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B E ethanahh, AT RINASEarEh, MR A b EER ATA S &1 R
R INHIALT] A . AR SCR 22 15 A B INGE R 5, WIS R ANMAR B S AR T B A VR S AR AT
B AR R o AR R AR RIR T — B s CURIR L AE 228975 )5 — B 5 S (B A5
FHAT R, 7B A O BT e N7 A ) 25 B AT D S B S VR RO B . 2R R MR 5
FAEAT BB T i AU SR (IS AR A AT S A5 L T AR A ) Sk e B (P AR A B R A T
RFEIRIKE) . XSGR T A SRS R T A BRI T AL, PR T R B A e B S AR A 2
BRI, RENAE A U S AR BRI Sh Bt T I B AR IR 5 2 M .

KGR RIEATE, AR, BWUNE, IR AR, (5

SES B84

1 HiE

A E(Cooperation) & fie #F AN K42 & iy He A1
(Fehr & Fischbacher, 2003), & 1EHAEfEas kA=, 1M
JEAMK T A T RO B BRI £E (Fischbacher et al.,
2001) o YARLE SR P AT IR AT BIRES, HAT N
TokAr Rk, HWIGEX R ITCERFA (Baker &
Rachlin, 2001), AAEA T 7 E S 5% 74k A &
gz, DLARBIBEARRIL. Bk, AMTEEmIG G /ER
WA X 5 Bt A SE P B 3] (De Cremer &
Van Lange, 2001). i A 57 3¢ BHAMAE H 78 At A
GRS A S BRSO T A S EEAE, X
R A 51196 1F (Conditional cooperation, & FR

R H 3): 2023-10-14

%16 1F) (Fehr & Schurtenberger, 2018)., {HE 4N
1k, SMAA RN AL AR . AR PR REAE
Whot, A WA EEH R E MR R A1E,
I3 A R R (RIS 7R 1) St 4
# 5 (Social reward, HJ 1A 4 0 &5 32 0
LA ) (Pal & Hilbe, 2022),

BRI A VR T i e U A E & &
VERE, 2 AAT U] B8 % 18 fil A 19 A 1F B R
Wg? el B BORIET/CATAY B 8(van Baar et al.,
2019). fEZ W BB s, MESXTEER G
SRAT LR — A ST, FE 2K 8
TERAR I SR RO . SIS 2, RS
FHA B IIRE, BA I GEE A BRI ek st
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AR, XFE LT AR AL RS AE SRR 8 S 3L
D7 R R RS, ISR SRR 8 5
(Gichter, 2007), fE2ASEIHZE MR o, BFFE 2K
BRI LETRELE 2G5, S@indid&1E
F A EKE R B O B A 1E K (Fischbacher
et al., 2001), X—id G| T F 256N, HE
B JUARE A W55 4 A 0T334 3k 1 4
INEAVER sh A5 ) i B, Fareri %8 A (2012, 2015)%
FH T 54k 2% 27 10 F5 Al A5 28 R AF 9 A TE £ AT T 0
TR AR T i AR . AR E A AR AR IS AR B
ROZE IR S5 WU A0 22 5 (RN 22, Prediction error),
18 3 2% >J % (Learning rate) > B 1 F— 5 19 Wi
(RP 5 55T, Expectation updating) . X HL2% ) KA K
NS T A AR U R 25 T T SR T — [l 1y i
IR HRE o AR A U AT R TE R S AR 4
Xt it BT ST AR A A T Re M A T, A
MR T A A 5 2 RO R R B L I o 2
i B AR S 4y b A B AT R, ek B A5 T
SR BB AL TOAFIMLE b A UEYE (Fareri et al.,
2012; Fareri et al., 2015), {HA & Z A FE T 0F 52
(R T — R 08, IR 5 A A
LR RO B 4k (Mentalizing) f& Y F5 AAT4E
2 H g ) B E 0 P I) BE (Astington & Jenkins,
1995), bR H2 3] 5 A A AT R R IR HE R
LB O B BB R — B 2, AT
8 R FER 0 L D) BE (Rusch et al., 2020), HILE T
U1 = 1 P S ) | P37 = N S PINE
ige. Ry fE a sl firh, MEA
e NAVEE AT A RIORHEN L AER I, e
B a2 AT R ] 5 0w X5 DT S i %o
FH T ORIIAT N (Wu et al., 2020). AIF5E & BLAAAE

VA LR xR (Public Goods Game) & AT 24 28 55 2 FH T &
EEIT A —A G kbl e 245 5 & M
AT, A NEE TR . WS fA ARk Bk
A L A N A 3 8 et b, B A B A S b A 4 T2
BGEE R 1.6 RGBS 55 EHlEkd,
FEAS NI R0 1) Z2 SV B VEAT I 4

? fEIE UK (Trust Game)Je — AP HLAYFT WA T 40K, HT
W2 5#H Z RIEEMEEIT R R, EHEA MW
#55%, —ZPrER R E (Trustor) Fl— 44 Z L4 (Trustee), %
WHEWA — BRI 4 . BERF T LI ERK — a4
T OB A ZACH, KRG ZHEE T LA B i b 38
OB 4 o BEREH BB S T O 2 E K.

SR G W T3 R H R s SR FH — B A {5 &
R HH AT 5 4 X 47 0 89 T 8 (Hampton et al.,
2008) . iZ W 5% BT B A 52 i AL A (Influence
Model) 2 B4~ A A AT RUAR 38 % DL A: A% 6 Bk
HEWT HAE (— B 5 &), MR R 2R H O
AT Bl AR 52 0 X6 = B4 A 2 DA T 52 Wil % 32421 o
MIAT R (S &) BS A R BUEIF5 k BE, 7E M
TR E B, AR — B E &S B 5 & T RE
AN [E Y 2 WL BT R 9 (HiLL et al., 2017), JRAE B
fHFafErt S H b i R, SRIMEZ IR SRS =
T VR R AR I . S AEA G LS Rk T
FEHP IR TR AR R ST, A E A
BAEROT i, RIS A A O AR EE T
PUCEE BT i A i o AR AAMARTE 2 R GV 5t
RS ACR T ZE & S HED S AR R AT
We? HE W ARA IR E L, X R TR G 1E
17 0 1 28 s =X AL G TR BE A FR e 1 94 A1 34 i e
“(Kreps et al., 1982), 4 XUy P 5 ik £ 40 A1 25 4 st st
PEAFAE BT, A TC 75 38 o P R 2 25
FOET A VEE B, WIS TR
WA A KRR, Wi, AR ENZ—2
4 3t — A~ R A% WL 8¢ B A ARTE Bl 2 2% 2] v A Wy )
BAEAT AL IR LT, LIEIRATR T R &
MNIFEAAEL R ) Sh ST E B, HRABR A
VERITHENFIILE . o T IR ARG B 1R R
AR T 9 sh A2 2 i B, ARG LA
A AR, AR AR 5 7E 2 A AR R B R
— A B E SRR T S EE WA E R R
AR,

S E oA R M B IR TS, SRR AR B FR N
FEEHE, TEARBENAS St AT Ty iR 3 5

ORI T RN TR I S 5 R AT — A B,
Hodp— 5~ #H (employer)—J5 } 51 T.(employee), EHiA 4
PERRME TEURIE T, R A A8 AT . AW T
BB AR, T LA TF AR U Al s R e 3 24 B T T AR
AAEAS WS T, T 2 B T A b 0 T X L T A A SR e
DU Y AR W T Rt 3 TR, T AR W TR Al B A it . At
TR 5 N R BT A VR X I e KRR Z b 7 F I A —A
BT A A 5, BATE.

PN I A R IS R R — AR RS, H TR A
g — MR RE, KR EAS 5 HE M0 T e i SR g ik
P, BB HMSEHHEN., EXMHRET, BES55F
SIS AT A SR, P R AT AT B — ) SR M A AR RN S iff
AT B 25 SR 4
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AUV (Tamir & Hughes, 2018). 2 W25 14-&1ERY 75
— N ATRE A R 2 A2 R 5 (Stallen et al., 2013), Bl
GAELIIA B REAE T R K FANE, MnTsRA AATTHY
GAEAT OB RESE, 2022) BN LRI SRR W, 123145
MR KRR AT, WO A 1ESS R IEMN S
W SCRAAR T 58 Z0 A 05 o 165 15 M 20RO 4 5
IR R X, X R B ATTE AR AR I
f5 2 re A T B 0 KB I 0 (Rilling et al., 2002) 24
FHOCHALIF R s T R R B (F Il 9 4%,
2014). Rilling 2 A (2002)IA 3% F 1 &4 2 iy
KA SR T AR r SRR W H B (R AR
H AR BRI KRG 0 TN G MR A AT, RESH
A% I AE B AR B AF B S R i D SR (Nowak &
Sigmund, 1993). JB-AMTEZEEI A FE L2 PR
PEFAFAAEND 2 X AN ) EFRATT v A A
T 1 R A BIF 58 2R DA H 133 AR 2R 45 i A 563X
PIETEZREETIER- . Wi, AR50 5 —1
A 2 1 i 2R 0 AR A R HE AN ] B D AR AR %
RN Z R EE SR PSR A AL
HTEALE, K5 1E I BRI A 22 Bk P o
TEAEFT AIERT

AW 5T BT 2R FH 00 91 2 2l 4 1 28 3 1) (AT B TR 5
0, 5 R 2 L SR K AN R 22 A J2: 2 U EL Bl
W PR S Th 5 0 — DB EE T 2 R R,
B YR T I PE R BT RS 3 50, Ry T 3 A i
H AN T ) R R PR, FRATTIRIN T G 1EE
11, HEBAT LB e ar ik e . [k, Hh
BRI B I LM, AR R SRR BIA T
AL S . AR S A U 1R
T A RMER I A AR DUER A A VR I T B
PUR, SCo6 2 MIAESEE 1 ARl -, E—B e T
EEE B EAT AR SRR, DIEFRAT S 20X
P XA R A VEAT A B 5 ) R G P 7 R 3
B . S T 2 S PN 2 R S A S B VEIE I,
BATEPA LR PR BEE T A S50 RS

S [N%E R 45 (Prisoner's Dilemma)3 ¥ T 2516 it — > 18] 8, J1)
TG A VEMTE S 2 (0] B v S 8 o e AN I b, 7 1 48 4k
NPT HIT, AL NFRH GG & VE 2 k.
A g K ) A Bk R B S UHR IR AT R @ T I TR ST A AEAT
R —A GBI, WokhE RS 5, s AR H
Fhikde, BIAFESCE R, HAUOKBE, AR RE A TERE A 5
XU ) 2 e KAk, T 195 N IS 8 45 45 000 00 R i eI, T 32
B[ ) T 00— D7 3K B4 AR 28 35 K AR T 1 428 45 1 (19 3t
KA NI E KA

FAFH, PEABOE ST SRS AR E AN
HUINRE Y o AR5 S SRS RRR T 48 S IESM T
b BEE e —8 AOFERIE — MR, BalhY
ST A EE T AR AL, Ha1EH
R AR A I P 2 e T RS 1R
BT AR — 2R, AR T BE [ R
T —BrF B & £ AT S E T R
W, TR — R, JATH Hampton 58 A
(2008) /T i Hh Y 52 i A5 1Y AR 315 e AT T 4 S 9 A 55 A T
JRRE, T I AR G A R LB R LR [ 2 X
— R AT R = BB AR B — A A -
L AR A A B A VR P R B S 2 &
YEAT 0, nIRE 2 A5 T B N R T ksl . H—
JERUIEE, BGRB9S ol &
VEZ AL TR RN B R Ak e 5, RIS AR
EI (R R S R SN R (B L R B
ZRGNE . WA AT RE P 3 A A T LU BE 5 1
o4,

2 e 1 GEE SRR M
ER(RIEA

21 A&
211 #ik

SRS 1SR T 135 ZAFIRTE 18 £ 308 2
li) P e e BB IR CP 4R 02 21.69 £2.96 %7, 79 44
Zot), YA RIS R A E e A o A B A
FIBF IEAR T IR, JORE M L . A a7
TE UL T LA AT 2 2 G R 4 o A5 R AL
U R 20 B2 AR A 9 40 B S DR 2 AL M (L 15
CNL_A_0001_009), #5F (BR/RFEILE T ) BIAHKE
HUE o MFEARR RIS T R IR 27 2T 55 F1
WY 5 ) BF 98 (Fang et al., 2024; Henco et al.,
2020; Mukherjee et al., 2020), [F]H} 3 LA I
FERIVE, 256§ R 6 AR A 3 0F T B IR
ENS
212 EBESH

AR e 2 Wi ) TN PR B 9 =X, Bl v
M5 — 2 GRS T 2R E ), B YR In
CHAE T OB IR, I R S BEVRR ,
SEgRFE i T SRl RN, K
FUDER (AT« D5 IE) R R s B 00 ] 1) 2
(L 1a)o Bl o 0 A 1F 2t 78 [ B I I 2 4%,
MR BT Pe sk, A7 DUFP Es S, X AN [R] 9 2 il
(F 1) BAAkUL, SO &ER #4145 4 £, B
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-
0.5 ’i&/\’ig‘»’ig'h’ig/\’@»’@h %3 @ 3?_(
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¥4 ¥4 B B 1B %j( %‘& \@%
R
&
X7
b d EHAER S
kokk
08 kkk
iiﬁl . kkok 1& 05rF
& 100 % o6 = @ =
2\5 0.75 fi\i o4 fxk &%g ] :
o o Y.
g 0% \ I \ B T °
qr 025 R 0.2 b=
% 0t ' ' : : : ® ® s
0 2 0ok P 100 125 AR ABtarR AR R
Bl Segiaal g e 1 A7 BT R a0 B IRIE R o IR B0 R s i 2 AR AL 2 2 R 1 BN

WA, b, K 1 AEENAIERERRE, o-d. S8 1 ISR ISR, o BABFRN AR R, AR R4S
A H AR B i R T R PR R e (beta ) d. 22 ERRE S BRI BAER; A B RARTEA L & AR (R i
8, F AR ) F AR+ 3 45 (R A Sl 2 (IR A 20 Tl SR IER 2208 . R ST 4E B MR AR & Rn 19
PRI EE . *** KR p < 0.001; ns. FaRGH LREE, W p(H >0.05,

£1 ek 20% 55 (] 1b). B A PR A6 o 1 0P - i

BIEH VL. AR, B RS B 4O e R —

aff LR S A NPT E SN, D R G R S R

o ’;g 22 ‘2’2 TEARHE S AP R, Bl 1 5 A 11 30 2 4 L B

WAEEMAEET R, gl o XM, GEES 6
R, ZIRER; IO I 445 2 . #
TRAEAT 55 Fi 75 a8 2 0 46 A A B AT 55 o sl i 4
P 43 B ke T4 55 TR AR AR 4 T, FEAE 55 45 R Bl
PLIEEHL 10% MR AE R TR R 4, W E AT 55
T X — 22 Rl
213 XZIiwiE

AWFFRAEAT N LI N ST, A —A B
Z NGB ES LR . A LR =5, 5k
TR 0 0k [0) 5 D) 1524 08 o a7 1 = S 5 ik
1T 6 52k 21150 LIS Bh Bl il R AT 55 o 25~ ik
AW R E S, R A e SAR S &0, B
AT S SRR SRR S ERR Sy, SR
WA 60 IR . B RS AEOREE 78% M G EMER,
AR EVELL 20 WU, 55— IA 1R
R 20%, TGP TS ERSHILL 80% 5

EE AN SEBR EA1ER BT A o v A e B0 .
Fo F M HARAM S R E S % T RIS
(Sanfey et al., 2003), A 1 BRI 2400 5 4 25 1 B2 0
22, tha SR A R IUY P15 B 52560 4T 55 # b
FCH B, SCEREE RS, B R b i A 2
AR T SEANHT S, Hh, 84%
PARKARE A 22 2 0 R B o R MRS L SR A K
AR HEBR S5 PR AT R B, Bt 4 R R 32 3 5,
e 135 AW E R A o o SEIR R T E
E-prime 2.0 $417 - S ZE R, #OAIES TS0
(B 49104 (Murphy et al., 2011), %1135 H T
AR AL S P, 2 EOER () KR A A8
Flfl(E LYo AR bR A B T S A R A A
KAt 2 s 1Y A3 1O R 3L
214 1TABHEST

FATR AT L AR A BB (Generalized
Linear Mixed Model, GLMM)Z3¥7 & W g i e . (—
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AR RS, F AR AL ARG 5 (scenario) . A
1 #E R (cooperation probability) & — %% 3¢ B AE H,
T 5t 5 M4t 2> (social) 5 AE 41 £ (nonsocial ) 514, &
VEMEZRIX 4345 (high probability) 51 (low probability).
AN, AT R S A VR TR AT = O ) e R
(subject’s choice t-1, t-2, t-3; partner’s choice t-1, t-2,
t-3) AR 6 A BE B0 Y i PR SR A 5 . 45 ] A8 1
FFEE i (gender) | 4F % (age) M 5514 (order) o 15
RUBEHLAON I 75 9 AR 5 AR R, XS BAE
B H G 5 T LRPEIR A BRI 25 1 ARy
H ) % 2k AR A BT R AT AR HE AR (z-score B4 i),
51 B AEAPREAL R AL A 35 LU p (63
253k Bonferroni 2 LK IE .
215 IAFMITEERNEE
A FE LG A AR SO 5 1) R RITRH G 1) 28 ML B8

AGET 6 AT AR HISB p LA (R 0L A 72
POBFES —353) o B8 1 AR BRI B
BRI E . IR 2 CR 2 S BEAD D Ch B i
TR SR e R, ARSI R . BB (A A
XFAT R o BEAY 3 PR P SRR ) B T A AR
KA, B8k A0t 1) T 1B 43 5 R LA ARAS T8 R
i, BRIEAFFAEVORIR 2 R 4 (Fh o302 S i)
TE PRI IR |5 A S22 8, B galre 51
WO T ARG FE BB, BRL 5 (fh B FH+—
B2 20 B AU ) i Bl AR B8 5V 2 B AT A s At i
T—RIE AR, B 6 (th o2 B+ praE
ANFERA 5 pyFERl L, 5 B 5 S i N
AGAER D A7 R BT G AVEE T A RS2 e, A
LR A s A 6 A T A AL (ULIET 2a F1 W 4%
Wbt 1), REMSAR LT FU B S AE T A (B 2¢
AL T 1), FERRL 6, ARSI M
(ERZRGR(IN

Uc(t) = p,(4+w) (1

Uy =40, +2 )

Hr, Uc (1) FREiE « hAER MM E
(utility), Uy Z /RTINS ¢ 7P B = 04 o AR 4l
=1, AVERE R U R 53 002 4p, Il 4p, + 2,
o TERX B FRAL ST SR T R &
YRR LT BERSHETH A VE I AN (B . FE LA A -
A B AR H 22 A 7 (Hampton et al., 2008)
EHHABA TR GAEE ARG EFT AN, i
BRI & T — B B (5 & p, R g0 &
YEFAESRS ¢ AT B B A VERE SR A T

P =p+talb—p)+x(Q —q/) 3)

P FRABAERS ¢ MR AT e, i
H1E P=1, IR P,=0. (P,— p)EVEE M SLER
R SHOART S AEA U Z e 22 5, Bl —B s
STIRE . « €0, 1] EHTEH —MEEM
TR 22 AL, PR — B2 2 %2, O AR
B MR T shdeE, WRAE 0= 1, R
W O=0. (Qi—q ) ER_MEEBTMIRE, « €]0,
1B N E S BINREN 2RI R, ¢ Forplhik
S ¢ MR B RS B F BRI A O A
W, g A 4 I T AR G D I 45 R B m 3154
B . po WA B E S 0.5, BUE T
A NTEE ST Z B A1E# BoA W 2 w22, BIA
YERIEZE SR 50%.

g=2-—D L @

FATHFALR FH Softmax K5 9K ) & 1

BEH:
1

g, ZW (5)

B KRR R, iS5 E RN Bk,
BARKY BAEEIRE T kP 7 . S1EMR(q))
REZ5EHEKXRK « BWEEME . FATFAH
MATLAB (R2021a fiA)H ) fmincon PREUE T4
N2 5FHMNA B SE, RHBCRRUR AL T %
(Maximum Likelihood Estimation, MLE)#l &17 %X
o Rk AG T AR/ ME, W16 S A AL IE
B, EREAGTFE R 500 WG SRR PL A EAE . AR
AEOE 2 5 FETEA RS AR ZS5E, A
T SR S IR A5 R I A R S8 AN A . XF
TRAHAAT N, RATEL LT AKX L 7
e KAk
L=

~

- lOg(Cl -eCr | iow> ahigh > Kiow> Kh[gh > Wioyy wh[gh ’ ﬂ) (6)
t=1

Horp, TR0 B8, B 120, ¢ Fonpiidny
PeRE . MYk ATER, ¢ = ¢, MBI EE T R
B, ¢ = 1 — g0 ZF%HIARA (Wilson & Collins,
2019), Frfi B S50 B AR R UG 2Z 00,
T IR SRS 53 i o . SR A i 25
TR DL 0 2 RIRFFIEED 2 AR R R S BN ST HE TS
UL DR 26 BB 6 20 FEASBERL T () AL 2 5
() B RRATE S REMN AR, BB RO 7E 8
T TP Sl A T AT TR R A 1 TR (D) 45 i B



1304 R S % 56 &
LI (n=135)
a 150 c U MR
R T
Eé 0.8 — HAIT
100 .
£y
Q
@ 50
0 : . . . . . .
%\%:&é aﬁ?‘&ﬁ%‘& %@&%@@ %\%z& 0 20 40 € 8 10 12
Bt o K
BT R B
SIS I ook
b ‘%'\\"/‘5'\\" d sk —~ sk
P PN /) - %’_{ 0.
34 s B |
sgpn | & 2 ¥ ==
&1 a2
Sl I o ¥
LA Y e
HaR B gt W
= AR
—Fﬁﬁ%ﬁ%ﬂ *i’%‘%ﬁﬁﬁ okok
— BB T S 075t TR . o lop
<4
) ) ~ =
%ﬁ%ﬁ%ﬁ%ﬁ%’%‘%@& S 0.50 w05 :
%ﬁ@\% )@fi/’; p")g‘ p;)g‘ p")ga = g
FEBTR DR B 025 = O ‘
/‘ggg/@\? 5 P, =0.5 —%7—
A R WA

P20 SEy 1 RORD A B A O A 2

o a. MBI EE HEARFR AR R WL T B35 47), YAk AR Bayesian

Information Criterion (BIC){H, HiT3/v7 4 BIC =k-In(n) — 2 In(L), 7EALS 5B O MAERE & & 1F (0
ZIE), WEAAT A AR A 6 f# B A5 B If-, protected exceedance probability (PEP, Rigoux et al., 2014) W Rtk %l 6
AH EGF A 57T A R AR AR W] B R A A AR K F 98%. b, ARHIK & (model recovery). E#! 6 Ji =4z
HIEHE AR T 6 S b A BEASHE SRR 0.79, c. B ER 5 S AR B TR0 () W) 5 B o A Al bR iR B, A AR
BRI AR . O SR RIR B B0k %, R A SR IR B U B T B {E, B R4 S AR T
DG VE AR 95% Y AR X H) o X AR /R B 25 R AR AL S 2508 R G 14T o R 3 B FEE A1 00 )Y
BlE, A S R TR W) G BE L LT DL 28 IR I 1. dee. DA PRASEEY v 25 3 1+ 23 B (0, social
reward) F1 T (p, expectation) S EEH A TG ITHEE R . ***F R p < 0.001,

& 3), TEABIRIAESE T, T alidt 2525 i 42
HB 23 5 A A 0 B TE SRR i s AR B
Pr(ETH5, DI $ = AR B 5 AT S (1F DL 9 45 Ji
B ISR — 38 0 A A AR 0 5 5631 R B ] 4)

FEARDFFE Y, ARG B DUt B (5 5 o v 0
(BIC) (Schwarz, 1978)#47, L5 RS (1) fa] i
PE KOO S B8R A8 AR, DL BIC (HEC NG
PEBE R FE bR o DL AR, T3 LR 3 M i BR A 2% (PEP)
(Rigoux et al., 2014)LAPPAL & B ALLEREARKOF Ak
S L W] g PE . BIC BN PEP (W25 &, &
FERG I e 45 i A F IR R A Y, ff RS A e 3¢
H R MR 25 v, PEP 1933 5L T BIC,

216 mIEEWHH

FETIRRR, FRATE SRR it £ 25
(o) FTUH (p) IVE, BOR LM IR A B4 (Linear
Mixed Model, LMM)#47 T i —2 MGt 0. X
TAt a2, KMERABRE S RN A2 AR

i AERER S EAR A . X TR, bR
TR AR Ak, SARTEHOR KA R ST

FEEEXT Y BRSO TE S, Ao A 1 Bk &
HAEETERT = XK ARG O, X HE B Y Hr
SRR BEMAGAEE R SRR . BRI AETR
BRI PR AR L SR R S 4 AR
TN o REARY Y BE PSSO FR S04 A Bk
AR (intercept) FIIT A H A8 8 RPR
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EoM SNHE G
22 &R
221 THHENSHER

DLt i 5 SR PR AR 2 1) GLMM. 26 BH (19 45 f
% 3, Bl o) 1EEERY EHON W, #olTErt 5
T AR S & T A TR B A AR, B = 1.19,
95% CI = [1.00, 1.37], p < 0.001, SVEMER R F5L
o d 3, BORTE = A FOARARE B8 45 B
] FIEEAAE, B = 0.24, 95% CI = [-0.36, —0.12], p <
0.001, SIEMEFRSEREMNZE/EHRE, B = 0.52,
95% CI = [-0.64, —0.40], p < 0.001, FJ54rHrH
TEAE 2 1 (1(134) = —16.93, 95% CI = [-0.28, 0.22],
p wr < 0.00)FIHEF S E4:(1(134) = —6.94, 95% CI =
[-0.15, —0.09], p xr < 0.001) F, HikrEMRAER 51
A AEAT A2 0 AR T i AR AR (A 1d) . 2T I,
o o BE AU R AR R A IS P T K. 45
REVI(E 1d), o500 TR E s R & 518
WER S5 Z A PEM ) i 22 5 0 KT aIEAE & 4
P (1(134) = 5.63, 95% CI = [0.09, 0.19], p us <
0.001), teAh, XAy HT— AR (B = 1.38,95% CI =
[1.31, 1.44], p < 0.001). AiEE k(P = 0.63,
95% CI = [0.56, 0.69], p < 0.001). FiZh =AW P =
0.22, 95% CI = [0.16, 0.29], p < 0.001)AyEFE L4 B
HIRT SR . B RS AT — kY i
P E A A EIT B = 0.50, 95% CI =
[0.44, 0.57], p < 0.001), (P = —0.15, 95% CI =
[-0.31, 0.02], p = 0.076) . 4% (B =—0.03, 95% CI =
[-0.07,0.01], p = 0.128) . £l /5 (B = —0.002, 95%
CI=[-0.16, 0.16], p = 0.983) . SHEF AURTE — MR
(B =0.05,95% CI = [-0.01, 0.12], p = 0.090)5Hj
5 =AM (PB = —0.05, 95% CI = [-0.11, 0.01], p =
0.136)X B A A B 2
222 INHMERHNSHER

DIt S50 AR B LMM 2 BH (09 2 i
4 WEEERYEROV R E, BOLTEAE S AT R
2 A NI B Z At S5, B = 1.70, 95%
CI=[1.37,2.03], p < 0.001 ., &AVEMEARAY T35 0 A i
=, POATE SR SRR A BB i+ %
WA E5, B =0.28, 95% CI = [-0.05, 0.62], p =
0.100, SYEMERE SR HEAEM R, B =-1.67,
95% CI = [-2.10, —1.24], p < 0.001, )5/ H7 /K,
TEAE S 56T, BORTE A B 451 e s i 3 451
TR B AL AT S, 1(134) = —7.30, 95% Cl =
[-1.75, —1.00], p &r < 0.001, WitEAEFSEKMHET,
B AT 22 55 v A 3 A% T RN B i A S 2

WA BELES, 1(134) = 1.77,95% CI = [-0.03, 0.61],
p = 0.08 (K 2d), FET Uk, K255 2R
BT AR5 T K5 25 AR (&
2d), Ht2x 5 W S AR AR S AR R A 1
Z BN AL o F ) 25 5 0 R T AR S A,
1(134) = 6.84, 95% CI = [1.18, 2.15], p s < 0.001,
AN, NP = —0.28, 95% CI = [-0.61, 0.04], p =
0.088). 4F#¥ (B =-0.04, 95% CI=[-0.11,0.02], p =
0.226) . S ETR (B = 0.06, 95% CI =[—0.22, 0.35], p =
0.668) X B 1o B I AL 2 M B AT M o K R AH G
ST BRTERE S 5 (e = 0.19, p = 0.034)FIFE#H2s
ZAF(r =028, p < 0.00)F, FttSAME 554
B O 3 IE AR SC (FE DL R 265 R R 121 5)

DL R PR S ) LMM 22 B (R 2% B fM 36 5):
TEBER BN B3, SO Erh ST AR S 5%
T EAE S KB, B = 0.20, 95% CI = [0.16,
0.24], p < 0.001, SAEMEARN TRV BE, #IATE
I HER AT IARME R B A T s ay B, B = —0.03,
95% CI = [-0.06, —0.01], p = 0.015, A VERER 5%
s AR B, B = —0.17, 95% CI = [-0.18,
—0.16], p < 0.001., FHJF/HrRME 2¢), TEFEEK
:(1(134) = —12.38, 95% CI = [-0.23, —0.17], p wx <
0.001) 5 9k #h 2 & 14 (1(134) = —9.30, 95% CI =
[~0.18, —0.12], p wex < 0.001)H7, ik TE m5 MER 55
T HARHER A0 F T &, T, KR
SN IR AR AR A T WIS BT ¢ AR . 45
KB (E 2e), thaF FHORTE SRR 51K
BER A Z A SN 22 5 B R T & %
%, #(134) = 2.53, 95% CI = [0.01, 0.12], p = 0.013,
AN, BT — R (B = 0.07, 95% CI = [0.07,
0.08], p < 0.001), Hi&E AKX (B = 0.04, 95% CI =
[0.04, 0.05], p < 0.001). Ay =K P = 0.03,
95% CI = [0.02, 0.04], p < 0.001)H k5 14 it 42 T
BB A AVEE IR — AN 0R (B = 0.22, 95% CI
=10.22, 0.23], p < 0.001)., Fi% =R (P = 0.06,
95% CI = [0.05, 0.06], p < 0.001). HiZH =KWK (B
=0.04, 95% CI = [0.03, 0.04], p < 0.001) PR3 14 it
ER TP B, M = -0.002, 95% CI =
[-0.05, 0.04], p = 0.919)  4E{%(B = —0.001, 95% CI =
[-0.01, 0.004], p = 0.619), Z&{FNiiF (B = —0.002,
95% CI = [-0.02, 0.06], p = 0.365)%} ¥l ik i Fi I %
AR NTE .

2.3 INGS
SEES 1 SRR TR — BEERIESAE
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WERET, MR EEBEAIE, EE TS
HVEBL L (Fischbacher et al., 2001), TEINFIZEERR Ty
1, WA ERE T Fareri 45(2012, 2015)19 & L,
F WAL E 2 2 F A Y L O A 2 B AR T 47
o fg B AT R . BEAh, BIR AT S iR =,
R & — B Je B 5 S B0 T & — B 5
BRI, MR 6 IS BT HE R, METE
RS RN T G VEAT A A3 2 0] 3 R T 05
1) FEURK 0T B R 2 2 BB o S RO, AN PR T
Fhos 5, AEAE S AR TN W SR ) T AL BN,
HIEEA S s HAE IR, TEdt o 55 T ix—2%
VAT i R | R e S L

TATFETL I 1 MIRE RSP i & T BEE T
B A AR B JE 0 LA 3 hn g X e S8 BB Y LS
P o HHERR G VR BB ERE SR AR Bl n] el Sk TR YA,
TESE 2 v, AT G 1EE S EE R MG 1E2E 5
PR E AP ) A AR i AR TR AT A
SEEY 1 TSR B B AR E I E AR AR T T RS
YEAT X —300, 215 o G AEE B GRS st

A
=AU

30 S 20 HEBRGAREEAT ARSI
b Al

3.1 FHix
311 #ik

SEHS 2 T RIFEA A 20 82 N, IAFEA R AE S
IHTIE T G*Power HEATIHHERY B TRATTF CTERY
SAHARZEIEEAER: E <A EER A5
PE(volatility), W& | F R, #0905
BN A HAE R, —J45 R MR ()2 0.05 . IRk
B K /N(Cohen's £)4 0.20, 95%% K5 F1(1 — p)
DL E S i 22 ] A OGP 0.26 (BE T 525G 1),
MTTHAE T e/ INREAS R /IN R 82 1 S 9l i) 2% J )
e kbR, SEBRFEA N 104 A BT fy
BRI R A I R AR S A b R A
52 NCEHI4ERE 20.94 + 2.47 %, 01k 26 N), (EHE
RIA 52 NCEHAER 2022 £2.22 %, LotE34 N),
Jr A X ) ST IE AR T IR R, H AR R
o s o FEIE SR T AT, SEURE IR T A B
ARG R E A . AR T 2 i e 382 5
S RHEAEGEHES . CNL_A 0001 _009), JfRE5F ik
IRFHE T ) BYMSCHLE
312 ETHRESEXLWRE

TESRS 1 WERT b, 52560 2 iy pkipl AL 53 T

PIZE (R MR AL SRR R 2 ) o 4 20 90 2 v %o o6 A
SR s Y (BT | B R S L 3 2 3 Y L o S E [ S S
PRy E S S 1 —8 B E S TS A SR,
BAEE A VEMR T E MAS shi A~ dl e, A4k
B 90 MR TE MR, S1EE M EEMER
TEREE L B N 78%, 1 78748 B4 He b i A4
BER BN A 7E 40%5 95%=2 8] | F ¥ sh, SEgs
N 78%. TEARMERLA T, SAEH WA EMERLERE
HPeHEE R 23%, TEAS S b i G VR SR Rl I
[ETAE 5%5 60%Z (8] 1 Fiksh, PN 23%
(Kl 3a). BITEGHERFRMER M ok, e d
YO AE gl 20 P i) - IR SR AR R A o SR8 2 (S 5
& FIE ML RS 1 —%. LRRETFRA
E-prime 2.0 SZ3,
313 1TAHHEBESH

SR 2 2k T GLMM 23 s i B 45 (4 26748
)2 B WL PR g, B [ AR R R
BVERER . ARshik . [, FRATE 8GR 5 A 1ER
FAGEMRSRNE . B SERNW R R A
HAEMASAGE S . GRS . BarEn) =R RACH
YEH . TEEERY 2 KP4 a2 S AR 25 2%
F, BAEMERR 2 DIKF 20 5 0 S E R 25 1 (high
probability) FIIK A % £5 /4 (low probability), ZE sl
19 P A 7K S 4 501 R A 2% 1F (stable) 5 72 3 2% 1
(volatile), F5:5% 1 —3, WATIEHZE 1wk Senn
1) = AR IR, SR e iy = MRk i e ¢
AT REXT R S AT BE A, DL BRI L AR
A AR SR 4 i A8 B A0 A 53T o B HLZ80 0 .45 5
MO R BEE RS AR R AR AR . 5 1
—F, BRI RS AL Z AT T T bR iEAL
(z 73 A R, el B E PR EL R 5. TR
A p (H#RZ: 3 T Bonferroni £ & K IE .
3.1.4 NENEE

PRI RG R 500 1 — 5. 25 2 A4 R[]
A, S 7R AR TR 6 A EL T A AR 7Y R 6% T 4 4L
AT R (B LU 45 3 DL IR 3¢ T £ g [ 3% 6,
LAY TN 285 7 U Do 28 R B T 6), Al S e i 72
Hh gl 25 b SR AT TS B AR 8 SR (0 285 R R 1 7)o
FETSE 2 B it, AR A SR ARG
BIRLEY [ AR RIS . SRR B3, IR
PR S AEMER . SIEMRSE3M . B3k
SRR Z L BEAER, Uk =FH = HELH
PEFT . PR TU B LMM (4 [ 728 H A 51 5
BAERER . AR, JHERT T RS SERR. &
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. 2 (n = 104) féi::ﬁﬁ)ﬂ
TR e
#® 1.00 e
§ oo % o6 mm EHHER
) .. - %
= 050 I_I U &
M 0250 vuwrnnnnnnnnnns . - &£ 04
i«i 0 . IEEEE Teeeas ‘Jé
0 50 100 150 02
ik
0
b 250 PR E [ poe
_ — 3 18
200F - — [ EHEHZ’%%ﬁ ﬁ%{:ﬁﬁﬁ
o e 5 N [
4%’ 150 ) =L
100 | 3
I 3T
50| ?é
e g a b N
g 5 5
%ﬁ% ?%@%‘ ,@Jgﬁ\%‘ P"gé%%‘ 7¥ > V’gﬁ%‘ 1
B R %ﬂ’k&'ﬁ' N 0
2 %5 R ettt
FE g
% o )
e
. kkk ﬁ—‘é:E‘L'f,Em
L KKk f 0'8 -
e AR
% L sk ns Ak 06 A
- M= ﬁmﬂmﬂm w5 ns
I_I B o4} —
=
,@(‘%«{"‘,@9,@(‘%«”%@ % &‘@ 2 4%?,“?\55',‘&55' 0.2
FEIIII DR ELEL P
S B AEAE A TR (Kt Rt gt
B AN K RO ot 0 ,
B B (Ko BEE T WAl AAMER
Q& ’é}’%, 2 Az
%
x>

& 3

SCE 2 AT B SRR R ITA R . o U 2 BYEEIOEFIRECE . b S 2 B T ORI AR ¢ B

A d BOKETEMERIGETT A R e & £ I RRA 2R B BUBBIGET T T 45 0t . #** 30K p < 0.001,

VERER 528 gt A2 2t 505 5 i SR 232 AR,
DI =H M =R E L BAEM . IAh, ATEHEEET
B SEAT = AR e, SR Semr = ANk i
TERE AT REXT W Y W B RE A o E IR W2k
TRABR T FRATEPEEES . A . SR E
T il AR S A AT o BEAILASON AL 45 A A 1 AR
FAAS H AR AR RPR
32 #R
321 fTAHHESHER

PIB I $5 oh TR AR 18 1) GLMM 3¢ B (090 45 i o
7, B 3b): TR FRON B E, BOA7EA S A

T HARRE S S R ) TSR, B = 1.20,
95% CI = [0.91, 1.50], p < 0.001, A 1EHEZM £k
o, BATE R R AT T AR A5 T T
T BEA1E, B =0.53, 95% CI =[0.12, 0.93], p =
0.011. A Zh M ERUNA B3, #l7Efae 5488
KM TSRS EAES, B = -0.12, 95% CI =
[-0.28, 0.05], p = 0.174, AYEMER SRR 2 BAE
2, B = 0.89, 95% CI = [-0.1.30, —0.47], p <
0.001, FJF MRV, fEFSEMF TIRBERAN A
YEAT M B E AR TR 4L, «(51) = —12.80, 95%
CI=[-0.48,-0.35], p ez <0.001, TifEIEFES5c14:
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T, RO ME bR A Z M 225 A8, «(51) =
-0.09, 95% CI=[-0.09, 0.08], p = 0.925 (&l 3d), &
YEMER 5 SR ZZ BEAER AR, B = 0.16, 95%
CI=[-0.08, 0.39], p = 0.192,

LA SEER L EE R, B = 0.22, 95%
CI=[0.04,0.39], p = 0.017 . 2 J5 0BT Bs1EAt £ 4
:(#(103) = —1.34, 95% CI = [-0.04, 0.01], p xux =
0.182) 5 I+ & & 14 (¢1(103) = 0.183, 95% CI =
[—0.03, 0.03], p e = 0.855)1, Wi AEfa E H AN
AP IT N IEA B EES . k. BotksS
GYEERN =N RZ L HEAEHARE, p=-0.17,95%
CI =[-0.42, 0.08], p = 0.187, It4h, #XAIET—
KB =1.69,95% CI=[1.61, 1.76], p < 0.001). Hi
5 AP = 0.65, 95% CI = [0.58, 0.73], p <
0.001). H%E =LK @PB = 0.26, 95% CI = [0.19,
0.33], p < 0.001)AY LSRR W Z T S AEAT
Mo AVEE BT — AR (B = 2.22, 95% CI = [2.15,
2.29], p < 0.00) 5T AR P = 0.33, 95% CI =
[0.26, 0.40], p < 0.001) AP0 B E R T B &
YEAT R o BRAR I 2000 1 2, B = —0.05, 95% C1 =
[-0.09, —0.01], p = 0.010, P:H|(B=—-0.12, 95% CI =
[-0.33, 0.09], p = 0.253), Z&AFIF(PB = 0.07, 95%
CI=[-0.14, 0.28], p = 0.498) . AEH HI%E = MK
(B=0.01,95% CI =[-0.07, 0.08], p = 0.819)% @izl
(AT A5 AN 2
322 INHMEESHER

PIFE S B O AR B A LMM 3 B (9 5 i fff
F 8): IHBEM ER W, Ol S AT AR
S AN BRI Z 4 S, B = 1.20, 95%
CI=10.81, 1.59], p < 0.001 ., A VEHER A4 R0V A ik
#, PORTE S AR S AUER ST BB rkE %
A ESE, B =045, 95% CI = [-0.02, 0.91], p =
0.058, BBl I ERN A 2, BlAERR e 548 5)
ZAE TGN B A S TR 225, B=-0.03, 95%
CI=[-0.39,0.33],p = 0.884, AEMEHRS5EEEMAC
HAEREE, B =-1.08, 95% CI = [-1.62, —0.53], p <
0.001, /G M B/RTEAL ST, AR A A+
22 R i B NT R MR, 1(51) = —2.41, 95% CI =
[-0.99, —0.09], p we = 0.038; MFEIEHLSEMTF,
R A M SR AN SRR R EES
(1(51) = 2.22, 95% CI = [0.05, 1.05], p #z = 0.062)1,
P TE 2 WE 5 AR b LU 38 5 A v 28 31 o
Z A2 H (K 3e). BEMER 522 B AR
FAAREE, p = 0.16, 95% CI = [-0.34, 0.67], p =

0.528. TSN ZHEAERARE, B = 0.11,
95% CI=[-0.34,0.57], p = 0.621, &% . zhtks5
G =N RZEAEAA R, B=-0.05,95%
CI=[-0.70, 0.59], p = 0.873, MARYEH2 A5
MR SR E TEAR, #ha&Mr=024,p =
0.013, JEFE 5 r = 0.36, p < 0.001, FEILRIZE
I B 1 Sb).

DL Ay DR AR B A 2 TR A A AR 24 TR 3 T ()
KRR 9): BN RN W, B SR
T AR 5T BA S L, B = 0.16, 95%
CI=1[0.11, 0.20], p < 0.001 . S VEHER Y F R0 A
=, POXTE SR AR 50T B U B B 3
Z5, B =0.02,95% CI = [—0.04, 0.07], p = 0.550,
AR RN A W, PR S SR AT
A B E R, B =—-0.02, 95% CI = [-0.04,
0.01], p = 0.218, HAFEMER 515 A0 28 BAE ] 3,
B=—0.16,95% CI = [-0.22, —0.10], p < 0.001, )5
TR, HEA &5 = —17.42, 95% CI =
[—0.44, —0.35], p < 0.001) 1= Al R4 () T b0 22 I 2%
KPR, mAEAE SR (51) = 0.73, 95% CI =
[-0.05, 0.10], p = 0.467) = IR P 41\ i) T HH %
A E 2= (K 30, ATEMRS 2SN BN
REE, p=—0.002, 95% CI = [-0.04, 0.04], p =
0.936, At SERMAC EEMNANRE, B = 0.01,
95% CI = [—0.002, 0.03], p = 0.102, 2851 . &1F
MRSEEN =NELEEHARNEE, p = —0.02,
95% CI =[—0.04, 0.003], p = 0.104, 4h, BT
—ARIK (P = 0.06, 95% CI = [0.05, 0.07], p <
0.001). A& —MNMKAWKP = 0.03, 95% CI = [0.02,
0.04], p < 0.001). AI&E =K (B =0.03,95% CI =
[0.02, 0.03], p < 0.001)fYEFEL4 i 25 4 g Bl ik i 73
W, BEE R —A 0K (B = 0.34, 95% CI =[0.33,
0.34], p < 0.001), A& AP = 0.09, 95% CI =
[0.09, 0.10], p < 0.001). AjEE =LK (P = 0.04,
95% CI = [0.04, 0.05], p < 0.001) Ay EFEI4 i E 48 5
T
3.3 NG

SCES 2 AR TS 1 BRI R RL N, JFHERR T
GEETT AR SRR . 25 WoR MR GETT R
BEE SVEH S EMR i &, A2 alEHE S
YEAE SRR SE R . [FIA, FRATH R R AL & 4%
PRI T oAt S B, A, 05 2 T
YR I — B A (5 & AR T A AR A
G B A AERERAT BT T 3 ) R i 1
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At 225, mifE st T 8O S R T . X s sh
FAUESE T A AR B AV ERER (M ARAT o 1AL 3 1) 2
RTHEAER BN R, JF ] T AR A5
*)Lﬁﬂjo

4 g

ARG IE B A TR T 2 IR G AEF B
BAER I A VERE AR HE SRS AT 1 A
P BRI BRI, A A A R BRI Y
(BEBL )P T JE 4 AR i R B B R (B A 3),
B 1A 1E W L BE A8 25 AT SR A Ah 1Y 22 B AR
{H3%x — i (Rilling et al., 2002), HAF, f15 2% 1%
BERYBARY (AL 5 FIBERL )L T AEL &2 2 Rk iy
BRI (BERL 4), [A]I HUH 22 5 2 T YRR e 31
BB BRSO ) LT R A —Bir
R EMBRI(BEY 5), BFREEs R Wos MR SR T
MBS VEE RS THN R T, X i AMAX SRS
A B FRB I B2 LA B A AS Bl R i A 2 5 B
HETE®

WA R T B —, RIMEI SR T 2
Z RN EAEE BT RIS . AN T EEF G 1R
BRI, A R S VEMRR, Ul
BTN REE RGN X — ROV e A2 5 T IT Ry
S, WMEFEARAE SIS, mafEd o EM R whE
et py SAE T 9. SR, 1S S A ERERNAS
HAEMRR, TEASASIET, X8 3.
S 2 ML ERAGAEE BS TERER A S,
TV MR s T AR SRR SRS ARR R
FERZI o JF R X — RO R TEAE 2 550 T .
W2, SEANEIN, GIEFESGEMRR,
PO AR S B AR, IZIRAR . X —452R
VIAEE S 09 & BL—E(Baker & Rachlin, 2001; De
Cremer & Van Lange, 2001; Fischbacher et al., 2001;
Gichter et al., 2022; Sorgi & van’t Wout, 2016), 3t
[ 2R BRI SR T A S50y, R e Al
R EEEERN, MEAEES

WEFEAE RGAE 1 i —, RIAMARTE S xS G4
HAT R [N R T — B R R ISR
TEAL AR 551 T A3 B0a0A, TR UIAMATE
WEFEGAERDRE A Brad 22 A HE 25 B TE N o FRATHEN
X AT BE S P A ST TA SR S I 5 A e 2 2 X O
B FAT =, TSR Xy Wik BG4, VAT
RN G R — 20 SR T X — e o FEBUAS [l
RUE R, A8 — B {5 G i A5 A e RE VA b

R TT R o MR U R 45 R Z iy, 3K
(RENESE SN =R ot (1§ 1 SO e (EPU N R SR 7N
K R Ak 27 20 2 AR TR A AT T % G VR 25 01 2 1Y) & 2R
(Fareri et al., 2012; Fareri et al., 2015), Bifu&5@fk
2 ) 36 AR PR BB B B L AN 2 ) RO R Y
A O AT o FRATTH I {5 e
RERIR AL T R AR, AR Z IR GRS R T
INHLS R T AR, X—FR TR — 2
PR T O sE B AR, IRAIRR T Z2GET I
INFIH AL

WER S R U TRk =, IAEE M SRS
VE BT 51 2 i B 01 28 55 4k & B AL R R F T 451
GE. ML TEEERMBIREGEMRNIELT,
HGUEHR B G EMR SR Em i GRS R G
VEAT R U0, FRATH R BN 1 T X5
YEA BN G, Bl S A il BRIk S1E M
Mt AL F AR T BEYE . BLAh, FEPISE50 3R
T34 S A, 5 2 2 B AR B A S 2 S LA 0, 5 4
SRR AR R T4 W 4005 B AT R o X R W
T A AERENS 25 A UHT R B 4 B a5 A0 1) BB AR 5,
I H XA AL X PR A A 2 B AR w2 45
RERMHEEFEESE R B EEM R, G1EE
11 A AR AR R 4 TRl A A 2 B XA R S Y
b2 2 Ft vT DL B R B R ) R R R
HE AR HE A B S B A T REIE RS

WA, 5 LA KA E M AF 5T 45 2R — 3
(Rilling et al., 2002), MATEA1ES TG /EM
R Em TS, R TAMEX 5 5 N1
HAE B . APRE SR T 2 A2k
FUE BRI R, W T MR S0 BEFE R . NI
BRI EE R WoR, AMEXT S B E S i i 52 3
TR R At 2 By SL Rl BK gl . X SR, AT
B AR A& IS o 1 s o0 B S0 B At 25
TR, NmifE S E, (HE, ME1EERA S
TR EME AR, X AR 235, R AT LAY
FELER T AR A ESER A . RETEAIE
YRR AR 0 R T AP G 1E, (AR —E
WERIERE S WA G o AR A R PR AL 1 H 1 A
B, EDTEARAESIEEE T, SR SRt R 5,
PRAEAMABEATEAE o Xk — PR 1o B A
WEER R RS, AR, PR A4S T EfE b
AR (A I R — B A i {E . HEHOE T2
AR A BB B, SRR iR T A b
it B AT T (Park et al., 2019), 3X 7] BE & K b 9
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WORTERRIE T8l e B A 13 1015 BB, R AE
P A SRR AL . AN, EEhR
A RERZ RSN T AT N B S  RHELZ R, AR
538 2o B 92 B Bl FRR S8 1 S 4R AL T 2 AR
KL PRI AL — R B 2 B R R B RE AR R B
AT H

RIFFERARIE T S VERE R A AR e it A
ZEAERI LT, b T AR Z SRR S
AN R 2 o) s R 4R A 1B Al o AR SE R T
ARTFESEI TR e SRR E B, W TS
g1, HAGEM s LA BA B2 S
AR, AT HLUE L WA PMEFI & 150
ettt 7185, A0 T B g M5 S5
VEAT D9, M B S e 28 04 6 A R P ) A o 4R
AWFFE A L Z AT A R AT O BB I AR AR
PR EREEAT I A o AR BYRITSE AT LR 2
2% B R SN AR A A BT S, BN % 1 — By
B (5 SRR, DU SRS a1 1 5 s ik
%, JEHRRBIETT AR UK

g RO, SE. RS REILHIER
FAR G R E E B FIE . RIS Marius Moisa 1 184
Wik Fe B A,
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Abstract

People usually exhibit conditional cooperative behavior during cooperation; that is, they cooperate only
when they expect others will cooperate as well. The cognitive computations and the dynamic processes
underlying such conditional cooperation in repeated interactions remain underexplored. To this end, this study
investigates the cognitive mechanisms behind conditional cooperation, focusing on two hidden mental variables:
positive expectation (participants’ expected cooperation willingness of the partner) and the perception of social
reward (additional reward derived from reciprocity).

Using a repeated aversion of Prisoner's Dilemma Game (PDG), we conducted two experiments (n = 134 in
Experiment 1 and » = 104 in Experiment 2) in this study. Nonsocial context (playing PDG with a computer
program) was created to test if the effects are specific to social context (playing PDG with a supposed human
partner). By manipulating partners' cooperation probabilities and response variability, we explored how positive
expectation and social reward evolve during cooperation and to affect participants’ behavioral outputs. We
systematically developed six models to model participants’ decision process during PDG. These models range
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from baseline model with random choice assumption (Model 1) to more complex formulations incorporating
reward-based learning (Model 2), rational choice theory (Model 3), social reward (Model 4), and the integration
of different learning rules (Models 5 to 6).

The results of two experiments consistently demonstrated that participants dynastically adjust their
cooperation decisions in response to their partners' behaviors. After separating the effects that may be brought by
the partner's cooperation probability from those of response vocality, we found that participants' cooperation
increases with their partner’s increased cooperative behaviors, rather than with the partner's response volatility,
an effect specific to social context. Model comparisons showed that participants' behaviors in both social and
nonsocial contexts were best described by a model assuming social rewards and incorporating a learning
algorithm that includes both first-order beliefs (based solely on others' past behavior) and second-order beliefs
(considering both others' past behavior and the influence of their own behavior on others) to update their
expectations of their partners' cooperation. The results indicated that increasing conditional cooperation is
driven by both participants' positive expectation and social reward, effects that were specific to a social context.

This study elucidated the cognitive computational dynamics of conditional cooperation, highlighted the
roles of positive expectation and social reward, and showed that people applied a complex model with both
first-order and second-order beliefs to update their expectations of their partner’s willingness to cooperate.
These contributions underscore the importance of understanding the mental processes that encourage mutual
cooperation. Future studies might explore the neural correlates of these mechanisms or apply these insights to
more complex scenarios, bridging the gap between laboratory research findings and real-world collaboration.
Keywords conditional cooperation, social reward, positive expectation, cognitive computational modeling, belief

update
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Model Task Number of parameters Mean BIC PEP
Model 1 Social 1 151.19 0.00%
Model 2 Social 2 152.85 0.00%
Model 3 Social 1 156.37 0.00%
Model 4 Social 3 147.46 0.00%
Model 5 Social 5 137.59 0.00%
Model 6 Social 7 128.32 100.00%
Model 1 Non-social 1 115.94 0.00%
Model 2 Non-social 2 111.72 0.07%
Model 3 Non-social 1 117.38 0.00%
Model 4 Non-social 3 116.21 0.00%
Model 5 Non-social 5 108.00 0.00%

Model 6 Non-social 7 100.83 93.00%
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scenario parameter Mean += SD
Experiment 1 social Qhigh 0.23 +£0.27 (95% CI = 0.18, 0.27)
Olow 0.26 +0.24 (95% CI = 0.22, 0.30)
Khigh 0.33 +£0.28 (95% CI = 0.28, 0.38)
Kiow 0.37 +£0.21 (95% CI = 0.34, 0.41)
Dhigh 4.57 £ 1.97 (95% CI = 4.24, 4.90)
Diow 3.19 + 1.38 (95% CI = 2.96, 3.42)
B 1.93 +2.05 (95% CI = 1.59, 2.28)
nonsocial Ohigh 0.32 £ 0.25 (95% CI = 0.28, 0.36)
Olow 0.31 +0.22 (95% CI = 0.28, 0.35)
Khigh 0.34 +0.25 (95% CI = 0.30, 0.38)
Kiow 0.30 = 0.22 (95% CI = 0.27, 0.34)
Whigh 2.83 +1.80(95% CI =2.53, 3.13)
Do 3.12 + 1.57 (95% CI = 2.85, 3.38)
p 3.03 +2.69 (95% CI = 2.58, 3.49)
Experiment 2 High probability group social Ostable 0.43 £0.27 (95% CI =0.35, 0.50)
Olvolatile 0.43 £0.25 (95% CI = 0.37, 0.50)
Kstable 0.24 +£0.21 (95% CI =0.18, 0.30)
Kvolatile 0.28 +£0.23 (95% CI = 0.22, 0.34)
Wstable 4.32 £ 1.65 (95% CI = 3.87, 4.76)
Oyolatile 4.38 £ 1.48 (95% CI =3.98, 4.78)
B 2.33 +2.05 (95% CI=1.77, 2.89)
nonsocial Ostable 0.35+0.25 (95% CI =0.29, 0.42)
Olvolatile 0.35+0.25 (95% CI = 0.28, 0.42)
Kstable 0.29 +£0.22 (95% CI = 0.23, 0.35)
Kvolatile 0.28 £0.21 (95% CI =0.23, 0.34)
Dstable 3.55+1.33(95% CI=3.19,3.91)
Dvolatile 3.72 +£1.39 (95% CI = 3.34, 4.09)
B 2.32+1.00 (95% CI = 2.04, 2.59)
Low probability group social Agiable 0.37 £ 0.25 (95% CI=0.30, 0.44)
Olvolatile 0.40 + 0.19 (95% CI = 0.34, 0.45)
Kstable 0.30 £ 0.22 (95% CI = 0.24, 0.36)
Kvolatile 0.27 £0.19 (95% CI = 0.22, 0.32)
Dstable 3.70 £ 0.94 (95% CI = 3.44, 3.95)
Wyolatile 3.92+0.93 (95% CI =3.67,4.17)
B 1.93 +£0.89 (95% CI = 1.69, 2.18)
nonsocial Ostable 0.30 +0.22 (95% CI = 0.24, 0.36)
Olvolarile 0.33 +0.23 (95% CI =0.27, 0.39)
Ksiable 0.33 +0.24 (95% CI = 0.26, 0.39)
Kvolatile 0.30 £0.19 (95% CI = 0.24, 0.35)
Wstable 3.05+1.42 (95% CI = 2.66, 3.43)
Wyolaile 2.99 +1.46 (95% CI = 2.59, 3.39)

B 2.41 + 1.89 (95% CI = 1.90, 2.92)
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Fixed effects Estimated beta value SE t value P value
(Intercept) -1.43 0.43 -3.32 p <0.001
cooperation probability -0.24 0.06 -3.83 p <0.001
order 0.002 0.08 0.02 p =0.983
subject’s choice t-1 1.38 0.03 43.04 p <0.001
subject’s choice t-2 0.63 0.03 18.60 p <0.001
subject’s choice t-3 0.22 0.03 6.62 p <0.001
partner’s choice t-1 0.50 0.03 15.64 p <0.001
partner’s choice t-2 0.05 0.03 1.69 p =0.090
partner’s choice t-3 —-0.05 0.03 -1.49 p =0.136
scenario 1.19 0.09 12.68 p <0.001
gender —-0.15 0.08 -1.78 p =0.076
age —-0.03 0.02 -1.52 p=0.128
cooperation probability xscemario -0.52 0.06 -8.20 p <0.001

Mk 4 LR 1IPHUHSREHAATENEER SRS

Fixed effects Estimated beta value SE t value P value
(Intercept) 391 0.76 5.11 p <0.001
cooperation probability 0.28 0.17 1.65 p =0.100
order 0.06 0.14 0.43 p = 0.668
scenario 1.70 0.17 10.13 p <0.001
gender —0.28 0.17 -1.71 p =0.088
age —0.04 0.04 -1.21 p =0.226
cooperation probability xscemario -1.67 0.22 —7.68 p <0.001

s 5 SR8 1 FUHIE A ETEM L IR S RBH M

Fixed effects Estimated beta value SE t value P value
(Intercept) 0.18 0.08 2.24 p =0.025
cooperation probability —-0.03 0.01 —2.43 p=0.015
order 0.02 0.02 0.91 p =0.365
subject's choice t-1 0.07 0.003 22.03 p <0.001
subject’s choice t-2 0.04 0.004 12.16 p <0.001
subject’s choice t-3 0.03 0.003 9.11 p <0.001
partner’s choice t-1 0.22 0.003 77.03 p <0.001
partner’s choice t-2 0.06 0.003 20.13 p <0.001
partner’s choice t-3 0.04 0.003 12.54 p <0.001
scenario 0.20 0.02 10.86 p <0.001
gender —0.002 0.02 —-0.10 p=00919
age —0.001 0.003 —-0.50 p =0.619

cooperation probability xscemario -0.17 0.01 —30.63 p <0.001
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Model Task Number of parameters Mean BIC PEP
Model 1 Social 1 194.80 0.00%
Model 2 Social 2 196.59 0.00%
Model 3 Social 1 220.54 0.00%
Model 4 Social 3 151.31 0.00%
Model 5 Social 5 201.36 0.02%
Model 6 Social 7 140.21 98.00%
Model 1 Non-social 1 170.76 0.00%
Model 2 Non-social 2 164.91 0.00%
Model 3 Non-social 1 179.03 0.00%
Model 4 Non-social 3 173.86 0.00%
Model 5 Non-social 5 144.67 0.00%
Model 6 Non-social 7 133.30 100.00%
iz 7: K 2 AIKIEFE AR TENT X &R ESREN M
Fixed effects Estimated beta value SE t value P value
(Intercept) —2.58 0.48 =5.37 p <0.001
cooperation probability 0.53 0.21 2.53 p =0.011
volatility —0.12 0.08 -1.36 p=0.174
order 0.07 0.11 0.68 p =0.498
subject’s choice t-1 1.69 0.04 44.06 p <0.001
subject’s choice t-2 0.65 0.04 16.19 p <0.001
subject’s choice t-3 0.26 0.04 6.98 p <0.001
partner’s choice t-1 2.22 0.04 60.64 p <0.001
partner’s choice t-2 0.33 0.04 8.90 p <0.001
partner’s choice t-3 0.01 0.04 0.23 p =0.819
scenario 1.20 0.15 8.07 p <0.001
gender —-0.12 0.11 -1.14 p =0.253
age —0.05 0.02 -2.59 p =0.010
cooperation probabilityxvolatility 0.16 0.12 1.31 p=0.192
cooperation probabilityxscenario 0.89 0.21 -4.21 p <0.001
volatilityxscenario 0.22 0.09 2.39 p=0.017
cooperation probabilityxvolatilityxscenario -0.17 0.13 -1.32 p=0.187
MR 8 XKW 2 PUHASRBEARTENL LR SEERN
Fixed effects Estimated beta value SE t value P value
(Intercept) 4.62 0.75 6.14 p <0.001
cooperation probability 0.45 0.24 1.90 p =0.058
volatility —-0.03 0.18 —0.15 p =0.884
order —-0.19 0.15 -1.30 p =0.193
scenario 1.20 0.20 6.10 p <0.001
gender —-0.38 0.16 -2.39 p=0.017
age —0.06 0.03 —1.82 p =0.069
cooperation probabilityxvolatility 0.16 0.26 0.63 p =0.528
cooperation probabilityxscenario -1.08 0.28 -3.90 p <0.001
volatilityxscenario 0.11 0.23 0.50 p =0.621
cooperation probabilityxvolatility xscenario —-0.05 0.33 —-0.16 p=0.873
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Fixed effects Estimated beta value SE t value P value
(Intercept) 0.11 0.06 1.92 p =0.055
cooperation probability 0.02 0.03 0.60 p =0.550
volatility —0.02 0.01 -1.23 p=0218
order —0.004 0.01 —0.43 p =0.667
subject’s choice t-1 0.06 0.004 15.90 p <0.001
subject’s choice t-2 0.03 0.004 7.62 p <0.001
subject’s choice t-3 0.03 0.003 8.15 p <0.001
partner’s choice t-1 0.34 0.003 112.40 p < 0.001
partner’s choice t-2 0.09 0.003 28.67 p <0.001
partner’s choice t-3 0.04 0.003 13.85 p <0.001
scenario 0.16 0.02 7.11 p <0.001
gender 0.01 0.02 0.32 p =0.747
age 0.001 0.002 0.30 p =10.762
cooperation probabilityxvolatility -0.002 0.02 -0.08 p =0.936
cooperation probabilityxscenario —-0.16 0.03 -5.25 p <0.001
volatility xscenario 0.01 0.01 1.63 p=0.102
cooperation probabilityxvolatilityxscenario -0.02 0.01 -1.62 p=0.104
Z £ X W
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