebowitz Social
Anxiety Scale; PHQ = Patient Health Questionnaire-9; PSWQ = Penn
State Worry Questionnaire; STAI-S = State Trait Anxiety Inventory-Y
State; STAI-T = State Trait Anxiety Inventory-Y Trait; Y-BOCS-SC =
Yale-Brown Obsessive-Compulsive Scale-Symptom Checklist; CERQ =
Cognitive Emotion Regulation.

45



Figure 6
Pearson correlation coefficients (R) among the self-reported survey
scores

PHQ-9 and all of the anxiety measures (r = .6, .7, and .4, respectively)
were smaller than those between BDI-2 and anxiety measures (r = .7,
.8, and .5, respectively). All of the correction coefficients were
statistically significant (p < .001). Individual PHQ-9 score was used as a
covariate to adjust for individual depression level. See Appendix A for
the histogram of each of the survey scores.
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Figure 7
Stay probabilities in the reward condition (left) and punishment
condition (right)

Behavioral analyses

Stay probability

Stay probability was calculated for each of the four combinations
of outcome and transition type in the previous trial, separately for each
domain. In both reward and punishment conditions, participants
performed the task using both model-based and model-free control as
shown in Figure 7. These patterns of stay probabilities are consistent
with the hybrid theory of decision-making, in which participants base
their learning on the weighted combination of the model-based and
model-free systems.

Despite this similarity in the overall stay probability patterns,
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Figure 8
Comparison on the difference in stay probability after receiving rewards
and after receiving non-rewards between the reward and punishment
conditions

there was a significant difference in staying after receiving positive
outcomes (i.e., a coin gain and or no loss in the reward and punishment
condition, respectively) minus staying after receiving negative outcomes
(i.e., no gain or a coin loss in the reward and punishment condition,
respectively) between the two domains. In a two-tailed t-test for paired
samples, the difference in the stay probability (rewards minus
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Table 3
Results from mixed-effect logistic regression testing the association
between stay probability and condition

Predictors β (SE) p
(Intercept) 0.676 (0.019) <.001
Reward 0.033 (0.006) <.001
Transition -0.005 (0.005) .302
Condition -0.006 (0.008) .447
Reward * Transition 0.024 (0.006) <.001
Reward * Condition 0.010 (0.005) .063
Transition * Condition -0.002 (0.005) .640
Reward * Transition * Condition 0.004 (0.005) .469

non-rewards) was significantly higher in reward than punishment (T (85)
= 2.22, p < .05; Figure 8). The reward-dependent discrepancy in stay
choices became larger when participants were experiencing coin gains
than coin losses. This difference could be attributed to either higher
sensitivity to rewards than punishments or more exhibition of
model-based control in the punishment than reward condition. To test
which factor contributed to this difference, mixed-effect logistic
regression analyses were conducted.

Mixed-effect logistic regression

Mixed-effect logistic regression analysis was conducted to test if
there were a significant difference in model-free and model-based
learning between the two domains (Table 3). After controlling for age,
order, and sex, a significant main effect of reward on first-level choices
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Table 4
Results from mixed-effect logistic regression testing the association
among stay probability, state anxiety and condition

Predictors β (SE) p
(Intercept) 0.679 (0.019) <.001
Reward 0.032 (0.006) <.001
Transition -0.005 (0.005) .339
Condition 0.006 (0.008) .443
STAI-S -0.012 (0.013) .394
Reward * Transition 0.025 (0.006) <.001
Reward * Condition -0.010 (0.005) .061
Transition * Condition -0.003 (0.005) .537
Reward * STAI-S 0.006 (0.004) .151
Transition * STAI-S -0.003 (0.004) .477
Condition * STAI-S -0.000 (0.006) .966
Reward * Transition * Condition 0.004 (0.005) .398
Reward * Transition * STAI-S -0.006 (0.005) .222
Reward * Condition * STAI-S -0.002 (0.004) .661
Transition * Condition * STAI-S 0.004 (0.003) .237
Reward * Transition * Condition * STAI-S -0.004 (0.004) .275

was found, meaning participants repeated their first-level choices more
often when the previous trials were rewarded or not punished (β = 0.03,
SE = 0.006, p < .001). The main effect of reward indicated that the
participants exhibited model-free control during the task. There was also
a significant reward * transition interaction effect on stay probability (β
= 0.03, SE = 0.006, p < .001). The participants repeated their first-level
choices more often when the previous trials were rewarded with common
transition, indicating their usage of model-based control. The result also
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Table 5
Results from mixed-effect logistic regression testing the association
among stay probability, trait anxiety and condition

Predictors β (SE) p
(Intercept) 0.680 (0.019) <.001
Reward 0.032 (0.006) <.001
Transition -0.005 (0.005) .441
Condition 0.006 (0.008) .608
STAI-T -0.022 (0.013) .107
Reward * Transition 0.025 (0.006) <.001
Reward * Condition 0.010 (0.005) .058
Transition * Condition -0.003 (0.005) .504
Reward * STAI-T 0.004 (0.004) .376
Transition * STAI-T 0.001 (0.004) .707
Condition * STAI-T 0.001 (0.006) .835
Reward * Transition * Condition 0.003 (0.005) .479
Reward * Transition * STAI-T -0.007 (0.005) .154
Reward * Condition * STAI-T -0.002 (0.004) .666
Transition * Condition * STAI-T 0.004 (0.003) .219
Reward * Transition * Condition * STAI-T 0.000 (0.004) .892

revealed a marginally significant reward * condition interaction effect (β
= 0.01, SE = 0.008, p < .10), but there was no significant three-way
interaction effect (reward * transition * condition). This result
supported that the participants tended to show higher reward sensitivity
in the reward than punishment condition.

Additional mixed-effect logistic regression analyses were
performed to investigate whether anxiety scores would contribute to any
significant differences in either model-free or model-based learning
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Table 6
Results from mixed-effect logistic regression testing the association
among stay probability, worry and condition

Predictors β (SE) p
(Intercept) 0.678 (0.019) <.001
Reward 0.032 (0.006) <.001
Transition -0.005 (0.005) .331
Condition 0.006 (0.008) .435
PSWQ -0.008 (0.014) 0.552
Reward * Transition 0.024 (0.006) <.001
Reward * Condition 0.009 (0.005) .079
Transition * Condition -0.002 (0.005) .649
Reward * PSWQ 0.005 (0.004) .225
Transition * PSWQ -0.002 (0.004) .593
Condition * PSWQ -0.002 (0.006) .706
Reward * Transition * Condition 0.004 (0.005) .442
Reward * Transition * PSWQ -0.004 (0.005) .407
Reward * Condition * PSWQ 0.003 (0.004) .432
Transition * Condition * PSWQ -0.000 (0.003) .949
Reward * Transition * Condition * PSWQ -0.002 (0.004) .668

between the reward and punishment domains. State anxiety, trait
anxiety, and worry were separately included in the mixed-effect logistic
regression models with the same predictors (i.e., reward, transition, and
their interaction term) and covariates (i.e., age, order, and sex). In all of
the three analyses, there was a significant main effect of reward and
interaction effect of reward * transition on first-level choices (Table 4 for
state anxiety; Table 5 for trait anxiety; Table 6 for worry). A marginally
significant reward * condition interaction effect was also found in all of
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Table 7
Results from mixed-effect logistic regression testing the association
between stay probability and obsession and compulsion in the reward
condition

Predictors β (SE) p
(Intercept) 0.682 (0.018) <.001
Reward 0.042 (0.008) <.001
Transition -0.008 (0.006) .240
Y-BOCS-SC -0.022 (0.013) .097
Reward * Transition 0.027 (0.008) .001
Reward * Y-BOCS-SC 0.004 (0.006) .522
Transition * Y-BOCS-SC 0.001 (0.005) .879
Reward * Transition * Y-BOCS-SC -0.013 (0.006) .029

the three analyses. However, there were no interaction effects between
each of the survey scores and other predictors on stay probability.

In previous literature, it has been consistently reported that
compulsivity is associated with model-based deficits in the reward
condition (Gillan et al., 2016; Voon, Baek, et al., 2015). To test whether
this finding could be replicated, I ran a supplementary mixed-effect
logistic regression analysis with obsession and compulsion (OC) score
and stay probability in the reward condition (Table 7). There was a
significant main effect of reward (β = 0.042, SE = 0.008, p < .001) and
interaction effect of reward * transition (β = 0.027, SE = 0.008, p =
.001). Also, a significant three way interaction effect of reward *
transition * OC score was found (β = -0.013, SE = 0.006, p < .05). One
standard deviation increase in OC score was associated with a significant
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Table 8
Model comparison results: LOOIC

Domain Modela LOOICb

Reward 7-par 27,792.35
6-par 27,788.55
4-par 28,133.06

Punishment 7-par 28,048.23
6-par 28,048.74
4-par 28,235.52

a 7-par = 7-parameter; 6-par = 6-parameter; 4-par = 4-parameter.
b LOOIC = Leave-One-Out Information Criterion.

decrease in the interaction effect of reward * transition on stay
probability, meaning this study successfully replicated the previous
finding.

Computational modeling results

Model comparison

Three reinforcement learning models were fitted to the data from
the reward and punishment conditions separately. The best model for
each condition was determined based on the LOOIC value (Table 8). In
the reward domain, 6-par was the winning model with the lowest
LOOIC value. In the punishment domain, 6-par and 7-par showed
nearly identical performance. Since 6-par and 7-par were nested, I
performed post-hoc correlational analyses to check whether the
individual-level model parameter values from the two models were
significantly different. All of the mean estimates of the 6 overlapping
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Figure 9
Correlation plots between individual-level parameter estimates from the
6-parameter (6-par) and 7-parameter (7-par) models

parameters showed significant correlations with the coefficient values
close or equal to 1 (Figure 9). Given this similarity in the parameter
values from the two models, the posterior mean estimates from 6-par
were used in the further analyses for the punishment domain to match
the winning models between the two conditions.

Note that all of the three models were identical to the ones
developed by Daw and his colleagues in 2011 (Daw et al., 2011) and
validated by previous literature (e.g., Gillan et al., 2016; Otto et al.,
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Table 9
Group-level mean (standard deviation) parameter estimates on the
winning model (6-par) for both reward and punishment conditions

Model parameters† Reward Punishment Between-condition HDI
6-par:

α1 0.13 (0.03) 0.10 (0.03) -0.05 0.12
β1 5.24 (0.53) 4.25 (0.52) -0.46 2.46
α2 0.17 (0.02) 0.25 (0.03) -0.15 -0.01
β2 4.41 (0.25) 3.47 (0.26) 0.25 1.67
π 0.50 (0.05) 0.45 (0.07) -0.13 0.21
ω 0.50 (0.05) 0.46 (0.05) -0.10 0.18

† α1 = first-stage learning rate; β1 = first-stage inverse temperature; α2 =
second-stage learning rate; β2 = second-stage inverse temperature; π=
perseverance; ω = model-based weight.

2013; Wunderlich et al., 2012). Thus, model validation using parameter
recovery and posterior predictive check was skipped in this study.

Parameter estimates

The summary of group-level parameter estimates is provided in
Table 9. The values under the reward and punishment columns represent
the mean posterior estimates from the winning model (i.e., 6-par) fitted
to each domain. For each of the parameters, between-condition 95%
highest density interval (HDI) was also calculated. If HDI does not
overlap zero, I conclude there is a significant difference between the two
parameter estimates. All group-level parameters except second-stage
inverse temperature (β2) did not show significant differences between the
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Figure 10
Correlation plots between anxiety level and individual-level model-based
weight in the (A) reward condition and (B) punishment condition

two domains. The non-significant between-condition difference in
model-based weight (ω) was consistent with the mixed-effect logistic
regression analysis result that the model-based weight term (reward *
transition) was not significantly moderated by condition.
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Correlation analyses

Anxiety and model-based weight

Pearson correlation coefficients (r) were calculated to measure
the association between anxiety level and model-based weight parameter
ω (Figure 10). I mainly examined whether there would be a
condition-dependent difference in the correlation between model-based
weight and anxiety score. In the correlation analyses, the individual-level
mean posterior estimates were used to quantify each participant’b
KQ/2H@#�b2/ r2B;?iX �MtB2iv r�b K2�bm`2/ mbBM; b2H7@`2TQ`i2/ bi�i2
�MtB2iv- i`�Bi �MtB2iv �M/ rQ``v b+Q`2bX ai�i2 �MtB2iv r�b MQi �bbQ+B�i2/
rBi? KQ/2H@#�b2/ r2B;?i BM #Qi? `2r�`/ �M/ TmMBb?K2Mi +QM/BiBQMb U` 4
@XRy- T 4 Xjd BM `2r�`/c ` 4 @Xyd- T 4 X8R BM TmMBb?K2MiVX aBKBH�`Hv- i?2`2
r�b MQ bB;MB}+�Mi �bbQ+B�iBQM #2ir22M i`�Bi �MtB2iv �M/ KQ/2H@#�b2/
r2B;?i BM #Qi? +QM/BiBQMb U` 4 @XyR- T 4 XNj BM `2r�`/c ` 4 @Xyj- T 4 X3k
BM TmMBb?K2MiVX qQ``v r�b �HbQ MQi �bbQ+B�i2/ rBi? KQ/2H@#�b2/ r2B;?i
BM i?2 `2r�`/ +QM/BiBQM U` 4 @Xy9- T 4 XdyVX >Qr2p2`- i?2`2 r�b �
bB;MB}+�MiHv M2;�iBp2 +Q``2H�iBQM #2ir22M rQ``v H2p2H �M/ KQ/2H@#�b2/
r2B;?i BM i?2 TmMBb?K2Mi +QM/BiBQM U` 4 @Xk8- T I Xy8VX

A �HbQ +�H+mH�i2/ i?2 6�Hb2 .Bb+Qp2`v _�i2 U6._V �/Dmbi2/
T@p�Hm2b 7Q` 2�+? T�B` Q7 i?2 +Q``2H�iBQMb �b i?`22 +Q``2H�iBQM �M�Hvb2b
r2`2 T2`7Q`K2/ bBKmHi�M2QmbHv BM 2�+? /QK�BMX "�b2/ QM i?2
6._@�/Dmbi2/ T@p�Hm2b- bi�i2 �MtB2iv- i`�Bi �MtB2iv- �M/ rQ``v b+Q`2b
r2`2 biBHH MQi bB;MB}+�MiHv �bbQ+B�i2/ rBi? KQ/2H@#�b2/ r2B;?i BM i?2
`2r�`/ +QM/BiBQM �b 2tT2+i2/ U6._@+Q``2+i2/ T 4 XNj- XNj- �M/ X3j-
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`2bT2+iBp2HvVX AM i?2 TmMBb?K2Mi +QM/BiBQM- i?2`2 r2`2 MQ bB;MB}+�Mi
+Q``2H�iBQMb #2ir22M bi�i2 �M/ i`�Bi �MtB2iv �M/ KQ/2H@#�b2/ r2B;?i
U6._@+Q``2+i2/ T 4 Xde �M/ X3k- `2bT2+iBp2HvV- r?2`2�b rQ``v ?�/ �
K�`;BM�HHv bB;MB}+�Mi �bbQ+B�iBQM rBi? KQ/2H@#�b2/ r2B;?i BM i?2
TmMBb?K2Mi +QM/BiBQM U6._@+Q``2+i2/ T I XRyVX

�b � bmTTH2K2Mi�`v �M�HvbBb- i?2 S2�`bQM +Q``2H�iBQM +Q2{+B2Mi
#2ir22M 2�+? Q7 �HH bm`p2v b+Q`2b �M/ KQ/2H@#�b2/ r2B;?i r�b +�H+mH�i2/
U�TT2M/Bt "VX LQM2 Q7 i?2 `2K�BMBM; bm`p2v K2�bm`2b UBX2X /2T`2bbBQM-
BKTmHbBpBiv- Q#b2bbBQM �M/ +QKTmHbBQM- �M/ bQ+B�H �MtB2ivV b?Qr2/ �
bB;MB}+�Mi �bbQ+B�iBQM rBi? KQ/2H@#�b2/ r2B;?i BM #Qi? +QM/BiBQMbX

Anxiety and second-stage learning rate

h?2 +Q``2H�iBQM #2ir22M b2+QM/@bi�;2 H2�`MBM; `�i2 α2 �M/
�MtB2iv H2p2H r�b +�H+mH�i2/X a2+QM/@bi�;2 H2�`MBM; `�i2 [m�MiB}2b ?Qr
7�bi �M BM/BpB/m�H mT/�i2b i?2 b2+QM/@bi�;2 �+iBQM p�Hm2 �7i2` Q#b2`pBM;
�M Qmi+QK2X A BMp2biB;�i2/ r?2i?2` i?2 �bbQ+B�iBQM #2ir22M i?2 H2�`MBM;
`�i2 T�`�K2i2` �M/ �MtB2iv H2p2H rQmH/ #2 KQ/mH�i2/ #v +QM/BiBQMX AM
#Qi? +QM/BiBQMb- �HH Q7 i?2 i?`22 �MtB2iv b+Q`2b /B/ MQi b?Qr �Mv
bB;MB}+�Mi �bbQ+B�iBQMb rBi? b2+QM/@bi�;2 H2�`MBM; `�i2 U6B;m`2 RRVX �HbQ-
MQM2 Q7 i?2 `2K�BMBM; bm`p2v b+Q`2b r�b �bbQ+B�i2/ rBi? b2+QM/@bi�;2
H2�`MBM; `�i2 U�TT2M/Bt "VX
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Figure 11
Correlation plots between anxiety level and individual-level second-stage
learning rate in the (A) reward condition and (B) punishment condition

Multiple linear regression analyses

Independent variable I: model-based weight

JmHiBTH2 HBM2�` `2;`2bbBQM �M�Hvb2b r2`2 T2`7Q`K2/ iQ 2t�KBM2 B7
�MtB2iv r�b � bB;MB}+�Mi T`2/B+iQ` Q7 KQ/2H@#�b2/ r2B;?i �7i2` �/DmbiBM;
7Q` /2KQ;`�T?B+ BM7Q`K�iBQM UBX2X- �;2 �M/ b2tV- +QM/BiBQM Q`/2`- �M/
Qi?2` bm`p2v K2�bm`2bX J�BMHv- A i2bi2/ r?2i?2` rQ``v `2K�BM2/ �b �
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Figure 12
Main effect plots between anxiety level and individual-level model-based
weight in the (A) reward condition and (B) punishment condition

bB;MB}+�Mi T`2/B+iQ` Q7 KQ/2H@#�b2/ r2B;?i BM TmMBb?K2MiX h?2 KQ/2Hb
r2`2 i2bi2/ b2T�`�i2Hv 7Q` 2�+? +QM/BiBQMX

h?2 }`bi KmHiBTH2 HBM2�` `2;`2bbBQM KQ/2H UJQ/2H RV BM+Hm/2/ i?2
x@b+Q`2/ �;2 �M/ #BM�`v p�`B�#H2b Q7 b2t �M/ Q`/2` �b +Qp�`B�i2b �HQM;
rBi? i?2 K�BM T`2/B+iQ` Q7 BMi2`2bi- i?`22 �MtB2iv b+Q`2b �b � /2T2M/2Mi
p�`B�#H2 BM b2T�`�i2 KQ/2Hb U6B;m`2 RkVX h?2 `2bmHib r2`2 M2�`Hv B/2MiB+�H
iQ i?2 +Q``2H�iBQM �M�Hvb2bX ai�i2 �MtB2iv r�b MQi � bB;MB}+�Mi T`2/B+iQ`
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Table 10
Association between model-based weight in the reward condition and
worry after adjusting for confounding variables

Reward conditiona

Model 1 Model 2 Model 3 Model 4

Questionnaireb β(SE) p β(SE) p β(SE) p β(SE) p

Worry -0.002(0.012) .879 -0.003(0.013) .815 -0.003(0.013) .803 -0.004(0.013) .780
Obsession 0.003(0.013) .782 0.003(0.013) .847
Depression 0.004(0.013) .783 0.003(0.014) .848

Adjusted R2 -0.026 -0.038 -0.038 -0.050
F-statisticsc 0.466 0.384 0.384 0.322

a All models are controlled for age (z-scored), order, and sex.
b Worry = Penn State Worry Questionnaire; Obsession = Yale-Brown Obsessive-Compulsive
Score-Symptom Scale; Depression = Patient Health Questionnaire-9. All survey scores are z-scored.
c Notation for significance level: . (p < .1), ∗ (p < .05), ∗∗ (p < .01), ∗∗∗ (p < .001)

Q7 KQ/2H@#�b2/ r2B;?i BM 2Bi?2` /QK�BM Uβ 4 @ yXyyR- a1 4 yXyyR- T 4
X8R BM `2r�`/c β 4 @ yXyyR- a1 4 yXyyR- T 4 X83 BM TmMBb?K2MiVX h`�Bi
�MtB2iv �HbQ /B/ MQi bB;MB}+�MiHv T`2/B+i KQ/2H@#�b2/ r2B;?i BM #Qi?
`2r�`/ �M/ TmMBb?K2Mi +QM/BiBQMb Uβ 4 yXyyy- a1 4 yXyyR- T 4 X3R BM
`2r�`/c β 4 @yXyyy- a1 4 yXyyR- T 4 XN3 BM TmMBb?K2MiVX aBKBH�`Hv iQ
bi�i2 �M/ i`�Bi �MtB2iv K2�bm`2b- rQ``v r�b MQi � bB;MB}+�Mi T`2/B+iQ` Q7
KQ/2H@#�b2/ r2B;?i BM i?2 `2r�`/ +QM/BiBQM Uβ 4 @yXyyy- a1 4 yXyyR- T
4 X33- JQ/2H R BM h�#H2 RyVX >Qr2p2`- Bi bB;MB}+�MiHv T`2/B+i2/
KQ/2H@#�b2/ r2B;?i BM i?2 TmMBb?K2Mi +QM/BiBQM Uβ 4 @yXyyk- a1 4
yXyyR- T I Xy8- JQ/2H R BM h�#H2 RRVX 1p2M �7i2` +QMi`QHHBM; 7Q` �;2- Q`/2`
�M/ b2t- R bi�M/�`/ /2pB�iBQM BM+`2�b2 BM rQ``v b+Q`2 r�b �bbQ+B�i2/
rBi? � bB;MB}+�Mi /2+`2�b2 BM KQ/2H@#�b2/ r2B;?i #v yXyyk U6B;m`2 RjVX
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Table 11
Association between model-based weight in the punishment condition
and worry after adjusting for confounding variables

Punishment conditiona

Model 1 Model 2 Model 3 Model 4

Questionnaireb β(SE) p β(SE) p β(SE) p β(SE) p

Worry -0.025(0.012) .033 -0.029(0.012) .020 -0.025(0.013) .050 -0.029(0.013) .035
Obsession 0.012(0.012) .322 0.014(0.013) .300
Depression 0.000(0.013) .971 -0.004(0.013) .748

Adjusted R2 0.060 0.060 0.048 0.049
F-statisticsc 2.359. 2.086. 1.864 1.736

a All models are controlled for age (z-scored), order, and sex.
b Worry = Penn State Worry Questionnaire; Obsession = Yale-Brown Obsessive-Compulsive
Score-Symptom Scale; Depression = Patient Health Questionnaire-9. All survey scores are z-scored.
c Notation for significance level: . (p < .1), ∗ (p < .05), ∗∗ (p < .01), ∗∗∗ (p < .001)

A �HbQ BMp2biB;�i2/ r?2i?2` rQ``v `2K�BM2/ �b � bB;MB}+�Mi
T`2/B+iQ` r?2M �/DmbiBM; 7Q` Qi?2` bm`p2v K2�bm`2bX A bT2+B}+�HHv HQQF2/
BMiQ i?2 2z2+ib Q7 /2T`2bbBQM �M/ P* �M/ BM+Hm/2/ i?2K BM i?2 KQ/2Hb �b
+Qp�`B�i2b �HQM; rBi? �;2- Q`/2` �M/ b2tX h?Bb r�b #2+�mb2 i?2b2 irQ
+QMbi`m+ib r2`2 i?2 K�BM Tbv+?QHQ;B+�H p�`B�#H2b i?�i T`2pBQmb HBi2`�im`2
?�p2 7Q+mb2/ QM r?2M bim/vBM; BM/BpB/m�H /Bz2`2M+2b BM KQ/2H@#�b2/
+QMi`QH U2X;X- :BHH�M 2i �HX- kyReVX A T2`7Q`K2/ i?`22 �//BiBQM�H KmHiBTH2
HBM2�` `2;`2bbBQM �M�Hvb2b UJQ/2H k@9 BM h�#H2 Ry 7Q` `2r�`/c h�#H2 RR 7Q`
TmMBb?K2MiVX JQ/2H k 2t�KBM2/ i?2 �bbQ+B�iBQM #2ir22M rQ``v �M/
KQ/2H@#�b2/ r2B;?i r?BH2 �/DmbiBM; 7Q` P* H2p2HX JQ/2H j BM+Hm/2/
rQ``v �M/ /2T`2bbBQM H2p2H- �M/ JQ/2H 9 BM+Hm/2/ �HH i?`22 bm`p2v b+Q`2bX
AM �HH i?`22 KQ/2Hb- rQ``v /B/ MQi T`2/B+i KQ/2H@#�b2/ r2B;?i BM `2r�`/
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Figure 13
Beta distributions for the multiple regression analysis examining the
association between worry and individual-level model-based weight in the
punishment condition

Uβ 4 @yXyyj- a1 4 yXyRj- T 4 X3k BM JQ/2H kc β 4 @yXyyj- a1 4 yXyRj- T
4 X3y BM JQ/2H jc β 4 @yXyy9- a1 4 yXyRj- T 4 Xd3 BM JQ/2H 9VX

lMHBF2 BM i?2 `2r�`/ /QK�BM- rQ``v r�b � bB;MB}+�Mi T`2/B+iQ` Q7
KQ/2H@#�b2/ r2B;?i BM TmMBb?K2Mi BM �HH Q7 i?2 i?`22 KQ/2Hb Uβ 4 @yXykN-
a1 4 yXyRk- T I Xy8 BM JQ/2H kc β 4 @yXyk8- a1 4 yXyRj- T 4 Xy8 BM
JQ/2H jc β 4 @yXykN- a1 4 yXyRj- T I Xy8 BM JQ/2H 9VX q?2M P* �M/
/2T`2bbBQM H2p2Hb r2`2 i�F2M BMiQ �++QmMi- rQ``v biBHH ?�/ � bB;MB}+�MiHv
M2;�iBp2 �bbQ+B�iBQM rBi? KQ/2H@#�b2/ r2B;?i #mi QMHv BM i?2
TmMBb?K2Mi +QM/BiBQMX
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Figure 14
Main effect plots between anxiety level and individual-level second-stage
learning rate in the (A) reward condition and (B) punishment condition

Independent variable II: second-stage learning rate

aBKBH�` iQ i?2 �M�Hvb2b iQ T`2/B+i KQ/2H@#�b2/ r2B;?i ω- JQ/2H R
BM+Hm/2/ 2�+? �MtB2iv H2p2H �M/ +Qp�`B�i2b UBX2X �;2- Q`/2` �M/ b2tV iQ
T`2/B+i b2+QM/@bi�;2 H2�`MBM; `�i2 α2 2biBK�i2/ 7`QK 2�+? /QK�BM
b2T�`�i2Hv U6B;m`2 R9VX AM i?2 `2r�`/ +QM/BiBQM- �HH i?`22 �MtB2iv b+Q`2b
r2`2 MQi bB;MB}+�Mi T`2/B+iQ`b Q7 b2+QM/@bi�;2 H2�`MBM; `�i2 Uβ 4 yXyRd-
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Table 12
Association between second-stage learning rate in the reward condition
and state anxiety after adjusting for confounding variables

Reward conditiona

Model 1 Model 2 Model 3 Model 4

Questionnaireb β(SE) p β(SE) p β(SE) p β(SE) p

State anxiety 0.017(0.021) .417 0.040(0.022) .083 0.047(0.030) .112 0.058(0.030) .051
Obsession -0.052(0.022) .019 -0.048(0.022) .036
Depression -0.043(0.029) .151 -0.029(0.029) .321

Adjusted R2 0.045 0.100 0.058 0.100
F-statisticsc 1.999 2.842∗ 2.041. 2.534∗

a All models are controlled for age (z-scored), order, and sex.
b State anxiety = State-Trait Anxiety Inventory-Y State; Obsession = Yale-Brown Obsessive-Compulsive
Score-Symptom Scale; Depression = Patient Health Questionnaire-9. All survey scores are z-scored.
c Notation for significance level: . (p < .1), ∗ (p < .05), ∗∗ (p < .01), ∗∗∗ (p < .001)

a1 4 yXykR- T 4 X9k 7Q` bi�i2 �MtB2ivc β 4 yXyyy- a1 4 yXyyk- T 4 Xj9 7Q`
i`�Bi �MtB2ivc β 4 @yXyyy- a14 yXyyk- T 4 XNy 7Q` rQ``vVX aBKBH�`Hv BM i?2
TmMBb?K2Mi +QM/BiBQM- i`�Bi �MtB2iv �M/ rQ``v r2`2 MQi �bbQ+B�i2/ rBi?
b2+QM/@bi�;2 H2�`MBM; `�i2 Uβ 4 yXyyR- a1 4 yXyyk- T 4 X8j 7Q` i`�Bi
�MtB2ivc β 4 yXyyR- a1 4 yXyyk- T 4 X9y 7Q` rQ``vVX PMHv bi�i2 �MtB2iv
b?Qr2/ � K�`;BM�HHv bB;MB}+�Mi �bbQ+B�iBQM rBi? b2+QM/@bi�;2 H2�`MBM;
`�i2 BM TmMBb?K2Mi Uβ 4 yXyj8- a1 4 yXyky- T I XRyVX h?2`2 r�b �
i2M/2M+v i?�i R bi�M/�`/ /2pB�iBQM BM+`2�b2 BM bi�i2 �MtB2iv r�b
�bbQ+B�i2/ rBi? � bB;MB}+�Mi BM+`2�b2 BM b2+QM/@bi�;2 H2�`MBM; `�i2 BM
TmMBb?K2Mi #v yXyj8 �7i2` �;2- Q`/2` �M/ b2t r2`2 +QMi`QHH2/X

�b TQbi@?Q+ �M�Hvb2b- A i2bi2/ M2�`Hv B/2MiB+�H KQ/2Hb iQ T`2/B+i
b2+QM/@bi�;2 H2�`MBM; `�i2 2t+2Ti ?�pBM; bi�i2 �MtB2iv �b � K�BM
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Table 13
Association between second-stage learning rate in the punishment
condition and state anxiety after adjusting for confounding variables

Punishment conditiona

Model 1 Model 2 Model 3 Model 4

Questionnaireb β(SE) p β(SE) p β(SE) p β(SE) p

State anxiety 0.035(0.020) .082 0.043(0.022) .056 0.074(0.028) .009 0.076(0.028) .009
Obsession -0.017(0.022) .415 -0.009(0.022) .672
Depression -0.055(0.028) .051 -0.053(0.029) .070

Adjusted R2 0.029 0.025 0.063 0.049
F-statisticsc 1.641 1.441 2.143. 1.798

a All models are controlled for age (z-scored), order, and sex.
b State anxiety = State-Trait Anxiety Inventory-Y State; Obsession = Yale-Brown Obsessive-Compulsive
Score-Symptom Scale; Depression = Patient Health Questionnaire-9. All survey scores are z-scored.
c Notation for significance level: . (p < .1), ∗ (p < .05), ∗∗ (p < .01), ∗∗∗ (p < .001)

/2T2M/2Mi p�`B�#H2 UJQ/2H k@9 BM h�#H2 Rk 7Q` `2r�`/c JQ/2H k@9 BM
h�#H2 Rj 7Q` TmMBb?K2MiVX A K�BMHv BMp2biB;�i2/ i?2 �bbQ+B�iBQM #2ir22M
bi�i2 �MtB2iv �M/ b2+QM/@bi�;2 H2�`MBM; `�i2- ;Bp2M i?2 K�`;BM�HHv
bB;MB}+�Mi �bbQ+B�iBQM #2ir22M bi�i2 �MtB2iv �M/ b2+QM/@bi�;2 H2�`MBM;
`�i2 BM TmMBb?K2MiX AM JQ/2H k �M/ JQ/2H 9 r?2`2 bi�i2 �MtB2iv r�b
i2bi2/ rBi? P* b+Q`2 QMHv �M/ #Qi? P* �M/ /2T`2bbBQM- `2bT2+iBp2Hv-
bi�i2 �MtB2iv r�b K�`;BM�HHv �bbQ+B�i2/ rBi? b2+QM/@bi�;2 H2�`MBM; `�i2
BM `2r�`/ Uβ 4 yXy9y- a1 4 yXykk- T I XRy BM JQ/2H kc β 4 yXy83- a1 4
yXyjy- T I XRy BM JQ/2H 9VX >Qr2p2`- r?2M +QMi`QHHBM; 7Q` /2T`2bbBQM
QMHv BM JQ/2H j- bi�i2 �MtB2iv MQ HQM;2` ?�/ � K�`;BM�HHv bB;MB}+�Mi
�bbQ+B�iBQM rBi? b2+QM/@bi�;2 H2�`MBM; `�i2 BM `2r�`/ Uβ 4 yXy9d- a1 4
yXyjy- T 4 XRRVX
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Figure 15
Beta distributions for the multiple regression analysis examining the
association between state anxiety and individual-level second-stage
learning rate in the punishment condition

>2`2- P* b+Q`2 r�b �HbQ � bB;MB}+�MiHv TQbBiBp2 T`2/B+iQ` Q7
b2+QM/@bi�;2 H2�`MBM; `�i2 BM `2r�`/ Uβ 4 @yXy8k- a1 4 yXykk- T I Xy8 BM
JQ/2H kc β 4 @yXy93- a1 4 yXykk- T I Xy8 BM JQ/2H 9VX �b � TQbi@?Q+
�M�HvbBb- JQ/2H R rBi? P* b+Q`2 �b � bQH2 /2T2M/2Mi p�`B�#H2 r�b i2bi2/X
P* b+Q`2 r�b K�`;BM�HHv �bbQ+B�i2/ rBi? b2+QM/@bi�;2 H2�`MBM; `�i2 BM
`2r�`/ Uβ 4 @yXyjd- a1 4 yXyky- T I XRyVX

AM i?2 TmMBb?K2Mi +QM/BiBQM- bi�i2 �MtB2iv bB;MB}+�MiHv T`2/B+i2/
b2+QM/@bi�;2 H2�`MBM; `�i2 BM �HH KQ/2Hb Uh�#H2 RjVX :Bp2M i?2 ?B;?2bi
�/Dmbi2/ _@b[m�`2/ p�Hm2 Q7 JQ/2H j- 6B;m`2 R8 BHHmbi`�i2b i?2
/Bbi`B#miBQMb Q7 JQ/2H j #2i� +Q2{+B2Mib b2T�`�i2Hv 7Q` i?2 `2r�`/ �M/
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TmMBb?K2Mi +QM/BiBQMbX ai�i2 �MtB2iv r�b TQbbB#Hv �bbQ+B�i2/ rBi?
b2+QM/@bi�;2 H2�`MBM; `�i2 BM TmMBb?K2Mi #mi MQi BM `2r�`/X

Exploratory analysis: moderation effect

�b 2tTHQ`�iQ`v �M�Hvb2b- A i2bi2/ 7Q` � KQ/2`�iBQM 2z2+i iQ T`Q#2
r?B+? +Q;MBiBp2 +QMi2Mi KB;?i ?�p2 +QMi`B#mi2/ iQ i?2 M2;�iBp2
�bbQ+B�iBQM #2ir22M rQ``v �M/ KQ/2H@#�b2/ r2B;?i BM TmMBb?K2MiX A
mb2/ N bm#@b+Q`2b 7`QK i?2 *Q;MBiBp2 1KQiBQM _2;mH�iBQM ai`�i2;v
U*1_ZV bm`p2v- r?B+? �bb2bb2b #Qi? �/�TiBp2 �M/ MQM�/�TiBp2
2KQiBQM�H `2;mH�iBQM bi`�i2;B2b UBX2X- +�i�bi`QT?BxBM;- `mKBM�iBQM-
Qi?2`@#H�K2- b2H7@#H�K2- �++2Ti�M+2- `27Q+mb QM TH�MMBM;- TmiiBM; BMiQ
T2`bT2+iBp2- TQbBiBp2 `27Q+mb- �M/ TQbBiBp2 `2�TT`�Bb�HVX

6B`bi- A 2t�KBM2/ r?2i?2` i?2`2 r�b � bB;MB}+�Mi +Q``2H�iBQM
#2ir22M 2�+? bm#@b+Q`2 �M/ KQ/2H@#�b2/ r2B;?i BM TmMBb?K2Mi
U6B;m`2 ReVX PMHv `27Q+mb QM TH�MMBM; bm#@b+Q`2 r�b M2;�iBp2Hv
+Q``2H�i2/ rBi? KQ/2H@#�b2/ r2B;?i BM TmMBb?K2Mi U` 4 @Xk9- T I Xy8VX
�HH Qi?2` bm#@b+Q`2b /B/ MQi ?�p2 bB;MB}+�Mi +Q``2H�iBQMb rBi?
KQ/2H@#�b2/ r2B;?i- 2t+2Ti i?�i TQbBiBp2 `27Q+mb r�b K�`;BM�HHv
�bbQ+B�i2/ rBi? KQ/2H@#�b2/ r2B;?i BM TmMBb?K2Mi U` 4 @XR3- T I XRyVX

L2ti- A i2bi2/ B7 i?2`2 r�b � KQ/2`�iBQM 2z2+i Q7 `27Q+mb QM
TH�MMBM; QM i?2 rQ``v �M/ KQ/2H@#�b2/ r2B;?i `2H�iBQMb?BT U6B;m`2 RdVX
�M BMi2`�+iBQM i2`K UrQ``v  `27Q+mb QM TH�MMBM;V r�b BM+Hm/2/ BM i?2
KQ/2H �HQM; rBi? i?2 K�BM 2z2+i i2`Kb Q7 rQ``v �M/ `27Q+mb QM TH�MMBM;
r?BH2 +QMi`QHHBM; 7Q` �;2- Q`/2` �M/ b2tX h?2`2 r2`2 K�BM 2z2+ib Q7
rQ``v Uβ 4 @yXykN- a1 4 yXyRR- T I Xy8V �M/ `27Q+mb QM TH�MMBM; Uβ 4
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Figure 16
Correlation plots between for each Cognitive Emotion Regulation
Strategies sub-score and model-based weight in the punishment condition

@yXyjj- a1 4 yXyRR- T I XyRV QM KQ/2H@#�b2/ r2B;?i BM TmMBb?K2MiX
�HbQ- i?2 `2H�iBQMb?BT #2ir22M rQ``v �M/ KQ/2H@#�b2/ r2B;?i BM
TmMBb?K2Mi r�b bB;MB}+�MiHv KQ/2`�i2/ #v `27Q+mb QM TH�MMBM; b+Q`2 Uβ
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Figure 17
Interaction effect plot from the moderation effect analysis testing the
impact of the refocus on planning strategy on the association between
worry and model-based weight in the punishment condition

4 @yXyke- a1 4 yXyRj- T I Xy8VX PMHv BM i?2 ?B;? rQ``v ;`QmT-
T�`iB+BT�Mib rBi? ?B;?2` `27Q+mb QM TH�MMBM; b+Q`2b 2t?B#Bi2/
bB;MB}+�MiHv H2bb KQ/2H@#�b2/ +QMi`QHX h?Bb KQ/2`�iBQM 2z2+i r�b QMHv
bB;MB}+�Mi BM i?2 TmMBb?K2Mi +QM/BiBQMX
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Discussion

In this study, I mainly tested for four hypotheses: 1) anxiety
levels are not associated with model-based weight in the reward
condition, 2) people with higher anxiety scores show higher learning rate
in the punishment condition, 3) anxiety levels show significantly
negative correlations with model-based weight in the punishment
condition, and 4) certain cognitive emotion regulation strategies
moderate the association between anxiety levels and model-based weight
in punishment. Additionally, I investigated whether there were any
systematic differences in decision-making and choice behavior between
the reward and punishment condition by calculating and comparing
behavioral and computational modeling measures. I also conducted
analyses with other psychiatric symptom measures focusing on obsession
and compulsion (OC) scores in order to replicate the previous findings.

Using mixed-effect logistic regression analyses, I found there was
no significant interaction effect of anxiety scale on either reward or
reward * transition interaction in the reward condition. This result was
consistent with the correlation and multiple linear regression analyses
using the parameter estimates from computational modeling. None of
the anxiety measures had a significant association with model-based
weight in the reward condition. This null finding remained even after
age, sex, condition order, and other psychiatric symptom measures (i.e.,
OC and depression) were controlled. Overall, the results replicated the
previous findings that the anxiety construct was not significantly
associated with model-based weight in the reward domain (Gillan et al.,
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2020; Gillan et al., 2016).
My second replication analysis was focused on second-stage

learning rate, which measures how fast an individual updates its action
value based on the recent outcome history. A previous literature
examined that unmedicated mood and anxiety patients showed
significantly higher punishment learning rate than their control group,
meaning they updated their action values abbertanly faster when
experiencing aversive outcomes. However, their group-level mean reward
learning rate was not significantly different from the control group’b
U�vHr�`/ 2i �HX- kyRNVX "�b2/ QM i?Bb }M/BM;- A ?vTQi?2bBx2/ i?�i T2QTH2
rBi? ?B;?2` �MtB2iv H2p2Hb rQmH/ 2t?B#Bi bBKBH�` H2�`MBM; T�ii2`Mb #v
mT/�iBM; i?2B` �+iBQM p�Hm2b 7�bi2` BM i?2 b2+QM/@bi�;2 r?2`2 i?2v
Q#b2`p2/ KQM2i�`v Qmi+QK2bX A 2tT2+i2/ i?�i i?2 BM+`2�b2 BM
b2+QM/@bi�;2 H2�`MBM; `�i2 rQmH/ #2 bB;MB}+�Mi QMHv BM i?2 TmMBb?K2Mi
+QM/BiBQM BM r?B+? T�`iB+BT�Mib r2`2 2tT2`B2M+BM; b2[m2MiB�H KQM2i�`v
HQbb2bX

*QMbBbi2Mi rBi? Kv ?vTQi?2bBb- QM2 Q7 i?2 �MtB2iv H2p2Hb- bi�i2
�MtB2iv- b?Qr2/ � bB;MB}+�MiHv TQbBiBp2 �bbQ+B�iBQM rBi? b2+QM/@bi�;2
H2�`MBM; `�i2 QMHv BM i?2 TmMBb?K2Mi +QM/BiBQMX h?2 bB;MB}+�M+2 ;Qi
bB;MB}+�MiHv BKT`Qp2/ r?2M 2Bi?2` /2T`2bbBQM Q` #Qi? /2T`2bbBQM �M/ P*
b+�H2b r2`2 +QMi`QHH2/ BM i?2 KmHiBTH2 HBM2�` `2;`2bbBQM �M�Hvb2bX PM2 Q7
i?2 `2K�BMBM; [m2biBQMb- ?Qr2p2`- Bb i?�i i`�Bi �MtB2iv r�b MQi
bB;MB}+�MiHv �bbQ+B�i2/ rBi? b2+QM/@bi�;2 H2�`MBM; `�i2X :Bp2M i?2 ?B;?
+Q``2H�iBQM +Q2{+B2Mi p�Hm2 #2ir22M bi�i2 �M/ i`�Bi �MtB2iv U` 4 X3y- T I
XyyRV- i?Bb /Bb+`2T�M+v BM i?2 `2bmHib r�b `�i?2` mM2tT2+i2/X � TQbbB#H2
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2tTH�M�iBQM rQmH/ #2 i?�i i?2`2 KB;?i ?�p2 #22M �M BMi2`�+iBQM 2z2+i
#2ir22M bi�i2 �MtB2iv �M/ 2KQiBQM�H /Bbim`#�M+2 +�mb2/ #v 2tT2`B2M+BM;
KQM2i�`v HQbb2bX S2QTH2 r?Q r2`2 2tT2`B2M+BM; ?B;? bi�i2 �MtB2iv KB;?i
?�p2 #2+QK2 KQ`2 b2MbBiBp2 iQ M2;�iBp2 Qmi+QK2b /m`BM; i?2 TmMBb?K2Mi
+QM/BiBQM- H2�/BM; iQ 7�bi2` +?�M;2b BM i?2B` +?QB+2 #2?�pBQ` mTQM i?2
`2+2Mi M2;�iBp2 Qmi+QK2bX 6m`i?2` bim/B2b rQmH/ #2 M22/2/ iQ +QM+Hm/2
r?2i?2` bi�i2 �MtB2iv `�i?2` i?�M i`�Bi �MtB2iv TH�vb � KQ`2 bB;MB}+�Mi
`QH2 BM �Hi2`BM; H2�`MBM; `�i2X

PM2 Q7 i?2 K�BM }M/BM;b BM i?Bb bim/v Bb i?�i T2QTH2 rBi? � ?B;?2`
rQ``v b+Q`2 2t?B#Bi2/ H2bb KQ/2H@#�b2/ +QMi`QH BM TmMBb?K2MiX AM/BpB/m�H
rQ``v b+Q`2 r�b bB;MB}+�MiHv +Q``2H�i2/ rBi? KQ/2H@#�b2/ r2B;?i BM
TmMBb?K2Mi- �M/ i?2 `2H�iBQMb?BT `2K�BM2/ biBHH 2p2M �7i2` +QMi`QHHBM; 7Q`
�;2- b2t- Q`/2`- P* �M/ /2T`2bbBQMX h?Bb +QMbBbi2M+v bmTTQ`i2/ i?2
`Q#mbiM2bb Q7 i?2 `2bmHiX �++Q`/BM; iQ i?2 +Q;MBiBp2 KQ/2H Q7 T�i?QHQ;B+�H
rQ``v- irQ Q7 i?2 +Q;MBiBp2 +?�`�+i2`BbiB+b BM rQ``v �`2 �ii2MiBQM�H #B�b
iQr�`/b i?`2�i2MBM; BM7Q`K�iBQM �M/ Bib [m�bB@p2`#�H 7Q`K U>B`b+? �
J�i?2rb- kyRkVX qQ``v KB;?i ?�p2 H2/ ?B;?Hv rQ``vBM; T2QTH2 iQ 7Q+mb
KQ`2 QM i?2 M2;�iBp2 Qmi+QK2 i?�M i?2 i`�MbBiBQM ?BbiQ`v BM i?2 T`2pBQmb
?BbiQ`vX �HbQ- i?2 p2`#�H M�im`2 Q7 rQ``v KB;?i ?�p2 +�mb2/ � +QM~B+i
rBi? `2T`2b2MiBM; � +Q;MBiBp2 K�T 7Q` KQ/2H@#�b2/ TH�MMBM;X Ai ?�b #22M
`2p2�H2/ i?�i i?2 /Q`b�H ?BTTQ+�KTmb TH�vb �M 2bb2MiB�H `QH2 BM
KQ/2H@#�b2/ TH�MMBM; BM `Q/2Mib UJBHH2` 2i �HX- kyRdVX �b bm++2bb7mH
KQ/2H@#�b2/ TH�MMBM; BMpQHp2b � +H2�` bT�iB�H Q` pBbm�H `2T`2b2Mi�iBQM Q7
i?2 i�bF bi`m+im`2- rQ``v i?�i KQbi HBF2Hv 2tBbib BM � p2`#�H 7Q`K K�v #2
+QM~B+i2/ rBi? miBHBxBM; KQ/2H@#�b2/ +QMi`QH 2bT2+B�HHv BM i?2
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TmMBb?K2Mi +QM/BiBQM r?2`2 T2QTH2 KB;?i ?�p2 rQ``B2/ bB;MB}+�MiHv
KQ`2 i?�M BM i?2 `2r�`/ +QM/BiBQMX �b i?2 `2�H@iBK2 rQ``v r�b MQi
�bb2bb2/ /m`BM; i?2 2tT2`BK2Mi b2bbBQMb- 7m`i?2` bim/v rQmH/ #2 `2[mB`2/
iQ #2ii2` mM/2`bi�M/ ?Qr KQM2i�`v HQbb Qmi+QK2 BKT�+ib +m``2Mi rQ``v
H2p2H �M/ �Hi2`b i?2 mb�;2 Q7 KQ/2H@#�b2/ +QMi`QH BM H2�`MBM;X

aiBHH- i?2 TQbbB#BHBiv i?�i rQ``v H2p2H ?�/ ;Qi bB;MB}+�MiHv
BM+`2�b2/ /m`BM; i?2 TmMBb?K2Mi +QM/BiBQM r�b bmTTQ`i2/ #v i?2
2tTHQ`�iQ`v �M�Hvb2b A +QM/m+i2/X A T2`7Q`K2/ +Q``2H�iBQM�H �M�Hvb2b iQ
mM/2`bi�M/ r?2i?2` i?2`2 r2`2 �Mv bB;MB}+�Mi �bbQ+B�iBQMb #2ir22M
+Q;MBiBp2 2KQiBQM `2;mH�iBQM bi`�i2;v bm#@b+Q`2b �M/ KQ/2H@#�b2/
r2B;?ib 7`QK #Qi? +QM/BiBQMbX _27Q+mb QM TH�MMBM;- r?B+? Bb iQ �+iBp2Hv
brBi+? �ii2MiBQM iQ +QK2 mT rBi? bQK2 TH�Mb iQ ;2i Qmi Q7 i?2 �p2`bBp2
bBim�iBQMb- r�b M2;�iBp2Hv +Q``2H�i2/ rBi? KQ/2H@#�b2/ r2B;?i BM
TmMBb?K2Mi #mi MQi BM `2r�`/X AM �//BiBQM- `27Q+mb QM TH�MMBM; b2`p2/
�b � KQ/2`�iQ` #2ir22M i?2 rQ``v b+Q`2 �M/ KQ/2H@#�b2/ r2B;?iX Ai r�b
bB;MB}+�MiHv �bbQ+B�i2/ rBi? KQ/2H@#�b2/ r2B;?i QMHv BM i?2 ?B;? rQ``v
;`QmTX h?mb- � +Q;MBiBp2 2KQiBQM `2;mH�iBQM bi`�i2;v HBF2 `27Q+mb QM
TH�MMBM; 2tTH�BM2/ BM/BpB/m�H /Bz2`2M+2b BM i?2 BKT�+i Q7 rQ``v QM
KQ/2H@#�b2/ H2�`MBM;X LQi �HH ?B;?Hv rQ``vBM; T2QTH2 2t?B#Bi2/ HQr2`
KQ/2H@#�b2/ r2B;?i BM TmMBb?K2Mi- #mi Bi r�b r?2M i?2v bi`�i2;B+�HHv
i2M/2/ iQ �Hi2` i?2B` �ii2MiBQM iQ `27Q+mb QM TH�MMBM; iQ 2b+�T2 7`QK i?2
�p2`bBp2 +QM/BiBQMX

_27Q+mb QM TH�MMBM; Bb FMQrM �b QM2 Q7 i?2 �/�TiBp2 +Q;MBiBp2
2KQiBQM `2;mH�iBQM bi`�i2;B2b U:�`M27bFB � E`��BD- kyydVX h?Bb }M/BM;
i?�i �M BM+`2�b2 BM i?2 `27Q+mb QM TH�MMBM; b+�H2 Bb bB;MB}+�MiHv
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�bbQ+B�i2/ rBi? � /2+`2�b2 BM KQ/2H@#�b2/ r2B;?i BM TmMBb?K2Mi QMHv BM
i?2 ?B;? rQ``v ;`QmT KB;?i #2 BM+QMbBbi2Mi rBi? � T`2pBQmb }M/BM;X 6Q`
2t�KTH2- `27Q+mb QM TH�MMBM; r�b QM2 Q7 i?2 TQbBiBp2 T`2/B+iQ`b Q7
�+�/2KB+ �+?B2p2K2Mi �b `27Q+mb QM TH�MMBM; b+Q`2 ?�/ � bB;MB}+�MiHv
TQbBiBp2 +Q``2H�iBQM rBi? :S� �KQM; mMBp2`bBiv bim/2Mib U�H@#�/�`22M-
kyReVX >Qr2p2`- Bi ?�b #22M `2TQ`i2/ i?�i `27Q+mb QM TH�MMBM; ?�/ �
TQbBiBp2 +Q``2H�iBQM rBi? Qi?2` MQM�/�TiBp2 +Q;MBiBp2 2KQiBQM `2;mH�iBQM
bi`�i2;v bm#b+�H2b bm+? �b +�i�bi`QT?BxBM; U` 4 XkjV �M/ b2H7@#H�K2 U` 4
XjyV U>X@MX �?M 2i �HX- kyRjVX S`2pBQmb HBi2`�im`2 �HbQ bm;;2bi2/ i?�i
+�i2;Q`BxBM; � +2`i�BM +Q;MBiBp2 2KQiBQM `2;mH�iBQM bi`�i2;v BMiQ 2Bi?2`
�/�TiBp2 Q` MQM�/�TiBp2 Bb H2bb `2+QKK2M/2/ �b �/�TiBp2M2bb Bb
/2T2M/2Mi QM i?2 bBim�iBQMb U:�`M27bFB � E`��BD- kyydVX h?mb- Bi Bb KQ`2
HBF2Hv i?�i i?2 �/�TiBp2 +Q;MBiBp2 2KQiBQM `2;mH�iBQM bi`�i2;B2b b2`p2
#Qi? TQbBiBp2 �M/ M2;�iBp2 `QH2bX h?Bb bim/v bmTTQ`ib i?Bb ?vTQi?2bBb
i?�i KQ`2 `2HB�M+2 QM i?2 `27Q+mb QM TH�MBM; bi`�i2;v +QmH/ bQK2iBK2b
#2 �bbQ+B�i2/ rBi? M2;�iBp2 T2`7Q`K�M+2 QM p�`BQmb /BK2MbBQMb-
BM+Hm/BM; KQ/2H@#�b2/ H2�`MBM;X

AM i?2 �//BiBQM�H �M�Hvb2b- A 7QmM/ i?�i i?2`2 r�b � bB;MB}+�Mi
/Bz2`2M+2 BM bi�v T`Q#�#BHBiB2b U`2r�`/b p2`bmb MQM@`2r�`/bV #2ir22M i?2
irQ +QM/BiBQMbX �7i2` 2t�KBMBM; i?2 `2bmHib 7`QK i?2 KBt2/@2z2+i
HQ;BbiB+ `2;`2bbBQM �M�Hvb2b �M/ +QKTmi�iBQM�H KQ/2HBM; �M�Hvb2b- �
i2Mi�iBp2 ?vTQi?2bBb i?�i T2QTH2 K�`;BM�HHv #2+�K2 KQ`2 `2r�`/
b2MbBiBp2 BM i?2 `2r�`/ +QM/BiBQM i?�M BM i?2 TmMBb?K2Mi r�b bmTTQ`i2/X
G�biHv- i?2 T`2pBQmb }M/BM; QM BKT�B`2/ KQ/2H@#�b2/ +QMi`QH BM i?2 P*
;`QmT mM/2` KQM2i�`v `2r�`/ r�b �HbQ `2THB+�i2/ BM i?Bb bim/v-
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bmTTQ`iBM; i?2 p�HB/Biv Q7 i?2 i�bF �M/ Qp2`�HH 2tT2`BK2Mi�H T`Q+2/m`2b
mb2/ BM i?Bb bim/vX

Limitations and future studies

h?2`2 �`2 irQ K�DQ` HBKBi�iBQMb BM i?Bb bim/vX 6B`bi- i?2
BM+QMbBbi2Mi }M/BM;b �KQM; i?2 �M�Hvb2b rBi? bi�i2 �MtB2iv- i`�Bi �MtB2iv
�M/ rQ``v r2`2 MQi i?Q`Qm;?Hv BMp2biB;�i2/X AM i?Bb bim/v- QMHv rQ``v
b+Q`2b ?�/ � bB;MB}+�MiHv M2;�iBp2 +Q``2H�iBQM rBi? KQ/2H@#�b2/ r2B;?i
BM TmMBb?K2MiX �b rQ``v b?Qr2/ bB;MB}+�MiHv TQbBiBp2 +Q``2H�iBQMb rBi?
#Qi? bi�i2 U` 4 X83- T I XyyRV �M/ i`�Bi �MtB2iv U` 4 XdR- T I XyyRV- Bi
r�b 2tT2+i2/ i?�i bi�i2 �M/ i`�Bi �MtB2iv b+Q`2b KB;?i ?�p2 �HbQ ?�/
bB;MB}+�Mi �bbQ+B�iBQMb rBi? KQ/2H@#�b2/ r2B;?i BM TmMBb?K2Mi- r?B+?
r�b MQi 7QmM/ BM i?Bb bim/vX PM2 TQbbB#H2 2tTH�M�iBQM 7Q` i?Bb
BM+QMbBbi2M+v Bb i?�i KQ/2H@#�b2/ r2B;?i BM TmMBb?K2Mi Bb bB;MB}+�MiHv
�bbQ+B�i2/ QMHv rBi? +Q;MBiBp2 +QKTQM2Mib Q7 �MtB2ivX h?2 [m2biBQMM�B`2
A mb2/ iQ K2�bm`2 bi�i2 �M/ i`�Bi �MtB2iv- ah�A@u- K2�bm`2b #Qi?
+Q;MBiBp2 �M/ T?vbB+�H bvKTiQKb Q7 �MtB2iv U>�M 2i �HX- RNNec
aTB2H#2`;2`- RN3jVX AM � T`2pBQmb HBi2`�im`2- `2b2�`+?2`b T2`7Q`K2/
2tTHQ`�iQ`v �M�Hvb2b mbBM; irQ bm#b+�H2b Q7 �MtB2iv- +Q;MBiBp2 �M/
T?vbB+�H bvKTiQKb b+Q`2b- BM Q`/2` iQ T`2p2Mi i?2B` �M�Hvb2b 7`QK #2BM;
Q#b+m`2/ #v i?2 bmK b+Q`2b UqBb2 � .QH�M- kykyVX �b ah�A@u /Q2b MQi
/BbbQ+B�i2 +Q;MBiBp2 �M/ T?vbB+�H +QKTQM2Mib Q7 �MtB2iv #mi `�i?2`
+�H+mH�i2b �M �;;`2;�i2 b+Q`2 Q7 �MtB2iv- � 7mim`2 bim/v rBi? �
[m2biBQMM�B`2 i?�i +QMbBbib rBi? /Bz2`2Mi bm#b+�H2b Q7 �MtB2iv U2X;X- i?2
ai�i2 �M/ h`�Bi AMp2MiQ`v Q7 *Q;MBiBp2 �M/ aQK�iB+ �MtB2iv U:`ƺb 2i �HX-
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kyydVV Bb `2+QKK2M/2/X
�HbQ- i?Bb bim/v QMHv BM+Hm/2/ MQM@+HBMB+�H T�`iB+BT�Mib- r?B+?

KB;?i ?�p2 +QMi`B#mi2/ iQ BMbB;MB}+�Mi `2H�iBQMb?BTb #2ir22M bi�i2 �M/
i`�Bi �MtB2iv b+Q`2b �M/ KQ/2H@#�b2/ r2B;?i T�`�K2i2`bX S`2pBQmb
bim/B2b QM BMp2biB;�iBM; i?2 `2H�iBQMb?BT #2ir22M �MtB2iv �M/
KQ/2H@#�b2/ r2B;?i K�BMHv 7Q+mb2/ QM MQM@+HBMB+�H TQTmH�iBQMb U:BHH�M
2i �HX- kykyc :BHH�M 2i �HX- kyReVX hQ i?Bb /�i2- Bi biBHH `2K�BMb mM+H2�`
r?2i?2` �MtBQmb T�iB2Mib rQmH/ b?Qr KQ/2H@#�b2/ H2�`MBM; /2}+Bib
+QKT�`2/ iQ � MQM@+HBMB+�H ;`QmTX .m2 iQ i?2 mMmbm�H +B`+mKbi�M+2 UBX2X-
*PoA.@RN T�M/2KB+V- i?Bb bim/v r�b �#H2 iQ `2+`mBi i?2 MQM@+HBMB+�H
b�KTH2b QMHv- r?Q b?Qr2/ H2bb ?2bBi�M+2 iQ pBbBi i?2 H�# �M/ T�`iB+BT�i2
i?2 2tT2`BK2Mi BM@T2`bQMX h?Bb bBim�iBQM KB;?i ?�p2 +�mb2/ � b�KTHBM;
#B�b i?�i 2t+Hm/2/ T2QTH2 rBi? ?B;?2` Q` KQ`2 b2p2`2 �MtB2iv bvKTiQKbX
h?mb- � 7mim`2 bim/v rBi? �MtB2iv /BbQ`/2` T�iB2Mib Bb M22/2/ BM Q`/2` iQ
T`Q#2 TQbbB#H2 ;`QmT@H2p2H /Bz2`2M+2b BM KQ/2H@#�b2/ H2�`MBM; #v
#2ir22M@;`QmT �M�Hvb2bX
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Survey measures

Figure A1
Distributions of all survey scores

93



Appendix B
Supplementary figures

Figure B1
Correlation between survey score and model-based weight
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Figure B2
Correlation between survey score and second-stage learning rate
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국문초록

불안한사람들의의사결정과학습은가변적이다. 선행연구에따르면

불안수준이높은집단에게서일정하지않은학습패턴이관찰되었다.

예를들어,처벌상황에서는불안수준이높을수록적응적인학습지표가

낮아졌던반면,중립적이거나보상상황에서는그러한상관이유의하지

않았다. 최근심리학자들은불안의의사결정과학습을모델프리

UKQ/2H@7`22V 그리고모델기반UKQ/2H@#�b2/V 시스템을기반으로
연구해왔다. 모델프리시스템은보상이주어졌던선택을단순히

강화함으로써습관적인행동에관여하는반면,모델기반시스템은

과제의구조를내면화함으로써보다목표지향적인행동에기여한다.

선행연구에서금전적보상이주어졌던조건에서는불안수준과

모델기반학습결함이유의한상관을보이지않았다. 그러나처벌

조건에서도불안수준이높은집단에서모델기반학습결함을보이지

않는지는아직충분히연구되지않았다. 따라서본연구에서는상태

불안,특성불안,그리고걱정수준이각각보상과처벌조건에서

모델기반학습지표와어떠한관계를갖는지탐구하였다. 이를위해

비임상군성인을모집한뒤보상과처벌조건에서같은의사결정과제를

실시하도록하였다. 계산모델링을통해개인의모델기반학습지표를

추정한후각불안지표와모델기반학습의상관이조건별로유의하게

달라지는지를분석하였다. 그결과처벌조건에서는걱정수준이

모델기반학습지표와유의한부적상관을보인반면,보상조건에서는

그러한상관을보이지않았다. 또한걱정수준이높은집단에서만
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해결중심사고U`27Q+mb QM TH�MMBM;V를더많이사용할수록모델기반
학습지표가유의하게낮아졌다. 본연구는불안과모델기반학습의

관계를처벌조건에서규명했을뿐만아니라,걱정수준이높고특정

정서조절전략사용을지향할수록처벌조건에서낮은모델기반학습

능력을보일수있음을제시하였다.

주요어: 불안,계산모델링,강화학습,모델기반의사결정

학번: kyRN@kRRkN
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