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Abstract

Psychosocial stress is often driven by social-evaluative threat and perceived uncontrollability, yet
individuals show marked heterogeneity in stress reactivity and recovery. Although reward-related
processes have been proposed as protective factors, prior work has largely relied on global indices
and has rarely localized individual differences to specific computational components of learning.
From a computational modeling perspective, the present study examined whether prediction-error
(PE) processing during social reward learning is associated with acute and chronic stress-related
outcomes. Eighty Chinese college students completed the Trier Social Stress Test (TSST) and a re-
peated Trust Game (rTG) on separate days (23-day interval). During the TSST, subjective stress, un-
certainty, and social-evaluative threat were assessed at multiple time points, and area-under-the-
curve indices (AUCg and AUCi) were derived to characterize stress dynamics. Electrocardiography
was recorded to compute heart-rate variability (HRV) indices. Trial-by-trial rTG choices were fitted
with hierarchical Bayesian reinforcement-learning models, and model comparison was conducted
using LOOIC and WAIC. The valence-specific Rescorla-Wagner model provided the best account of
rTG behavior, indicating asymmetric updating for positive versus negative social outcomes. At the
individual-differences level, the negative PE weight (a-) was positively associated with cumulative
subjective stress (AUCg) and the increase in social-evaluative threat (AUCi), whereas the positive
PE weight (a*) and inverse temperature (t) showed no robust associations with subjective stress
indices. No significant associations were observed between computational parameters and HRV
measures. In a supplementary analysis, the social inverse temperature (t_social) was positively re-
lated to perceived stress (PSS), particularly the uncontrollability dimension. These findings suggest
that stronger weighting of negative social PEs may preferentially couple with acute subjective stress
dynamics, whereas more stable decisional certainty may relate to longer-term stress burden, provid-
ing mechanistic insights into the link between social reward learning and stress.
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1. 53|

TE e e AR 2, DO L2 B IR 52 30t B v (1) R B M 5 R R () R e, T IS R
St 2R B AT, RIBEH A G KRESLIRF FUR T, A1 5 R & 9 fl A PP 5 2R
RS/ AN P43 B340 B 5 USR5 e LR B2 B R, G AR IILAE B2 Jo B2 55 HP A B8 A5 1) 2. 3 T =y (Dickerson
& Kemeny, 2004). Hitb—8, AR SE0RRMN R H, NIIEAERFM, Rl AR RS
fE RS MR 7y, RAERSE Ak ) R B 25 v KU R 3R, T AR R AR SR A 1 5500 8 S DR SR AIE 4
(Slavich & Irwin, 2014; Hammen, 2005; Kendler et al., 1999). #R11, MNigEEEHNLMRSEIHELER, T2
AN B8 LE B4 B M B 5 4E R B AR R e D REARAS,  $RR RIS 18 BR8] (R BK J o 52 B AR
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4 R 25 142 2 1/ 15 (Bonanno, 2004; Feder et al., 2009).

T RER NS NKI TR RGN H P — R ORI B . ESIRT T, BRKH R
SIS HPA %l O I 547 82 10 1) R M (Ulrich-Lai et al., 2010); EAEBFFEH, @it S2ibER I\ 7%
R AR [RIRE T G S O A 2 IS | R 1) 32 B SR 56 5 Ak Y 43 Wb )R B (Hu et al., 2021) o {H AR
IR IS R i 2 IR TRt 5B ERIE R, DRI U O A “ 2B A 27 HEE 3
SRR IR FEARASIEOR T, MR 2 R AL R S B S PR ST ? IX — A RS
KEATHE R, FEIN Tk R P A E A R 8 MR ZE 57, T 6 22 557t W e ) R M8 3 I I e I A =X )
R MBI FT CITIRTERE 52 SR B SCHF PR IE Y, 451 2 2 B sk 5 N Y8 i 1 1) 28 5 AH SR X Je
DL R i B P 2 55 2 IR A B A 2[RI AE R 48 5k (Hu et al., 2022).

Aad, AR R AR MEFE L BN L, AEAEME LA AN [FO B R AR E . A B S A
GrepESR B\ g, 2B AL AT AR 7 B B B B A I Sk B, g5 RAKSR P B, DA
25 ]I FE A B TR R 2 BK Bl B T HT AL (Berridge & Robinson, 2003; Clithero & Rangel, 2014; Knutson &
Greer, 2008; Schultz, 2016). FEMRERIZE TN, JOHRIEFZ I HOFITT: TR ZE AR R RS TUH
Z AR 22, SE O o) L E T 22 AR e RS -k N BRI A, 36T 30t 5 2R e 54T g . Bk
Z0F 5 ) HORTHL A B A 2, 325 - RIBOR RIBA B 47 AL SR R, MELLIE— DR 2 = 5
TR AR TN A 2 AN ER T

SRAL A ST SN RN A R Fish O8R4 T O RS S8 . SRR, THERIA DU R
75 R Z AR - A% - HOR - IR MshA AR, @i A R T SIHETE A v By, TR A
17975 5 58 AT B W] R 282 T (Daw et al., 2011; Sutton & Barto, 2018). fEAESIEE T, X—LHE N
Rih: tha BRI E 2SI LA RAR R, B RO N TS BE S B A (R HERT S S . A
{E4E4E %5 (repeated Trust Game, rTG) AMLERHE 7 BHARVE: AMATE 250 B ) AR X 77 [B1HR AN BT i B 4% 5%
Yo, Lo ST R T SRR R I R 2= IR A B SR . b — D, BERUET X A RS ORI R %, I
DAAN [ 25 5200 0 7 S TN i3 22 (WAL s[RI, e S0 U 5 200 o 20 I 0 2 e ) 3G 3 1 PR e i
Al — B S K. i, “TRINRZEI T 5 U E R BR Rt B AhTh, AR
P2 PP B 15 1) SR R 22 S B SRS A AL AN 1

BT B, RFARER ML ORI H—, SR R 98 TR 1R B i L,
(RO T A5 58 T 2B % ST Il e 22 00 T 07 sUR 5 5 Skt 2 RO 20 & I MAFHEAHEC R, BUA IESE
ATAHNS AN, JEHe bk = He TP I T 570 ok 8 A SR A 1T I 22 ok . =, RO HLAT I (]
FRUERERE, BREMEFE RN, Ahoe ] PR E s R A 2 75 5 S 1 g (an 28 n s ) AH G,
[FIRESR D BT SS . AORAN R EROT, A FRA TSST Wk Skt 2 N, 3 LA 3 W S S AR 56 1)
A () B AR 0 ) S B 3l A4 s[RI G NIRRT 0 B3R (PSS)RAE M M K st far,  DARE IR AL 25 24 3] S EUTE AN [F] I
(B RUFE b (o0 RiAsE

BT PRI 5ITREHELE, AR ORTE AL 2 2 B 2 S IR T B R0 A 15 BEE MARE LIS 1) R 2
o BARE, B Jefie s ) SUH 1T S RHE U2 5 000052 22 I ARG g )2 45 5 TSST i
R EMSER SN ASAIRE R R, EE R ERE B, P E S i 5 N R KRS H 02
5 AR ) FARTAFAE RGN L

2. B
2.1. #iR

FEARSRAEW SO UERTEE G*Power 3.1.97 #E Tl 1H(Faul et al., 2007). £ € 5528 & (Cohen’s £ =
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0.15). EFHMAKT a=0.05 AL 1 — B =0.80 FIZA T, IS BT % B E MEARE R 55 N
SEhRE S AR, I 80 &k B U R KF I E K4 B IR S 5 AT 7T (&M 5 80.00%; “F-¥I4E4% 20.08
+1.75 %), Z5FMEFOIRGLE 0T 13k B R YIP TR E,  DUS SRR 7 O B B AR 5 DA KT
WERZ I FAE G 0L Besh, FrE S 5 &5 RNAFT, TOEEGSE, B ERIER . AEIE
H A3 7 SRR O AR BN BV ARSI, BERTESCIG AT S 58 I g — k. TEN YT S IHT4aRT 1 /)
I N kG R ZLE B, R G R B, RIS R R 28 . BT 25 35 3 2038 15 T A0 1% [F) = O F 3R
ESAANAREN ; T T R LM TR B 2ok, WE S RS (MR F3EE S ) AR N

2.2. MR

AW T AL PN RN JSZ B SR B IR, 3 T R S A 2 RO B 5 I A 2 5 T 2 B
SIMEZE R BT BENBE K, 255 E S0 58 R BLR A2 BN S (Trier Social Stress Test,
TSST), DA PE B AL OLR R, TEFN bR 261 B 75 R SPERIEUR BB 1), AR E R IAA
35 7 R RO A R AR AR B E TP, ST IRRTN S 58 e g — 2K B /DERAT 2 /N ik f Rl 2
23, FFBERMOE SR B T E BRI ANMEE R, 25 R EEE T
% (repeated Trust Game, rTG); £ TR K [ IR 5 ST ST VH SRR, AT h S5 4k o 3 5 % )
R BIMEZE TS H(E 2). FIERIPIIUE S5 T ReE TS AORES 5 A PR B K P b7 A58 SO, 1T %2
AEAR HIATERG,  HEREA DT 3 K, AR E RS AT BEBRAIGAT 55 18] 9 A2 T4

2.3. BMMNHER

P N K P B A7 3R (Perceived Stress Scale, PSS)HEATI & . AHF 70K Cohen 25 A\ Zi il
(11 14 TERRAS , H-08 F A 58 5 5 DUB BT 10 P SRR R S YT (Cohen et al., 1983; M3EE, B IIE,
2003). ZERBEHEMEED £ — M H NI FME AL, FHKRH 5 SZE5RED, A0 (AA)F
4 (A% AER L), T RMAMALE 2 KFERE E¥ B AR iSSR0 5y BAT TR 1 S0, 1l g ) 3k DA%
ARG EENES . EREEERTRT AR JKE R fEATFAFAF, ERHN
— 81 K (Cronbach’s a=0.90). A% 4. 5. 6. 7. 9. 10, 13 BUNIERFRRSEH, %8 MBHT A
G, SEHAFZEESHMERES . BRES, KRBT B ERA Y Bk S AR, H
kR O R AR 2 — N R R B M 2 S R PR B (U Rk M R T 2
S g 3K 2 B WA AR T AR ATV S T B AR ES BRI O H SR I R e DL 45 . MDA
X Bl = P BRI RR R o TR 0053 4 FEE 15 Bk v 350 0 T A IV (19 0 1 5 A B e 7
24. HL2RMMEFLIEN

i LR AR & NN 36 (Trier Social Stress Test, TSST)/& — R4t i H N F T 2 S M OB & NIE &
T, BEBSLE LU S0P B A A% O 585 T e 5 005 26 #)2 Tf] ) S U B (Dickerson & Kemeny,
2004; Kirschbaum et al., 1993). AW AR H A IE TG TSST, BAESRER B TR S5,
CLER AL A PN 5 0 LA AL 2 A IR (LIS 1) FEREARRE b, 253 BiA 9000 = 5 B e ik A= 25 5
KW (BIOPAC MP150), BEEIEAN 10 780 BB LGREGE LK BN G, S 58 EENME
K0 e — IR E VR E o« Bl GBI 5 S 53 AT IR E S, HE T 5 rehER TR, HTA
ZFRRNE GARELER; LN E, SH5F NG IERSER TSST AT, fEWZE
E RIS AT BRI E (L) 5 08, ESREIGAN ANEAE T RALICHC S A 2 g AT it e RiR, JF
B IR R R I P ek . R A NG, 25 F RS0 % I RIS EUNEOKT, BE
HENZ) 30 0 BH VR B, SR FEAT P R NP R, A 22 7 R PR R AT
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Figure 1. Trier Social Stress Test, TSST
1. $5BRAESRENE

25 HLRENTIERRTBR

AT 5T L ZASEAT 55 (repeated Trust Game, rTG)/E A% 0T AR, H T1E4E & Eah B %)
I T M ZE S W E RUBE X RE — N AR b MR WA E R B H S AR AN 1) B B R
S, 3BT RO Al N BB A A E TN, R RIRR RSB IR — T T azie A A&
S HF). B ke SR E SR, 255 MR B 2 B AR T R 215 5 1
SR, A SR AR e pAT R, T RIS RS s, BER et —b
PRI #E 22 22 T TAH ORI/ 22 e bm 9 ok k2 45 R A Tl 22 00 77 X o B B e 26 110 B gl
B, DARCE — B AR RIS AR R - RIS . NEFS S5 E RN SN, AT 5T 0B & 50
HY R RIS B A 3RAF I 4 A4

AR R RE ZREM
0.572s 2s

Figure 2. Repeated Trust Game, rTG
2. EEEREES
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AR WRE F, Z5FMEETEE, SZ2LEMZTICNEITES O, FREAHE KT AW R
X ERTEEE. FAZIEANRGTRAXN S 55T W B AW, HEERAANEZIEANZ N
1FAE R B2 57(90%, 70%, 50%, 30%, 10%). FEALSZFEARXT I 20 #8520, HZ A ZFe NEAES ISR BENL
LEHI, X2l S 5%FEEL HIsMESIRE T AT 5 IR R RMERAE, FHFREZIEAN S
BB BB AE YKL E 2).

BRI EEARRAER: 12 RIESELRIRG(0.5~25), BJE EIZFENRNEKQ2s), HIEEZE
BQ ) ERZEH MR EHRTRE ., BRI G N SR A, 4k £ IS R R 15(0.65 5),
SRSt A LR DR R A R R 2 AR . BT IX —it, S5 R R T A2 I HR T R
XFHAT AL R T, 0SSR B S I S bR gl R 5% I0H T il 22, AT E 02 T S gt mp il H.
ARG PSR ZEGE, AT EEBR A Z R R AR -

2.6. EBRESME

TEAW TR A T DU FPAS R A SIS, DA IR T R AR ol 1 IE B 5 i 2 Bon o 2. 28
—F AR #E Rescorla-Wagner (RW)AEAL, ZAE AL N GFIEICANME 7 2753 U2 TH 5568 Tl % 22 1t
TR o SR PE BEAT SR . Horhr,  r FoR AT BRI B4, KRB FRB0y, (B) AN E TR
FEAAZ .

PE, =1, -V,(4)
V.. (A) =V, (A)+a*PEt

5 PR R P Rescorla-Wagner 128, 1A DA SR 0E B8 37 23 52 B0 R ZE2 455 IR, RIS
1B TR ZE 2 BT AR R o 24 0002 22 N IE I ) o SRR S TR 2 N S o B
EIRAKIER

PE, =1,-V,(4)
=V,(A)+a" * PE,, PE, >0
V.. (4)=V,(A)+0o *PE,, PE, <0

H=FI N Pearce-Hall (PH)IEAY . 5 RW HEAUAKG6[E @ AU E A [F], PH A% S — ANl [R] 3245 484K
(¥ “ATERES T SHCRIR A R . X B, WG o, (4) REMME SRR, H /N2 R 2=
&L | PE,| 520, IF B iR 22 A Sy T AR R

PE, =1,-V,(4)

v,

r+1 (A)= V,(A)—i—c*at(A)*PEt
o (4) = 74[PE, [+ (1-1) 0, (4)
5 DUl AR R Pearce-Hall BE78) . 70 UM S S RW RSE ) FBR LR b, 6 K400 0 A0 0 i
Mg fE2] PH AR A, $R A TR TR S PRI 2 1B L ST iR ZE I T AN [F] A, B2 s F
5y R H AT

PE, =r,—V,(A)

Vit (A) =V, (A)+exa, (A)* PE,

t
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o, (4)=7" *|PE|+ (1 ) (4), PE,>0

t+1

o, (4)=y *|PE| (1-v ) (4), PE, <0

l+l

ST AT ERA, AR ME L T RN E 8T Softmax PR TR, H, WEESH
TIRE 5T H 2 18] AL .
w1, (4)
B(A)=—° 1

) 4 B T | )i

E(B)=1-F(A)

t

A FEAE R M5t RStan #2118 A Stan T & (Carpenter et al., 2017), X iR PUAMEBgHT L&
5Z84h1h . raB SR 2 DU eSS, RIZEREARKF 70 A0 AR T il b MA K25, DFERE
KB5S RS BRSO R IR e, JRIRS RS M R R AE . R 6 %
AHE ST MCMC 8558 1%, REAFEE S 4000 X F#GER(Burn-In), [ 51T 4000 JOEXEEEAR. A
FEEATR KA R BRI /HJ‘/FJL@»Hﬁ*ﬁ%%ﬁmﬁﬁ@m7k¥(adapt 0.99), MTTFERAF LA H R H SE AR 51 1Y)
SRS . RS R B R S ETAS, BT SR R #5651 (0.99< R <1.01).

A LU 35 R FH B — 22 X6 IE (Leave-One-Out Cross-Validation, LOO) 5 72 3& A5 S #E N (Widely Ap-
plicable Information Criterion, WAIC). PHZEFRARIIEET G WAL N B s BRI T8, DAAh THASE 2R 1)

BT TR . 7E UM RS, AT AIC. DIC SKH U £ R Bk I LR Z 6 b5, LOO
5 WAIC % BA L i pa Y 5@t . el v EdE BRI E 5, 22 H R 1 loo BITHH &
B[] LOOIC 55 WAIC, I b #EAT R R 1Al 15 FL K

2.7. RS

AH TR T E R h e, BB SRSk SUENEOR & A Stk e, DL
G ZE T G BAHEWT 730 o AT T SE X N 1 A8 B A O T AR S AT MRS A, 1R 2D 58 Bk
FEEASFEENSEE, DI OREEE b2 2 5 2B S HEWT AT IE . BJE, K SRS K 1
A RAEAE R BRI IATT, BT REAS (R0 B 1) R ) 32 00 S E s S it B8 R & 07 22 0 dr, B B BT S
A Ja RARE B B AR AT, AT S8E 32 0 S HOK P2 15 R ILHUR I Zh A sh . SHERIEN, 5
FRAE ST R R v () SR AR AIE FE A F T 22 I 1) s PP o itk — B o L 2 R T AR TR bR, B
il 28 T 3% 1T FH (Area under the Curve with Respect to Increase, AUCI)5 #H £k T M1 #(Area under the Curve
with Respect to Ground, AUCG), FF¥HAE N fFE 0 M gi & MR AEFE bR .

AR AL FELE Python H5E . ECG {55 WAL S HRV fabriEUKFE NeuroKit2 FL50HE, F2 %

LRASE R G B O IEDL KL HRV f8b5itH . HRV i RE T RIAES B, BARTE TSST
E’J 5 73 BPE S5 B I N TSI HRY 45 F5.

3. 5%
3.1. FriFF1 Rescorla-Wagner IREFH SR EMTHEMESRE

FEAK FH 9 2 ST AR TR SREIDUNE 5 R 30 4 2 SO AT 55 o S BRI SO A 22 57 (T AE AR 2, 5B DY
Mg AR HEAT BB, DA RE B 20 e AT MR o R LS T B — 5 SR AIE A R E T
(Leave-One-Out Information Criterion, LOOIC)5 )72 i& H 5 B #E Il (Widely Applicable Information Criterion,
WAIC), Hiliid R 1 loo BIHH KA. LOOIC 5 WAIC Hi B s AL X B4 () T A & k4. 455
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SR, R Rescorla-Wagner #7%(Model2)7E LOOIC 5 WAIC $EAr_ 00T HARBERL, DR 1 5 g
BAT AR T SEMAEGE Do

Table 1. Model comparison results

= 1. RBEIRER

LOOIC WAIC
R
Values SE Values SE
Rescorla-Wagner 7! 14159.8 98.3 14159.5 98.3
B iE: Rescorla-Wagner £E] 14031.6 99.4 14030.5 99.4
Pearce-Hall $£%! 14218.8 97.3 14218.3 97.3
B4 Rk Pearce-Hall 71 14218.9 97.3 14118.4 97.3

3.2. HEEM N AL RIEERE

SR S RESOF A AR A PEAGL I8 LS N 1] A B T UL A 1 A O RS B, 2 B R
B A E R S AL S TP B S R R T 2. SRR, AN IR A I 3 PR ) RN
MK 771 F(5,400)=110.27, p < 0.001 5 A i %€ B F(5,400) =52.02, p <0.001 5 #& 2 PF 4 B
F(5,400) = 46.30, p < 0.001 « KT H, MIMEARMPIRE , = IENHEPREAR S5 AT B A TAIXTBARK
F, f£ TSST PrEcR &7, IR IR LR BOZ 2 BIVE (K 3). EIRBEASI R IR Y TSST 72505
FNEEE R A RO R SN NS, [ RIS (B R I s, TR — 5 o Bk
S B L 5 A S BN AN AR 22 S AR b TR B SRIR B8 1 2

A

&

EE R
subjective_stress
»

{
elee s e

B8] 2

social_threat
3

THER

3
BfiB)
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Figure 3. Subjective stress ratings during the TSST
Bl 3. EMRHIRE(TSST)

33. HEREMIIRPMFERSREN MR NREKR

Btije, 2 A IR SRR AL KA 2 2 BN TR 22 57 R 75 5 Sk a2 LS 9 18] 32 WL 82 3%
(KL EAA KT AR o S22 B AR KT 23 S BLIT R R B TR AUCE 5 -T2 R I AUCH il PARAE .
ZRWME 4 Prox, E£=MEMSHT, GPEBIRZENESH o5 EUE KR AUC 21835 R
(r=0.26, p < 0.05,95% C1[0.04,0.45]), I HEHZIF BT AUCH 752 83 AR (r=0.22, p <0.05,
95% CI[0.01,0.42])o ZRIKIE AL, LEA: 2 LA S 7 08 S P 00 0% 2 - s v UL (144
IS R A SRR SRR KPS e, TR A 2 A A T P B K AR SE O AR . AR L
2R, IEPETRNR A E S HL of UL RIS 2 o 5% EREEARFR ) AUCE 8 AUCH 2[RRI i

e N2
FHRIR(E] 4).
B
ES
=)
1 H p # B B
= = = & i 9
H H " ¥ # #
1 + o o I e
0 o o o & L
S E = 2 2 g
D AUCg-EME F1R%
AUCi - E F1R%
ot -
X RH
AUCe-TRETHRR B
0.2
0.1
0.0
-0.1
AUCi AT %
Significance

- REE
— a%

AUCe-Ft & P4 BB

] |

T r=.22 AUC~HE £ BB

Figure 4. Correlations between model parameters and subjective social stress

4. HLREMTERSKEHSERNNH BHIEXME

DOI: 10.12677/ap.2026.164211 387 a3 2


https://doi.org/10.12677/ap.2026.164211

AHARPRE T, AR T R SR NS N AR 22 T HRYV 8 bR 2 1A A B, 450 EoR,
FUETRIR Z W ESE oy EHETINRZENESE o DS IRE S 1 5% HRV fibr 2 F¥ARE R &
FMK . XA — e P LR, AT AT 0 4L 2 2 OI0 AR DG B 2 S B 44 ) AR LAE W
RIS AR AL b, TTE O R AR FVESR R BT WL B EEE )2, AR S B R AR E 1 — 5L
XL AR o

34. HEREMTIREPIMEERSBRENBHEKR

DRI AT TR 3 — A D, B3SO T B R 15 A T ) RUBE B 548 1 oK
IR SR, AW TE LA 2 T A SR 55 T v SO R SR AU G 8 2 A 22 500N T 22 = 1 A A 4
bRy FEAs 5 RN 7 B R (PSS) i 7y K o Y S REAT AR ST, AT DA A e 22 580 T AT AE T SR 2
AR M A R 22 T TR AR T

BRTTE, PSS M rHIMHA 32.36 (SD = 8.82). PSS FiAMERE 5 543 2 A 12 i BE IEAH G (OR T gk
r=0.90, p < 0.01,95% CI1[0.86,0.93]: XTKEK: r=0.88, p <0.01,95% CI[0.83,0.92]), PIZEZ A2 P55
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